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1 GENERAL INFORMATION

1 General information

Welcome to the new module handbook of your study program! We are delighted that you have decided to study at the KIT
Department of Economics and Management and wish you a good start into the new semester! In the following we would like to
give you a short introduction to the most important terms and rules that are important in connection with the choice of modules,
courses and examinations.

1.1 Structural elements

The program exists of several subjects (e.g. business administration, economics, operations research). Every subject is split into
modules and every module itself consists of one or more interrelated module component exams. The extent of every module is
indicated by credit points (CP), which will be credited after the successful completion of the module. Some of the modules are
obligatory. According to the interdisciplinary character of the program, a great variety of individual specialization and deepening
possibilities exists for a large number of modules. This enables the student to customize content and time schedule of the program
according to personal needs, interest and job perspective. The module handbook describes the modules belonging to the program.
It describes particularly:

the structure of the modules

the extent (in CP),

the dependencies of the modules,
the learning outcomes,

the assessment and examinations.

The module handbook serves as a necessary orientation and as a helpful guide throughout the studies. The module handbook does
not replace the course catalog, which provides important information concerning each semester and variable course details (e.g.
time and location of the course).

1.2 Begin and completion of a module

Each module and each examination can only be selected once. The decision on the assignment of an examination to a module (if, for
example, an examination in several modules is selectable) is made by the student at the moment when he / she is registered for the
appropriate examination. A module is completed or passed when the module examination is passed (grade 4.0 or better). For
modules in which the module examination is carried out over several partial examinations, the following applies: The module is
completed when all necessary module partial examinations have been passed. In the case of modules which offer alternative partial
examinations, the module examination is concluded with the examination with which the required total credit points are reached
or exceeded. The module grade, however, is combined with the weight of the predefined credit points for the module in the overall
grade calculation.

1.3 Module versions

It is not uncommon for modules to be revised due to, for example, new courses or cancelled examinations. As a rule, a new module
version is created, which applies to all students who are new to the module. On the other hand, students who have already started
the module enjoy confidence and remain in the old module version. These students can complete the module on the same
conditions as at the beginning of the module (exceptions are regulated by the examination committee). The date of the student's
"binding declaration"' on the choice of the module in the sense of §5(2) of the Study and Examination Regulation is decisive. This
binding declaration is made by registering for the first examination in this module.

In the module handbook, all modules are presented in their current version. The version number is given in the module description.
Older module versions can be accessed via the previous module handbooks in the archive at http://www.wiwi.kit.edu/
Archiv_MHB.php.

1.4 General and partial examinations

Module examinations can be either taken in a general examination or in partial examinations. If the module examination is offered
as a general examination, the entire learning content of the module will be examined in a single examamination. If the module
examination is subdivided into partial examinations, the content of each course will be examined in corresponding partial
examinations. Registration for examinations can be done online at the campus management portal. The following functions can be
accessed on https://campus.studium.kit.edu/:

o Register/unregister for examinations
o Check for examination results
e Create transcript of records

For further and more detailed information, see https://campus.studium.kit.edu/fag.php.
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1 GENERAL INFORMATION Types of examinations

1.5 Types of examinations

Examinations are split into written examinations, oral examinations and alternative exam assessments ("Prufungsleistungen
anderer Art"). Examinations are always graded. Non exam assessments ("Studienleistungen") can be repeated several times and
are not graded.

1.6 Repeating examinations

Principally, a failed written exam, oral exam or alternative exam assessment can repeated only once. If the repeat examination
(including an eventually provided verbal repeat examination) will be failed as well, the examination claim is lost. A request for a
second repetition has to be made in written form to the examination committee two months after loosing the examination claim.
For further information see http://www.wiwi.kit.edu/hinweiseZweitwdh.php.

1.7 Examiners

The examination committee has appointed the KIT examiners and lecturers listed in the module handbook for the modules and
their courses as examiners for the courses they offer.

1.8 Additional accomplishments

Additional accomplishments are voluntarily taken exams, which have no impact on the overall grade of the student and can take
place on the level of single courses or on entire modules. It is also mandatory to declare an additional accomplishment as such at
the time of registration for an exam. Additional accomplishments with at most 30 CP may appear additionally in the certificate.

1.9 Further information

For current information about studying at the KIT Department of Economics and Management, please visit our website
www.wiwi.kit.edu as well as Instagram, LinkedIn, and YouTube. Please also see current notices and announcements for students at:
https://www.wiwi.kit.edu/studium.php.

Information around the legal and official framework of the study program can be found in the respective study and examination
regulations of your study program. These are available under the Official Announcements of KIT (http://www.sle.kit.edu/
amtlicheBekanntmachungen.php).

More detailed information about the legal and general conditions of the program can be found in the examination regulation of the
program (http://www.sle kit.edu/amtlicheBekanntmachungen.php).

1.10 Contact

If you have any questions about modules or exams with WIWI-ID, please contact the examination office of the KIT Department of
Economics and Management:

Ralf Hilser

Anabela Relvas

Telefon +49 721 608-43768

E-Mail: pruefungssekretariat@wiwi.kit.edu

If you have any questions about modules or exams with MATH-ID, please contact at the KIT Department of Mathematics:

Dr. Bernhard Klar
Telefon +49 721 608-42047
E-Mail: Bernhard.Klar@kit.edu

Editorial responsibility:

Dr. André Wiesner
Telefon: +49 721 608-44061
Email: modul@wiwi.kit.edu \
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2 FIELD OF STUDY STRUCTURE

2 Field of study structure

Mandatory

Master's Thesis 30CR

Mathematical Methods 36 CR

Finance - Risk Management - Managerial Economics 18 CR

Operations Management - Data Analysis - Informatics 18 CR

Seminar in Economics and Management 3CR

Mathematical Seminar 3CR

This field will not influence the calculated grade of its parent.

Elective Field 12CR

2.1 Master's Thesis Credits

30

Mandatory

M-MATH-102917 | Master's Thesis 30CR
Economathematics M.Sc. 13
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2 FIELD OF STUDY STRUCTURE

Mathematical Methods

Stochastics (Election: at least 8 credits)

M-MATH-102860 | Continuous Time Finance 8CR
M-MATH-102865 | Stochastic Geometry 8CR
M-MATH-102903 | Spatial Stochastics 8CR
M-MATH-102904 | Brownian Motion 4CR
M-MATH-102905 | Percolation 5CR
M-MATH-102906 | Generalized Regression Models 4CR
M-MATH-102907 | Markov Decision Processes 5CR
M-MATH-102908 | Stochastic Control 4CR
M-MATH-102909 | Mathematical Statistics 8CR
M-MATH-102910 | Nonparametric Statistics 4CR
M-MATH-102911 | Time Series Analysis 4CR
M-MATH-102919 | Discrete Time Finance 8CR
M-MATH-102922 | Poisson Processes 5CR
M-MATH-102939 | Extreme Value Theory 4CR
M-MATH-102947 | Probability Theory and Combinatorial Optimization 8CR
M-MATH-102956 | Forecasting: Theory and Practice 8CR
M-MATH-104055 | Ruin Theory 4CR
M-MATH-105101 | Introduction to Homogeneous Dynamics 6 CR
M-MATH-105487 | Topological Data Analysis 6 CR
M-MATH-105579 | Steins Method with Applications in Statistics 4CR
M-MATH-105649 | Fractal Geometry 6CR
M-MATH-105651 | Applications of Topological Data Analysis 4CR
M-MATH-102864 | Convex Geometry 8CR
M-MATH-105840 | Statistical Learning 8CR
M-MATH-106045 | Introduction to Stochastic Differential Equations 4CR
M-MATH-106052 [ Random Graphs and Networks 8CR
M-MATH-106485 | Functional Data Analysis 4CR
Analysis or Applied and Numerical Mathematics, Optimization (Election: at least 8 credits)
M-MATH-101320 | Functional Analysis 8CR
M-MATH-101768 | Spectral Theory 8CR
M-MATH-102870 | Classical Methods for Partial Differential Equations 8CR
M-MATH-102871 | Boundary and Eigenvalue Problems 8CR
M-MATH-102872 | Evolution Equations 8CR
M-MATH-102874 | Integral Equations 8CR
M-MATH-102878 [ Complex Analysis 8CR
M-MATH-102879 | Potential Theory 8CR
M-MATH-102881 | Stochastic Differential Equations 8CR
M-MATH-102883 | Computer-Assisted Analytical Methods for Boundary and Eigenvalue Problems 8CR
M-MATH-102885 | Maxwell's Equations 8CR
M-MATH-102890 | Inverse Problems 8CR
M-MATH-102924 | Optimization in Banach Spaces 5CR
M-MATH-102926 | Sobolev Spaces 8CR
M-MATH-102927 | Traveling Waves 6 CR
M-MATH-102941 | Control Theory 6CR
M-MATH-103080 [ Dynamical Systems 8CR
M-MATH-103259 | Bifurcation Theory 5CR
M-MATH-103539 | Nonlinear Analysis 8CR
M-MATH-102884 | Scattering Theory 8CR
M-MATH-104059 | Mathematical Topics in Kinetic Theory 4CR
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2 FIELD OF STUDY STRUCTURE

Mathematical Methods

M-MATH-104425 | Dispersive Equations 6CR
M-MATH-104435 | Selected Topics in Harmonic Analysis 3CR
M-MATH-101338 | Parallel Computing 5CR
M-MATH-102888 | Numerical Methods for Differential Equations 8CR
M-MATH-102889 | Introduction to Scientific Computing 8CR
M-MATH-102891 | Finite Element Methods 8CR
M-MATH-102892 [ Numerical Optimisation Methods 8CR
M-MATH-102894 | Numerical Methods in Computational Electrodynamics 6CR
M-MATH-102895 | Wavelets 8CR
M-MATH-102897 | Mathematical Methods in Signal and Image Processing 8CR
M-MATH-102899 | Optimisation and Optimal Control for Differential Equations 4CR
M-MATH-102900 [ Adaptive Finite Elemente Methods 8CR
M-MATH-102901 | Numerical Methods in Mathematical Finance 8CR
M-MATH-102915 | Numerical Methods for Hyperbolic Equations 6 CR
M-MATH-102920 | Special Topics of Numerical Linear Algebra 8CR
M-MATH-102921 | Geometric Numerical Integration 6 CR
M-MATH-102928 | Numerical Methods for Time-Dependent Partial Differential Equations 8CR
M-MATH-102929 [ Mathematical Modelling and Simulation in Practise 4CR
M-MATH-102930 [ Numerical Methods for Integral Equations 8CR
M-MATH-102931 [ Numerical Methods for Maxwell's Equations 6 CR
M-MATH-102932 | Numerical Methods in Fluid Mechanics 4CR
M-MATH-102935 | Compressive Sensing 5CR
M-MATH-102936 | Functions of Operators 6CR
M-MATH-102937 | Functions of Matrices 8CR
M-MATH-106634 | Computational Fluid Dynamics and Simulation Lab 4CR
M-MATH-102943 | Introduction into Particulate Flows 3CR
M-MATH-102955 | Advanced Inverse Problems: Nonlinearity and Banach Spaces 5CR
M-MATH-103260 [ Mathematical Methods of Imaging 5CR
M-MATH-103527 | Foundations of Continuum Mechanics 4CR
M-MATH-103700 [ Exponential Integrators 6CR
M-MATH-103709 [ Numerical Linear Algebra for Scientific High Performance Computing 5CR
M-MATH-103919 | Introduction to Kinetic Theory 4CR
M-MATH-104054 | Uncertainty Quantification 4CR
M-MATH-104058 [ Numerical Linear Algebra in Image Processing 6CR
M-MATH-104827 | Fourier Analysis and its Applications to PDEs 6 CR
M-MATH-103540 | Boundary Element Methods 8CR
M-MATH-102887 | Monotonicity Methods in Analysis 3CR
M-MATH-105066 | Nonlinear Maxwell Equations 8CR
M-MATH-105101 | Introduction to Homogeneous Dynamics 6CR
M-MATH-105093 | Variational Methods 8CR
M-MATH-105324 [ Harmonic Analysis 8CR
M-MATH-105325 | Splitting Methods for Evolution Equations 6 CR
M-MATH-105326 | Nonlinear Wave Equations 4CR
M-MATH-105327 | Numerical Simulation in Molecular Dynamics 8CR
M-MATH-105432 | Discrete Dynamical Systems 3CR
M-MATH-105487 | Topological Data Analysis 6 CR
M-MATH-105636 | Analytical and Numerical Homogenization 6CR
M-MATH-105650 | Introduction to Fluid Dynamics 3CR
M-MATH-105651 | Applications of Topological Data Analysis 4CR
M-MATH-105764 | Numerical Analysis of Helmholtz Problems 3CR
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2 FIELD OF STUDY STRUCTURE

Mathematical Methods

M-MATH-105837 | Introduction to Kinetic Equations 3CR
M-MATH-105838 | Introduction to Microlocal Analysis 3CR
M-MATH-105897 | Selected Methods in Fluids and Kinetic Equations 3CR
M-MATH-105964 | Introduction to Convex Integration 3CR
M-MATH-105966 | Space and Time Discretization of Nonlinear Wave Equations 6CR
M-MATH-106053 | Stochastic Simulation 5CR
M-MATH-106063 [ Numerical Complex Analysis 6CR
M-MATH-106328 | Bayesian Inverse Problems with Connections to Machine Learning 4CR
M-MATH-106401 | Introduction to Fluid Mechanics 6CR
M-MATH-106486 | Harmonic Analysis 2 8CR
M-MATH-106591 | Introduction to Dynamical Systems 6 CR
M-MATH-106640 | Modelling and Simulation of Lithium-lon Batteries 4CR
M-MATH-106664 | Scattering Theory for Time-dependent Waves 6CR
M-MATH-106667 | Geometric Variational Problems 8CR
M-MATH-106666 | Minimal Surfaces 3CR
M-MATH-106663 | Semigroup Theory for the Navier-Stokes Equations 6CR
M-MATH-106696 | Regularity for Elliptic Operators 6 CR
M-MATH-106695 [ Numerical Analysis of Neural Networks 6 CR
M-MATH-106682 | Numerical Methods for Oscillatory Differential Equations 8CR
M-MATH-106822 | Advanced Methods in Nonlinear Partial Differential Equations 3CR
M-MATH-106836 | MathSEE Modeling Week 3CR
First usage possible from Oct 01, 2025.

Algebra and Geometry (Election: at most 20 credits)

M-MATH-101315 | Algebra 8CR
M-MATH-101317 | Differential Geometry 8CR
M-MATH-101336 | Graph Theory 8CR
M-MATH-101724 | Algebraic Geometry 8CR
M-MATH-101725 | Algebraic Number Theory 8CR
M-MATH-102864 | Convex Geometry 8CR
M-MATH-102867 | Geometric Group Theory 8CR
M-MATH-102948 | Algebraic Topology 8CR
M-MATH-102949 | Introduction to Geometric Measure Theory 6CR
M-MATH-102950 [ Combinatorics 8CR
M-MATH-102957 | Extremal Graph Theory 4CR
M-MATH-102959 [ Homotopy Theory 8CR
M-MATH-102865 | Stochastic Geometry 8CR
M-MATH-102866 | Geometry of Schemes 8CR
M-MATH-102912 | Global Differential Geometry 8CR
M-MATH-102953 [ Algebraic Topology Il 8CR
M-MATH-102954 | Group Actions in Riemannian Geometry 5CR
M-MATH-104261 | Lie Groups and Lie Algebras 8CR
M-MATH-104349 | Bott Periodicity 5CR
M-MATH-105101 | Introduction to Homogeneous Dynamics 6CR
M-MATH-105463 | Structural Graph Theory 4CR
M-MATH-105487 | Topological Data Analysis 6 CR
M-MATH-105649 | Fractal Geometry 6CR
M-MATH-105651 | Applications of Topological Data Analysis 4CR
M-MATH-106950 | Lie-Algebras 8CR
M-MATH-105931 | Metric Geometry 8CR
M-MATH-105973 | Translation Surfaces 8CR
M-MATH-106466 | Riemann Surfaces 8CR
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2 FIELD OF STUDY STRUCTURE

Finance - Risk Management - Managerial Economics

M-MATH-106473 | Ergodic Theory 8CR
M-MATH-106632 | Curves on Surfaces 3CR
M-MATH-106776 | Complex Geometry 6CR
M-MATH-106957 | Modern Methods in Combinatorics 6CR
M-MATH-107017 | Topics in Algebraic Topology neu 6CR
2.3 Finance - Risk Management - Managerial Economics Credits
18

Finance - Risk Management - Managerial Economics (Election: at least 18 credits)

M-WIWI-105659 | Advanced Machine Learning and Data Science 9 CR
M-WIWI-101637 | Analytics and Statistics 9CR
M-WIWI-101504 | Collective Decision Making 9CR
M-WIWI-105032 | Data Science for Finance 9CR
M-WIWI-101647 | Data Science: Evidence-based Marketing 9CR
M-WIWI-106258 | Digital Marketing 9CR
M-WIWI-103720 | eEnergy: Markets, Services and Systems 9CR
M-WIWI-102970 | Decision and Game Theory 9CR
M-WIWI-101505 | Experimental Economics 9CR
M-WIWI-101482 | Finance 1 9CR
M-WIWI-101483 | Finance 2 9CR
M-WIWI-101480 | Finance 3 9CR
M-WIWI-105894 | Foundations for Advanced Financial -Quant and -Machine Learning Research 9CR
M-WIWI-104068 | Information Systems in Organizations 9CR
M-WIWI-101500 | Microeconomic Theory 9CR
M-WIWI-106660 | Modeling the Dynamics of Financial Markets 9CR
M-WIWI-101502 | Economic Theory and its Application in Finance 9CR
M-WIWI-101638 | Econometrics and Statistics | 9CR
M-WIWI-101639 | Econometrics and Statistics Il 9CR
M-WIWI-103119 | Advanced Topics in Strategy and Management 9CR
2.4 Operations Management - Data Analysis - Informatics Credits

18

Operations Management - Data Analysis - Informatics (Election: at least 18 credits)

M-WIWI-101413 | Applications of Operations Research 9CR
M-WIWI-101414 | Methodical Foundations of OR 9CR
M-WIWI-101452 | Energy Economics and Technology 9CR
M-WIWI-101472 | Informatics 9CR
M-WIWI-101473 | Mathematical Programming 9CR
M-WIWI-102832 | Operations Research in Supply Chain Management 9CR
M-WIWI-102805 | Service Operations 9CR
M-WIWI-103289 | Stochastic Optimization 9CR
M-WIWI-105312 | Marketing and Sales Management 9CR
M-WIWI-101451 | Energy Economics and Energy Markets 9CR
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2 FIELD OF STUDY STRUCTURE

2.5 Seminar in Economics and Management

Seminar in Economics and Management

Credits
3
Seminar in Economics and Management (Election: at least 3 credits)
M-WIWI-102971 | Seminar 3CR
M-WIWI-102973 | Seminar 3CR
2.6 Mathematical Seminar Credits
3
Mandatory
M-MATH-102730 | Seminar 3CR
Economathematics M.Sc. 19
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2 FIELD OF STUDY STRUCTURE Elective Field
Elective Field (Election: at least 12 credits)
M-MATH-102864 | Convex Geometry 8CR
M-MATH-102866 | Geometry of Schemes 8CR
M-MATH-102872 | Evolution Equations 8CR
M-MATH-102879 | Potential Theory 8CR
M-MATH-102883 | Computer-Assisted Analytical Methods for Boundary and Eigenvalue Problems 8CR
M-MATH-102888 [ Numerical Methods for Differential Equations 8CR
M-MATH-102890 | Inverse Problems 8CR
M-MATH-102891 | Finite Element Methods 8CR
M-MATH-102894 [ Numerical Methods in Computational Electrodynamics 6 CR
M-MATH-102904 | Brownian Motion 4CR
M-MATH-102906 | Generalized Regression Models 4CR
M-MATH-102909 | Mathematical Statistics 8CR
M-MATH-102910 | Nonparametric Statistics 4CR
M-MATH-102924 | Optimization in Banach Spaces 5CR
M-MATH-102927 | Traveling Waves 6 CR
M-MATH-102931 [ Numerical Methods for Maxwell's Equations 6 CR
M-MATH-102936 | Functions of Operators 6 CR
M-MATH-101315 | Algebra 8CR
M-MATH-101724 | Algebraic Geometry 8CR
M-MATH-101725 | Algebraic Number Theory 8CR
M-MATH-101768 | Spectral Theory 8CR
M-MATH-102867 | Geometric Group Theory 8CR
M-MATH-102874 | Integral Equations 8CR
M-MATH-102899 | Optimisation and Optimal Control for Differential Equations 4CR
M-MATH-102905 | Percolation 5CR
M-MATH-102915 | Numerical Methods for Hyperbolic Equations 6 CR
M-MATH-102947 | Probability Theory and Combinatorial Optimization 8CR
M-MATH-102956 | Forecasting: Theory and Practice 8CR
M-MATH-101317 | Differential Geometry 8CR
M-MATH-101320 | Functional Analysis 8CR
M-MATH-101336 | Graph Theory 8CR
M-MATH-101338 | Parallel Computing 5CR
M-MATH-102860 | Continuous Time Finance 8CR
M-MATH-102878 [ Complex Analysis 8CR
M-MATH-102885 [ Maxwell's Equations 8CR
M-MATH-102889 | Introduction to Scientific Computing 8CR
M-MATH-102892 [ Numerical Optimisation Methods 8CR
M-MATH-102930 [ Numerical Methods for Integral Equations 8CR
M-MATH-102941 | Control Theory 6CR
M-MATH-102895 | Wavelets 8CR
M-MATH-102897 | Mathematical Methods in Signal and Image Processing 8CR
M-MATH-102901 | Numerical Methods in Mathematical Finance 8CR
M-MATH-102907 | Markov Decision Processes 5CR
M-MATH-102908 | Stochastic Control 4CR
M-MATH-102911 | Time Series Analysis 4CR
M-MATH-102912 [ Global Differential Geometry 8CR
M-MATH-102919 | Discrete Time Finance 8CR
M-MATH-102920 | Special Topics of Numerical Linear Algebra 8CR
M-MATH-102922 | Poisson Processes 5CR
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2 FIELD OF STUDY STRUCTURE Elective Field
M-MATH-102926 | Sobolev Spaces 8CR
M-MATH-102928 | Numerical Methods for Time-Dependent Partial Differential Equations 8CR
M-MATH-102929 [ Mathematical Modelling and Simulation in Practise 4CR
M-MATH-102932 | Numerical Methods in Fluid Mechanics 4CR
M-MATH-102935 | Compressive Sensing 5CR
M-MATH-102937 | Functions of Matrices 8CR
M-MATH-102939 | Extreme Value Theory 4CR
M-MATH-102943 | Introduction into Particulate Flows 3CR
M-MATH-102948 | Algebraic Topology 8CR
M-MATH-102949 | Introduction to Geometric Measure Theory 6 CR
M-MATH-102954 | Group Actions in Riemannian Geometry 5CR
M-MATH-102959 [ Homotopy Theory 8CR
M-MATH-102865 | Stochastic Geometry 8CR
M-MATH-102870 | Classical Methods for Partial Differential Equations 8CR
M-MATH-102871 [ Boundary and Eigenvalue Problems 8CR
M-MATH-102881 | Stochastic Differential Equations 8CR
M-MATH-102900 [ Adaptive Finite Elemente Methods 8CR
M-MATH-102903 | Spatial Stochastics 8CR
M-MATH-102921 | Geometric Numerical Integration 6 CR
M-MATH-106634 | Computational Fluid Dynamics and Simulation Lab 4CR
M-MATH-102950 [ Combinatorics 8CR
M-MATH-102953 [ Algebraic Topology Il 8CR
M-MATH-102955 | Advanced Inverse Problems: Nonlinearity and Banach Spaces 5CR
M-MATH-102957 | Extremal Graph Theory 4CR
M-WIWI-101413 | Applications of Operations Research 9CR
M-WIWI-101414 | Methodical Foundations of OR 9CR
M-WIWI-101452 [ Energy Economics and Technology 9CR
M-WIWI-101472 | Informatics 9CR
M-WIWI-101473 | Mathematical Programming 9CR
M-WIWI-101480 | Finance 3 9CR
M-WIWI-101482 | Finance 1 9CR
M-WIWI-101483 | Finance 2 9CR
M-WIWI-101500 [ Microeconomic Theory 9CR
M-WIWI-101502 | Economic Theory and its Application in Finance 9CR
M-WIWI-101504 | Collective Decision Making 9CR
M-WIWI-101505 [ Experimental Economics 9CR
M-WIWI-101637 | Analytics and Statistics 9CR
M-WIWI-101638 | Econometrics and Statistics | 9CR
M-WIWI-101639 | Econometrics and Statistics I 9CR
M-WIWI-102832 [ Operations Research in Supply Chain Management 9CR
M-WIWI-102970 | Decision and Game Theory 9CR
M-WIWI-102971 | Seminar 3CR
M-WIWI-102972 | Seminar 3CR
M-WIWI-102973 | Seminar 3CR
M-WIWI-102974 | Seminar 3CR
M-MATH-103080 [ Dynamical Systems 8CR
M-MATH-103259 | Bifurcation Theory 5CR
M-MATH-103260 | Mathematical Methods of Imaging 5CR
M-WIWI-103289 [ Stochastic Optimization 9CR
M-WIWI-103119 [ Advanced Topics in Strategy and Management 9CR

Economathematics M.Sc. 29

Module Handbook as of 31/03/2025



2 FIELD OF STUDY STRUCTURE Elective Field
M-WIWI-103720 [ eEnergy: Markets, Services and Systems 9CR
M-MATH-103527 | Foundations of Continuum Mechanics 4CR
M-MATH-103539 | Nonlinear Analysis 8CR
M-MATH-103700 | Exponential Integrators 6 CR
M-MATH-103709 [ Numerical Linear Algebra for Scientific High Performance Computing 5CR
M-MATH-103919 | Introduction to Kinetic Theory 4CR
M-WIWI-104068 | Information Systems in Organizations 9CR
M-MATH-104054 | Uncertainty Quantification 4CR
M-MATH-104055 | Ruin Theory 4CR
M-MATH-104058 [ Numerical Linear Algebra in Image Processing 6CR
M-MATH-104059 | Mathematical Topics in Kinetic Theory 4CR
M-MATH-102884 | Scattering Theory 8CR
M-MATH-104261 | Lie Groups and Lie Algebras 8CR
M-MATH-104349 | Bott Periodicity 5CR
M-MATH-104425 | Dispersive Equations 6CR
M-MATH-104435 | Selected Topics in Harmonic Analysis 3CR
M-MATH-104827 | Fourier Analysis and its Applications to PDEs 6 CR
M-MATH-103540 | Boundary Element Methods 8CR
M-MATH-102887 | Monotonicity Methods in Analysis 3CR
M-MATH-105066 | Nonlinear Maxwell Equations 8CR
M-MATH-105101 | Introduction to Homogeneous Dynamics 6 CR
M-MATH-105093 | Variational Methods 8CR
M-WIWI-105312 | Marketing and Sales Management 9CR
M-MATH-105324 | Harmonic Analysis 8CR
M-MATH-105325 | Splitting Methods for Evolution Equations 6CR
M-MATH-105326 | Nonlinear Wave Equations 4CR
M-MATH-105327 | Numerical Simulation in Molecular Dynamics 8CR
M-MATH-105432 | Discrete Dynamical Systems 3CR
M-MATH-105463 | Structural Graph Theory 4CR
M-MATH-105487 | Topological Data Analysis 6 CR
M-MATH-105579 | Steins Method with Applications in Statistics 4CR
M-MATH-105636 | Analytical and Numerical Homogenization 6 CR
M-MATH-105649 | Fractal Geometry 6 CR
M-MATH-105650 | Introduction to Fluid Dynamics 3CR
M-MATH-105651 | Applications of Topological Data Analysis 4CR
M-MATH-105764 | Numerical Analysis of Helmholtz Problems 3CR
M-MATH-105837 | Introduction to Kinetic Equations 3CR
M-MATH-105838 | Introduction to Microlocal Analysis 3CR
M-MATH-106950 | Lie-Algebras 8CR
M-MATH-105840 | Statistical Learning 8CR
M-MATH-105897 | Selected Methods in Fluids and Kinetic Equations 3CR
M-MATH-105931 | Metric Geometry 8CR
M-MATH-105964 | Introduction to Convex Integration 3CR
M-MATH-105966 | Space and Time Discretization of Nonlinear Wave Equations 6 CR
M-MATH-105973 | Translation Surfaces 8CR
M-MATH-106045 | Introduction to Stochastic Differential Equations 4CR
M-MATH-106052 | Random Graphs and Networks 8CR
M-MATH-106053 [ Stochastic Simulation 5CR
M-MATH-106063 [ Numerical Complex Analysis 6 CR
M-MATH-106328 | Bayesian Inverse Problems with Connections to Machine Learning 4CR
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2 FIELD OF STUDY STRUCTURE Elective Field
M-MATH-106401 | Introduction to Fluid Mechanics 6CR
M-MATH-106466 | Riemann Surfaces 8CR
M-MATH-106473 | Ergodic Theory 8CR
M-MATH-106485 | Functional Data Analysis 4CR
M-MATH-106486 | Harmonic Analysis 2 8CR
M-MATH-106591 | Introduction to Dynamical Systems 6 CR
M-MATH-106632 | Curves on Surfaces 3CR
M-MATH-106640 | Modelling and Simulation of Lithium-lon Batteries 4CR
M-MATH-106664 | Scattering Theory for Time-dependent Waves 6 CR
M-MATH-106667 | Geometric Variational Problems 8CR
M-MATH-106666 | Minimal Surfaces 3CR
M-MATH-106663 | Semigroup Theory for the Navier-Stokes Equations 6 CR
M-MATH-106696 | Regularity for Elliptic Operators 6CR
M-MATH-106695 [ Numerical Analysis of Neural Networks 6 CR
M-MATH-106682 | Numerical Methods for Oscillatory Differential Equations 8CR
M-MATH-106776 | Complex Geometry 6CR
M-MATH-106822 | Advanced Methods in Nonlinear Partial Differential Equations 3CR
M-WIWI-101647 | Data Science: Evidence-based Marketing 9CR
M-MATH-106957 | Modern Methods in Combinatorics 6CR
M-MATH-107017 | Topics in Algebraic Topology neu 6 CR
M-MATH-106836 | MathSEE Modeling Week 3CR

First usage possible from Oct 01, 2025.
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3 MODULES

3 Modules

m 3.1 Module: Adaptive Finite Elemente Methods [M-MATH-102900]

Responsible:  Prof. Dr. Willy Dorfler
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Irregular 1term 4 2
Mandatory
T-MATH-105898 | Adaptive Finite Element Methods | 8CR|Dérfler

Competence Certificate
oral exam of ca. 30 minutes

Prerequisites
none

Competence Goal
Participants

e know the necessity for using adaptive methods

e are able to explain the basic methods, techniques and algorithms for the treatment of elliptic boundary value problems with
adaptive finite element methods

¢ candescribe different approaches for error estimation

e are able to solve simple initial boundary value problems numerically

Content

necessity of adaptive methods

residual error estimator

aspects of implementions

optimality of adaptive methods
functional error estimator

hp-Finite Elements

adaptivity for time-dependent problems

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content

work on problem sheets

literature study and internet research on the course content
preparation for the module examination

Recommendation
Basic knowledge in finite element methods, in programming and analysis of boundary value problems is strongly recommended.
Knowledge in functional analysis is recommended.

Economathematics M.Sc.
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3 MODULES Module: Advanced Inverse Problems: Nonlinearity and Banach Spaces [M-MATH-102955]

3.2 Module: Advanced Inverse Problems: Nonlinearity and Banach Spaces [M-

MATH-102955]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration
5 Grade to a tenth Irregular 1term

Mandatory

T-MATH-105927 | Advanced Inverse Problems: Nonlinearity and Banach Spaces 5CR | Rieder

Competence Certificate

Success is assessed in the form of an oral examination lasting approx. 30 minutes.

Prerequisites
none

Competence Goal

Graduates are familiar with regularization methods for nonlinear ill-posed problems in Hilbert and Banach spaces and can discuss
the underlying analytical and numerical aspects. They are also able to explain the conceptual differences between regularization

methods in
Hilbert and Banach spaces.

Content
Inexact Newton methods in Hilbert spaces,

Approximate Inverse in Banach spaces
Tikhonov regularization with convex penalty
Kaczmarz-Newton methods in Banach spaces

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
Inverse problems, Functional analysis

Economathematics M.Sc.
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3 MODULES Module: Advanced Machine Learning and Data Science [M-WIWI-105659]

m 3.3 Module: Advanced Machine Learning and Data Science [M-WIWI-105659]

Responsible:  Prof. Dr. Maxim Ulrich
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1term English 4 3
Mandatory
T-WIWI-111305 | Advanced Machine Learning and Data Science 9 CR [ Ulrich

Competence Certificate
The assessment is carried out in an alternative form.The final grade is evaluated based on the intermediate presentations during
the project, the quality of the implementation, the final written thesis and a final presentation.

Prerequisites
None

Competence Goal
After a successful project, the students can:

e select and apply modern machine learning methods to solve a data science problem;

e organize themselves in ateam in a goal-oriented manner and bring an extensive software project in the field of data science
and machine learning to success;

o deepen their data science and machine learning skills

¢ solve afinance problem with the help of data science and machine learning algorithm.

Content

The course is targeted at students with a major in Data Science and/or Machine Learning and/or Quantitative Finance. It offers
students the opportunity to develop hands-on knowledge on new developments in the intersection of quantitative financial
markets, data science and machine learning. The result of the project should not only be a final thesis, but the implementation of
methods or development of an algorithm in machine learning and data science. Typically, problems and data are taken from current
research and innovations in the field of quantitative asset and risk management.

Workload

Total effort for 9 credit points: approx. 270 hours are divided into the following parts: Communication:Exchange during the
project: 30 h, Final presentation: 10 h; Implementation and thesis: Preparation before development (Problem analysis and solution
design): 70 h, Solution implementation: 110 h, Tests and quality assurance: 50 h.

Recommendation
None
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3 MODULES Module: Advanced Methods in Nonlinear Partial Differential Equations [M-MATH-106822]

3.4 Module: Advanced Methods in Nonlinear Partial Differential Equations [M-
MATH-106822]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to a tenth Irregular 1term English 4 1
Mandatory
T-MATH-113691 | Advanced Methods in Nonlinear Partial Differential Equations | 3CR | de Rijk, Reichel

Competence Certificate
The module examination takes place in form of an oral exam of about 30 minutes.

Prerequisites
none

Competence Goal
After successful completion of this module students

know what amplitude or modulation equations are and can explain their significance;

master several techniques to rigorously justify approximations by amplitude or modulation equations;

have acquired miscellaneous methods to prove the existence of special solutions to nonlinear partial differential equations;
can explain what the Ginzburg-Landau formalism is and how it can be employed to prove global existence of solutions.

Content

Nonlinear partial differential equations describing physical phenomena are often complex, making their qualitative and
quantitative analysis challenging. Amplitude or modulation equations, such as the Ginzburg-Landau equation, the Korteweg-de
Vries equation, and the nonlinear Schrédinger equation, play an important role in capturing the critical dynamics of spatially
extended dissipative or conservative physical models. Mathematical theorems demonstrate that these well-understood
asymptotic models accurately predict the behavior of the original system on sufficiently long time scales. Examples which can be
described in such a way include pattern-forming systems close to their first instability, the long-wave limit of the water wave
problem, and highly oscillatory regimes in nonlinear optics.

In the first part of this course, we develop several methods to rigorously justify approximations of complex physical systems by
amplitude or modulation equations. Relevant tools include Fourier analysis, energy estimates, semigroup theory, mode filters, and
normal form transformations. Often, amplitude or modulation equations admit special solutions, such as Turing patterns, solitary
waves, or traveling (modulating) fronts. While approximation results yield solutions of the original system that are close to these
special solutions, they are insufficient to conclude that such special solutions exist in the original system as well. In the second part
of this course, we focus on techniques, such as Lyapunov-Schmidt reduction, spatial dynamics, and center manifold reduction, to
construct these special solutions in the original system.

Module grade calculation
The module grade is the grade of the oral examination.

Workload
Total workload: 90 hours

Attendance: 30 hours
e |ectures and examination
Self-studies: 60 hours

o follow-up and deepening of the course content,
o literature study and internet research relating to the course content,
e preparation for the module examination

Recommendation
The following modules are recommended: Analysis 1-3, Functional Analysis, Evolution Equations
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3 MODULES Module: Advanced Topics in Strategy and Management [M-WIWI-103119]

m 3.5 Module: Advanced Topics in Strategy and Management [M-WIWI-103119]

Responsible:  Prof. Dr. Hagen Lindstadt
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 2 terms German 4 1
Compulsory Elective Courses (Election: 9 credits)
T-WIWI-106188 | Workshop Current Topics in Strategy and Management 3 CR | Lindstadt
T-WIWI-106189 | Workshop Business Wargaming - Analyzing Strategic Interactions 3 CR | Lindstadt
T-WIWI-106190 | Strategy and Management Theory: Developments and “Classics” 3 CR | Lindstadt

Competence Certificate

The control of success takes place in the form of partial examinations (according to §4(2), 1-3 SPO) on the courses of the module,
amounting to a total of 9 LP. The performance review is described for each course of this module. The overall grade of the module
is formed from the LP-weighted grades of the partial examinations and truncated after the first decimal place.

Prerequisites
None

Competence Goal
Upon completion of the module, students will be able to,

¢ independently analyze strategic issues in a structured manner using appropriate models and frames of reference from
management theory and derive recommendations.

e Convincingly present their position by means of a well thought-out argumentation in structured discussions.

¢ independently deal with a current, research-oriented issue from strategic management.

o draw his/her own conclusions from the little structured information by incorporating his/her interdisciplinary knowledge
and selectively develop the current research results.

e apply and discuss theoretical contents of management theory to real situations by intensively dealing with a variety of
practice-relevant case studies.

Content

In terms of content, three focal points will be set. First, strategic issues are discussed and analyzed on the basis of jointly selected
case studies. Secondly, the students deal intensively with the topic of business wargaming in a workshop and analyze strategic
interactions. Thirdly, topics of strategy and management theory will be elaborated in a written paper.

Annotation
The module is admission restricted. Upon successful admission to a course, the student is guaranteed the opportunity to complete
the module. Examinations are offered at least every other semester so that the entire module can be completed in two semesters.

Workload
Total effort for 9 credit points: approx. 270 hours. The exact distribution is done according to the credit points of the courses of the
module. The workload for courses with 3 credits is approx. 90h.

Economathematics M.Sc.

Module Handbook as of 31/03/2025 29



3 MODULES Module: Algebra [M-MATH-101315]

m 3.6 Module: Algebra [M-MATH-101315]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth see Annotations 1term 4 2
Mandatory
T-MATH-102253 | Algebra 8 CR | Klihnlein, Sauer

Competence Certificate
Oral examination of ca. 30 minutes.

Prerequisites
None

Competence Goal
Students are able to

e understand essential concepts from Algebra,
o apply results from Galois theory to concrete situations,
e name basic results concerning discrete valuations and relate them to integral ring extensions.

They are prepared to write a thesis on a topic from algebra.
Content
e algebraic field extensions, Galois theory, roots of unit, applications of Galois theory

e discrete valuations, discrete valuation rings
e Tensor products of modules, integral ring extensions, normalization, noetherian rings, Hilbert's Basis Theorem

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation

This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered

within every two years (at least four different ones).

Workload
Total worklaod : 240 hours.

Attendance: 90 h
e lectures and tutorials including the examination
Self studies: 150 h

follow-up and deepening of the course content

work on problem sheets

literature study and internet research on the course content
preparation for the module examination

Recommendation
Basic knowledge on groups and rings is benefitial.
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3 MODULES Module: Algebraic Geometry [M-MATH-101724]

m 3.7 Module: Algebraic Geometry [M-MATH-101724]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-103340 | Algebraic Geometry 8 CR | Herrlich, Kiihnlein

Competence Certificate
The module will be completed by an oral exam of about 30 minutes.

Prerequisites
None

Competence Goal
Participants are able to

name and discuss basic concepts concerning algebraic varieties

apply algebraic tools, in particular those from the theory of polynomial rings, to geometric questions
explain important results from classical algebraic geometry and their application in specific examples
start to read recent research papers from algebraic geometry and write a thesis in this area.

Content

Hilbert's Nullstellensatz
affine and projective varieties
morphisms and rational maps
non-singular varieties
algebraic curves
Riemann-Roch-Theorem

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total work load:

Attendance: 90 minutes
e lectures, problem classes an examination
Self studies: 150 hours

follow-up and deepening of the course contents

work on problem sheets

literature study and internet research relating to the course contents
Preparation of the oral exam

Recommendation
The contents of basic courses on algebra and number theory, including basic commutative algebra, should be well-understood.
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3 MODULES Module: Algebraic Number Theory [M-MATH-101725]

m 3.8 Module: Algebraic Number Theory [M-MATH-101725]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-103346 | Algebraic Number Theory 8 CR | Herrlich, Kiihnlein

Competence Certificate
oral examination of ca. 30 minutes

Prerequisites
none

Competence Goal
Students are able to

e understand basic structures and concepts from algebraic number theory,
o apply abstract concepts to concrete problems,
e read research papers and write a thesis in the field of algebraic number theory.

Content

Algebraic number fields: rings of integers, Minkowski theory, class-groups and Dirichlet's unit theorem,
Extensions of number fields: Ramified primes, Hilbert's ramification theory,

Local fields: Ostrowski's theorem, valuation theory, Hensel's lemma, extensions of local fields,

analytic methods: Dirichlet series, Dedekind's zeta function, L-series

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the module "Algebra" are strongly recommended.

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Algebraic Topology [M-MATH-102948]

m 3.9 Module: Algebraic Topology [M-MATH-102948]

Responsible:  Prof. Dr. Roman Sauer
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1lterm German/English 4 1
Mandatory
T-MATH-105915 | Algebraic Topology 8 CR | Krannich, Sauer

Prerequisites
none

Competence Goal
Students

e are able to compute topological invariants of basic examples
e are able towork in a self-organized and reflective manner.

Content

e Basic homotopy-theoretic notions
e Examples of algebraic-topological invariants (e.g. fundamental groups or singular homology)

Annotation

This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered

within every two years (at least four different ones).

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Algebraic Topology || [M-MATH-102953]

m 3.10 Module: Algebraic Topology Il [M-MATH-102953]

Responsible:  Prof. Dr. Roman Sauer
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration
8 Grade to atenth Irregular 1term

Level
5

Version
1

Mandatory

T-MATH-105926 | Algebraic Topology Il

8 CR | Krannich, Sauer

Prerequisites
none

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Analytical and Numerical Homogenization [M-MATH-105636]

m 3.11 Module: Analytical and Numerical Homogenization [M-MATH-105636]

Responsible:  TT-Prof. Dr. Roland Maier
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-111272 | Analytical and Numerical Homogenization 6 CR | Hochbruck, Maier

Competence Certificate
Oral examination of approximately 30 minutes.

