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Mathematical Foundations

Title Ordinary Differential Equations

Number 1294050 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

3 / 5,0 Module owner
Studiendekan der 
Mathematik

Workload (h) 150 h

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Mathematical knowledge from an engineering bachelors degree is required.

Expected
performance/
Type of examina
tion

Graded examination (Prüfungsleistung): 1 written exam (90 min.) or oral exam (30 
min.) according to examiners
specifications.
 
The exact examination specifications will be announced at the beginning of the 
course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to examiners specifi
cations.
 
The exact examination specifications will be announced at the beginning of the 
course.

Contents

Modeling with differential equations, Bernoulli and Euler differential equations, exact differential equations, 
linear
equations of different orders, systems of differential equations, Laplace transform, dynamical systems and 
stability

Objective qualification

The students are familiar with the use of ordinary differential equations for the description of engineering 
applications.
They know methods to determine the quantitative and qualitative solution behaviour of dynamical system 
and the
sensitivity of the solution behaviour.

Literature

wird in der Veranstaltung bekannt gegeben

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

3,0 Lecture/Exercise english

1,0 Exercise english
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Title Partial Differential Equations

Number 1294060 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

3 / 5,0 Module owner
Studiendekan der 
Mathematik

Workload (h) 150 h

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Mathematical knowledge from an engineering bachelors degree is required.

Expected
performance/
Type of examina
tion

Graded examination (Prüfungsleistung): 1 written exam (90 min.) or oral exam (30 
min.) according to examiners
specifications.
 
The exact examination specifications will be announced at the beginning of the 
course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to examiners specifi
cations.
 
The exact examination specifications will be announced at the beginning of the 
course.

Contents

Modelling with partial differential equations, continuity equation, heat equation, wave equation, elastic defor
mation,
fundamental solution, Green function, energy functional and variational formulation, relation to functional 
analysis like
representation in eigen forms

Objective qualification

The students are familiar with the use of ordinary differential equations for the description of engineering 
applications.
They know methods to determine the quantitative and qualitative solution behaviour like the concepts of the 
fundamental solution, Green function and variational formulation.

Literature

wird in der Veranstaltung bekannt gegeben

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

3,0 Lecture/Exercise english

1,0 Exercise english

Seite 6 von 69



Technische Universität Braunschweig | Module Guide: Computational Sciences in Engineering (Master)

Title Numerical Methods for Ordinary and Partial Differential Equations

Number 1294040 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

3 / 5,0 Module owner
Studiendekan der 
Mathematik

Workload (h) 150 h

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Prerequisite is knowledge of Ordinary Differential Equations (CSE) and knowledge of 
Partial Differential Equations
(CSE).

Expected
performance/
Type of examina
tion

Graded examination (Prüfungsleistung): 1 written exam (90 min.) or oral exam (30 
min.) according to examiners
specifications.
 
The exact examination specifications will be announced at the beginning of the 
course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to examiners specifi
cations.
 
The exact examination specifications will be announced at the beginning of the 
course.

Contents

Euler method, Euler-Heun method, Runge-Kutta method, Butcher scheme, consistency and convergence,
consistency order, step size control , Adams-Bashforth, Adams-Moulton, BDF- formulas, implicite schemes, 
A-stabilty,
finite differences, finite elements„ mesh generation, adaptive mesh refinements

Objective qualification

The students master the use of numerical methods for the solution of ordinary and partial differential equati
ons, and
they are able to interpret the numerical results. They know one-step and multi-step methods and the con
cept of step-size
control. They understand the particular properties of stiff systems. The students know the methods of finite 
elements and of finite differences and respective adaptive procedures. They have experienced with soft
ware implementations.

Literature

to be announced during lecture

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

3,0 Lecture/Exercise english

1,0 Exercise english
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Title Algorithms & Programming

Number 3325000000 Module version V1

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

3 / 5,0 Module owner
Prof. Dr. Henning Wes
sels

Workload (h) 180

Class attendance 
(h)

42 Self studying (h) 138

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 min) or oral exam (30 min)

Course
achievement

Graded assignments

Contents

Keywords: python, programming, research software engineering, object oriented programming, algorithms

Objective qualification

In the course Algorithms and Programming, concepts are taught that enable students to un- derstand exi
sting codes and especially to build new R&D software. In general, software de- velopment expertise is use
ful in all engineering disciplines and provides invaluable benefits especially in the context of numerics and 
machine learning, covered for instance by courses on finite elements or finite volumes or data-driven mate
rial modeling. Throughout the exercises, the programming language Python is used. However, all concepts 
taught are applicable in a variety of languages, e.g. Java or C++, to only name a few.

Literature

Lecture script

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Algorithms & Programming 3,0 Lecture/Exercise english
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Engineering Track - Solid and Structural Mechanics

Title Linear Solid Mechanics

Number 4228010 Module version V1

Shorttext Language english

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 5,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 Min)

Course
achievement

Contents

Fundamentals of vector and tensor calculus; Linear kinematics; Stress state; Two-dimensional problems; 
Equilibrium conditions; Linear elasticity; Isotropic and anisotropic behavior; Thermal expansion; Introduction 
to boundary value problems and their numerical solution.

Objective qualification

The students are familiar with the description of stress and deformation in solids. They know linear material 
models, including thermal expansion. They use these basics for the solution of elementary problems, predo
minantly in two dimensions

Literature

Gross, Hauger, Wriggers, Technische Mechanik 4

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Title Introduction to Finite Element Methods

Number 4398470 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit

Module duration 1 Institution
Institut für Statik und 
Dynamik

Hours per Week / 
ECTS

4 / 5,0 Module owner
Prof. Dr. Ursula 
Kowalsky

Workload (h) 150 h

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Expected
performance/
Type of examina
tion

written exam (90 min) or oral exam (30 min)

Course
achievement

Homework

Module grade
composition

Exam 70%, homework 30%

Contents

Displacement-based finite elements for 1D and 2D elasticity problems as well as for stationary heat conduc
tion
problems; FEM algorithm including postprocessing; numerical integration, isoparametric elements, compu
ter-lab

Objective qualification

The students know mathematical models for solid bodies and structures in engineering, especially formulati
ons for
beam, plane and volume structures. They are able to create finite element models and apply adequate 
solution methods.

Literature

- Bathe,K.J.: Finite-Elemente-Methoden, 2. Auflage, Springer, ISBN: 3540668063, Berlin, 2002
- Zienkiewicz,O.C.; Taylor,R.L.: The Finite Element Method, 6. Auflage, Butterworth Heinemann, ISBN: 
0750663200,
2005
- Hughes,T.J.R.: The Finite Element Method - Linear Static and Dynamic Finite Element Analysis, Pren
tice-Hall Inc.,
ISBN: 0133170179, 1987
Introduction to Finite Element Methods:
manuscript and extended textbook

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Exercise english

2,0 Lecture english
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Title Nonlinear Solid Mechanics

Number 3315000040 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 5,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 Min.)

Course
achievement

Contents

Review of basics of vector and tensor calculus; Current and reference configuration; Non-linear kinematics 
(large deformations and rotations); Stress measures; Piola transform; Elasticity tensors; Non-linear consti
tutive relations: hyper-elasticity, visco-elasticity, plasticity; Implementation of material models in a program
ming language.     

