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Perspektiven der Inormatik PdI

Studiensem. egelst.sem. urnus auer SWS S

1 6 jedes Wintersemester 1 Semester 2 2

Modulverantwortliche/r Studiendekan der akultät athematik und normatik
Studienbeaufragter der normatik

Dozent/inn/en ozent/inn/en der achrichtung

Zulassungsvoraussetzungen keine

Leistungskontrollen / Prüungen achweisüberdas inhaltlicheVerständnis vonmindestensdrei Vorträgen, z..durch
schrifliche usarbeitung oder est.

Lehrveranstaltungen / SWS 2 SWS Vorlesung

Arbeitsauwand 30 h Präsenzstudium
+ 30 h Eigenstudium
= 60 h (= 2 ECTS)

Modulnote as odul ist insgesamt bestanden, wenn die Prüungsleistung bestanden wurde
(unbenotet).

Sprache eutsch / nglish

Lernziele / Kompetenzen

rühzeitige otivierung und berblick über die zentralen wissenschaflichen ragestellungen der normatik, sowie über die
ompetenzen der Saarbrücker normatik.

Inhalt

Vorträge durch wöchentlich wechselnde ozent/inn/en bieten einen Querschnitt durch die orschungsthemen der Saar-
brücker normatik. ie hemen spannen einen attraktiven ogen von aktuellster orschung zu anspruchsvollen Problemen
der industriellen Praxis.

Literaturhinweise

aterial wird passend zu den zu den einzelnen Vorträgen bereitgestellt.

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul Perspectives in Computer Science.
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Mathematik ür Inormatiker 1 MI1

Studiensem. egelst.sem. urnus auer SWS S

1 6 jedes Wintersemester 1 Semester 6 9

Modulverantwortliche/r Pro. r. JoachimWeickert

Dozent/inn/en Pro. r. JoachimWeickert
Pro. r. ark Groves
Pro. r. enryk Zähle
Pro. r. hristian ender

Zulassungsvoraussetzungen keine

Leistungskontrollen / Prüungen • eilnahme an denbungen und earbeitung derwöchentlichenbungsau-
gaben (50Prozentderbungspunktewerdenzurlausurteilnahmebenötigt)

• estehen der bschlussklausur oder der achklausur

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 90 h Präsenzstudium
+ 180 h Eigenstudum
= 270 h (= 9 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen und praktischen ugaben ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache eutsch und nglisch

Lernziele / Kompetenzen

• rarbeitung von mathematischem Grundlagenwissen, das im ahmen eines normatik- bzw. ioinormatikstudiums
benötigt wird

• ähigkeit zur ormalisierung und bstraktion
• eähigung zur neignung weiteren mathematischen Wissens mit ile von ehrbüchern

Inhalt

ie Zahlen geben die Gesamtzahl der oppelstunden an.

DISKRETE MATHEMATIK UND EINDIMENSIONALE ANALYSIS

A. Grundlagen der diskreten Mathematik (8)
1. Mengen (1)
2. Logik (1)
3. Beweisprinzipien, incl. vollst. Induktion (1)
4. Relationen (1)
5. Abbildungen (2)

- injektiv, surjektiv, bijektiv
- Mächtigkeit, Abzählbarkeit
- Schubfachprinzip

6. Primzahlen und Teiler (1)
7. Modulare Arithmetik (1

6



B. Eindimensionale Analysis (22)

B.1 Zahlen, Folgen und Reihen (8)
8. Axiomatik der reellen Zahlen, sup, inf (1)
9. Komplexe Zahlen (1)

10. Folgen (1 1/2)
11. Landau'sche Symbole (1/2)
12. Reihen: Konvergenzkriterien, absolute Kgz. (2)
13. Potenzreihen (1/2)
14. Zahlendarstellungen (1/2)
15. Binomialköffizienten und Binomialreihe (1)

B.2 Eindimensionale Differentialrechnung (8)
16. Stetigkeit (1)
17. Elementare Funktionen (1)
18. Differenzierbarkeit (1 1/2)
19. Mittelwertsätze und L'Hospital (1/2)
20. Satz von Taylor (1)
21. Lokale Extrema, Konvexität, Kurvendiskussion (2)
22. Numerische Differentiation (1)

B.3 Eindimensionale Integralrechnung (6)
23. Das bestimmte Integral (2)
24. Das unbestimmte Integral und die Stammfunktion (1)
25. Uneigentliche Integrale (1)
26. Numerische Verfahren zur Integration (1)
27. Kurven und Bogenlänge (1)

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odulMathematics or Computer Scientists 1.
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Mathematik ür Inormatiker 2 MI2

Studiensem. egelst.sem. urnus auer SWS S

2 6 jedes Sommersemester 1 Semester 6 9

Modulverantwortliche/r Pro. r. JoachimWeickert

Dozent/inn/en Pro. r. JoachimWeickert
Pro. r. ark Groves
Pro. r. enryk Zähle
Pro. r. hristian ender

Zulassungsvoraussetzungen athematik ür normatiker 1 (empohlen)

Leistungskontrollen / Prüungen • eilnahme an denbungen und earbeitung derwöchentlichenbungsau-
gaben (50Prozentderbungspunktewerdenzurlausurteilnahmebenötigt)

• estehen der bschlussklausur oder der achklausur

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 90 h Präsenzstudium
+ 180 h Eigenstudum
= 270 h (= 9 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen und praktischen ugaben ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache eutsch und nglisch

Lernziele / Kompetenzen

• rarbeitung von mathematischem Grundlagenwissen, das im ahmen eines normatik- bzw. ioinormatikstudiums
benötigt wird

• ähigkeit zur ormalisierung und bstraktion
• eähigung zur neignung weiteren mathematischen Wissens mit ile von ehrbüchern

Inhalt

ie Zahlen geben die Gesamtzahl der oppelstunden an.

LINEARE ALGEBRA

C. Algebraische Strukturen (5)
29. Gruppen (2)
30. Ringe und Körper (1)
31. Polynomringe über allgemeinen Körpern (1/2)
32. Boole'sche Algebren (1/2)

D. Lineare Algebra (21)
33. Vektorräume (2)

- Def., Bsp.,
- lineare Abb.
- Unterraum,
- Erzeugnis, lineare Abhängigkeit, Basis, Austauschsatz
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34. Lineare Abb. (Bild, Kern) (1)
35. Matrixschreibweise für lineare Abbildungen (1 1/2)

- Interpretation als lineare Abbildungen
- Multiplikation durch Hintereinanderausführung
- Ringstruktur
- Inverses

36. Rang einer Matrix (1/2)
37. Gauss-Algorithmus für lineare Gleichungssysteme: (2)

- Gausselimination (1)
- Lösungstheorie (1)

38. Iterative Verfahren für lineare Gleichungssysteme (1)
39. Determinanten (1)
40. Euklidische Vektorräume, Skalarprodukt (1)
41. Funktionalanalytische Verallgemeinerungen (1)
42. Orthogonalität (2)
43. Fourierreihen (1)
44. Orthogonale Matrizen (1)
45. Eigenwerte und Eigenvektoren (1)
46. Eigenwerte und Eigenvektoren symmetrischer Matrizen (1)
47. Quadratische Formen und positiv definite Matrizen (1)
48. Quadriken (1)
50. Matrixnormen und Eigenwertabschätzungen (1)
51. Numerische Berechnung von Eigenwerten und Eigenvektoren (1)

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odulMathematics or Computer Scientists 2.
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Mathematik ür Inormatiker 3 MI3

Studiensem. egelst.sem. urnus auer SWS S

3 6 jedes Wintersemester 1 Semester 6 9

Modulverantwortliche/r Pro. r. JoachimWeickert

Dozent/inn/en Pro. r. JoachimWeickert
Pro. r. ark Groves
Pro. r. enryk Zähle
Pro. r. hristian ender

Zulassungsvoraussetzungen athematik ür normatiker 1 und 2 (empohlen)

Leistungskontrollen / Prüungen • eilnahme an denbungen und earbeitung derwöchentlichenbungsau-
gaben (50Prozentderbungspunktewerdenzurlausurteilnahmebenötigt)

• estehen der bschlussklausur oder der achklausur

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 90 h Präsenzstudium
+ 180 h Eigenstudum
= 270 h (= 9 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen und praktischen ugaben ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache nglisch

Lernziele / Kompetenzen

• rarbeitung von mathematischem Grundlagenwissen, das im ahmen eines normatik- bzw. ioinormatikstudiums
benötigt wird

• ähigkeit zur ormalisierung und bstraktion
• eähigung zur neignung weiteren mathematischen Wissens mit ile von ehrbüchern

Inhalt

ie Zahlen geben die Gesamtzahl der oppelstunden an.

STOCHASTIK, NUMERIK UND MEHRDIMENSIONALE ANALYSIS

E. NUMERISCHE ERGÄNZUNGEN (3)
52. Banachscher Fixpunktsatz (1)
53. Interpolation, incl. Splines (2)

F. MEHRDIMENSIONALE ANALYSIS UND NUMERIK (11)
54. Stetigkeit und Differentialoperatoren für skalarwertige Funktionen (2)
55. Differentialoperatoren für vektorwertige Funktionen (1)
56. Totale Differenzierbarkeit (1/2)
57. Mittelwertsatz und Satz von Taylor (1 1/2)
58. Extrema von Funktionen mehrerer Variabler (1)
59. Das Newton-Verfahren (1)
60. Extrema mit Nebenbedingungen (1)
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61. Mehrfachintegrale (1)
62. Die Umkehrfunktion und die Transformationsregel (1)
63. Variationsrechnung (1)

G. STOCHASTIK (16)
64. Grundbegriffe (Ws., Stichprobenraum) (1/3)
65. Kombinatorik (2/3)
66. Erzeugende Funktionen (1)
67. Bedingte Wahrscheinlichkeiten (1)
68. Zufallsvariable, Erwartungswert, Varianz (2) (Systemzuverlässigkeit, Varianz, Kovarianz, Jensen)
69. Abschätzungen für Abweichungen vom Mittelwert (1) (Momente, Schranken von Markov,
Chebyshev, Chernoff, schwaches Gesetz der grossen Zahlen)
70. Wichtige diskrete Verteilungen (1)
71. Wichtige kontinuierliche Verteilungen (1) (incl. zentraler Grenzwertsatz)
72. Multivariate Verteilungen und Summen von Zufallsvariablen (1)
73. Parameterschätzung und Konfidenzintervalle (1)
74. Hypothesentests (1)
75. Methode der kleinsten Quadrate (1)
76. Robuste Statistik (2/3)
77. Fehlerfortpflanzung (1/3)
78. Markowketten (2)
79. Pseudozufallszahlen und Monte-Carlo-Simulation (1)

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul *athematics or omputer Scientists 3.
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Modulbereich 3

Grundlagen der Informatik
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Big Data Engineering BDE

Studiensem. egelst.sem. urnus auer SWS S

4 6 jedes Sommersemester 1 Semester 4 6

Modulverantwortliche/r Pro. r. Jens ittrich

Dozent/inn/en Pro. r. Jens ittrich

Zulassungsvoraussetzungen Programming 1, Programming 2, Sofwarepraktikum oder Projektpraktikum,Math-
ematik ür Inormatiker 1, sowie Grundzüge von Algorithmen und Datenstrukturen
(jeweils empohlen).

Leistungskontrollen / Prüungen rolgreiche eilnahme an den bungen/Projekt berechtigt zur eilnahme an der
bschlussklausur.

Lehrveranstaltungen / SWS 2 SWS Vorlesung
+ 2 SWS Übung
= 4 SWS

Arbeitsauwand 60 h Präsenzstudium
+ 120 h Eigenstudium
= 180 h (= 6 ECTS)

Modulnote Wirdauseistungen inlausuren,bungen, undgg. Projektermittelt. iegenauen
odalitäten werden vom odulverantwortlichen bekanntgegeben.

Sprache nglisch

Lernziele / Kompetenzen

ie Vorlesung vermittelt grundlegende enntnisse über undamental onzepte von atenmanagement und atenanalyse im
ontext von ig ata und ata Science.

m ahmen der bungen kann während des Semesters ein durchgehendes Projekt durchgeührt. ies kann zum eispiel ein
soziales etzwerk (im Stil von acebook) sein bzw. jedes andere Projekt, in dem echniken des atenmanagements eingeübt
werden können (z.. naturwissenschafliche aten, ilddaten, andere Webapplikationen, etc.). Zunächst wird dieses Projekt
in / modelliert, dann umgesetzt und implementiert in einem atenbankschema. anach wird das Projekt erweitert, um
auch unstrukturierte aten verwalten und analysieren zu können. nsgesamt werden so an einem einzigen Projekt alle un-
damentalen echniken gezeigt, die ür das Verwalten und nalysieren von aten wichtig sind.