Prerequisites
None.

Competence Goal

The topic of the lecture are numerical multiscale methods presented exemplarily for elliptic problems. Students know the basic
analytical results for existence and uniqueness of solutions to multiscale problems and from homogenization theory. In addition,
they know methods for the numerical approximation of the multiscale and the homogenized solution. They are able to analyze the
convergence of these methods and to assess the advantages and disadvantages of the different approaches.

Content

e Analytical fundamentals (basic results from analysis for elliptic partial differential equations and from homogenization
theory)

e Approximation of the homogenized solution(e.g., Heterogeneous Multiscale Method)

e Approximation of the multiscale solution (e.g., Localized Orthogonal Decomposition)

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
The course is offered in English. If everybody speaks German, the lecture will be held in German.

Workload
Total workload: 180 h

Attendance: 60 h
e Course including module examination during study.
Self-studies: 120 h

Deepening the study content by working on the lecture content at home

Working on exercises

In-depth study of the course content using suitable literature and Internet research,
preparation for the module examination during study.

Recommendation
Basic knowledge of ordinary and/or partial differential equations as well as the contents of the module "Numerical Methods for
Differential Equations" are strongly recommended. Knowledge of functional analysis is also recommended.

Economathematics M.Sc.
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3 MODULES

Module: Analytics and Statistics [M-WIWI-101637]

m 3.12 Module: Analytics and Statistics [M-WIWI-101637]

Prof. Dr. Oliver Grothe
KIT Department of Economics and Management

Responsible:
Organisation:

Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence
9 Grade to atenth Each term 2 terms

Duration

Language Level Version
German 4 5

Mandatory

T-WIWI-103123 | Advanced Statistics

4.5 CR | Grothe

Supplementary Courses (Election: between 4,5 and 5 credits)

T-WIWI-106341 | Machine Learning 2 - Advanced Methods

4,5 CR | ZélIner

T-WIWI-111247 | Mathematics for High Dimensional Statistics

4.5 CR | Grothe

T-WIWI-103124 | Multivariate Statistical Methods

4,5 CR | Grothe

T-WIWI-112109 | Topics in Stochastic Optimization

4.5 CR | Rebennack

Competence Certificate

The assessment is carried out as partial written exams (according to Section 4(2), 1 of the examination regulation) of the single
courses of this module, whose sum of credits must meet the minimum requirement of credits of this module. The examinations are
offered every semester. Re-examinations are offered at every ordinary examination date. The assessment procedures are

described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first

decimal.

Prerequisites
The course "Advanced Statistics" is compulsory.

Competence Goal
A Student

e Deepens the knowledge of descriptive and inferential statistics.
e Deals with simulation methods.

e Learns basic and advanced methods of statistical analysis of multivariate and high-dimensional data.

Content

Deriving estimates and testing hypotheses
Stochastic processes

Multivariate statistics, copulas
Dependence measures

Dimension reduction

High-dimensional methods

Prediction

Annotation

The planned lectures and courses for the next three years are announced online.

Workload
The total workload for this module is approximately 270 hours.

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Applications of Operations Research [M-WIWI-101413]

m 3.13 Module: Applications of Operations Research [M-WIWI-101413]

Responsible:  Prof. Dr. Stefan Nickel
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 1term German 4 9

Compulsory Elective Courses (Election: between 1 and 2 items)

T-WIWI-102704 | Facility Location and Strategic Supply Chain Management 4,5 CR | Nickel

T-WIWI-102714 | Tactical and Operational Supply Chain Management 4,5 CR | Nickel
Supplementary Courses (Election: at most 1 item)

T-WIWI-102726 | Global Optimization | 4,5 CR | Stein

T-WIWI-106199 | Modeling and OR-Software: Introduction 4.5 CR | Nickel

T-WIWI-106545 | Optimization under Uncertainty 4.5 CR | Rebennack

Competence Certificate
The assessment is carried out as partial exams (according to § 4(2), 1 of the examination regulation) of the single courses of this
module, whose sum of credits must meet the minimum requirement of credits of this module.

The assessment procedures are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
At least one of the courses Facility Location and strategic Supply Chain Management and Tactical and operational Supply Chain
Management has to be taken.

Competence Goal
The student

o isfamiliar with basic concepts and terms of Supply Chain Management,

¢ knows the different areas of Supply Chain Management and their respective optimization problems,

e s acquainted with classical location problem models (in the plane, on networks and discrete) as well as fundamental
methods for distribution and transport planning, inventory planning and management,

e isable to model practical problems mathematically and estimate their complexity as well as choose and adapt appropriate
solution methods.

Content

Supply Chain Management is concerned with the planning and optimization of the entire, inter-company procurement, production
and distribution process for several products taking place between different business partners (suppliers, logistics service
providers, dealers). The main goal is to minimize the overall costs while taking into account several constraints including the
satisfaction of customer demands.

This module considers several areas of Supply Chain Management. On the one hand, the determination of optimal locations within
a supply chain is addressed. Strategic decisions concerning the location of facilities like production plants, distribution centers or
warehouses are of high importance for the rentability of supply chains. Thoroughly carried out, location planning tasks allow an
efficient flow of materials and lead to lower costs and increased customer service. On the other hand, the planning of material
transport in the context of Supply Chain Management represents another focus of this module. By linking transport connections
and different facilities, the material source (production plant) is connected with the material sink (customer). For given material
flows or shipments, it is considered how to choose the optimal (in terms of minimal costs) distribution and transportation chain
from the set of possible logistics chains, which asserts the compliance of delivery times and further constraints.

Furthermore, this module offers the possibility to learn about different aspects of the tactical and operational planning level in
Suppy Chain Management, including methods of scheduling as well as different approaches in procurement and distribution
logistics. Finally, issues of warehousing and inventory management will be discussed.

Annotation
The planned lectures and courses for the next three years are announced online.

Economathematics M.Sc. 37
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3 MODULES Module: Applications of Operations Research [M-WIWI-101413]
Workload
The total workload of the module is about 240 hours. The workload is proportional to the credit points of the individual courses.

Recommendation
The courses Introduction to Operations Research | and Il are helpful.

Economathematics M.Sc. 38
Module Handbook as of 31/03/2025



3 MODULES Module: Applications of Topological Data Analysis [M-MATH-105651]

m 3.14 Module: Applications of Topological Data Analysis [M-MATH-105651]

Responsible:  Dr. Andreas Ott
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-111290 | Applications of Topological Data Analysis 4 CR | Ott

Prerequisites
None

Economathematics M.Sc.
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3 MODULES Module: Bayesian Inverse Problems with Connections to Machine Learning [M-MATH-106328]

3.15 Module: Bayesian Inverse Problems with Connections to Machine Learning [M-
MATH-106328]

Responsible:  TT-Prof. Dr. Sebastian Krumscheid
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to a tenth Each summer term 1term English 4 1
Mandatory
T-MATH-112842 | Bayesian Inverse Problems with Connections to Machine Learning | 4CR | Krumscheid

Competence Certificate
oral exam of ca. 30 min

Prerequisites
None

Competence Goal

After completing the module's classes and the exam, students will be familiar with the theory of inverse problems. They will be able
to apply the Bayesian framework to a given inverse problem and assess the

well-posedness of the Bayesian posterior. In addition, students will be able to describe the basics of several solution methods for
accessing the Bayesian posterior, including approximation and machine-learning techniques, and their limitations. Finally, they will
be able to name and discuss essential theoretical concepts for Bayesian inversion in Banach spaces and describe the suitable
sampling-based solution techniques. In particular, the course prepares students to write a thesis in the field of Uncertainty
Quantification.

Content

The course offers an introduction to the subject of statistical inversion, where, in its most basic form, the goal is to study how to
estimate model parameters from data. We will introduce mathematical concepts and computational tools for systematically
treating these inverse problems in a Bayesian framework, including an assessment of how uncertainties affect the solution. In the
first part of the course, we will study the Bayesian framework for finite-dimensional inverse problems. While the first part will
introduce some machine-learning ideas, the second part will address how machine learning is impacting, and has the potential to
impact further on, the subject of inverse problems. In the final part of the course, we will generalize the Bayesian inverse problem
theory to a Banach space setting and discuss sampling strategies for accessing the Bayesian posterior.

Topics covered include:

Bayesian Inverse Problems and Well-Posedness

The Linear-Gaussian Setting

Optimization Perspective on Bayesian Inverse Problems
Gaussian Approximation

Markov Chain Monte Carlo

Blending Inverse Problems and Machine-Learning
Bayesian Inversion in Banach spaces

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
total workload: 120 hours

Recommendation
The contents of the modules 'M-MATH-101321 - Introduction to Stochastics', 'M-MATH-103214 - Numerical Mathematics 1+2',
and 'M-MATH-106053 — Stochastic Simulation' are recommended.

Economathematics M.Sc. 40
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3 MODULES Module: Bifurcation Theory [M-MATH-103259]

m 3.16 Module: Bifurcation Theory [M-MATH-103259]

Responsible:  Dr. Rainer Mandel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-106487 | Bifurcation Theory 5 CR | Mandel

Prerequisites
None

Annotation
Courseis held in English

Economathematics M.Sc.

Module Handbook as of 31/03/2025 41



3 MODULES Module: Bott Periodicity [M-MATH-104349]

m 3.17 Module: Bott Periodicity [M-MATH-104349]

Organisation:  KIT Department of Mathematics
Part of: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level
5 Grade to a tenth Irregular 1term 4

Version
1

Mandatory

T-MATH-108905 | Bott Periodicity

5CR | Tuschmann

Prerequisites
None

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES

m 3.18 Module: Boundary and Eigenvalue Problems [M-MATH-102871]

Responsible:
Organisation:

Prof. Dr. Wolfgang Reichel
KIT Department of Mathematics

Module: Boundary and Eigenvalue Problems [M-MATH-102871]

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each summer term 1term 4
Mandatory

T-MATH-105833

Boundary and Eigenvalue Problems

8CR

Frey, Hundertmark,
Lamm, Plum, Reichel,
Schnaubelt

Competence Certificate

The module will be completed by an oral exam (approx. 30 min).

Prerequisites
None

Competence Goal

Graduates will be able to

o assess the significance of boundary value and eigenvalue problems within mathematics and/or physics and illustrate them
using examples,

e describe qualitative properties of solutions,

e prove the existence of solutions to boundary value problems using functional analysis methods,

¢ make statements about the existence of eigenvalues and eigenfunctions of elliptic differential operators and describe their

properties.
Content

Examples of

boundary and eigenvalue problems

Maximum principles for 2nd order equations
Function spaces, e.g. Sobolev spaces

Weak formulation of 2nd order linear elliptic equations

Existence and regularity theory for elliptic equations

Eigenvalue theory for weakly formulated elliptic eigenvalue problems

Module grade calculation
The module grade is the grade of the oral exam.

Workload

Total workload: 240 hours

Attendance: 90 hou

rs

e lectures, problem classes, and examination

Self-studies: 150 ho

work on pro

preparation

Economathematics

urs

follow-up and deepening of the course content,

blem sheets,

for the module examination

M.Sc.

Module Handbook as of 31/03/2025

literature study and internet research relating to the course content,
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3 MODULES

m 3.19 Module: Boundary Element Methods [M-MATH-103540]

Responsible:  PD Dr. Tilo Arens

Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4

Module: Boundary Element Methods [M-MATH-103540]

Mandatory

T-MATH-109851 | Boundary Element Methods

Competence Certificate
The examination is carried out by an oral examination (approx. 30 minutes).

Prerequisites

None

Competence Goal
Students are able to apply the analytic foundations of defining potentials and boundary operators, such as distributions, Sobolev
spaces on boundaries of Lipschitz domains and trace operators to specific problems. They understand the definition of potentials,
boundary operators and important mathematical statements about them. They are able to formulate boundary integral equations
for concrete elliptic boundary value problems and to comprehend the proofs for their solvability.

Students are able to name and describe classes of boundary elements. They are familiar with the use of various boundary elements
for numerically solving boundary integral equations by Galerkin methods. They can explain results on convergence of such
methods. The students can describe techniques for improving practical handling of boundary element methods such as matrix
compression schemes and preconditioning.

Content

Sobolev spaces

function spaces on Lipschitz boundaries

boundary value problems for elliptic partial differential equations
potentials and boundary operators

boundary integral equations

boundary elements

Galerkin boundary element methods

preconditioning

matrix compression

Module grade calculation
The module grade is the grade of the oral examination.

Workload
Total workload: 240 hours

Attendance: 90 h

lectures, problem classes and examination

Self studies: 150 h

increased understanding of module content by wrapping up lectures at home

work on exercises

increased understanding of module content by self study of literature and internet research
preparing for the examination

Recommendation
We recommend attendance of the module "Numerical Methods for Integral Equations".

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Brownian Motion [M-MATH-102904]

m 3.20 Module: Brownian Motion [M-MATH-102904]

Responsible:  Prof. Dr. Nicole Biuerle
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105868 | Brownian Motion 4 CR | Bauerle, Fasen-

Hartmann, Last

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
none

Competence Goal
At the end of the course, students

can name, explain and justify properties of the Brownian motion,
can use the Brownian motion to model stochastic phenomenon,
can use specific probabilistic techniques,

are able to work in a self-organized and reflective manner.

Content

Existence and construction of Brownian motion,

path properties of Brownian motion,

strong Markov property of Brownian motion with applications,
Skorokhod representation theorems with Brownian motion.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours
e lectures, problem classes, and examination
Self-studies: zz hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course 'Probability Theory' is strongly recommended.

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES

m 3.21 Module: Classical Methods for Partial Differential Equations [M-MATH-102870]

Responsible:
Organisation:

Module: Classical Methods for Partial Differential Equations [M-MATH-102870]

Prof. Dr. Wolfgang Reichel
KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Elective Field
Credits Grading scale Recurrence Version
8 Grade to atenth Each winter term 1
Mandatory
T-MATH-105832 | Classical Methods for Partial Differential Equations 8 CR | Frey, Hundertmark,

Lamm, Plum, Reichel,
Schnaubelt

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Collective Decision Making [M-WIWI-101504]

m 3.22 Module: Collective Decision Making [M-WIWI-101504]

Responsible:  Prof. Dr. Clemens Puppe
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1term English 4 4

Compulsory Elective Courses (Election: )
T-WIWI-102740 | Public Management 4,5 CR | Wigger
T-WIWI-102859 | Social Choice Theory 4,5 CR | Puppe

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the the module is the average of the grades for each course weighted by the credits and truncated after the
first decimal.

Prerequisites
None

Competence Goal
Students

e are able to model and assess problems in public economics and to analyze them with respect to positive and normative
aspects,

¢ understand individual incentives and social outcomes of different institutional designs,

o are familiar with the functioning and design of democratic elections and can analyze them with respect to their individual
incentives.

Content
The focus of the module is on mechanisms for public decision making including voting and the aggregation of preferences and
judgements.

Workload
Total workload for 9 credit points: approx. 270 hours

The exact distribution is based on the credit points of the courses in the module.

Economathematics M.Sc. 47
Module Handbook as of 31/03/2025



3 MODULES Module: Combinatorics [M-MATH-102950]

m 3.23 Module: Combinatorics [M-MATH-102950]

Responsible:  Prof. Dr. Maria Aksenovich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1term English 4 4
Mandatory
T-MATH-105916 | Combinatorics 8 CR | Aksenovich

Competence Certificate
The final grade is given based on the written final exam (2h).

By successfully working on the problem sets, a bonus can be obtained. To obtain the bonus, one has to achieve 50% of the points on
the solutions of the exercise sheets 1-6 and also of the exercise sheets 7-12. If the grade in the final written exam is between 4,0
and 1,3, then the bonus improves the grade by one step (0,3 or 0,4).

Prerequisites
none

Competence Goal

The students understand, describe, and use fundamental notions and techniques in combinatorics. They can analyze, structure, and
formally describe typical combinatorial questions. The students can use the results and methods such as inclusion-exclusion,
generating functions, Young tableaux, as well as the developed proof ideas, in solving combinatorial problems. In particular, they
can analyze the existence and the number of ordered and unordered arrangements of a given size. The students understand and
critically use the combinatorial methods. Moreover, the students can communicate using English technical terminology.

Content

The course is an introduction into combinatorics. Starting with counting problems and bijections, classical methods such as
inclusion-exclusion principle and generating functions are discussed. Further topics include Catalan families, permutations, Young
tableaux, partial orders, and combinatorial designs.

Module grade calculation
The grade of the module ist the grade of the written exam.

Annotation

e Courseis held in English
o This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are
offered within every two years (at least four different ones).

Workload
Total workload: 240 hours

Attendance time: 90 hours
e Course including module examination during the course of study
Self-study: 150 hours

Deepening the study content by working on the lecture content at home
Completion of exercises

In-depth study of the course content using suitable literature and internet research
Preparation for the module examination during the course of study

Recommendation
Knowledge of the modules Linear Algebra 1 and 2 and Analysis 1 and 2 is recommended.

Economathematics M.Sc.
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3 MODULES

m 3.24 Module: Complex Analysis [M-MATH-102878]

Responsible:
Organisation:

PD Dr. Gerd Herzog

KIT Department of Mathematics

Module: Complex Analysis [M-MATH-102878]

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Elective Field
Credits Grading scale Level Version
8 Grade to atenth 5 1
Mandatory
T-MATH-105849 | Complex Analysis 8 CR | Herzog, Plum, Reichel,

Schnaubelt, Tolksdorf

Competence Certificate

The module will be completed by an oral exam (about 30 min).

Prerequisites
None

Competence Goal

At the end of the course, students can

o explain the basic concepts and results of the theory of infinite products and apply them in examples within the framework
of Weierstrass's theorems

o reproduce the Mittag-Leffler theorem and derive conclusions from it
explain Riemann's mapping theorem and are able to describe what Montel's theorem is and how this theorem is included in

the proof of

Content

infinite prod

Riemann's theorem

ucts

Mittag-Leffler's theorem
Montel's theorem

Riemann's mapping theorem
conformal mappings

univalent (schlicht) functions
automorphisms of some domains
harmonic functions

Schwarz reflection principle
regular and singular points of power series

Module grade calculation

The module grade is the grade of the oral exam.

Workload

Total workload: 240 hours

Attendance: 90 hou

e lectures, problem classes, and examination

Self-studies: 150 ho

work on pro

Economathematics

rs

urs

follow-up and deepening of the course content,

blem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

M.Sc.

Module Handbook as of 31/03/2025

name the most important properties of class S of simple functions and formulate the (proven) Bieberbach conjecture
can explain the basic concepts of the theory of harmonic functions and apply them in examples
explain the Schwarz reflection principle.

describe properties of regular and singular points in power series and discuss them with examples.
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3 MODULES Module: Complex Analysis [M-MATH-102878]

Recommendation
Basics of complex analysis, for example from the “Analysis 4” module, are recommended.

Economathematics M.Sc.

Module Handbook as of 31/03/2025 >0



3 MODULES Module: Complex Geometry [M-MATH-106776]

m 3.25 Module: Complex Geometry [M-MATH-106776]

Responsible:  Jun.-Prof. Dr. Claudio Llosa Isenrich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113614 | Complex Geometry 6 CR | Llosa Isenrich

Competence Certificate
The module will be completed by an oral exam (of ca. 30 min).

Prerequisites
None

Competence Goal
Graduates

e canunderstand the structure of complex geometry and apply its results to specific problems;

e are able to explain important results on compact Kdhler manifolds and their topology, relate them to each other and apply

them to examples;
o can sketch proofs of important results from the lecture;
e canworkin aself-organized and reflective manner.

Content

Introduction to complex analysis in several variables
Complex manifolds, vector bundles and forms

Introduction to Kahler manifolds and important examples
The Kahler identities and their consequences

Dolbeaut cohomology and the Hodge decomposition theorem

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 hours
e lectures and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation

Knowledge of complex analysis (e.g. "Analysis 4") and differential geometry is strongly recommended. The same applies to the

contents of the modules "Elementary Geometry" and "Introduction to Algebra and Number Theory".

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Compressive Sensing [M-MATH-102935]

m 3.26 Module: Compressive Sensing [M-MATH-102935]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105894 | Compressive Sensing 5CR [ Rieder

Competence Certificate
Success is assessed in the form of an oral examination lasting approx. 30 minutes.

Competence Goal
Graduates can explain the ideas of compressive sensing and can name areas of application. They can apply and compare the basic
algorithms and analyze their convergence behavior.

Content

What is compressive sensing and where is it used?

Sparse solutions of underdetermined linear systems of equations

Basic algorithms

Restricted isometry property

Sparse solutions of underdetermined linear systems of equations with random matrices

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Introduction to stochastics" is recommended.

Economathematics M.Sc.
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3 MODULES Module: Computational Fluid Dynamics and Simulation Lab [M-MATH-106634]

m 3.27 Module: Computational Fluid Dynamics and Simulation Lab [M-MATH-106634]

Responsible:  PD Dr. Mathias Krause
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Each summer term 1term German/English 4 2
Mandatory
T-MATH-113373 | Computational Fluid Dynamics and Simulation Lab 4 CR | Frank, Krause, Simonis,
Thater

Competence Certificate
For their final project, students prepare a written report, usually 10-15 pages long, which is graded.

Prerequisites
none

Competence Goal

Students are able to jointly model problems beyond their own discipline and simulate them on high-performance computers. They
have acquired a critical distance to results and their presentation. They can defend the results of projects in disputes. They have
understood the importance of stability, convergence and parallelism of numerical methods from their own experience and are able
to evaluate errors in modeling, approximation, computing and presentation.

Content
Lecture part: Introduction to modeling and simulations, introduction to associated numerical methods, introduction to associated
software and high-performance computer hardware

Own group work: Working on 1-2 projects in which modelling, discretization, simulation and evaluation (e.g. visualization) are
carried out for specific topics from the catalog. The catalog includes e.g: Diffusion processes, turbulent flows, multiphase flows,
reactive flows, particle dynamics, optimal control and optimization under constraints, stabilization methods for advection-
dominated transport problems.

Module grade calculation
The module grade is the grade of the final project.

Workload
Total workload: 120 hours

Attendance: 60 hours
e lectures and examination
Self-studies: 60 hours

¢ follow-up and deepening of the course content,
e work on projects and report,
o literature study and internet research relating to the course content

Recommendation
Basic knowledge of the analysis of boundary value problems and of numerical methods for differential equations is recommended.
Knowledge of a programming language is strongly recommened.

Economathematics M.Sc.
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3MODULES Module: Computer-Assisted Analytical Methods for Boundary and Eigenvalue Problems [M-MATH-102883]

3.28 Module: Computer-Assisted Analytical Methods for Boundary and Eigenvalue
Problems [M-MATH-102883]

Responsible:  Prof. Dr. Michael Plum
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Irregular 1term 4 1
Mandatory
T-MATH-105854 | Computer-Assisted Analytical Methods for Boundary and Eigenvalue 8 CR | Plum
Problems

Economathematics M.Sc.
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3 MODULES

Module: Continuous Time Finance [M-MATH-102860]

m 3.29 Module: Continuous Time Finance [M-MATH-102860]

Responsible:  Prof. Dr. Nicole Biuerle

Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence
8 Grade to atenth Each summer term

Duration Level Version

1term 4

1

Mandatory

T-MATH-105930 [ Continuous Time Finance

8CR

Bauerle, Fasen-
Hartmann, Trabs

Competence Certificate
oral examination of ca. 30 min.

Prerequisites
The module cannot be completed together with "Stochastic Calculus and Finance [T-WIWI-103129]".

Competence Goal
Students are able to

e understand, describe and use fundamental notions and techniques of modern continuous time finance,

use specific probabilistic techniques,

¢ analyze mathematically economical questions in option pricing and optimization

Content

Stochastic processes and filtrations
- Martingales in continuous time

- Stopping times

- Quadratic variation

e Stochastic Ito-Integral w.r.t. continuous semimartingales
e [to-calculus

- Ito-Doeblin formula

- Stochastic exponentials

- Girsanov theorem

- Martingale representation

Black-Scholes financial market

- Arbitrage and equivalent martingale measures
- Options and no-arbitrage prices

- market completeness

e Portfolio optimization
e Bonds, forwards and interest rate models

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h

lectures, problem classes and examination

Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets

literature study and internet research on the course content,
preparation for the module examination

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Continuous Time Finance [M-MATH-102860]

Recommendation
The content of the module ,,Probability theory” is strongly recommended. The module ,Discrete time finance" is recommended.

Economathematics M.Sc.

Module Handbook as of 31/03/2025 26



3 MODULES Module: Control Theory [M-MATH-102941]

m 3.30 Module: Control Theory [M-MATH-102941]

Responsible:  Prof. Dr. Roland Schnaubelt
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-105909 | Control Theory 6 CR | Schnaubelt

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
none

Competence Goal

Students can explain the central concepts of the treatment of controlled linear ordinary differential equations (controllability,
observability, stabilizability and discoverability) and the associated characterizations and apply them in examples. They are able to
describe the basic features of the theory of transfer functions and realization theory. They can discuss the solution of the quadratic
optimal control problem and apply it to feedback synthesis. They can describe the basic concepts of control theory including the
associated criteria also for non-linear systems and apply them to examples.

Content

controllabilty and observabilty of systems of linear ordinary differential equations

stabilizability and detectability

transfer functions

realization theory,

quadratic optimal control, feedback synthesis

nonlinear controll theory: basic concepts, criteria via linearization, Lie brackets and Lyapunov functions

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 h
o lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the modules Analysis 1-2 und Lineare Algebra 1-2 are strongly recommended. Further knowledge of ordinary
differential equations (as in Analysis 4) is useful.

Literature
J. Zabczyk, Mathematical Control Theory. An Introduction.

Economathematics M.Sc.
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3 MODULES Module: Convex Geometry [M-MATH-102864]

m 3.31 Module: Convex Geometry [M-MATH-102864]

Responsible:  Prof. Dr. Daniel Hug
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105831 | Convex Geometry 8 CR | Hug

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
None

Competence Goal
The students

¢ know fundamental combinatorial, geometric and analytic properties of convex sets and convex functions and apply these to
related problems,

o are familiar with fundamental geometric and analytic inequalities for functionals of convex sets and their applications to
geometric extremal problems and can present central ideas and techniques of proofs,

e know selected integral formulas for convex sets and the required results on invariant measures.

e know how to work self-organized and self-reflexive.

Content

1. Convex Sets
1.1. Combinatorial Properties
1.2. Support and Separation Properties
1.3. Extremal Representations
2. Convex Functions
2.1. Basic Properties
2.2. Regularity
2.3. Support Function
3. Brunn-Minkowski Theory
3.1. Hausdorff Metric
3.2. Volume and Surface Area
3.3. Mixed Volumes
3.4. Geometric Inequalities
3.5. Surface Area Measures
3.6. Projection Functions
4. Integralgeometric Formulas
4.1. Invariant Measures
4.2. Projection and Section Formula
4.3 Kinematic Formula

Module grade calculation
The module grade is the grade of the oral exam.
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3 MODULES Module: Convex Geometry [M-MATH-102864]

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation for the module exam.

Literature
D. Hug, W. WEeil: Lectures on Convex Geometry. Graduate Texts in Mathematics, Vol. 286, Springer, Cham, 2020.

Economathematics M.Sc.
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3 MODULES Module: Curves on Surfaces [M-MATH-106632]

m 3.32 Module: Curves on Surfaces [M-MATH-106632]

Responsible:  Dr. Elia Fioravanti
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113364 | Curves on Surfaces 3 CR | Fioravanti

Competence Certificate
The module will be completed by an oral exam (of ca. 20 - 30 min).

Prerequisites
None

Competence Goal
At the end of the course, students

e have adeeper understanding of the topology and geometry of surfaces, as well as of the structure of their
homeomorphisms;
e are able to work independently and critically;

e are prepared to read recent research articles and work on a thesis on mapping class groups and related topics.

Content

curves on surfaces up to homotopy and isotopy,

mapping class groups of surfaces,

Nielsen-Thurston classification of homeomorphisms of surfaces,
Teichmdller space.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 hours
e lectures and examination
Self-studies: 60 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation

The contents of the courses 'Introduction into Geometry and Topology' and 'Elementary Geometry' are recommended. The

courses 'Hyperbolic Geometry' and 'Algebraic Topology' can faciliate a deeper understanding of the course contents.

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Data Science for Finance [M-WIWI-105032]

m 3.33 Module: Data Science for Finance [M-WIWI-105032]

Responsible:  Prof. Dr. Maxim Ulrich
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each winter term 1term English 4 1
Mandatory
T-WIWI-102878 | Computational Risk and Asset Management 4.5 CR | Ulrich
T-WIWI-110213 | Python for Computational Risk and Asset Management 4,5 CR | Ulrich

Competence Certificate

The module examination takes the form of an alternative exam assessment.

The alternative exam assessment consists of a Python-based "Takehome Exam". At the end of the third week of January, the
student is given a "Takehome Exam" which he processes and sends back independently within 4 hours using Python. Precise
instructions will be announced at the beginning of the course. The alternative exam assessment can be repeated a maximum of
once. A timely repeat option takes place at the end of the third week in March of the same year. More detailed instructions will be
given at the beginning of the course.

Competence Goal

The aim of the module is to use data science, machine learning and financial market theories to generate better investment, risk
and asset management decisions. The student gets to know the characteristics of different asset classes in an application-oriented
manner using real financial market data. We use Python and web scraping techniques to extract, visualize and examine patterns of
publicly available financial market data. Interesting and non-public financial market data such as (option and futures data on shares
and interest) are provided. Financial market theories are also discussed to improve data analysis through theoretical knowledge.
Students get to know stock, interest rate, futures and options markets through the "data science glasses". Through "finance theory
glasses" students understand how patterns can be communicated and interpreted using finance theory. Python is the link through
which we bring data science and modern financial market modeling together.

Content
The course covers several topics, among them:

Pattern detection in price and return data in equity, interest rate, futures and option markets

Quantitative Portfolio Strategies

Modeling Return Densities using tools from financial econometrics, data science and machine learning

Valuation of equity, fixed-income, futures and options in a coherent framework to possibly exploit arbitrage opportunities
Neural networks and Natural Language Processing

Workload

The total workload for this module is 270 hours (9 credit points).The total number of hours resulting from income from studying
online video, answering quizzes, studying Ipython notebooks, active and interactive "Python Data Sessions" and reading literature
you have heard.

Recommendation
Basic knowledge of capital markt theory.
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3 MODULES Module: Data Science: Evidence-based Marketing [M-WIWI-101647]

m 3.34 Module: Data Science: Evidence-based Marketing [M-WIWI-101647]

Responsible:  Prof. Dr. Martin Klarmann
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 2 terms English 4 5

Compulsory Elective Courses (Election: 9 credits)
T-WIWI-103139 | Marketing Analytics 4.5 CR | Klarmann
T-WIWI-107720 | Market Research 4,5 CR | Klarmann

Competence Certificate

The assessment is carried out as partial exams (according to Section 4 (2), 1-3 SPO) of the courses of this module, whose sum of
credits must meet the minimum requirement of credits of this module. The assessment procedures are described for each course of
the module separately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
Keine.

Competence Goal
Students

e possess advanced knowledge of relevant market research contents

¢ know many different qualitative and quantitative methods for measuring customer behavior, preparation of strategic
decisions, making causal deductions, usage of social media data and sales forecasting

e possess the statistical skills required for working in marketing research

Content
This module provides in-depth knowledge of relevant quantitative and qualitative methods used in market research.Students can
attend the following courses:

e The course “Market Research” provides contents of practical relevance for measuring customer attitudes and customer
behavior. The participants learn using statistical methods for strategic decision-making in marketing. Students who are
interested in writing their master thesis at the Marketing & Sales Research Group are required to take this course.

e The course "Marketing Analytics” is based on "Market Research” and teaches advanced statistical methods for analyzing
relevant marketing and market research questions. Please note that a successful completion of "Market Research" is a
prerequisite for the completion of "Marketing Analytics".

Workload
The total workload for this module is approximately 270 hours.

Recommendation
None
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3 MODULES

Module: Decision and Game Theory [M-WIWI-102970]

m 3.35 Module: Decision and Game Theory [M-WIWI-102970]

Responsible:
Organisation:

Prof. Dr. Clemens Puppe
KIT Department of Economics and Management

Part of: Finance - Risk Management - Managerial Economics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each winter term 1term German 4 1
Wahlpflichtangebot (Election: 9 credits)

T-WIWI-102613 | Auction Theory 4.5 CR | Ehrhart
T-WIWI-102614 | Experimental Economics 4,5 CR | Weinhardt
T-WIWI-102861 | Advanced Game Theory 4.5 CR | Ehrhart, Puppe, Reil3

Competence Certificate
The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first

decimal.

Prerequisites
None

Competence Goal

The student learns the basics of individual and strategic decisions on an advanced and formal level.

He learns to analyze economic problems through abstract and method-based thinking and to design solution strategies. In the
tutorials, the concepts and results of the lecture will be applied in case studies.

Content

See German version.

Workload

The total workload for this module is approximately 270 hours. For further information see German version.

Economathematics

M.Sc.
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3 MODULES Module: Differential Geometry [M-MATH-101317]

m 3.36 Module: Differential Geometry [M-MATH-101317]

Responsible:  Prof. Dr. Wilderich Tuschmann
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth see Annotations 1lterm 4 1
Mandatory
T-MATH-102275 | Differential Geometry 8 CR | Lytchak, Tuschmann

Prerequisites
None

Annotation
This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered
within every two years (at least four different ones).
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3 MODULES Module: Digital Marketing [M-WIWI-106258]

m 3.37 Module: Digital Marketing [M-WIWI-106258]

Responsible:  Prof. Dr. Ann-Kristin Kupfer
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 2 terms English 4 2
Mandatory
T-WIWI-112693 | Digital Marketing 4.5 CR | Kupfer
Supplementary Courses (Election: 4,5 credits)
T-WIWI-106981 | Digital Marketing and Sales in B2B 1,5 CR | Klarmann, Konhauser
T-WIWI-114174 | Economic Decision Making 4.5 CR | Scheibehenne
T-WIWI-107720 | Market Research 4,5 CR | Klarmann
T-WIWI-112711 | Media Management 4.5 CR | Kupfer
T-WIWI-111848 | Online Concepts for Karlsruhe City Retailers 3 CR | Klarmann

Competence Certificate

The assessment is carried out as partial exams of the core course and further single courses of this module, whose sum of credits
must meet the minimum requirement of credits of this module. The assessment procedures are described for each course of the
module separately.

The overall grade of the module is the average of the grades for each course, weighted by the credits and truncated after the first
decimal.

Prerequisites
None

Competence Goal

Students

¢ have an advanced knowledge about central marketing contents

¢ have afundamental understanding of the marketing instruments

e know current fundamental principles and latest trends in the field of digital marketing

e know and understand several strategic concepts and how to implement them

e are able to implement their extensive marketing knowledge in a practical context

e are able to critically discuss and question theoretical concepts and current practices in marketing

¢ have theoretical knowledge that is fundamental for writing a master thesis in the field of marketing

¢ have gained insight into scientific research that prepares them to independently write a master's thesis

¢ have the theoretical knowledge and skills necessary to work in or collaborate with the marketing department of a company
Content

The aim of this module is to deepen central marketing contents in different areas.

Workload
Total effort for 9 credit points: approx. 270 hours.
The exact distribution is done according to the credit points of the courses of the module.
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3 MODULES Module: Discrete Dynamical Systems [M-MATH-105432]

m 3.38 Module: Discrete Dynamical Systems [M-MATH-105432]

Responsible:  PD Dr. Gerd Herzog
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-110952 | Discrete Dynamical Systems 3CR | Herzog

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
None

Competence Goal
At the end of the course, students can

e name, discuss and apply fundamental statements of the theory of discrete dynamic systems,
e explain the meaning of dynamic systems using examples,
o describe and use specific techniques of topological dynamics.

Content

Discrete dynamical systems
Chaotic dynamical systems
Non-expansive mappings

The Firstenberg-Weiss theorem
Cellular automata

(Weakly) mixing dynamical systems
Dynamics of linear operators

NouhrwdbhE

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 hours
e lectures, problem classes, and examination
Self-studies: 60 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
Basics of complex analysis (e.g. from Analysis 4) and functional analysis are recommended.

Economathematics M.Sc.
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3 MODULES Module: Discrete Time Finance [M-MATH-102919]

m 3.39 Module: Discrete Time Finance [M-MATH-102919]

Responsible:  Prof. Dr. Nicole Biuerle
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 1
Mandatory
T-MATH-105839 | Discrete Time Finance 8 CR | Bauerle, Fasen-

Hartmann, Trabs

Competence Certificate
Written exam of 2h.

Prerequisites
none

Competence Goal
Students are able to

e understand, describe and use fundamental notions and techniques of modern discrete time finance,
o use specific probabilistic techniques,
¢ analyze mathematically economical questions in discrete option pricing and optimization,
o work self-organized and in a reflective manner.
Content
¢ Finite financial markets
e The Cox-Ross-Rubinstein-model
o Limit to Black-Scholes
e Characterizing no-arbitrage
e Characterizing completeness
e |ncomplete markets
e American options
e Exotic options
e Portfolio optimization
e Preferences and stochastic dominance
e Mean-Variance portfolios
e Risk measures

Module grade calculation
The grade of the module is the grade of the written exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures and examination
Self studies: 150 h

¢ follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The content of the module ,Probability theory” is strongly recommended.
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3 MODULES Module: Dispersive Equations [M-MATH-104425]

m 3.40 Module: Dispersive Equations [M-MATH-104425]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-109001 | Dispersive Equations 6 CR | Reichel

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal

Graduates will be able to

- recognize the essential properties of dispersive partial differential equations and explain them using examples.

- name the particular difficulties of dispersive equations.

- use techniques to describe the short- and long-term behavior of solutions using the nonlinear Schrédinger equation as an
example.

- analyze the stability of solitary waves.

- understand the concept of conservation variables and explain them for specific examples.

Content

- Strichartz estimates, Sobolev embeddings and conservation laws

- Well-posedness results

- Long-term behavior of solutions (virial and Morawetz identities)

- orbital stability of solitary waves (variational description and concentration compactness)
- Energy conservation (invariant transmission coefficients)

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the course 'Functional Analysis' are recommended.
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3 MODULES Module: Dynamical Systems [M-MATH-103080]

m 3.41 Module: Dynamical Systems [M-MATH-103080]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-106114 | Dynamical Systems 8 CR | Reichel

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal
Graduates will be able to

¢ explain the significance of dynamical systems using examples,
o relate the concepts of a discrete-time and continuous-time dynamical system to each other,

e describe important methods for analyzing dynamical systems and use them to analyze the asymptotic behavior of solutions

near equilibria for different dynamical systems,
o describe the behavior of invariant sets under discretization.

Content
e Examples of finite- and infinite-dimensional dynamical systems
¢ Fixed points, periodic orbits, limit sets
¢ Invariant sets
e Attractors
e Upper and lower continuity of attractors
e Stable and unstable manifolds
e Center manifolds

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The module 'Functional Analysis' is recommended.
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3 MODULES Module: Econometrics and Statistics | [M-WIWI-101638]

m 3.42 Module: Econometrics and Statistics | [M-WIWI-101638]

Responsible:  Prof. Dr. Melanie Schienle
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 6

Mandatory

T-WIWI-111388 | Applied Econometrics 4,5 CR | Kriiger
Supplementary Courses (Election: between 4,5 and 5 credits)

T-WIWI-103064 | Financial Econometrics 4,5 CR | Schienle

T-WIWI-103126 | Non- and Semiparametrics 4,5 CR | Schienle

T-WIWI-103127 | Panel Data 4,5 CR [ Heller

T-WIWI-110868 | Predictive Modeling 4,5 CR | Kriiger

T-WIWI-111387 | Probabilistic Time Series Forecasting Challenge 4,5CR | Kriiger

T-WIWI-103065 | Statistical Modeling of Generalized Regression Models 4,5CR | Heller

T-WIWI-110939 | Financial Econometrics |l 4.5 CR | Schienle

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1-3 of the examination regulation) of the single courses of
this module, whose sum of credits must meet the minimum requirement of credits of this module. The examinations are offered
every semester. Re-examinations are offered at every ordinary examination date. The assessment procedures are described for
each course of the module separately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites

The course ‘Applied Econometrics’[2520020] is compulsory and must be completed if it has not already been successfully
completed in one of the modules ‘Economics of Innovation and Growth’ or ‘Economics in a Connected World'. If the course ‘Applied
Econometrics’ has already been completed in another module, the module cannot be chosen by the student. In this case, please
contact the Examinations Office of the WIWI-Department, which will adjust the elective requirements in the module.

Competence Goal

The student shows an in depth understanding of advanced Econometric techniques suitable for different types of data.He/She is
able to apply his/her theoretical knowledge to real world problems with the help of statistical software and to evaluate
performance of different approaches based on statistical criteria.

Content
The courses of this module offer students a broad range of advanced Econometric techniques for state-of-the art data analysis.

Workload
The total workload for this module is approximately 270 hours.
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3 MODULES Module: Econometrics and Statistics [l [M-WIWI-101639]

m 3.43 Module: Econometrics and Statistics Il [M-WIWI-101639]

Responsible:  Prof. Dr. Melanie Schienle

Organisation: KIT Department of Economics and Management

Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 1term German 4 6

Election notes
L o e o 0 o o L S L L B o T T I T T B o=

This module will not count towards the degree until the module "Econometrics and Statistics I" has also been successfully
completed. If the module "Econometrics and Statistics |" is booked out to the additional examinations, the "Econometrics and
Statistics I1" module loses its curricular validity/valuation for the degree.

L S

Compulsory Elective Courses (Election: at least 1 item)
T-WIWI-103064 | Financial Econometrics 4.5 CR | Schienle
T-WIWI-110939 | Financial Econometrics Il 4,5 CR [ Schienle
T-WIWI-103126 | Non-and Semiparametrics 4,5 CR | Schienle
T-WIWI-103127 | Panel Data 4.5 CR | Heller
T-WIWI-110868 | Predictive Modeling 4,5 CR | Kriiger
T-WIWI-111387 | Probabilistic Time Series Forecasting Challenge 4,5 CR | Kriiger
T-WIWI-103065 | Statistical Modeling of Generalized Regression Models 4,5 CR | Heller

Additional Lectures (Election: at most 1 item)
T-WIWI-103124 | Multivariate Statistical Methods 4.5 CR | Grothe
T-WIWI-103128 | Portfolio and Asset Liability Management 4.5 CR | Safarian
T-WIWI-103123 | Advanced Statistics 4,5 CR | Grothe
T-WIWI-103129 | Stochastic Calculus and Finance 4.5 CR | Safarian

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1-3 of the examination regulation) of the single courses of
this module, whose sum of credits must meet the minimum requirement of credits of this module. The examinations are offered
every semester. Re-examinations are offered at every ordinary examination date. The assessment procedures are described for
each course of the module separately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
This module can only be passed if the module "Econometrics and Statistics I" has been finished successfully before.