Objective qualification

The students are able to describe stress and deformation in presence of large deformations. They know 
selected non-linear material models. Using these basics, they can assess the suitability of materials with 
regard to mechanical loading even under non-idealized conditions. 

Literature

- Gross, Hauger, Wriggers, Technische Mechanik 4
- Bonet, Nonlinear Continuum Mechanics for Finite Element Analysis
- Simo, Hughes, Computational Inelasticity
- Holzapfel, Nonlinear Solid Mechanics

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Engineering Track - Fluid Mechanics

Title Fluid Mechanics

Number 2512430 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Strömungs
mechanik

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. David Rival

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 min) or oral exam (30 min)

Course
achievement

Contents

• Fluid Mechanics: Introduction, flow properties and basic concepts
• Stream filament theory: basic equations, incompressible flows, compressible flows
• Integral Momentum Equation: basic equations and applications for incompressible flow
• Viscous incompressible 2D flows: foundation of Navier-Stokes equations, laminar Couette flow, laminar 

boundary layer equations, theory of self similar laminar boundary layers, turbulent boundary layer equa
tions, turbulence closure and simple turbulence model, universal velocity distribution, flat plate enginee
ring formulae

Objective qualification

The students have basic knowledge in the continuum mechanical aspects of bodies such as liquids. They 
are familiar with selected special cases and their model equations and are able to derive these equations.

Literature

1. Gersten, K.: Einführung in die Strömungsmechanik. 1991, Verlag Vieweg Braunschweig Wiesbaden, 6. 
Auflage.

2. Oertel, H., jr.: Introduction to Fluid Mechanics. 2001, Verlag Vieweg Braunschweig Wiesbaden.
3. Spurk, J. H.: Fluid Mechanics. 1997, Verlag Springer Berlin.
4. Schlichting, H.; Gersten, K.: Boundary Layer Theory. 1999, Verlag Springer Berlin.

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture english

1,0 Exercise english
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Title lntroduction to Finite-volume-method

Number 1294100 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution Department  Mathematik

Hours per Week / 
ECTS

3 / 5,0 Module owner

Workload (h) 150 h

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Mathematical knowledge in 'Ordinary and partial differential equations', 'Numerical 
methods for solving systems of equations' and 'Time stepping methods' is required.

Expected
performance/
Type of examina
tion

Graded examination (Prüfungsleistung): 1 written exam (90 min.) or oral exam (30 
min.) according to examiners
specifications.

The exact examination specifications will be announced at the beginning of the 
course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to examiners specifi
cations.

The exact examination specifications will be announced at the beginning of the 
course.

Contents

The students learn the basic ideas required to discretize partial differential and integral equaions using 
finite-volume methods for mixed element meshes. Based on convection-diffusion processes the principals to 
realize stable numerical methods are discussed. Required knowledge and techniques are presented in the 
lecture.

Objective qualification

• Systematic extension of the basic knowledge acquired in the bachelor's degree programme in mathema
tics and expansion of knowledge and expertise in additional areas of mathematics

• Gain an understanding of the complex links between the different areas of applied and pure mathematics
• Studying theories and mastering their complex methods and studying in-depth mathematical applications 

also through project-type examples
• Realization of algorithms introduced in numerical mathematics
• Get to know data structures required for meshing strategies
• Differentiation of discretized partial differential and integral equations and realization of their representa

tion in programming languages

Literature

• Blazek, J.: Computational Fluid Dynamics: Principles and Applications
• Vorlesungsskriptum (Englisch)/Lecture script

  

↑
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Related courses

Rules for the choice of courses

The module "lntroduction to Finite-volume-method" consists of a lecture and an exercise.

Compulsory attendance

Name of the course SWS Eventtype Language

Finite volume method for numerical simulation 3,0 Lecture/Exercise english

Finite volume method for numerical simulation 1,0 Exercise english
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Title Turbulent Flows

Number 2512000100 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Strömungs
mechanik

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. David Rival

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Knowledge of the fundamentals of mathematics and fluid mechanics is recommen
ded. The lecture is given in German language. The lecture notes and the exam are 
also in German language.

Expected
performance/
Type of examina
tion

1 examination element: written exam (120 min) or oral exam (30 min)

Course
achievement

Contents

Lecture:
Fundamentals, Transition to turbulence

Fundamental equations, Reynolds averaging, Boundary layer equations, Turbulent kinetic energy equation

Statistical theory: averaging, correlations, Taylor's hypothesis, Turbulent length scales, Fourier-transforma
tion and spectra, Probability density function, Anisotropy invariants, Statistical dynamics of isotropic turbu
lence, Local isotropy, Hypotheses of Kolmogoroff

Turbulent boundary layers, Universal law of the wall, Near-wall interactions, Self-similar shear layers

Closure Approaches: Scale-resolving simulations, Boussinesq-Approximation, Eddy viscosity, Turbulent 
length and velocity scales

Exercise: 
Nomenclature, Calculation of turbulent statistics, Simulation of a turbulent free jet in OpenFOAM, Behavior 
of turbulent statistics in the free jet, Relationships between turbulent variables

Objective qualification

Students know the phenomenology of turbulent flows and mathematical approaches to describe and cal
culate turbulence in technical applications. They know important properties of turbulence and can com
pare and analyse them. They know and understand methods for the description and calculation of turbulent 
flows, can select and evaluate them and apply them to specific problems.

Literature

1. H. Schlichting, K. Gersten: Boundary Layer Theory. 8th edition, Verlag Springer, 2000, ISBN 
3-540-66270-7.

2. J. C. Rotta: Turbulente Strömungen. Verlag Teubner, Stuttgart, 1972.
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3. J. O. Hinze: Turbulence. McGraw-Hill Education, Juni 1975.
4. A. S. Monmin, A. M. Yaglom, J. L. Lumley: Statistical Fluid Mechanics, Volume 1: Mechanics of Turbu

lence. Dover Publications Inc., Mai 2007
5. D. C. Wilcox: Turbulence Modelling for CFD. DCW Industries, La Canada, CA, 1998.

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Turbulent Flows 3,0 Lecture/Exercise english
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Engineering Track - Information Technology

Title Pattern Recognition

Number 2424690 Module version

Shorttext Language english german

Frequency of offer every term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution

Hours per Week / 
ECTS

4 / 5,0 Module owner
Prof. Dr. Tim Fing
scheidt

Workload (h) 150

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Expected
performance/
Type of examina
tion

Oral exam 30 min. or written exam 90 min.

Course
achievement

Contents

- Bayesian decision rule
- Quality metrics in pattern recognition
- Supervised learning with parametric distributions
- Supervised learning with non-parametric distributions, classification
- Linear discriminant functions, single-layer perceptron
- Support vector machines (SVMs)
- Multi-layer perceptron, neural networks (NNs)
- Deep learning
- Unsupervised learning, clustering methods
Note: For pattern recognition using hidden Markov models (HMMs), a separate more in-depth module, Spo
ken Language Processing (ET-NT-68), is offered in the summer semester.

Objective qualification

Upon completion of this module, students gain fundamental knowledge about methods and algorithms for 
classification of data. They are capable to select the appropriate means for real-world problems, to design a 
solution and to evaluate it.

Literature

- R.O. Duda, P.E. Hart, D.G. Stork: Pattern Classification, Wiley, 2001
- C.M. Bishop: Pattern Recognition and Machine Learning, Springer, 2006

Remark

Basic knowledge of statistics, such as acquired in the module "Probability Theory and Statistics", facilitates 
the understanding of the lecture.