Inhalt

1 Einführung und Einordnung
Einordnung und Abgrenzung: Data Science
Wert von Daten: Das Gold des 21. Jahrhunderts
Bedeutung von Datenbanksystemen
Architekturen: 2-Tier, 3-Tier, etc
Was sind eigentlich Daten?
Modellierung vs Realität
Kosten mangelhafter Modellierung
Datenbanksystem nutzen vs selbst entwickeln
Positive Beispiele für Apps
Anforderungen
Literaturhinweise
Vorlesungsmodus
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2 Datenmodellierung
Motivation
E/R
Relationales Modell
Hierarchische Daten
Graphen und RDF
Redundanz, Normalisierung, Denormalisierung
Objektrelationale DBMS

3 Anfragesprachen
Relationale Algebra
Hierarchische Anfragesprachen
Graphorientierte Anfragesprachen

4 SQL
Grundlagen
Zusammenhang mit relationaler Algebra
PostgreSQL
Integritätsbedingungen
Transaktionskonzept
ACID
Sichten (und access control lists)

5 Implementierungstechniken
Übersicht
vom WAS zum WIE
Kosten verschiedener Operationen
EXPLAIN
Physisches Design
Indexe, Tuning
Datenbank-Tuning
Regelbasierte Anfrageoptimierung
Kostenbasierte Anfrageoptimierung
Machine Learning als Anfrageoptimierungstechnik

6 Zeitliche und räumliche Daten
als Teil des Schemas
as of/time travel
append-only und Streaming
Versioning
Snapshotting (Software und OS-basiert)
Differential Files/LSM et al
Publish/Subscribe
Indexstrukturen

7 Recovery, Durability, Archivierung
Grundproblematik
Vergessen vs Komprimieren vs Kondensieren
Heiße vs kalte Daten
Archivierung
Redundanz
Implementierungsaspekte
UNDO/REDO
Logging

8 Nebenläufigkeitskontrolle
Serialisierbarkeitstheorie
Isolationslevels
Verteilte Datenbanksysteme: Sharding, HP, VP, permissioned Blockchains
Implementierungsaspekte
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9 ETL und Data Cleaning
Datenbankschnittstellen: JDBC et al
Textdatenbanken: CSV, SQlite
Data Warehousing
Schema Matching
Reporting
Data Cleaning
Denormalisierung, Caching, Materialisierung
Workflows
ETL und Data Science in Data Science und Machine Learning

10 Big Data
Was ist eigentlich Big Data?
Big Data vs Privatheit
Beispiele: Zusammenführen von Daten
Physische Barrieren

11 NoSQL
Key/Value Stores
KeyDocument Stores: MongoDB
MapReduce
Flink
Spark

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet.

Weitere Inormationen

ieses odul wurde rüher auch unter dem amen Inormationssysteme geührt. ieses odul ist inhaltsgleich mit dem
englischsprachigen odul Big Data Engineering.

normationen ür ”athematik und normatik Sc”: iese Veranstaltung ist eil des Wahlplicht-ereichs der Grundlagen
der normatik (siehe Studienordnung §5 (2) 4)
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Elements o Machine Learning EML

Studiensem. egelst.sem. urnus auer SWS S

4 6 every winter semester 1 semester 4 6

Modulverantwortliche/r Pro. r. Jilles Vreeken
Pro. r. sabel Valera

Dozent/inn/en Pro. r. Jilles Vreeken
Pro. r. sabel Valera

Zulassungsvoraussetzungen he lecture assumes basic knowledge in statistics, linear algebra, and program-
ming. t is advisable to have successully completed Mathematics or Computer
Scientists 2 and Statistics Lab. he exercises use the programming language . We
will give a basic introduction to  in the irst tutorial. n addition, or preparation
the ollowing materials are useul: R or Beginners by mmanuel Paradis (espe-
cially chapters 1, 2, 3 and 6) and An introduction to R (Venables/Smith).

Leistungskontrollen / Prüungen Prerequisite or admission to the examination is a cumulative 50% o the points
o the theoretical and a cumulative 50% o the points o the practical tasks on the
exercise sheets. epending on the number o participants, the examinations are
either written or oral. he inal modality will be announced in the irst two weeks
o the lecture.

Lehrveranstaltungen / SWS 2 h lectures
+ 2 h tutorial
= 4 h (weekly)

Arbeitsauwand 60 h of classes
+ 120 h private study
= 180 h (= 6 ECTS)

Modulnote Will be determined rom perormance in exams.

Sprache nglish

Lernziele / Kompetenzen

n this course we will discuss the oundations – the elements – o machine learning. n particular, we will ocus on the ability
o, given a data set, to choose an appropriate method or analyzing it, to select the appropriate parameters or the model
generated by that method and to assess the quality o the resulting model. oth theoretical and practical aspects will be
covered. What we cover will be relevant or computer scientists in general as well as or other scientists involved in data
analysis and modeling.

Inhalt

he lecture covers basic machine learning methods, in particular the ollowing contents:

• ntroduction to statistical learning
• verview over Supervised earning
• inear egression
• inear lassiication
• Splines
• odel selection and estimation o the test errors
• aximum-ikelihood ethods
• dditive odels
• ecision trees
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• oosting
• imensionality reduction
• nsupervised learning
• lustering
• Visualization

Literaturhinweise

he course broadly ollows the book An Introduction to Statistical Learning with Applications in R, Springer (2013). n some
cases, the course receives additional material rom the book The Elements o Statistical Learning, Springer (second edition,
2009). he irst book is the introductory text, the second coversmore advanced topics. oth books are available as ree Ps.
ny change o, or additional material will be announced beore the start o the course on the course webpage.

Weitere Inormationen

normationen ür ”athematik und normatik Sc”: iese Veranstaltung ist eil des Wahlplicht-ereichs der Grundlagen
der normatik (siehe Studienordnung §5 (2) 4)
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Grundzüge der Theoretischen Inormatik TI

Studiensem. egelst.sem. urnus auer SWS S

3 6 jedes Wintersemester 1 Semester 6 9

Modulverantwortliche/r Pro. r. aimund Seidel

Dozent/inn/en Pro. r. aimund Seidel
Pro. r. ernd inkbeiner
Pro. r. urt ehlhorn
Pro. r. arkus läser

Zulassungsvoraussetzungen Programming 1 und 2 undMathematik ür Inormatiker 1 und 2 oder vergleichbare
Veranstaltungen der athematik sind empohlen.

Leistungskontrollen / Prüungen rolgreiche earbeitung der bungsaugaben berechtigt zur lausurteilnahme.

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 90 h Präsenzstudium
+ 180 h Eigenstudum
= 270 h (= 9 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen und praktischen ugaben ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache nglisch

Lernziele / Kompetenzen

ie Studierenden kennen verschiedene echenmodelle und ihre relativen Stärken und ächtigkeiten.

Sie können ür ausgewählte Probleme zeigen, ob diese in bestimmten echenmodellen lösbar sind oder nicht.

Sie verstehen den ormalen egriff der erechenbarkeit wie auch der icht-erechenbarkeit.

Sie können Probleme aueinander reduzieren.

Sie sindvertrautmitdenGrundzügenderessourcenbeschränkung (Zeit, Platz) ürerechnungenundder sichdarausergeben-
den omplexitätstheorie.

Inhalt

ie Sprachen der homsky ierarchie und ihre verschiedenen einitionen über Grammatiken und utomaten; bschlus-
seigenschafen; lassiikation von bestimmten Sprachen („Pumping lemmas“);

eterminismus und icht-eterminismus;

uring aschinen und äquivalente odelle von allgemeiner erechenbarkeit (z.. μ-rekursive unktionen, andom ccess
achines) eduzierbarkeit, ntscheidbarkeit, icht-ntscheidbarkeit;

ie omplexitätsmaße Zeit und Platz; die omplexitätsklassen P und P;

Grundzüge der heorie der P-Vollständigkeit
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Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet.

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul Introduction to Theoretical Computer Science.
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Grundzüge von Algorithmen und Datenstrukturen GrAlgoDat

Studiensem. egelst.sem. urnus auer SWS S

3 6 jedes Wintersemester 1 Semester 4 6

Modulverantwortliche/r Pro. r. aimund Seidel

Dozent/inn/en Pro. r. aimund Seidel
Pro. r. urt ehlhorn
Pro. r. arkus läser

Zulassungsvoraussetzungen Programming 1 und 2, undMathematik ür Inormatiker 1 und 2 oder vergleichbare
Veranstaltungen der athematik sind empohlen.

Leistungskontrollen / Prüungen rolgreiche earbeitung der bungsblätter berechtigt zur lausurteilnahme.

Lehrveranstaltungen / SWS 2 SWS Vorlesung
+ 2 SWS Übung
= 4 SWS

Arbeitsauwand 60 h Präsenzstudium
+ 120 h Eigenstudum
= 180 h (= 6 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen und praktischen ugaben ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache nglisch

Lernziele / Kompetenzen

ie Studierenden lernen die wichtigsten ethoden des ntwurs von lgorithmen und atenstrukturen kennen: eile-und-
errsche,ynamischeProgrammierung, inkrementelleonstruktion, „Greedy“, ezimierung,ierarchisierung, andomisierung.
Sie lernenlgorithmenundatenstrukturenbzgl. Zeit- undPlatzverbrauch ürdasüblicheaschinenmodell zuanalysieren
und au asis dieser nalysen zu vergleichen. Sie lernen verschiedene rten der nalyse (schlechtester all, amortisiert, er-
wartet) einzusetzen.

ie Studierenden lernen wichtige effiziente atenstrukturen und lgorithmen kennen. Sie sollen die ähigkeit erwerben,
vorhandene ethoden durch theoretische nalysen und bwägungen ür ihre Verwendbarkeit in tatsächlich aufretenden
Szenarien zu prüen. erner sollen die Studierenden die ähigkeit trainieren, lgorithmen und atenstrukturen unter dem
spekt von Perormanzgarantien zu entwickeln oder anzupassen

Inhalt

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet.

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul Fundamentals o Data Structures and Algorithms.
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Nebenläuige Programmierung NP

Studiensem. egelst.sem. urnus auer SWS S

4 6 jedes Sommersemester 1 Semester 4 6

Modulverantwortliche/r Pro. r.-ng. olger ermanns

Dozent/inn/en Pro. r.-ng. olger ermanns
Pro. ernd inkbeiner, Ph.
Pro. r. Verena Wol

Zulassungsvoraussetzungen Programming 1 und 2, Sofwarepraktikum, und Grundzüge der Theoretischen Inor-
matik (empohlen)

Leistungskontrollen / Prüungen Zwei lausuren (itte und nde der Vorlesungszeit), praktisches Projekt.
ine achklausur ür die Zwischenklausur indet vor der auptklausur statt, eine
achklausur ür die auptklausur indet in den letztenWochen vor Vorlesungsbe-
ginn des olgesemesters statt.

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 50 h Präsenzstudium
+ 130 h Eigenstudum
= 180 h (= 6 ECTS)

Modulnote Wird aus eistungen in denlausuren, sowie denPrüungsvorleistungen ermittelt.
ie genauen odalitäten werden vomodulverantwortlichen bekannt gegeben.

Sprache nglisch

Lernziele / Kompetenzen

ie eilnehmer lernen die ebenläuigkeit von erechnungen als ein weitreichendes, grundlegendes Prinzip in der heorie
und nwendung der modernen normatik kennen. urch die ntersuchung und Verwendung unterschiedlicher ormaler
odelle gewinnen die eilnehmer ein vertiefes Verständnis von ebenläuigkeit. abei lernen die eilnehmer wichtige or-
male onzepte der normatik korrekt anzuwenden. as im ersten eil der Veranstaltung erworbene theoretische Wissen
wird in der zweiten älfe in der (Programmier-)Praxis angewendet. abei lernen die eilnehmer Verwendung der Program-
mierparadigmen „Shared emory“ und „essage Passing“ zuerst gemeinsam in der Programmiersprache pseuo, bevor sie
dann diese ähigkeiten au Java und teilweise ust übertragen. ußerdem lernen die eilnehmer verschiedene Phänomene
des nebenläuigen Programmierens in den ormalenodellen zu beschreiben undmit deren ile konkrete ösungen ür die
Praxis abzuleiten. es Weiteren untersuchen die eilnehmer in der Praxis existierende onzepte au ihre Verlässlichkeit hin.
in speziischer spekt dieser berulichen Praxis ist das taktisch adäquate eagieren au Problemstellungen der ebenläu-
igkeit unter engen Zeitvorgaben.