At least one course must be chosen from the compulsory elective programme.

Competence Goal

The student shows an in depth understanding of advanced Econometric techniques suitable for different types of data. He/She is
able to apply his/her theoretical knowledge to real world problems with the help of statistical software and to evaluate
performance of different approaches based on statistical criteria.

Content
This modula builds on prerequisites acquired in Module "Econometrics and Statistics I". The courses of this module offer students a
broad range of advanced Econometric techniques for state-of-the art data analysis.

Workload

Total workload for 9 credit points: approx. 270 hours. The allocation is based on the credit points of the courses in the module. The
workload for courses with 4.5 credits is approx. 135 hours. The total number of hours per course is calculated from the time
required to attend the lectures and exercises, as well as the examination times and the time required to achieve the learning
objectives of the module for an average student for an average performance.
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3MODULES Module: Economic Theory and its Application in Finance [M-WIWI-101502]

m 3.44 Module: Economic Theory and its Application in Finance [M-WIWI-101502]

Responsible:  Prof. Dr. Kay Mitusch
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1term English 4 6

Compulsory Elective Courses (Election: 1 item)

T-WIWI-102609 | Advanced Topics in Economic Theory 4.5 CR | Brumm, Mitusch

T-WIWI-102861 | Advanced Game Theory 4,5 CR | Ehrhart, Puppe, Reil3
Supplementary Courses (Election: )

T-WIWI-113469 | Advanced Corporate Finance 4.5 CR | Ruckes

T-WIWI-102647 | Asset Pricing 4,5 CR | Ruckes, Uhrig-

Homburg
T-WIWI-109050 | Corporate Risk Management 4.5 CR | Ruckes
T-WIWI-102623 | Financial Intermediation 4.5 CR | Ruckes

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The exams are offered at the
beginning of the recess period about the subject matter of the latest held lecture. Re-examinations are offered at every ordinary
examination date. The assessment procedures are described for each course of the module separately. The overall grade for the
module is the average of the grades for each course weighted by the credits and truncated after the first decimal.

Prerequisites
One of the courses T-WIWI-102861 "Advanced Game Theory" and T-WIWI-102609 "Advanced Topics in Economic Theory" is
compulsary.

Competence Goal
The students

¢ have learnt the methods of formal economic modeling, particularly of General Equilibrium Theory and contract theory

¢ will be able to apply these methods to the topics in Finance, specifically the areas of financial markets and institutions and
corporate finance

¢ have gained many useful insights into the relationship between firms and investors and the functioning of financial markets

Content

The mandatory course "Advanced Topics in Economic Theory" is devoted in equal parts to General Equilibrium Theory and to
contract theory. The course "Asset Pricing" will apply techniques of General Equilibrium Theory to valuation of financial assets.
The courses "Corporate Financial Policy" and "Finanzintermediation" will apply the techniques of contract theory to issues of
corporate finance and financial institutions.

Workload
Total workload for 9 credit points: approx. 270 hours

The exact distribution is based on the credit points of the courses in the module.
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3 MODULES Module: eEnergy: Markets, Services and Systems [M-WIWI-103720]

m 3.45 Module: eEnergy: Markets, Services and Systems [M-WIWI-103720]

Responsible:  Prof. Dr. Christof Weinhardt
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 1term German 4 3
Compulsory Elective Courses (Election: at least 9 credits)
T-WIWI-107501 | Energy Market Engineering 4,5 CR [ Weinhardt
T-WIWI-107503 | Energy Networks and Regulation 4,5 CR | Weinhardt
T-WIWI-107504 | Smart Grid Applications 4,5 CR | Weinhardt
T-WIWI-113726 | Special Topics in Information Systems 4,5 CR | Weinhardt

Competence Certificate

The assessment is carried out as partial exams (according to Section 4 (2), 1-3 SPO) of single courses of this module, whose sum of
credits must meet the minimum requirement of credits of this module. The assessment procedures are described for each course of
the module separately. The overall grade of the module is the average of the grades for each course weighted by the credits and
truncated after the first decimal.

Prerequisites
None.

Competence Goal
The student

¢ is aware of design options for energy and especially electricity markets and can derive implications for the market results
from the market design,

¢ knows about current trends regarding the Smart Grid and understands affiliated modelling aproaches,

¢ can evaluate business models of electricity grids according to the regulation regime

¢ is prepared for scientific contributions in the field of energy system analysis.

Content

The module conveys scientific and practical knowledge to analyse energy markets and according business models. To do so the
scientific discussion on energy market designs is evaluated and analysed. Different energy market models are presented and their
design implications are evaluated. Furthermore, the electricity system is analysed with regards to being a network industry and
resulting regulation and business models are discussed. Besides these traditional areas of energy economics we will look at
methods and models of digitalisation in the energy sector.

Annotation
The lecture Smart Grid Applications will be available starting in the winter term 2018/19.

Workload
The total workload for this module is approx. 270 hours (9 CP). The allocation is based on the credit points of the courses in the
module. The workload for courses with 4.5 CP is approx. 135 hours.

The total number of hours per course results from the time required to attend the lectures and exercises, as well as the
examination times and the time required to achieve the qualification objectives of the module for an average student for an
average performance.
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3 MODULES Module: Energy Economics and Energy Markets [M-WIWI-101451]

m 3.46 Module: Energy Economics and Energy Markets [M-WIWI-101451]

Responsible:  Prof. Dr. Wolf Fichtner
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 1term German/English 4 8

Mandatory

T-WIWI-107043 | Liberalised Power Markets 5,5 CR | Fichtner
Supplementary Courses (Election: )

T-WIWI-107501 | Energy Market Engineering 4,5 CR [ Weinhardt

T-WIWI-112151 | Energy Trading and Risk Management 3,5CR | N.N.

T-WIWI-108016 | Simulation Game in Energy Economics 3,5CR [ Genoese

T-WIWI-107446 | Quantitative Methods in Energy Economics 3,5CR | Plotz

T-WIWI-102712 | Regulation Theory and Practice 4,5 CR | Mitusch

T-WIWI-113935 | Social Dimensions of Energy Transitions 3,5 CR | Fichtner

Competence Certificate

The assessment is carried out as partial written exams (according to Section 4(2), 1 of the examination regulation) of the single
courses of this module, whose sum of credits must meet the minimum requirement of credits of this module. The examinations take
place every semester. Re-examinations are offered at every ordinary examination date.The assessment procedures are described
for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
The lecture Liberalised Power Markets has to be examined.

Competence Goal
The student

e gains detailed knowledge about the new requirements of liberalised energy markets,
o describes the planning tasks on the different energy markets,
e knows solution approaches to respective planning tasks.

Content

Liberalised Power Markets: The European liberalisation process, energy markets, pricing, market failure, investment incentives,
market power

Energy Trade and Risk Management: trade centres, trade products, market mechanisms, position and risk management

Simulation Game in Energy Economics: Simulation of the German electricity system

Workload

The total workload for this module is approx. 270 hours (9 credits). The allocation is based on the credit points of the courses in the
module. The workload for courses with 3.5 credits is approx. 105 hours, for courses with 5.5 credits approx. 165 hours.

The total number of hours per course is calculated from the time required to attend the lectures and exercises, as well as the
examination times and the time required for an average student to achieve the learning objectives of the module for an average
performance.

Recommendation
The courses are conceived in a way that they can be attended independently from each other. Therefore, it is possible to start the
module in winter and summer term.
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3 MODULES Module: Energy Economics and Technology [M-WIWI-101452]

m 3.47 Module: Energy Economics and Technology [M-WIWI-101452]

Responsible:  Prof. Dr. Wolf Fichtner
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 5
Compulsory Elective Courses (Election: at least 9 credits)
T-WIWI-102793 | Efficient Energy Systems and Electric Mobility 3,5CR | Jochem
T-WIWI-102650 | Energy and Environment 3,5CR | Karl
T-WIWI-113073 | Machine Learning and Optimization in Energy Systems 3,5CR | Fichtner
T-WIWI-107464 | Smart Energy Infrastructure 5,5 CR [ Ardone, Pustisek
T-WIWI-102695 | Heat Economy 3,5CR | Fichtner

Competence Certificate

The assessment is carried out as partial written exams (according to Section 4(2), 1 of the examination regulation) of the single
courses of this module, whose sum of credits must meet the minimum requirement of credits of this module. The examinations take
place every semester. Re-examinations are offered at every ordinary examination date.The assessment procedures are described
for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
None

Competence Goal
The student

e gains detailed knowledge about present and future energy supply technologies (focus on final energy carriers electricity
and heat),

e knows the techno-economic characteristics of plants for energy provision, for energy transport as well as for energy
distribution and demand,

e isableto assess the environmental impact of these technologies.

Content

Heat Economy: district heating, heating technologies, reduction of heat demand, statutory provisions

Energy Systems Analysis: Interdependencies in energy economics, energy systems modelling approaches in energy economics

Energy and Environment: emission factors, emission reduction measures, environmental impact

Efficient Energy Systems and Electric Mobility: concepts and current trends in energy efficiency, Overview of and economical,
ecological and social impacts through electric mobility

Workload
The total workload for this module is approx. 270 hours (9 credits). The allocation is based on the credit points of the courses in the
module. The workload for courses with 3,5 credits is approx. 105 hours, and for courses with 5,5 credits approx. 165 hours.

The total number of hours per course is calculated from the time required to attend the lectures and exercises, as well as the
examination times and the time required for an average student to achieve the learning objectives of the module for an average
performance.
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3 MODULES Module: Ergodic Theory [M-MATH-106473]

m 3.48 Module: Ergodic Theory [M-MATH-106473]

Responsible:  Dr. Gabriele Link
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-113086 | Ergodic Theory 8 CR | Link

Competence Certificate
Oral examination of ca. 20-30 minutes.

Prerequisites
None

Competence Goal
Students

know important examples of dynamical systems,

can state and discuss substantial concepts of ergodic theory,

can state important results on qualitative properties of dynamical systems and relate them,

are prepared to read recent research articles and write a bachelor or master thesis in the field of ergodic theory.

Content

Elementary examples of dynamical systems such as Bernoulli systems and billiards

Poincare rekurrence and ergodic theorems

mixing, weak mixing, equidistribution

entropy

advanced topic(s) (as for example hyperbolic dynamics, symbolic dynamics and coding, Furstenberg correspondence
principle or unitary representations of SL(2,R))

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
Some basic knowledge of measure theory, topology, geometry, group theory and functional analysis is recommended.
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3 MODULES Module: Evolution Equations [M-MATH-102872]

m 3.49 Module: Evolution Equations [M-MATH-102872]

Responsible:  Prof. Dr. Roland Schnaubelt
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1lterm German/English 4 1
Mandatory
T-MATH-105844 | Evolution Equations 8 CR | Frey, Kunstmann,

Schnaubelt

Competence Certificate
Oral examination of ca. 30 minutes.

Prerequisites
none

Competence Goal
The students

e can explain the basics of the theory of strongly continuous operator semigroups and their generators, in particular the
theorems on generation and wellposedness, and they can apply it to examples.

e canalso describe and use the solution and regularity theory of inhomogeneous Cauchy problems.

e are able to construct analytic semigroups and to characterize their generators. Using these results and perturbations
theorems, they can solve partial differential equations.

e are able to explain main aspects of approximation theory of evolution equations.

e candiscuss the core statements of stability and spectral theory of operator semigroups and discuss examples by means of
them.

e have mastered the important techniques for proofs in evolution equations and are able to, at least, sketch the complicated
proofs.

Content

strongly continuous operator semigroups and their generators,
generation results and wellposedness,

inhomogeneous Cauchy problems,

analytic semigroups,

perturbation and approximation theory,

stability and spectral theory of operator semigroups,
applications to partial differential equations

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
Regular cycle: every 2nd year. The module "Nonlinear Evolution Equations'
is based on "Evolution Equations"
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3 MODULES Module: Evolution Equations [M-MATH-102872]

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The module “Functional Analysis” is strongly recommended.

Literature
K.-J. Engel und R. Nagel, One-Parameter Semigroups for Linear Evolution Equations.
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3 MODULES Module: Experimental Economics [M-WIWI-101505]

m 3.50 Module: Experimental Economics [M-WIWI-101505]

Responsible:  Prof. Dr. Johannes Philipp Reif3
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 2 terms German/English 4 5
Compulsory Elective Courses (Election: 2 items)

T-WIWI-102614 | Experimental Economics 4.5 CR | Weinhardt
T-WIWI-105781 | Incentives in Organizations 4,5 CR | Nieken
T-WIWI-102862 | Predictive Mechanism and Market Design 4,5CR | Reil3
T-WIWI-102863 | Topics in Experimental Economics 4,5CR | Reil

Competence Certificate

The assessment is carried out as partial exams (according to Section 4 (2), 1-3 SPO) of the core course and further single courses of
this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures are
described for each course of the module separately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
None.

Competence Goal
Students

are acquainted with the methods of Experimental Economics along with its strengths and weaknesses;
understand how theory-guided research in Experimental Economics interacts with the development of theory;
are provided with foundations in data analysis;

design an economic experiment and analyze its outcome.

Content

The module Experimental Economics offers an introduction into the methods and topics of Experimental Economics. It also fosters
and extends knowledge in theory-guided experimental economics and its interaction with theory development. Throughout the
module, readings of selected papers are required.

Annotation
The course "Predictive Mechanism and Market Design" is offered every second winter semester, e.g. WS2013/ 14, WS2015/ 16, ...

Workload
Total workload for 9 credit points: approx. 270 hours

The exact distribution is based on the credit points of the courses in the module.

Recommendation
Basic knowledge in mathematics, statistics, and game theory is assumed.
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3 MODULES Module: Exponential Integrators [M-MATH-103700]

m 3.51 Module: Exponential Integrators [M-MATH-103700]

Responsible:  Prof. Dr. Marlis Hochbruck
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-107475 | Exponential Integrators 6 CR | Hochbruck, Jahnke

Competence Certificate
Oral exam of approximately 20 minutes.

Prerequisites
None.

Competence Goal
Graduates will be able to name key concepts for the construction and analysis of exponential integrators and implement them
efficiently.

Content
In this class we consider the construction, analysis, implementation and application of exponential integrators. The focus will be on
two types of stiff problems.

The first one is characterized by a Jacobian that possesses eigenvalues with large negative real parts. Parabolic partial differential
equations and their spatial discretization are typical examples. The second class consists of highly oscillatory problems with purely
imaginary eigenvalues of large modulus.

Apart from motivating the construction of exponential integrators for various classes of problems, our main intention in this class is
to present the mathematics behind these methods. We will derive error bounds that are independent of stiffness or highest
frequencies in the system.

Since the implementation of exponential integrators requires the evaluation of the product of a matrix function with a vector, we
will briefly discuss some possible approaches as well.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 180 h

Attendance: 60 h
e Course including module examination during study.
Self-studies: 120 h

Deepening the study content by working on the lecture content at home

Working on exercises

In-depth study of the course content using suitable literature and Internet research,
preparation for the module examination during study.

Recommendation
Basic knowledge of ordinary and/or partial differential equations as well as the contents of the module "Numerical Methods for
Differential Equations" are strongly recommended. Knowledge of functional analysis is also recommended.
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3 MODULES Module: Extremal Graph Theory [M-MATH-102957]

m 3.52 Module: Extremal Graph Theory [M-MATH-102957]

Responsible:  Prof. Dr. Maria Aksenovich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 2
Mandatory
T-MATH-105931 | Extremal Graph Theory 4 CR | Aksenovich

Competence Certificate
The final grade is given based on an oral exam (approx. 30 min.).

Competence Goal

The students understand, describe, and use fundamental notions and techniques in extremal graph theory. They can analyze,
structure, and formally describe typical combinatorial questions. The students understand and use Szemeredi’s regularity lemma
and Szemeredi’s theorem, can use probabilistic techniques, such as dependent random choice and multistep random colorings,
know the best bounds for the extremal numbers of complete graphs, cycles, complete bipartite graphs, and bipartite graphs with
bounded maximum degree. They understand and can use the Ramsey theorem for graphs and hypergraphs, as well as stepping-up
techniques for bounding Ramsey numbers. Moreover, the students know and understand the behavior of Ramsey numbers for
graphs with bounded maximum degree. The students can communicate using English technical terminology.

Content

The course is concerned with advanced topics in graph theory. It focuses on the areas of extremal functions, regularity, and Ramsey
theory for graphs and hypergraphs. Further topics include Turdn's theorem, Erdds-Stone theorem, Szemerédi’s lemma, graph
colorings and probabilistic techniques.

Annotation
Courseis held in English

Recommendation
Basic knowledge of linear algebra, analysis and graph theory is recommended.
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3 MODULES Module: Extreme Value Theory [M-MATH-102939]

m 3.53 Module: Extreme Value Theory [M-MATH-102939]

Responsible:  Prof. Dr. Vicky Fasen-Hartmann
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 2
Mandatory
T-MATH-105908 | Extreme Value Theory 4 CR | Fasen-Hartmann

Competence Certificate
The module will be completed by an oral exam (approx. 20 min).

Prerequisites
None

Competence Goal
Students are able to

[IJe name, explain, motivate and apply statistical methods for estimating risk measures,
(I e model and quantify extreme events,
(e apply specific probabilistic techniques of extreme value theory,

e master proof techniques,
O0Oe workin a self-organised and reflective manner.

Content
e  Theorem of Fisher and Tippett's

e  Generalised extreme value and Pareto distribution (GED and GPD)
e Domain of attractions of generalised extreme value distributions

e  Theorem of Pickands-Balkema-de Haan

e  Estimation of risk measures

. Hill estimator

e  Block maxima method

e  POT method

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours
e lectures and problem classes including the examination.

Self studies: 75 hours

(e follow-up and deepening of the course content

(e work on problem sheets

e literature and internet research on the course content
e preparation for the module examination

Recommendation
The content of the module "Probability theory" is recommended.
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3 MODULES

Module: Finance 1 [M-WIWI-101482]

m 3.54 Module: Finance 1 [M-WIWI-101482]

Responsible:

Organisation:

Prof. Dr. Martin Ruckes
Prof. Dr. Marliese Uhrig-Homburg

KIT Department of Economics and Management

Partof:  Finance - Risk Management - Managerial Economics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 1
Compulsory Elective Courses (Election: 9 credits)
T-WIWI-102643 | Derivatives 4,5 CR | Uhrig-Homburg
T-WIWI-102621 | Valuation 4,5 CR | Ruckes
T-WIWI-102647 | Asset Pricing 4.5 CR | Ruckes, Uhrig-
Homburg

Competence Certificate
The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first

decimal.

Prerequisites
None

Competence Goal
The student

e has core skills in economics and methodology in the field of finance
e assesses corporate investment projects from a financial perspective
¢ is able to make appropriate investment decisions on financial markets

Content

The courses of this module equip the students with core skills in economics and methodology in the field of modern finance.
Securities which are traded on financial and derivative markets are presented, and frequently applied trading strategies are
discussed. A further focus of this module is on the assessment of both profits and risks in security portfolios and corporate
investment projects from a financial perspective.

Workload

The total workload for this module is approx. 270 hours (9 credits). The distribution is based on the credit points of the courses in
the module. The workload for courses with 4.5 credits is approx. 135 hours.

The total number of hours per course is calculated from the time required to attend the lectures and exercises, as well as the
examination times and the time required for an average student to achieve the learning objectives of the module for an average

performance.
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3 MODULES Module: Finance 2 [M-WIWI-101483]

m 3.55 Module: Finance 2 [M-WIWI-101483]

Prof. Dr. Martin Ruckes
Prof. Dr. Marliese Uhrig-Homburg

Responsible:

Organisation: KIT Department of Economics and Management

Partof:  Finance - Risk Management - Managerial Economics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 10

Election notes
L o e o 0 o o L S L L B o T T I T T B o=

This module will not count towards the degree until the module Finance 1 has also been successfully completed. If the module
Finance 1is booked out to the additional examinations, the Finance 2 module loses its curricular validity/valuation for the degree.

L S

Compulsory Elective Courses (Election: at least 9 credits)
T-WIWI-113469 | Advanced Corporate Finance 4.5 CR | Ruckes
T-WIWI-110513 | Advanced Empirical Asset Pricing 4,5 CR | Thimme
T-WIWI-102647 | Asset Pricing 4.5 CR | Ruckes, Uhrig-
Homburg
T-WIWI-110995 | Bond Markets 4,5 CR | Uhrig-Homburg
T-WIWI-110997 | Bond Markets - Models & Derivatives 3 CR | Uhrig-Homburg
T-WIWI-110996 | Bond Markets - Tools & Applications 1,5 CR | Uhrig-Homburg
T-WIWI-109050 | Corporate Risk Management 4,5 CR | Ruckes
T-WIWI-102643 | Derivatives 4,5 CR | Uhrig-Homburg
T-WIWI-110797 | eFinance: Information Systems for Securities Trading 4.5 CR | Weinhardt
T-WIWI-102900 | Financial Analysis 4,5 CR | Luedecke
T-WIWI-102623 | Financial Intermediation 4,5 CR | Ruckes
T-WIWI-102646 | International Finance 3 CR | Uhrig-Homburg
T-WIWI-102621 | Valuation 4,5 CR | Ruckes

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
It is only possible to choose this module in combination with the module Finance 1. The module is passed only after the final partial
exam of Finance 1 is additionally passed.

Competence Goal
The student is in a position to discuss, analyze and provide answers to advanced economic and methodological issues in the field of
modern finance.

Content
The module Finance 2 is based on the module Finance 1. The courses of this module equip the students with advanced skills in
economics and methodology in the field of modern finance on a broad basis.

Annotation
The courses eFinance: Information Engineering and Management for Securities Trading [2540454] and Financial Analysis [2530205] can
be chosen from summer term 2015 on.
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3 MODULES Module: Finance 2 [M-WIWI-101483]

Workload
The total workload for this module is approximately 270 hours. For further information see German version.
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3 MODULES Module: Finance 3 [M-WIWI-101480]

m 3.56 Module: Finance 3 [M-WIWI-101480]

Prof. Dr. Martin Ruckes
Prof. Dr. Marliese Uhrig-Homburg

Responsible:

Organisation: KIT Department of Economics and Management

Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 10

Election notes
L o e o 0 o o L S L L B o T T I T T B o=

This module will not count towards the degree until the modules Finance 1 and Finance 2 have also been successfully completed.
If the modules Finance 1 and/or Finance 2 are booked out to the additional examinations, the Finance 3 module loses its curricular
validity/valuation for the degree.

L S

Compulsory Elective Courses (Election: at least 9 credits)
T-WIWI-113469 | Advanced Corporate Finance 4.5 CR | Ruckes
T-WIWI-110513 | Advanced Empirical Asset Pricing 4,5 CR | Thimme
T-WIWI-102647 | Asset Pricing 4.5 CR | Ruckes, Uhrig-
Homburg
T-WIWI-110995 | Bond Markets 4,5 CR | Uhrig-Homburg
T-WIWI-110997 | Bond Markets - Models & Derivatives 3 CR | Uhrig-Homburg
T-WIWI-110996 | Bond Markets - Tools & Applications 1,5 CR | Uhrig-Homburg
T-WIWI-109050 | Corporate Risk Management 4,5 CR | Ruckes
T-WIWI-102643 | Derivatives 4,5 CR | Uhrig-Homburg
T-WIWI-110797 | eFinance: Information Systems for Securities Trading 4.5 CR | Weinhardt
T-WIWI-102900 | Financial Analysis 4,5 CR | Luedecke
T-WIWI-102623 | Financial Intermediation 4,5 CR | Ruckes
T-WIWI-102646 | International Finance 3 CR | Uhrig-Homburg
T-WIWI-102621 | Valuation 4,5 CR | Ruckes
T-WIWI-110933 | Web App Programming for Finance 4,5 CR | Thimme

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
It is only possible to choose this module in combination with the module Finance 1and Finance 2. The module is passed only after the
final partial exams of Finance 1 and Finance 2 are additionally passed.

Competence Goal
The student is in a position to discuss, analyze and provide answers to advanced economic and methodological issues in the field of
modern finance.

Content
The courses of this module equip the students with advanced skills in economics and methodology in the field of modern finance on
abroad basis.

Workload
The total workload for this module is approximately 270 hours. For further information see German version.
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3 MODULES

m 3.57 Module: Finite Element Methods [M-MATH-102891]

Responsible:  Prof. Dr. Willy Dorfler

Prof. Dr. Christian Wieners
Organisation:  KIT Department of Mathematics

Module: Finite Element Methods [M-MATH-102891]

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Version
8 Grade to a tenth Each winter term 1
Mandatory
T-MATH-105857 | Finite Element Methods 8 CR | Dorfler, Hochbruck,

Jahnke, Maier, Rieder,
Wieners
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Module Handbook as of 31/03/2025

87



3 MODULES Module: Forecasting: Theory and Practice [M-MATH-102956]

m 3.58 Module: Forecasting: Theory and Practice [M-MATH-102956]

Responsible:  Prof. Dr. Tilmann Gneiting
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 2 terms English 4 2
Mandatory
T-MATH-105928 | Forecasting: Theory and Practice 8 CR | Gneiting

Prerequisites
None

Annotation

e Regular cycle: every 2nd year, starting winter semester 16/17
e Courseisheldin English
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3 MODULES Module: Foundations for Advanced Financial -Quant and -Machine Learning Research [M-WIWI-105894]

3.59 Module: Foundations for Advanced Financial -Quant and -Machine Learning
Research [M-WIWI-105894]

Responsible:  Prof. Dr. Maxim Ulrich
Organisation:  KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth see Annotations 1term English 4 1
Mandatory
T-WIWI-111846 | Fundamentals for Financial -Quant and -Machine Learning Research | 9CR | Ulrich

Competence Certificate

The module examination is an alternative exam assessment with a maximum score of 100 points to be achieved. These points are
distributed over 4 worksheets to be submitted during the semester. The worksheets cover the respective material of the module
and are handed out, worked on and assessed in lecture weeks 3 (10 points), 6 (20 points), 9 (30 points) and 12 (40 points).

The module-wide exam (all 4 worksheets) must be taken in the same semester.

The worksheets are a mixture of analytical tasks and programming tasks with financial data.

Competence Goal

This MSc module teaches students fundamental stats and analytics concepts, as well necessary financial economic intuition,
necessary to identify, design and execute interesting research questions in quant finance and financial machine learning.

Topics include: Maximum Likelihood learning of arma-garch models, expectation maximization learning applied to stochastic
volatility and valuation models, Kalman filter techniques to learn latent states, estimation of affine jump diffusion models with
options and higher-order moments, stochastic calculus, dynamic modeling of asset markets (bond, equity, options), equilibrium
determination of risk premiums, risk premiums for higher moment risk, risk decomposition (fundamental vs idiosyncratic), option-
implied return distributions, mixture-density-networks and neural nets.

Content

Learning Objectives: Skills and understanding of how to successfully set-up, execute and interpret financial data driven research
with the following methods: MLE, Kalman Filter, Expectation Maximization, Option Pricing, dynamic asset pricing theory,
backward-looking historical return densities, forward-looking options-implied return densities, mixture-density-network, neural
networks. Programming is not taught in this course, yet, some graded and non-graded exercises might make heavy use of software
based data analysis. See the course's pre-requisites and comments in the modul handbook.

Annotation

e Strongly recommended to have good knowledge in financial econometrics (MLE, OLS, GLS, ARMA-GARCH), mathematics
(differential equations, difference equations and optimization), investments (CAPM, factor models), asset pricing (SDF, SDF
pricing), derivatives (Black-Scholes, risk-neutral pricing), and programming of statistical concepts (Java or R or Python or
Matlabor Cor...)

¢ Strongly recommended to have a strong interest for interdisciplinary research work in statistics, programming, applied
math and financial economics.

e Students lacking the prior knowledge might find the resources of the Chair helpful: www.youtube.com/c/cram-kit.

Workload

The total workload for this course is approximately 270 hours. This is for a student with the appropriate prior knowledge in
financial econometrics, finance, mathematics and programming. Students without programming experience of statistical concepts
will need to invest extra time. Students who have struggled in math- or programming- or finance- oriented classes, will find this
course very challenging. Please check the pre-requisites and comments in the module handbook.
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3 MODULES Module: Foundations of Continuum Mechanics [M-MATH-103527]

m 3.60 Module: Foundations of Continuum Mechanics [M-MATH-103527]

Responsible:  Prof. Dr. Christian Wieners
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Once 1lterm 4 2

Election notes
by interest of international students the course will be in English

Mandatory

T-MATH-107044 | Foundations of Continuum Mechanics 4 CR | Wieners

Competence Certificate
Oral exam of approx. 20 minutes.

Prerequisites
none

Competence Goal
Graduates can

e explain the basic concepts in continuum mechanics
o distinguish different models in continuum mechanics and analyze their properties
¢ applying methods and principles in mathematical modelling for solids and fluids

Content

kinematic foundations

balance relations for static problems, Cauchy theorem
elastic materials

hyperelastic materials

balance relations for dynamic probleme, Reynolds theorem
Newtonian Fluids

Non-Newtonian Fluids

Module grade calculation
the grade points are the grade points of the oral exam

Workload
in presence: 45 hours

e lecture, exercises, including exam
own study time: 75 hours

deeper learning of the lecture content by repeating the content at home
solving the exercises

deeper learning by reading literature and internet

preparation of the exam

Recommendation
optimization theory
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3 MODULES Module: Fourier Analysis and its Applications to PDEs [M-MATH-104827]

m 3.61 Module: Fourier Analysis and its Applications to PDEs [M-MATH-104827]

Responsible:  TT-Prof. Dr. Xian Liao
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 3
Mandatory
T-MATH-109850 | Fourier Analysis and its Applications to PDEs 6 CR | Liao

Prerequisites
None
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3 MODULES Module: Fractal Geometry [M-MATH-105649]

m 3.62 Module: Fractal Geometry [M-MATH-105649]

Responsible:  PD Dr. Steffen Winter
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 2
Mandatory
T-MATH-111296 | Fractal Geometry 6 CR | Winter

Competence Certificate
The module will be completed with an oral exam (20 - 30 min).

Prerequisites
None

Competence Goal
Students

can name and explain important terms and concepts of fractal geometry;

know important results of dimension theory and can apply them to examples;

have the ability to use specific methods for the analysis of fractal structures;

are able to construct fractals and random fractals with certain prescribed properties;

master important proof techniques in fractal geometry and are able to at least sketch the more difficult proofs;
are able to work self-organized and in a reflective manner;

are prepared, to write a thesis in the field of fractal geometry.

Content

iterated function systems and self-similar sets
chaos game algorithm

random fractals

fractal dimension theory

Hausdorff measure and dimension

packing measure and dimension

Minkowski contents

methods of computing dimension

self-similar measures and multifractals
dimension of measures

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 h
e lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the courses Analysis 3 (measure theory) and Probability theory are recommended.
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3 MODULES Module: Functional Analysis [M-MATH-101320]

m 3.63 Module: Functional Analysis [M-MATH-101320]

Responsible:  Prof. Dr. Roland Schnaubelt

Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 2
Mandatory
T-MATH-102255 | Functional Analysis 8 CR | Frey, Herzog,

Hundertmark, Lamm,
Liao, Reichel,
Schnaubelt, Tolksdorf

Competence Certificate
Written examination of 120 minutes.

Prerequisites

None

Competence Goal
The students can

explain basic topological concepts such as compactness in the framework of metric spaces, and are able to apply these in
examples.

o describe the structure of Hilbert spaces and can use them in applications.
o explain the principle of uniform boundedness, the open mapping theorem and the Hahn-Banach theorem, and are able to

derive conclusions from them.
describe the concepts of dual Banach spaces, in particular weak convergence, reflexivity and the Banach-Alaoglu theorem.
They can discuss these concepts in examples.

e explain the spectral theorem for compact self-adjoint operators.
e come up with a proof for simple functional analytic statements.

Content

Metric spaces (basic topological concepts, compactness),

Hilbert spaces, Orthonormal bases, Sobolev spaces,

Continuous linear operators on Banach spaces (principle of uniform boundedness, open mapping theorem),

Dual spaces and representations, Hahn-Banach theorem, Banach-Alaoglu theorem, weak convergence, reflexivity,
Spectral theorem for compact self-adjoint operators.

Module grade calculation
The grade of the module is the grade of the written exam.

Workload
Total workload: 240 hours

Attendance: 90 h

lectures, problem classes and examination

Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Economathematics M.Sc. 93
Module Handbook as of 31/03/2025



3 MODULES Module: Functional Data Analysis [M-MATH-106485]

m 3.64 Module: Functional Data Analysis [M-MATH-106485]

Responsible:  Dr.rer.nat. Bruno Ebner
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 2
Mandatory
T-MATH-113102 | Functional Data Analysis 4 CR | Ebner, Klar, Trabs

Competence Certificate
Oral examination of ca. 25 minutes.

Prerequisites
None

Competence Goal
The aim of the course is to give an introduction to weak convergence concepts in metric spaces and to highlight some statistical
applications.

After successful participation students can

¢ model random elements in metric spaces,
e explain the concept of weak convergence in metric spaces and are familiar with structural problems in this context,
e apply limit laws for functionals of the empirical distribution function,
e model the normal distribution for random elements in Hilbert spaces,
o derive limit distributions of L2 type goodness-of-fit statistics,
o apply goodness-of-fit tests to functional data.
Content
e Theorem of Glivenko-Cantelli,
o weak convergence in metric spaces,
e Theorem of Prokhorov,
e Gaussian Processes,
e Donsker's Theorem,
e functional central limit theorem,
e empirical processes,
e random elements in separable Hilbert spaces,
o Goodness-of-fit tests.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 h
e lectures and examination
Self studies: 75 h

o follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The contents of the modules "Probability Theory" and "Mathematical Statistics" are strongly recommended.
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3 MODULES Module: Functions of Matrices [M-MATH-102937]

m 3.65 Module: Functions of Matrices [M-MATH-102937]

Responsible:  PD Dr. Volker Grimm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105906 | Functions of Matrices 8 CR | Grimm

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal

The students know the basic definitions and properties of matrix functions. They can evaluate methods for approximating matrix
functions in terms of convergence and efficiency, independently solve exercises, present their own solutions and implement the
methods discussed.

Content

Definition of functions of matrices

Approximations to functions of matrices for large sparse matrices
Krylov subspace methods and rational Krylov subspace methods
Application to the numerical solution of partial differential equations

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The courses Numerical Analysis 1 and 2 are strongly recommended.
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3 MODULES Module: Functions of Operators [M-MATH-102936]

m 3.66 Module: Functions of Operators [M-MATH-102936]

Responsible:  PD Dr. Volker Grimm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105905 | Functions of Operators 6 CR

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal

The students have basic knowledge of the approximation of functions of operators. They can examine the methods for
convergence properties and efficiency. In the context of semigroups, they can analyze the procedures discussed, independently
select the appropriate procedures and justify their choice.

Content

Definition of functions of operators

Strongly continuous and analytic semigroups

Rational approximations to functions of operators with fixed poles

Rational Krylov subspace method for the approximation of functions of operators
Applications in the numerical analysis of semigroups

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The courses Numerical Analysis 1 and 2, and Functional Analysis are strongly recommended.
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3 MODULES Module: Generalized Regression Models [M-MATH-102906]

m 3.67 Module: Generalized Regression Models [M-MATH-102906]

Responsible:  PD Dr. Bernhard Klar
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 2
Mandatory
T-MATH-105870 | Generalized Regression Models 4 CR | Ebner, Fasen-

Hartmann, Klar, Trabs

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal
At the end of the course, students will

e be familiar with the most important regression models and their properties,
e beable to evaluate and interpret the results obtained using these models,
e be able to use the models to analyze more complex data sets.

Content
This course covers basic models of statistics that allow us to capture relationships between variables. Topics include

e Linear regression models:
Model diagnostics
Multicollinearity
Variable selection
Generalized least squares
¢ Nonlinear regression models:
Parameter estimation
Asymptotic normality of maximum likelihood estimators
e Regression models for count data
o Generalized linear models:
Parameter estimation
Model diagnostics
Overdispersion and quasi-likelihood

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours
e lectures, problem classes, and examination
Self-studies: 75 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the course "Statistics" are strongly recommended.

Economathematics M.Sc.

Module Handbook as of 31/03/2025 77



3 MODULES Module: Geometric Group Theory [M-MATH-102867]

m 3.68 Module: Geometric Group Theory [M-MATH-102867]

Responsible:  Prof. Dr. Roman Sauer
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth see Annotations 1term 4 1
Mandatory
T-MATH-105842 | Geometric Group Theory 8 CR | Herrlich, Link, Llosa
Isenrich, Sauer,
Tuschmann
Annotation

This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered
within every two years (at least four different ones).
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Module Handbook as of 31/03/2025 8



3 MODULES Module: Geometric Numerical Integration [M-MATH-102921]

m 3.69 Module: Geometric Numerical Integration [M-MATH-102921]

Responsible:  Prof. Dr. Tobias Jahnke
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105919 | Geometric Numerical Integration 6 CR | Hochbruck, Jahnke

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
none

Competence Goal

After attending the course, students understand the central properties of finite-dimensional Hamilton systems (energy
conservation, symplectic flow, first integrals etc.). They know important classes of geometric time integrators such as, e.g,,
symplectic (partitioned) Runge-Kutta methods, splitting methods, SHAKE and RATTLE. They are not only able to implement these
methods and apply them to practice-oriented problems, but also to analyze and explain the observed long-time behavior (e.g.
approximative energy conservation over long times).

Content

¢ Newtonian equation of motion, Lagrange equations, Hamilton systems

e Properties of Hamilton systems: symplectic flow, energy conservation, other conserved quantities

e Symplectic numerical methods: symplectic Euler method, Stérmer-Verlet method, symplectic (partitioned) Runge-Kutta
methods

e Construction of symplectic methods, for example by composition and splitting

e Backward error analysis and energy conservation over long time intervals

e Mechanical systems with constraints

Module grade calculation
The module grade is the grade of the oral exam.

Annotation
The module is offered about every two years

Workload
Total workload: 180 hours

Attendance: 60 hours
o lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation

Familiarity with ordinary differential equations and Runge-Kutta methods (construction, order, stability, etc.) are strongly
recommended. The course "Numerical methods for differential equations" provides an excellent basis. Moreover, programming
skills in MATLAB are strongly recommended.
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3 MODULES Module: Geometric Variational Problems [M-MATH-106667]

m 3.70 Module: Geometric Variational Problems [M-MATH-106667]

Responsible:  Prof. Dr. Tobias Lamm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-113418 | Geometric Variational Problems 8 CR | Lamm

Competence Certificate
oral exam of ca. 30 min

Prerequisites
none

Competence Goal
The students

e can name basic results in the theory of geometric variational problems and relate them to each other;
e are prepared to write a thesis in the field of geometric analysis.

Content

Harmonic maps
Willmore surfaces
Regularity theory
Hardy and BMO spaces

Module grade calculation
The module grade is the grade of the oral examination.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The modules Classical Methods for Partial Differential Equations and Functional Analysis are recommended.
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3 MODULES Module: Geometry of Schemes [M-MATH-102866]

m 3.71 Module: Geometry of Schemes [M-MATH-102866]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 5 1
Mandatory
T-MATH-105841 | Geometry of Schemes 8 CR | Herrlich, Kiihnlein

Competence Certificate
The modules is completed by an oral exam of about 30 minutes

Prerequisites
None

Competence Goal
At the end of the module, participants are able to

relate the notion of algebraic schemes with that of algebraic varieties

name and discuss basic properties of schemes

deal with sheaves on schemes and investigate their properties

start to read recent research papers in algebraic geometry and write a thesis in this field.

Content

Sheaves of modules

affine schemes

varieties and schemes

morphisms between schemes
coherent and quasicoherent sheaves
cohomology of sheaves

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total work load. 240 hours

Attendance: 90 hours
e lectures, problem classes and examination
Self studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature studies and internet research relating to the course content
preparation for the module examination

Recommendation
The modules "Algebra" and "Algebraic Geometry" are strongly recommended.
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3 MODULES Module: Global Differential Geometry [M-MATH-102912]

m 3.72 Module: Global Differential Geometry [M-MATH-102912]

Responsible:  Prof. Dr. Wilderich Tuschmann
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 5 1
Mandatory
T-MATH-105885 | Global Differential Geometry 8 CR | Tuschmann

Prerequisites
none

Economathematics M.Sc.
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3 MODULES Module: Graph Theory [M-MATH-101336]

m 3.73 Module: Graph Theory [M-MATH-101336]

Responsible:  Prof. Dr. Maria Aksenovich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1term English 4 3
Mandatory
T-MATH-102273 | Graph Theory 8 CR | Aksenovich

Competence Certificate
The final grade is given based on the written final exam (3h).

By successfully working on the problem sets, a bonus can be obtained. To obtain the bonus, one has to achieve 50% of the points on
the solutions of the exercise sheets 1-6 and also of the exercise sheets 7-12. If the grade in the final written exam is between 4,0
and 1,3, then the bonus improves the grade by one step (0,3 or 0,4).

Prerequisites
None

Competence Goal

The students understand, describe and use fundamental notions and techniques in graph theory. They can represent the
appropriate mathematical questions in terms of graphs and use the results such as Menger’s theorem, Kuratowski’'s theorem,
Turan’s theorem, as well as the developed proof ideas, to solve these problems. The students can analyze graphs in terms of their
characteristics such as connectivity, planarity, and chromatic number. They are well positioned to understand graph theoretic
methods and use them critically. Moreover, the students can communicate using English technical terminology.

Content

The course Graph Theory treats the fundamental properties of graphs, starting with basic ones introduced by Euler and including
the modern results obtained in the last decade. The following topics are covered: structure of trees, paths, cycles and walks in
graphs, minors, unavoidable subgraphs in dense graphs, planar graphs, graph coloring, Ramsey theory, and regularity in graphs.