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture english ger
man

Literature

- R. O. Duda, P. E. Hart, D. G. Stork: Pattern Classification, Wiley, 2001
- C. M. Bishop: Pattern Recognition and Machine Learning, Springer, 2006

2,0 Seminar english ger
man

Literature

- Vorlesungsfolien
- R. O. Duda, P. E. Hart, D. G. Stork: Pattern Classification, Wiley, 2001
- C. M. Bishop: Pattern Recognition and Machine Learning, Springer, 2006
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Title Nonlinear Photonics

Number 2415470 Module version

Shorttext Language english german

Frequency of offer only in the winter term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution
Institut für Hochfre
quenztechnik

Hours per Week / 
ECTS

4 / 5,0 Module owner
Prof. Dr. Thomas 
Schneider

Workload (h) 150

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam, 90 minutes, or oral exam, 30 minutes

Course
achievement

Contents

- Basics of linear optics
- 2nd order nonlinear optical effects
- 3rd order nonlinear optical effects
- Nonlinear scattering
- Optical telecommunications
- Nonlinear effects in optical fibers
- Suppression of nonlinear effects
- Applications of nonlinear effects

Objective qualification

After a successful participation, the students know the main basics of nonlinear photonics and will be able to 
use them for the evaluation of optical systems and optical data transmission systems.

Literature

T. Schneider "#Nonlinear Optics in Telecommunications#", Springer Verlag

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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Nonlinear Photonics 2,0 Lecture english

Nonlinear Photonics 2,0 Exercise english
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Title Information Theory

Number 2424720 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution
Institut für Nachrichten
technik

Hours per Week / 
ECTS

3 / 5,0 Module owner
Prof. Dr. Eduard Jors
wieck

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 min) or oral exam (30 min)

Course
achievement

Contents

• Basics from probability theory   
• Event, probability, random variable, random vector, stochastic process, convergence of random 

series, convergence theorems 
• Basics from information theory 

• Measures for discrete random varaibles: entropy, conditional entropy, relativ entropy, mutual informa
tion, conditional mutual information, inequalities 

• Measures for continous random variables: differential entropy, conditional differential entropy, relative 
entropy, mutual information, inequalities 

• Measure for random series 
• Typical sequences and asymptotic equipartition property 

• Source and source coding 
• Definition and properties 
• Source coding for discrete memoryless sources (fixed and variable-length)
• Selected source codes: Morse, Huffman, Shannon-Fano-Elias

• Data transmission and channel capacity 
• Discrete memoryless channel: channel coding theorem 
• Discrete memoryless channel with state: channel capacities 
• Gaussian channel: model and channel coding theorem 
• Bandlimited Gaussian channel, vector valued channels

Objective qualification

The lecture provides an introduction to the fundamentals of Shannon information theory. The goal is that 
students can derive the main information theoretic results on maximal achievable lossless (source coding) 
and lossy (rate distortion theory) compression of data and on maximum data rates for reliable data transmis
sion (channel coding). The methods and tools required, e.g., information measures (entropy, mutual infor
mation, capacity etc.) and their properties (typical sequences) will be covered as well as practical applicable 
simple codes (block, turbo and polar codes).

Literature

#R.W. Yeung: Information Theory and Network Coding, Part I, Springer, 2008.
R.W. Yeung: A First Course in Information Theory, Springer, 2002.
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T.M. Cover und J.A. Thomas: Elements of Information Theory, Wiley-Interscience, 2006.
R.G. Gallager: Information Theory and Reliable Communication, Wiley, 1968.
R.G. Gallager: Principles of Digital Communication, Cambridge University Press, 2008.
S. Moser: S. Moser: Information Theory, https://moser-isi.ethz.ch/scripts.html#it

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Information Theory 2,0 Lecture english

Literature

- R.W. Yeung: Information Theory and Network Coding, Part I, Springer, 2008. - R.W. Yeung: A First 
Course in Information Theory, Springer, 2002. - T.M. Cover und J.A. Thomas: Elements of Information 
Theory, Wiley-Interscience, 2006. - R.G. Gallager: Information Theory and Reliable Communication, Wiley, 
1968. - R.G. Gallager: Principles of Digital Communication, Cambridge University Press, 2008. - S. Moser: 
S. Moser: Information Theory, https://moser-isi.ethz.ch/scripts.html#it

Information Theory 1,0 Exercise english

Literature

- R.W. Yeung: Information Theory and Network Coding, Part I, Springer, 2008. - R.W. Yeung: A First 
Course in Information Theory, Springer, 2002. - T.M. Cover und J.A. Thomas: Elements of Information 
Theory, Wiley-Interscience, 2006. - R.G. Gallager: Information Theory and Reliable Communication, Wiley, 
1968. - R.G. Gallager: Principles of Digital Communication, Cambridge University Press, 2008. - S. Moser: 
S. Moser: Information Theory, https://moser-isi.ethz.ch/scripts.html#it
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Computational Engineering and Methods

Title

Number 4398740 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit

Module duration 1 Institution
Institut für Statik und 
Dynamik

Hours per Week / 
ECTS

2 / 5,0 Module owner
Prof. Dr. Ursula 
Kowalsky

Workload (h) 150

Class attendance 
(h)

28 Self studying (h) 122

Compulsory
requirements

Knowledge of the module "Introduction to Finite Element Methods"

Expected
performance/
Type of examina
tion

Portfolio

Course
achievement

Contents

FEM-technology, mixed and mixed-hybrid formulations concerning C0- and C1-compliant structures, physi
cal and geometric non-linearities, iteration algorithms, exercises at CA-Pool (LAB), coding as well as analy
sing knowledge is gained at doing home work and final presentation

Objective qualification

The students have deep knowledge concerning element technology as well as concerning physical and 
geometric non-linearities and the respective paths of solution.

Literature

A detailed textbook is available, further literature will be announced during the lecture.

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture/Exercise english
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Title Data-Driven Material Modeling

Number 4398690 Module version

Shorttext Language english

Frequency of offer Teaching unit

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 6,0 Module owner
Prof. Dr. Henning Wes
sels

Workload (h)

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Expected
performance/
Type of examina
tion

Course
achievement

Contents

Objective qualification

Literature

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Title AI Engineering

Number 2424000050 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution
Institut für Nachrichten
technik

Hours per Week / 
ECTS

4 / 5,0 Module owner
Prof. Dr. Tim Fing
scheidt

Workload (h) 150

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Basic knowledge (in theory and practice) in machine learning is required, e.g. from-
 Mustererkennung / Pattern Recognition (2424102) und im Computerlabor Musterer
kennung (2424133).

Expected
performance/
Type of examina
tion

Written exam (120 min) or roal exam (30 min)

Course
achievement

Lab work

Contents

- Foundation Models

- Prompt Engineering

- Retrieval-Augmented Generation

- Agents

- Finetuning

- Legal and Ethical Aspects

- Building Applications with Foundation Models

Objective qualification

  Students are able to explain the structure, functionality, and application of foundation models (large, gene
rally pre-trained AI models) and describe their core components such as tokenization, embeddings, trans
former architectures, and training procedures. They can apply methods such as prompt engineering, retrie
val-augmented generation, finetuning, and agent systems to adapt AI models to specific tasks. Furthermore, 
they are able to analyze technical concepts, select appropriate tools, and design and evaluate AI applicati
ons while considering legal and ethical frameworks. In the accompanying lab sessions, students implement 
and experiment with the presented methods in practice, thereby deepening their understanding through 
hands-on experience.

