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The curriculum of the master programme is divided into four sub-curricula, each corre-
sponding to one of the four main areas of competence in research of the Bonn Institute of
Computer Science:

1. Algorithmics
2. Graphics, Vision, Audio
3. Information and Communication Management

4. Intelligent Systems

Module numbers MA-INF ASXY have been assigned according to the following key:
vergeben:

e A = number of the area of competence
e S = semester within the master curriculum

e XY = sequential number within the semester and the respective area of competence
(two digits)

According to the curriculum, all modules ought to be taken between the first and the third
semester. The fourth semester is reserved for preparing the master thesis.

Contents

1 Algorithmics 2
2 Graphics, Vision, Audio 33
3 Information and Communication Management 72
4 Intelligent Systems 103

5 Master Thesis 150
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Combinatorial Optimization
Cryptography
Advanced Algorithms
Algorithms for Data Analysis
Approximation Algorithms
Chip Design
Discrete and Computational Geometry
Graduate Seminar Discrete Optimization
Seminar Randomized and Approximation Algorithms ..
Lab Combinatorial Algorithms
Seminar Advanced Topics in Cryptography
Randomized Algorithms and Probabilistic Analysis
Seminar Theoretical Foundations of Data Science
Algorithms and Uncertainty
Seminar Algorithmic Game Theory
Seminar Algorithms for Computational Analytics
Lab Computational Analytics
Lab High Performance Optimization
Algorithmic Game Theory
Seminar Computational Geometry
Graduate Seminar on Applied Combinatorial
Optimization
Seminar Advanced Algorithms
Lab Algorithms for Chip Design
Lab Efficient Algorithms: Design, Analysis and
Implementation
The Art of Cryptography
Online Motion Planning

Lab Computational Geometry
Lab Cryptography
Lab Advanced Algorithms
Binary Linear and Quadratic Optimization
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Module Combinatorial Optimization

MA-INF 1102

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | at least every year

Module Prof. Dr. Jens Vygen

coordinator

Lecturer(s) All lecturers of Discrete Mathematics

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Advanced knowledge of combinatorial optimization. Modelling
and development of solution strategies for combinatorial
optimization problems

Soft skills

Mathematical modelling of practical problems, abstract
thinking, presentation of solutions to exercises

Contents Matchings, b-matchings and T-joins, optimization over
matroids, submodular function minimization, travelling
salesman problem, polyhedral combinatorics, NP-hard problems

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study

Exam achievements | Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e B. Korte, J. Vygen: Combinatorial Optimization: Theory and
Algorithms. Springer, 6th edition, 2018

e A. Schrijver: Combinatorial Optimization: Polyhedra and
Efficiency. Springer, 2003

e W. Cook, W. Cunningham, W. Pulleyblank, A. Schrijver:
Combinatorial Optimization. Wiley, 1997

e A. Frank: Connections in Combinatorial Optimization. Oxford
University Press, 2011
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Module Cryptography

MA-INF 1103

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Dr. Michael Niisken

coordinator

Lecturer(s) Dr. Michael Niisken

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Understanding of security concerns and measures, and of the
interplay between computing power and security requirements.
Mastery of the basic techniques for cryptosystems and
cryptanalysis

Soft skills

Oral presentation (in tutorial groups), written presentation (of
exercise solutions), team collaboration in solving homework
problems, critical assessment

Contents Basic private-key and public-key cryptosystems: AES, RSA,
group-based. Security reductions. Key exchange, cryptographic
hash functions, signatures, identification; factoring integers and
discrete logarithms; lower bounds in structured models.

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /105S | 5.5
Exercises 2 30T /758 | 3.5
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e Stinson, Cryptography: Theory and Practice, 2nd edition
e Course notes
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Module Advanced Algorithms
MA-INF 1104
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Heiko Réglin
coordinator
Lecturer(s) Prof. Dr. Anne Driemel, Prof. Dr. Thomas Kesselheim,
Prof. Dr. Heiko Réglin, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort, Senior Prof. Dr. Marek Karpinski
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1.

Technical skills

Deeper insights into selected methods and techniques of modern
algorithmics.

Soft skills

Presentation of solutions and methods, critical discussion of
applied methods and techniques.

Contents Advanced algorithmic techniques from e.g. approximation,
randomized and exact exponential time algorithms. We will also
revisit some essential topics such as linear programs and network
flows.

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature
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Module Algorithms for Data Analysis

MA-INF 1105

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | at least every 2 years

Module Prof. Dr. Petra Mutzel

coordinator

Lecturer(s) Prof. Dr. Petra Mutzel

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Deeper insights into selected methods and techniques of modern
algorithmics with respect to big data and/or analytics tasks

Soft skills

Presentation of solutions and methods, critical discussion of
applied methods and techniques.

Contents Advanced algorithmic techniques and data structures relevant to
analytic tasks for big data, i.e., algorithms for graph similarity,
parallel algorithms, I/O-data structures, and streaming
algorithms.

Prerequisites Required:
none
Recommended:

Introductory knowledge of foundations of algorithms and data
structures is essential.
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 2 30T /458 | 2.5
Exercises 2 30T /75S | 3.5
T = face-to-face teaching; S = independent study

Exam achievements | Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature
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Module Approximation Algorithms

MA-INF 1201

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | at least every year

Module Prof. Dr. Jens Vygen

coordinator

Lecturer(s) All lecturers of Discrete Mathematics,
Senior Prof. Dr. Marek Karpinski

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Introduction to design and analysis of most important
approximation algorithms for NP-hard combinatorial
optimization problems, and various techniques for proving lower
and upper bounds, probabilistic methods and applications

Soft skills

Presentation of solutions and methods, critical discussion of
applied methods and techniques

Contents

Approximation Algorithms and Approximation Schemes. Design
and Analysis of Approximation algorithms for selected NP-hard
problems, like Set-Cover, and Vertex-Cover problems,
MAXSAT, TSP, Knapsack, Bin Packing, Network Design,
Facility Location. Introduction to various approximation
techniques (like Greedy, LP-Rounding, Primal-Dual, Local
Search, randomized techniques and Sampling, and
MCMC-Methods), and their applications. Analysis of
approximation hardness and PCP-Systems.