Annotation

e Courseisheldin English
e This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are
offered within every two years (at least four different ones).
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3 MODULES Module: Group Actions in Riemannian Geometry [M-MATH-102954]

m 3.74 Module: Group Actions in Riemannian Geometry [M-MATH-102954]

Responsible:  Prof. Dr. Wilderich Tuschmann
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 5 1
Mandatory
T-MATH-105925 | Group Actions in Riemannian Geometry 5 CR | Tuschmann

Prerequisites
none

Economathematics M.Sc.
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3 MODULES Module: Harmonic Analysis [M-MATH-105324]

m 3.75 Module: Harmonic Analysis [M-MATH-105324]

Responsible:  Prof. Dr. Dorothee Frey
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Elective Field

Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 2

Mandatory

T-MATH-111289 | Harmonic Analysis 8 CR | Frey, Kunstmann,

Schnaubelt, Tolksdorf

Content

Fourier series

Fourier transformon L1 and L2

Tempered distributions and their Fourier transform

Explizit solutions of the Heat-, Schrédinger- and Wave equationin Rn
the Hilbert transform

the interpolation theorem of Marcinkiewicz

Singular integral operators

the Fourier multiplier theorem of Mihlin
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3 MODULES

Module: Harmonic Analysis 2 [M-MATH-106486]

m 3.76 Module: Harmonic Analysis 2 [M-MATH-106486]

Responsible:  Prof. Dr. Dorothee Frey
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-113103 | Harmonic Analysis 2 8 CR | Frey, Kunstmann,

Tolksdorf

Competence Certificate
Oral examination of ca. 30 minutes.

Prerequisites
None

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The following modules are strongly recommended: "Harmonic Analy:

Economathematics M.Sc.
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3 MODULES Module: Homotopy Theory [M-MATH-102959]

m 3.77 Module: Homotopy Theory [M-MATH-102959]

Responsible:  Prof. Dr. Roman Sauer
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-105933 | Homotopy Theory 8 CR | Sauer

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES

Module: Informatics [M-WIWI-101472]

m 3.78 Module: Informatics [M-WIWI-101472]

Responsible:

Organisation:

Dr.-Ing. Tobias Kafer

Prof. Dr. Sanja Lazarova-Molnar
Prof. Dr. Andreas Oberweis

Prof. Dr. Harald Sack

Prof. Dr. Ali Sunyaev

Prof. Dr. Alexey Vinel

Prof. Dr. Melanie Volkamer

Prof. Dr.-Ing. Johann Marius ZélIner

KIT Department of Economics and Management

Part of: Operations Management - Data Analysis - Informatics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to a tenth Each term 1term German/English 4 20
Compulsory Elective Area (Election: )
T-WIWI-110339 | Applied Informatics - Principles of Internet Computing: Foundations 4,5 CR | Sunyaev
for Emerging Technologies and Future Services
T-WIWI-102680 | Computational Economics 4,5 CR | Shukla
T-WIWI-112690 | Cooperative Autonomous Vehicles 4,5CR | Vinel
T-WIWI-113363 | Collective Perception in Autonomous Driving 4,5CR | Vinel
T-WIWI-109248 | Critical Information Infrastructures 4,5 CR | Sunyaev
T-WIWI-109246 | Digital Health 4,5 CR | Sunyaev
T-WIWI-102661 | Database Systems and XML 4,5 CR | Oberweis
T-WIWI-110346 | Supplement Enterprise Information Systems 4,5 CR [ Oberweis
T-WIWI-110372 | Supplement Software- and Systemsengineering 4,5 CR | Oberweis
T-WIWI-113059 | Human Factors in Autonomous Driving 4,5CR | Vinel
T-WIWI-109270 | Human Factors in Security and Privacy 4.5 CR | Volkamer
T-WIWI-106423 | Information Service Engineering 4,5 CR | Sack
T-WIWI-113968 | Management of IT-Projects 4,5 CR | Alpers
T-WIWI-102666 | Knowledge Discovery 4.5 CR | Kéfer
T-WIWI-106340 | Machine Learning 1 - Basic Methods 4,5 CR | Zéllner
T-WIWI-106341 | Machine Learning 2 - Advanced Methods 4,5CR | ZélIner
T-WIWI-112685 | Modeling and Simulation 4.5 CR | Lazarova-Molnar
T-WIWI-102697 | Business Process Modelling 4,5 CR | Oberweis
T-WIWI-102679 | Nature-Inspired Optimization Methods 4.5 CR | Shukla
T-WIWI-109799 | Process Mining 4.5 CR | Oberweis
T-WIWI-110848 | Semantic Web Technologies 4.5 CR | Kafer
T-WIWI-102895 | Software Quality Management 4.5 CR | Oberweis
Seminars and Advanced Labs (Election: between 0 and 1 items)
T-WIWI-110144 | Emerging Trends in Digital Health 4,5 CR | Sunyaev
T-WIWI-110143 | Emerging Trends in Internet Technologies 4,5 CR | Sunyaev
T-WIWI-109249 | Sociotechnical Information Systems Development 4,5 CR | Sunyaev
T-WIWI-111126 | Advanced Lab Blockchain Hackathon (Master) 4,5 CR | Sunyaev
T-WIWI-111125 | Advanced Lab Sociotechnical Information Systems Development 4,5 CR | Sunyaev
(Master)
T-WIWI-110548 | Advanced Lab Informatics (Master) 4,5 CR | Professorenschaft des
Instituts AIFB

T-WIWI-112914 | Advanced Lab Realization of Innovative Services (Master) 4.5 CR | Oberweis
T-WIWI-108439 | Advanced Lab Security, Usability and Society 4,5 CR | Volkamer

Economathematics
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3 MODULES Module: Informatics [M-WIWI-101472]

T-WIWI-109985 | Project Lab Cognitive Automobiles and Robots 5CR | Zollner
T-WIWI-109983 | Project Lab Machine Learning 5CR | Zollner
T-WIWI-113026 | Trustworthy Emerging Technologies 4,5 CR | Sunyaev

Competence Certificate

The assessment is carried out as partial exams of the single courses of this module, whose sum of credits must meet the minimum
requirement of credits of this module. For passing the module exam in every singled partial exam the respective minimum
requirements has to be achieved.

The examinations are offered every semester. Re-examinations are offered at every ordinary examination date. The assessment
procedures are described for each course of the module separately.

When every singled examination is passed, the overall grade of the module is the average of the grades for each course weighted
by the credits and truncated after the first decimal.

Prerequisites
It is only allowed to choose one lab.

Competence Goal
The student

e has the ability to master methods and tools in a complex discipline and to demonstrate innovativeness regarding the
methods used,

e knows the principles and methods in the context of their application in practice,

e isabletograsp and apply the rapid developments in the field of computer science, which are encountered in work life,
quickly and correctly, based on a fundamental understanding of the concepts and methods of computer science,

e iscapable of finding and defending arguments for solving problems.

Content
The thematic focus will be based on the choice of courses in the areas of Applied Technical Cognitive Systems, Business
Information Systems, Critical Information Infrastructures, Information Service Engineering, Security - Usability - Society or Web
Science.

Workload

The total workload for this module is approximately 270 hours. The total number of hours per course is calculated from the time
required to attend the lectures and exercises, as well as the examination times and the time required for an average student to
achieve the learning objectives of the module.
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3 MODULES Module: Information Systems in Organizations [M-WIWI-104068]

m 3.79 Module: Information Systems in Organizations [M-WIWI-104068]

Responsible:  Prof. Dr. Alexander Madche
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 2 terms English 4 5
Compulsory Elective Courses (Election: at least 9 credits)
T-WIWI-105777 | Business Intelligence Systems 4.5 CR | Madche
T-WIWI-113465 | Designing Interactive Systems: Human-Al Interaction 4,5 CR | Madche
T-WIWI-114210 | (Gen)Al-based Automation in Organizations 4,5 CR | Madche
T-WIWI-113459 | Practical Seminar: Human-Centered Systems 4.5 CR | Madche

Competence Certificate

The assessment is carried out as partial exams (according to Section 4 (2), 1-3 SPO) of the core course and further single courses of
this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures are
described for each course of the module separately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
None

Competence Goal
The student

¢ has acomprehensive understanding of conceptual and theoretical foundations of informations systems in organizations

e is aware of the most important classes of information systems used in organizations:. process-centric, information-centric
and people-centric information systems.

e knows the most important activities required to execute in the pre-implementation, implementation and post-
implementation phase of information systems in organizations in order to create business value

¢ has adeep understanding of key capabilities of business intelligence systems and/or interactive information systems used
in organizations

Content

During the last decades we witnessed a growing importance of Information Technology (IT) in the business world along with faster
and faster innovation cycles. IT has become core for businesses from an operational company-internal and external customer
perspective. Today, companies have to rethink their way of doing business, from an internal as well as an external digitalization
perspective.

This module focuses on the internal digitalization perspective. The contents of the module abstract from the technical
implementation details and focus on foundational concepts, theories, practices and methods for information systems in
organizations. The students get the necessary knowledge to guide the successful digitalization of organizations. Each lecture in the
module is accompanied with a capstone project that is carried out in cooperation with an industry partner.

Annotation
New module starting summer term 2018.

Workload
The total workload for this module is approximately 270 hours.
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3 MODULES

m 3.80 Module: Integral Equations [M-MATH-102874]

Responsible:  PD Dr. Frank Hettlich
Organisation:  KIT Department of Mathematics

Module: Integral Equations [M-MATH-102874]

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105834 | Integral Equations 8 CR | Arens, Griesmaier,

Hettlich

Competence Certificate
The module will be completed by an oral exam (~30min.).

Prerequisites
none

Competence Goal

The students can clarify integral equations and can show existence and uniqueness of solutions by perturbation theory and by
Fredholm theory. Ideas of proofs for Fredholm theory and perturbation theory especially in case of convolution equations can be
described and explained. Furthermore, the students can formulate classical boundary value problems for ordinary differential

equations and from potential theory in terms of integral equations.

Content

Riesz and Fredholm theory

Fredholm and Volterra integral equations
Applications in potential theory
convolution equation

Module grade calculation
The module grade is the the grade of the oral exam

Workload
Total workload: 240h

Attendance: 90h
e Lecture, problem class, examination
Self studies: 150h

follow-up and deepening of the course content

work on problem sheets

literature studies and internet research related to the course content
preparation of the module examination
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3 MODULES Module: Introduction into Particulate Flows [M-MATH-102943]

m 3.81 Module: Introduction into Particulate Flows [M-MATH-102943]

Responsible:  Prof. Dr. Willy Dorfler
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
3 Grade to atenth Once 1term 4 1
Mandatory
T-MATH-105911 | Introduction into Particulate Flows 3 CR | Dorfler

Prerequisites
none
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3 MODULES Module: Introduction to Convex Integration [M-MATH-105964]

m 3.82 Module: Introduction to Convex Integration [M-MATH-105964]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-112119 | Introduction to Convex Integration 3 CR | Zillinger

Competence Certificate
The module will be completed with an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal

The main aim of this lecture is to introduce students to convex integration as a tool to construct solutions to partial differential
equations.

In particular, they will be able to

discuss the structure of convex integration algorithms,

state major theorems and their relation,

discuss regularity of convex integration solutions and uniqueness,
discuss building blocks of constructions and their properties.

Content
This lecture provides an introduction to the methods of convex integration and its applications:

for isometric immersions,

for the m-well problem in elasticity,

for equations of fluid dynamics and

higher regularity of convex integration solutions.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 h
e lectures and examination
Self studies: 60 h

o follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The modules "Classical Methods for Partial Differential Equations" and "Functional Analysis" are recommended.
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3 MODULES Module: Introduction to Dynamical Systems [M-MATH-106591]

m 3.83 Module: Introduction to Dynamical Systems [M-MATH-106591]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-113263 | Introduction to Dynamical Systems 6 CR | de Rijk, Reichel

Competence Certificate
The module will be completed with an oral exam of about 30 minutes.

Prerequisites
None

Competence Goal
After successful completion of this module students

e can explain the significance of dynamical systems and give several examples;

¢ have acquired miscellaneous tools to prove the existence of special solutions and to analyze the local dynamics around
them;

e master several techniques to describe global dynamics in certain classes of dynamical systems;

o identify various bifurcations and explain how these change the dynamics of the system;

e outline the main steps in establishing chaotic behavior.

Content

Flows

Abstract dynamical systems
Lyapunov functions

Invariant sets

Limit sets and attractors
Hartman-Grobman theorem

Local (un)stable manifold theorem
Poincaré-Bendixson theorem
Periodic orbits and Floquet theory
Exponential dichotomies
Melnikov functions

Lin's method

Hamiltonian dynamics

Liénard systems

Bifurcations

Chaotic dynamics

(Introduction to) Fenichel theory
Center manifolds

Dynamical systems associated with semilinear evolution equations

Module grade calculation
The module grade is the grade of the oral exam.
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3 MODULES Module: Introduction to Dynamical Systems [M-MATH-106591]

Workload
Total workload: 180 hours

Attendance: 60 h
e lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The following modules are strongly recommended: Analysis 1-2 and Linear Algebra 1-2. The module Analysis 4 is recommended.
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3 MODULES Module: Introduction to Fluid Dynamics [M-MATH-105650]

m 3.84 Module: Introduction to Fluid Dynamics [M-MATH-105650]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
3 Grade to atenth Irregular 1term 4 2
Mandatory
T-MATH-111297 | Introduction to Fluid Dynamics 3 CR | Reichel

Competence Certificate
The module will be completed by an oral exam (approx. 30 min).

Prerequisites
None

Competence Goal
The main aim of this lecture is to introduce students to mathematical fluid dynamics. In particular, by the end of the course
students will be able to

o discuss and explain the various formulations of the Euler equations and when these formulations are equivalent,
o state major theorems and their relation,
o discuss weak formulations, existence and uniqueness results.

Content
Mathematical description and analysis of fluid dynamics:

physical motivation of the incompressible Euler and Navier-Stokes equations,
Vorticity-Stream formulation and Eulerian and Lagrangian coordinates,

Local existence theory and energy methods,

Weak solutions and the Beale-Kato-Majda criterion.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 hours
e lectures, problem classes, and examination
Self-studies: 60 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the courses "Classical Methods for Partial Differential Equations" or "Boundary and Eigenvalue Problems" are
recommended.
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3 MODULES Module: Introduction to Fluid Mechanics [M-MATH-106401]

m 3.85 Module: Introduction to Fluid Mechanics [M-MATH-106401]

Responsible:  TT-Prof. Dr. Xian Liao
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-112927 | Introduction to Fluid Mechanics 6 CR | Liao

Competence Certificate
The module examination takes the form of an oral examination of approx. 25 minutes.

Prerequisites
None

Competence Goal
Graduates can

e recognize the essential formulations of the partial differential equations in fluid mechanics and explain them using
examples,

e use techniques to describe the weak and strong solutions for the Euler and Navier-Stokes equations, and show the
existence, uniqueness and regularity results,

¢ name the special difficulties in the three-dimensional case,

¢ understand the concept of stratification and explain it using concrete examples.

Content

Derivation of models, modeling

Euler equations, Navier-Stokes equations
Biot-Savart law, Leray-Hopf decomposition
Wellposedness results

Regularity results

Module grade calculation
The module grade is the grade of the oral exam.

Workload
total work load: 180 hours

Recommendation
The module Functional Analysis is strongly recommended.
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3 MODULES Module: Introduction to Geometric Measure Theory [M-MATH-102949]

m 3.86 Module: Introduction to Geometric Measure Theory [M-MATH-102949]

Responsible:  PD Dr. Steffen Winter
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105918 | Introduction to Geometric Measure Theory 6 CR | Winter

Prerequisites
none

Economathematics M.Sc.
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3 MODULES Module: Introduction to Homogeneous Dynamics [M-MATH-105101]

m 3.87 Module: Introduction to Homogeneous Dynamics [M-MATH-105101]

Responsible:  Prof. Dr. Tobias Hartnick
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-110323 | Introduction to Homogeneous Dynamics 6 CR | Hartnick

Prerequisites
None
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3 MODULES Module: Introduction to Kinetic Equations [M-MATH-105837]

m 3.88 Module: Introduction to Kinetic Equations [M-MATH-105837]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term English 4 2
Mandatory
T-MATH-111721 | Introduction to Kinetic Equations 3 CR | Zillinger

Competence Certificate
oral examination of approx. 30 minutes

Prerequisites
none

Competence Goal
The main aim of this lecture is to introduce students to the theory of kinetic transport equations. In particular, by the end of the
course students will be able to

discuss properties of the free transport, Boltzmann and Vlasov-Poisson equations,
state major theorems and their relation,

discuss notions of solutions and their properties,

discuss the effects of phase mixing and challenges of nonlinear equations.

Content
Mathematical description and analysis of kinetic transport equations:

the free transport, Boltzmann and Vlasov-Poisson equations,
linear theory, phase mixing and Landau damping,

equilibrium solutions and stability,

nonlinear results and methods,

renormalized solutions.

Module grade calculation
The module grade is the grade of the final oral exam.

Workload
Totel workload: 90 h

Attendance: 30 h
e lectures and examination
Self studies: 60 h

o follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The contents of the course "Classical Methods for Partial Differential Equations" are recommended.
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3 MODULES Module: Introduction to Kinetic Theory [M-MATH-103919]

m 3.89 Module: Introduction to Kinetic Theory [M-MATH-103919]

Responsible:  Prof. Dr. Martin Frank
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Each winter term 1term English 4 1
Mandatory
T-MATH-108013 | Introduction to Kinetic Theory 4 CR | Frank

Prerequisites
None

Competence Goal

After successfully taking part in the module’s classes and exams, students have gained knowledge and abilities as described in the
“Inhalt” section. Specifically, Students know common means of mesoscopic and macroscopic description of particle systems.
Furthermore, students are able to describe the basics of multiscale methods, such as the asypmtotic analysis and the method of
moments. Students are able to apply numerical methods to solve engineering problems related to particle systems. They can name
the assumptions that are needed to be made in the process. Students can judge whether specific models are applicable to the
specific problem and discuss their results with specialists and colleagues.

Content

From Newton's equations to Boltzmann's equation

Rigorous derivation of the linear Boltzmann equation

Properties of kinetic equations (existence & uniqueness, H theorem)
The diffusion limit

From Boltzmann to Euler & Navier-Stokes

Method of Moments

Closure techniques

Selected numerical methods

Recommendation
Partial Differential Equations, Functional Analysis
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3 MODULES Module: Introduction to Microlocal Analysis [M-MATH-105838]

m 3.90 Module: Introduction to Microlocal Analysis [M-MATH-105838]

Responsible:  TT-Prof. Dr. Xian Liao
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-111722 | Introduction to Microlocal Analysis 3CR | Liao

Competence Certificate
oral examination of circa 30 minutes

Prerequisites
none

Competence Goal

o Students will become familiar with the notions of Fourier multipliers and pseudo-differential operators

e Students can state major theorems and their relation

o Students will understand the structure of the propagation of singularities by introducing the wave front set and apply them
to the domain of partial differential equations, control theory, etc.

Content

Pseudo-differential operators
Symbolic calculus

Wavefront set

Propagation of singularities
Microlocal defective measure

kNP

Module grade calculation
The module grade is the grade of the final oral exam.

Workload
Totel workload: 90 h

Attendance: 30 h
e lectures and examination
Self studies: 60 h

o follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The following courses should be studied beforehand: "Classical Methods for Partial Differential Equations" und "Functional
Analysis".
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3 MODULES Module: Introduction to Scientific Computing [M-MATH-102889]

m 3.91 Module: Introduction to Scientific Computing [M-MATH-102889]

Responsible:  Prof. Dr. Willy Dorfler
Prof. Dr. Tobias Jahnke

Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence
8 Grade to atenth Each summer term

Version

Mandatory

T-MATH-105837 | Introduction to Scientific Computing

8CR

Dérfler, Hochbruck,
Jahnke, Rieder,
Wieners

T-MATH-114059 | Project Lab Scientific Computing

OCR

Dorfler, Hochbruck,
Jahnke, Rieder,
Wieners

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Requirement for exam: Successful Hands-on tutorial

Prerequisites
None

Competence Goal
At the end of the course, students

e are able to develop the interlinking of all aspects of scientific computing using simple examples: from modeling and

algorithmic implementation to stability and error analysis.
e can explain concepts of modeling with differential equations

e are able to implement simple application examples algorithmically, evaluate the code and present and discuss the results.

Content

Modelling with differential equations
Algorithmic realization of applications
Presentation of results of scientific computations

Module grade calculation
The module grade is the grade of the oral exam.

Annotation
3 SWS lecture plus 3 SWS hands-on training

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets and coding,

literature study and internet research relating to the course content,
preparation for the module examination

Economathematics M.Sc.
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3 MODULES Module: Introduction to Scientific Computing [M-MATH-102889]

Recommendation
It is strongly recommended that participants have completed the modules "Numerische Mathematik 1 und 2" as well as
"Programmieren: Einstieg in die Informatik und algorithmische Mathematik".
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3 MODULES Module: Introduction to Stochastic Differential Equations [M-MATH-106045]

m 3.92 Module: Introduction to Stochastic Differential Equations [M-MATH-106045]

Responsible:  Prof. Dr. Mathias Trabs
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-112234 | Introduction to Stochastic Differential Equations 4 CR | Janak, Trabs

Competence Certificate
The module will be completed with an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal
The students will

e know fundamental examples for linear and non-linear stochastic differential equations,
e be able to apply basic solution concepts for stochastic differential equations,
¢ know fundamental theorems of stochastic calculus and will be able to apply these to stochastic differential equations.

Content

Introduction and recapitulation of stochastic integration, I1t6's formula, Lévy Theorem
Burkholder-Davis-Gundy inequality

Existence and uniqueness of solutions of stochastic differential equations

Explicit solutions of linear stochastic differential equations

Change of the time scale of Brownian motion

Representation of continuous time martingales

Brownian martingales

Local and global solutions of stochastic differential equations

Girsanov Theorem

W ONOUTA N

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours
e lectures, problem classes, and examination
Self-studies: 75 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the course "Probability Theory" are strongly recommended. The contents of the course "Continuous Time
Finance" are recommended.
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3 MODULES Module: Inverse Problems [M-MATH-102890]

m 3.93 Module: Inverse Problems [M-MATH-102890]

Responsible:  Prof. Dr. Roland Griesmaier
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 1
Mandatory
T-MATH-105835 | Inverse Problems 8 CR | Arens, Griesmaier,
Hettlich, Rieder

Competence Certificate
The module will be completed by an oral exam (approx. 30 min).

Prerequisites
None

Competence Goal

At the end of the course, students are able to distinguish well-posed from ill-posed problems. They acquire a systematic knowledge
of the theory of linear inverse problems and their regularization in Hilbert spaces and can provide proof ideas. They are able to
analyze regularization methods such as, e.g., Tikhonov regularization and assess their convergence properties.

Content

Compact operator equations
Ill-posed problems
Regularization

Tikhonov regularization
Iterative regularization
Examples for ill-posed problems

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Functional Analysis" or "Integral Equations" is recommended as a prerequisite.
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3 MODULES Module: Lie Groups and Lie Algebras [M-MATH-104261]

m 3.94 Module: Lie Groups and Lie Algebras [M-MATH-104261]

Responsible:  Prof. Dr. Tobias Hartnick
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to a tenth see Annotations 1term German 4 1
Mandatory
T-MATH-108799 | Lie Groups and Lie Algebras 8 CR | Hartnick
Annotation

This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered
within every two years (at least four different ones).
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m 3.95 Module: Lie-Algebras [M-MATH-106950]

Responsible:  Prof. Dr. Tobias Hartnick
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to a tenth see Annotations 1term German 4 1
Mandatory
T-MATH-113907 | Lie-Algebras 8 CR | Hartnick
Annotation

This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered
within every two years (at least four different ones).
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m 3.96 Module: Marketing and Sales Management [M-WIWI-105312]

Responsible:  Prof. Dr. Martin Klarmann
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each summer term 1term English 4 9
Compulsory Elective Courses (Election: )
T-WIWI-112693 | Digital Marketing 4.5 CR | Kupfer
T-WIWI-106981 | Digital Marketing and Sales in B2B 1,5 CR | Klarmann, Konh&user
T-WIWI-114174 | Economic Decision Making 4,5 CR | Scheibehenne
T-WIWI-110985 | International Business Development and Sales 6 CR | Casenave, Klarmann,
Terzidis

T-WIWI-107720 | Market Research 4,5 CR | Klarmann
T-WIWI-111848 | Online Concepts for Karlsruhe City Retailers 3 CR | Klarmann
T-WIWI-102883 | Pricing 4,5 CR | Klarmann

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2) of the examination regulation) of the single courses of this
module, whose sum of credits must meet the minimum requirement of credits of this module. For passing the module exam in every

singled partial exam the respective minimum requirements has to be achieved.

When every singled examination is passed, the overall grade of the module is the average of the grades for each course weighted

by the credits and truncated after the first decimal.

Prerequisites
The course "Market Research" is obligatory.

Competence Goal
Students

- have an advanced knowledge about central marketing contents

- have a fundamental understanding of the marketing instruments

- know and understand several strategic concepts and how to implement them

- are able to implement their extensive marketing knowledge in a practical context

- know several qualitative and quantitative approaches to prepare decisions in Marketing
- have the theoretical knowledge to write a master thesis in Marketing

- have the theoretical knowledge to work in/together with the Marketing department

Content
The aim of this module is to deepen central marketing contents in different areas.

Workload
The total workload for this module is approximately 270 hours.
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3 MODULES Module: Markov Decision Processes [M-MATH-102907]

m 3.97 Module: Markov Decision Processes [M-MATH-102907]

Responsible:  Prof. Dr. Nicole Biuerle
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105921 | Markov Decision Processes 5 CR | Biuerle

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
none

Competence Goal
At the end of the course, students

e can name the mathematical foundations of Markov Decision Processes and apply solution algorithm,
e canformulate stochastic, dynamic optimization problems as Markov Decision Processes,
e are able towork in a self-organized and reflective manner.

Content

e MDPs with finite time horizon
- Bellman equation
- Problems with structure
- Applications

o MDPs with infinite time horizon
- contracting MDPs
- positive MDPs
- Howards policy improvement
- Solution by linear programs

e Stopping problems
- finite and infinite time horizon
- One-step-look-ahead rule

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course 'Probability theory' is strongly recommended and 'Markov chains' is recommended.
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3 MODULES Module: Master's Thesis [M-MATH-102917]

m 3.98 Module: Master's Thesis [M-MATH-102917]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof:  Master's Thesis

Credits Grading scale Recurrence Duration Level Version
30 Grade to atenth Each term 1term 4 1
Mandatory
T-MATH-105878 | Master's Thesis 30 CR | Kiihnlein

Competence Certificate

The Master's Thesis is graded according to the regulations from §14 (7) of Studien- und Priifungsordnung. The handling time is six
months. On submission of the Master's Thesis, according to §14 (5) the students have to confirm, that the thesis has been written
independently without using undisclosed sources and tools, that passages which have been copied literally or in content have
clearly been marked as such, and that the by-laws to implement scientific integrity at KIT in the recent version have been taken
into account. If this confirmation is not contained, the thesis gets rejected. In case of a wrong confirmation, the thesis is graded with
"not sufficient" (5.0). The thesis may be written in English.

If the thesis is planned to be written outside the KIT-departments of Mathematics or Economics and Management, the approval by
the examination board is required.

Further details are regulated by §14 of Studien- und Prifungsordnung.

Prerequisites
For admission to the module Master's Thesis it is required that the student has successfully accomplished module examinations of
at least 70 credit points.

Competence Goal

The students are able to work on a given topic independently and in a limited time, using scientific methods from the state of the
art. They master the necessary scientific methods and techniques, modify them if necessary and develop them further if required.
Alternative approaches are compared critically. In their thesis, the students write up their results clearly structured and in a way
adequate to academic standards.

Content

Following §14 SPO the thesis should demonstrate that the students are able to work on a given topic from their course of studies
independently and in a bounded time, using scientific methods from the state of the art. The students should have the opportunity
to make suggestions for their topic. If the student petitions, in exceptional cases the head of the examination board takes care that
the student receives a topic for a master thesis within four weeks. In that case, the topic is given by the head of the examination
board. Further details are regulated by §14 of Studien- und Priifungsordnung.

Workload
Total work load: 900 hours

Attendance: O hours
Self studies: 900 hours
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3 MODULES Module: Mathematical Methods in Signal and Image Processing [M-MATH-102897]

3.99 Module: Mathematical Methods in Signal and Image Processing [M-
MATH-102897]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Irregular 1term 4 1
Mandatory
T-MATH-105862 | Mathematical Methods in Signal and Image Processing | 8CR | Rieder

Competence Certificate
Success is assessed in the form of an oral examination lasting approx. 30 minutes.

Prerequisites
none

Competence Goal
Graduates know the essential mathematical tools of signal and image processing and their properties. They are able to apply these
tools appropriately and to scrutinize and evaluate the results obtained.

Content

Digital and analog systems

Integral Fourier transform
Sampling and resolution

Discrete and fast Fourier transform
Non-uniform sampling

Anisotropic diffusion filters
Variational methods

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Functional analysis" is recommended.
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3 MODULES Module: Mathematical Methods of Imaging [M-MATH-103260]

m 3.100 Module: Mathematical Methods of Imaging [M-MATH-103260]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-106488 | Mathematical Methods of Imaging 5CR [ Rieder

Competence Certificate
Success is assessed in the form of an oral examination lasting approx. 30 minutes.

Prerequisites
None

Competence Goal

Graduates become familiar with some imaging methods and are able to discuss and analyze the underlying mathematical aspects.
In particular, they will be able to explain the functional-analytical properties of the imaging operators. They can implement the
corresponding reconstruction algorithms and they can explain and evaluate the artifacts that appear. They are able to apply the
techniques they have learned to related problems.

Content

Variants of tomography (X-ray, impedance, seismic, etc.)
Properties of (generalized) Radon transforms
Microlocal analysis/Pseudodifferential operators
Ill-Posedness and regularization

Reconstruction algorithms

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total work load: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course ,Functional Analysis“ is recommended.
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m 3.101 Module: Mathematical Modelling and Simulation in Practise [M-MATH-102929]

Responsible:  PD Dr. Gudrun Thater
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 2
Mandatory
T-MATH-105889 | Mathematical Modelling and Simulation in Practise 4 CR | Thater

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal
The general aim of this lecture course is threefold:

1) to interconnect different mathematical fields,
2) to connect mathematics and real life problems,
3) to learn to be critical and to ask relevant questions.

At the end of the course, students can

e work Project-orientated,
¢ link knowledge from different fields,
o develop typical modelling approaches on their own.

Content
Mathematical thinking (as modelling) and mathematical techniques (as tools) meet application problems such as:

Differential equations
Population models
Traffic flow

Game theory

Chaos

Mechanics and fluids

Module grade calculation
The module grade is the grade of the oral exam.

Annotation
The lecture is always in English.

To earn the credits you have to attend the lecture, finish the work on one project during the term in a group of 2-3 persons and pass
the exam. The topic of the project is up to the choice of each group.
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3 MODULES Module: Mathematical Modelling and Simulation in Practise [M-MATH-102929]

Workload
Total workload: 120 hours

Attendance: 45 hours

e lectures, problem classes, and examination
e Project presentations

Self-studies: 75 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination,

work on the project

Recommendation
Some basic knowledge of numerical mathematics is recommended.

Literature

Hans-Joachim Bungartz e.a.: Modeling and Simulation: An Application-Oriented Introduction,
Springer, 2013
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3 MODULES

m 3.102 Module: Mathematical Programming [M-WIWI-101473]

Responsible:
Organisation:

Module: Mathematical Programming [M-WIWI-101473]

Prof. Dr. Oliver Stein
KIT Department of Economics and Management

Part of: Operations Management - Data Analysis - Informatics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 8
Compulsory Elective Courses (Election: at most 2 items)
T-WIWI-102719 | Mixed Integer Programming | 4,5 CR | Stein
T-WIWI-102726 | Global Optimization | 4,5 CR | Stein
T-WIWI-103638 | Global Optimization land Il 9 CR | Stein
T-WIWI-102856 | Convex Analysis 4.5 CR | Stein
T-WIWI-111587 | Multicriteria Optimization 4,5 CR | Stein
T-WIWI-102724 | Nonlinear Optimization | 4.5 CR | Stein
T-WIWI-103637 | Nonlinear Optimization | and Il 9 CR | Stein
T-WIWI-102855 | Parametric Optimization 4,5CR | Stein
Supplementary Courses (Election: at most 2 items)
T-WIWI-106548 | Advanced Stochastic Optimization 4.5 CR | Rebennack
T-WIWI-102720 | Mixed Integer Programming || 4,5CR | Stein
T-WIWI-102727 | Global Optimization Il 4,5 CR | Stein
T-WIWI-102723 | Graph Theory and Advanced Location Models 4.5 CR | Nickel
T-WIWI-106549 | Large-scale Optimization 4.5 CR | Rebennack
T-WIWI-111247 | Mathematics for High Dimensional Statistics 4,5 CR | Grothe
T-WIWI-103124 | Multivariate Statistical Methods 4,5 CR | Grothe
T-WIWI-102725 | Nonlinear Optimization Il 4,5 CR | Stein
T-WIWI-102715 | Operations Research in Supply Chain Management 4,5 CR | Nickel
T-WIWI-112109 | Topics in Stochastic Optimization 4.5 CR | Rebennack

Competence Certificate
The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first

decimal.

Prerequisites

At least one of the courses "Mixed Integer Programming |", "Multicriteria Optimization", "Convex Analysis", "Parametric
Optimization", "Nonlinear Optimization I" and "Global Optimization I" has to be taken.

If the module is taken as an elective, no compulsory courses need to be taken. If you take the module in the compulsory elective
area and only want to complete courses from the supplementary offer, please contact the examination office of the KIT

Department of

Economics and Management.

Economathematics M.Sc.
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3 MODULES Module: Mathematical Programming [M-WIWI-101473]

Competence Goal
The student

¢ names and describes basic notions for advanced optimization methods, in particular from continuous and mixed integer
programming,

e knows the indispensable methods and models for quantitative analysis,

¢ models and classifies optimization problems and chooses the appropriate solution methods to solve also challenging
optimization problems independently and, if necessary, with the aid of a computer,

e validates, illustrates and interprets the obtained solutions,

¢ identifies drawbacks of the solution methods and, if necessary, is able to makes suggestions to adapt them to practical
problems.

Content
The modul focuses on theoretical foundations as well as solution algorithms for optimization problems with continuous and mixed
integer decision variables.

Annotation
The lectures are partly offered irregularly. The curriculum of the next three years is available online (www.ior.kit.edu).

For the lectures of Prof. Stein a grade of 30 % of the exercise course has to be fulfilled. The description of the particular lectures is
more detailed.

Workload
The total workload for this module is approximately 270 hours.
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Module: Mathematical Statistics [M-MATH-102909]

m 3.103 Module: Mathematical Statistics [M-MATH-102909]

Responsible:

Organisation:

PD Dr. Bernhard Klar
Prof. Dr. Mathias Trabs

KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 2
Mandatory
T-MATH-105872 | Mathematical Statistics 8 CR | Ebner, Fasen-

Hartmann, Klar, Trabs

Competence Certificate
The module will be completed by an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal

By the end of the course, students will

e know the ba

sic concepts of mathematical statistics,

e be able to apply them independently to simple problems and examples,

e know specific probabilistic techniques and be able to use them for the mathematical analysis of estimation and test

procedures,

e know the asymptotic behavior of maximum likelihood estimators and the generalized likelihood ratio for parametric test

problems.

Content

The course covers basic concepts of mathematical statistics, in particular the finite optimality theory of estimators and tests, and
the asymptotic behavior of estimators and test statistics. Topics are:

Optimal and best linear unbiased estimators,

Cramér-Rao bound in exponential families,

sufficiency, completeness and the Lehmann-Scheffé theorem,
the multivariate normal distribution,

convergence in distribution and multivariate central limit theorem,
Glivenko-Cantelli theorem,

limit theorems for U-statistics,

asymptotic estimation theory (maximum likelihood estimator),
asymptotic relative efficiency of estimators,

Neyman-Pearson tests and optimal unbiased tests,

asymptotic tests in parametric models (likelihood ratio tests).

Module grade calculation
The module grade is the grade of the oral exam.

Economathematics M.Sc.
Module Handbook as of 31/03/2025

138



3 MODULES Module: Mathematical Statistics [M-MATH-102909]

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the courses "Probability theory" and "Statistics" are strongly recommended.
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3 MODULES Module: Mathematical Topics in Kinetic Theory [M-MATH-104059]

m 3.104 Module: Mathematical Topics in Kinetic Theory [M-MATH-104059]

Responsible:  Prof. Dr. Dirk Hundertmark
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-108403 | Mathematical Topics in Kinetic Theory 4 CR | Hundertmark

Prerequisites
None

Competence Goal

The students are familiar with the basic questions in kinetic theory and methodical approaches to their solutions. With the
acquired knowledge they are able to understand the required analytical methods and are able to apply them to the basic equations
in kinetic theory.

Content
e Boltzmann equation: Cauchy problem and properties of solutions
e entropy and H theorem
e equilibrium and convergence to equilibrium
o other models of kinetic theory
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3 MODULES Module: MathSEE Modeling Week [M-MATH-106836]

m 3.105 Module: MathSEE Modeling Week [M-MATH-106836]

Responsible:  TT-Prof. Dr. Sebastian Krumscheid
PD Dr. Stefan Kiihnlein

Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization) (Usage from
10/1/2025)
Elective Field (Usage from 10/1/2025)

Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Each winter term 1term English 4 1
Mandatory
T-MATH-113711 | MathSEE Modeling Week 3 CR | Krumscheid, Kiihnlein

Competence Certificate
The performance review takes the form of a presentation on the results of the respective project together with a final report.

Prerequisites
none

Competence Goal
Graduates

gain practical experience in interdisciplinary collaboration,

can apply basic concepts from uncertainty quantification and mathematical modeling,

can combine scientific software from different research areas to solve complex problems, and
have experience in scaling them on clusters.

Content

Students work in teams on tasks in mathematical modeling, uncertainty quantification, and high-performance computing. Through
cooperation between these teams, they solve complex scientific problems ranging from accessible tasks to current research topics,
depending on their level of knowledge. Short lectures provide an introduction to all topics, and material is provided to allow
independent familiarisation with advanced methods and their implementation in scientific software. A universal interface
for simulation software facilitates collaboration between teams.

Module grade calculation
The module grade is the grade for presentation and final report.

Workload
Total work load: 90 hours

Attendance: 30 hours
Self studies: 60 hours

preparation of the scientific content of the talk
preparation of a didactical concept for the talk
preparation of the presentation (blackboard, beamer, etc.)
creating a hand-out

final report
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Module: Maxwell's Equations [M-MATH-102885]

m 3.106 Module: Maxwell's Equations [M-MATH-102885]

Responsible:  PD Dr. Frank Hettlich
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105856 | Maxwell's Equations 8 CR | Arens, Griesmaier,

Hettlich

Competence Certificate
The module will be completed by an oral exam (~30min.).

Prerequisites
none

Competence Goal

The students can explain mathematical questions from the theory of Maxwell's equations. They can formulate and prove the main
theorems on properties and existence of solutions, can apply these to specific cases, and can compare results with simpler

differential equations (like the Helmholtz equation).

Content

Specific examples of solutions to Maxwell's equations, properties of solutions (e.g. representation theorems), specific cases like E-

mode and H-mode, corresponding boundary value problems.

Module grade calculation
The module grade is the grade of the oral exam

Workload
Total workload: 240h

Attendace: 90h
e lecture, problem class, examination
Self-studies: 150h

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation of the course content

Recommendation
Desirable is basic knowledge from functional analysis

Economathematics M.Sc.
Module Handbook as of 31/03/2025

142



3 MODULES Module: Methodical Foundations of OR [M-WIWI-101414]

m 3.107 Module: Methodical Foundations of OR [M-WIWI-101414]

Responsible:  Prof. Dr. Oliver Stein
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Elective Field
Credits Grading scale Recurrence Duration Level Version
9 Grade to atenth Each term 1lterm 4 10

Compulsory Elective Courses (Election: at least 1 item as well as between 4,5 and 9 credits)

T-WIWI-102726 | Global Optimization | 4,5 CR | Stein
T-WIWI-103638 | Global Optimization land Il 9 CR | Stein
T-WIWI-102724 | Nonlinear Optimization | 4,5 CR | Stein
T-WIWI-103637 | Nonlinear Optimization | and Il 9 CR | Stein
Supplementary Courses (Election: )

T-WIWI-106546 | Introduction to Stochastic Optimization 4.5 CR | Rebennack
T-WIWI-102727 | Global Optimization Il 4,5 CR | Stein
T-WIWI-102725 | Nonlinear Optimization Il 4,5 CR | Stein
T-WIWI-102704 | Facility Location and Strategic Supply Chain Management 4,5 CR | Nickel

Competence Certificate

The assessment is carried out as partial written exams (according to Section 4(2), 1 of the examination regulation) of the single
courses of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment
procedures are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
At least one of the courses Nonlinear Optimization | and Global Optimization | has to be examined.

Competence Goal
The student

e names and describes basic notions for optimization methods, in particular from nonlinear and from global optimization,

¢ knows the indispensable methods and models for quantitative analysis,

¢ models and classifies optimization problems and chooses the appropriate solution methods to solve also challenging
optimization problems independently and, if necessary, with the aid of a computer,

e validates, illustrates and interprets the obtained solutions.

Content

The modul focuses on theoretical foundations as well as solution algorithms for optimization problems with continuous decision
variables. The lectures on nonlinear programming deal with local solution concepts, whereas the lectures on global optimization
treat approaches for global solutions.

Annotation
The planned lectures and courses for the next three years are announced online (http://www.ior.kit.edu).

Workload
The total workload for this module is approx. 270 hours (9 credits). The allocation is based on the credit points of the courses in the
module.

The total number of hours per course results from the time required to attend the lectures and exercises, as well as the
examination times and the time required to achieve the learning objectives of the module for an average student for an average
performance.

Recommendation
The courses Introduction to Operations Research | and Il are helpful.
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3 MODULES Module: Metric Geometry [M-MATH-105931]

m 3.108 Module: Metric Geometry [M-MATH-105931]

Responsible:  Prof. Dr. Alexander Lytchak
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to a tenth see Annotations 1term German 4 1
Mandatory
T-MATH-111933 | Metric Geometry 8 CR | Lytchak, Nepechiy

Competence Certificate
oral examination of circa 20 minutes

Prerequisites
None

Module grade calculation
The module grade is the grade of the final oral exam.