Inhalt

ebenläuigkeit als onzept

• Potentieller Parallelismus
• atsächlicher Parallelismus
• onzeptioneller Parallelismus

ebenläuigkeit in der Praxis

• bjektorientierung
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• etriebssysteme
• ulti-core Prozessoren, oprozessoren
• Programmierte Parallelität
• Verteilte Systeme (lient-Server, Peer-to-Peer, atenbanken, nternet)

ie Schwierigkeit von ebenläuigkeit

• essourcenkonlikte
• airness
• Gegenseitiger uschluss
• Verklemmung (eadlock)
• gegenseitige lockaden (ivelock)
• Verhungern (Starvation)

Grundlagen der ebenläuigkeit

• Sequentielle vs. ebenläuige Prozesse
• Zustände, reignisse und ransitionen
• ransitionssysteme
• eobachtbares Verhalten
• eterminismus vs. icht-eterminismus
• lgebren und peratoren

S: er alkül kommunizierender Prozesse

• onstruktion von Prozessen: Sequenz, uswahl, ekursion
• ebenläuigkeit und nteraktion
• Strukturelle operationelle Semantik
• Gleichheit von eobachtungen
• mplementierungsrelationen
• S mit atentranser

Programmieren von ebenläuigkeit

• pseuo
• essage Passing in pseuo und Go
• Shared emory in pseuo und Java
• onitore und Semaphoren
• Shared bjects und hreads in Java
• Shared bjects und hreads als ransitionssysteme

Programmier- und nalyseunterstützung

• rkennung von Verklemmungen
• Zusicherung von Sicherheit und ebendigkeit
• odel-asiertes esign von ebenläuigkeit
• Sofware rchitekturen ür ebenläuigkeit

Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet.

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul Concurrent Programming.

normationen ür ”athematik und normatik Sc”: iese Veranstaltung ist eil des Wahlplicht-ereichs der Grundlagen
der normatik (siehe Studienordnung §5 (2) 4)
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Programming 1 Prog1

Studiensem. egelst.sem. urnus auer SWS S

1 6 every winter semester 1 semester 6 9
Modulverantwortliche/r Pro. r.-ng. olger ermanns

Dozent/inn/en Pro. r.-ng. olger ermanns
Pro. r. Sebastian ack
Pro. r. artina aggio

Zulassungsvoraussetzungen none

Leistungskontrollen / Prüungen • Weekly exercises and tests
• id-term and inal exam
• e-examination at end o the semester

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish and German

Lernziele / Kompetenzen

Programming 1 is an introduction to the oundations o computer science. sing the unctional programming language
aml, students learn to write programs, to understand precisely what programs mean, to prove them correct, and to anal-
yse their running time. rom the irst day on, students work hands-on with an interpreter, which serves as a laboratory or
experimenting with programs and with the programming language itsel.

pon completion o the module, students

• canwritewell-structured unctional programs inaml, using recursion, tail recursion and accumulators, higher-order
and polymorphic unctions, pattern matching, algebraic data types, options, and exceptions;

• have acquired practical programming skills: experimenting with an interpreter, reading and reacting to type errors,
systematic testing and debugging, and using the standard library;

• can design and implement recursive algorithms on numbers, lists, strings, and trees (e.g. sorting algorithms, search
trees, tries, prime actorisation);

• understand static typing, polymorphism, and type inerence;
• can structure programs with modules, signatures, abstract data types, representation invariants, and unctors;
• can program with mutable state (reerences, arrays, loops, imperative data structures) and understand how data is
represented in linear memory;

• can speciy unctions mathematically, reason about termination, and prove recursive programs correct by induction
(natural, structural, and well-ounded induction);

• can determine and classiy the time complexity o algorithms (running-time unctions, recurrences, asymptotic com-
plexity classes);

• understand the structure o programming languages and their ormal description by grammars and inerence rules
(abstract and concrete syntax, static and dynamic semantics);

• can implement the components o a language processor or a small unctional language: lexer, a simple parser, type
checker, and evaluator;

• are able to use the basic mathematical structures underlying computer science: sets, propositions, tuples, relations,
directed graphs, unctions, and well-ounded orders.
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Inhalt

see above

Literaturhinweise

ecture notes (in nglish) are provided to the participants.
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Programming 2 Prog2

Studiensem. egelst.sem. urnus auer SWS S

2 6 every summer semester 1 semester 6 9

Modulverantwortliche/r Pro. r. Sebastian ack

Dozent/inn/en Pro. r. Sebastian ack
Pro. r. olger ermanns

Zulassungsvoraussetzungen Programming1andMathematics orComputerScientists 1andmathematics courses
in the study semester or comparable knowledge rom other mathematics courses
are recommended.

Leistungskontrollen / Prüungen • Practical part: students independently implement a series o programming
projects in S-V assembly, , and Java. he projects practise the language
concepts o the lecture and introduce more complex algorithms and data
structures. utomatic tests check the quality o the implementations.

• ecture part: short written tests (minitests) accompanying the lecture, and a
written end-o-term exam (with re-exam).

• dmission to the written exam requires successul participation in the pro-
gramming projects and the minitests. he exact thresholds are announced
at the beginning o the module.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in the written exams. Successul participa-
tion in the programming projects and minitests is a prerequisite or admission to
the exams. he exact modalities will be announced at the beginning o the mod-
ule.

Sprache nglish and German

Lernziele / Kompetenzen

Programming 2 introduces the oundations o imperative and object-oriented programming. he course ollows the sofware
stack rom the machine level (computer arithmetic, S-V machine code) via the systems language  to the object-oriented
language Java, and closes the loop with the ormal semantics o a small imperative language and a simple compiler that
translates it back to machine code.  central goal is that students can identiy the different levels o abstraction at work in
programming and move between them deliberately, so that they can reason about the behaviour, perormance, and security
o programs rather than relying on unexamined habits.

fer successully completing the module, students

• understand how computers represent numbers and execute programs, and can read, write, and debug small programs
in S-V assembly, including unction calls, the stack, and a calling convention;

• can implement, debug, and test small to mid-size  programs, and understand the  memory model, pointers, dynamic
memory management, translation units, and the consequences o undeined behaviour;

• can design, implement, debug, and test mid-size Java programs using classes, interaces, inheritance, subtyping, dy-
namic dispatch, encapsulation, and immutability, use the Java ollections ramework, and can judge when an object-
oriented decomposition is appropriate;

25



• can implement undamental data structures and algorithms (lists, trees, hash tables, dynamic programming) in an
imperative language and choose suitable ones or a given programming task;

• know the ormal syntax, operational semantics, and a type system o a small imperative language with pointers and
scopes, and can explain type saety and undeined behaviour in these terms;

• can speciy the unctional correctnesso programs, knowthe undamental techniquesand limits o testing (test oracles,
black-box and white-box testing, coverage criteria, uzzing), can prove simple imperative programs correct with oare
logic and loop invariants, and understand how such proos are mechanized via veriication conditions;

• understand how a high-level language is translated to machine code by working through the phases o a simple com-
piler (syntactic analysis, type checking, syntax-directed code generation);

• have practical experience in independently completing programming projects o non-trivial size, including working
with an existing code base, automatic tests, and debugging tools.

Inhalt

1. Computer arithmetic: positional notation, binary numbers, addition and subtraction, two’s-complement integers,
shifs

2. Machine code: the von eumann architecture, the V32 instruction set, the assembler, execution traces, the data
segment, memory segmentation, linking, calling unctions (stack, calling convention)

3. Simple algorithms at the machine level: number conversion, the sieve o ratosthenes, insertion sort, evaluating
polynomials with orner’s method, cycle detection (tortoise and hare)

4. Introduction to C: basics, execution traces, imperative variables, the  memory model, translation units, number
types, control low, expressions, calling unctions, pointers, dynamicmemorymanagement, structs, input and output,
undeined behaviour

5. Algorithms and data structures: lists, trees, hashing, dynamic programming
6. Formal semantics: the syntax o programming languages, abstract syntax and operational semantics o the language
0, extension by pointers (0p) and scopes (0b), a simple type system (0t) and type saety

7. Testing and veriication: unctional correctness and speciications, ailures, testing (the oracle problem, black-box
testing, white-box testing and coverage, uzzing), veriication with oare logic, loop invariants, veriication condition
generation andmechanized veriication

8. Object-oriented programming with Java: compilation, main method, and packages; types and reerence types;
classes; encapsulation; reerences, aliasing, and immutable objects; inheritance, subtyping, and dynamic dispatch;
overriding and overloading methods; the Java ollections ramework; using object orientation properly; the expres-
sion problem and the visitor pattern; object-oriented programming in 

9. A simple compiler: overview o syntactic analysis, type checking, syntax-directed code generation rom 0 to S-V

as well as lectures speciically designed or the individual programming projects (e.g. algorithmic background such as ijk-
stra’s algorithm or route planning or bounding volume hierarchies or ray tracing).

Literaturhinweise

ecture notes: Sebastian ack, An Introduction to Imperative Programming, https://prog2.de/book. urther literature will be
announced beore the start o the course on the course page on the nternet.
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Systemarchitektur SysArch

Studiensem. egelst.sem. urnus auer SWS S

2 6 jedes Sommersemester 1 Semester 6 9
Modulverantwortliche/r Pro. r. Jan eineke

Dozent/inn/en Pro. r. Jan eineke

Zulassungsvoraussetzungen Programming 1, Programming 2 (im selben Semster) und Mathematik ür Inor-
matiker 1 oder vergleichbare Veranstaltungen der athematik sind empohlen.

Leistungskontrollen / Prüungen Prüungsleistungenwerden in zweieilenerbracht, diebeide indiendnoteeinge-
hen. mdie Gesamtveranstaltung zu bestehen,muss jeder eil einzeln bestanden
werden.
m Projektteil müssen die Studierenden eine eihe von Projekten selbstständig
bearbeiten. ieseProjektevertieendaspraktischeVerständnisdesVorlesungsstoffes
in den ereichen echnerarchitektur und etriebssysteme.
mVorlesungsteilmüssendieStudierendenlausurenabsolvierenundbungsau-
gaben und/oder initests bearbeiten. ie erolgreiche earbeitung der bungs-
blätterbeziehungweisederinitests ist Voraussetzungzureilnahmeanderlausur.

Lehrveranstaltungen / SWS 4 SWS Vorlesung
+ 2 SWS Übung
= 6 SWS

Arbeitsauwand 90 h Präsenzstudium
+ 180 h Eigenstudum
= 270 h (= 9 ECTS)

Modulnote Wird aus eistungen in lausuren, bungen, initests und praktischen Projekten
ermittelt. ie genauen odalitäten werden vomodulverantwortlichen bekannt
gegeben.

Sprache nglisch

Lernziele / Kompetenzen

ie Studierenden sollen die unktionsweise und diewichtigsten igenschafenmoderner echnerarchitekturen undetrieb-
ssystemen kennenlernen.

ußerdem sollen die Studierenden die der mplementierung solcher Systeme zugrundeliegenden ntwursprinzipien verste-
hen.

Inhalt

1. Rechnerarchitektur
a. Boolesche Algebra und Schaltkreise
b. Zahlendarstellungen und arithmetische Schaltkreise
c. Befehlssatzarchitekturen
d. Mikroarchitekturen, insbesondere der Entwurf eines einfachen Reduced Instruction

Set Computers, sowie Techniken zur Leistungsoptimierung.

2. Betriebssysteme
a. Virtualisierungsmechanismen
b. Planungsalgorithmen
c. Dateisysteme
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Literaturhinweise

ekanntgabe jeweils vor eginn der Vorlesung au der Vorlesungsseite im nternet.

Weitere Inormationen

ieses odul ist inhaltsgleich mit dem englischsprachigen odul System Architecture.
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Modulbereich 4

Praktika

29



Sofware Engineering Lab (Sofwarepraktikum) SE Lab

Studiensem. egelst.sem. urnus auer SWS S

2-3 6 lecture ree time afer SS 7 weeks BLOCK 9

Modulverantwortliche/r Pro. r. Sven pel

Dozent/inn/en Pro. r. Sven pel
r. orman Peitek

Zulassungsvoraussetzungen Participation in theSofwarengineeringab requiresextensiveprogrammingskills
as taught in the courses Programming 1 and Programming 2.  passing grade in
Programming 2 is required to enroll in this course.
Students are required to bring their own laptops.

Leistungskontrollen / Prüungen he goal o the Sofware ngineering ab is to develop a non-trivial sofware sys-
tem in a teameffort. n this course, a number o documents (designmodels, docu-
mentation, implementation plan, etc.) and artiacts (source code, tests, etc.) need
to be developed and submitted. orrectness, completeness, quality, and timely
submission o all documents and artiacts are major grading criteria.
he Sofware ngineering ab consists o two phases: exercise phase and group
phase.
n the exercise phase, participants will complete an entry exam, covering current
topics rom the lecture. nly participants that have passed the exercise phasewill
be admitted to the group phase.
n the group phase, participants will irst design and then implement and test a
substantial sofware system in a team effort, and submit both their design and
their implementation (including tests) or evaluation. ll documents (designmod-
els, documentation, implementation plan, etc.) and artiacts (source code, tests,
etc.) o the group phase will be evaluated based on the principles and quality cri-
teria conveyed in the lectures. o pass the group phase, students must pass both
the design submission and the implementation submission, and prove individu-
ally their substantial contribution to the group project.
ore details on the exams will be announced at the beginning o the course.