Prerequisites

Recommended:
Introductory knowledge of foundations of algorithms and
complexity theory is essential.

Format

Teaching format Group size | h/week | Workload[h] | CP

9.5
3.5

Lecture 4
Exercises 2

60 T /105 S
30T /758

T = face-to-face teaching; S = independent study

Exam achievements

Oral exam

(graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e S. Arora, C. Lund: Hardness of Approximations. In:
Approximation Algorithms for NP-Hard Problems (D. S.
Hochbaum, ed.), PWS, 1996

e M. Karpinski: Randomisierte und approximative Algorithmen
fiir harte Berechnungsprobleme, Lecture Notes (5th edition),
Universitat Bonn, 2007

¢ B. Korte, J. Vygen: Combinatorial Optimization: Theory and
Algorithms (6th edition), Springer, 2018

e V. V. Vazirani: Approximation Algorithms, Springer, 2001

e D. P. Williamson, D. B. Shmoys: The Design of
Approximation Algorithms, Cambridge University Press, 2011
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Module Chip Design

MA-INF 1202

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Jens Vygen

coordinator

Lecturer(s) All lecturers of Discrete Mathematics
Programme Mode Semester

Classification

M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Knowledge of the central problems and algorithms in chip
design. Competence to develop and apply algorithms for solving
real-world problems, also with respect to technical constraints.
Techniques to develop and implement efficient algorithms for
very large instances.

Soft skills

Mathematical modelling of problems occurring in chip design,
development of efficient algorithms, abstract thinking,
presentation of solutions to exercises

Contents Problem formulation and design flow for chip design, logic
synthesis, placement, routing, timing analysis and optimization
Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP
Format Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study
Exam achievements | Oral exam (graded)
Study achievements | Successful exercise participation (not graded)

Forms of media

Literature

e C.J. Alpert, D.P. Mehta, S.S. Sapatnekar: The Handbook of
Algorithms for VLSI Physical Design Automation. CRC Press,
New York, 2008.

e S. Held, B. Korte, D. Rautenbach, J. Vygen: Combinatorial
optimization in VLSI design. In: "Combinatorial Optimization:
Methods and Applications" (V. Chvéatal, ed.), IOS Press,
Amsterdam 2011, pp. 33-96

e S. Held, J. Vygen: Chip Design. Lecture Notes (distributed
during the course)

e L. Lavagno, I.L.. Markov, G. Martin, and L.K. Scheffer, eds.:
Electronic Design Automation for IC Implementation, Circuit
Design, and Process Technology. CRC Press, 2nd edition, 2016
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Module Discrete and Computational Geometry
MA-INF 1203
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Anne Driemel
coordinator
Lecturer(s) Prof. Dr. Anne Driemel, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort
Programme Mode Semester
Classification

M. Sc. Computer Science | Optional | 1-4.

Technical skills

Knowledge of fundamental theorems and concepts in the area of
discrete and computational geometry; design and analysis of
geometric algorithms; combinatorial analysis of the complexity
of geometric configurations; to apply this knowledge
autonomously in solving new problems.

Soft skills

Social competence (communication, presenting one’s own
solutions, goal-oriented discussions in teams), methodical
competence (analysis, abstraction, proofs), individual
competence (commitment and willingness to learn, creativity,
endurance).

Contents

Fundamentals of convex sets, Voronoi diagrams, hyperplane
arrangements, well-separated pair decomposition, spanners,
metric space embedding, dimension reduction, VC-dimension,
epsilon-nets, visibility, point location, range searching,
randomized incremental construction, geometric distance
problems in dimension two and higher.

Prerequisites

Recommended:

BA-INF 114 — Grundlagen der algorithmischen Geometrie

Format

Teaching format Group size | h/week | Workload[h] | CP

Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35

T = face-to-face teaching; S = independent study

Exam achievements

Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e Jiri Matousek. Lectures on Discrete Geometry. Springer
Graduate Texts in Mathematics. ISBN 0-387-95374-4.

e Mark de Berg, Otfried Cheong, Marc van Kreveld, and Mark
Overmars. Computational Geometry — Algorithms and
Applications (Third Edition). Springer. ISBN
978-3-540-77973-5.

e Narasimhan/Smid, Geometric Spanner Networks

e Klein, Concrete and Abstract Voronoi Diagrams
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Module Graduate Seminar Discrete Optimization

MA-INF 1205

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | every year

Module Prof. Dr. Jens Vygen

coordinator

Lecturer(s) All lecturers of Discrete Mathematics

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Competence to understand new research results based on
original literature, to put such results in a broader context and
present such results and relations.

Soft skills

Ability to read and understand research papers, abstract
thinking, presentation of mathematical results in a talk

Contents A current research topic in discrete optimization will be chosen

each semester and discussed based on original literature.
Prerequisites Recommended:

MA-INF 1102 — Combinatorial Optimization

Teaching format Group size | h/week | Workload[h] | CP
Format -

Seminar 10 4 60T /120S | 6

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The topics and the relevant literature will be announced towards
the end of the previous semester.
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Module Seminar Randomized and Approximation
MA-INF 1206 Algorithms
Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | every year
Module Prof. Dr. Heiko Roglin
coordinator
Lecturer(s) Prof. Dr. Anne Driemel, Prof. Dr. Thomas Kesselheim,
Prof. Dr. Heiko Réglin, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort, Senior Prof. Dr. Marek Karpinski
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Ability to perform individual literature search, critical reading,
understanding, and clear presentation.

Soft skills

Presentation of solutions and methods, critical discussion of
applied methods and techniques

Contents Current topics in design and analysis of randomized and

approximation algorithms based on lastest research literature
Prerequisites none

Teaching format Group size | h/week | Workload[h] | CP
Format "

Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Lab Combinatorial Algorithms

MA-INF 1207

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Jens Vygen

coordinator

Lecturer(s) All lecturers of Discrete Mathematics

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Competence to implement advanced combinatorial algorithms,
handling nontrivial data structures, testing, documentation.
Advanced software techniques.

Soft skills

Efficient implementation of complex algorithms, abstract
thinking, documentation of source code

Contents Certain combinatorial algorithms will be chosen each semester.
The precise task will be explained in a meeting in the previous
semester.