Annotation
This course is one of the nine core courses in the subject area Algebra and Geometry, from which at least six courses are offered
within every two years (at least four different ones).
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3 MODULES Module: Microeconomic Theory [M-WIWI-101500]

m 3.109 Module: Microeconomic Theory [M-WIWI-101500]

Responsible:  Prof. Dr. Clemens Puppe
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1term English 4 4
Compulsory Elective Courses (Election: at least 9 credits)

T-WIWI-102609 | Advanced Topics in Economic Theory 4.5 CR | Brumm, Mitusch
T-WIWI-102861 | Advanced Game Theory 4,5 CR | Ehrhart, Puppe, Reil3
T-WIWI-102613 | Auction Theory 4.5 CR | Ehrhart
T-WIWI-105781 | Incentives in Organizations 4.5 CR | Nieken
T-WIWI-113264 | Matching Theory 4,5 CR | Puppe
T-WIWI-102859 | Social Choice Theory 4,5 CR | Puppe

Competence Certificate

The assessment is carried out as partial exams (according to Section 4(2), 1 or 2 of the examination regulation) of the single courses
of this module, whose sum of credits must meet the minimum requirement of credits of this module. The assessment procedures
are described for each course of the module seperately.

The overall grade of the the module is the average of the grades for each course weighted by the credits and truncated after the
first decimal.

Prerequisites
None

Competence Goal
Students

e are able to model practical microoeconomic problems mathematically and to analyze them with respect to positive and
normative questions,
¢ understand individual incentives and social outcomes of different institutional designs.

Here is an example of a positive question: what firm decisions does a specific regulatory policy result in under imperfect
competition? An example of a normative question would be: which voting rule has appealing properties?

Content

The module teaches advanced concepts and content in microeconomic theory. Thematically, it offers a formally rigorous treatment
of game theory and exemplary applications, such as strategic interaction on markets and non-/cooperative bargaining ("Advanced
Game Theory"), as well as specialized courses dedicated to auctions ("Auktionstheorie") and incentive systems in organizations
("Incentives in Organizations"). Moreover, it offers the opportunity to delve deeper into the mathematical theory of voting and
collective decision making, i.e. the systematic aggregation of preferences and judgments ("Social Choice Theory").

Workload
Total workload for 9 credit points: approx. 270 hours

The exact distribution is based on the credit points of the courses in the module.
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3 MODULES Module: Minimal Surfaces [M-MATH-106666]

m 3.110 Module: Minimal Surfaces [M-MATH-106666]

Responsible:  Dr. Peter Lewintan
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-113417 | Minimal Surfaces 3 CR | Lewintan

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Prerequisites
None

Competence Goal
Graduates

e are able to mathematically understand and solve a practical problem;
e can explainimportant results of the theory of minimal surfaces and apply them to examples;
e are prepared to write a thesis in the field of the theory of minimal surfaces or the calculus of variations.

Content

Minimal surfaces are critical points of the area functional and locally minimize its area. They can also be described by having zero
mean curvature. In this course we consider two dimensional minimal surfaces in R*3 and discuss their properties. We will use
arguments from differential geometry, the calculus of variations, the theory of partial differential equations and functions of a
complex variable. Our goal is to prove the classical Plateau's problem.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 hours
e lectures, problem classes, and examination
Self-studies: 60 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Classical Methods for Partial Differential Equations" is recommended.
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3 MODULES Module: Modeling the Dynamics of Financial Markets [M-WIWI-106660]

m 3.111 Module: Modeling the Dynamics of Financial Markets [M-WIWI-106660]

Responsible:  Prof. Dr. Maxim Ulrich
Organisation: KIT Department of Economics and Management
Partof:  Finance - Risk Management - Managerial Economics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each summer term 1term English 4 1
Mandatory
T-WIWI-113414 | Modeling the Dynamics of Financial Markets 9 CR [ Ulrich

Competence Certificate

The module examination takes the form of a one-hour written comprehensive examination on the courses "Dynamic Capital
Market Theory", "Essentials for Dynamic Financial Machine Learning" and "Exercises, Python, Research Frontier in Dynamic
Capital Markets".

Competence Goal
Dynamic Capital Market Theory:

Professional competence:

Understanding of the principles of Dynamic Asset Pricing Theory

Mastery of concepts such as stochastic calculus and dynamic modeling in discrete and continuous time
Application of dynamic programming theory to portfolio and investment decisions

Knowledge of pricing bonds, stocks, futures and options markets.

Interdisciplinary skills:

e Develop analytical skills for working on and solving complex problems in finance
o Ability to apply theoretical models to real financial market scenarios.
Essentials for Dynamic Financial Machine Learning:
Professional Competence:
e Competencies in Multivariate Time Series Modeling and Dynamic Volatility Modeling.

o Skills in dealing with big financial data.
¢ Knowledge in the estimation of risk premia and the application of Kalman Filtering.

Interdisciplinary skills:

¢ Analytical skills in applying machine learning algorithms to dynamic financial market data.
¢ Development of problem-solving skills through the practical application of Python in financial data analysis.
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3 MODULES Module: Modeling the Dynamics of Financial Markets [M-WIWI-106660]

Content
Dynamic Capital Market Theory:

The course "Dynamic Capital Market Theory" offers an introduction to the modeling of dynamic capital markets. Portfolio
holdings and asset prices move dynamically across time and states. This course teaches basic financial economic thinking to help
understand why this is the case and how to optimally act in such environments.

Next to the asset pricing focus, the second focus of the course is on optimal portfolio choice (robo advisory). For that, this course
develops the theory of dynamic programming in discrete and continuous time and applies it to solve portfolio choice and corporate
investment decisions. These concepts are key for financial engineering and the machine learning branch of Reinforcement
Learning.

Students obtain proficiency in the following topics:

Dynamic Valuation and Optimal Dynamic Asset Allocation

Dynamic modeling in discrete time and continuous time

Stochastic Calculus

Markov Decision Processes and Dynamic Programming in discrete time and continuous time
Pricing of bonds, equity, futures and options

Lectures (2 SWS) develop all concepts on the whiteboard.

Essentials for Dynamic Financial Machine Learning:

The course "Essentials for Dynamic Financial Machine Learning" teaches students to work with financial data, algorithms and
statistical concepts.

Students are exposed to algorithms to learn key quantities of dynamic capital markets, such as time-varying risk premia, time-
varying volatility and unobserved realizations of random states. The course covers the following concepts:

Multivariate time series modeling
Dynamic volatility modeling
Handling big financial data
Estimating risk premia

Kalman Filtering

Weekly lectures (2 SWS) develop all algorithmic material on the whiteboard.
Exercises, Python, Research Frontier in Dynamic Capital Markets:

This course provides hands-on experience in implementing concepts from dynamic capital market theory and financial machine
learning using Python. Students will develop practical skills in coding and data analysis that complement the theoretical knowledge
gained in the companion courses. The course covers:

Introduction to Python for financial applications Data manipulation and visualization with pandas and matplotlib.
Implementing dynamic portfolio optimization algorithms.

Coding stochastic processes and simulations.

Building and testing time series models.

Applying machine learning techniques to financial data.

Developing Reinforcement Learning algorithms for trading strategies.

Implementing and backtesting option pricing models.

Creating interactive financial dashboards

Weekly computer lab sessions (2 SWS) will guide students through coding exercises and problem sets that directly relate to topics
covered in "Dynamic Capital Market Theory" and "Essentials for Dynamic Financial Machine Learning". Students will work on
individual and group projects, applying their programming skills to real-world financial problems and current research questions in
dynamic capital markets.

This course forms an integral part of the module, complementing the theoretical components with practical implementation skills
essential for modern quantitative finance.

Workload
Total workload for 9 credit points: approx. 270 hours. The exact distribution is based on the credit points of the courses in the
module:

e Dynamic Capital Market Theory: 3 CP
e Essentials for Dynamic Financial Machine Learning: 3 CP
o Exercises, Python, Research Frontier in Dynamic Capital Markets: 3 CP

The total number of hours per course is determined by the amount of time spent attending the lectures and tutorials, as well as the
exam times and the time required to achieve the module's learning objectives for an average student for an average performance.
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3 MODULES Module: Modeling the Dynamics of Financial Markets [M-WIWI-106660]

Recommendation
Recommendation: Knowledge in the fields of Advanced Statistics, Deep Learning, Financial Economics, Differential Equations,
Optimization.

Learning type
The module consists of two weekly lectures and respective tutorials:

1. Dynamic Capital Market Theory and
2. Essentials for Dynamic Financial Machine Learning.
3. Exercises, Python, Research Frontier in Dynamic Capital Markets
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3 MODULES Module: Modelling and Simulation of Lithium-lon Batteries [M-MATH-106640]

m 3.112 Module: Modelling and Simulation of Lithium-lon Batteries [M-MATH-106640]

Responsible:  Prof. Dr. Willy Dorfler
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113382 | Modelling and Simulation of Lithium-lon Batteries 4 CR | Dorfler

Competence Certificate
oral exam of ca. 20 minutes

Prerequisites
None

Competence Goal
Participants know about the modelling and physical basics that lead to the model equations. They can explain (at least for simplified
problems) their well-posedness. They are able to analyze stability and convergence of the presented methods.

Content

Derivation of the model equations,

Existence for simplified model problems,

Discretization of the initial boundary value problems with fiite elements,

Nonlinear diffusion equations, Cahn-Hilliard equation, linear elasticity and contact problems,
Stability and convergence of the discrete models,

Applications

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 h
e lectures, problem classes and examination
Self studies: 75 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
Basic knowledge in the numerical treatment of differential equations, such as boundary value problems or initial value problems is
strongly recommended.
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3 MODULES Module: Modern Methods in Combinatorics [M-MATH-106957]

m 3.113 Module: Modern Methods in Combinatorics [M-MATH-106957]

Responsible:  Prof. Dr. Maria Aksenovich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113911 | Modern Methods in Combinatorics 6 CR | Aksenovich

Competence Certificate
The module examination takes the form of an oral examination (approx. 30 min).

Prerequisites
None

Competence Goal
The students understand and are able to use powerful modern methods in Combinatorics.

Content
The course is concerned with modern methods in Combinatorics including probabilistic or algebraic ones. Every presented method
isillustrated with several applications.

The probabilistic part includes the following topics: random graphs, linearity of expectation, second moment method, and Lovasz
Local Lemma. The algebraic part includes: polynomial methods, spectral methods, and linear algebraic techniques.

Module grade calculation
The module grade is the grade of the oral examination.

Workload
Total workload: 180 hours

Attendance time: 60 hours
e Course including module examination during the course of study
Self-study: 120 hours

Deepening the study content by working on the lecture content at home
completion of exercises

In-depth study of the course content using suitable literature and internet research
Preparation for the module examination during the course of study

Recommendation
Some knowledge of linear algebra and probability theory is strongly recommended. The courses Graph Theory and Combinatorics
are recommended but not required.
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3 MODULES Module: Monotonicity Methods in Analysis [M-MATH-102887]

m 3.114 Module: Monotonicity Methods in Analysis [M-MATH-102887]

Responsible:  PD Dr. Gerd Herzog
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
3 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105877 | Monotonicity Methods in Analysis 3CR | Herzog

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
None

Competence Goal
At the end of the course, students can

e name, discuss and apply basic techniques of the order-theoretical methods of analysis,

o apply specific order theory techniques to fixed point problems and differential equations.

Content

Fixed point theorems in ordered sets and ordered metric spaces.

Ordered Banach spaces.

Quasimonotone increasing functions.

Differential equations and differential inequalities in ordered Banach spaces.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 hours
e lectures, problem classes, and examination
Self-studies: 60 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Functional Analysis" is recommended.
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3 MODULES Module: Nonlinear Analysis [M-MATH-103539]

m 3.115 Module: Nonlinear Analysis [M-MATH-103539]

Responsible:  Prof. Dr. Tobias Lamm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-107065 | Nonlinear Analysis 8 CR | Lamm

Prerequisites
None

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Nonlinear Maxwell Equations [M-MATH-105066]

m 3.116 Module: Nonlinear Maxwell Equations [M-MATH-105066]

Responsible:  Prof. Dr. Roland Schnaubelt
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-110283 | Nonlinear Maxwell Equations 8 CR | Schnaubelt

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal

Students can explain some basic types of nonlinear Maxwell equations and the physical significance of the variables that occur.
They are able to prove and discuss local wellposedness theorems in the whole space using energy methods. They can derive
Strichartz inequalities for linear Maxwell equations. With their help, they can show improved wellposedness results.

Content

e Maxwell equations with nonlinear material laws
¢ |ocal wellposedness theory in the whole space using linearisation, apriori estimates and regularisation
e Strichartz inequalities and improved wellposedness theory

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the module "Functional Analysis" are strongly recommended.
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3 MODULES Module: Nonlinear Wave Equations [M-MATH-105326]

m 3.117 Module: Nonlinear Wave Equations [M-MATH-105326]

Responsible:  Prof. Dr. Wolfgang Reichel
Prof. Dr. Roland Schnaubelt

Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-110806 | Nonlinear Wave Equations 4 CR | Reichel, Schnaubelt

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal
Graduates will be able to

e name important properties of nonlinear wave equations,
o describe essential difficulties in the analysis of the initial value problem,
e analyze the short- and long-term behavior of solutions of semilinear wave equations using modern techniques.

Content
The aim of the course is an introduction to methods for analyzing nonlinear wave equations. The aim is to get to know the basics of
various important techniques and to apply them to simple models. The following topics will be covered:

Symmetries and conservation laws
Fourier transformation, Sobolev spaces
Energy estimates

Strichartz estimates

Local and global well-posedness results
Vector field methods

Longtime behavior

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 h
e lectures, problem classes and examination
Self studies: 75 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the module "Functional Analysis" are strongly recommended.
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3 MODULES Module: Nonparametric Statistics [M-MATH-102910]

m 3.118 Module: Nonparametric Statistics [M-MATH-102910]

Responsible:  PD Dr. Bernhard Klar
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 2
Mandatory
T-MATH-105873 | Nonparametric Statistics 4 CR | Ebner, Fasen-

Hartmann, Klar, Trabs

Competence Certificate
The module will be completed with an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal
By the end of the course, students will be able to

e explain nonparametric statistical tests based on location problems and distinguish them from parametric methods,

e name and explain nonparametric estimation methods for nonparametric regression and density estimation,

e know and apply optimality criteria for the statistical methods covered.
Content

Introduction to nonparametric models
Nonparametric tests, especially rank statistics
Nonparametric density and regression estimation
Dependence measures or optimal convergence rates

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 h
e lectures, problem classes and examination
Self studies: 75 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The contents of the module 'Probability Theory' are strongly recommended. The
recommended.
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3 MODULES Module: Numerical Analysis of Helmholtz Problems [M-MATH-105764]

m 3.119 Module: Numerical Analysis of Helmholtz Problems [M-MATH-105764]

Responsible:  TT-Prof. Dr. Barbara Verfiirth
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term German 4 2
Mandatory
T-MATH-111514 | Numerical Analysis of Helmholtz Problems 3 CR | Verfirth

Competence Certificate
oral examination of circa 30 minutes

Prerequisites
none

Module grade calculation
The module grade is the grade of the final oral exam.
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3 MODULES Module: Numerical Analysis of Neural Networks [M-MATH-106695]

m 3.120 Module: Numerical Analysis of Neural Networks [M-MATH-106695]

Responsible:  TT-Prof. Dr. Roland Maier
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-113470 | Numerical Analysis of Neural Networks 6 CR | Maier

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Prerequisites
None.

Competence Goal

The goal of the lecture is to provide a mathematical foundation of neural networks from the perspective of numerical analysis.
Students know basic definitions and terminology as well as classical approximation results for neural networks. They are familiar
with numerical methods for the efficient training of neural networks and can analyze them. Moreover, students can apply the
concepts to popular applications (such as physics-informed neural networks, Deep Ritz method, etc.).

Content

Neural networks

Approximation results

Connections to finite element methods
Numerical methods for the efficient learning
Datasets

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
The course is offered in English. If everybody speaks German, the lecture will be held in German.

Workload
Total workload: 180 hours

Attendance: 60 h
o lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation

Basic knowledge of ordinary and/or partial differential equations as well as the contents of the module "Numerical Methods for
Differential Equations" are recommended. Basic knowledge of functional analysis and finite element methods is helpful, but not
required.
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3 MODULES Module: Numerical Complex Analysis [M-MATH-106063]

m 3.121 Module: Numerical Complex Analysis [M-MATH-106063]

Responsible:  Prof. Dr. Marlis Hochbruck
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-112280 | Numerical Complex Analysis 6 CR | Hochbruck

Competence Certificate
Oral exam of approximately 20 minutes.

Prerequisites
None.

Competence Goal
Graduates

e can apply techniques and concepts from complex analysis in numerical analysis,
e are prepared to write a thesis in numerical analysis.

Content

In this lecture we consider numerical methods for problems in complex analysis and complex analysis techniques to analyze

numerical methods. It provides the chance to rediscover theorems known from the complex analysis lecture in applications.

The following topics are planned

Calculations with power series: formal Newton's method and FFT,
control systems and convolution quadrature (Cauchy integral formula, Laplace transform, argument principle),
rational approximation to the exponential: order stars (maximum principle, argument principle),

(conformal mappings, Cauchy integral formula),
e numerical conformal mapping.

Module grade calculation
The module grade ist the grade of the oral exam.

Workload
Total workload: 180 h

Attendance: 60 h
e lectures, problem classes, and examination
Self-studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination.

Recommendation
Basic knowledge of complex analysis is highly recommended.

Literature
Lecture notes with references.
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3 MODULES Module: Numerical Linear Algebra for Scientific High Performance Computing [M-MATH-103709]

3.122 Module: Numerical Linear Algebra for Scientific High Performance Computing
[M-MATH-103709]

Responsible:  Prof. Dr. Hartwig Anzt
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
5 Grade to a tenth Irregular 1term English 4 2
Mandatory
T-MATH-107497 | Numerical Linear Algebra for Scientific High Performance Computing | 5CR | Anzt

Prerequisites
None
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3 MODULES Module: Numerical Linear Algebra in Image Processing [M-MATH-104058]

m 3.123 Module: Numerical Linear Algebra in Image Processing [M-MATH-104058]

Responsible:  PD Dr. Volker Grimm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-108402 | Numerical Linear Algebra in Image Processing 6 CR | Grimm

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites
None

Competence Goal
Graduates can name essential concepts of image processing using numerical linear algebra methods and implement them
efficiently.

Content

Linear models of optical devices

Point spread function and discrete convolution
Structured matrices and fast transformations
Large, ill-conditioned linear systems of equations
Krylov subspace methods, preconditioning
Several applications

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination
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3 MODULES Module: Numerical Methods for Differential Equations [M-MATH-102888]

m 3.124 Module: Numerical Methods for Differential Equations [M-MATH-102888]

Responsible:  Prof. Dr. Willy Dorfler
Prof. Dr. Tobias Jahnke

Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 1
Mandatory
T-MATH-105836 | Numerical Methods for Differential Equations 8 CR | Dorfler, Hochbruck,
Jahnke, Rieder,
Wieners

Competence Certificate
Success is assessed in form of an oral or written examination. This will be determined by the lecturer at the beginning of the course.

Prerequisites
None

Competence Goal
At the end of the course, students

¢ know important examples of numerical methods for ordinary differential equations as well as the underlying construction
principles

e are able to analyze the properties of these methods (in particular their stability, convergence and complexity)

e are able to analyze basic numerical methods for linear partial differential equations

e can explain concepts of modelling with differential equations

Content

¢ Numerical methods for initial value problems (Runge-Kutta methods, multistep methods, order, stability, stiff problems)

e Numerical methods for boundary value problems (finite difference methods for second-order elliptic equations)

e Numerical methods for initial boundary value problems (finite difference methods for parabolic equations and hyperbolic
equations)

Module grade calculation
The module grade is the grade of the oral or written exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
It is highly recommended that participants have completed the modules "Numerische Mathematik 1 und 2" as well as
"Programmieren: Einstieg in die Informatik und algorithmische Mathematik".
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3 MODULES Module: Numerical Methods for Hyperbolic Equations [M-MATH-102915]

m 3.125 Module: Numerical Methods for Hyperbolic Equations [M-MATH-102915]

Responsible:  Prof. Dr. Willy Dorfler
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105900 [ Numerical Methods for Hyperbolic Equations 6 CR | Dorfler

Prerequisites
none

Competence Goal
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3 MODULES Module: Numerical Methods for Integral Equations [M-MATH-102930]

m 3.126 Module: Numerical Methods for Integral Equations [M-MATH-102930]

Responsible:  PD Dr. Tilo Arens
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 5 1
Mandatory
T-MATH-105901 | Numerical Methods for Integral Equations | 8 CR | Arens, Hettlich

Competence Certificate
The module examination is carried out by one oral examination (approx. 30 minutes).

By successfully participating in the problem classes by correctly completing 60% of the programming exercise assignments,
students will obtain a bonus to the grade of the oral examination. This bonus amounts to an improvement of the grade to the next
marking step (a decrease by 0.3 or 0.4, respectively), if the original grade is between 4.0 and 1.3.

Prerequisites
None

Competence Goal

Students are able to name and describe basic methods for numerically solving linear integral equations of the second kind, such as
the Nystrom method, collocation method and Galerkin method, as well as their underlying principles such as interpolation and
numerical integration. They are able to apply these methods for numerically solving integral equations and to implement concrete
examples on a computer. Students are able to state convergence results concerning these methods and have mastered the
application of methods of proof for such results. They can independently derive corresponding results for simple variations of
these methods and perform the analysis of the convergence behavior for specific applications.

Content

Boundary integral operators

Interpolation and quadrature formulae

Nystrém methods

Projection methods and boundary element methods

Module grade calculation
The grade of the module is the grade of the oral examination, modified by the bonus from the problem class assignments.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

increased understanding of module content by wrapping up lectures at home

work on exercises

increased understanding of module content by self study of literature and internet research
preparing for the examination

Recommendation
Numerical Analysis |

Integral Equations
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3 MODULES Module: Numerical Methods for Maxwell's Equations [M-MATH-102931]

m 3.127 Module: Numerical Methods for Maxwell's Equations [M-MATH-102931]

Responsible:  Prof. Dr. Marlis Hochbruck
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105920 | Numerical Methods for Maxwell's Equations 6 CR | Hochbruck, Jahnke

Competence Certificate
Oral examination of approximately 20 minutes.

Prerequisites
None.

Competence Goal

The students can interpret the terms arising in the time-dependent Maxwell equations physically and prove the existence and
uniqueness of the solution under appropriate assumptions. They know numerical methods and techniques to approximate these
solutions and they are able to perform an error analysis. From the practical point of view they are able to evaluate advantages and
disadvantages of different methods.

Content

Maxwell equations are a set of vector valued partial differential equations that are fundamental for the propagation of
electromagnetic waves in media. In this lecture we start to derive Maxwell equations in integral- and differential form, discuss
examples of material laws, boundary conditions, and study the well-posedness in suitable function spaces. For the numerical
solution of Maxwell equations, we employ finite element methods for the spatial discretization. Our emphasis is on discontinuous
Galerkin methods. Favorable methods for time discretization are splitting methods, (locally) implicit schemes, and exponential
integrators. We construct and analyse these methods and discuss their efficient implementation.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 h

Attendance: 60 h
e lectures, problem classes, and examination
Self-studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination.

Recommendation
Basic knowledge of ordinary and/or partial differential equations is recommended.

The module "Numerical Methods for Differential Equations” is strongly recommended.

Learning type
Lecture and tutorial with the active contribution of the students; problem sheets every 2 weeks.

Literature
Lecture notes with many references will be provided.
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3 MODULES Module: Numerical Methods for Oscillatory Differential Equations [M-MATH-106682]

3.128 Module: Numerical Methods for Oscillatory Differential Equations [M-
MATH-106682]

Responsible:  Prof. Dr. Tobias Jahnke
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to a tenth see Annotations 1term German/English 4 1
Mandatory
T-MATH-113437 | Numerical Methods for Oscillatory Differential Equations | 8CR | Jahnke

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Prerequisites
none

Competence Goal
The central topic of the lecture are numerical time-integrators for highly oscillatory ordinary and partial differential equations.

After participation, students

e know selected classes of ordinary and partial differential equations with oscillatory solutions and can explain the reason for
the oscillatons.

e can explain why time-integration of such problems with traditional methods is usually inefficient.

¢ know different techniques which can be used to construct more efficient methods for selected problems.

e can explain error bounds for such integrators and know the ideas, techniques and assumptions used in the error analysis.

Content

Oscillatory ordinary and partial differential equations: examples and applications
Construction of time integrators

Oscillations and resonances

Error analysis

Space discretization by Fourier collocation methods

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
The module will be offered about every second summer semester.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
Participants are expected to be familiar with numerical methods for ordinary differential equations (e.g. Runge-Kutta methods)
and with concepts required for their analysis (stability, order, local and global error, etc.).
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3 MODULES Module: Numerical Methods for Time-Dependent Partial Differential Equations [M-MATH-102928]

3.129 Module: Numerical Methods for Time-Dependent Partial Differential Equations
[M-MATH-102928]

Responsible:  Prof. Dr. Marlis Hochbruck
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Irregular 1term 5 1
Mandatory
T-MATH-105899 | Numerical Methods for Time-Dependent Partial Differential 8 CR | Hochbruck, Jahnke
Equations

Competence Certificate
Success is assessed in form of an oral examination lasting approx. 25 minutes.

Prerequisites
None.

Competence Goal

Students can analyze numerical methods for abstract evolution equations. They can understand current research results and
master various techniques for proving stability and error estimates of time integration methods. They can independently solve
exercises, and present and discuss solutions.

Content

e Time integration methods for linear, semilinear, and quasilinear evolution equations and their semi-discretization in place,
in particular, implicit Runge-Kutta and multistep methods,
e rigorous error estimates and stability proofs.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 h

Attendance: 90 h
e lectures, problem classes, and examination
Self-studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination.

Recommendation
Numerical methods for differential equations, finite element methods, functional analysis.
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3 MODULES Module: Numerical Methods in Computational Electrodynamics [M-MATH-102894]

3.130 Module: Numerical Methods in Computational Electrodynamics [M-
MATH-102894]

Responsible:  Prof. Dr. Willy Dérfler
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to a tenth Irregular 1term 4 1
Mandatory
T-MATH-105860 | Numerical Methods in Computational Electrodynamics 6 CR | Dorfler, Hochbruck,
Jahnke, Rieder,
Wieners

Prerequisites
none
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3 MODULES Module: Numerical Methods in Fluid Mechanics [M-MATH-102932]

m 3.131 Module: Numerical Methods in Fluid Mechanics [M-MATH-102932]

Responsible:  Prof. Dr. Willy Dorfler
PD Dr. Gudrun Théater

Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Each summer term 1term English 4 1
Mandatory
T-MATH-105902 | Numerical Methods in Fluid Mechanics 4 CR | Dorfler, Thater

Competence Certificate
Oral exam of about 20 minutes.

Prerequisites
None

Competence Goal

Participants know about the modelling and physical basics that lead to the model equations. They know how to discretize
fluidmechanical problems with the finite element method and know especiallly how to treat the incompressibility condition. They

are able to analyze stability and convergence of the presented methods.
Content

Modelling and derivation of the Navier-Stokes equations
Mathematical and physical representation of energy and stress
Lax-Milgram theorem, Céa lemma and saddle point theory
Analytical and numerical treatment of the potential and Stokes flow
Stability and convergence of the discrete models

Numerical treatment of the stationary nonlinear equation
Numerical treatment of the instationary problems

Applications

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 h
e lectures, problem classes and examination.
Self studies: 75 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination.

Recommendation

Basic knowledge in the numerical treatment of differential equations, such as boundary value problems or initial value problems is

strongly recommended. Knowledge in functional analysis is recommended.
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3 MODULES Module: Numerical Methods in Mathematical Finance [M-MATH-102901]

m 3.132 Module: Numerical Methods in Mathematical Finance [M-MATH-102901]

Responsible:  Prof. Dr. Tobias Jahnke
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1lterm German/English 4 1
Mandatory
T-MATH-105865 | Numerical Methods in Mathematical Finance 8 CR | Jahnke

Competence Certificate
oral exam of ca. 30 minutes

Prerequisites
none

Competence Goal
The lecture concentrates on option pricing with numerical methods.

After participation, students

e know how to model the price dynamics of different types of options by stochastic or partial differential equations, and to
evaluate the differences between these models.

e know, in particular, the assumptions on which these models are based, which enables them to discuss and question the
meaningfulness and reliability of the models.

¢ know different methods for solving stochastic and partial differential equations numerically, and for solving high-
dimensional integration problems.

e are able toimplement and apply these methods to different types of options, and to analyze their stability and convergence.

Content

Options, arbitrage and other basic concepts,
Black-Scholes equation und Black-Scholes formulas,
Numerical methods for stochastic differential equations,
(Multilevel) Monte Carlo methods,

(Quasi-)Monte Carlo integration,

Numerical methods for Black-Scholes equations,
Numerical methods for American options

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
The module is offered every second winter term.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination
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3 MODULES Module: Numerical Methods in Mathematical Finance [M-MATH-102901]

Recommendation

Familiarity with stochastic differential equations, the Ito integral, and the Ito formula is strongly recommended. MATLAB skills are
strongly recommended for the programming exercises.
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3 MODULES

m 3.133

Responsible:
Organisation:

Module: Numerical Optimisation Methods [M-MATH-102892]

Module: Numerical Optimisation Methods [M-MATH-102892]

Prof. Dr. Christian Wieners
KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105858 | Numerical Optimisation Methods 8 CR | Dorfler, Hochbruck,
Jahnke, Rieder,
Wieners

Economathematics M.Sc.
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3 MODULES Module: Numerical Simulation in Molecular Dynamics [M-MATH-105327]

m 3.134 Module: Numerical Simulation in Molecular Dynamics [M-MATH-105327]

Responsible:  PD Dr. Volker Grimm
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-110807 | Numerical Simulation in Molecular Dynamics 8 CR | Grimm

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
None

Competence Goal

Graduates know the basic concepts for implementing numerical simulations in molecular dynamics on serial and parallel computer
architectures. They can name the numerical results and procedures required for simulation in molecular dynamics, apply them to
specific problems and implement them.

Content

Linked-cell method for short-range potentials
Parallel programming with MPI

Various potentials and molecules

Time integration methods

Aspects of numerical geometric integration
Methods for the simulation of long-range potentials

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-study: 150 hours

follow-up and deepening of course content,

work on problem sheets,

literature study and internet research relating to the course content
preparation for the module examination

Recommendation
The module M-MATH-102888 (Numerical Methods for Differential Equations) and some programming skills in C (or C++) are
recommended.
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3MODULES Module: Operations Research in Supply Chain Management [M-WIWI-102832]

m 3.135 Module: Operations Research in Supply Chain Management [M-WIWI-102832]

Responsible:  Prof. Dr. Stefan Nickel
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 2 terms German/English 4 9

Election notes

At least one of the courses "Operations Research in Supply Chain Management", "Graph Theory and Advanced Location Models",
"Modeling and OR-Software: Advanced Topics" and"Special Topics of Stochastic Optimization (elective)" has to be taken.

Students who choose the module in the field "compulsory elective modules" may select any two courses of the module.

Compulsory Elective Courses (Election: between 1 and 2 items)
T-WIWI-102723 | Graph Theory and Advanced Location Models 4,5 CR | Nickel
T-WIWI-106200 | Modeling and OR-Software: Advanced Topics 4,5 CR | Nickel
T-WIWI-102715 | Operations Research in Supply Chain Management 4,5 CR | Nickel

Supplementary Courses (Election: at most 1 item)
T-MACH-112213 | Applied material flow simulation 4,5 CR | Baumann
T-WIWI-106546 | Introduction to Stochastic Optimization 4.5 CR | Rebennack
T-WIWI-102718 | Discrete-Event Simulation in Production and Logistics 4,5 CR | Spieckermann
T-WIWI-102719 | Mixed Integer Programming | 4,5CR | Stein
T-WIWI-102720 | Mixed Integer Programming I 4,5CR | Stein
T-WIWI-106549 | Large-scale Optimization 4,5 CR | Rebennack
T-WIWI-111587 | Multicriteria Optimization 4,5 CR | Stein
T-WIWI-112109 | Topics in Stochastic Optimization 4,5 CR | Rebennack

Competence Certificate
The assessment is carried out as partial exams (according to § 4(2), 1 of the examination regulation) of the single courses of this
module, whose sum of credits must meet the minimum requirement of credits of this module.

The assessment procedures are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites
At least one of the three courses "Operations Research in Supply Chain Management", "Graph Theory and Advanced Location
Models" and "Modeling and OR Software: Advanced Topics" is mandatory.

If the module is taken as an elective, no compulsory courses need to be taken. If you take the module in the compulsory elective
area and only want to complete courses from the supplementary offer, please contact the examination office of the KIT
Department of

Economics and Management.

Competence Goal
The student

e isfamiliar with basic concepts and terms of Supply Chain Management,

e knows the different areas of SCM and their respective optimization problems,

e s acquainted with classical location problem models (in planes, in networks and discrete) as well as fundamental methods
for distribution and transport planning, inventory planning and management,

¢ isable to model practical problems mathematically and estimate their complexity as well as choose and adapt appropriate
solution methods.
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3MODULES Module: Operations Research in Supply Chain Management [M-WIWI-102832]

Content

Supply Chain Management is concerned with the planning and optimization of the entire, inter-company procurement, production
and distribution process for several products taking place between different business partners (suppliers, logistics service
providers, dealers). The main goal is to minimize the overall costs while taking into account several constraints including the
satisfaction of customer demands.

This module considers several areas of SCM. On the one hand, the determination of optimal locations within a supply chain is
addressed. Strategic decisions concerning the location of facilities as production plants, distribution centers or warehouses are of
high importance for the rentability of Supply Chains. Thoroughly carried out, location planning tasks allow an efficient flow of
materials and lead to lower costs and increased customer service. On the other hand, the planning of material transport in the
context of supply chain management represents another focus of this module. By linking transport connections and different
facilities, the material source (production plant) is connected with the material sink (customer). For given material flows or
shipments, it is considered how to choose the optimal (in terms of minimal costs) distribution and transportation chain from the set
of possible logistics chains, which asserts the compliance of delivery times and further constraints. Furthermore, this module offers
the possibility to learn about different aspects of the tactical and operational planning level in Suppy Chain Mangement, including
methods of scheduling as well as different approaches in procurement and distribution logistics. Finally, issues of warehousing and
inventory management will be discussed.

Annotation
Some lectures and courses are offered irregularly.

The planned lectures and courses for the next three years are announced online.

Workload
Total effort for 9 credits: ca. 270 hours

e Presence time: 84 hours
e Preparation/Wrap-up: 112 hours
e Examination and examination preparation: 74 hours

Recommendation
Basic knowledge as conveyed in the module Introduction to Operations Research is assumed.
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3MODULES Module: Optimisation and Optimal Control for Differential Equations [M-MATH-102899]

3.136 Module: Optimisation and Optimal Control for Differential Equations [M-
MATH-102899]

Responsible:  Prof. Dr. Christian Wieners
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to a tenth Irregular 1term 4 1
Mandatory
T-MATH-105864 | Optimisation and Optimal Control for Differential Equations | 4CR |

Prerequisites
none
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3 MODULES Module: Optimization in Banach Spaces [M-MATH-102924]

m 3.137 Module: Optimization in Banach Spaces [M-MATH-102924]

Responsible:  Prof. Dr. Roland Griesmaier
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 2
Mandatory
T-MATH-105893 | Optimization in Banach Spaces 5 CR | Griesmaier, Hettlich

Competence Certificate
The module will be completed by an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal

The students can transfer properties from finite dimensional optimization problems to infinite dimensional cases. Furthermore,
they can apply these results to problems from approximation theory, calculus of variation and optimal control. The students know
about the main theorems and their proofs and can explain conclusions with the help of examples.

Content

Basics from Functional Analysis (in particular separation theorems, properties of convex functions and generalized derivatives),
duality theory of convex problems, differentiable optimization problems (Lagrange multiplier), sufficient optimality conditions,
existence results, applications in approximation theory, calculus of variation, and optimal control theory.

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectureincluding course related examinations
Self-studies: 90 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research relating to the course content
preparation for the module examination

Recommendation
Some basic knowledge of finite dimensional optimization theory and functional analysis is desirable.
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3 MODULES Module: Parallel Computing [M-MATH-101338]

m 3.138 Module: Parallel Computing [M-MATH-101338]

Responsible:  PD Dr. Mathias Krause
Prof. Dr. Christian Wieners

Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-102271 | Parallel Computing 5 CR | Krause, Wieners

Prerequisites
None
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3 MODULES

m 3.139 Module: Percolation [M-MATH-102905]

Responsible:  Prof. Dr. Glinter Last
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence
5 Grade to atenth Irregular

Duration
1term

Module: Percolation [M-MATH-102905]

Level
4

Version
2

Mandatory

T-MATH-105869 | Percolation

5 CR | Hug, Last, Winter

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal
The students

e are acquainted with basic models of discrete and continuum percolation,

e acquire the skills needed to use specific probabilistic and graph-theoretical methods for the analysis of these models,

e know how to work self-organised and self-reflexive.
Content

Bond and site percolation on graphs
Infinite clusters and critical probabilities
Asymptotics of cluster sizes

Uniqueness of the infinite cluster
Continuous percolation

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,
work on problem sheets,

preparation for the module examination

Recommendation
The contents of the module Probability Theory are recommended.
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3 MODULES

Module: Poisson Processes [M-MATH-102922]

m 3.140 Module: Poisson Processes [M-MATH-102922]

Responsible:  Prof. Dr. Glinter Last
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
5 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105922 | Poisson Processes 5 CR | Fasen-Hartmann, Hug,

Last, Nestmann,
Winter

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal

The students know about important properties of the Poisson process. The focus is on probabilistic methods and results which are
independent of the specific phase space. The students understand the central role of the Poisson process as a specific point process

and as arandom measure.

Content
e The Poisson process as particular point process
e Multivariate Mecke equation
e Superpositions, markings and thinnings
e Characterizations of the Poisson process
e Stationary Poisson and point processes
¢ Balanced allocations and the Gale-Shapley algorithm
e Compound Poisson processes
e Wiener-lto integrals
e Fock space representation

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 150 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 90 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the module Probability Theory are recommended.

Economathematics M.Sc.
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3 MODULES

m 3.141 Module: Potential Theory [M-MATH-102879]

Responsible:  Prof. Dr. Roland Griesmaier
Organisation:  KIT Department of Mathematics

Module: Potential Theory [M-MATH-102879]

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105850 | Potential Theory 8 CR | Arens, Griesmaier,

Hettlich, Reichel

Competence Certificate
The module will be completed by an oral exam (30 min).

Prerequisites
None

Competence Goal

Students can explain basic properties of harmonic functions and prove existence and uniqueness of solutions to boundary value
problems for the Laplace equation in interior and exterior domains using integral equation techniques. They master representation
theorems and are able to apply single- and double layer potentials to solver boundary value problems.

Content

Properties of harmonic functions

Fundamental solutions and Green's functions
Single- and double layer potentials
Integral equations

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research relating to the course content
preparation for the module examination

Economathematics M.Sc.
Module Handbook as of 31/03/2025
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3 MODULES Module: Probability Theory and Combinatorial Optimization [M-MATH-102947]

m 3.142 Module: Probability Theory and Combinatorial Optimization [M-MATH-102947]

Responsible:  Prof. Dr. Daniel Hug
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105923 | Probability Theory and Combinatorial Optimization 8 CR | Hug, Last

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal
The students

e know basic problems of combinatorial optimization as discussed in the lectures and are able to explain them,

e know typical methods for the probabilistic analysis of algorithms and combinatorial optimization problems and are able to
use them for the solution of specific optimization problems,

o are familiar with the essential techniques of proof and are able to explain them,

o know how to work in a self-organized and self-reflexive manner.

Content

This course is devoted to the analysis of algorithms and combinatorial optimization problems in a probabilistic framework. A
natural setting for the investigation of such problems is often provided by a (geometric) graph. For a given system (graph), the
average or most likely behavior of an objective function of the system will be studied. In addition to asymptotic results, which
describe a system as its size increases, quantitative laws for systems of fixed size will be described. Among the specific problems to
be explored are

the long-common-subsequence problem,
packing problems,

the Euclidean traveling salesperson problem,
minimal Euclidean matching,

minimal Euclidean spanning tree.

For the analysis of problems of this type, several techniques and concepts have been developed and will be introduced and applied
in this course. Some of these are

concentration inequalities and concentration of measure,
subadditivity and superadditivity,

martingale methods,

isoperimetry,

entropy.

Module grade calculation
The modul grade is the grade of the oral exam.
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3 MODULES Module: Probability Theory and Combinatorial Optimization [M-MATH-102947]

Workload
Total workload: 240 hours

Attendance: 90 hours
o lectures, problem classes, and examination

Self-studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation for the module exam.

Recommendation
It is recommended to have taken the module "Probability Theory' from the Bachelor program beforehand.
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3 MODULES Module: Random Graphs and Networks [M-MATH-106052]

m 3.143 Module: Random Graphs and Networks [M-MATH-106052]

Responsible:  Prof. Dr. Daniel Hug
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-112241 | Random Graphs and Networks 8 CR | Hug

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal
Students

e know the basic models of random graphs and their properties,
o are familiar with probabilistic techniques for the investigation of random graphs,
e are able towork in a self-organized and reflexive manner.

Content

In the course, models of random graphs and networks are presented and methods will be developed which allow to state and prove

results about the structure of such models.

In particular, the following models are treated:

Erd6s--Renyi graphs

Configuration models
Preferential-Attachment graphs
Generalized inhomogeneous random graphs
Geometric random graphs

and the following methods are addressed:

Branching processes

Coupling arguments

Probabilistic bounds

Martingales

Local convergence of random graphs

Module grade calculation
The grade of the module is the grade of the oral exam.

Annotation
can not be completed together with M-MATH-102951 - Random Graphs

Economathematics M.Sc.
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3 MODULES Module: Random Graphs and Networks [M-MATH-106052]

Workload
Total workload: 240 hours

Attendance: 90 hours
o lectures, problem classes, and examination

Self-studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation for the module exam.

Recommendation
The contents of the module 'Probability Theory' are strongly recommended.
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3 MODULES Module: Regularity for Elliptic Operators [M-MATH-106696]

m 3.144 Module: Regularity for Elliptic Operators [M-MATH-106696]

Responsible:  apl. Prof. Dr. Peer Kunstmann
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113472 | Regularity for Elliptic Operators 6 CR | Kunstmann

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Prerequisites
none

Competence Goal
The students

can explain methods for definition of elliptic operators,

can name results on spectral properties in L*q and relate them,

can explain the relevance of heat kernel estimates and sketch corresponding methods of proof,

can sketch the construction of the H™\infty calculus and name classes of elliptic operators for which it is bounded,

can explain the concept of L*p maximal regularity and its relation to other parts of the theory and can name exmaples,
have mastered the important techniques of proofs for regulariy properties of elliptic operators,

are able to start a master thesis in the field.