Literature

- Lecure slides

- Publications on key technologies

- C. Huyen: „AI Engineering“, O‘Reilly Media, 2025
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↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

AI Engineering 2,0 Lecture english

Literature

- Vorlesungsfolien

- Publikationen zu Schlüsseltechnologien

- C. Huyen: „AI Engineering“, O‘Reilly Media, 2025

Computer Lab AI Engineering 2,0 Internship english

Literature

- Lecure slides

- Publications on key technologies

- C. Huyen: „AI Engineering“, O‘Reilly Media, 2025
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Title Algorithms for solving the Euler and Navier-Stokes equations

Number 1290400 Module version V2

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution Department  Mathematik

Hours per Week / 
ECTS

3 / 5,0 Module owner
Studiendekan der 
Mathematik

Workload (h) 150 h

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Mathematical knowledge in
1) Numerical Mathematics
2) Numerical linear algebra
3) Partial Differential equations
4) Programming languages C/C++
is required.   

Expected
performance/
Type of examina
tion

Graded examination (Prüfungsleistung): 1 written exam (90 min.) or oral exam (30 
min.) according to examiner’s specifications.
 
The exact examination specifications will be announced at the beginning of the 
course.   

Course
achievement

Non-graded coursework (Studienleistung): Homework according to examiner’s speci
fications.
 
The exact examination specifications will be announced at the beginning of the 
course.   

Contents

The lecture is about algorithms suited to approximate solutions of the Euler and Navier-Stokes equations. 
Starting with well-known discretization schemes (such as finite-volume methods) the focus of the lecture is 
the design of smoothers for nonlinear multigrid methods. These smoothers are based on the idea of implicit 
Runge-Kutta methods. To realize these methods necessary requirements, for example differentiation of dis
cretized governing equations, structure of derivative matrices as well as iterative methods for efficiently sol
ving the linear systems, are discussed.
Finally, different variants of these methods are compared and their advantages and disadvantages are dis
cussed.   

Objective qualification

- Systematic extension of the basic knowledge acquired in the bachelor's degree programme in mathema
tics and expansion of knowledge and expertise in additional areas of mathematics
- Gain an understanding of the complex links between the different areas of applied and pure mathematics
- Studying theories and mastering their complex methods and studying in-depth mathematical applications 
also through project-type examples
- Realization of algorithms introduced in numerical mathematics
- Get to know data structures required for meshing strategies
- differentiation of discretized partial differential and integral equations and realization of their representa
tion in programming languages   

Literature

• Blazek, J.: Computational Fluid Dynamics: Principles and Applications
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• Vorlesungsskriptum (Englisch)/Lecture script

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Algorithms for solving the Euler and Navier-Stokes equations 3,0 Lecture/Exercise english

Algorithms for solving the Euler and Navier-Stokes equations 1,0 Exercise english
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Title Computer Network Engineering

Number 2416750 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Admela Jukan

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (90 min.) or oral exam (30 min.)

Course
achievement

Contents

• #Introduction to the Internet.
• Routing in the Internet.
• The TCP Protocol and its performance evaluation (mathematical foundations).
• #Performance evaluation of communication networks.
• #Introduction to the network security.
• Next generation network architectures and protocols (Software Defined Networks (SDN), MPLS, Ether

net and photonic networks)

Objective qualification

After completing this module, students have basic knowledge about architectures, protocol standards and 
theory of telecommunication networks as well as computer networks and are familiar with the principles of 
signaling. The learned principles allow to analyze new protocols and network engineering techniques and to 
evaluate its performance.

Literature

J. F. Kurose und K. W. Ross, Computer Networking # A Top-Down Approach, 6th ed., Pearson, ISBN-13: 
978-0-13-285620-1
L. L. Peterson und B. S. Davie, Computer Networks: A Systems Approach, Morgan Kaufmann Publishers, 
2003, ISBN: 1-55860-833-8
W. Stallings, Network Security Essentials, Pearson, ISBN 0-13-238033-1

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture english

Literature

• Skript
• J. F. Kuruse und K. W. Ross, Computernetze
• W. Stallings, Data and Computer Communications

1,0 Exercise english

Literature

• Skript
• J. F. Kuruse und K. W. Ross, Computernetze
• W. Stallings, Data and Computer Communications
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Title Data-Driven Material Modeling

Number 4398690 Module version V1

Shorttext Language english

Frequency of offer only in the summer term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 6,0 Module owner
Prof. Dr. Henning Wes
sels

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Recommended
requirements

Knowledge from the module Linear Solid Mechanics is recommended.

Expected
performance/
Type of examina
tion

written exam+ (60 minutes) or oral exam+ (30 minutes)

Course
achievement

for Master's programme Bauingenieurwesen and Umweltingenieurwesen:
Term paper

Contents

Digital twin concept, principles of continuum mechanics, function regression, finite elements, neural net
works,
optimization algorithms, data-driven material modeling

Objective qualification

Students are able to develop material models with machine learning methods and to implement such 
models into a simulation environment. They are aware of the importance of thermodynamics for material 
modeling. Moreover, students will be able to evaluate whether the use of data-driven methods is appropriate 
for a given model problem.

Literature

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Title Deterministic and Stochastic Modeling and Simulation

Number 2540000040 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Akustik und 
Dynamik

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Ulrich Römer

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

1 examination element: Written exam (90 min) or oral exam (30 min)

Course
achievement

Contents

Review of Finite Element and parametric modeling, surrogate and reduced order modeling, adaptive 
methods, data assimilation, Bayesian methods including Gaussian process modeling and Markov Chain 
Monte Carlo, application to vibroacoustic benchmarks

Objective qualification

Students possess in-depth knowledge of finite element modeling and probability theory. They are capable of 
representing functions using random fields and of stochastically modeling physical and technical systems. 
Furthermore, they can effectively select and apply appropriate methods of surrogate modeling and model 
order reduction. They are able to critically assess the numerical efficiency of these methods.
In addition, students are proficient in the mathematical description of adaptive methods. They can explain 
the fundamental principles of deterministic and stochastic data assimilation techniques. Moreover, they are 
capable of applying stochastic approximation methods—such as Markov Chain Monte Carlo techniques—
and of systematically describing and analyzing their properties.

Literature

• D. Xiu: Numerical Methods for Stochastic Computations: A Spectral Method Approach, Princeton Univer
sity Press, 2010.

• R. B. Gramacy: Surrogates: Gaussian process modeling, design, and optimization for the applied 
sciences. Chapman and Hall/CRC, 2020.

• C. K. Williams and C.E. Rasmussen: Gaussian processes for machine learning. Cambridge, MA: MIT 
press, 2006.

• J.M. Bardsley: Computational Uncertainty Quantification for Inverse Problems: An Introduction to Singu
lar. Integrals. Society for Industrial and Applied Mathematics, 2018.

• U. Baur, P. Benner and L. Feng. Model order reduction for linear and nonlinear systems: a system-theo
retic perspective. Archives of Computational Methods in Engineering 21.4 (2014): 331-358.