Prerequisites Recommended:

MA-INF 1102 — Combinatorial Optimization
Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S | 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The topics and the relevant literature will be announced towards
the end of the previous semester
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Module Seminar Advanced Topics in Cryptography
MA-INF 1209
‘Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | every semester
Module Dr. Michael Niisken
coordinator
Lecturer(s) Dr. Michael Niisken
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Understanding research publications, often written tersely.
Distilling this into a presentation. Determination of relevant vs.
irrelevant material. Developing a presentation that fascinates
fellow students.

Soft skills

Understanding and presenting material both orally and in visual
media. Motivating other students to participate. Critical
assessment of research results.

Contents A special topic within cryptography, changing from year to year,
is studied in depth, based on current research literature
Prerequisites Required:
MA-INF 1103 — Cryptography
and one further course in cryptography like The Art of
Cryptography or eSecurity.
Teaching format Group size | h/week | Workload[h] | CP
Format -
Seminar 10 2 30T /90S | 4
T = face-to-face teaching; S = independent study
Exam achievements | Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

Current conference publications, to be announced in time
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Module Randomized Algorithms and Probabilistic Analysis
MA-INF 1213
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Heiko Réglin
coordinator
Lecturer(s) Prof. Dr. Heiko Roglin
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 4.

Technical skills

Understanding of models and techniques for the probabilistic
analysis of algorithms as well as for the design and analysis of
randomized algorithms

Soft skills

Oral and written presentation of solutions and methods,
abstract thinking

Contents

Design and analysis of randomized algorithms

e complexity classes

e Markov chains and random walks
e tail inequalities

e probabilistic method

smoothed and average-case analysis

e simplex algorithm

e local search algorithms

e clustering algorithms

e combinatorial optimization problems
e multi-objective optimization

Prerequisites

none

Format

CP
9.5
3.5

Teaching format Group size | h/week
Lecture 4

Exercises 2

Workload[h]
60 T /105 S
30T /758

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral exam

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e lecture notes

e research articles

e Motwani, Raghavan, Randomized Algorithms, Cambridge
University Press, 1995

e Mitzenmacher, Upfal, Probability and Computing, Cambridge
University Press, 2nd edition, 2017
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Module Seminar Theoretical Foundations of Data Science
MA-INF 1217
‘Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | every year
Module Prof. Dr. Heiko Réglin
coordinator
Lecturer(s) Prof. Dr. Anne Driemel, Prof. Dr. Thomas Kesselheim,
Prof. Dr. Heiko Réglin, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to understand new research results presented in original
scientific papers.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current conference and journal papers
Prerequisites none

Teaching format Group size | h/week | Workload[h] | CP
Format "

Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature
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Module Algorithms and Uncertainty

MA-INF 1218

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | at least every 2 years

Module Prof. Dr. Thomas Kesselheim

coordinator

Lecturer(s) Prof. Dr. Thomas Kesselheim

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Understanding approaches for modeling uncertainty in
algorithmic theory. Designing and analyzing algorithms with
performance guarantees in the context of uncertainty.

Soft skills

Oral and written presentation of solutions and methods

Contents e Advanced Online Algorithms
e Markov Decisions Processes
e Stochastic and Robust Optimization
e Online Learning Algorithms and Online Convex Optimization
Prerequisites Recommended:
Solid background in algorithms, calculus, and probability theory.
Specialized knowledge about certain algorithms is not necessary.
Teaching format Group size | h/week | Workload[h] | CP
Format Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study
Exam achievements | Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

lecture notes, research articles
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Module Seminar Algorithmic Game Theory
MA-INF 1219
‘Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | every year
Module Prof. Dr. Thomas Kesselheim
coordinator
Lecturer(s) Prof. Dr. Thomas Kesselheim
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to understand new research results presented in original

scientific papers.

Soft skills

Ability to perform individual literature search, critical reading,

and clear didactic presentation

Contents Advanced topics in Algorithmic Game Theory and Algorithmic
Mechanism Design based on current conference and journal
papers

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format "

Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report

(graded)

Study achievements

(not graded)

Forms of media

Literature
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Module Seminar Algorithms for Computational Analytics
MA-INF 1220
‘Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | at least every year
Module Prof. Dr. Petra Mutzel
coordinator
Lecturer(s) Prof. Dr. Petra Mutzel
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to perform individual literature search, critical reading,
understanding, and clear didactic presentation.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current topics in algorithms for computational analytics based
on recent research literature.
Prerequisites Recommended:
Interest in Algorithms
Teaching format Group size | h/week | Workload[h] | CP
Format "
Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Lab Computational Analytics

MA-INF 1221

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Petra Mutzel

coordinator

Lecturer(s) Prof. Dr. Petra Mutzel

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to design, analyze and implement efficient algorithms for
computational analytics problems. The LAB also includes
experimental evaluation and documentation of the implemented
software.

Soft skills

Ability to properly present and defend design decisions, to
prepare readable documentation of software; skills in
constructively collaborating with others in small teams over a
longer period of time; ability to classify ones own results into the
state-of-the-art of the resp. area

Contents Design of efficient exact and approximate algorithms and data
structures for computational analytics problems.
Prerequisites Recommended:
Interests in algorithms
Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S| 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Lab High Performance Optimization

MA-INF 1222

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Petra Mutzel

coordinator

Lecturer(s) Prof. Dr. Petra Mutzel, Dr. Sven Mallach

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to design, analyze and implement algorithms for
computational analytics and optimization problems. The lab
also includes experimental evaluation and documentation of the
implemented software.

Soft skills

Ability to properly present and defend design decisions, to
prepare readable documentation of software; skills in
constructively collaborating with others in small teams over a
longer period of time; ability to classify ones own results into the
state-of-the-art of the resp. area

Contents
Prerequisites none

Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S| 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Algorithmic Game Theory

MA-INF 1301

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every 2 years

Module Prof. Dr. Thomas Kesselheim

coordinator

Lecturer(s) Prof. Dr. Thomas Kesselheim,
Senior Prof. Dr. Marek Karpinski

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Knowledge of fundamental results in (algorithmic) game theory
and (algorithmic) mechanism design. Techniques and methods
related to mathematical modeling of strategic agents. Analyzing
and designing systems of strategic agents, with a focus on
computational efficiency and performance guarantees.