Lehrveranstaltungen / SWS aily exercises and lectures (irst ew weeks)
aily project work with tutoring

Arbeitsauwand 35 h of lectures and exercises
+ 235 h project work
= 270 h (= 9 ECTS)

Modulnote ungraded

Sprache nglish

Lernziele / Kompetenzen

Participants acquire the ability to solve complex sofware development problems individually and in teams.

Participants are aware o common problems and pitalls o sofware development and know how to address them.

Participants are able to accomplish and coordinate sofware development tasks based on a set o given requirements. or
this purpose, they are able to select proper methods and techniques to minimize risks andmaximize sofware quality.

Participants know about oundations and principles o sofware design, including cohesion, coupling, modularity, encapsu-
lation, abstraction, and inormation hiding. hey are acquainted with a whole array o design patterns, knowing their aim
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and individual strengths and weaknesses. hey are able to apply design patterns beneicially and to judge and improve the
quality o sofware designs.

Participants master undamental techniques and tools or sofware testing, debugging, and version control.

Inhalt

• Sofware design
• Sofware testing
• eamwork
• ebugging

Literaturhinweise

• Sofware ngineering. . Sommerville, ddison-Wesley, 2004.
• Sofware ngineering:  Practioner’s pproach. . Pressman, cGraw ill ext, 2001.
• sing : Sofware ngineering with bjects and omponents. P. Stevens, et al., ddison-Wesley, 1999.
•  istilled. . owler, et al., ddison-Wesley, 2000.
• bjects, omponents and rameworks with , . ’Souza, et al., ddison-Wesley, 1999.
• esigning bject-riented Sofware. . Wirs-rock, et al., Prentice all, 1990.
• esign Patterns. lements o eusable bject-riented Sofware. . Gamma, et al., ddison-Wesley, 1995.
• ead irst esign Patterns. . reeman, et al. ’eilly, 2004.
• Sofware rchitecture: Perspectives on an merging iscipline. . Shaw, et al., Prentice-all, 1996.
• eactoring: mproving the esign o xisting ode. . owler, et al., ddison-Wesley, 1999.
• Sofware esting and nalysis: Process, Principles and echniques. . Pezze, Wiley. 2007.

Weitere Inormationen

his module is identical in content to the German-language module Sofwarepraktikum.
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Modulbereich 5

Seminare
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Proseminar Inormatik

Studiensem. egelst.sem. urnus auer SWS S

4 6 jedes Semester 1 Semester 2 5
Modulverantwortliche/r Studiendekan der akultät athematik und normatik

Studienbeaufragter der normatik

Dozent/inn/en ozent/inn/en der achrichtung

Zulassungsvoraussetzungen Grundlegende enntnisse im jeweiligen eilbereich des Studienganges.

Leistungskontrollen / Prüungen • hematischer Vortrag mit anschließender iskussion
• ktive eilnahme an der iskussion
• Gegebenenalls kurze schrifliche usarbeitung und/oder Projekt

Lehrveranstaltungen / SWS 2 SWS Proseminar

Arbeitsauwand 30 h Präsenzstudium
+ 120 h Eigenstudium
= 150 h (= 5 ECTS)

Modulnote Wird aus den eistungen im Vortrag und der schriflichen usarbeitung und/oder
demSeminarprojektermittelt. iegenauenodalitätenwerdenvondem/der jew-
eiligen ozenten/in bekannt gegeben.

Sprache eutsch oder nglisch

Lernziele / Kompetenzen

ie Studierenden haben am nde der Veranstaltung ein grundlegendes Verständnis aktueller oder undamentaler spekte
eines speziischen eilbereiches der normatik erlangt.

Sie haben insbesondere grundlegende ompetenz im eigenständigenwissenschaflichen echerchieren, inordnen, Zusam-
menassen, iskutieren, ritisieren und Präsentieren von wissenschaflichen rkenntnissen gewonnen.

m Vergleich zum Seminar liegt der okus beim Proseminar au der neignung der grundlegenden wissenschaflichen r-
beitsweisen.

Inhalt

nter nleitung werden olgende Punkte praktisch geübt:

• esen und Verstehen wissenschaflicher rbeiten
• iskutieren der rbeiten in der Gruppe
• nalysieren, Zusammenassen und Wiedergeben des speziischen hemas
• Präsentationstechnik

Speziische Vertieung in ezug au das individuelle hema des Seminars.

er typische blau eines Proseminars ist üblicherweise wie olgt:

• Vorbereitende Gespräche zur hemenauswahl
• egelmäßige reffen mit iskussion ausgewählter eiträge
• gg. earbeitung eines themenbegleitenden Projekts
• Vortrag und gg. usarbeitung zu einem der eiträge
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Literaturhinweise

aterial wird dem hema entsprechend ausgewählt.

Weitere Inormationen

ie jeweils zur Verügung stehenden Proseminare werden vor eginn des Semesters angekündigt und unterscheiden sich je
nach Studiengang.
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Seminar Inormatik

Studiensem. egelst.sem. urnus auer SWS S

5 6 jedes Semester 1 Semester 2 7
Modulverantwortliche/r Studiendekan der akultät athematik und normatik

Studienbeaufragter der normatik

Dozent/inn/en ozent/inn/en der achrichtung

Zulassungsvoraussetzungen Grundlegende enntnisse im jeweiligen eilbereich des Studienganges.

Leistungskontrollen / Prüungen • hematischer Vortrag mit anschließender iskussion
• ktive eilnahme an der iskussion
• Gegebenenalls schrifliche usarbeitung oder Projekt

Lehrveranstaltungen / SWS 2 SWS Seminar

Arbeitsauwand 30 h Präsenzstudium
+ 180 h Eigenstudium
= 210 h (= 7 ECTS)

Modulnote Wird aus den eistungen im Vortrag und der schriflichen usarbeitung und/oder
demSeminarprojektermittelt. iegenauenodalitätenwerdenvondem/der jew-
eiligen ozenten/in bekannt gegeben.

Sprache eutsch oder nglisch

Lernziele / Kompetenzen

ie Studierenden haben am nde der Veranstaltung vor allem ein tiees Verständnis aktueller oder undamentaler spekte
eines speziischen eilbereiches der normatik erlangt.

Sie haben weitere ompetenz im eigenständigen wissenschaflichen echerchieren, inordnen, Zusammenassen, isku-
tieren, ritisieren und Präsentieren von wissenschaflichen rkenntnissen gewonnen.

Inhalt

Weitgehend selbstständiges rarbeiten des Seminarthemas:

• esen und Verstehen wissenschaflicher rbeiten
• nalyse und ewertung wissenschaflicher usätze
• iskutieren der rbeiten in der Gruppe
• nalysieren, Zusammenassen und Wiedergeben des speziischen hemas
• rarbeiten gemeinsamer Standards ür wissenschafliches rbeit
• Präsentationstechnik

Speziische Vertieung in ezug au das individuelle hema des Seminars.

er typische blau eines Seminars ist üblicherweise wie olgt:

• Vorbereitende Gespräche zur hemenauswahl
• egelmäßige reffen mit iskussion ausgewählter eiträge
• gg. earbeitung eines themenbegleitenden Projekts
• Vortrag und gg. usarbeitung zu einem der eiträge
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Literaturhinweise

aterial wird dem hema entsprechend ausgewählt.

Weitere Inormationen

ie jeweils zur Verügung stehendenSeminarewerden voreginndes Semesters angekündigt undunterscheiden sich je nach
Studiengang.
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Modulbereich 6

Stammvorlesungen
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Algorithms and Data Structures AlgoDat

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. urt ehlhorn

Dozent/inn/en Pro. r. aimund Seidel
Pro. r. urt ehlhorn

Zulassungsvoraussetzungen or graduate students: , ++, Java

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Passing the midterm and the inal exam
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students know standard algorithms or typical problems in the area’s graphs, computational geometry, strings and op-
timization. urthermore, they master a number o methods and data-structures to develop efficient algorithms and analyze
their running times.

Inhalt

• graph algorithms (shortest path, minimum spanning trees, maximal lows, matchings, etc.)
• computational geometry (convex hull, elaunay triangulation, Voronoi diagram, intersection o line segments, etc.)
• strings (pattern matching, suffix trees, etc.)
• generic methods o optimization (tabu search, simulated annealing, genetic algorithms, linear programming, branch-
and-bound, dynamic programming, approximation algorithms, etc.)

• data-structures (ibonacci heaps, radix heaps, hashing, randomized search trees, segment trees, etc.)
• methods or analyzing algorithms (amortized analysis, average-case analysis, potential methods, etc.

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Artiicial Intelligence AI

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Jörg offmann

Dozent/inn/en Pro. r. Jörg offmann

Zulassungsvoraussetzungen Programming 1, Programming 2, Fundamentals o Data Structures and Algorithms,
and Elements o Machine Learning or other courses in machine learning are recom-
mended.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving o weekly assignments
• Passing the inal written exam
•  re-exam takes place during the last two weeks beore the start o lectures

in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom the perormance in exams. he exact modalities will be
announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

nowledge about basic methods in rtiicial ntelligence

Inhalt

Search:

• ninormed- and inormed search procedures
• onte-arlo tree search

Planning:

• ormalism and complexity
• ritical-path heuristics
• elete relaxation heuristics
• bstraction heuristics

arkov decision processes:

• iscounted reward and expected cost
• Value iteration
• normed search
• einorcement learning

Games:
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• dversarial search
• earning rom sel-play

Literaturhinweise

ussel & orvig rtiicial ntelligence:  odern pproach;
urther reading will be announced beore the start o the course on the course page on the nternet.
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Automated Reasoning AR

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. hristoph Weidenbach

Dozent/inn/en Pro. r. hristoph Weidenbach

Zulassungsvoraussetzungen Introduction to Computational Logic

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Weekly assignments
• Practical work with systems
• Passing the inal and mid-term exam
•  re-exam takes place during the last two weeks beore the start o lectures

in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he goal o this course is to provide amiliarity with logics, calculi, implementation techniques, and systems providing auto-
mated reasoning.

Inhalt

Propositional ogic – , Superposition - Watched iterals
irst-rder ogic without quality – (rdered) esolution,
quations with Variables – ompletion, ermination
irst-rder ogic with quality – Superposition (SP) - ndexing

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Compiler Construction CC

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Sebastian ack

Dozent/inn/en Pro. r. Sebastian ack

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Written exam at the end o the course, theoretical exercises, and compiler-
laboratory project.

•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students learn, how a source program is lexically, syntactically, and semantically analyzed, and how they are translated
into semantically equivalent machine programs. hey learn how to increase the efficiency by semantics-preserving trans-
ormations. hey understand the automata-theoretic oundations o these tasks and learn, how to use the corresponding
tools.

Inhalt

exical, syntactic, semantic analysis o sourceprograms, codegeneration orabstractand realmachines, efficiency-improving
program transormations, oundations o program analysis.

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Complexity Theory CT

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. arkus läser

Dozent/inn/en Pro. r. aimund Seidel
Pro. r. arkus läser

Zulassungsvoraussetzungen undergraduate course on theory o computation (e.g. Grundzüge der Theoretis-
chen Inormatik) is highly recommend.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• assignments
• exams (written or oral)

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be calculated romthe results in theassignments and/or exams, as announced
by the ecturer at the beginning o the course

Sprache nglish

Lernziele / Kompetenzen

he aim o this lecture is to learn important concepts and methods o computational complexity theory. he student shall be
enabled to understand recent topics and results in computational complexity theory.

Inhalt

elation among resources like time, space, determinism, nondeterminism, complexity classes, reduction and completeness,
circuits and nonuniorm complexity classes, logarithmic space and parallel complexity classes, mmerman-Szelepcsenyi the-
orem,polynomial timehierarchy, relativization, parity and thepolynomialmethods, Valiant-Vazirani theorem, countingprob-
lems and classes, oda’s theorem, probabilistic computations, isolation lemma and parallel algorithms or matching, circuit
identity testing, graph isomorphism and interactive proos.