Content

elliptic operators in divergence and non-divergence form
elliptic operators on domains with boundary conditions
heat kernel estimates for elliptic operators

spectrum of elliptic operators in Lebesgue spaces L"q
maximal L*p regularity for the parabolic problem
H™\infty functional calculus for elliptic operators

L~q theory for parabolic boundary value problems

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 h
e lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The modules “Functional Analysis” and "Spectral Theory" are strongly recommended.
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3 MODULES Module: Riemann Surfaces [M-MATH-106466]

m 3.145 Module: Riemann Surfaces [M-MATH-106466]

Responsible:  Prof. Dr. Frank Herrlich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-113081 | Riemann Surfaces 8 CR | Herrlich

Competence Certificate
Oral examination of ca. 30 minutes.

Prerequisites
None

Competence Goal
Students know

e essential structural properties of Riemann surfaces,

o topological, analytic and algebraic methods for the investigation of Riemann surfaces, and are able to apply them.

Content

Definition of Riemann surfaces

holomorphic and meromorphic functions on Riemann surfaces
Compact Riemann surfaces

The Riemann-Roch theorem

Uniformization, Fuchsian groups and hyperbolic metric
Classification of compact Riemann surfaces

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation

Some knowledge of complex analysis (e.g. "Analysis 4") is strongly recommended as well as the modules "Elementary Geometry" and

"Introduction to Algebra and Number Theory".
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3 MODULES Module: Ruin Theory [M-MATH-104055]

m 3.146 Module: Ruin Theory [M-MATH-104055]

Responsible:  Prof. Dr. Vicky Fasen-Hartmann
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-108400 | Ruin Theory 4 CR | Fasen-Hartmann

Competence Certificate
The module will be completed by an oral exam (approx. 20 min).

Prerequisites
None

Competence Goal
Students are able to

¢ name and discuss key concepts and results of ruin theory with applications in actuarial mathematics and can apply them to
examples,

o apply specific probabilistic methods to analyse risk processes,

e master proof techniques,

e work in a self-orientated and reflective manner.

Content

e renewal theory

o classical risk process of Cramér and Lundberg

e asymptotic behaviour of the probability of ruin probability if the Lundberg constant exists (losses with light tailed
distributions)

e subexponential distributions

e asymptotic behaviour of the probability of ruin if the losses are subexponentially distributed (losses with heavy tailed
distributions)

e approximation of the ruin probability

e integrated risk processes

e portfolio of risk processes

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours

e lectures and problem classes including the examination

Self studies: 75 hours

follow-up and deepening of the course content

work on problem sheets

literature and internet research on the course content
preparation for the module examination

Recommendation
The content of the module "Probability Theory" is recommended.
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3 MODULES Module: Scattering Theory [M-MATH-102884]

m 3.147 Module: Scattering Theory [M-MATH-102884]

Responsible:  PD Dr. Frank Hettlich
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105855 | Scattering Theory 8 CR | Arens, Griesmaier,

Hettlich

Competence Certificate
The module will be completed by an oral exam (~30min.)

Prerequisites
none

Competence Goal

The students can prove and apply basic properties of solutions of the Helmholtz equation in the interior and in the exterior of a
domain. They know about the representation theorems for such solutions. Students can explain the existence theory of
corresponding boundary value problems by integral equations and/or variational formulations including appropriate proofs.
Furthermore, the students can show and apply the dependence of a scattered field on the scattering object and the wave number

as well as the relationship with its far field pattern.
Content

Helmholtz equation and elementary soultions
Greens representation theorems

Existence and uniqueness of scattering problems
Radiation condition and far field pattern

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240h

Attendance: 90h
e lecture, problem class, examination
Self-studies: 150h

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation for the module exam

Recommendation
One of the following modules should already be covered: functional analysis or integral equations

Economathematics M.Sc.
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3 MODULES Module: Scattering Theory for Time-dependent Waves [M-MATH-106664]

m 3.148 Module: Scattering Theory for Time-dependent Waves [M-MATH-106664]

Responsible:  Prof. Dr. Roland Griesmaier
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1lterm German/English 4 1
Mandatory
T-MATH-113416 | Scattering Theory for Time-dependent Waves 6 CR | Griesmaier

Competence Certificate
The module will be completed with an oral exam of about 30 minutes.

Prerequisites
None

Competence Goal

The students can prove and apply basic properties of solutions of the wave equation in interior or exterior domains. They know
about representation theorems for such solutions and can apply the Fourier-Laplace-transform to analyze causal solutions.
Students master the existence and uniqueness theory of associated boundary value problems using integral equations and
retarded single and double layer potentials including proofs. Furthermore, the students can apply these results to scattering
problems and explain the depence of scattered waves on the scattering object as well as the relationship with its far field pattern.

Content

Wave equations and elementary solutions

Representation theorems

Fourier-Laplace-transform

Boundary element formulations of boundary value problems for the wave equation
Existence and uniqueness of solutions to interior and exterior boundary value problems
Scattering problems and far field patterns

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 h
Self studies: 120 h

Recommendation
The modules Functional Analysis and/or Integral Equations are recommended.
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3 MODULES Module: Selected Methods in Fluids and Kinetic Equations [M-MATH-105897]

m 3.149 Module: Selected Methods in Fluids and Kinetic Equations [M-MATH-105897]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-111853 | Selected Methods in Fluids and Kinetic Equations 3CR

Competence Certificate
The module will be completed with an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal

The main aim of this lecture is to introduce students to tools and techniques developed in recent years to analyze the evolution of
fluids and kinetic equations.

The students will learn how to use these techniques and how to apply them to families of equations.

Content

In this lecture we discuss selected techniques and tools that have lead to significant progress in the analysis of fluids and kinetic
eqautions.

These, for instance, include:

- energy methods and local well-posedness results (e.g. fixed point results, Osgood lemma)

- Newton iteration

- Cauchy-Kowalewskaya and ghost energy approaches

No prior knowledge of fluids or kinetic equations is required.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 90 hours

Attendance: 30 h
e lectures and examination
Self studies: 60 h

¢ follow-up and deepening of the course content,
e literature study and internet research on the course content,
e preparation for the module examination

Recommendation
The modules "Classical Methods for Partial Differential Equations" and "Functional Analysis" are recommended.
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3 MODULES Module: Selected Topics in Harmonic Analysis [M-MATH-104435]

m 3.150 Module: Selected Topics in Harmonic Analysis [M-MATH-104435]

Responsible:  Prof. Dr. Dirk Hundertmark
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
3 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-109065 | Selected Topics in Harmonic Analysis 3 CR | Hundertmark

Prerequisites
None

Competence Goal

The students are familiar with the concepts of singular integral operators and weighted estimates in Harmonic Analysis. They know
the relations between the BMO space and the Muckenhoupt weights and also how to use dyadic analysis operators to obtain
estimates for Calderon-Zygmund operators.

Content

- Calderon-Zygmund and Singular Integral operators

- BMO space and Muckenhoupt weights

- Reverse Holder Inequality and Factorisation of Ap weights

- Extrapolation Theory and weighted norm inequalities for singular integral operators

Economathematics M.Sc.
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3 MODULES Module: Semigroup Theory for the Navier-Stokes Equations [M-MATH-106663]

m 3.151 Module: Semigroup Theory for the Navier-Stokes Equations [M-MATH-106663]

Responsible:  Dr.rer. nat. Patrick Tolksdorf
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-113415 | Semigroup Theory for the Navier-Stokes Equations 6 CR | Tolksdorf

Competence Certificate
The module will be completed with an oral exam of about 30 minutes.

Prerequisites
None

Competence Goal

After a successful participation of the course, students are familiar with essential concepts of semigroup theory, such as analytic
semigroups and fractional powers of sectorial operators. They are able to apply these concepts to the Stokes operator and derive
basic regularity properties of solutions to the Stokes equations. Furthermore, they can use these concepts to construct solutions to
the Navier-Stokes equations in critical spaces through aniteration scheme.

Content
Content from abstract semigroup theory:

e Sectorial operators
e Analytic semigroups
e Fractional powers

Content from fluid mechanics:

Helmholtz decomposition

Bogovskii operator

Stokes operator

Mapping properties of the Stokes semigroup

Solvability of the Navier-Stokes equations in critical spaces

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 180 hours

Attendance: 60 h
e lectures, problem classes and examination
Self studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The following modules are strongly recommended: Functional Analysis and Classical Methods for Partial Differential Equations.
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3 MODULES Module: Seminar [M-WIWI-102973]

m 3.152 Module: Seminar [M-WIWI-102973]

Responsible:  Prof. Dr. Hagen Lindstadt
Prof. Dr. Oliver Stein

Organisation:  KIT Department of Economics and Management
Partof:  Seminar in Economics and Management

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Each term 1term German 4 1
Wahlpflichtangebot (Election: 3 credits)

T-WIWI-103479 | Seminar in Informatics A (Master) 3 CR | Professorenschaft des
Instituts AIFB

T-WIWI-103481 | Seminar in Operations Research A (Master) 3 CR | Nickel, Rebennack,
Stein

Competence Certificate
The modul examination consists of one seminar (according to §4 (3), 3 of the examintaion regulation). A detailed description of the
assessment is given in the specific course characerization.

The final mark for the module is the mark of the seminar.

Prerequisites
None.

Competence Goal
The students are in a position to independently handle current, research-based tasks according to scientific criteria.

e They are able to research, analyze, abstract and critically review the information.

e They can draw own conclusions using their interdisciplinary knowledge from the less structured information and selectively
develop current research results.

e They can logically and systematically present the obtained results both orally and in written form in accordance with scientific
guidelines (structuring, technical terminology, referencing). They can argue and defend the results professionally in the discussion.

Content
Competences which are gained in the seminar module especially prepare the student for composing the final thesis. Within the
term paper and the presentation the student exercises himself in scientific working techniques supported by the supervisor.

Beside advancing skills in techniques of scientific working there are gained integrative key qualifications as well. A detailled
description o these qualifications is given in the section “Key Qualifications” of the module handbook.

Furthermore, the module also includes additional key qualifications provided by the KQ-courses.

Annotation

The listed seminar titles are placeholders. Currently offered seminars of each semester will be published on the websites of the
institutes and in the course catalogue of the KIT. In general, the current seminar topics of each semester are already announced at
the end of the previous semester. Furthermore for some seminars there is an application required. The available places are listed
on the internet: https://portal.wiwi.kit.edu.

Recommendation
None.
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3 MODULES Module: Seminar [M-WIWI-102971]

m 3.153 Module: Seminar [M-WIWI-102971]

Responsible:  Prof. Dr. Hagen Lindstadt
Prof. Dr. Oliver Stein

Organisation: KIT Department of Economics and Management
Partof:  Seminar in Economics and Management

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
3 Grade to a tenth Each term 1term German 4 1

Wahlpflichtangebot (Election: 3 credits)

T-WIWI-103474 | Seminar in Business Administration A (Master) 3 CR | Professorenschaft des
Fachbereichs
Betriebswirtschaftslehre

T-WIWI-103478 | Seminar in Economics A (Master) 3 CR | Professorenschaft des
Fachbereichs
Volkswirtschaftslehre

T-WIWI-103483 | Seminar in Statistics A (Master) 3 CR | Grothe, Schienle

Competence Certificate
The modul examination consists of one seminar (according to §4 (3), 3 of the examintaion regulation). A detailed description of the
assessment is given in the specific course characerization.

The final mark for the module is the mark of the seminar.

Prerequisites
None.

Competence Goal
The students are in a position to independently handle current, research-based tasks according to scientific criteria.

e They are able to research, analyze, abstract and critically review the information.

e They can draw own conclusions using their interdisciplinary knowledge from the less structured information and selectively
develop current research results.

e They can logically and systematically present the obtained results both orally and in written form in accordance with scientific
guidelines (structuring, technical terminology, referencing). They can argue and defend the results professionally in the discussion.

Content
Competences which are gained in the seminar module especially prepare the student for composing the final thesis. Within the
term paper and the presentation the student exercises himself in scientific working techniques supported by the supervisor.

Beside advancing skills in techniques of scientific working there are gained integrative key qualifications as well. A detailled
description o these qualifications is given in the section “Key Qualifications” of the module handbook.

Furthermore, the module also includes additional key qualifications provided by the KQ-courses.

Annotation

The listed seminar titles are placeholders. Currently offered seminars of each semester will be published on the websites of the
institutes and in the course catalogue of the KIT. In general, the current seminar topics of each semester are already announced at
the end of the previous semester. Furthermore for some seminars there is an application required. The available places are listed
on the internet: https://portal.wiwi.kit.edu.

Recommendation
None.
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3 MODULES Module: Seminar [M-MATH-102730]

m 3.154 Module: Seminar [M-MATH-102730]

Responsible:  PD Dr. Stefan Kiithnlein
Organisation:  KIT Department of Mathematics
Partof: Mathematical Seminar

Credits Grading scale Recurrence Duration Language Level Version
3 pass/fail Each term 1term German/English 4 3

Elective Seminar (Election: 1 item)
T-MATH-105686 | Seminar Mathematics 3 CR | Kiihnlein

Competence Certificate
The control of success (pass/fail) is based on a seminar talk lasting at least 45 minutes.

Prerequisites
None

Competence Goal
At the end of the module, participants should

have analyzed a specific problem in a mathematical area

be able to discuss subject-specific problems in the given context and present as well as defend them, using suitable media
have summarized the most relevant results of their topic

have communicative, organizational and didactic skills in complex problem analyses at their disposal. They can use
techniques of scientific work.

Content
The specific content is based on the seminar topics being offered.

Module grade calculation
Omitted, as ungraded (pass/fail)

Workload
Total work load: 90 hours

Attendance: 30 hours
Self studies: 60 hours

Preparation of the scientific content of the talk
Preparation of a didactical concept for the talk
Preparation of the presentation (blackboard, beamer, etc.)
getting practice for the talk, creating a hand-out
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3 MODULES Module: Seminar [M-WIWI-102972]

m 3.155 Module: Seminar [M-WIWI-102972]

Responsible:  Prof. Dr. Hagen Lindstadt
Prof. Dr. Oliver Stein

Organisation: KIT Department of Economics and Management
Partof:  Elective Field

Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Each term 1lterm German/English 4 1

Wahlplfichtangebot (Election: 1 item)

T-WIWI-103476 | Seminar in Business Administration B (Master) 3 CR | Professorenschaft des
Fachbereichs
Betriebswirtschaftslehre

T-WIWI-103477 | Seminar in Economics B (Master) 3 CR | Professorenschaft des
Fachbereichs
Volkswirtschaftslehre

T-WIWI-103484 | Seminar in Statistics B (Master) 3 CR | Grothe, Schienle

Competence Certificate
The modul examination consists of one seminar (according to §4 (3), 3 of the examintaion regulation). A detailed description of the
assessment is given in the specific course characerization.

The final mark for the module is the mark of the seminar

Prerequisites
None.

Competence Goal

e The students are in a position to independently handle current, research-based tasks according to scientific criteria.

e They are able to research, analyze, abstract and critically review the information.

e They can draw own conclusions using their interdisciplinary knowledge from the less structured information and
selectively develop current research results.

e They can logically and systematically present the obtained results both orally and in written form in accordance with
scientific guidelines (structuring, technical terminology, referencing). They can argue and defend the results professionally
in the discussion.

Content
Competences which are gained in the seminar module especially prepare the student for composing the final thesis. Within the
term paper and the presentation the student exercises himself in scientific working techniques supported by the supervisor.

Beside advancing skills in techniques of scientific working there are gained integrative key qualifications as well.

Annotation

The listed seminar titles are placeholders. Currently offered seminars of each semester will be published on the websites of the
institutes and in the course catalogue of the KIT. In general, the current seminar topics of each semester are already announced at
the end of the previous semester. Furthermore for some seminars there is an application required.

The available places are listed on the internet: https://portal.wiwi.kit.edu.

Workload
he total workload for this module is approximately 90 hours.
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3 MODULES Module: Seminar [M-WIWI-102974]

m 3.156 Module: Seminar [M-WIWI-102974]

Responsible:  Prof. Dr. Hagen Lindstadt
Prof. Dr. Oliver Stein

Organisation:  KIT Department of Economics and Management
Partof:  Elective Field

Credits Grading scale Recurrence Duration Language Level Version
3 Grade to atenth Each term 1lterm German/English 4 1
Wahlplfichtangebot (Election: 1 item)
T-WIWI-103480 | Seminar in Informatics B (Master) 3 CR | Professorenschaft des
Instituts AIFB
T-WIWI-103482 | Seminar in Operations Research B (Master) 3 CR [ Nickel, Rebennack,
Stein

Competence Certificate
The modul examination consists of one seminar (according to §4 (3), 3 of the examintaion regulation). A detailed description of the
assessment is given in the specific course characerization.

The final mark for the module is the mark of the seminar

Prerequisites
None.

Competence Goal

e Thestudents arein a position to independently handle current, research-based tasks according to scientific criteria.

e They are able to research, analyze, abstract and critically review the information.

e They can draw own conclusions using their interdisciplinary knowledge from the less structured information and
selectively develop current research results.

e They can logically and systematically present the obtained results both orally and in written form in accordance with
scientific guidelines (structuring, technical terminology, referencing). They can argue and defend the results professionally
in the discussion.

Content
Competences which are gained in the seminar module especially prepare the student for composing the final thesis. Within the
term paper and the presentation the student exercises himself in scientific working techniques supported by the supervisor.

Beside advancing skills in techniques of scientific working there are gained integrative key qualifications as well.

Annotation

The listed seminar titles are placeholders. Currently offered seminars of each semester will be published on the websites of the
institutes and in the course catalogue of the KIT. In general, the current seminar topics of each semester are already announced at
the end of the previous semester. Furthermore for some seminars there is an application required.

The available places are listed on the internet: https://portal.wiwi.kit.edu.

Workload
he total workload for this module is approximately 90 hours.
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3 MODULES Module: Service Operations [M-WIWI-102805]

m 3.157 Module: Service Operations [M-WIWI-102805]

Responsible:  Prof. Dr. Stefan Nickel
Organisation: KIT Department of Economics and Management
Part of: Operations Management - Data Analysis - Informatics

Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 8

Election notes

At least one of the fourcourses Operations Research in Supply Chain Management, Operations Research in Health Care
Management, Practical seminar: Health Care Management orDiscrete-Event Simulation in Production and Logistics has to be
assigned.

Students who choose the module in the field "compulsory elective modules" may select any two courses of the module.

Compulsory Elective Courses (Election: at most 2 items)
T-WIWI-102718 | Discrete-Event Simulation in Production and Logistics 4.5 CR | Spieckermann
T-WIWI-102884 | Operations Research in Health Care Management 4,5 CR | Nickel
T-WIWI-102715 | Operations Research in Supply Chain Management 4,5 CR | Nickel
T-WIWI-102716 | Practical Seminar: Health Care Management (with Case Studies) 4.5 CR | Nickel
Supplementary Courses (Election: at most 1 item)
T-MACH-112213 | Applied material flow simulation 4,5 CR | Baumann
T-WIWI-110971 | Demand-Driven Supply Chain Planning 4,5 CR | Heckmann
T-WIWI-114109 | Service Operations and Cyber Security 4,5 CR | Mohr

Competence Certificate

The assessment is carried out as partial exams (according to Section 4 (2), 1-3 SPO), whose sum of credits must meet the minimum
requirement of credits of this module. The assessment procedures are described for each course of the module separately. The
overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first
decimal.

Prerequisites

At least one of the four courses "Operations Research in Supply Chain Management", "Operations Research in Health Care
Management", "Practical seminar: Health Care Management" or "Discrete-Event Simulation in Production and Logistics" has to be
assigned.

If the module is taken as an elective, no compulsory courses need to be taken. If you take the module in the compulsory elective
area and only want to complete courses from the supplementary offer, please contact the examination office of the KIT
Department of

Economics and Management.

Competence Goal
Students

e knows the theoretical bases and the key components of Business Intelligence systems,

e acquires the basic skills to make use of business intelligence and analytics software in the service context
e areintroduced into various application scenarios of analytics in the service context

e are able to distinguish different analytics methods and apply them in context

e learn how to apply analytics software in the service context

e are trained for the structured compilation and solution of practice relevant problems with the help of commercial business
intelligence software packages as well as analytics methods and tools
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3 MODULES Module: Service Operations [M-WIWI-102805]

Content

The importance of services in modern economies is most evident - nearly 70% of gross value added are achieved in the tertiary
sector and a growing number of industrial enterprises add customer specific services to their material goods or transform their
business models fundamentally. The growing availability of data “Big Data” and their intelligent processing by applying analytic
methods and business intelligence systems plays a key role.

It is the goal of the module to give students a comprehensive overview on the subject Business Intelligence & Analytics focusing on
service issues. Various scenarios illustrate how the methods and systems introduced help to improve existing services or create
innovative data-based services.

Annotation
This module is part of the KSRI teaching profile “Digital Service Systems”. Further information on a service-specific profiling is
available under www.ksri.kit.edu/teaching.

Workload
Total workload for 9 credit points: approx. 270 hours. The allocation is based on the credit points of the courses in the module.

Recommendation
The course Practical Seminar Health Care should be combined with the course OR in Health Care Management.
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3 MODULES Module: Sobolev Spaces [M-MATH-102926]

m 3.158 Module: Sobolev Spaces [M-MATH-102926]

Responsible:  Prof. Dr. Roland Schnaubelt
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1lterm German/English 4 2
Mandatory
T-MATH-105896 | Sobolev Spaces 8 CR | Schnaubelt

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
None

Competence Goal

Students can explain the significance of Sobolev spaces for partial differential equations and apply the theory to examples. They
are able to reproduce and prove the basic properties of the spaces and to describe the central methods. They can discuss the
central theorems and their significance and describe the main ideas of the proofs.

Content

Definition of Sobolev spaces for functions on Lipschitz domains; density and extension results; product, composition and
interpolation estimates; embeddings including compactness, traces, duality; Helmholtz decomposition in R*3; simple applications
to partial differential equations.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The module "Functional Analysis" is strongly recommended.
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3 MODULES Module: Space and Time Discretization of Nonlinear Wave Equations [M-MATH-105966]

3.159 Module: Space and Time Discretization of Nonlinear Wave Equations [M-
MATH-105966]

Responsible:  Dr. rer. nat. Benjamin Dérich
Prof. Dr. Marlis Hochbruck

Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to a tenth Irregular 1term English 4 1
Mandatory
T-MATH-112120 | Space and Time Discretization of Nonlinear Wave Equations | 6CR | Hochbruck

Competence Certificate
Oral exam of approximately 20 minutes.

Prerequisites
None.

Competence Goal
Graduates

e can name and discuss essential concepts of error analysis of space and time discretizations for nonlinear wave equations,
e are prepared to write a thesis in the field of numerics of partial differential equations.

Content

The topic of the lecture is a unified error analysis of the space and time discretization of nonlinear wave-like equations. For this
purpose, evolution equations with monotone operators on Hilbert spaces and different types of space discretization are
considered, e.g. finite elements, discontinuous Galerkin methods or spectral methods, and, in particular, non-conformal
discretizations.

After the analysis of the space discretization errors, this is combined with time integration methods such as the Crank-Nicolson
and an implicit-explicit method.

The abstract analysis is illustrated with concrete examples.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 180 h

Attendance: 60 h
e lectures, problem classes, and examination
Self-studies: 120 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination.

Recommendation

Basic knowledge of partial differential equations and the contents of the modules M-MATH-102888 - Numerische Methoden fiir
Differentialgleichungen and M-MATH-102891 - Finite Elemente Methoden are strongly recommended. Knowledge of functional
analysis is also recommended.
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3 MODULES Module: Spatial Stochastics [M-MATH-102903]

m 3.160 Module: Spatial Stochastics [M-MATH-102903]

Responsible:  Prof. Dr. Glinter Last
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each winter term 1term 4 1
Mandatory
T-MATH-105867 | Spatial Stochastics 8 CR | Hug, Last, Winter

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
none

Competence Goal

The students are familiar with some basic spatial stochastic processes. They do not only understand how to deal with general
properties of distributions, but also know how to describe and apply specific models (Poisson process, Gaussian random fields).
They know how to work self-organised and self-reflexive.

Content

Random sets

Point processes

Random measures

Palm distributions

Random fields

Gaussian fields

Spectral theory of random fields
Spatial ergodic theorem

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the module Probability Theory are recommended.
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m 3.161 Module: Special Topics of Numerical Linear Algebra [M-MATH-102920]

Responsible:  Prof. Dr. Marlis Hochbruck
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth see Annotations 1term English 4 1
Mandatory
T-MATH-105891 | Special Topics of Numerical Linear Algebra 8 CR | Grimm, Hochbruck,
Neher

Competence Certificate
Oral exam of approximately 30 minutes.

Prerequisites
None.

Competence Goal

At the end of the course, students possess informed knowledge of methods and concepts of numerical linear algebra for large
matrices. For various applications, they choose and implement the right numerical methods and they are able to assess and
establish convergence properties of these methods. Students are able to solve problems in a self-organized and reflective manner,
and to present and discuss solutions.

Content

e Direct methods for sparse linear systems
e Krylov subspace methods for large linear systems and eigenvalue problems
e matrix functions

Module grade calculation
The module grade is the grade of the oral exam.

Annotation
Bi-yearly course.

Workload
Total workload: 240 h

Attendance: 90 h
e lectures, problem classes, and examination
Self-studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination.

Recommendation
Numerical analysis 1 and 2.
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Module: Spectral Theory [M-MATH-101768]

m 3.162 Module: Spectral Theory [M-MATH-101768]

Responsible:  Prof. Dr. Dorothee Frey
Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Each summer term 1lterm German 5 1
Mandatory
T-MATH-103414 | Spectral Theory - Exam 8 CR | Frey, Herzog,

Kunstmann,
Schnaubelt, Tolksdorf

Competence Certificate
Oral examination of approx. 30 minutes.

Prerequisites
none

Competence Goal
After participation, students

understand the concepts of spectrum and resolvent of closed operators on Banach spaces.
know their basic properties and are able to explain them in simple examples.

can explain and justify the special features of compact operators and the Fredholm Alternative.
can deduce algebraic identities and norm bounds for operators by means of the Dunford functional calculus and the

spectral calculus for self-adjoint operators. This in particular includes spectral projections and spectral mapping theorems.
e are able to apply this general theory to integral and differential equations, and recognize the importance of spectral

theoretic methods in Analysis.
Content

Closed operators on Banach spaces,

Spectrum and resolvent,

Compact operators and Fredholm alternative,
Dunford functional calculus, spectral projections,
Fourier transform,

Unbounded self-adjoint operators on Hilbert spaces,
Spectral theorem,

Sesquilinear forms and sectorial operators,
Applications to partial differential equations.

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 h
e lectures, problem classes and examination
Self studies: 150 h

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research on the course content,
preparation for the module examination

Recommendation
The module ,Functional Analysis“ is strongly recommended.
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3 MODULES Module: Splitting Methods for Evolution Equations [M-MATH-105325]

m 3.163 Module: Splitting Methods for Evolution Equations [M-MATH-105325]

Responsible:  Prof. Dr. Tobias Jahnke
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-110805 | Splitting Methods for Evolution Equations 6 CR | Jahnke

Competence Certificate
The module will be completed by an oral exam (about 30 min).

Prerequisites
None

Competence Goal

After attending the course, students can explain the concept and the advantages of splitting methods. They know important
examples of such methods and typical problem classes to which these methods can be applied. They can explain the relation
between classical order and accuracy, and they know the (classical) order conditions of such methods. Students can reproduce and
explain error estimates for splitting methods for linear and nonlinear evolution equations, and to explain the essential steps of the
proof as well as the relevance of the made assumptions.

Content

Concept and advantages of splitting methods

Splitting methods for ordinary differential equations

Baker-Campbell-Hausdorff formula and order conditions

Tools from operator theory

Splitting methods for linear evolution equations (Schrédinger equation, parabolic problems)

Splitting methods for nonlinear evolution equations (nonlinear Schrédinger equation, Gross-Pitaevskii equation,
Korteweg-de Vries equation)

Module grade calculation
The module grade is the grade of the oral exam.

Annotation
The module will be offered about every second summer semester.

Workload
Total workload: 180 hours

Attendance: 60 hours
o lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
Familiarity with ordinary differential equations and Runge-Kutta methods (construction, order, stability) is strongly recommended.
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3 MODULES Module: Statistical Learning [M-MATH-105840]

m 3.164 Module: Statistical Learning [M-MATH-105840]

Responsible:  Prof. Dr. Mathias Trabs
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to a tenth Each summer term 1term 4 1
Mandatory
T-MATH-111726 | Statistical Learning 8 CR | Trabs

Competence Certificate
The module will be completed with an oral exam (approx. 30 min).

Prerequisites
none

Competence Goal
At the end of the course, students

are able to independently develop and apply new learning methods.

Content

know the fundamental principles and problems of machine learning and can relate learning methods to these,
are able to explain how selected machine learning methods work and can apply these,
are able to derive and to discuss a statistical analysis of selected learning methods,

The course aims for a rigorous and mathematical analysis of some popular machine learning methods with a focus is on statistical

aspects. Topics are:

e Regression
o Empirical risk minimization
o Lasso
o Regression trees and Random forests
o Classification
o Bayes classifier
o model based classifiers (e.g. logistic regression, discriminant analysis)
o model-free classifiers (e.g. k nearest neighbors, support vector machines)
¢ Neural networks
o training
o approximation properties
o statistical analysis
e Unsupervised learning
o principle component analysis
o clustering
o generative models

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination
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3 MODULES Module: Statistical Learning [M-MATH-105840]

Recommendation
The modules "Probability Theory" and "Statistics" (M-MATH-103220) are recommended.
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3 MODULES Module: Steins Method with Applications in Statistics [M-MATH-105579]

m 3.165 Module: Steins Method with Applications in Statistics [M-MATH-105579]

Responsible:  Dr.rer.nat. Bruno Ebner
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration
4 Grade to atenth Irregular 1term

Level
4

Version
1

Mandatory

T-MATH-111187 | Steins Method with Applications in Statistics

4 CR | Ebner, Hug

Prerequisites
None
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3 MODULES Module: Stochastic Control [M-MATH-102908]

m 3.166 Module: Stochastic Control [M-MATH-102908]

Responsible:  Prof. Dr. Nicole Biuerle
Organisation:  KIT Department of Mathematics
Partof:  Mathematical Methods (Stochastics)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105871 | Stochastic Control 4 CR | Bauerle

Competence Certificate
The module will be completed by an oral exam (about 20 min).

Prerequisites
none

Competence Goal
At the end of the course, students

e can name the mathematical foundations of stochastic control and and are able to apply solution techniques,
e canformulate continuous-time dynamic stochastic optimization problems as stochastic control problems,
e are able towork in a self-organized and reflective manner,

Content

Verification techniques, Hamilton-Jacobi-Bellman equation
Viscosity solution

Singular control

Feynman-Kac representations

Applications from finance and insurance

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours
e lectures, problem classes, and examination
Self-studies: 75 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation

The course 'Probably Theory' is strongly recommended. The courses 'Brownian motion' and 'Continuous time finance' are

recommended.
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3 MODULES Module: Stochastic Differential Equations [M-MATH-102881]

m 3.167 Module: Stochastic Differential Equations [M-MATH-102881]

Responsible:  Prof. Dr. Dorothee Frey
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 5 1
Mandatory
T-MATH-105852 | Stochastic Differential Equations 8 CR | Frey, Schnaubelt
Content

Brownian motion

Martingales and Martingal inequalities

Stochastic integrals and Ito's formula

Existence and uniqueness of solutions for systems of stochastic differential equations
Perturbation and stability results

Application to equations in financial mathematics, physics and engineering
Connection with diffusion equations and potential theory
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3 MODULES Module: Stochastic Geometry [M-MATH-102865]

m 3.168 Module: Stochastic Geometry [M-MATH-102865]

Responsible:  Prof. Dr. Daniel Hug
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Each summer term 1term 5 1

Mandatory

T-MATH-105840 | Stochastic Geometry

8 CR | Hug, Last, Winter

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Prerequisites
None

Competence Goal
The students

know the fundamental geometric models and characteristics in stochastic geometry,
are familiar with properties of Poisson processes of geometric objects,

know examples of applications of models of stochastic geometry,

know how to work self-organised and self-reflexive.

Content

Random Sets

Geometric Point Processes
Stationarity and Isotropy

Germ Grain Models

Boolean Models

Foundations of Integral Geometry
Geometric densities and characteristics
Random Tessellations

Module grade calculation
The modul grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours

o lectures, problem classes, and examination

Self-studies: 150 hours

follow-up and deepening of the course content

work on problem sheets

literature study and internet research related to the course content
preparation for the module exam.

Recommendation
It is recommended to have taken the module 'Spatial Stochastics' beforehand.
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m 3.169

Responsible:
Organisation:

Module: Stochastic Optimization [M-WIWI-103289]

Module: Stochastic Optimization [M-WIWI-103289]

Prof. Dr. Steffen Rebennack
KIT Department of Economics and Management

Part of: Operations Management - Data Analysis - Informatics
Elective Field
Credits Grading scale Recurrence Duration Language Level Version
9 Grade to atenth Each term 1lterm German/English 4 11

Compulsory Elective Courses (Election: between 1 and 2 items)

T-WIWI-106546 | Introduction to Stochastic Optimization 4.5 CR | Rebennack

T-WIWI-106548 | Advanced Stochastic Optimization 4.5 CR | Rebennack

T-WIWI-106549 | Large-scale Optimization 4,5 CR | Rebennack
Supplementary Courses (Election: at most 1 item)

T-WIWI-102723 | Graph Theory and Advanced Location Models 4.5 CR | Nickel

T-WIWI-102719 | Mixed Integer Programming | 4,5 CR | Stein

T-WIWI-102720 | Mixed Integer Programming |l 4,5 CR | Stein

T-WIWI-111247 | Mathematics for High Dimensional Statistics 4,5 CR | Grothe

T-WIWI-111587 | Multicriteria Optimization 4,5 CR | Stein

T-WIWI-103124 | Multivariate Statistical Methods 4,5 CR | Grothe

T-WIWI-102715 | Operations Research in Supply Chain Management 4.5 CR | Nickel

T-WIWI-106545 | Optimization under Uncertainty 4,5 CR | Rebennack

T-WIWI-112109 | Topics in Stochastic Optimization 4.5 CR | Rebennack

Competence Certificate

The assessment is carried out as partial exams (according to § 4(2), 1 of the examination regulation) of the single courses of this

module, whose sum of credits must meet the minimum requirement of credits of this module.

The assessment procedures are described for each course of the module seperately.

The overall grade of the module is the average of the grades for each course weighted by the credits and truncated after the first

decimal.

Prerequisites

At least one of the courses "Advanced Stochastic Optimization", "Large-scale Optimization" or "Introduction to Stochastic

Optimization" has to be taken.

If the module is taken as an elective, no compulsory courses need to be taken. If you take the module in the compulsory elective
area and only want to complete courses from the supplementary offer, please contact the examination office of the KIT

Department of

Economics and Management.

Competence Goal
The student

¢ names and describes basic notions for advanced stochastic optimization methods, in particular, ways to algorithmically

exploit the special model structures,
e knows the indispensable methods and models for quantitative analysis of stochastic optimization problems,

e models and classifies stochastic optimization problems and chooses the appropriate solution methods to solve also

challenging stochastic optimization problems independently and, if necessary, with the aid of a computer,
e validates, illustrates and interprets the obtained solutions,

¢ identifies drawbacks of the solution methods and, if necessary, is able to makes suggestions to adapt them to practical

problems.

Content

The module focuses on the modeling as well as the imparting of theoretical principles and solution methods for optimization

problems with special structure, which occur for example in the stochastic optimization.
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3 MODULES Module: Stochastic Optimization [M-WIWI-103289]

Annotation

The courses are sometimes offered irregularly. The curriculum, planned for three years in advance, can be found on the Internet at
http://sop.ior.kit.edu/28.php.

Workload

The total workload for this module is approximately 270 hours (9 credits). The allocation is made according to the credit points of
the courses of the module. The total number of hours per course is determined by the amount of time spent attending the lectures
and exercises, as well as the exam times and the time required to achieve the module's learning objectives for an average student
for an average performance.

Recommendation
It is recommended to listen to the lecture "Introduction to Stochastic Optimization" before the lecture "Advanced Stochastic
Optimization" is visited.
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3 MODULES Module: Stochastic Simulation [M-MATH-106053]

m 3.170 Module: Stochastic Simulation [M-MATH-106053]

Responsible:  TT-Prof. Dr. Sebastian Krumscheid
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
5 Grade to atenth Each winter term 1term English 4 1
Mandatory
T-MATH-112242 | Stochastic Simulation 5 CR | Krumscheid

Competence Certificate
oral exam of ca. 30 min

Prerequisites
None

Competence Goal

After successfully taking part in the module's classes and the exam, students will be acquainted with sampling-based computational
tools used to analyze systems with uncertainty arising in engineering,

physics, chemistry, and economics. Specifically, by the end of this course, students will be able to analyze the convergence of
sampling algorithms and implement the discussed sampling methods for different

stochastic processes as computer codes. Understanding the advantages and disadvantages of different sampling-based methods,
the students can, in particular, choose appropriate stochastic simulation

techniques and propose efficient sampling methods for a specific stochastic problem. In particular, they can name and discuss
essential theoretical concepts, and understand the structure of the sampling-based computational methods. Finally, the course
prepares students to write a thesis in the field of Uncertainty Quantification.

Content

The course covers mathematical concepts and computational tools used to analyze systems with uncertainty arising across various
application domains. First, we will address stochastic modelling strategies to represent uncertainty in such systems. Then we will
discuss sampling-based methods to assess uncertain system outputs via stochastic simulation techniques. The focus of this course
will be on

the theoretical foundations of the discussed techniques, as well as their methodological realization as efficient computational tools.
Topics covered include:

Random variable generation

Simulation of random processes

Simulation of Gaussian random fields

Monte Carlo method; output analysis

Variance reduction techniques

Rare event simulations

Quasi Monte Carlo methods

Markov Chain Monte Carlo methods (Metropolis-Hasting, Gibbs sampler)

Module grade calculation
The grade of the module is the grade of the oral exam.

Workload
total workload: 150 hours

Recommendation
The contents of the modules 'M-MATH-101321 - Introduction to Stochastics' and 'M-MATH-103214 - Numerical Mathematics
1+2'are recommended.
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3 MODULES Module: Structural Graph Theory [M-MATH-105463]

m 3.171 Module: Structural Graph Theory [M-MATH-105463]

Responsible:  Prof. Dr. Maria Aksenovich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
4 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-111004 | Structural Graph Theory 4 CR | Aksenovich

Prerequisites
None

Competence Goal

After successful completion of the course, the participants should be able to present and analyse main results in Structural Graph
Theory. They should be able to establish connections between graph minors and other graph parameters, give examples, and apply
fundamental results to related problems.

Content

The purpose of this course is to provide an introduction to some of the central results and methods of structural graph theory. Our
main point of emphasis will be on graph minor theory and the concepts devised in Robertson and Seymour's intricate proof of the
Graph Minor Theorem: in every infinite set of graphs there are two graphs such that one is a minor of the other.

Our second point of emphasis (time permitting) will be on Hadwiger's conjecture: that every graph with chromatic number at least
r has a K_r minor. We shall survey what is known about this conjecture, including some very recent progress.

Recommendation
A solid background in the fundamentals of graph theory.
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3 MODULES

Module: Time Series Analysis [M-MATH-102911]

m 3.172 Module: Time Series Analysis [M-MATH-102911]

Responsible:
Organisation:

PD Dr. Bernhard Klar
KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Each summer term 1term 4 2
Mandatory
T-MATH-105874 | Time Series Analysis 4 CR | Ebner, Fasen-

Hartmann, Gneiting,
Klar, Trabs

Competence Certificate
The module will be completed by an oral exam (ca. 20 min).

Prerequisites

None

Competence Goal
At the end of the course, students will

know and understand the standard models of time series analysis,

know exemplary statistical methods for model selection and model validation,
independently apply models and methods from the lecture to real and simulated data,
know specific mathematical techniques and be able to use them to analyze time series models.

Content
The lecture covers the basic concepts of classical time series analysis:

Stationary time series

Trends and seasonality
Autocorrelation

Autoregressive models

ARMA models

Parameter estimation
Forecasting

Spectral density and periodogram

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 120 hours

Attendance: 45 hours

lectures, problem classes, and examination

Self-studies: 75 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the course "Probability Theory" are strongly recommended. The contents of the course "Statistics" are
recommended.
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3 MODULES Module: Topics in Algebraic Topology [M-MATH-107017]

m 3.173 Module: Topics in Algebraic Topology [M-MATH-107017]

Responsible:  TT-Prof. Dr. Manuel Krannich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 1
Mandatory
T-MATH-114063 | Topics in Algebraic Topology 6 CR | Krannich

Competence Certificate
The module examination takes the form of a written exam (120 min).

Prerequisites
none

Competence Goal
Students

e are able to calculate the discussed topological invariants in concrete examples;
¢ have mastered advanced techniques of algebraic topology;
e are able towork in a self-organized and reflective manner.

Content

e Examples of advanced invariants of algebraic topology (e.g. cohomology rings, higher homotopy groups)
e applications to the topology of manifolds (e.g. Poincaré duality)
¢ advanced homotopy theoretical concepts (e.g. fibrations and cofibrations, homotopy fibres)

Module grade calculation
The module grade is the grade of the written examination.

Workload
Total workload: 180 hours

Attendance time: 60 hours
e Course including module examination during the course of study
Self-study: 120 hours

Deepening the study content by working on the lecture content at home
completion of exercises

In-depth study of the course content using suitable literature and internet research
Preparation for the module examination during the course of study

Recommendation
The contents of the modules "Elementary Geometry" and "Algebraic Topology" are recommended.
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3 MODULES Module: Topological Data Analysis [M-MATH-105487]

m 3.174 Module: Topological Data Analysis [M-MATH-105487]

Responsible:  Prof. Dr. Tobias Hartnick
Prof. Dr. Roman Sauer
Organisation:  KIT Department of Mathematics

Partof:  Mathematical Methods (Stochastics)
Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)
Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Level Version
6 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-111031 | Topological Data Analysis 6 CR | Hartnick, Sauer
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3 MODULES Module: Translation Surfaces [M-MATH-105973]

m 3.175 Module: Translation Surfaces [M-MATH-105973]

Responsible:  Prof. Dr. Frank Herrlich
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Algebra and Geometry)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
8 Grade to atenth Irregular 1term German 4 1
Mandatory
T-MATH-112128 | Translation Surfaces 8 CR | Herrlich

Competence Certificate
The module will be completed by an oral exam of about 30 min.

Prerequisites
None

Competence Goal
At the end of the module, participants are able to

e name and discuss basic concepts to study translation surfaces,
o describe and use in examples essential methods for the classification of translation surfaces,
e read recent research papers on translation surfaces and write a thesis in this field.