Soft skills

Presentation of solutions and methods, critical discussion of
applied methods and techniques

Contents e basic game theory
e computability and hardness of equilibria
e convergence of dynamics of selfish agents
e (bounds on the) loss of performance due to selfish behavior
e designing incentive-compatible auctions
e maximizing revenue
e designing mechanisms for stable and fair allocations without
money
Prerequisites Recommended:
Introductory knowledge of foundations of algorithms and
complexity theory is essential.
Teaching format Group size | h/week | Workload[h] | CP
Format Lecture 4 60T /105S | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study
Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e N. Nisan, T. Roughgarden, E. Tardos, V.V. Vazirani (ed.):
Algorithmic Game Theory, Cambridge Univ. Press, 2007

e T. Roughgarden, Twenty Lectures on Algorithmic Game
Theory, Cambridge Univ. Press, 2016

e A. Karlin, Y. Peres, Game Theory, Alive, AMS, 2017

e Y. Shoham, K. Leyton-Brown, Multiagent Systems,
Cambridge Univ. Press, 2009

e D. M. Kreps: A Course in Microeconomic Theory, Princeton
Univ. Press, 1990

e M. J. Osborne, A. Rubinstein: A Course in Game Theory,
MIT Press, 2001
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Module Seminar Computational Geometry

MA-INF 1304

‘Workload Credit points | Duration Frequency

120 h 4 CP 1 semester | every year

Module Prof. Dr. Anne Driemel

coordinator

Lecturer(s) Prof. Dr. Anne Driemel, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2-4.

Technical skills

To independently study problems at research level, based on
research publications, to prepare a concise summary, to present
the summary in a scientific talk, to lead a critical discussion
with other seminar participants.

Soft skills

Contents Current topics in computational geometry.
Prerequisites Recommended:
BA-INF 114 — Grundlagen der algorithmischen Geometrie
MA-INF 1203 — Discrete and Computational Geometry
Teaching format Group size | h/week | Workload[h] | CP
Format .
Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Multimedia projector, black board.

Literature

The relevant literature will be announced.
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Module Graduate Seminar on Applied Combinatorial
MA-INF 1305 Optimization
Workload Credit points | Duration Frequency
180 h 6 CP 1 semester | every year
Module Prof. Dr. Jens Vygen
coordinator
Lecturer(s) All lecturers of Discrete Mathematics
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 3.

Technical skills

Competence to understand new theoretical results and practical
solutions in VLSI design and related applications, as well as
presentation of such results

Soft skills

Ability to read and understand research papers, abstract
thinking, presentation of mathematical results in a talk

Contents Current topics in chip design and related applications
Prerequisites Recommended:
At least 1 of the following:
MA-INF 1102 — Combinatorial Optimization
MA-INF 1202 — Chip Design
Format Teaching format Group size | h/week | Workload[h] | CP
Seminar 10 4 60T /120S | 6

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature

The topics and the relevant literature will be announced towards
the end of the previous semester
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Module Seminar Advanced Algorithms

MA-INF 1307

‘Workload Credit points | Duration Frequency

120 h 4 CP 1 semester | every year

Module Prof. Dr. Thomas Kesselheim

coordinator

Lecturer(s) Prof. Dr. Anne Driemel, Prof. Dr. Thomas Kesselheim,
Prof. Dr. Heiko Réglin, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 3.

Technical skills

Presentation of selected advanced topics in algorithm design and
various applications

Soft skills

Ability to perform individual literature search, critical reading,
understanding, and clear didactic presentation

Contents Advanced topics in algorithm design based on newest research
literature
Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP
Format -
Seminar 10 2 30T /908 | 4

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Lab Algorithms for Chip Design
MA-INF 1308
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Jens Vygen
coordinator
Lecturer(s) All lecturers of Discrete Mathematics
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 3.

Technical skills

Competence to implement algorithms for VLSI design, efficient
handling of very large instances, testing, documentation.
Advanced software techniques.

Soft skills

Efficient implementation of complex algorithms, abstract
thinking, modelling of optimization problem in VLSI design,
documentation of source code

Contents A currently challenging problem will be chosen each semester.
The precise task will be explained in a meeting in the previous
semester.

Prerequisites Recommended:

At least 3 of the following:

MA-INF 1102 — Combinatorial Optimization

MA-INF 1202 — Chip Design

MA-INF 1205 — Graduate Seminar Discrete Optimization

- Teaching format ‘ Group size ‘ h/week ‘ Workload [h] ‘ CP

ormat

Lab | 8 |4 60T /210S| 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report

(graded)

Study achievements

(not graded)

Forms of media

Literature

The topics and the relevant literature will be announced towards

the end of the previous semester
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Module Lab Efficient Algorithms: Design, Analysis and
MA-INF 1309 Implementation
Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | at least every year
Module Prof. Dr. Heiko Roglin
coordinator
Lecturer(s) Prof. Dr. Anne Driemel, Prof. Dr. Thomas Kesselheim,
Prof. Dr. Heiko Réglin, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 3.

Technical skills

Ability to design, analyze and implement efficient algorithms for
selected computational problems.

Soft skills

ability to work on advanced algorithmic implementation
projects, to work in small teams, clear didactic presentation and
critical discussion of results

Contents Design of efficient exact and approximate algorithms and data
structures for selected computational problems.
Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S| 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module The Art of Cryptography

MA-INF 1312

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Dr. Michael Niisken

coordinator

Lecturer(s) Dr. Michael Niisken

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Insights into the theoretical foundations behind security
concerns and measures, and of the interplay between computing
power, and security requirements. Mastery of advanced
techniques for cryptosystems and cryptanalysis.

Soft skills

Oral presentation (in tutorial groups), written presentation (of
exercise solutions), team collaboration in solving homework
problems, critical assessment

Contents Possible topics are
e pseudorandomness and zero-knowledge,
e security reductions,
e lattices.
Prerequisites Recommended:
MA-INF 1103 — Cryptography
Teaching format Group size | h/week | Workload[h] | CP
Format Lecture 4 60T /105S | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study
Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

Varying
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Module Online Motion Planning

MA-INF 1314

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module PD Dr. Elmar Langetepe

coordinator

Lecturer(s) Prof. Dr. Rolf Klein, PD Dr. Elmar Langetepe

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1-4.