Literaturhinweise

rora, arak: omputational omplexity –  odern pproach, ambridge niversity Press
ded Goldreich: omputational omplexity –  onceptual pproach, ambridge niversity Press
exter ozen: heory o omputation, Springer
Schöning, Pruim: Gems o heoretical omputer Science, Springer

43



Computer Algebra CA

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. rank-la Schreyer

Dozent/inn/en Pro. r. rank-la Schreyer

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving the exercises, passing the midterm and the inal exam.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

Solving problems occuring in computer algebra praxis
he theory behind algorithms

Inhalt

rithmetic and algebraic systems o equations in geometry, engineering and natural sciences

• integer and modular arithmetics, prime number tests
• polynomal arithmetics and actorization
• ast ourier-transormation, modular algorithms
• resultants, Gröbnerbasen
• homotopy methods or numerical solving
• real solutions, Sturm chains and other rules or algebraic signs rithmetic and algebraic systems o equations in geom-

etry, engineering and natural sciences
• integer and modular arithmetics, prime number tests
• polynomal arithmetics and actorization
• ast ourier-transormation, modular algorithms
• resultants, Gröbnerbasen
• homotopy methods or numerical solving
• real solutions, Sturm chains and other rules or algebraic signs

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Computer Graphics CG

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Philipp Slusallek

Dozent/inn/en Pro. r. Philipp Slusallek

Zulassungsvoraussetzungen Solid knowledge o linear algebra is recommended.

Leistungskontrollen / Prüungen • Successul completion o weekly exercises (30% o inal grade)
• Successul participation in rendering competition (10%)
• id-term written exam (20%, inal exam prerequisite)
• inal written exam (40%)
• n each o the above a minimum o 50% is required to pass

 re-exam typically takes place during the last two weeks beore the start o lec-
tures in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote he grade is derived rom the above assessments. Possible changes will be an-
nounced at the beginnning o each semester.

Sprache nglish

Lernziele / Kompetenzen

his course provides the theoretical and practical oundation or computer graphics. t gives a wide overview o topics, tech-
niques, and approaches used in various aspects o computer graphics but has some ocus on image synthesis or rendering.
he irst part o the course uses ray tracing as a driving applications to discuss core topics o computer graphics, rom vector
algebra all the way to sampling theory, the human visual system, sampling theory, and spline curves and suraces.  second
part then uses rasterization approach as a driving example, introducing the camera transormation, clipping, thepenG P
and shading langue, plus advanced techniques.

s part o the practical exercises the students incrementally build their own ray tracing system. nce the basics have been
covered, the students participate in a rendering competition. ere they can implement their avorite advanced algorithm
and are asked to generate a high-quality rendered image that shows their techniques in action.

Inhalt

• ntroduction
• verview o ay racing and ntersection ethods
• Spatial ndex Structures
• Vector lgebra, omogeneous oordinates, and ransormations
• ight ransport heory, endering quation
• , aterials odels, and Shading
• exturing ethods
• Spectral nalysis, Sampling heory
• iltering and nti-liasing ethods
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• ecursive ay racing & istribution ay-racing
• uman Visual System & olor odels
• Spline urves and Suraces
• amera ransormations & lipping
• asterization Pipeline
• penG P & GS Shading
• Volume endering (opt.)

Literaturhinweise

Will be announced in the lecture.
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Continuous Optimization OPT

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Peter chs

Dozent/inn/en Pro. r. Peter chs

Zulassungsvoraussetzungen ndergraduate mathematics (e.g. Mathematik ür Inormatiker I, II and III) and
some elementary programming knowledge is recommended.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving accompanying exercises
• Successul partcipation in the inal or re-exam

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

fer taking this course, students will have an overview o classical optimization methods and analysis tools or continuous
optimization problems, which allows them to model and solve practical problems. oreover, in the tutorials, some experi-
ence will be gained to implement and numerically solve practical problems.

Inhalt

1. ntroduction
• athematical ptimization
• pplications
• Perormance o umerical ethods
• xistence o a Solution
• he lass o onvex ptimization Problems

2. nconstrained ptimization
• ptimality onditions
• escent ethods
• Gradient escent ethod
• onjugate Gradient ethod
• ewton’s ethod
• Quasi-ewton ethods
• Gauss-ewton ethod
• omputing erivatives

3. onstrained ptimization
• otivation
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• ptimality onditions or onstrained Problems
• ethod o easible irections
• inear Programming
• Quadratic Programming
• Sequential Quadratic Programming (SQP)
• Penalty and arrier ethods

Literaturhinweise

• J. ocedal und S. J. Wright: umerical ptimization. Springer, 2006.
• . Jarre und J. Stoerr: ptimierung. Springer, 2004.
• . ertsekas: onlinear Programming. thena Scientiic, 1999.
• Y. esterov: ntroductory ectures on onvex ptimization -  asic ourse. luwer cademic Publisher, 2004.
• . ockaellar and . J.-. Wets: Variational nalysis. Springer-Verlag erlin eidelberg, 1998.
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Convex Analysis and Optimization CAO

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Peter chs

Dozent/inn/en Pro. r. Peter chs

Zulassungsvoraussetzungen ndergraduate mathematics (e.g. Mathematik ür Inormatiker I, II and III) and
some elementary programming knowledge is recommended.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving accompanying exercises
• Successul participation in the inal or re-exam

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

fer taking the course, students know about the most relevant concepts o convex analysis and convex optimization. hey
are able to read and understand related scientiic literature. oreover, they can rate the difficulty o convex optimization
problems arising in applications in machine learning or computer vision and select an efficient algorithm accordingly. ore-
over, they develop basic skills in solving practical problems with Python.

Inhalt

1. ntroduction
• ntroduction
• pplications

2. onvex Geometry
• oundations
• onvex easibility Problems

3. onvex nalysis ackground
• Preliminaries
• onvex unctions

4. Smooth onvex ptimization
• ptimality onditions
• Gradient escent ethod
• ower complexity bounds
• ccelerated and nertial lgorithms
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5. on-smooth onvex nalysis
• ontinuity o onvex unctions
• onvexity rom pigraphical perations
• he Subdifferential

6. on-smooth onvex ptimization
• ermat’s ule
• uality in ptimization and Primal / ual Problems
• lgorithms
• ower complexity bounds
• Saddle Point Problems

Literaturhinweise

• . ockaellar: onvex nalysis. Princeton niversity Press, 1970.
• Y. esterov: ntroductory ectures on onvex ptimization:  asic ourse. luwer cademic Publishers, 2004.
• .P. ertsekas: onvex nalysis and ptimization. thena Scientiic, 2003.
• S. oyd: onvex ptimization. ambridge niveristy Press, 2004.
• . . auschke and P. . ombettes: onvex nalysis andonotone perator heory in ilbert Spaces. Springer, 2011.
• . ockaellar and . J.-. Wets: Variational nalysis. Springer-Verlag erlin eidelberg, 1998.
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Cryptography Crypto

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r r. ico öttling

Dozent/inn/en Pro. r. as remers
r. ico öttling
r. ntoine Joux
r. ucjan anzlik
r. Julian oss

Zulassungsvoraussetzungen or graduate students: asic knowledge in theoretical computer science required,
background knowledge in number theory and complexity theory helpul

Leistungskontrollen / Prüungen • ral / written exam (depending on the number o students)
•  re-exam is normally provided (as written or oral examination).

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students will acquire a comprehensive knowledge o the basic concepts o cryptography and ormal deinitions. hey
will be able to prove the security o basic techniques.

Inhalt

• Symmetric and asymmetric encryption
• igital signatures andmessage authentication codes
• normation theoretic and complexity theoretic deinitions o security, cryptographic reduction proos
• ryptographic models, e.g. random oracle model
• ryptographic primitives, e.g. trapdoor-one-way unctions, pseudo random generators, etc.
• ryptography in practice (standards, products)
• Selected topics rom current research

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Cyber-Physical Systems CPS

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9
Modulverantwortliche/r Pro. r. artina aggio

Dozent/inn/en Pro. r. artina aggio

Zulassungsvoraussetzungen keine

Leistungskontrollen / Prüungen • Written exam at the end o the course.
•  re-exam takes place beore the start o the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorials
= 6 h (weekly)

Arbeitsauwand 75 h lectures
+ 15 h mandatory assignments
+ 180 h individual study
= 270 h (= 9 ECTS)

Modulnote Will bedetermined romperormance inexamsandassignments. heexactmodal-
ities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

y completing theyber-Physical Systems course, studentswill acquire the ability tomodel, analyze, control, and implement
embedded systems that interactwith the physical world, equipping them to design reliable and efficient systems or a variety
o applications in modern technology.

Inhalt

yber-Physical Systems are embedded systems that integrate computationwith physical processes. hese systems are ubiq-
uitous in our daily lives, powering technologies such as smart watches, household appliances, mobile phones, and automo-
tive control systems. n act, the majority o modern computing devices are embedded systems, with an estimated 98% o
new Ps being embedded in larger systems.

his course provides a comprehensive oundation or understanding, designing, and programming cyber-physical systems,
emphasizing their theoretical and practical aspects. t is structured into three interconnected parts:

1. Models: Students will learn how to represent the physical systems that embedded systems interact with, exploring
dynamical systems in both continuous and discrete time. dditionally, the coursewill briely introducemore advanced
models, which combine discrete state systems with dynamical systems.

2. Control: his module ocuses on principles or modiying the behavior o physical systems through computation. Stu-
dents will study and apply control techniques such as state eedback and P control, learning how these methods
inluence the interaction between embedded systems and their environments.

3. Implementation: he inal course part addresses practical challenges in embedded systems programming. opics in-
clude scheduling, communication, and ault tolerance. his ensures that students are equipped to implement robust
and efficient embedded systems in real-world scenarios.

y the end o this course, students will possess the skills needed to design and implement cyber-physical systems that meet
speciic unctional and perormance requirements, preparing them or roles in cutting-edge industries where embedded sys-
tems play a critical role, such as the automotive industry and or research in the cyber-physical systems domain.
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Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.

Weitere Inormationen

his module was ormerly also known as Embedded Systems.
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Data Networks DN

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r.-ng. olger ermanns

Dozent/inn/en Pro. r.-ng. olger ermanns
Pro. r. nja eldmann

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • Qualiication or midterm through a multiple choice test
• Qualiication or inal exam throughamultiple choice test andmidtermexam
• Possibility to get bonus points through excellent results in themidtermexam
• inal exam
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams. he exact modalities will be an-
nounced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

fer taking the course students have

• a thorough knowledge regarding the basic principles o communication networks,
• the undamentals o protocols and concepts o protocol,
• nsights into undamental motivations o different pragmatics o current network solutions,
• ntroduction to practical aspects o data networks ocusing on internet protocol hierarchies

Inhalt

ntroduction and overview

ross section:

• Stochastic Processes, arkov models,
• undamentals o data network perormance assessment
• Principles o reliable data transer
• Protokols and their elementary parts
• Graphs and Graphalgorithms (maximal low, spanning tree)
• pplication layer:
• Services and protocols
• P, elnet
• lectronic ail (asics and Principles, SP, PP3, ..)
• World Wide Web (istory, P, )
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• ransport ayer:
• Services and protocols
• ddressing
• onnections and ports
• low control
• QoS
• ransport Protocols (P, P, SP, Ports)
• etwork layer:
• Services and protocols
• outing algorithms
• ongestion ontrol
• ddressing
• nternet protocol (P)
• ata link layer:
• Services and protocols
• edium access protocols: loha, S (-/), oken passing
• rror correcting codes
• low control
• pplications: , thernet, oken rchitectures, W, 
• Physical layer
• Peer-to-Peer and d-hoc etworking Principles

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Database Systems DBS

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9
Modulverantwortliche/r Pro. r. Jens ittrich

Dozent/inn/en Pro. r. Jens ittrich

Zulassungsvoraussetzungen especially Saarland niversity S department’s undergraduate lecture Big Data
Engineering (ormer Inormationssysteme), Programming 1 and 2, Algorithmen und
Datenstrukturen as well as Nebenläuige Programmierung
or graduate students:

• motivation or databases and database management systems;
• the relational data model;
• relational query languages, particularly relational algebra and SQ;
• solid programming skills in Java and/or ++
• undergrad courses in algorithms and data structures, concurrent program-

ming

Leistungskontrollen / Prüungen • Passing a two-hour written exam at the end o the semester
• Successul demonstration o programming project (teams o up to three stu-

dents are allowed); the project may be integrated to be part o the weekly
assignments

Grades are based on written exam; 50% in weekly assignments (in paper and addi-
tionally paper or electronic quizzes) must be passed to participate in the inal and
repetition exams.
 repetition exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

his class may be run as a lipped classroom, i.e. 2 hours o lectures may be re-
placedbysel-studyo videos/papers; theother 2hoursmaybeused to runagroup
exercice supervised by the proessor called “the ”)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined based on project, midterm and best o endterm and reexam.