Content

Chararcterization of finite translation surfaces
Riemann surfaces and algebraic curves

Moduli space of Riemann surfaces
Classification of translation surfaces

Strata and the action of SL(2,R)

Period coordinates

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
Basic knowledge in surface topology and complex analysis is strongly recommended. The module "Algebraic Geometry" is also
recommended.
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3 MODULES Module: Traveling Waves [M-MATH-102927]

m 3.176 Module: Traveling Waves [M-MATH-102927]

Responsible:  Prof. Dr. Wolfgang Reichel
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Language Level Version
6 Grade to atenth Irregular 1term English 4 2
Mandatory
T-MATH-105897 | Traveling Waves 6 CR | de Rijk, Reichel

Competence Certificate
The module examination takes place in form of an oral exam of about 30 minutes. Please see under "Modulnote" for more
information about the bonus regulation.

Prerequisites
none

Competence Goal
After successful completion of this module students:

can explain the significance of traveling waves and their dynamic stability;

know basic methods to study the existence of traveling waves;

outline the main steps in a stability analysis and address potential complications;

have acquired several mathematical tools to compute or approximate the spectrum;
master several techniques to derive (in)stability of the wave from spectral information;
understand how spectrum and stability might depend on the class of perturbations.

Content

Traveling waves are solutions to nonlinear partial differential equations (PDEs) that propagate over time with a fixed speed
without changing their profiles. These special solutions arise in many applied problems where they model, for instance, water
waves, nerve impulses in axons or light in optical fibers. Therefore, their existence and the naturally associated question of their
dynamic stability is of interest, because only those waves which are stable can be observed in practice.

The first step in the stability analysis is to linearize the underlying PDE about the wave and compute the associated spectrum,
which is in general a nontrivial task. To approximate spectra associated with various waves, such as fronts, pulses and periodic
wave trains, we introduce the following tools:

Sturm-Liouville theory

exponential dichotomies

Fredholm theory

the Evans function

parity arguments

essential spectrum, point spectrum and absolute spectrum
exponential weights

The next step is to derive useful bounds on the linear solution operator, or semigroup, based on the spectral information. A
complicating factor is that any non-constant traveling wave possesses spectrum up to the imaginary axis. For various dissipative
PDEs, such as reaction-diffusion systems, we employ the bounds on the linear solution operator to close a nonlinear argument via
iterative estimates on the Duhamel formula. For traveling waves in Hamiltonian PDEs, such as the NLS or KdV equation, we
describe a different route towards stability based on the variational arguments of Grillakis, Shatah and Strauss.

Module grade calculation
After passing the oral exam at the end of the semester, the final grade is min(0.7X + 0.3Y, X), where X is the grade for the oral exam
and Y is the grade obtained by voluntarily working out and presenting a model problem during one of the exercise classes.
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3 MODULES Module: Traveling Waves [M-MATH-102927]

Workload
Total workload: 180 hours

Attendance: 60 hours
e lectures, problem classes, and examination
Self-studies: 120 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The following background is strongly reommended: Analysis 1-4.

Literature

Kapitula, Todd; Promislow, Keith. Spectral and dynamical stability of nonlinear waves. Applied Mathematical Sciences, 185.
Springer, New York, 2013.
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3 MODULES Module: Uncertainty Quantification [M-MATH-104054]

m 3.177 Module: Uncertainty Quantification [M-MATH-104054]

Responsible:  Prof. Dr. Martin Frank
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
4 Grade to atenth Each summer term 1term 4 1
Mandatory
T-MATH-108399 [ Uncertainty Quantification 4 CR | Frank

Prerequisites
None

Competence Goal
After successfully taking part in the module's classes and exams, students have gained knowledge and abilities as described in the
"Inhalt" section.

Specifically, students know several parametrization methods for uncertainties. Furthermore, students are able to describe the
basics of several solution methods (stochastic collocation, stochastic Galerkin, Monte-Carlo). Students can explain the so-called
curse of dimensionality.

Students are able to apply numerical methods to solve engineering problems formulated as algebraic or differential equations with
uncertainties. They can name the advantages and disadvantages of each method. Students can judge whether specific methods are
applicable to the specific problem and discuss their results with specialists and colleagues. Finally, students are able to implement
the above methods in computer codes.

Content

In this class, we learn to propagate uncertain input parameters through differential equation models, a field called Uncertainty
Quantification (UQ). Given uncertain input (parameter values, initial or boundary conditions), how uncertain is the output? The
first part of the course ("how to do it") gives an overview on techniques that are used. Among these are:

Sensitivity analysis

Monte-Carlo methods

Spectral expansions

Stochastic Galerkin method
Collocation methods, sparse grids

The second part of the course ("why to do it like this") deals with the theoretical foundations of these methods. The so-called "curse
of dimensionality" leads us to questions from approximation theory. We look back at the very standard numerical algorithms of
interpolation and quadrature, and ask how they perform in many dimensions.

Recommendation
Numerical methods for differential equations
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3 MODULES Module: Variational Methods [M-MATH-105093]

m 3.178 Module: Variational Methods [M-MATH-105093]

Responsible:  Prof. Dr. Wolfgang Reichel

Organisation:  KIT Department of Mathematics

Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-110302 | Variational Methods 8 CR | Reichel

Competence Certificate
The module will be completed by an oral exam (ca. 30 min).

Competence Goal
Graduates will be able to

assess the significance of variational problems in relation to their applications in the natural sciences, engineering or
geometry and illustrate them using examples,

formulate variational problems independently,

recognize the specific difficulties within the calculus of variations,

analyze and solve concrete, prototypical problems,

use techniques to prove the existence of solutions to certain classes of variational problems and calculate these solutions in
special cases.

Content

one-dimensional variational problems
Euler-Lagrange equation

necessary and sufficient criteria
multidimensional variational problems
direct methods of the calculus of variations
existence of critical points of functionals

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours

lectures, problem classes, and examination

Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The contents of the courses Functional Analysis, Classical Methods for Partial Differential Equations, or Boundary and Eigenvalue
problems are recommended.
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3 MODULES Module: Wavelets [M-MATH-102895]

m 3.179 Module: Wavelets [M-MATH-102895]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics
Partof: Mathematical Methods (Analysis or Applied and Numerical Mathematics, Optimization)

Elective Field
Credits Grading scale Recurrence Duration Level Version
8 Grade to atenth Irregular 1term 4 1
Mandatory
T-MATH-105838 | Wavelets 8 CR | Rieder

Competence Certificate
Success is assessed in the form of an oral examination lasting approx. 30 minutes.

Prerequisites
none

Competence Goal
Graduates are able

e toname,discuss and analyze the functional-analytical principles of continuous and discrete wavelet transforms,
o toapply the wavelet transform as an analysis tool in signal and image processing and evaluate the results obtained,
o toexplain design aspects for wavelet systems.

Content

Short-time Fourier transform

Integral wavelet transform

Wavelet frames

Wavelet basis

Fast wavelet transform

Construction of orthogonal and bi-orthogonal wavelet systems
Applications in signal and image processing

Module grade calculation
The module grade is the grade of the oral exam.

Workload
Total workload: 240 hours

Attendance: 90 hours
e lectures, problem classes, and examination
Self-studies: 150 hours

follow-up and deepening of the course content,

work on problem sheets,

literature study and internet research relating to the course content,
preparation for the module examination

Recommendation
The course "Functional analysis" is recommended.
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4 COURSES

4 Courses

4.1 Course: (Gen)Al-based Automation in Organizations [T-WIWI-114210]

Responsible:  Prof. Dr. Alexander Madche
Organisation:  KIT Department of Economics and Management
Partof: M-WIWI-104068 - Information Systems in Organizations

Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third Each summer term 1
Events
ST 2025 2500015 (Gen)Al-based Automation in 3SWS Lecture/ §f,°> Madche, Benke
Organizations

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate

Alternative exam assessment. It consists of a one-hour exam and the implementation of a capstone project.

The final grade is made up of 60% of the exam grade and 40% of the capstone project grade.

Details on the structure of the assessment will be announced during the lecture.

Workload
135 hours

Below you will find excerpts from events related to this course:

(Gen)Al-based Automation in Organizations
2500015, SS 2025, 3 SWS, Language: English, Open in study portal
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4 COURSES Content

Content

4.2 Content

The advent of generative artificial intelligence (GenAl) has received great attention in business and society due to its capabilities of
content creation or decision making. Individuals started rapidly to use the capabilities of tools like ChatGPT and Google Gemini for
text and image generation, personal recommendations, or decision support. At the same time, organizations are challenged to
leverage GenAl but also Al technology in general within their business models, processes, and information systems. (Gen)Al
technologies enable executing cognitive tasks which in the past were carried out manually by organizations’ employees. Ultimately,
this leads to an increase of automation in organizations. For example, organizations can automate the creation of customer service
responses, contract document reviewing in legal departments, application screening in human resources, or fraud detection in
financial transactions.

This digital transformation process to higher levels of automation must be managed by organizations. While the goal is to free up
capacity of employees from simple repetitive tasks for more complex ones, improce efficiency and extend innovation capabilities,
organizations also must consider social and ethical aspects when implementing automation. Thus, a (Gen)Al integration strategy
that benefits organizations must consider many facets, e.g., strategic objectives, business model adaptation, governance and risk
management, implementation project portfolio management, and change management.

Summarizing, this course will teach concepts to support organizations and their employees to increase the level of automation
leveraging (Gen)Al technologies under consideration of an economic and social perspective.

This course consists of the following major building blocks:

- Introduction to (Gen)Al concepts and technology.

- Overview of history and key concepts of automation in organizations.
- Organizational perspective on integrating (Gen)Al.

- Individual perspective on integrating (Gen)Al capabilities.

- Challenges and countermeasures to secure the integration of (Gen)Al capabilities into organizations from a socio-economic
perspective.

The course is complemented with quizzes for knowledge recapture and hands-on activities in which the students apply the lecture
content and implement the integration of (generative) Al capabilities in organizational processes and structures based on real-
world case studies to increase organizational automation.

4.3 Learning goals

As a result of attending this program, students will be able to:
- describe key concepts of (Gen)Al technologies enabling the increase of automation in organizations.

- understand the historical evolution and describe core concepts of automation to drive organizational efficiency and
innovation.

- articulate (Gen)Al integration principles for effectively implementing automation in organizations.

- explore and prototype (Gen)Al-based applications to streamline individual tasks and workflows in the context of
organizational automation.

- analyze best practices for addressing challenges to ensure adoption of (Gen)Al capabilities for organizational automation from
a socio-economic perspective..

4.4 Prerequisites

No specific prerequisites are required for the lecture.
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4 COURSES Course: Adaptive Finite Element Methods [T-MATH-105898]

4.5 Course: Adaptive Finite Element Methods [T-MATH-105898]

Responsible:  Prof. Dr. Willy Dorfler
Organisation:  KIT Department of Mathematics
Partof: M-MATH-102900 - Adaptive Finite Elemente Methods

Type Credits Grading scale Version
Oral examination 8 Grade to a third 2
Events
ST 2025 0159610 Adaptive Finite Elemente Methods |4 SWS Lecture Dorfler
ST 2025 0159620 Tutorial for 0159610 (adaptive 2 SWS Practice Dorfler
Finite Elemente Methods)

Competence Certificate
oral exam of ca. 30 minutes

Prerequisites
none

Recommendation
Basic knowledge of finite element methods, a programming language and the analysis of boundary value problems is strongly
recommended. Knowledge of functional analysis is recommended.

Workload
240 hours

Below you will find excerpts from events related to this course:

Adaptive Finite Elemente Methods

. Lecture (V)
0159610, SS 2025, 4 SWS, Open in study portal

Content

The Finite Element Method is the method of choice for the solution of elliptic boundary value problems. In computing these
approximations we follow two aims: We need a computable error bound to judge the quality of an approximation, and we want to
reduce the amount of work to obtain an approximation of a prescribed tolerance. The first aim is a must since numerical
simulations without information about their accuracy may be not reliable. This has been seen by some failures in the past, see
information about the Sleipner accident. The second aim may be achieved by constructing local (e.g.\ in space) error indicators and
perform local refinement where large errors are indicated. We show for a model problem how to construct convergent local
refinement algorithms and show that the algorithm has optimal complexity.
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4 COURSES Course: Advanced Corporate Finance [T-WIWI-113469]

4.6 Course: Advanced Corporate Finance [T-WIWI-113469]

Responsible:  Prof. Dr. Martin Ruckes
Organisation: KIT Department of Economics and Management

Part of: M-WIWI-101480 - Finance 3
M-WIWI-101483 - Finance 2
M-WIWI-101502 - Economic Theory and its Application in Finance

Type Credits Grading scale Recurrence Version
Written examination 4,5 Grade to a third Each summer term 1
Events
ST 2025 2530214 Advanced Corporate Finance 2 SWS | Lecture / @ Ruckes
Exams
WT 24/25 | 7900058 Advanced Corporate Finance Ruckes
ST 2025 7900317 Advanced Corporate Finance Ruckes

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment of this course is a written examination (following §4(2), 1 SPO) of 60 mins.

The exam is offered each semester.

Below you will find excerpts from events related to this course:

Advanced Corporate Finance Lecture (V)
2530214, SS 2025, 2 SWS, Language: English, Open in study portal On-Site

Content

The course covers the foundational principles of advanced topics of corporate finance, such as corporate governance, executive
compensation, strategy & finance, mergers & acquisitions (M&A), and sustainable finance. Additionally, the course explores the
respective institutional aspects within these areas of corporate finance. The approach is holistic, including both theoretical-
conceptional aspects (e.g., moral hazard and the influence of asymmetric information) and empirical insights (e.g., the effects of
financial decisions on firm value). Throughout, the course will emphasize both fundamental and current research findings.

Learning outcomes:

Upon successful completion of the course, students will possess profound knowledge and skills in advanced areas of corporate
finance. These areas include topics such as corporate governance, executive compensation, strategy and finance, mergers and
acquisitions (M&A), as well as key aspects of sustainable finance. Participants of this course will be able to describe and analyze the
theoretical and conceptual foundations of the effects of information asymmetries and moral hazard on corporate financing
behavior and assess their impact in corporate practice. Furthermore, upon completion of the course, participants will be familiar
with the fundamental institutional elements in these areas and be able to discuss and solve advanced problems in corporate
finance from both a theoretical and an empirical perspective. Moreover, students will acquire an advanced understanding of the
central scientific findings in these topic areas, which will enable them to critically apply them in scientific and practical contexts.

Literature

Verschiedene Literaturquellen, u.a. Brealey/Myers/Allen/Edmans: Principles of Corporate Finance; Thomson/Conyon: Corporate
Governance: Mechanisms and Systems; Larcker/Tayan: Corporate Governance Matters. Weitere Literatur wird in der
Lehrveranstaltung bekannt gegeben.

Various source of literature, among others Brealey/Myers/Allen/Edmans: Principles of Corporate Finance; Thomson/Conyon:
Corporate Governance: Mechanisms and Systems; Larcker/Tayan: Corporate Governance Matters. Additional reading materials
will be introduced during the course.
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4 COURSES Course: Advanced Empirical Asset Pricing [T-WIWI-110513]

4.7 Course: Advanced Empirical Asset Pricing [T-WIWI-110513]

Responsible:  TT-Prof. Dr. Julian Thimme
Organisation: KIT Department of Economics and Management

Part of: M-WIWI-101480 - Finance 3
M-WIWI-101483 - Finance 2

Type Credits Grading scale Recurrence Version
Written examination 4,5 Grade to a third Each winter term 1
Exams
WT 24/25 | 7900319 Advanced Empirical Asset Pricing Thimme
ST 2025 7900321 Advanced Empirical Asset Pricing Thimme

Competence Certificate

The success control takes place in form of a written examination (60 min) during the semester break. If the number of participants
is low, an oral examination may also be offered. The examination is offered every semester and can be repeated at any regular

examination date.

A bonus can be acquired by submitting exercise solutions to 80% of the assigned exercise tasks. If the grade of the written
examination is between 4.0 and 1.3, the bonus improves the grade by up to one grade level (0.3 or 0.4). Details will be announced in

the lecture.

Recommendation

We strongly recommend knowledge of the basic topics in investments (bachelor course), which will be necessary to be able to

follow the course. In addition, prior participation in the Asset Pricing Master course is strongly recommended.

Annotation
New course from winter semester 2019/2020.

Workload
135 hours
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4 COURSES Course: Advanced Game Theory [T-WIWI-102861]

4.8 Course: Advanced Game Theory [T-WIWI-102861]

Responsible:  Prof. Dr. Karl-Martin Ehrhart
Prof. Dr. Clemens Puppe
Prof. Dr. Johannes Philipp Reil3

Organisation: KIT Department of Economics and Management
Partof: M-WIWI-101500 - Microeconomic Theory

M-WIWI-101502 - Economic Theory and its Application in Finance
M-WIWI-102970 - Decision and Game Theory

Type Credits Grading scale Recurrence Version
Written examination 4,5 Grade to a third Each winter term 2

Events

WT 24/25 | 2500037 Advanced Game Theory 2SWS Lecture / @ Puppe, Ammann
WT 24/25 | 2500038 Ubung zu Advanced Game Theory |1SWS | Practice / @ Puppe, Ammann
Exams

WT 24/25 | 7900013 Advanced Game Theory Puppe

ST 2025 7900126 Advanced Game Theory Puppe

Legend: B Online, ?f?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment consists of a written exam (60 minutes) (following §4(2), 1 of the examination regulation). The exam takes place in
every semester. Re-examinations are offered at every ordinary examination date.

Prerequisites
None

Recommendation
Basic knowledge of mathematics and statistics is assumed.

Below you will find excerpts from events related to this course:

Advanced Game Theory Lecture (V)
2500037, WS 24/25, 2 SWS, Language: English, Open in study portal On-Site
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https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x58DC80DC0B8B4D4D9C93734B3392903D
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https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x58DC80DC0B8B4D4D9C93734B3392903D

4 COURSES Course: Advanced Game Theory [T-WIWI-102861]

Content
The course “Advanced Game Theory” deals with the formulation and solution concepts of games. A game is defined as a formal
representation of a situation in which a number of individuals interact in a setting of strategic interdependence.

The first part of the course builds upon the topics of the bachelor’s course “Introduction to Game Theory”. In particular, in contrast
to the bachelor’s lecture, the course introduces a rigorous mathematical treatment of simultaneous move and dynamic games
(noncooperative games) as well as their solution concepts.

The second part of the course deals with the topics of evolutionary and cooperative game theory. Both the models as well as the
solution concepts of evolutionary stable strategies, the core, and the Shapley value are introduced.

The third part of the course embeds the topic of game theory in the more general context of mechanism design and concludes with
the introduction of voting games and their solution concepts.

Learning objectives:
The student should learn

¢ toname and define the models and solution concepts of a variety of games in both mathematical-formal and precise verbal
form.

¢ tosolve games of different types and difficulties with the appropriate solution concepts.

¢ toprove and reason about simple statements on games and their solution concepts.

¢ tomodel strategic interdependencies in the real world as games in a formal mathematical way.

Workload:

Total workload for 4.5 credit points: approx. 135 hours
Attendance: 30 hours

Self-study: 105 hours

Literature

e Mas-Colell, A., Whinston, M. D. and Green, J. R. 1995. Microeconomic Theory. Oxford University Press.
e Osborne, M. J. and Rubinstein, A. 1998. A Course in Game Theory. 5. print. MIT Press.
e Myerson, R. B. 1997. Game Theory: Analysis of Conflict. Harvard University Press.
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4 COURSES Course: Advanced Inverse Problems: Nonlinearity and Banach Spaces [T-MATH-105927]

T 4.9 Course: Advanced Inverse Problems: Nonlinearity and Banach Spaces [T-
MATH-105927]

Responsible:  Prof. Dr. Andreas Rieder
Organisation:  KIT Department of Mathematics
Partof: M-MATH-102955 - Advanced Inverse Problems: Nonlinearity and Banach Spaces

Type Credits Grading scale Version
Oral examination 5 Grade to a third 1

Prerequisites
none
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4 COURSES Course: Advanced Lab Blockchain Hackathon (Master) [T-WIWI-111126]

4.10 Course: Advanced Lab Blockchain Hackathon (Master) [T-WIWI-111126]

Responsible:  Prof. Dr. Ali Sunyaev
Organisation: KIT Department of Economics and Management
Part of: M-WIWI-101472 - Informatics

Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third Each term 1

Competence Certificate
The alternative exam assessment consists of:

e apractical work
e apresentation and
e awritten seminar thesis

Practical work, presentation and written thesis are weighted according to the course.

Prerequisites
None

Workload
135 hours
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4 COURSES

Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

4.11 Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Responsible:
Organisation:

Professorenschaft des Instituts AIFB
KIT Department of Economics and Management

Part of: M-WIWI-101472 - Informatics
Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third Each term 1

Events

WT 24/25 12512101 Seminar: Digital Twins with Lego: 2 SWS Seminar / @& Lazarova-Molnar, Gotz,
Hands-on Workshop in Data-driven Khodadadi
Simulation (Master)

WT 24/25 | 2512205 Lab Realisation of innovative 3SWS Practical course/ §3 | Toussaint, Schiefer,
services (Master) Schiler

WT 24/25 (2512314 Practical Course Linked Data and 3SWS Practical course / @ | Kafer, Braun
the Semantic Web (Master)

WT 24/25 12512401 Practical Course Sociotechnical 3SWS Practical course /B | Sunyaev, Leiser
Information Systems Development
(Master)

WT 24/25 | 2512501 Practical Course Cognitive 3SWS Practical course / €3 | Z6lIner, Daaboul
automobiles and robots (Master)

WT 24/25 | 2512600 Project lab Information Service 3SWS Practical course / €3 | Sack
Engineering (Master)

ST 2025 2512205 Lab Realisation of innovative 3SWS Practical course / € | Schiefer, Toussaint,
services (Master) Ullrich

ST 2025 2512207 Smart Living Lab - loT for Everyday |3 SWS Practical course / @ | Oberweis, Rybinski
(Master)

ST 2025 2512500 Project Lab Machine Learning 3SWS Practical course / 253 Daaboul, ZélIner,

Schneider

ST 2025 2512555 Praktikum Security, Usability and 3SWS Practical course / §S$ Volkamer, Strufe,

Society (Master) Berens, Mossano,
Hennig, Veit, Lange

ST 2025 2512600 Project lab Telling Data Stories with | 3 SWS Practical course / €3 | Sack, Tietz
Semantic Technologies and
Generative Al (Master)

Exams

WT 24/25 | 7900046 Advanced Lab Security (Master) Volkamer

WT 24/25 |7900102 Advanced Lab Information Service Engineering (Master) Sack

WT 24/25 |7900107 Advanced Lab Cognitive Automobile and Robots (Master) Z6llner

WT 24/25 7900143 Advanced Lab Development of Sociotechnical Information Systems Sunyaev
(Master)

WT 24/25 |7900218 Advanced Lab Linked Data and the Semantic Web (Master) Kafer

WT 24/25 | 7900306 Advanced Lab Realization of Innovative Services (Master) Oberweis

WT 24/25 |7900307 Advanced Lab Security, Usability and Society (Master) Volkamer

Legend: B Online, $3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The alternative exam assessment consists of:

e apractical work
e apresentation and
e awritten seminar thesis

Practical work, presentation and written thesis are weighted according to the course.
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https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xCF31F1E64E174637A7622D2A26FAD8C9
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x96CDCF5E39964FAB878B42D751850210
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x1EE8AFF957C54632A6E686D04E541388
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xABB95825339D4814A59983118EC18716
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x7649F68DCA164AE2AD5474C3ECE52438
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x7484E13021F7463283DDAC0C85C936BD
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x2BDE0AD798A849C1AE45E20AE732DC48
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x04137EAE693347BAB964089EC50348CF
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xE7620EAB851C47568D505028B7E8E9D3
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xBFD4F89B89004544915A0E2B91C38DE1
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xEA22509D32904DDCB46A1682CD8D1A63
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x67E56A99C4F1455EA51EC01956664362
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xC86F7B36363C49E6A4ECAE7A92889059
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x6B8F0AB971D3407EB2F14DA53E701E32
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x16853FBBB00145EA9C258C6FC4542F7F
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x1DD31C723B004DEA949C9B1C20B6776A
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xC8C479329280421792467E81FF690B96
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x2398209B5E0E44BE87CED5BD20E31831

4 COURSES Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Prerequisites
None

Annotation
The title of this course is a generic one. Specific titles and the topics of offered seminars will be announced before the start of a
semester in the internet at https://portal.wiwi.kit.edu.

Workload
135 hours

Below you will find excerpts from events related to this course:

Lab Realisation of innovative services (Master) Practical course (P)
2512205, WS 24/25, 3 SWS, Language: German, Open in study portal Blended (On-Site/Online)

Content
As part of the lab, the participants should work together in small groups to realize innovative services (mainly for students).

Organizational issues
Informationen zu Themen und die Anmeldung erfolgt vor Praktikumsbeginn im Wiwi-Portal
https://portal.wiwi.kit.edu/ys

Practical Course Linked Data and the Semantic Web (Master) Practical course (P)
2512314, WS 24/25, 3 SWS, Language: German/English, Open in study portal On-Site

Content
Linked Data is a way of publishing data on the web in a machine-understandable fashion. The aim of this practical seminar is to
build applications and devise algorithms that consume, provide, or analyse Linked Data.

The Linked Data principles are a set of practices for data publishing on the web. Linked Data builds on the web architecture and
uses HTTP for data access, and RDF for describing data, thus aiming towards web-scale data integration. There is a vast amount of
data available published according to those principles: recently, 4.5 billion facts have been counted with information about various
domains, including music, movies, geography, natural sciences. Linked Data is also used to make web-pages machine-
understandable, corresponding annotations are considered by the big search engine providers. On a smaller scale, devices on the
Internet of Things can also be accessed using Linked Data which makes the unified processing of device data and data from the web
easy.

In this practical seminar, students will build prototypical applications and devise algorithms that consume, provide, or analyse
Linked Data. Those applications and algorithms can also extend existing applications ranging from databases to mobile apps.

For the seminar, programming skills or knowledge about web development tools/technologies are highly recommended. Basic
knowledge of RDF and SPARQL are also recommended, but may be acquired during the seminar. Students will work in groups.
Seminar meetings will take place as 'Block-Seminar'.

Topics of interest include, but are not limited to:

Travel Security
Geo data
Linked News
Social Media

The exact dates and information for registration will be announced at the event page.

Practical Course Cognitive automobiles and robots (Master) Practical course (P)
2512501, WS 24/25, 3 SWS, Language: German/English, Open in study portal Blended (On-Site/Online)
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4 COURSES Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Content

The lab is intended as a practical supplement to courses such as "Machine Learning 1/2".

Scientific topics, mostly in the area of autonomous driving and robotics, will be addressed in joint work with ML/KI methods. The
goal of the internship is for participants to design, develop, and evaluate ML Software system.

In addition to the scientific goals, such as the study and application of methods, the aspects of project-specific teamwork in
research (from specification to presentation of results) are also worked on in this internship.

The individual projects require the analysis of the set task, selection of appropriate methods, specification and implementation and
evaluation of the solution approach. Finally, the selected solution is to be documented and presented in a short lecture.

Learning Objectives:

o Students will be able to practically apply theoretical knowledge from lectures on machine learning to a selected area of
current research.

e Students will be proficient in analyzing and solving thematic problems.

e Students will be able to evaluate, document, and present their concepts and results.

Recommendations:

e Theoretical knowledge of machine learning and/or Al.
e Python knowledge
¢ Initial experience with deep learning frameworks such as PyTorch/Jax/Tensorflow may be beneficial.

Workload:

The workload of 5 credit points consists of practical implementation of the selected solution, as well as time for literature research
and planning/specification of the selected solution. In addition, a short report and presentation of the work performed will be
prepared.

Organizational issues
Anmeldung und weitere Informationen sind im Wiwi-Portal zu finden.

Registration and further information can be found in the WiWi-portal.

Project lab Information Service Engineering (Master) Practical course (P)
2512600, WS 24/25, 3 SWS, Language: English, Open in study portal Blended (On-Site/Online)
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4 COURSES Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Content

The ISE project lab is based on the summer semester lecture "Information Service Engineering". Goal of the course is to work on a
given research problem in small groups (3-4 students) related to the ISE lecture topics, i.e. Natural Language Processing,
Knowledge Graphs, and Machine Learning. The solution of the given research problem requires the development of a software
implementation.

The project will be worked on in teams of 3-4 students each, guided by a tutor from the teaching staff.
Required coursework includes:

Mid term presentation (5-10 min)

Final presentation (10-15 min)

Course report (c. 16 pages)

Participation and contribution of the students during the course
Software development and delivery

Notes:

The ISE project lab can also be credited as a seminar (if necessary).

The project will be worked on in teams of 3-4 students each, guided by a tutor from the teaching staff.
Participation will be restricted to 16 students.

Participation in the lecture "Information Service Engineering" (summer semester) is required. There are video recordings on our
youtube channel.

ISE Tutor Team:

Dr. Genet Asefa Gesese

Dr. Shufan Jiang

Dr. Anna Jacysyzn

M. Sc. Ebrahim Norouzi

M. Sc. Sarah Rebecca Ondraszek
B.Sc. Tabea Tietz

WS 2024/25 Tasks List:

Generating Competency Questionss from ontologies using LLMs

Ontology Verbalization and Categorization via LLMs

Towards the Automated Extraction of Patterns from Ontologies with Large Language Models
Leveraging Large Language Models for Artwork Recognition from Historical Texts
Identification of mathematical definitions from Scientific Papers

The Chronicles of Culture Knowledge Graphs: Creating Data Stories with Generative Al

Literature
ISE video channel on youtube: https://www.youtube.com/channel/UCjkkhNSNuXrJpMYZoeSBwé6Q/

Lab Realisation of innovative services (Master) Practical course (P)
2512205, SS 2025, 3 SWS, Language: German, Open in study portal On-Site

Content
As part of the lab, the participants should work together in small groups to realize innovative services (mainly for students).

Organizational issues
Informationen zu Themen und die Anmeldung erfolgt vor Praktikumsbeginn im Wiwi-Portal
https://portal.wiwi.kit.edu/ys

Smart Living Lab - loT for Everyday (Master) Practical course (P)
2512207, SS 2025, 3 SWS, Language: German, Open in study portal On-Site

Content
As part of the lab, various topics on everyday automation are offered. During the lab, the participants will gain an insight into
problem-solving oriented project work and work on a project together in small groups.

In case of questions, please contact fabian.rybinski@kit.edu.
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4 COURSES Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Organizational issues
Informationen zu Themen und die Anmeldung erfolgt vor Praktikumsbeginn im Wiwi-Portal
https://portal.wiwi.kit.edu/ys

Bei Fragen bitte an fabian.rybinski@kit.edu wenden.

Project Lab Machine Learning Practical course (P)
2512500, SS 2025, 3 SWS, Language: German/English, Open in study portal Blended (On-Site/Online)

Content

The lab is intended as a practical supplement to lectures such as "Machine Learning". The theoretical basics are applied in the lab
course. The aim of the lab course is that the participants work together to design, develop and evaluate a subsystem from the field
of robotics and cognitive systems using one or more procedures from the field of Al/ML.

In addition to the scientific objectives involved in the investigation and application of the methods, aspects of project-specific
teamwork in research (from specification to presentation of the results) are also developed in this practical course.

The individual projects require the analysis of the task at hand, selection of suitable procedures, specification and implementation
and evaluation of the approach taken. Finally, the chosen solution has to be documented and presented in a short presentation.

Learning objectives:

e Students can practically apply knowledge from the Machine Learning lecture in a selected field of current research in
robotics or cognitive automobiles.

e Students master the analysis and solution of corresponding problems in a team.

e Students can evaluate, document and present their concepts and results.

Recommendations:
Attendance of the lecture machine learning, C/C++ knowledge, Python knowledge
Workload:

The workload of 5 credit points consists of the time spent in the lab for practical implementation of the selected solution, as well as
the time spent on literature research and planning/specifying the proposed solution. In addition, a short report and a presentation
of the work carried out will be prepared.

Organizational issues
Anmeldung und weitere Informationen sind im Wiwi-Portal zu finden.

Registration and further information can be found in the WiWi-portal.

Praktikum Security, Usability and Society (Master) Practical course (P)
2512555, SS 2025, 3 SWS, Language: English, Open in study portal Blended (On-Site/Online)

Content

In the lab-course “Security, Usability and Society”, students deal with practical and interdisciplinary topics from the field of IT
security and privacy at the cutting edge of society. In addition to the programming of data-saving apps, the development or
implementation of user studies can also be possible tasks in this course.

The course can be credited towards the KASTEL certificate. Further information about the KASTEL certificate can be found on the
SECUSO website: https://secuso.aifb.kit.edu/Studium_und_Lehre.php

Prerequisites::

The internship is aimed at Bachelor's and Master's students from the Industrial Engineering and Management, Business
Informatics and Computer Science degree programs as well as related degree programs.

Organization:
There are two mandatory attendance dates: The kick-off is scheduled for the first week of the lectures, and the final presentations
will take place in the second to last week of lectures. Additional dates will be arranged individually with the supervisors. All in-

person lectures will be held in English. The main components of the course is the work on the respective topic, a final presentation
and a final report. After consultation with the supervisor, all components can be either completed in German or English.

#=If you have any questions about the course or the registration, please contact contact@secuso.org.

Registration:s&

The topics for the course as well as the registration is organized via the WiWi-Portal. To reserve a place and choose a topic,
students register for the course in the WiWi-Portal. A description of the current topics as well as important dates and deadlines
can also be found there.&

Please note that the number of topics is limited and topics are allocated in the order of registration.
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4 COURSES Course: Advanced Lab Informatics (Master) [T-WIWI-110548]

Project lab Telling Data Stories with Semantic Technologies and Generative .

Al (Master) Practical course (P)
Blended (On-Site/Online)

2512600, SS 2025, 3 SWS, Language: English, Open in study portal

Content

Large Knowledge Graphs are often overwhelming for non-technical users due to their complexity, making it difficult to understand
the structures and contents in a clear and intuitive way. Data Stories are designed to help users explore data; they simplify the
complex relationships within Knowledge Graphs, reveal "hidden" connections and patterns between entities, and provide narrative
summaries that highlight the most relevant aspects of large datasets. This makes it easier for non-technical users to intuitively
explore and interpret graph data, helping them discover insights they weren’t specifically searching for.

In this course, we aim to conceptualize and implement methods for creating Data Stories from large and complex Knowledge
Graphs. This includes the creation of engaging visualizations and the use of generative Al to bridge the gap between data creators
and users. Domain experts will share their insights into the data and help evaluate the effectiveness of the Data Stories.

In this course you have the chance to combine creativity and practical implementation tasks to develop solutions for real-world
projects and problems.
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4 COURSES Course: Advanced Lab Realization of Innovative Services (Master) [T-WIWI-112914]

T 4.12 Course: Advanced Lab Realization of Innovative Services (Master) [T-
WIWI-112914]

Responsible:  Prof. Dr. Andreas Oberweis
Organisation:  KIT Department of Economics and Management
Partof: M-WIWI-101472 - Informatics

Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third Each term 1
Events
WT 24/25 | 2512205 Lab Realisation of innovative 3SWS Practical course/ §3 | Toussaint, Schiefer,
services (Master) Schiiler
ST 2025 2512205 Lab Realisation of innovative 3SWS Practical course / @ | Schiefer, Toussaint,
services (Master) Ullrich
Exams
WT 24/25 7900218 Advanced Lab Linked Data and the Semantic Web (Master) Kafer
WT 24/25 | 7900306 Advanced Lab Realization of Innovative Services (Master) Oberweis

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The alternative exam assessment consists of:

e apractical work
e apresentation and
e awritten seminar thesis

Practical work, presentation and written thesis are weighted according to the course.

Annotation
As part of the lab, the participants should work together in small groups to produce innovative services (mainly for students).

Further information can be found on the ILIAS page of the lab.

Workload
135 hours

Below you will find excerpts from events related to this course:

Lab Realisation of innovative services (Master) Practical course (P)
2512205, WS 24/25, 3 SWS, Language: German, Open in study portal Blended (On-Site/Online)

Content
As part of the lab, the participants should work together in small groups to realize innovative services (mainly for students).

Organizational issues
Informationen zu Themen und die Anmeldung erfolgt vor Praktikumsbeginn im Wiwi-Portal
https://portal.wiwi .kit.edu/ys

Lab Realisation of innovative services (Master) Practical course (P)
2512205, SS 2025, 3 SWS, Language: German, Open in study portal On-Site

Content
As part of the lab, the participants should work together in small groups to realize innovative services (mainly for students).

Organizational issues
Informationen zu Themen und die Anmeldung erfolgt vor Praktikumsbeginn im Wiwi-Portal
https://portal.wiwi .kit.edu/ys
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4 COURSES

Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

4.13 Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

Responsible:
Organisation:

Prof. Dr. Melanie Volkamer
KIT Department of Economics and Management

Part of: M-WIWI-101472 - Informatics
Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third see Annotations 2
Events
WT 24/25 | 2512554 Praktikum Security, Usability and 3SWS Practical course / é,‘? Volkamer, Strufe,
Society (Bachelor) Berens, Morisco,
Fallahi, Ballreich,
Hennig, Lange,
Mossano
WT 24/25 |2512555 Praktikum Security, Usability and 3SWS Practical course / €3 | Volkamer, Strufe,
Society (Master) Berens, Fallahi,
Morisco, Ballreich,
Hennig, Lange,
Mossano
ST 2025 2512554 Practical lab Security, Usability and | 3 SWS Practical course / €3 | Volkamer, Strufe,
Society (Bachelor) Berens, Mossano,
Hennig, Veit, Lange,
Fallahi
ST 2025 2512555 Praktikum Security, Usability and 3SWS Practical course / €3 | Volkamer, Strufe,
Society (Master) Berens, Mossano,
Hennig, Veit, Linge
Exams
WT 24/25 |7900116 Advanced Lab Security, Usability and Society (Bachelor) Volkamer
WT 24/25 | 7900307 Advanced Lab Security, Usability and Society (Master) Volkamer

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate

The alternative exam assessment consists of:

e apractical work

e apresentation and possibly
e awritten seminar thesis

Practical work, presentation and written thesis are weighted according to the course.

Prerequisites

None

Recommendation
Knowledge from the lecture "Information Security" is recommended.

Annotation

The course will not be offered in the summer semester 2023.

Workload
135 hours

Below you will find excerpts from events related to this course:

Praktikum Security, Usability and Society (Bachelor)

2512554, WS 24/25, 3 SWS, Language: German/English, Open in study portal
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4 COURSES Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

Content
English:

The Praktikum Security, Usability and Society will cover topics both of usable security and privacy programming, and how to
conduct user studies. To reserve a place, please, register on the WiWi portal and send an email with your chosen topic, plus a back-
up one, to mattia.mossano@kit.edu . Topics are assigned first-come-first-served until all of them are filled. Topics in italics have
already been assigned.

Application deadline 25.10.2024
Assignment  30.10.2024
Confirmation deadline 03.11.2024

Important dates:
Kick-off: 23.10.2024,09:00 AM CET in Big Blue Button - Link and Kronenplatz 5.20, 3A-11.1

Report & code feedback deadline:  26.01.2025, 23:59 CET
Feedback on Report & code: 10.02.2025, 23:59 CET
Final report + code deadline: 17.02.2025,23:59 CET

Presentation draft deadline: 23.02.2025,23:59 CET
Feedback on presentation draft: 28.02.2025,23:59 CET
Final presentation deadline: 07.03.2025,23:59 CET

Presentation day: 11.03.2025,09:00 CET
Topics:

Privacy Friendly Apps

In this area, students complete an app (or an extension of an app) among our Privacy-Friendly Apps. Please click the following link
to know more about them: https://secuso.aifb.kit.edu/english/105.php . Students are provided with a point list of goals, containing
both basic features mandatory to pass the course and more advanced ones that heighten the final grade.

Title: NoPhish App Rework

Number of students: 2 Ba/Ma

Description: The NoPhish app was one of the first measures from the NoPhish concept. The app has been around for a long time
and has not been updated since then. Accordingly, the task of the project is to make the app functional for the current Android
version. The app is also to be optimized so that updates, e.g. new chapters, can be added easily.

Designing Security User studies

These topics are related to how to set up and conduct user studies of various types. Online studies, interviews and lab studies are
possible. At the end of the semester, the students present a report / paper and a talk in which they present their methodologies and
the results of small pre-studies.

Title: IT-Security and Privacy Studies in the health sector

Number of students: 1 Ba/Ma

Description: Cyberattacks in the healthcare sector are on the rise and medical facilities are increasingly becoming the target of
hacker attacks. This often affects sensitive patient data or, in the event of a cyberattack, patient care. The German Federal Office
for Information Security (BSI) reports that “[t]he security situation of the IT infrastructure of medical practices in Germany [...] has
hardly been studied to date.” The aim of the work is to find out which scientific studies already exist in the field of IT security and
privacy and which best practices can be derived from these studies, e.g. on the subject of recruitment, study design or
consideration of special needs.

Title: Understanding Privacy and Security Risk Awareness Among Sports Science Students at KIT

Number of students: 1 Ba/Ma

Description: Privacy and Security Awareness in Data Handling: The key issue is that many sports science students may not fully
understand the privacy and security risks involved in handling sensitive data. As students increasingly deal with personal and
research-related information, gaps in their awareness of data protection, such as risks of data breaches or misuse, can lead to
significant vulnerabilities. The aim of the task is to design a survey that assesses their current understanding of these risks, helping
to identify areas where further education or guidance is needed.

Run Usable Security Studies and Results Analysis

These topics are related to run and analyze the results of user-studies. Online studies, interviews and lab studies are all possible,
depending on the topic. At the end of the semester, the students present a report / paper with the analyses conducted and a talk in
which they present the results.
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4 COURSES Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

Title: Visualization of Eye Gaze Patterns during Authentication Tasks

Number of students: 1 Ba/Ma

Description: In this project, students will analyze and visualize eye gaze data collected during two specific authentication tasks: the
Dot Task and the Slider Task. The primary objective is to represent subjects' eye movements visually, enhancing the understanding
of gaze patterns during the authentication process. *Dot Task Visualization:* For the Dot Task, participants were instructed to
focus on a sequence of dots displayed on a screen. The dataset includes the positions of these dots and the corresponding gaze
locations of the subjects. The student's task is to create a dynamic visualization that not only represents these positions accurately
but also illustrates the sequence in which the dots were focused on by the subjects. *Slider Task Visualization:* The Slider Task
involved presenting participants with a series of images, for which both the images' locations on the screen and the subjects' gaze
locations are recorded. The challenge is to develop a heatmap visualization based on this data, effectively demonstrating the
concentration and dispersion of gaze points across different images.