Technical skills

To acquire fundamental knowledge on topics and methods in
online motion planning

Soft skills

Contents Search and exploration in unknown environments (e.g., graphs,
cellular environmwents, polygons, strets), online algorithms,
competitive analysis, competitive complexity,functional
optimization, shortest watchman route, tethered robots, marker
algorithms, spiral search, approximation of optimal search paths.

Prerequisites Recommended:

BA-INF 114 — Grundlagen der algorithmischen Geometrie
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /105S | 5.5
Exercises 2 30T /758 | 3.5
T = face-to-face teaching; S = independent study

Exam achievements | Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Java applets of geometry lab

Literature

Scientific research articles will be recommended in the lecture.
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Module Lab Computational Geometry

MA-INF 1315

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Anne Driemel

coordinator

Lecturer(s) Prof. Dr. Anne Driemel, PD Dr. Elmar Langetepe,
Dr. Herman Haverkort

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Ability to design, analyze, implement and document efficient
algorithms for selected problems in computational geometry.

Soft skills

Ability to properly present, defend and discuss design and
implementation decisions, to document software according to
given rules and to collaborate with other students in small
groups.

Contents Various problems in computational geometry.
Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP
Format
Lab 8 4 60T /210S| 9
T = face-to-face teaching; S = independent study
Exam achievements | Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Lab Cryptography

MA-INF 1316

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Dr. Michael Niisken

coordinator

Lecturer(s) Dr. Michael Niisken

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

The students will carry out a practical task (project) in the
context of Cryptography, including test and documentation of
the implemented software/system.

Soft skills

Ability to properly present and defend

design decisions, to prepare readable documentation of software;
skills in constructively collaborating with others in small teams

over a longer period of time; ability to classify ones own results

into the state-of-the-art of the resp. area

Contents
Prerequisites none

Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S | 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature




Master Computer Science — Universitit Bonn 31

Module Lab Advanced Algorithms
MA-INF 1320
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | at least every 2 years
Module Prof. Dr. Thomas Kesselheim
coordinator
Lecturer(s) Prof. Dr. Thomas Kesselheim, Prof. Dr. Heiko Roglin
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Implementation of algorithms from advanced algorithmic theory,
evaluating these algorithm on suitably chosen instances, and
discussing how theoretical results transfer to practice.

Soft skills

Ability to properly present, defend and discuss design and
implementation decisions and observed conclusions, and to
collaborate with other students in small groups.

Contents Various problems from current research and courses on
algorithmic theory.
Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP
Format

Lab 8 4 60T /210S| 9
T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature

The relevant literature will be announced in time.
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Module Binary Linear and Quadratic Optimization
MA-INF 1321
‘Workload Credit points | Duration Frequency
180 h 6 CP 1 semester | at least every 2 years
Module Dr. Sven Mallach
coordinator
Lecturer(s) Dr. Sven Mallach
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Deeper understanding of computational methods to solve
potentially large-scale mixed-integer programs in practice.
Application-specific modelling and reformulation of
combinatorial optimization problems, handling quadratic
objective functions, algorithm design.

Soft skills

Social, methodological, and analytical competences via
communication, own development, presentation, and critical
assessment of problem formulations, algorithms, and solutions
covered in the course or the excercises. Learning to abstract, but
also learning the limitations of abstraction.

Contents

Computational methods in (mixed-)integer programming such as
cutting plane separation and branch-and-bound along with a
short and accessible introduction into their theoretical basis.
Study of practically relevant binary linear and binary quadratic
optimization problems, e.g., Maximum Cut, Linear Ordering
and variants of the Traveling Salesman problem, along with the
particular separation problems arising there. If there is time,
linearizations of quadratic objective functions and more
sophisticated formulations of binary quadratic problems are
discussed.

Prerequisites

none

Format

Teaching format Group size | h/week | Workload[h] | CP

2.5
3.5

Lecture 2
Exercises 2

30T /45 S
30T /758

T = face-to-face teaching; S = independent study

Exam achievements

Oral exam

(graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature
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2 Graphics, Vision, Audio

MA-INF 2111
MA-INF 2113
MA-INF 2201
MA-INF 2202
MA-INF 2203
MA-INF 2204
MA-INF 2205
MA-INF 2206
MA-INF 2207
MA-INF 2208
MA-INF 2209
MA-INF 2210
MA-INF 2212

MA-INF 2213
MA-INF 2214
MA-INF 2215
MA-INF 2216
MA-INF 2217
MA-INF 2218
MA-INF 2219
MA-INF 2220
MA-INF 2221
MA-INF 2222
MA-INF 2302
MA-INF 2304
MA-INF 2305
MA-INF 2306
MA-INF 2307
MA-INF 2308
MA-INF 2309
MA-INF 2310
MA-INF 2311
MA-INF 2312
MA-INF 2313
MA-INF 2314
MA-INF 2315
MA-INF 2316
MA-INF 2317

L2E2
L2E2
L4E2
L4E2
L4E2
L2E2
L2E2
Sem?2
Sem?2
Sem?2
L4E2
Sem?2
L2E2

L3E1
L2E2
Sem?2
Lab4
L2E2
L2E2
Sem?2
Lab4
Sem?2
L4E2
L2E2
L2E2
L2E2
L2E2
Lab4
Lab4
Lab4
L4E2
Lab4
L3E1
L2E2
L4E2
L4E2
L4E2
L2E2

6 CP
6 CP
9 CP
9 CP
9 CP
6 CP
6 CP
4 CP
4 CP
4 CP
9 CP
4 CP
6 CP

6 CP
6 CP
4 CP
9 CP
6 CP
6 CP
4 CP
9 CP
4 CP
9 CP
6 CP
6 CP
6 CP
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9 CP
9 CP
9 CP
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6 CP
6 CP
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Foundations of Graphics ............ ... ... ... ... 34
Foundations of Audio Signal Processing ................ 35
Computer Vision ......... ..o 36
Computer Animation ............ ..., 37
Selected Topics in Signal Processing .................... 38
Rendering Techniques I ....... ... . ... .. oot 39
Geometry Processing I ........ ... .. il 40
Seminar Vision ............. i 41
Seminar Graphics .......... . i 42
Seminar Audio ... 43
Advanced Topics in Computer Graphics I .............. 44
Seminar Computer Animation ......................... 45