Sprache nglish

Lernziele / Kompetenzen

atabase systems are the backbone o most modern inormation systems and a core technology without which today’s econ-
omy – as well as many other aspects o our lies – would be impossible in their present orms. he course teaches the ar-
chitectural and algorithmic oundations o modern database management systems (S), ocussing on database systems
internals rather thanapplications. mphasis ismadeon robust and time-tested techniques that have leddatabases tobe con-
sidered a mature technology and one o the greatest success stories in computer science. t the same time, opportunities or
exciting research in this ield will be pointed out.

n the exercise part o the course, important components o a S will be treated and where possible implemented and
their perormance evaluated. he goal this is to work with the techniques introduced in the lecture and to understand them
and their practical implications to a depth that would not be attainable by purely theoretical study.
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Inhalt

he course ”atabase Systems” will introduce students to the internal workings o a S, in particular:

• storage media (disk, lash, main memory, caches, and any other uture storage medium)
• data managing architectures (S, streams, ile systems, clouds, appliances)
• storage management (-ile systems, raw devices, write-strategies, differential iles, buffer management)
• data layouts (horizontal and vertical partitioning, columns, hybrid mappings, compression, deragmentation)
• indexing (one- and multidimensional, tree-structured, hash-, partition-based, bulk-loading and external sorting, di-

erential indexing, read- and write-optimized indexing, data warehouse indexing, main-memory indexes, sparse and
dense, direct and indirect, clustered and unclustered, main memory versus disk and/or lash-based)

• processing models (operator model, pipeline models, push and pull, block-based iteration, vectorization, query com-
pilation)

• processing implementations (join algorithms or relational data, grouping and early aggregation, iltering)
• query processing (scanning, plan computation, S)
• query optimization (query rewrite, cost models, cost-based optimization, join order, join graph, plan enumeration)
• data recovery (single versus multiple instance, logging, S)
• parallelization o data and queries (horizontal and vertical partitioning, shared-nothing, replication, distributed query

processing, oSQ, apeduce, adoop and/or similar and/or uture systems)
• read-optimized system concepts (search engines, data warehouses, P)
• write-optimized system concepts (P, streaming data)
• management o geographical data (GS, google maps and similar tools)
• main-memory techniques

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Digital Transmission & Signal Processing DTSP

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r.-ng. horsten eret

Dozent/inn/en Pro. r.-ng. horsten eret

Zulassungsvoraussetzungen he lecture requires a solid oundation o mathematics (differential and integral
calculus) and probability theory. he course will, however, reresh those areas in-
dispensablynecessary or telecommunicationsandpotential intensiicationcourses
and by this open this potential ield o intensiication to everyone o you.

Leistungskontrollen / Prüungen egular attendance o classes and tutorials
Passing the inal exam in the 2nd week afer the end o courses.
ligibility: Weekly exercises / task sheets, grouped into two blocks corresponding
to irst and second hal o the lecture. Students must provide min. 50% grade in
each o the two blocks to be eligible or the exam.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote inal exam mark

Sprache nglish

Lernziele / Kompetenzen

igital Signal ransmission and Signal Processing rereshes the oundation laid in ”Signals and Systems” [odulkennung].
ncluding, however, the respective basics so that the various acets o the introductory study period (achelor in omputer
Science, Vordiplom omputer- und ommunikationstechnik, lektrotechnik or echatronik) and the potential main study
period (aster in omputer Science, iplom-ngenieur omputer- und ommunikationstechnik or echatronik) will be paid
respect to.

Inhalt

s the basic principle, the course will give an introduction into the various building blocks that modern telecommunication
systems do incorporate. Sources, sinks, source and channel coding, modulation and multiplexing are the major keywords,
but we will also deal with dedicated pieces like /- and /-converters and quantizers in a little bit more depth.

he course will reresh the basic transormations (ourier, aplace) that give access to system analysis in the requency do-
main, it will introduce derived transormations (z, ilbert) or the analysis o discrete systems and modulation schemes and
it will briely introduce algebra on inite ields to systematically deal with error correction schemes that play an important
role in modern communication systems.

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Weitere Inormationen

his module was ormerly also known as Telecommunications I.
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Distributed Systems DS

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. Peter ruschel, Ph..

Dozent/inn/en Pro. Peter ruschel, Ph..
llen lement, Ph.

Zulassungsvoraussetzungen Operating Systems or Concurrent Programming

Leistungskontrollen / Prüungen • egular attendance at classes and tutorials.
• Successul completion o a course project in teams o 2 students. (Project

assignments due approximately every 2 weeks.)
• Passing grade on 2 out o 3 written exams: midterm, inal exam, and a re-

exam that takes place during the last two weeks beore the start o lectures
in the ollowing semester.

• inal course grade: 50% project, 50% best 2 out o 3 exams.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

ntroduction to the principles, design, and implementation o distributed systems.

Inhalt

• ommunication: emote procedure call, distributed objects, event notiication, nhalt dissemination, group commu-
nication, epidemic protocols.

• istributed storage systems: aching, logging, recovery, leases.
• aming. Scalable name resolution.
• Synchronization: lock synchronization, logical clocks, vector clocks, distributed snapshots.
• ault tolerance: eplication protocols, consistency models, consistency versus availability trade-offs, state machine

replication, consensus, Paxos, P.
• Peer-to-peer systems: consistent hashing, sel-organization, incentives, distributed hash tables, nhalt distribution net-

works.
• ata centers. rchitecture and inrastructure, distributed programming, energy efficiency.

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Geometric Modelling GM

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. ans-Peter Seidel

Dozent/inn/en Pro. r. ans-Peter Seidel
r. haleb Zayer

Zulassungsvoraussetzungen calculus and basic programming skills

Leistungskontrollen / Prüungen • egular attendance and participation.
• Weekly ssignments (10%bonus towards the course grade; bonuspoints can
only improve the grade; they do not affect passing)

• Passing the written exams (mid-term and inal exam).
• he mid-term and the inal exam count or 50% each, but 10% bonus rom
assignments will be added.

•  re-exam takes place at the end o the semester break or early in the next
semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Practical assignments in groups o 3 students (practice)
utorials consists o a mix o theoretical + practical assignments.

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be based on the perormance in exams, exercises and practical tasks. he de-
tailed terms will be announced by the module coordinator.

Sprache nglish

Lernziele / Kompetenzen

Gaining knowledge o the theoretical aspect o geometricmodelling problems, and thepractical solutions used ormodelling
and manipulating curves and suraces on a computer. rom a broader perspective: earning how to represent and interact
with geometric models in a discretized, digital orm (geometric representations by unctions and samples; design o linear
unction spaces; inding “good” unctions with respect to a geometric modelling task in such spaces).

Inhalt

• ifferential geometry undamentals
• nterpolation and pproximation
• Polynomial urves
• ezier and ational ezier urves
• -splines, S
• Spline Suraces
• Subdivision and ultiresolution odelling
• esh processing
• pproximation o differential operators
• Shape nalysis and Geometry Processing
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Literaturhinweise

Will be announced beore the term begins on the lecture website.
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Human Computer Interaction HCI

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Jürgen Steimle

Dozent/inn/en Pro. r. Jürgen Steimle

Zulassungsvoraussetzungen undergraduate students: Programming 1 and 2
graduate students: none

Leistungskontrollen / Prüungen egular attendance o classes and tutorials
Successul completion o exercises and course project
inal exam
 re-exam takes place (as written or oral examination).

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

his course teaches the theoretical and practical oundations or human computer interaction. t covers a wide overview o
topics, techniques and approaches used or the design and evaluation o modern user interaces.

he course covers the principles that underlie successul user interaces, provides an overview o input and output devices
and user interace types, and amiliarizes students with the methods or designing and evaluating user interaces. Students
learn to critically assess user interaces, to design user interaces themselves, and to evaluate them in empirical studies.

Inhalt

• undamentals o human-computer interaction
• ser interace paradigms, input and output devices
• esktop & graphical user interaces
• obile user interaces
• atural user interaces
• ser-centered interaction design
• esign principles and guidelines
• Prototyping

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Image Processing and Computer Vision IPCV

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Joachim Weickert

Dozent/inn/en Pro. r. Joachim Weickert

Zulassungsvoraussetzungen ndergraduate mathematics (e.g. athematik ür normatiker -) and elemen-
tary programming knowledge in 

Leistungskontrollen / Prüungen • or the homework assignments one can obtain up to 24 points per week. c-
tively participating in the classroom assignments gives 12 more points per
week, regardless o the correctness o the solutions. o qualiy or both ex-
ams one needs 2/3 o all possible points.

• Passing the inal exam or the re-exam.
•  re-exam takes place during the last two weeks beore the start o lectures

in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom the perormance in the exam or the re-exam. he better
grade counts.

Sprache nglish

Lernziele / Kompetenzen

road introduction to mathematical methods in image processing and computer vision. he lecture qualiies students or a
bachelor thesis in this ield. ogether with the completion o advanced or specialised lectures (9 credits at least) it is the basis
or a master thesis in this ield.

Inhalt

Inhalt

1. Basics
1.1 Image Types and Discretisation
1.2 Degradations in Digital Images

2. Colour Perception and Colour Spaces
3. Image Transformations

3.1 Continuous Fourier Transform
3.2 Discrete Fourier Transform
3.3 Image Pyramids
3.4 Wavelet Transform

4. Image Compression
5. Image Interpolation
6. Image Enhancement

6.1 Point Operations
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6.2 Linear Filtering and Feature Detection
6.3 Morphology and Median Filters
6.3 Wavelet Shrinkage, Bilateral Filters, NL Means
6.5 Diffusion Filtering
6.6 Variational Methods
6.7 Deconvolution Methods

7. Texture Analysis
8. Segmentation

8.1 Classical Methods
8.2 Variational Methods

9. Image Sequence Analysis
9.1 Local Methods
9.2 Variational Methods

10. 3-D Reconstruction
10.1 Camera Geometry
10.2 Stereo
10.3 Shape-from-Shading

11. Object Recognition
11.1 Hough Transform
11.2 Invariants
11.3 Eigenspace Methods

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Inormation Retrieval and Data Mining IRDM

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Gerhard Weikum

Dozent/inn/en Pro. r. Gerhard Weikum

Zulassungsvoraussetzungen Good knowledge o undergraduate mathematics (linear algebra, probability the-
ory) and basic algorithms.

Leistungskontrollen / Prüungen • egular attendance o classes and tutor groups
• Presentation o solutions in tutor groups
• Passing 2 o 3 written tests (afer each third o the semester)
• Passing the inal exam (at the end o the semester)

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined by the perormance in written tests, tutor groups, and the inal
exam. etails will be announced on the course web site.

Sprache nglish

Lernziele / Kompetenzen

he lecture teachesmodels and algorithms that orm the basis or search engines and or datamining anddata analysis tools.

Inhalt

normation etrieval () and ata ining () are methodologies or organizing, searching and analyzing digital nhalts
rom the web, social media and enterprises as well as multivariate datasets in these contexts.  models and algorithms
include text indexing, query processing, search result ranking, and inormation extraction or semantic search.  models
and algorithms include pattern mining, rule mining, classiication and recommendation. oth ields build on mathematical
oundations rom the areas o linear algebra, graph theory, and probability and statistics.

Literaturhinweise

Will be announced on the course web site.
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Introduction to Computational Logic ICL

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9
Modulverantwortliche/r Pro. r. Gert Smolka

Dozent/inn/en Pro. r. Gert Smolka

Zulassungsvoraussetzungen keine

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials.
• Passing the midterm and the inal exam.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

• structure o logic languages based on type theory
• distinction notation / syntax / semantics
• structure and ormal representation o mathematical statements
• structure and ormal representation o proos (equational and natural deduction)
• solving oolean equations
• proving ormulas with quantiiers
• implementing syntax and deduction

Inhalt

ype heory:

• unctional representation o mathematical statements
• simply typed lambda calculus, e ruijn representation and substitution, normalization, elimination o lambdas
• nterpretations and semantic consequence
• quational deduction, soundness and completeness
• Propositional ogic
• oolean xioms, completeness or 2-valued interpretation
• resolution o oolean equations, canonical orms based on decision trees and resolution

Predicate ogic (higher-order):

• quantiier axioms
• natural deduction
• prenex and Skolem orms

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Machine Learning ML

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. sabel Valera

Dozent/inn/en Pro. r. sabel Valera

Zulassungsvoraussetzungen he lecture gives a broad introduction into machine learning methods. fer the
lecture the students should be able to solve and analyze learning problems.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials.
• 50% o all points o the exercises have to be obtained in order to qualiy or
the exam.

• Passing 1 out o 2 exams (inal, re-exam).

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote etermined rom the results o the exams, exercises and potential projects. he
exact grading modalities are announced at the beginning o the course.

Sprache nglish

Lernziele / Kompetenzen

he lecture gives a broad introduction intomachine learningmethods. fer the lecture the students should be able to solve
and analyze learning problems.

Inhalt

• ayesian decision theory
• inear classiication and regression
• ernel methods
• ayesian learning
• Semi-supervised learning
• nsupervised learning
• odel selection and evaluation o learning methods
• Statistical learning theory
• ther current research topics

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Operating Systems OS

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. Peter ruschel, Ph..

Dozent/inn/en Pro. Peter ruschel, Ph..
jörn randenburg, Ph.