 

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Deterministic and Stochastic Modeling and Simulation 2,0 Lecture english

Deterministic and Stochastic Modeling and Simulation 1,0 Exercise english
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Title Dynamic Optimization

Number 1294450 Module version V2

Shorttext Language english german

Frequency of offer only in the summer term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

6 / 10,0 Module owner
Studiendekan der 
Mathematik

Workload (h)

Class attendance 
(h)

84 Self studying (h) 216

Compulsory
requirements

Expected
performance/
Type of examina
tion

graded examination (Prüfungsleistung): 1 written exam (120 minutes) or 
1 oral exam (25-35 minutes) according to examiner’s specifications. After 
approval by the examination board mathematics (Prüfungsausschuss Mathe
matik), the examiner can also choose the take-home exam as the form of 
examination.
The exact examination specifications will be announced at the beginning of 
the course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to exami
ner’s specifications.
The exact examination specifications will be announced at the beginning of 
the course.

Contents

- Modeling dynamic processes via ODE and DAE
- Theory of the initial value problem for ordinary differential equations (ODE) and differential algebraic 
(DAE) equations
- Marginal value problem, solution via single and multi shooting methods
- Modeling and transformation of optimal control problems
- The Bellmann principal
- Direct, indirect, sequential and simultaneous approaches, including e.g. Pontryagin's Maximum Princi
pal, Single Shot method, collokation methods, multi shooting methods, dynamic optimization, the Hamil
ton-Jacobi-Bellman-Equality
- Structures and their use in direct multi shooting methods
- Parameter estimation and dynamic problems
- The generalized Gauß-Newton-method, local contraction und convergence
- Statistics of the generalized Gauß-Newton-method
- Optimal experimental design
- Model discrimination   

Objective qualification

The students
- understand the of the complex links between their previous mathematical knowledge and the contents of 
the lecture
- understand the theoretical body of the lecture as a whole and master the corresponding methods
- are able to analyze and apply the methods of the lecture
 
- know and understand the problems of optimal control, parameter estimation, optimal experimental design 
and model discrimination
- know and understand the different fundamental approaches in the field of optimal control are are able to 
apply and analyze them
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- are able to analyze, interpret, refine and enhance the methods, especially to increase the efficiency of 
numerical algorithms exemplified for optimal control   

Literature

M. Gerdts: Optimal Control of ODEs and DAEs, De Gruyter, 2011.
A. E. Bryson, Y.-C. Ho: Applied Optimal Control: Optimization Estimation an Control, Routledge, 1975.
G. Feichtinger, R. F. Hartl: Optimale Kontrolle Ökonomischer Prozesse, De Gruyter, 1986.
Y. Bard: Nonlinear Parameter Estimation, Academic Press, 1974.
D. Bertsekas: Dynamic Programming & Optimal Control, Athena Scientific, 2005.

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Dynamic Optimization 6,0 Lecture/Exercise english

Dynamic Optimization 2,0 Exercise, small 
group

english
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Title Finite Element Method: Theory and Application

Number 4310590 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 6,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Expected
performance/
Type of examina
tion

Writte exam (90 Min.)

Course
achievement

Contents

The Finite Element Method for linear and nonlinear problems in solid mechanics: Heat equation, nonlinear 
elasticity. Variational format, weighted residuals. Numerical implementation in a Finite Element Toolbox

Objective qualification

The students learn how to employ the Finite Element Method to solve boundary value problems in solid 
mechanics applications. They are able to solve linear and nonlinear problems (heat equation, nonlinear ela
sticity). The students are able to numerically implement the methods in a Finite Element Toolbox.

Literature

(1) TJR. Hughes, The Finite Element Method: Linear Static and Dynamic Finite Element Analysis
(2) C. Johnson, Numerical Solution of Partial Differential Equations by the Finite Element Method
(3) DV. Hutton, Fundamentals of Finite Element Analysis
(4) M. Fagan, Finite Element Analysis Theory and Practice
(5) P. Steinke, Finite-Elemente-Methode - Rechnergestützte Einführung

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english

Seite 39 von 69



Technische Universität Braunschweig | Module Guide: Computational Sciences in Engineering (Master)

Title Introduction to Lattice Boltzmann Methods

Number 4398490 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit

Module duration 1 Institution
Institut für rechnerge
stützte Modellierung im 
Bauingenieurwesen

Hours per Week / 
ECTS

5 / 5,0 Module owner Prof. Dr. Martin Geier

Workload (h) 150 h

Class attendance 
(h)

70 Self studying (h) 80

Compulsory
requirements

Expected
performance/
Type of examina
tion

written exam (120 min) or oral exam (45 min)

Course
achievement

pass of homework (project)

Contents

Introduction to lattice gases; from lattice gases to Boltzmann equation, discretization of BG in velocity 
space, FD
discretization of DBL, asymptotic analysis of hydrodynamic moments, tutorial code, example simulations

Objective qualification

The students are able to discretize partial differential equations for moderately complex transport and flow 
problems
using asymptotic analysis in the sense of a Lattice Boltzmann method, to implement them in an object-ori
ented approach
in C/C++ and to solve simple two-dimensional transport and flow problems with this implementation.

Literature

script, T. Krüger et al., The Lattice Boltzmann Method: Principles and Practice, Springer ISBN 
978-3-319-44649-3
(2017)

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

5,0 Lecture/Exercise english
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Title Methods of Uncertainty Analysis and Quantification

Number 2540420 Module version

Shorttext Language german

Frequency of offer only in the summer term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Akustik und 
Dynamik

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Sabine Langer

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Recommended
requirements

Basic knowledge of the finite element method, numerical procedures for quadrature 
and polynomial approximation as well as probability theory and statistics are helpful. 
Attending the course "Unsicherheiten in technischen Systemen" is not a requirement.

Expected
performance/
Type of examina
tion

1 examination element: Written exam (90 min) or oral exam (30 min)

Course
achievement

Contents

Probability and random variables, advanced Monte Carlo methods, stochastic quadrature, stochastic spec
tral methods, global sensitivity analysis, data-driven uncertainty quantification

Objective qualification

Students can formulate and name elementary rules of probability theory and different ways to describe pro
bability distributions. They can model technical/physical systems in a stochastic way using random varia
bles. The students are further able to apply Monte Carlo and stochastic spectral methods to quantify uncer
tainties and also to assess the impact and propagation of uncertainties in models through global sensitivity 
analysis. Moreover, they are able to evaluate the numerical efficiency of the aforementioned methods. The 
students are also able to outline the principles of data-driven approaches to uncertainty analysis.

Literature

• O. Le Maitre, O.M. Knio: Spectral Methods for Uncertainty Quantification, Springer Netherlands, 2010
• D. Xiu: Numerical Methods for Stochastic Computations: A Spectral Method Approach, Princeton Univer

sity Press, 2010 
• G. J. Lord, C.E. Powell, T. Shardlow: An introduction to computational stochastic PDEs, Cambridge Uni

versity Press, 2014

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture english

1,0 Exercise english
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Title Multidisciplinary Design Optimization

Number 2515250 Module version

Shorttext Language

Frequency of offer only in the winter term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Flugzeugbau 
und Leichtbau

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Stefan Görtz

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

1 examination element: written exam, 90 minutes or oral exam, 30 minutes

Course
achievement

Contents

Unconstrained optimization methods, Constrained optimization methods, Design parametrization techni
ques, design structure matrix, sensitivity analysis methods, gradient free optimization methods, MDO archi
tectures, multi-objective optimization, approximation methods in MDO.