Pattern Matching and Machine Learning for Audio Signal

Processing ... 46
Computer Vision IT ......... ... i i 47
Computational Photography ........................... 48
Seminar Digital Material Appearance .................. 49
Lab Visual Computing ............. ..., 50
Advanced Deep Learning for Graphics ................. 51
Video Analytics ... 52
Seminar Visualization and Medical Image Analysis ..... 53
Lab Visualization and Medical Image Analysis ......... 54
Seminar Visual Computing ..................ooiiei.... 55
Visual Data Analysis ............cooiiiiii i . 56
Physics-based Modelling ................ ... ..., 57
Rendering Techniques IT .......... ... ... ..o .. 58
Geometry Processing IT ....... ... ... ..o .. 59
Virtual Reality .........c. o i 60
Lab Vision ... 61
Lab Graphics ........ooiiii e 62
Lab Audio ... 63
Advanced Topics in Computer Graphics IT ............. 64
Lab Computer Animation ..................c.ccovv.... 65
Image Acquisition and Analysis in Neuroscience ........ 66
Deep Learning for Visual Recognition .................. 67
Image Processing, Search and Analysis T ............... 68
Seminar Computational Photography .................. 69
Lab Digital Material Appearance ...................... 70

Numerical Algorithms for Visual Computing and Machine
Learning 71
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Module Foundations of Graphics

MA-INF 2111

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | every year

Module Prof. Dr. Reinhard Klein

coordinator

Lecturer(s) Prof. Dr. Reinhard Klein, Prof. Dr. Andreas Weber,
Prof. Dr. Matthias Hullin

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Knowledge of basic mathematical techniques commonly used in
Graphics with a strong emphasis on their application to real
world problems.

Soft skills

Research abilities, information retrieval abilities, collaboration
abilities, self management, creativity.

Contents Affine and projective transformations with applications to image
formation (rigid body motion, cinematic chains); Parametric
curves and surfaces with applications to 3D modelling; Ordinary
differential equations with applications to physical based
modelling

Prerequisites Required:

MA-INF 2101 - Foundations of Graphics, Vision and Audio has
not been passed.
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 2 30T / 45S | 2.5
Exercises 2 30T /75S | 3.5
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature
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Module Foundations of Audio Signal Processing

MA-INF 2113

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | every year

Module apl. Prof. Dr. Frank Kurth

coordinator

Lecturer(s) apl. Prof. Dr. Frank Kurth, Prof. Dr. Michael Clausen
Programme Mode Semester

Classification

M. Sc. Computer Science | Optional | 1.

Technical skills

e Introduction to basic concepts of analog and digital signal
processing;

e Applications in the field of Audio Signal Processing;

e Signal Processing Algorithms;

e Implementing basic Signal Processing Algorithms

Soft skills

Solving basic Signal Processing Problems; Implementing Signal
Processing Algorithms using state-of-the-art software
frameworks; Capability to analyze; Time management;
Presentation skills; Discussing own solutions and solutions of
others, and working in groups.

Contents Theoretical introduction to analog and digital Signal Processing;
Fourier Transforms; Analog to digital Conversion; Digital
Filters; Audio Signal Processing Applications; Filter banks;
Windowed Fourier Transform; 2D-Signal Processing

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 2 30T /45S | 2.5
Exercises 2 30T /758 | 3.5
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements | Successful exercise participation (not graded)

Forms of media

Slides, Blackboard, Whiteboard

Literature
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Module Computer Vision

MA-INF 2201

‘Workload Credit points | Duration Frequency

270 h 9 CP 1 semester | every year

Module Prof. Dr. Jiirgen Gall

coordinator

Lecturer(s) Prof. Dr. Jiirgen Gall

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 1. or 2.

Technical skills

Students will learn about various mathematical methods and
their applications to computer vision problems.

Soft skills

Productive work in small teams, development and realization of
individual approaches and solutions, critical reflection of
competing methods, discussion in groups.

Contents

The class will cover a number of mathematical methods and
their applications in computer vision. For example, linear filters,
edges, derivatives, Hough transform, segmentation, graph cuts,
mean shift, active contours, level sets, MRFs, expectation
maximization, background subtraction, temporal filtering, active
appearance models, shapes, optical flow, 2d tracking, cameras,
2d/3d features, stereo, 3d reconstruction, 3d pose estimation,
articulated pose estimation, deformable meshes, RGBD vision.

Prerequisites

Recommended:
Basic knowledge of linear algebra, analysis, probability theory,
C++ programming

Format

CP
9.5
3.5

Workload[h]
60 T /105 S
30T /758

T = face-to-face teaching; S = independent study

Teaching format Group size | h/week
Lecture 4

Exercises 2

Exam achievements

Written exam

(graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e R. Hartley, A. Zisserman: Multiple View Geometry in
Computer Vision

e R. Szeliski: Computer Vision: Algorithms and Applications

e S. Prince: Computer Vision: Models, Learning, and Inference
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Module Computer Animation
MA-INF 2202
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Andreas Weber
coordinator
Lecturer(s) Prof. Dr. Andreas Weber
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Students will learn fundamental paradigms used in computer
animation. They will learn to use mathematical models of
motions to come up with algorithmic solutions of problems of
the synthesis of motions of virtual characters.

Soft skills

Social competences (work in groups), communicative skills
(written and oral presentation)

Contents Fundamentals of computer animation; kinematics;
representations of motions; motion capturing; motion editing;
motion synthesis; facial animations

Prerequisites Recommended:

MA-INF 2111 — Foundations of Graphics
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /1058 | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation

(not graded)

Forms of media

Literature

e Dietmar Jackel, Stephan Neunreither, Friedrich Wagner:
Methoden der Computeranimation, Springer 2006

e Rick Parent: Computer Animation: Algorithms and
Techniques, Morgan Kaufman Publishers 2002

e Frederic I. Parke , Keith Waters: Computer Facial Animation.