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen egular attendance at classes and tutorials
Successul completion o a course project in teams o 2 students
Passing 2 written exams (midterm and inal exam)
 re-exam takes place during the last two weeks beore the start o lectures in the
ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

ntroduction to the principles, design, and implementation o operating systems

Inhalt

Process management:

• hreads and processes, synchronization
• ultiprogramming, P Scheduling
• eadlock

emory management:

• ynamic storage allocation
• Sharing main memory
• Virtual memory

/ management:

• ile storage management
• aming
• oncurrency, obustness, Perormance

Virtual machines
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Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Optimization Opti

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. urt ehlhorn

Dozent/inn/en Pro. r. urt ehlhorn
r. ndreas arrenbauer

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving accompanying exercises, successul partcipation in midterm and i-
nal exam

• Grades: Yes
• hegrade is calculated romtheaboveparameters according to the ollowing
scheme: 20%, 30%, 50%

•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students learn to model and solve optimization problems rom theory as rom the real world

Inhalt

inearProgramming: heoryopolyhedra, simplexalgorithm,duality, ellipsoidmethod* nteger linearprogramming: ranch-
and-ound, cutting planes, -Systems * etwork low: inimum cost network low, minimummean cycle cancellation al-
gorithm, network simplex method * atchings in graphs: Polynomial matching algorithms in general graphs, integrality o
the matching polytope, cutting planes * pproximation algorithms: P-ounding, greedy methods, knapsack, bin packing,
steiner trees and orests, survivable network design

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Security Sec

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. ichael ackes

Dozent/inn/en Pro. r. ichael ackes
Pro. r. as remers

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Passing the inal exam
•  re-exam is normally provided (as written or oral examination).

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will bedeterminedby theperormance in exams, tutor groups, andpractical tasks.
etails will be announced by the lecturer at the beginning o the course.

Sprache nglish

Lernziele / Kompetenzen

escription, assessment, development and application o security mechanisms, techniques and tools.

Inhalt

• asic ryptography,
• Speciication and veriication o security protocols,
• Security policies: access control, inormation low analysis,
• etwork security,
• edia security,
• Security engineering

Literaturhinweise

Will be announced on the course website

72



Semantics

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Gert Smolka

Dozent/inn/en Pro. r. Gert Smolka

Zulassungsvoraussetzungen or graduate students: core lecture ntroduction to omputational ogic

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials.
• Passing the midterm and the inal exam

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

nderstanding o

• ogical structure o programming languages
• ormal models o programming languages
• ype and module systems or programming languages

Inhalt

heory o programming languages, in particular:

• ormal models o unctional and object-oriented languages
• ambda alculi (untyped, simply typed, System , -omega, ambda ube, subtyping, recursive types, urry-oward

orrespondence)
• lgorithms or type checking and type reconstruction

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Sofware Engineering SE

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Sven pel

Dozent/inn/en Pro. r. Sven pel

Zulassungsvoraussetzungen • nowledge o programming concepts as taught in Programming1 and Pro-
gramming2 is recommended.

• asic knowledgeo sofwareprocesses, design, and testing as taught andap-
plied in the module Sofware Engineering Lab is recommended.

Leistungskontrollen / Prüungen • eside the lecture there are voluntary weekly practical exercises and tutori-
als covering the lecture topics.

• herewill be amandatory examadmission test in themiddle o the semester
that students have to pass in order to be admitted to the inal examination.
he exam admission test covers basic concepts o the lecture material.

• he inal examination is awritten exam. he examwill cover the topics o the
lecture and the exercises.

• urtherexaminationdetailswill beannouncedat thebeginningo thecourse.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h exercises
= 6 h (weekly)

Arbeitsauwand 90 h of classes and exercises
+ 180 h private study and assignments
= 270 h (= 9 ECTS)

Modulnote • he grade is determined by the written exam.
• he practical exercises, tutorials and the exam admission test do not con-
tribute to the inal grade.

• Passing the exam admission test is a prerequisite or taking the inal exam.
• urther examination details will be announced by the lecturer at the begin-
ning o the course.

Sprache nglish

Lernziele / Kompetenzen

• he students know and apply modern sofware development techniques.
• hey are aware o key actors contributing to the complexity o real-world sofware systems, in particular, sofware
variability, conigurability, eature interaction, crosscutting concerns, and how to address them.

• hey know how to apply established design and implementation techniques to master sofware complexity.
• hey are aware o advanced design and implementation techniques, including collaboration-based design, parametric
polymorphism, traits andmixins.

• hey are aware o advanced quality assurance techniques that take the complexity o real-world sofware systems into
account: variability-aware analysis, sampling, eature-interaction detection, predictive perormance modeling, etc.

• hey appreciate the role o non-unctional properties and know how to predict and optimize sofware systems regard-
ing these properties.

• hey are able to use ormal methods to reason about key techniques and properties covered in the lecture

74



Inhalt

• omain analysis, eature modeling
• utomated reasoning about sofware coniguration using S solvers
• untime parameters, design patterns, rameworks
• Version control, build systems, preprocessors
• ollaboration-based design
• Parametric polymorphism, traits, mixins
• xpression problem, preplanning problem, code scattering & tangling, tyranny o the dominant decomposition, inher-

itance vs. delegation vs. mixin composition
• eature interaction problem (structural, control- & data-low, behavioral, non-unctional eature interactions)
• Variability-aware analysis and variational program representation (with applications to type checking and static pro-

gram analysis)
• Sampling (random, coverage)
• achine learning or sofware perormance prediction and optimization

Literaturhinweise

See: https://www.inomath-bib.de/tmp/vorlesungen/ino-core_sofware-engineering.html
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Veriication Veri

Studiensem. egelst.sem. urnus auer SWS S

5 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r.-ng. olger ermanns

Dozent/inn/en Pro. r.-ng. olger ermanns
Pro. ernd inkbeiner, Ph.

Zulassungsvoraussetzungen or graduate students: none

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Passing the inal exam
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students become amiliar with the standard methods in computer-aided veriication. hey understand the theoretical
oundations and are able to assess the advantages and disadvantages o different methods or a speciic veriication project.
he students gain irst experience with manual correctness proos and with the use o veriication tools.

Inhalt

• models o computation and speciication languages: temporal logics, automata over ininite objects, process algebra
• deductive veriication: proo systems (e.g., loyd, oare, anna/Pnueli), relative completeness, compositionality
• model checking: complexity o model checking algorithms, symbolic model checking, abstraction case studies

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Modulbereich 7

Vertiefungsvorlesungen
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Audio-Visual Communication and Networks AVCN

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r.-ng. horsten eret

Dozent/inn/en Pro. r.-ng. horsten eret

Zulassungsvoraussetzungen Solid oundation o mathematics (differential and integral calculus) and probabil-
ity theory. he course will build on the mathematical concepts and tools taught
in   while trying to enable everyone to ollow and to ill gaps by an accelerated
study o the accompanying literature. Signals and Systems as well as Digital Trans-
mission and Signal Processing (TC I) are strongly recommended but not required.

Leistungskontrollen / Prüungen egular attendance o classes and tutorials Passing the inal exam
ral examdirectly succeeding thecourse. ligibility: Weeklyexcersises / task sheets,
grouped into two blocks corresponding to irst and second hal o the lecture.
Students must provide min. 50% grade in each o the two blocks to be eligible or
the exam.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote inal xamark

Sprache nglish

Lernziele / Kompetenzen

V will deepen the students’ knowledge onmodern communications systems and will ocus on wireless systems.

Since rom a telecommunications perspective the combination o audio/visual data – meaning inherently high data rate and
putting high requirements on the realtime capabilities o the underlying network – and wireless transmission – that is unre-
liable and highly dynamic with respect to the channel characteristics and its capacity – is the most demanding application
domain.

Inhalt

s the basic principle the course will study and introduce the building blocks o wireless communication systems. ultiple
access schemes like , ,  and S are introduced, antennas and propagation incl. link budget calculations
are dealt with andmore advanced channelmodels like  are investigated. odulation and error correction technologies
presented in elecommunications  will be expanded by e.g. turbo coding and receiver architectures like  and S
will be introduced.  noticeable portion o the lecture will present existing and uture wireless networks and their extensions
or audio/visual data. xamples include 802.11n and the terrestrial V system (V-2).

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Weitere Inormationen

his module was ormerly also known as Telecommunications II.
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Automata, Games and Veriication AGV

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 4 6

Modulverantwortliche/r Pro. ernd inkbeiner, Ph.

Dozent/inn/en Pro. ernd inkbeiner, Ph.

Zulassungsvoraussetzungen keine

Leistungskontrollen / Prüungen • egular attendance o classes and tutorial
• inal exam
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 2 h lectures
+ 2 h tutorial
= 4 h (weekly)

Arbeitsauwand 60 h of classes
+ 120 h private study
= 180 h (= 6 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he students will gain a deep understanding o the automata-theoretic background o automated veriication and program
synthesis.

Inhalt

he theory o automata over ininite objects provides a succinct, expressive and ormal ramework or reasoning about reac-
tive systems, such as communication protocols and control systems. eactive systems are characterized by their nontermi-
nating behaviour and persistent interaction with their environment.

n this coursewe study themain ingredients o this elegant theory, and its application to automatic veriication (model check-
ing) and program synthesis.

• utomata over ininite words and trees (omega-automata)
• ninite two-person games
• ogical systems or the speciication o nonterminating behavior
• ransormation o automata according to logical operations

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.

80



Automated Debugging

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 4 6

Modulverantwortliche/r Pro. r. ndreas Zeller

Dozent/inn/en Pro. r. ndreas Zeller

Zulassungsvoraussetzungen Programming 1, Programming 2 and Sofwarepraktikum

Leistungskontrollen / Prüungen Projects andmini-tests

Lehrveranstaltungen / SWS 2 h lectures
+ 2 h tutorial
= 4 h (weekly)

Arbeitsauwand 60 h of classes
+ 120 h private study
= 180 h (= 6 ECTS)

Modulnote hemodule ispassed in its entirety i theexaminationperormancehasbeenpassed.

Sprache nglish

Lernziele / Kompetenzen

inding and ixing sofwarebugs can involve lots o effort. his course addresses this problembyautomating sofwaredebug-
ging, speciically identiying ailure causes, locatingbugs, and ixing them. Students learn thebasics o systematic debugging,
and explore tools and techniques or automated debugging.

Inhalt

• racking Problems
• he Scientiic ethod
• ause-ffect hains
• uilding a ebugger
• racking nputs
• ssertions and Sanitizers
• etecting nomalies
• Statistical ault ocalization
• Generating ests
• educing ailure-nducing nputs
• ining Sofware rchives
• ixing the eect
• epairing ugs utomatically
• anaging ugs

Literaturhinweise

he teachingmaterial consistso text, Pythoncode, andJupyterotebooks romthe textbook“heebuggingook” (https://www.de-
buggingbook.org/), also in nglish.
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Correspondence Problems in Computer Vision CoPCV

Studiensem. egelst.sem. urnus auer SWS S

6 6 occasional 1 semester 4 6
Modulverantwortliche/r Pro. r. JoachimWeickert

Dozent/inn/en r. Pascal Peter

Zulassungsvoraussetzungen ndergraduate mathematics (e.g. ”athematik ür normatiker -”) is required,
as well as elementary  knowledge (or the programming assignments). nowl-
edge in image processing or differential equations is useul.

Leistungskontrollen / Prüungen • egular attendance o lecture and tutorial
• Written or oral exam and the end o the course

Lehrveranstaltungen / SWS 2 h lectures
+ 2 h tutorial
= 4 h (weekly)

Arbeitsauwand 60 h of classes
+ 120 h private study
= 180 h (= 6 ECTS)

Modulnote Will be determined rom perormance in exams. he exact modalities will be an-
nounced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

orrespondence problems are a central topic in computer vision. hereby, one is interested in identiying and matching
corresponding eatures in different images/views o the same scene. ypical corresondence problems are the estimation o
motion inormation rom consecutive rames o an image sequence (optic low), the reconstruction o a 3- scene rom a
stereo image pair and the registration o medical image data rom different modalities (e.g.  and ). entral part o this
lecture is the discussion o the most important correspondence problems as well as the modelling o suitable algorithms or
solving them.