Objective qualification

Students have the ability to mathematically formulate engineering design problems as multidisciplinary 
design optimization (MDO) problem and then solve it using numerical optimization algorithms. They can 
choose the proper MDO architecture and optimization algorithm for each problem. The course tutorials help 
the student to get hands on experience in solving MDO problems on their computers.

Literature

[1] Lecture sheets and some notes including a few scientific papers [2] J.R.R.A. Martins, A Short Course on 
Multidisciplinary Design Optimization, University of Michigan, 2012.

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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2,0 Lecture/Exercise english

Literature

Lecture sheets and some notes including a few scientific papers J.R.R.A. Martins, A Short Course on Multi
disciplinary Design Optimization, University of Michigan, 2012.

Seite 44 von 69



Technische Universität Braunschweig | Module Guide: Computational Sciences in Engineering (Master)

Title Multi-scale Methods

Number 4398610 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 6,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Recommended
requirements

It is a recommended prerequisite to have successfully finished a module about the 
Finite Element Method.

Expected
performance/
Type of examina
tion

Written exam+ (90 min) or oral exam+ (approx. 30 min)
It is possible to achieve 20% oft he examination points by elaborating and submitting 
additional tasks prior to the written
or oral exam. The student must apply for the written/oral exam+ format prior to the 
exam. Further information will be
provided during the course.

Course
achievement

Contents

Analytical averaging techniques (Voigt/Reuss, Hashin-Shtrikman); Separation of scales; Representative and 
Statistical
Volume Elements; Hill-Mandel condition; Choice of boundary conditins; Variationally Methods; FE2 strategy

Objective qualification

The Students are acquainted with analytical methods to compute the macroscopic material properties of 
microstructured
materials. They are familiar with the concept of Representative Volume Elements and with numerical avera
ging
techniques. The students are aware of the effect, advantages and disadvantages by using different set of 
boundary
conditions.

Literature

Jänicke, Larsson, Runesson: Computational Homogenization, Course Compendium, 2021.
Zohdi, Wriggers: An introduction to computational micromechanics, Springer, 2008.

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Title Network-Security

Number 2416770 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution
Institut für Datentechnik 
und Kommunikations
netze

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Admela Jukan

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

Written exam (120 min) or oral exam (30 min)
 

Course
achievement

Contents

The lecture gives a broad introduction to network security, including foundations of cryptography, message 
integrity, authentication, privacy and anonymity, application layer security, secure network protocols, secu
rity in the physical layer, as well as broader aspects security aspects related to reliability and safety. It also 
discusses relevant topics in various application domains, such as (i) security in next generation mobile net
works, (ii) satellite network security; (iii) security in the compute continuum of IoT, edge and cloud compu
ting; (v) security functions within the  network management; (vi) physical layer security in optical and wire
less networks.

Objective qualification

On finishing this module the students have a survey of the theoretical principles of cryptography. They are 
able to analyze basic cryptographic systems and are able to design basic electronic security systems.

Literature

Material provided to students in StudIP, including the references noted within
 

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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2,0 Lecture german

Literature

Material provided to students in StudIP, including the references noted within
 

1,0 Exercise german

Literature

Material provided to students in StudIP, including the references noted within
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Title Nonlinear Finite Element Method

Number 3315000060 Module version

Shorttext Language english

Frequency of offer only in the winter term Teaching unit

Module duration 1 Institution
Institut für Angewandte 
Mechanik

Hours per Week / 
ECTS

4 / 5,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 180 h

Class attendance 
(h)

56 Self studying (h) 124

Compulsory
requirements

Recommended
requirements

Knowledge from the module Linear Solid Mechanics is recommended.

Expected
performance/
Type of examina
tion

Writte exam (90 Min.)

Course
achievement

Contents

The Finite Element Method for linear and nonlinear problems in solid mechanics: Heat equation, nonlinear 
elasticity. Variational format, weighted residuals. Numerical implementation in a Finite Element Toolbox

Objective qualification

The students learn how to employ the Finite Element Method to solve boundary value problems in solid 
mechanics applications. They are able to solve linear and nonlinear problems (heat equation, nonlinear ela
sticity). The students are able to numerically implement the methods in a Finite Element Toolbox.

Literature

(1) TJR. Hughes, The Finite Element Method: Linear Static and Dynamic Finite Element Analysis
(2) C. Johnson, Numerical Solution of Partial Differential Equations by the Finite Element Method
(3) DV. Hutton, Fundamentals of Finite Element Analysis
(4) M. Fagan, Finite Element Analysis Theory and Practice
(5) P. Steinke, Finite-Elemente-Methode - Rechnergestützte Einführung

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Lecture/Exercise english
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Title Numerical Linear Algebra

Number 1295770 Module version V2

Shorttext Language german

Frequency of offer only in the summer term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

6 / 10,0 Module owner
Studiendekan der 
Mathematik

Workload (h)

Class attendance 
(h)

84 Self studying (h) 216

Compulsory
requirements

Expected
performance/
Type of examina
tion

Course
achievement

Contents

Objective qualification

Literature

- Trefethen, Bau, Numerical Linear Algebra, SIAM
- Demmel, Applied Numerical Linear Algebra, SIAM
- Golub, Van Loan, Matrix Computations, John Hopkins   

   

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Numerical Linear Algebra 6,0 Lecture/Exercise english

Literature

• Trefethen, Bau, Numerical Linear Algebra, SIAM
• Demmel, Applied Numerical Linear Algebra, SIAM
• Golub, Van Loan, Matrix Computations, John Hopkins   
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Title Parallel / Distributed Computing I

Number 4398510 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit

Module duration Institution
Institut für rechnerge
stützte Modellierung im 
Bauingenieurwesen

Hours per Week / 
ECTS

0 / 5,0 Module owner
Prof. Dr. Manfred Krafc
zyk

Workload (h) 150 h

Class attendance 
(h)

70 Self studying (h) 80

Compulsory
requirements

Expected
performance/
Type of examina
tion

written exam (120 min) or oral exam (45 min)

Course
achievement

pass of homework (project)

Contents

Structure of CPU systems, memory hierarchies, performance metrics, vectorization, shared vs. Numa 
systems,
message passing, Amdahl's law, sample implementations

Objective qualification

The students are able to evaluate runtime-relevant aspects of different hardware with regard to processors 
and RAM.
Furthermore, they are able to parallelize moderately complex numerical methods algorithmically and to 
implement them in
parallel in the language C/C++ under consideration of object-oriented principles for shared-memory as well 
as distributedmemory
systems.

Literature

script,Georg Hager, Gerhard Wellein, Introduction to High Performance Computing for Scientists and Engi
neers,
Taylor & Francis (2011)

  

↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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4,0 Lecture/Exercise english
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Title Scientific Software Engineering – Lab

Number 3325000040 Module version

Shorttext Language english

Frequency of offer only in the summer term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution
Institut für rechnerge
stützte Modellierung im 
Bauingenieurwesen

Hours per Week / 
ECTS

4 / 5,0 Module owner Prof. Dr. Martin Geier

Workload (h) 150 h

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Recommended
requirements

Algorithms & Programming (Lab)

Expected
performance/
Type of examina
tion

written exam (60 min) or oral exam (30 min)

Course
achievement

Homework according to examiners specificatoins

Contents

Software Design Principles, Design Patterns, Software Quality Metrics, Agile Software
Development, Test Driven Development (TDD)

Objective qualification

Students will be able to develop sustainable software solutions in the scientific contexts for moderately com
plex
engineering problems using advanced design and implementation approaches. Furthermore, they will be 
able to evaluate
software designs with respect to various quality aspects and to make independent design decisions and 
implement
corresponding solutions.