A K Peters, Ltd. 1996
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Module Selected Topics in Signal Processing
MA-INF 2203
‘Workload Credit points | Duration Frequency
270 h 9 CP 1 semester | every year
Module apl. Prof. Dr. Frank Kurth
coordinator
Lecturer(s) apl. Prof. Dr. Frank Kurth, Prof. Dr. Michael Clausen
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Learning advanced as well as state of the art topics and
techniques in digital signal processing. Study examples from the
field of digital audio signal processing with a focus on music
audio. Develop skills for analysing audio signals and designing
audio features for selected application scenarios. Mathematical
modelling of signal processing problems in practical applications.
Design and implementation of corresponding algorithms and
data structures solving those problems. Efficiency issues.

Soft skills

Capability to analyze. Time management. Strength of purpose.
Discussing own solutions and solutions of others.

Contents Advanced techniques for filter design, design and extraction of
features describing multimedia signals, efficient DSP algorithms,
general concepts for content-based analysis of multimedia
signals. Selected signal processing applications, for example
content-based music analysis, signal compression, denoising,
source separation.

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 4 60T /105S | 5.5
Exercises 2 30T /758 | 35
T = face-to-face teaching; S = independent study

Exam achievements | Written exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e Lecture script and selected research publications

e Hayes: Statistical Digital Signal Processing and Modelling,
John Wiley, 1996

e Proakis, Manolakis: Digital Signal Processing, Prentice Hall,
1996

e Klapuri, Davy: Signal Processing, Methods for Music
Transcription, Springer, 2006
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Module Rendering Techniques I

MA-INF 2204

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | every year

Module Prof. Dr. Reinhard Klein

coordinator

Lecturer(s) Prof. Dr. Reinhard Klein

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Analytical formulation of problems related to image synthesis
and knowledge of techniques and algorithms for the generation
of photorealistic image data. Knowledge of the major algorithms
for the simulation of light distributions in 3D-scences and
volume data sets. Self-dependent implementation of the basic
algorithms.

Soft skills

Analytical problem description, creativity, self-dependent
solution of practical problems in the area of rendering,
presentation of solution strategies and implementations,
self-dependent literature research, collaboration abilities,
self-management

Contents Topics among others will be: models for the description of
optical material properties and light sources; transport, volume
visualization and rendering equation; algorithms and techniques
for the solution of the volume visualization and rendering
equation; advanced methods for photorealistic image generation
in real-time applications like 3D games. In addition, results from
state of the art research will be presented.

Prerequisites Recommended:

Algorithms and data structures, basic knowledge on
multidimensional analysis und linear algebra, basic knowledge in
stochastics and statistics, numerical analysis and numerical
linear algebra, C++

Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 2 30T /458 | 2.5
Exercises 2 30T /758 |35
T = face-to-face teaching; S = independent study

Exam achievements | Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e L. Szirmay-Kalos: Monte-Carlo Methods in Global
Ilumination, Institute of Computer Graphics, Vienna University
of Technology, Vienna.

URL: citeseer.ist.psu.edu/szirmay-kalosO0montecarlo.html,
1999/

e P. Dutre, K. Bala, P. Bekaert: Advanced Global Illumination,
2nd ed., B&T, 2006

e M. Pharr, G. Humphreys: Physically Based Rendering,
Elsevier, 2004

e J. Kautz, J. Lehtinen, P.-P. Sloan: Precomputed Radiance
Transfer: Theory and Practice, Siggraph Course Notes, 2005
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Module Geometry Processing I

MA-INF 2205

‘Workload Credit points | Duration Frequency

180 h 6 CP 1 semester | every year

Module Prof. Dr. Reinhard Klein

coordinator

Lecturer(s) Prof. Dr. Reinhard Klein

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Analytical formulation of problems related to geometry
processing and knowledge of techniques and algorithms to
optimize, process and store geometry data. Especially, learning
of techniques to generate highly detailed three-dimensional
digital models of real objects and to implement current
geometry processing algorithms.

Soft skills

Analytical problem description, creativity, self-dependent
solution of practical problems in the area of mesh processing,
presentation of solution strategies and implementations,
self-dependent literature research, collaboration abilities,
self-management

Contents

Topics among other will be: Methods for the generation of
polygonal meshes (Laser scanning, registration and integration
of single mesh parts, etc.), Point based representations,
Reconstruction techniques, Efficient mesh data structures and
mesh compression, Optimization: denoising and smoothing,
Mesh decimation and refinement, Hierarchical representations:
coarse-to-fine und fine-to-coarse, Editing of polygonal meshes. In
addition results from state of the art research will be presented.

Prerequisites

Recommended:

Algorithms and data structures, basic knowledge on
multidimensional analysis und linear algebra, basic knowledge in
stochastics and statistics, numerical analysis and numerical
linear algebra, C++

Format

CP
2.5
3.5

Workload[h]
30T /458
30T /758

T = face-to-face teaching; S = independent study

Teaching format Group size | h/week
Lecture 2

Exercises 2

Exam achievements

Oral exam (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e R. Scopigno, C. Andujar, M. Goesele, H. Lensch: 3D Data
Acquistion, Eurographics Tutorial, 2002

e E. Grinspun, M. Desbrun (organizers): Discrete Differential
Geometry: An Applied Introduction, Siggraph Course Notes,
2006

e M. Botsch, M. Pauly: Geometric Modeling Based on Triangle
Meshes, Siggraph Course Notes, 2006
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Module Seminar Vision

MA-INF 2206

‘Workload Credit points | Duration Frequency

120 h 4 CP 1 semester | every semester

Module Prof. Dr. Jiirgen Gall

coordinator

Lecturer(s) Prof. Dr. Jiirgen Gall

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to understand new research results presented in original
scientific papers.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current conference and journal papers.
Prerequisites Required:

MA-INF 2201 — Computer Vision

Teaching format Group size | h/week | Workload[h] | CP
Format :

Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature
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Module Seminar Graphics