Title: Compare BSI Phishing Game with the NoPhish Game

Number of students: 1 Ba

Description: The NoPhish app, one of the first implementations of the NoPhish concept, is a form of serious game. The BSI has also
developed a game in the field of phishing. Both "games" use different approaches to impart knowledge from the same context. The
aim is to evaluate the two games in terms of similarities and differences.

Title: Chatbots for Literature Reviews

Number of students: 1 Ba

Description: Chatbots are becoming increasingly popular and are already being used in various areas. But in what form can these
bots be used for science? The variety of chatbots also raises the question of whether there are chatbots that are better suited to a
scientific context. The aim is to identify a selection of chatbots and evaluate them in terms of their effectiveness for future
literature research. To this end, the results of the chatbots will be compared with the ACM database in order to check their
effectiveness for finding literature for a specific period of time.

Title: Phishing Advice from Organizations (English Only)

Number of students: 1 Ba/Ma

Description: Many companies distribute information on how to recognize phishing via various channels such as e-mails, e.g.
Amazon or Telekom. The question arises as to how helpful these tips are in reality. Are they too specific to the context of the
company or so abstractly formulated that they are of no real help to users? The aim of the work is to collect various hints and then
compare them with the hints of the NoPhish concept in order to find differences and similarities between the hints and the
concept.

Title: How do website owners become aware that their website was hacked?

Number of students: 1 Ba/Ma

Description: We identified website owners that were affected by a hack on their website and sent them a notification. During the
course of the notification process, we also identified several websites who seemingly remediated the hack before our notification.
We now wanted to find out, how those website owners got aware of the hack. If they were notified by a third party, we would also
like to know how and by whom they were notified and what their feelings were with respect to the notification.

Title: Cognitive Walkthrough for applying, installing, and using an S/MIME certificate at KIT

Number of students: 1-2 Ba/Ma

Description: The main application of S/MIME is the encryption and signing of e-mail messages. The KIT offers all members the
opportunity to have S/MIME certificates issued and has recently started using a new process of the European research network
GEANT for this purpose. The aim of this work is to carry out a cognitive walkthrough with members of the KIT to apply for, set up
and use S/MIME certificates and to identify problem areas and obstacles.

Title: Anti-phishing information presented in medias and anti-phishing channels (English only)

Number of students: 1 Ba

Description: Several different channels exists to disseminate information about phishing, be it recent major campaigns or more
specific recommendations. Some of these are through social networks accounts, others are specific webpages created "ad hoc" by
certain organizations (e.g., Action Fraud in the UK, the BSI). The goal of this topic is to conduct a media review of several channels,
collect the data, and compare it with results from a previous iteration of this same topic.

This event counts towards the KASTEL certificate. Further information on how to obtain the certificate can be found on the
SECUSO website https://secuso.aifb.kit.edu/Studium_und_Lehre.php) .

Praktikum Security, Usability and Society (Master) Practical course (P)
2512555, WS 24/25, 3 SWS, Language: German/English, Open in study portal Blended (On-Site/Online)
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4 COURSES Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

Content
English:

The Praktikum Security, Usability and Society will cover topics both of usable security and privacy programming, and how to
conduct user studies. To reserve a place, please, register on the WiWi portal and send an email with your chosen topic, plus a back-
up one, to mattia.mossano@kit.edu . Topics are assigned first-come-first-served until all of them are filled. Topics in italics have
been already assigned.

Application deadline 25.10.2024
Assignment  30.10.2024
Confirmation deadline 03.11.2024

Important dates:
Kick-off: 23.10.2024,09:00 AM CET in Big Blue Button - Link and Kronenplatz 5.20, 3A-11.1

Report & code feedback deadline:  26.01.2025, 23:59 CET
Feedback on Report & code: 10.02.2025, 23:59 CET
Final report + code deadline: 17.02.2025,23:59 CET

Presentation draft deadline: 23.02.2025,23:59 CET
Feedback on presentation draft: 28.02.2025,23:59 CET
Final presentation deadline: 07.03.2025,23:59 CET

Presentation day: 11.03.2025,09:00 CET
Topics:

Privacy Friendly Apps

In this area, students complete an app (or an extension of an app) among our Privacy-Friendly Apps. Please click the following link
to know more about them: https://secuso.aifb.kit.edu/english/105.php . Students are provided with a point list of goals, containing
both basic features mandatory to pass the course and more advanced ones that heighten the final grade.

Title: NoPhish App Rework

Number of students: 2 Ba/Ma

Description: The NoPhish app was one of the first measures from the NoPhish concept. The app has been around for a long time
and has not been updated since then. Accordingly, the task of the project is to make the app functional for the current Android
version. The app is also to be optimized so that updates, e.g. new chapters, can be added easily.

Designing Security User studies

These topics are related to how to set up and conduct user studies of various types. Online studies, interviews and lab studies are
possible. At the end of the semester, the students present a report / paper and a talk in which they present their methodologies and
the results of small pre-studies.

Title: Usability of Password Managers in Virtual Reality

Number of students: 2 Ma

Description: The pre-dominant form of authentication in Virtual Reality (VR) are passwords. Passwords create a burden for users
in the VR environment because of special input methods and the virtual keyboard [Stephenson, S. et al (2022). SoK: Authentication
in Augmented and Virtual Reality]. Password Managers (PMs) can support the user with handling this problem [Mayer, P. et al.
(2022). Why Users (Don't) Use Password Managers at a Large Educational Institution]. They offer auto-filling features, store
credentials in an overview or generate complex and secure passwords. Especially in the VR context, where typing a password is
slow and complex, PMs can be beneficial. We want to explore the different PMs in VR and test the usability to find challenges and
possible solutions.

Title: IT-Security and Privacy Studies in the health sector

Number of students: 1 Ba/Ma

Description: Cyberattacks in the healthcare sector are on the rise and medical facilities are increasingly becoming the target of
hacker attacks. This often affects sensitive patient data or, in the event of a cyberattack, patient care. The German Federal Office
for Information Security (BSI) reports that “[t]he security situation of the IT infrastructure of medical practices in Germany [...] has
hardly been studied to date.” The aim of the work is to find out which scientific studies already exist in the field of IT security and
privacy and which best practices can be derived from these studies, e.g. on the subject of recruitment, study design or
consideration of special needs.

Title: Understanding Privacy and Security Risk Awareness Among Sports Science Students at KIT

Number of students: 1 Ba/Ma

Description: Privacy and Security Awareness in Data Handling: The key issue is that many sports science students may not fully
understand the privacy and security risks involved in handling sensitive data. As students increasingly deal with personal and
research-related information, gaps in their awareness of data protection, such as risks of data breaches or misuse, can lead to
significant vulnerabilities. The aim of the task is to design a survey that assesses their current understanding of these risks, helping
to identify areas where further education or guidance is needed.

Run Usable Security Studies and Results Analysis
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4 COURSES Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

These topics are related to run and analyze the results of user-studies. Online studies, interviews and lab studies are all possible,
depending on the topic. At the end of the semester, the students present a report / paper with the analyses conducted and a talk in
which they present the results.

Title: Visualization of Eye Gaze Patterns during Authentication Tasks

Number of students: 1 Ba/Ma

Description: In this project, students will analyze and visualize eye gaze data collected during two specific authentication tasks: the
Dot Task and the Slider Task. The primary objective is to represent subjects' eye movements visually, enhancing the understanding
of gaze patterns during the authentication process. *Dot Task Visualization:* For the Dot Task, participants were instructed to
focus on a sequence of dots displayed on a screen. The dataset includes the positions of these dots and the corresponding gaze
locations of the subjects. The student's task is to create a dynamic visualization that not only represents these positions accurately
but also illustrates the sequence in which the dots were focused on by the subjects. *Slider Task Visualization:* The Slider Task
involved presenting participants with a series of images, for which both the images' locations on the screen and the subjects' gaze
locations are recorded. The challenge is to develop a heatmap visualization based on this data, effectively demonstrating the
concentration and dispersion of gaze points across different images.

Title: Phishing Advice from Organizations (English Only)

Number of students: 1 Ba/Ma

Description: Many companies distribute information on how to recognize phishing via various channels such as e-mails, e.g.
Amazon or Telekom. The question arises as to how helpful these tips are in reality. Are they too specific to the context of the
company or so abstractly formulated that they are of no real help to users? The aim of the work is to collect various hints and then
compare them with the hints of the NoPhish concept in order to find differences and similarities between the hints and the
concept.

Title: How do website owners become aware that their website was hacked?

Number of students: 1 Ba/Ma

Description: We identified website owners that were affected by a hack on their website and sent them a notification. During the
course of the notification process, we also identified several websites who seemingly remediated the hack before our notification.
We now wanted to find out, how those website owners got aware of the hack. If they were notified by a third party, we would also
like to know how and by whom they were notified and what their feelings were with respect to the notification.

Title: Cognitive Walkthrough for applying, installing, and using an S/MIME certificate at KIT

Number of students: 1-2 Ba/Ma

Description: The main application of S/MIME is the encryption and signing of e-mail messages. The KIT offers all members the
opportunity to have S/MIME certificates issued and has recently started using a new process of the European research network
GEANT for this purpose. The aim of this work is to carry out a cognitive walkthrough with members of the KIT to apply for, set up
and use S/MIME certificates and to identify problem areas and obstacles.

This event counts towards the KASTEL certificate. Further information on how to obtain the certificate can be found on the
SECUSO website https://secuso.aifb.kit.edu/Studium_und_Lehre.php) .

Practical lab Security, Usability and Society (Bachelor) Practical course (P)
2512554, SS 2025, 3 SWS, Language: English, Open in study portal Blended (On-Site/Online)

Content

In the lab-course “Security, Usability and Society”, students deal with practical and interdisciplinary topics from the field of IT
security and privacy at the cutting edge of society. In addition to the programming of data-saving apps, the development or
implementation of user studies can also be possible tasks in this course.

The course can be credited towards the KASTEL certificate. Further information about the KASTEL certificate can be found on the
SECUSO website: https://secuso.aifb.kit.edu/Studium_und_Lehre.php

Prerequisites:

#The internship is aimed at Bachelor's and Master's students from the Industrial Engineering and Management, Business
Informatics and Computer Science degree programs as well as related degree programs.

o

Organization:#

There are two mandatory attendance dates: The kick-off is scheduled for the first week of the lectures, and the final presentations
will take place in the second to last week of lectures. Additional dates will be arranged individually with the supervisors. All in-
person lectures will be held in English. The main components of the course is the work on the respective topic, a final presentation
and a final report. After consultation with the supervisor, all components can be either completed in German or English.

If you have any questions about the course or the registration, please contact contact@secuso.org.
Registration:s&
The topics for the course as well as the registration is organized via the WiWi-Portal. To reserve a place and choose a topic,

students register for the course in the WiWi-Portal. A description of the current topics as well as important dates and deadlines
can also be found there.&

Please note that the number of topics is limited and topics are allocated in the order of registration.
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4 COURSES Course: Advanced Lab Security, Usability and Society [T-WIWI-108439]

Praktikum Security, Usability and Society (Master) Practical course (P)
2512555, 5S 2025, 3 SWS, Language: English, Open in study portal Blended (On-Site/Online)

Content

In the lab-course “Security, Usability and Society”, students deal with practical and interdisciplinary topics from the field of IT
security and privacy at the cutting edge of society. In addition to the programming of data-saving apps, the development or
implementation of user studies can also be possible tasks in this course.

The course can be credited towards the KASTEL certificate. Further information about the KASTEL certificate can be found on the
SECUSO website: https://secuso.aifb.kit.edu/Studium_und_Lehre.php

Prerequisites:&:

The internship is aimed at Bachelor's and Master's students from the Industrial Engineering and Management, Business
Informatics and Computer Science degree programs as well as related degree programs.

Organization:

There are two mandatory attendance dates: The kick-off is scheduled for the first week of the lectures, and the final presentations
will take place in the second to last week of lectures. Additional dates will be arranged individually with the supervisors. All in-

person lectures will be held in English. The main components of the course is the work on the respective topic, a final presentation
and afinal report. After consultation with the supervisor, all components can be either completed in German or English.

#lf you have any questions about the course or the registration, please contact contact@secuso.org.
Registration:s:
The topics for the course as well as the registration is organized via the WiWi-Portal. To reserve a place and choose a topic,

students register for the course in the WiWi-Portal. A description of the current topics as well as important dates and deadlines
can also be found there.:

Please note that the number of topics is limited and topics are allocated in the order of registration.
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4 COURSES Course: Advanced Lab Sociotechnical Information Systems Development (Master) [T-WIWI-111125]

4.14 Course: Advanced Lab Sociotechnical Information Systems Development
(Master) [T-WIWI-111125]

Responsible:  Prof. Dr. Ali Sunyaev
Organisation:  KIT Department of Economics and Management
Partof: M-WIWI-101472 - Informatics

Type Credits Grading scale Recurrence Version
Examination of another type 45 Grade to a third Each term 1

Events

WT 24/25 12512401 Practical Course Sociotechnical 3SWS Practical course /B | Sunyaev, Leiser
Information Systems Development
(Master)

Exams

WT 24/25 7900143 Advanced Lab Development of Sociotechnical Information Systems Sunyaev
(Master)

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The alternative exam assessment consists of:

e apractical work
e apresentation and
e awritten seminar thesis

Practical work, presentation and written thesis are weighted according to the course.

Prerequisites
None

Workload
135 hours
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4 COURSES Course: Advanced Machine Learning and Data Science [T-WIWI-111305]

4.15 Course: Advanced Machine Learning and Data Science [T-WIWI-111305]

Responsible:  Prof. Dr. Maxim Ulrich
Organisation: KIT Department of Economics and Management
Partof: M-WIWI-105659 - Advanced Machine Learning and Data Science

Type Credits Grading scale Recurrence Version
Examination of another type 9 Grade to a third Each term 5
Exams
WT 24/25 | 7900291 Advanced Machine Learning and Data Science Ulrich

Competence Certificate
The assessment is carried out in form of a written thesis based on the course "Advanced Machine Learning and Data Science".

Annotation

The course is targeted to students with a major in Data Science and/or Machine Learning. It offers students the opportunity to
develop hands-on knowledge on new developments in data science and machine learning. Please apply via the link: https://
portal.wiwi.kit.edu/forms/form/fbv-ulrich-msc-project.

Workload
270 hours
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4 COURSES Course: Advanced Methods in Nonlinear Partial Differential Equations [T-MATH-113691]

T 4.16 Course: Advanced Methods in Nonlinear Partial Differential Equations [T-

MATH-113691]

Responsible:  Dr. Bjoérn de Rijk
Prof. Dr. Wolfgang Reichel

Organisation:  KIT Department of Mathematics
Partof: M-MATH-106822 - Advanced Methods in Nonlinear Partial Differential Equations

Type Credits Grading scale Version
Oral examination 3 Grade to a third 1
Exams
WT 24/25 | 7700105 Advanced Methods in Nonlinear Partial Differential Equations de Rijk

Competence Certificate
The module examination takes place in form of an oral exam of about 30 minutes.

Prerequisites
none

Recommendation
The following modules are recommended: Analysis 1-3, Functional Analysis, Evolution Equations.

Workload
90 hours
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4 COURSES Course: Advanced Statistics [T-WIWI-103123]

4.17 Course: Advanced Statistics [T-WIWI-103123]

Responsible:  Prof. Dr. Oliver Grothe
Organisation: KIT Department of Economics and Management

Partof: M-WIWI-101637 - Analytics and Statistics
M-WIWI-101639 - Econometrics and Statistics I

Type Credits Grading scale Recurrence Version
Written examination 45 Grade to a third Each winter term 1
Events
WT 24/25 | 2550552 Advanced Statistical Techniques, 2 SWS Lecture / @ Grothe

Including Multivariate and
Simulation Methods

WT 24/25 |2550553 Exercises and Computer Labs in 2 SWS Practice / @ Kaplan
Advanced Statistical Techniques

Exams

WT 24/25 | 7900289 Advanced Statistical Techniques, Including Multivariate and Grothe
Simulation Methods

ST 2025 7900253 Advanced Statistical Techniques, Including Multivariate and Grothe

Simulation Methods

Legend: B Online, ?f?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment of this course is a written examination (60 min) according to 84(2), 1 of the examination regulation. The exam is
offered every semester. Re-examinations are offered only for repeaters.

Prerequisites
None

Workload
135 hours

Below you will find excerpts from events related to this course:

Advanced Statistical Techniques, Including Multivariate and Simulation Methods Lecture (V)
2550552, WS 24/25, 2 SWS, Language: English, Open in study portal On-Site

Literature
Skript zur Vorlesung
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4 COURSES Course: Advanced Stochastic Optimization [T-WIWI-106548]

4.18 Course: Advanced Stochastic Optimization [T-WIWI-106548]

Responsible:  Prof. Dr. Steffen Rebennack
Organisation: KIT Department of Economics and Management

Partof: M-WIWI-101473 - Mathematical Programming
M-WIWI-103289 - Stochastic Optimization

Type Credits Grading scale Recurrence Version
Oral examination 45 Grade to a third Irregular 2
Events
WT 24/25 |2500089 Advanced Stochastic Optimization |2 SWS Lecture /B Rebennack
WT 24/25 | 2550468 Ubung zu Advanced Stochastic 1SWS Practice / 3 Rebennack
Optimization
Exams
WT 24/25 |7900025 Advanced Stochastic Optimization Rebennack
ST 2025 7900034 Advanced Stochastic Optimization Rebennack

Legend: B Online, ?f?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment consists of an oral exam (20 minutes). The exam is offered every semester.

Prerequisites
None.

Recommendation
It is recommended to attend the lecture "Introduction to Stochastic Optimization" before attending the lecture "Advanced
Stochastic Optimization".

Annotation
Lectures and tutorials are offered irregularly.

Workload
135 hours
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4 COURSES Course: Advanced Topics in Economic Theory [T-WIWI-102609]

4.19 Course: Advanced Topics in Economic Theory [T-WIWI-102609]

Responsible:  Prof. Dr. Johannes Brumm
Prof. Dr. Kay Mitusch
Organisation: KIT Department of Economics and Management

Partof: M-WIWI-101500 - Microeconomic Theory
M-WIWI-101502 - Economic Theory and its Application in Finance

Type Credits Grading scale Recurrence Version
Written examination 45 Grade to a third Irregular 1
Events
ST 2025 2520527 Advanced Topics in Economic 2 SWS Lecture / @ Mitusch, Brumm
Theory
ST 2025 2520528 Ubung zu Advanced Topics in 1SWS | Practice/ @ Pegorari, Corbo,
Economic Theory Mitusch, Brumm

Legend: il Online, ﬁ?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment consists of a written exam (60min) (following 84(2), 1 of the examination regulation) at the end of the lecture
period or at the beginning of the following semester.

Prerequisites
None

Recommendation

This course is designed for advanced Master students with a strong interest in economic theory and mathematical models.
Bachelor students who would like to participate are free to do so, but should be aware that the level is much more advanced thanin
other courses of their curriculum.

Below you will find excerpts from events related to this course:

Advanced Topics in Economic Theory Lecture (V)
2520527, SS 2025, 2 SWS, Language: English, Open in study portal On-Site

Literature
Die Veranstaltung wird in englischer Sprache angeboten:

The course is based on the excellent textbook "Microeconomic Theory" (Chapters 1-5, 10, 13-20) by A.Mas-Colell, M.D.Whinston,
and J.R.Green.
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4 COURSES

4.20 Course: Algebra [T-MATH-102253]

Responsible:

Organisation:

PD Dr. Stefan Kiihnlein

Prof. Dr. Roman Sauer

KIT Department of Mathematics

Course: Algebra [T-MATH-102253]

Partof: M-MATH-101315 - Algebra
Type Credits Grading scale Version
Oral examination 8 Grade to a third 2

Events

WT 24/25 | 0102200 Algebra 4 SWS Lecture / @ Sauer
WT 24/25 10102210 Tutorial for 0102200 (Algebra) 2 SWS Practice / @ Sauer
Exams

WT 24/25 7700138 Algebra Sauer
WT 24/25 7700141 Algebra Sauer
ST 2025 7700066 Algebra Sauer

Legend: B Online, £ Blended (On-Site/Online), @ On-Site, X Cancelled
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4 COURSES Course: Algebraic Geometry [T-MATH-103340]

4.21 Course: Algebraic Geometry [T-MATH-103340]

Responsible:  Prof. Dr. Frank Herrlich
PD Dr. Stefan Kiihnlein

Organisation:  KIT Department of Mathematics
Partof: M-MATH-101724 - Algebraic Geometry

Type Credits Grading scale
Oral examination 8 Grade to a third

Economathematics M.Sc.
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4 COURSES Course: Algebraic Number Theory [T-MATH-103346]

4.22 Course: Algebraic Number Theory [T-MATH-103346]

Responsible:  Prof. Dr. Frank Herrlich
PD Dr. Stefan Kiihnlein

Organisation:  KIT Department of Mathematics
Partof: M-MATH-101725 - Algebraic Number Theory

Type Credits Grading scale Version
Oral examination 8 Grade to a third 1

Competence Certificate
oral examination of ca. 30 minutes

Prerequisites
none

Workload
240 hours
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4 COURSES Course: Algebraic Topology [T-MATH-105915]

4.23 Course: Algebraic Topology [T-MATH-105915]

Responsible:  TT-Prof. Dr. Manuel Krannich
Prof. Dr. Roman Sauer

Organisation:  KIT Department of Mathematics
Partof: M-MATH-102948 - Algebraic Topology

Type Credits Grading scale Version
Written examination 8 Grade to a third 1
Exams
WT 24/25 |7700131 Algebraic Topology Krannich
ST 2025 7700134 Algebraic Topology Krannich

Prerequisites
none
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4 COURSES Course: Algebraic Topology Il [T-MATH-105926]

4.24 Course: Algebraic Topology Il [T-MATH-105926]

Responsible:  TT-Prof. Dr. Manuel Krannich
Prof. Dr. Roman Sauer

Organisation:  KIT Department of Mathematics
Partof: M-MATH-102953 - Algebraic Topology Il

Type Credits Grading scale Recurrence Version
Written examination 8 Grade to a third Irregular 1

Prerequisites
none

Economathematics M.Sc. 258
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4 COURSES Course: Analytical and Numerical Homogenization [T-MATH-111272]

4.25 Course: Analytical and Numerical Homogenization [T-MATH-111272]

Responsible:  Prof. Dr. Marlis Hochbruck
TT-Prof. Dr. Roland Maier

Organisation:  KIT Department of Mathematics
Partof: M-MATH-105636 - Analytical and Numerical Homogenization

Type Credits Grading scale Recurrence Version
Oral examination 6 Grade to a third Irregular 1
Events
ST 2025 0165700 Analytical and Numerical 3SWS Lecture Maier
Homogenization

Prerequisites
none

Below you will find excerpts from events related to this course:

Analytical and Numerical Homogenization
0165700, SS 2025, 3 SWS, Open in study portal

Content

Lecture (V)

The objective of this lecture is to give an introduction to multiscale problems and (some) analytical and numerical homogenization
techniques. Since a lot of research work has been dedicated to the field in recent years, not all aspects can be covered within this
lecture. Nevertheless, the goal is to become familiar with general questions and ideas in the field of (elliptic) multiscale problems

and corresponding methods. Specifically, we will cover

general concepts of convergence
the Heterogeneous Multiscale Method
the Localized Orthogonal Decomposition method

Some (basic) knowledge on finite element methods and functional analysis is helpful for the lecture but not required.

Economathematics M.Sc.
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4 COURSES Course: Applications of Topological Data Analysis [T-MATH-111290]

4.26 Course: Applications of Topological Data Analysis [T-MATH-111290]

Responsible:  Dr. Andreas Ott
Organisation:  KIT Department of Mathematics
Partof: M-MATH-105651 - Applications of Topological Data Analysis

Type Credits Grading scale Recurrence Version
Oral examination 4 Grade to a third Irregular 1

Prerequisites
none
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4 COURSES

Course: Applied Econometrics [T-WIWI-111388]

4.27 Course: Applied Econometrics [T-WIWI-111388]

Responsible:
Organisation:

Prof. Dr. Fabian Kriiger
KIT Department of Economics and Management

Part of: M-WIWI-101638 - Econometrics and Statistics |
Type Credits Grading scale Recurrence Version
Written examination 4,5 Grade to a third Each winter term 2

Events

WT 24/25 [2520020 Applied Econometrics 2SWS Lecture / @ Krger, Eberl
WT 24/25 |2520021 Tutorial in Applied Econometrics 2 SWS Practice / @ Eberl, Kriiger
Exams

WT 24/25 |7900251 Applied Econometrics Kriger

ST 2025 7900007 Applied Econometrics Kriiger

Legend: B Online, ?f?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate

The assessment of this course is a written examination (90 min).

Prerequisites

None

Below you will find excerpts from events related to this course:

Applied Econometrics
2520020, WS 24/25, 2 SWS, Language: English, Open in study portal

Content

Lecture (V)

On-Site

The course starts with a concise review of core econometric topics (in particular, the linear regression model). It then presents
methods for causal inference: The potential outcomes approach, methods for analyzing randomized controlled trials, and methods
for analyzing observational data (e.g., regression discontinuity). Empirical examples and R code are used to illustrate the

methodological concepts.

Learning goals

Students understand the properties of various econometric estimators and research designs, and can implement econometric

estimators using R software.

Workload

The total workload for this course (4.5 credit points) is approximately 135 hours.

Literature

The following book is the main reference for the course:

Ding, P.(2024). A First Course in Causal Inference. Routledge.

Further literature will be announced in class.
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Course: Applied Informatics - Principles of Internet Computing: Foundations

4 COURSES for Emerging Technologies and Future Services [T-WIWI-110339]

4.28 Course: Applied Informatics — Principles of Internet Computing: Foundations for
Emerging Technologies and Future Services [T-WIWI-110339]

Responsible:  Prof. Dr. Ali Sunyaev
Organisation:  KIT Department of Economics and Management
Partof: M-WIWI-101472 - Informatics

Type Credits Grading scale Recurrence Version
Written examination 45 Grade to a third see Annotations 2
Events
ST 2025 2511032 Applied Informatics - Internet 2 SWS Lecture / @ Lins, KannengieRer,
Computing Schmidt-Kraepelin,
Sturm, Thiebes
ST 2025 2511033 Ubungen zu Angewandte 1SWS Practice / €3 Lins, Kannengieler,
Informatik - Internet Computing Schmidt-Kraepelin,
Sturm, Thiebes, Guse,
Rank
Exams
WT 24/25 | 79AIFB_AI-IC_B4 | Applied Informatics - Principles of Internet Computing: Foundations | Sunyaev
for Emerging Technologies and Future Services
ST 2025 79AIFB_AI2 Applied Informatics - Internet Computing (Registration until Sunyaev
16.09.2025)

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate

The examination will be offered for the last time in the summer semester 2025 for first-time students. The last examination
opportunity (only for repeaters) is in the winter semester 2025/2026. The lecture"Applied Computer Science - Internet
Computing" (Prof. Dr. A. Sunyaev) will be replaced by the new lecture "Applied Computer Science - Cybersecurity" (Prof. Dr. M.
Volkamer).

Success is assessed in the form of a written examination (60 minutes) in accordance with §4(2),1 SPO.

Successful completion of the exercises is recommended for the written exam, which is offered at the end of the winter semester
and at the end of the summer semester.

A grade bonus can be earned for successful participation in the exercises by submitting correct solutions to 50% of the exercises
set. If the grade of the written examination is between 4.0 and 1.3, the bonus improves the grade by up to one grade level (0.3 or
0.4). Details will be announced in the lecture.

Prerequisites
None

Annotation
The lecture "Applied Computer Science - Internet Computing" (Prof. Dr. A. Sunyaev) will be held for the last time in the summer

semester 2025 and will then be replaced by the new lecture "Applied Computer Science - Cyber Security" (Prof. Dr. M. Volkamer).

Workload
135 hours

Below you will find excerpts from events related to this course:

Applied Informatics - Internet Computing Lecture (V)
2511032, SS 2025, 2 SWS, Language: German, Open in study portal On-Site
Economathematics M.Sc. 262
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Course: Applied Informatics - Principles of Internet Computing: Foundations

4 COURSES for Emerging Technologies and Future Services [T-WIWI-110339]

Content

The lecture Applied Computer Science - Internet Computing provides insights into fundamental concepts and future technologies
of distributed systems and Internet computing. Students should be able to select, design and apply the presented concepts and
technologies. The course first introduces basic concepts of distributed systems (e.g. design of architectures for distributed systems,
internet architectures, web services, middleware).

In the second part of the course, emerging technologies of Internet computing will be examined in depth. These include, among
others:

Cloud Computing
Edge & Fog Computing
Internet of Things
Blockchain

Artificial Intelligence

Learning objectives:

The student learns about basic concepts and emerging technologies of distributed systems and internet computing. Practical topics
will be deepened in lab classes.

Recommendations:
Knowledge of content of the module [WI1INFO].
Workload:

The total workload for this course is approximately 135-150 hours.

Literature
Wird in der Vorlesung bekannt gegeben
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4 COURSES Course: Applied material flow simulation [T-MACH-112213]

4.29 Course: Applied material flow simulation [T-MACH-112213]

Responsible:  Dr.-Ing. Marion Baumann
Organisation:  KIT Department of Mechanical Engineering

Part of: M-WIWI-102805 - Service Operations
M-WIWI-102832 - Operations Research in Supply Chain Management

Type Credits Grading scale Recurrence Version
Oral examination 45 Grade to a third Each winter term 1
Events
WT 24/25 (2117054 Applied material flow simulation | 3 SWS Lecture / Practice (/ |Baumann
e

Exams

WT 24/25 | 76-T-MACH-112213 | Applied material flow simulation Baumann, Furmans
WT 24/25 |76-T-MACH-112214 | Applied material flow simulation Baumann, Furmans

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment consists of an oral exam (20 min.) taking place in the recess period according to § 4 paragraph 2 Nr. 2 of the
examination regulation.

Prerequisites
None

Recommendation
¢ Basic statistical knowledge and understanding

¢ Knowledge of acommon programming language (Java, Python, ...)
¢ Recommended course: T-WIWI-102718 - Discrete Event Simulation in Production and Logistics

Workload
135 hours

Below you will find excerpts from events related to this course:

Applied material flow simulation Lecture / Practice (VU)
2117054, WS 24/25, 3 SWS, Language: German, Open in study portal On-Site
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4 COURSES Course: Applied material flow simulation [T-MACH-112213]

Content
Learning Content:

¢ Methods of modeling a simulation such as:

o Discrete-event simulation

o Agent based simulation
Design of a simulation model of a material flow system
Data exchange in simulation models
Verification and validation of simulation models
Execution of simulation studies
Statistical evaluation and parameter study

This is an application-oriented course in which the course contents are applied and deepened using the Anylogic software.

Learning Goals:
Students are able to:

o select the appropriate simulation modeling method depending on a modeling objective and build a suitable simulation
model for material flow systems,

extend a simulation model in a meaningful way with data import and export,

verify and validate a simulation model,

conduct a simulation study efficiently and with meaningful results, and

design and conduct a parameter study and statistically analyze and evaluate the results.

Requirements:
e Basic knowledge of the Java programming language
Recommendations:

e Basic statistical skills
o Recommended course: T-WIWI-102718 - Discrete Event Simulation in Production and Logistics

Workload for 4,5 ECTS (135 h):

e regular attendance: 21 hours
self-study: 114 hours

Organizational issues

¢ Im Wintersemester 2024/2025 ist die Veranstaltung auf maximal 30 Teilnehmer beschrankt.

¢ Die Anmeldung ist durch Beitritt zum ILIAS-Kurs und Ausfiillen des Anmeldungsformulars (erforderliche Felder beim
Beitritt zum ILIAS-Kurs) moglich.

¢ Die Anmeldungist vom 01.09.2024 bis zum 30.09.2024 mdglich.

Literature
Borshev, A. (2022): The Big Book of Simulation Modeling - Multimethod Modeling with AnyLogic 8, https://www.anylogic.de/
resources/books/big-book-of-simulation-modeling/.

Grigoryev, I. (2021): AnylLogic8 in Three Days, 5. Aufl., https://www.anylogic.de/resources/books/free-simulation-book-and-
modeling-tutorials/.

Gutenschwager, K. et. al. (2017): Simulation in Produktion und Logistik, Springer Vieweg, Berlin.

VDI (2014): Simulation von Logistik-, Materialfluss- und Produktionssystemen - Grundlagen. VDI Richtlinie 3633, Blatt 1, VDI-
Verlag, Disseldorf.

VDI (2016): Simulation von Logistik-, Materialfluss- und Produktionssystemen - Simulation und Optimierung. VDI Richtlinie 3633,
Blatt 12, VDI-Verlag, Dusseldorf
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4 COURSES Course: Asset Pricing [T-WIWI-102647]

4.30 Course: Asset Pricing [T-WIWI-102647]

Responsible:  Prof. Dr. Martin Ruckes
Prof. Dr. Marliese Uhrig-Homburg

Organisation: KIT Department of Economics and Management
Part of: M-WIWI-101480 - Finance 3
M-WIWI-101482 - Finance 1
M-WIWI-101483 - Finance 2
M-WIWI-101502 - Economic Theory and its Application in Finance

Type Credits Grading scale Recurrence Version
Written examination 45 Grade to a third Each summer term 2

Events

ST 2025 2530555 Asset Pricing 2SWS Lecture / @ Uhrig-Homburg,
Muller

ST 2025 2530556 Asset Pricing 1SWS Practice / @ Boll, Uhrig-Homburg,
Muller

Exams

WT 24/25 | 7900056 Asset Pricing Uhrig-Homburg

ST 2025 7900110 Asset Pricing Uhrig-Homburg,
Thimme

Legend: B Online, ?f?» Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate

Depending on further pandemic developments, the examination will be offered either as a 60-minute written examination or as an
open-book examination (alternative exam assessment).

A bonus can be earned by correctly solving at least 50% of the posed bonus exercises. If the grade of the written examination is
between 4.0 and 1.3, the bonus improves the grade by up to one grade level (0.3 or 0.4). Details will be announced in the lecture.

Prerequisites
None

Recommendation
We strongly recommend knowledge of the basic topics in investments (bachelor course), which will be necessary to be able to
follow the course.

Below you will find excerpts from events related to this course:

Asset Pricing Practice (U)
2530556, SS 2025, 1 SWS, Language: German, Open in study portal On-Site
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4 COURSES

Course: Auction Theory [T-WIWI-102613]

4.31 Course: Auction Theory [T-WIWI-102613]

Responsible:
Organisation:

Prof. Dr. Karl-Martin Ehrhart
KIT Department of Economics and Management

Partof: M-WIWI-101500 - Microeconomic Theory
M-WIWI-102970 - Decision and Game Theory
Type Credits Grading scale Recurrence Version
Written examination 4,5 Grade to a third Each winter term 1

Events

WT 24/25 |2520408 Auction Theory 2 SWS Lecture Ehrhart
WT 24/25 |2520409 Auction Theory Exercise 1SWS Practice Ehrhart
Exams

WT 24/25 |7900028 Auction Theory Ehrhart
ST 2025 7900255 Auction Theory Ehrhart

Competence Certificate

The assessment of this course is a written examination (following §4(2), 1 SPO) of 60 mins.

The exam is offered each semester.

Prerequisites

None

Below you will find excerpts from events related to this course:

Auction Theory

2520408, WS 24/25, 2 SWS, Open in study portal

Literature

Economathematics M.Sc.

Ehrhart, K.-M. und S. Seifert: Auktionstheorie, Skript zur Vorlesung, KIT, 2011
Krishna, V.: Auction Theory, Academic Press, Second Edition, 2010

Milgrom, P.: Putting Auction Theory to Work, Cambridge University Press, 2004
Ausubel, L.M. und P. Cramton: Demand Reduction and Inefficiency in Multi-Unit Auctions, University of Maryland, 1999
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https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x4CFBB2FA75704CB79F51FF50E8DA6985
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xEA11D0BDCF2C45D2A0AD24E4F11DFCAD
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x3D37E90FBAC24F69AEDA333EFE16F309
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xE0460DD29E334376B594F621EE54F3BB
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x4CFBB2FA75704CB79F51FF50E8DA6985

4 COURSES Course: Bayesian Inverse Problems with Connections to Machine Learning [T-MATH-112842]

T 4.32 Course: Bayesian Inverse Problems with Connections to Machine Learning [T-
MATH-112842]

Responsible:  TT-Prof. Dr. Sebastian Krumscheid
Organisation:  KIT Department of Mathematics
Partof: M-MATH-106328 - Bayesian Inverse Problems with Connections to Machine Learning

Type Credits Grading scale Recurrence Expansion Version
Oral examination 4 Grade to a third Each summer term 1terms 1

Competence Certificate
oral exam of ca. 30 min

Prerequisites
none

Workload
120 hours

Economathematics M.Sc. 268
Module Handbook as of 31/03/2025



4 COURSES Course: Bifurcation Theory [T-MATH-106487]

4.33 Course: Bifurcation Theory [T-MATH-106487]

Responsible:  Dr. Rainer Mandel
Organisation:  KIT Department of Mathematics
Partof: M-MATH-103259 - Bifurcation Theory

Type Credits Grading scale Recurrence
Oral examination 5 Grade to a third Irregular

Prerequisites
None

Economathematics M.Sc.
Module Handbook as of 31/03/2025

Version
1
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4 COURSES Course: Bond Markets [T-WIWI-110995]

4.34 Course: Bond Markets [T-WIWI-110995]

Responsible:  Prof. Dr. Marliese Uhrig-Homburg
Organisation: KIT Department of Economics and Management

Part of: M-WIWI-101480 - Finance 3
M-WIWI-101483 - Finance 2

Type Credits Grading scale Recurrence Version
Written examination 45 Grade to a third Each winter term 1

Events

WT 24/25 | 2530560 Bond Markets 3SWS Lecture / Practice (/ [ Uhrig-Homburg,

¢ Molnar

Exams

WT 24/25 |7900311 Bond Markets Uhrig-Homburg
ST 2025 7900280 Bond Markets Uhrig-Homburg

Legend: B Online, £3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment consists of a written exam (75min.)

A bonus can be earned by correctly solving at least 50% of the posed bonus exercises. If the grade of the written examination is
between 4.0 and 1.3, the bonus improves the grade by up to one level (0.3 or 0.4). The examination is offered in each semester and
can be repeated at any regular examination date.

Depending on further pandemic developments, the examination will be offered as an open-book examination (alternative exam
assessment).

Annotation
This course will be held in English.

Workload
135 hours

Below you will find excerpts from events related to this course:

Bond Markets Lecture / Practice (VU)
2530560, WS 24/25, 3 SWS, Language: English, Open in study portal On-Site

Content

The lecture "Bond Markets" deals with the national and international bond markets, which are an important source of financing for
companies, as well as for the public sector. After an overview of the most important bond markets, different yield definitions are
discussed. Based on this, the concept of the yield curve is presented. In addition, the theoretical and empirical relationships
between ratings, default probabilities and spreads are analyzed. The focus will then be on questions regarding the valuation,
measurement, management and control of credit risks.

The total workload for this course is approximately 135 hours (4.5 credits).

The assessment consists of a written exam (75min.) (according to §4(2), 1 SPO). A bonus can be earned by correctly solving at least
50% of the posed bonus exercices. If the grade of the written examination is between 4.0 and 1.3, the bonus improves the grade by
up to one level (0.3 or 0.4). The examination is offered in each semester and can be repeated at any regular examination date.

Students deepen their knowledge of national and international bond markets. They gain knowledge of the traded instruments and
their key figures for describing default risk such as ratings, default probabilities or credit spreads.

Organizational issues
Die Veranstaltung wird freitags in der ersten Semesterhilfte am Campus B (Geb. 09.21) im Raum 124 angeboten. Die Klausur
findet am 08.01.25 statt.

Economathematics M.Sc. 270
Module Handbook as of 31/03/2025


https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x0483AE80D16B48F29E2E1883EC15E575
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x08FD613033354B4CBFAAF9FC64A42841
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xA9D64C2C4C97479E86E3DEF9FE6FD052
https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0x0483AE80D16B48F29E2E1883EC15E575

4 COURSES Course: Bond Markets - Models & Derivatives [T-WIWI-110997]

4.35 Course: Bond Markets - Models & Derivatives [T-WIWI-110997]

Responsible:  Prof. Dr. Marliese Uhrig-Homburg
Organisation: KIT Department of Economics and Management

Part of: M-WIWI-101480 - Finance 3
M-WIWI-101483 - Finance 2

Type Credits Grading scale Recurrence Version
Examination of another type 3 Grade to a third Each winter term 1
Events
WT 24/25 | 2530565 Bond Markets - Models & 2 SWS Block / @ Grauer, Uhrig-
Derivatives Homburg
Exams
WT 24/25 |[7900318 Bond Markets - Models & Derivatives Uhrig-Homburg

Legend: B Online, $3 Blended (On-Site/Online), @ On-Site, X Cancelled

Competence Certificate
The assessment of success consists in equal parts of a written thesis and an oral exam including a discussion of one's own work. The
main examination is offered once a year, re-examinations every semester.

Recommendation
Knowledge of "Bond Markets" and "Derivatives" courses is very helpful.

Annotation
This course will be held in English.

Workload
90 hours

Below you will find excerpts from events related to this course:

Bond Markets - Models & Derivatives Block (B)
2530565, WS 24/25, 2 SWS, Language: English, Open in study portal On-Site

Content

e Competence Certificate: The assessment of success consists in equal parts of a written thesis and an oral exam (according
to §4(2), 3 SPO) including a discussion of one's own work. The main examination is offered once a year, re-examinations
every semester.

e Competence Goal: Students deepen their knowledge of national and international bond markets. They are able to apply the
knowledge they have gained about traded instruments and common valuation models for pricing derivative financial
instruments.

¢ Prerequisites:

e Content: The lecture "Bond Markets - Models & Derivatives" deepens the content of the lecture "Bond Markets". The
modelling of the dynamics of yield curves and the management of credit risks forms the theoretical foundation for the
valuation of interest rate and credit derivatives to be discussed. In this course, students deal intensively with selected
topics and acquire the relevant knowledge on their own.

¢ Recommendation: Knowledge of "Bond Markets" and "Derivatives" courses is very helpful.

e Workload: The total workload for this course is approximately 90 hours (3.0 credits).

Organizational issues
Die Veranstaltung mit Seminarcharakter und dem Ziel, ein selbstgewéahltes Themenfeld in Form einer schriftlichen Ausarbeitung
eigenstandig zu erarbeiten, findet in der 2. Semesterhilfte statt.

Economathematics M.Sc.
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https://campus.studium.kit.edu/events/catalog.php#!campus/all/event.asp?gguid=0xCE23BD0C151943F6A156B0F711EEEF65
https://campus.studium.kit.edu/events/catalog.php#!campus/al