Literature

Lecture script, scientific papers, books

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

4,0 Laboratory english
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Title Numerical Methods in Particle Technology

Number 2521390 Module version

Shorttext Language german

Frequency of offer only in the winter term Teaching unit
Fakultät für Maschinen
bau

Module duration 1 Institution
Institut für Partikeltech
nik

Hours per Week / 
ECTS

3 / 5,0 Module owner Prof. Dr. Arno Kwade

Workload (h) 150

Class attendance 
(h)

42 Self studying (h) 108

Compulsory
requirements

Expected
performance/
Type of examina
tion

1 Examination: written exam (90 minutes) or oral exam (30 minutes)

Course
achievement

1 course achievement: Participation at the practical simulation course.

Contents

The lecture gives an overview of the different possibilities to describe processes with particles numerically 
and teaches the respective basics. In addition, the combination of the different methods for the application 
of multiphysics and multi-scale simulations is shown. Two of the most important methods, the Discrete Ele
ment Method and the Population Balance Method, are discussed in detail in order to be able to carry out 
own simulations based on them. In particular, the calibration of the model parameters and the model valida
tion will be discussed.
 
The lecture is structured as follows:
- Overview of numerical methods of particle technology
- general balance equation
- population balances
- Computational Fluid Dynamics (Introduction)
- Discrete Element Method
- Finite Element Method (Introduction)
- Multi-physics and multi-scale models
 
In the exercise, the different numerical methods are deepened and the setting up of model equations for 
different processes, as well as the calibration of the model parameters and model validation are practiced.
 
In the simulation practical course, two DEM software packages "Rocky" and "EDEM" are used to simulate 
simple processes of particle technology. The possibilities of model calibration and validation are also tested.

Objective qualification

After completing the module, students are able to classify the simulation methods taught in this course 
into the appropriate size and time scales. They can name the models on which the simulation methods are 
based and discuss their applicability to real problems in particle technology. Furthermore, they are able to 
describe schematically the processes and algorithms involved in the implementation of the taught simulation 
methods. They can independently apply the concepts of the discrete element method to their own problems. 
They have the ability to analyze the influence of input variables on given force models by means of calcula
tions. Various force and potential curves can be described by the students by means of sketches. The stu
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dents are also able to name the terms of given basic equations in numerical fluid mechanics, CFD-DEM 
coupling and population balance methods in the context of particle simulation and to explain their meaning.

Literature

Stein, E., De Borst, R., Hughes, T. J. R.: Encyclopedia of Computational Mechanics.
WILEY-VCH, 2004 Wriggers, P.: Computational Contact Mechanics.
Springer, 2006 Mohammadi, S.: Discontinuum Mechanics: using Finite and Discrete Elements.
Computational Mechanics, 2003

  

↑

Related courses

Rules for the choice of courses

The course achievements are necessary to complete the module, but not a prerequisite for participation in 
the exam. The overall grade of the module is only calculated from the examination performance.

Compulsory attendance

Name of the course SWS Eventtype Language

1,0 Lecture german

1,0 Exercise german

1,0 Internship german

Seite 56 von 69



Technische Universität Braunschweig | Module Guide: Computational Sciences in Engineering (Master)

Title Spoken Language Processing

Number 2424680 Module version

Shorttext Language german

Frequency of offer only in the winter term Teaching unit
Fakultät für Elektrotech
nik, Informationstechnik, 
Physik

Module duration 1 Institution
Institut für Nachrichten
technik

Hours per Week / 
ECTS

4 / 5,0 Module owner
Prof. Dr. Tim Fing
scheidt

Workload (h) 150

Class attendance 
(h)

56 Self studying (h) 94

Compulsory
requirements

Expected
performance/
Type of examina
tion

Oral exam 30 minutes or written exam 90 minutes (depending on number of partici
pants)

Course
achievement

Contents

- Basics of speech production and perception
- Feature extraction
- Hidden Markov models
- Acoustic models and language models
- Automatic speech recognition
- Spoken language systems

Objective qualification

After successful completion of the module, students will be able to classify time series (e.g., speech signals) 
using hidden Markov modeling. The students acquire all the necessary knowledge to suitably select, design, 
and evaluate methods and algorithms for automatic speech recognition to solve problems in practice.

Literature

- Lecture slides
- X. Huang, A. Acero, H.-W. Hon: Spoken Language Processing, Prentice Hall, 2001
- B. Pfister, T. Kaufmann: Sprachverarbeitung, Springer, 2008
- A. Wendemuth: Grundlagen der Stochastischen Sprachverarbeitung, Oldenbourg, 2004
- E.G. Schukat-Talamazzini: Automatische Spracherkennung, Vieweg, 1995
- G.A. Fink: Mustererkennung mit Markov-Modellen, Teubner, 2003
- L. Rabiner, B.-H. Juang: Fundamentals of Speech Recognition, Prentice Hall, 1993
- K. Fukunaga: Statistical Pattern Recognition, Academic Press, 1990

Remark

This module from the master's program is also suitable for bachelor students. Basic knowledge of digital 
signal processing, as e.g.  acquired in the module #digital signal processing#, facilitates the understanding 
of this lecture.

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture english

Literature

- X. Huang, A. Acero, H.-W. Hon: Spoken Language Processing, Prentice Hall, 2001
- B. Pfister, T. Kaufmann: Sprachverarbeitung, Springer, 2008
- A. Wendemuth: Grundlagen der Stochastischen Sprachverarbeitung, Oldenbourg, 2004
- E.G. Schukat-Talamazzini: Automatische Spracherkennung, Vieweg, 1995
- G.A. Fink: Mustererkennung mit Markov-Modellen, Teubner, 2003
- L. Rabiner, B.-H. Juang: Fundamentals of Speech Recognition, Prentice Hall, 1993
- K. Fukunaga: Statistical Pattern Recognition, Academic Press, 1990

2,0 Seminar english

Literature

- X. Huang, A. Acero, H.-W. Hon: Spoken Language Processing, Prentice Hall, 2001
- B. Pfister, T. Kaufmann: Sprachverarbeitung, Springer, 2008
- A. Wendemuth: Grundlagen der Stochastischen Sprachverarbeitung, Oldenbourg, 2004
- E.G. Schukat-Talamazzini: Automatische Spracherkennung, Vieweg, 1995
- G.A. Fink: Mustererkennung mit Markov-Modellen, Teubner, 2003
- L. Rabiner, B.-H. Juang: Fundamentals of Speech Recognition, Prentice Hall, 1993
- K. Fukunaga: Statistical Pattern Recognition, Academic Press, 1990
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Title Statistical methods: Optimality and high dimensionality

Number 1294390 Module version V2

Shorttext Language english

Frequency of offer only in the winter term Teaching unit
Carl-Friedrich-Gauß-
Fakultät

Module duration 1 Institution

Hours per Week / 
ECTS

6 / 10,0 Module owner
Studiendekan der 
Mathematik

Workload (h)

Class attendance 
(h)

84 Self studying (h) 216

Compulsory
requirements

Expected
performance/
Type of examina
tion

graded examination (Prüfungsleistung): 1 written exam (120 minutes) or 
1 oral exam (25-35 minutes) according to examiner’s specifications. After 
approval by the examination board mathematics (Prüfungsausschuss Mathe
matik), the examiner can also choose the take-home exam as the form of 
examination.
The exact examination specifications will be announced at the beginning of 
the course.