MA-INF 2207

‘Workload Credit points | Duration Frequency

120 h 4 CP 1 semester | every semester

Module Prof. Dr. Reinhard Klein

coordinator

Lecturer(s) Prof. Dr. Reinhard Klein

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Ability to understand new research results presented in original
scientific papers.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current conference and journal papers.
Prerequisites Recommended:
Mathematical background (multidimensional analysis and linear
algebra, basic numerical methods)
Basic knowledge in Computer Graphics
Teaching format Group size | h/week | Workload[h] | CP
Format -
Seminar 10 2 30T /90S | 4
T = face-to-face teaching; S = independent study
Exam achievements | Oral presentation, written report (graded)

Study achievements

(not graded)

Forms of media

Literature
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Module Seminar Audio

MA-INF 2208

‘Workload Credit points | Duration Frequency

120 h 4 CP 1 semester | every semester

Module apl. Prof. Dr. Frank Kurth

coordinator

Lecturer(s) apl. Prof. Dr. Frank Kurth, Dr. Michael Clausen

Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Ability to understand new research results presented in original
scientific papers.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current conference and journal papers.
Prerequisites none

Teaching format Group size | h/week | Workload[h] | CP
Format "

Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature
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Module Advanced Topics in Computer Graphics I
MA-INF 2209
‘Workload Credit points | Duration | Frequency
270 h 9 CP 1 semester | every year
Module Prof. Dr. Reinhard Klein
coordinator
Lecturer(s) Prof. Dr. Reinhard Klein
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2. or 3.

Technical skills

Analytical formulation of problems related to geometry processing and
rendering. Knowledge of techniques and algorithms to optimize, process,
analyze and store geometry and reflectance data as well as knowledge of the
major algorithms for the simulation of light distributions in 3D-scences and
volume data sets. Self-dependent implementation of the basic algorithms.

Soft skills

Based on the knowledge and skills acquired students should be able to

e read and judge current scientific literature in the area of geometry
processing and rendering

e identify the major literature concerning a given problem in geometry
processing or rendering and gain an overview of the current state of the art
e discuss problems concerning geometry processing or rendering with
researchers from different application fields

e present and propose different solutions and work in a team to solve a mesh
processing or rendering problem

e and should have acquired key-competences like motivation to deliver
results, flexibility, scientific integrity, ability to adapt to changes and ability
to communicate

Contents Topics among other will be:

e methods for the generation of polygonal meshes from point clouds

e efficient mesh data structures and mesh compression

e mesh optimization techniques: denoising, smoothing, decimation,

refinement

e mesh editing techniques

e optical material properties and light sources

e light transport and rendering equation

e algorithms and techniques for the solution of the rendering equation

e advanced methods for photorealistic image generation.

In addition, results from state of the art research will be presented.
Prerequisites Required:

Basic knowledge in computer graphics, data structures, multidimensional

analysis und linear algebra, numerical analysis and numerical linear algebra,

CH++

Teaching format Group size | h/week | Workload[h] | CP
Format Lecture 4 60T /105S | 5.5

Exercises 2 30T /758 3.5

T = face-to-face teaching; S = independent study

Exam achievements

Oral presentation, written report (graded)

Study achievements

Successful exercise participation (not graded)

Forms of media

Literature

e M. Botsch, L. Kobbelt, M. Pauly, P. Alliez, B. Levy, Polygon Mesh
Processing, A K Peters (7. Oktober 2010)

e M. Gross, HP. Pfister, Point-Based Graphics, Morgan Kaufmann (21. Juni
2007)

e R. Scopigno, C. Andujar, M. Goesele, H. Lensch: 3D Data Acquistion,
Eurographics Tutorial, 2002

e E. Grinspun, M. Desbrun (organizers): Discrete Differential Geometry: An
Applied Introduction, Siggraph Course Notes, 2006

e L. Szirmay-Kalos: Monte-Carlo Methods in Global Illumination, Institute
of Computer Graphics, Vienna University of Technology, Vienna. URL:
citeseer.ist.psu.edu/szirmay-kalosOOmontecarlo.html, 1999/

e P. Dutre, K. Bala, P. Bekaert: Advanced Global Illumination, 2nd ed.,
B&T, 2006

e M. Pharr, G. Humphreys: Physically Based Rendering, Elsevier, 2nd
revised edition. (26. August 2010)
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Module Seminar Computer Animation
MA-INF 2210
‘Workload Credit points | Duration Frequency
120 h 4 CP 1 semester | every semester
Module Prof. Dr. Andreas Weber
coordinator
Lecturer(s) Prof. Dr. Andreas Weber
Classification Programme Mode Semester
M. Sc. Computer Science | Optional | 2.

Technical skills

Ability to understand new research results presented in original
scientific papers.

Soft skills

Ability to present and to critically discuss these results in the
framework of the corresponding area.

Contents Current conference and journal papers.
Prerequisites Recommended:
At least 1 of the following:
MA-INF 2202 — Computer Animation
MA-INF 2311 — Lab Computer Animation
Format Teaching format Group size | h/week | Workload[h] | CP
Seminar 10 2 30T /90S | 4

T = face-to-face teaching; S = independent study

Exam achievements

(graded)

Oral presentation, written report

Study achievements

(not graded)

Forms of media

Literature
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Module Pattern Matching and Machine Learning for Audio
MA-INF 2212 Signal Processing
Workload Credit points | Duration Frequency
180 h 6 CP 1 semester | every year
Module apl. Prof. Dr. Frank Kurth
coordinator
Lecturer(s) apl. Prof. Dr. Frank Kurth, Prof. Dr. Michael Clausen
. . Programme Mode Semester
Classification

M. Sc. Computer Science | Optional | 2.

Technical skills

e Introduction into selected topics of digital signal processing;
e Applications in the field of Audio Signal Processing;
e Methods of Automatic Pattern Recognition

Soft skills

Audio Signal Processing Applications; Extended programming
skills for signal processing applications; Capability to analyze;
Time management; Presentation skills; Discussing own solutions
and solutions of others, and working in groups.

Contents The lecture is presented in modular form, where each module is
motivated from the application side. The presented topics are:
Windowed Fourier transforms; Audio Identifications; Audio
Matching; Signal Classification; Hidden Markov Models;
Support Vector Machines

Prerequisites none
Teaching format Group size | h/week | Workload[h] | CP

Format Lecture 2 30T /458 | 2.5
Exercises 2 30T /758 | 3.5
T = face-to-fa