Course
achievement

Non-graded coursework (Studienleistung): Homework according to exami
ner’s specifications.
The exact examination specifications will be announced at the beginning of 
the course.

Contents

- Optimal statistical decisions
- Asymptotical statistical inference
- Statistical methods for high-dimensional regression and classification
- Bagging, Boosting and Random Forests
- Volatility modelling
- Statistical inference for GARCH models and heteroscedastic time series models
- Application to real data   

Objective qualification

The students
- understand the of the complex links between their previous mathematical knowledge and the contents of 
the lecture
- understand the theoretical body of the lecture as a whole and master the corresponding methods
- are able to analyze and apply the methods of the lecture
 
- remember and understand core methods of mathematical statistics in order to assess power and optima
lity of statistical methods
- are able to construct (optimal) confidence sets
- understand selected statistical methods for high dimensional data
- understand the basic probabilistic treatment of financial time series
- understand properties of statistical methods in theory and application
- are to model real data   

Literature

wird in der Veranstaltung bekannt gegeben
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↑

Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

Mathematical Statistics and Financial Time Series 6,0 Lecture/Exercise english

Mathematical Statistics and Financial Time Series 2,0 Exercise english

Probability and Statistical Methods for Data Science 6,0 Lecture/Exercise english

Seite 60 von 69



Technische Universität Braunschweig | Module Guide: Computational Sciences in Engineering (Master)

Elective Classes

Title

Number 4228860 Module version

Shorttext Language english german

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 2 Institution

Hours per Week / 
ECTS

/ 15,0 Module owner

Workload (h) 450h

Class attendance 
(h)

Self studying (h)

Compulsory
requirements

Expected
performance/
Type of examina
tion

According to the imported course

Course
achievement

According to the imported course

Contents

According to the imported course

Objective qualification

The students know the basic challenges of their chosen field of studies, have deepened skills and expertise 
for the
efficient solving of typical problems of the field of studies.
They have a deeper understanding of specific approaches and are able to deal with typical problems in a 
scientific way.

Literature

According to the imported course

  

↑

Related courses

Rules for the choice of courses

Choice of courses in the fields of Mechanical Engineering, Civil Engineering, Computational Mathematics 
and Electrical Engineering

Compulsory attendance

Name of the course SWS Eventtype Language
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Career Entry Qualifications

Title Introduction to Computational Engineering

Number 4398500 Module version V1

Shorttext Language english

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 2 Institution

Hours per Week / 
ECTS

2 / 2,0 Module owner Prof. Dr. Ralf Jänicke

Workload (h) 60 h

Class attendance 
(h)

46 Self studying (h) 14

Compulsory
requirements

Expected
performance/
Type of examina
tion

no exam

Course
achievement

attendance of 7 lectures in lecture series + intercultural training + attendance of either 
workshop or
excursion. In addition, a report (1-2 pages) to evaluate the workshop "Scientific Inte
grity" or the company excursion.

Contents

Introduction to modeling and numerical analysis of processes in engineering, and e.g. finite element 
methods, finite
volume methods, uncertainty quantification, data-driven modeling, pattern recognition, multi-scale methods, 
optimization,
digital twins

Objective qualification

The students know different general approaches in the context of modelling and simulation. They are able to 
connect
engineering problems to adequate models as well as simulation methods. They have basic knowledge con
cerning
modelling and solution of governing equations applying the methods addressed here.
They gained basic knowledge related to scientific working in the context of their profession and are able to 
recognize
networking possibilities and application to their professional life.

Literature

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language

2,0 Lecture series english
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Title Language Aquisition

Number 3312000000 Module version

Shorttext Language

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 2 Institution

Hours per Week / 
ECTS

/ 8,0 Module owner

Workload (h) 240

Class attendance 
(h)

Self studying (h)

Compulsory
requirements

Expected
performance/
Type of examina
tion

According to the chosen language courses

Course
achievement

According to the chosen language courses

Contents

Language courses at different levels, depending on existing language skills and chosen enrolment options

Objective qualification

The aim is to further develop students' language skills and qualify them for entry into the German and inter
national job market. The various course options encourage students to gain intercultural experience and 
hone their language skills in real-life professional situations.

Literature

According to the chosen language courses

  

↑

Related courses

Rules for the choice of courses

With German language certificate at least B2 level:

• 2-4 English courses (B2/C1) or
• 1-2 English courses (B2/C1) and 1-2 other foreign language courses (at least B1) or
• 1 foreign language course and a stay abroad, at least 3 months

Without German language certificate at least B2 level:

2-4 German language (B2/C1)

Compulsory attendance

Name of the course SWS Eventtype Language
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Project Thesis

Title Student Project

Number 4228790 Module version

Shorttext Language english german

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution

Hours per Week / 
ECTS

0 / 15,0 Module owner

Workload (h) 450 h

Class attendance 
(h)

Self studying (h)

Compulsory
requirements

Expected
performance/
Type of examina
tion

Passing the specialization project, oral presentation of the specialization project 
(weighted by 10 % in
grading)

Course
achievement

Contents

In the project that concludes the specialization, the chosen task is looked at and presented in its entirety 
and from an
overall perspective. Correspondingly, a strong focus is placed on the detailed analysis.

Objective qualification

The students are able to analyse problems in their chosen field of study independently within a limited 
period of time,
acquire required detailed knowledge independently and have the ability to develop suitable solution strate
gies. They can
handle the required methods of the scientific working and apply them competently. The students are fami
liar with required
basics and typical methods for solving the problem and are able to present the results of their own work 
according to
scientific standards in written form as well as in a presentation.

Literature

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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Master's Thesis

Title Master's Thesis

Number 4228800 Module version

Shorttext Language english german

Frequency of offer every term Teaching unit
Fakultät Architektur, 
Bauingenieurwesen und 
Umweltwissenschaften

Module duration 1 Institution

Hours per Week / 
ECTS

0 / 30,0 Module owner

Workload (h) 900 h

Class attendance 
(h)

Self studying (h)

Compulsory
requirements

Expected
performance/
Type of examina
tion

Pass the Master Thesis, oral presentation of the thesis (weighted by 10 % in grading)

Course
achievement

Contents

according to the chosen topic

Objective qualification

The students are able to analyse challenging, complex problems in their chosen field of study independently 
within a
limited period of time, acquire required detailed knowledge independently and have the ability to develop 
suitable solution
strategies. They can handle the required methods of scientific working and can apply them competently. 
The students are
familiar with required basics and typical methods for solving the problem and are able to present the results 
of their own
work according to scientific standards in written form as well as in a presentation.

Literature

  

↑
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Related courses

Rules for the choice of courses

Compulsory attendance

Name of the course SWS Eventtype Language
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