Inhalt

1. Introduction and Overview
2. General Matching Concepts

2.1 Block Matching
2.2 Correlation Techniques
2.3 Interest Points
2.4 Feature-Based Methods

3. Optic Flow I
3.1 Local Differential Methods
3.2 Parameterisation Models

4. Optic Flow II
4.1 Global Differential Methods
4.2 Horn and Schunck

5. Optic Flow III
5.1 Advanced Constancy Assumptions
5.2 Large Motion

6. Optic Flow IV
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6.1 Robust Data Terms
6.2 Discontinuity-Preserving Smoothness Terms

7. Optic Flow V
7.1 High Accuracy Methods
7.2 SOR and Lienar Multigrid

8. Stereo Matching I
8.1 Projective Geometry
8.2 Epipolar Geometry

9. Stereo Matching II
9.1 Estimation of the Fundamental Matrix

10. Stereo Matching III
10.1 Correlation Methods
10.2 Variational Approaches
10.3 Graph Cuts

11. Medical Image Registration
11.1 Mutual Information
11.2 Elastic and Curvature Based Registration
11.3 Landmarks

12. Particle Image Velocimetry
12.1 Div-Curl-Regularisation
12.2 Incompressible Navier Stokes Prior

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Differential Equations in Image Processing and Computer Vision DIC

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. JoachimWeickert

Dozent/inn/en Pro. r. JoachimWeickert

Zulassungsvoraussetzungen ndergraduate mathematics (e.g. ”athematik ür normatiker -”) and some
elementaryprogrammingknowledge in is required. Priorparticipation in ”mage
Processing and omputer Vision” is useul.

Leistungskontrollen / Prüungen • or the homework assignments one can obtain up to 24 points per week. c-
tively participating in the classroom assignments gives 12 more points per
week, regardless o the correctness o the solutions. o qualiy or both ex-
ams one needs 2/3 o all possible points.

• Passing the inal exam or the re-exam.
• he re-exam takes place during the last twoweeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

omework assignments (theory and programming) and classroom assignments.

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will be determined rom the perormance in the exam or the re-exam. he better
grade counts.

Sprache nglish

Lernziele / Kompetenzen

anymodern techniques in image processing and computer vision make use o methods based on partial differential equa-
tions (Ps) and variational calculus. oreover, many classical methods may be reinterpreted as approximations o P-
based techniques. n this course the students will get an in-depth insight into these methods. or each o these techniques,
they will learn the basic ideas as well as theoretical and algorithmic aspects. xamples rom the ields o medical imaging
and computer aided quality control will illustrate the various application possibilities.

Inhalt

1. Introduction and Overview
2. Linear Diffusion Filtering

2.1 Basic Concepts
2.2 Numerics
2.3 Limitations and Alternatives

3. Nonlinear Isotropic Diffusion Filtering
3.1 Modeling
3.2 Continuous Theory
3.2 Semidiscete Theory
3.3 Discrete Theory
3.4 Efficient Sequential and Parallel Algorithms
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4. Nonlinear Anisotropic Diffusion Filtering
4.1 Modeling
4.2 Continuous Theory
4.3 Discrete Aspects
4.4 Efficient Algorithms

5. Parameter Selection
6. Variational Methods

6.1 Basic Ideas
6.2 Discrete Aspects
6.3 TV Regularisation and Primal-Dual Methods
6.4 Functionals of Two Variables

7. Vector- and Matrix-Valued Images
8. Unification of Denoising Methods
9. Osmosis

9.1 Continuous Theory and Modelling
9.2 Discrete Theory and Efficient Algorithms

10. Image Sequence Analysis
10.1 Models for the Smoothness Term
10.2 Models for the Data Term
10.3 Practical Aspects
10.4 Numerical Methods

11. Continuous-Scale Morphology
11.1 Basic Ideas
11.2 Shock Filters and Nonflat Morphology

12. Curvature-Based Morphology
12.1 Mean Curvature Motion
12.2 Affine Morphological Scale-Space

13. PDE-Based Image Compression
13.1 Data Selection
13.2 Optimised Encoding and Better PDEs

Literaturhinweise

• J. Weickert: nisotropic iffusion in mage Processing. eubner, Stuttgart, 1998.
• G. ubert and P. ornprobst: athematical Problems in mage Processing: Partial ifferential quations and the al-
culus o Variations. Second dition, Springer, ew York, 2006.

• . . han and J. Shen: mage Processing and nalysis: Variational, P, Wavelet, and Stochastic ethods. S,
Philadelphia, 2005.

• . ao: Geometric urve volutions and mage Processing. ecture otes in athematics, Vol. 1805, Springer, erlin,
2003.

• . immel: he umerical Geometry o mages. Springer, ew York, 2004.
• G. Sapiro: Geometric Partial ifferential quations in mage nalysis. ambridge niversity Press, 2001.
• rticles rom journals and conerences.
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Internet Transport

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r.-ng. horsten eret

Dozent/inn/en Pro. r.-ng. horsten eret

Zulassungsvoraussetzungen • otivation or networks and communication
• Practical experience (e.g. through Hands on Networking) is recommended
• nowledgeo the undamentalso communication (e.g. throughDigital Trans-
mission & Signal Processing) is recommended

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• ligibility or exam through quizzes and assignments
• inal xam
•  re-exam typically takes place during the last two weeks beore the start o
lectures in the ollowing semester

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote Will bedetermined romperormance inexams, quizzesandassigments. heexact
modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

oday the majority o all services is available via nternet-connections. ther than in the past this comprises not only data-
but alsomedia-services (like Voicever P or VideoStreaming) andevenyber-Physical Systemswith their networked control
loops.

he course introduces the basic characteristics o nternet-based communication (packetization on different layers, packet
error detection and correction). t shows how existing protocols like P, P and P can be shaped and evolved to ulill
the service requirements and how new protocols should be designed to serve the large variety o services.

Inhalt

• ntrocudion o EverythingoverIP and IPoverEverything
• heory o erasure channels (i.i.d, Gilbert-lliott, channel capacity, minimum redundancy inormation)
• Wireless link layers (Wii, PY-bursts, ogical ink ontrol with  & , aggregation and -techniques)
• rame heck Sums, yclic edundancy hecks
• ime Sensitive etworking
• ransport ayer services (low control, congestion control, error control, segmentation and reassembly)
• Q media transport
• rror oding under predictable reliability and latency (S-codes, binary codes)
• pper layer protocols (P, P/SP, S)
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Literaturhinweise

he course will come with a sel-contained interactive manuscript. omplementary material will be announced beore the
start o the course on the course page on the nternet.

Weitere Inormationen

his module was ormerly also known as Future Media Internet andMultimedia Transport.
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Introduction to Image Acquisition Methods IIAM

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 2 4

Modulverantwortliche/r Pro. r. Joachim Weickert

Dozent/inn/en ..

Zulassungsvoraussetzungen elated core lecture Computer Vision

Leistungskontrollen / Prüungen • Written or oral exam at end o course
•  re-exam takes place during the last two weeks beore the start o lectures

in the ollowing semester.

Lehrveranstaltungen / SWS 2 h lectures (weekly)

Arbeitsauwand 30 h of classes
+ 90 h private study
= 120 h (= 4 ECTS)

Modulnote Will be determined rom perormance in exams, exercises and practical tasks. he
exact modalities will be announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

he course is designed as a supplement or image processing lectures, to be attended beore, afer or parallel to them.

Participants shall understand

• what are digital images
• how they are acquired
• what they encode and what they mean
• which limitations are introduced by the image acquisition.

his knowledge will be helpul in selecting adequate methods or processing image data arising rom different methods.

Inhalt

 broad variety o image acquisition methods is described, including imaging by virtually all sorts o electromagnetic waves,
acoustic imaging,magnetic resonance imagingandmore. Whilemedical imagingmethodsplayan important role, theoverview
is not limited to them.

Starting rom physical oundations, description o each image acquisition method extends via aspects o technical realisation
to mathematical modelling and representation o the data.

Literaturhinweise

Will be announced beore the start o the course on the course page on the nternet.
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Realistic Image Synthesis RIS

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 6 9

Modulverantwortliche/r Pro. r. Philipp Slusallek

Dozent/inn/en Pro. r. Philipp Slusallek
r. arol yszkowski
Guprit Singh

Zulassungsvoraussetzungen elated core lecture: Computer Graphics.

Leistungskontrollen / Prüungen • heoretical and practical exercises (50% o the inal grade)
• inal oral exam (other 50%)
•  minimum o 50% o needs to be achieved in each part to pass.
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 4 h lectures
+ 2 h tutorial
= 6 h (weekly)

Arbeitsauwand 90 h of classes
+ 180 h private study
= 270 h (= 9 ECTS)

Modulnote he inal grade is be based on the assessments above. ny changes will be an-
nounced at the beginning o the semester.

Sprache nglish

Lernziele / Kompetenzen

t the core o computer graphics is the requirement to render highly realistic and ofen even physically-accurate images o
virtual 3 scenes. n this lecture students will learn about physically-based lighting simulation techniques to compute the
distribution o light even in complex environment. he course also covers issues o perception o images, including also 
technology, display technology, and related topics.

fer this course students should be able to build their own highly realistic but also efficient rendering system.

Inhalt

• endering quation
• adiosity and inite-lement echniques
• Probability heory
• onte-arlo ntegration & mportance Sampling
• Variance eduction & dvanced Sampling echniques
• s and nversion ethods
• Path racing & * idirectional Path racing
• Virtual Point-ight echniques
• ensity stimation & Photon apping
• Vertex onnection & erging
• Path Guiding
• Spatio-emporal Sampling & econstruction
• pproaches or nteractive Global llumination
• achine earning echniques in endering
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• uman Perception
•  & one-apping
• odern isplay echnology
• Perception-ased endering

Literaturhinweise

itrature will be announced in the irst lecture o the semester.

ut here are some relevant text books:

• Pharr, Jakob, umphreys, Physically ased endering : rom heory to mplementation, organ aumann
• Shirley et al., ealistic ay racing, 2. d., . Peters, 2003
• Jensen, ealistic mage Synthesis sing Photon apping, . Peters, 2001
• utre, at al., dvanced Global llumition, . Peters, 2003
• ohen, Wallace, adiosity and ealistic mage Synthesis, cademic Press, 1993
• podaca, Gritz, dvanced enderman: reating G or the otion Pictures, organ aumann, 1999
• bert, usgrave, et al., exturing and odeling, 3. d., organ aumann, 2003
• einhard, Ward, Pattanaik, ebevec, eidrich, yszkowski, igh ynamic ange maging, organ aumann Publish-

ers, 2nd edition, 2010.
• yszkowski, antiuk, rawczyk. igh ynamic ange Video. Synthesis igital ibrary o ngineering and omputer

Science. organ & laypool Publishers, San aael, S, 2008.
• Glassner, Principles o igital mage Synthesis, 2 volumes, organ auman, 1995
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Trusted AI Planning TAIP

Studiensem. egelst.sem. urnus auer SWS S

6 6 at least every two years 1 semester 4 6

Modulverantwortliche/r Pro. r. Jörg offmann

Dozent/inn/en Pro. r. Jörg offmann

Zulassungsvoraussetzungen Programming 1, Programming 2, Fundamentals o Data Structures and Algorithms,
and Elements o Machine Learning or other courses inmachine learning are recom-
mended. he Artiicial Intelligence core course provides useul background but is
not necessary.

Leistungskontrollen / Prüungen • egular attendance o classes and tutorials
• Solving o weekly assignments
• Passing the inal written exam
•  re-exam takes place during the last two weeks beore the start o lectures
in the ollowing semester.

Lehrveranstaltungen / SWS 2 h lectures
+ 2 h tutorial
= 4 h (weekly)

Arbeitsauwand 60 h of classes
+ 120 h private study
= 180 h (= 6 ECTS)

Modulnote Will be determined rom the perormance in exams. he exact modalities will be
announced at the beginning o the module.

Sprache nglish

Lernziele / Kompetenzen

nowledge about methods or learning, veriying and testing action policies in  Planning; understanding o algorithmic
techniques enabling these methods.

Inhalt

• ntroduction to basic  concepts needed in the course
• Partial-order reduction
• ominance pruning
• S-based planning
• Set action policies
• Saety veriication o neural action policies, basic methods
• Saety veriication o neural action policies: policy predicate abstraction
• esting methods or learned action policies, deterministic and probabilistic settings

Literaturhinweise

here is no text book covering the course topics. inks to relevant publications and other material where available will be
provided on the slides
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Weitere Inormationen

his module was ormerly also known as AI Planning.
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Modulbereich 8

Bachelor-Seminar und -Arbeit
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Bachelor-Seminar

Studiensem. egelst.sem. urnus auer SWS S

6 6 jedes Semester variabel 2 9
Modulverantwortliche/r Studiendekan der akultät athematik und normatik

Studienbeaufragter der normatik

Dozent/inn/en ozent/inn/en der achrichtung

Zulassungsvoraussetzungen rwerb von mindestens 120 P

Leistungskontrollen / Prüungen • Schrifliche usarbeitung der ugabenstellung der achelorarbeit und der
relevanten wissenschaflichen iteratur

• Vortrag über die geplante ugabenstellung mit anschliessender iskussion
• ktive eilnahme an der iskussion

Lehrveranstaltungen / SWS 2 SWS Seminar

Arbeitsauwand 30 h Präsenzstudium (Seminar)
+ 30 h Betreuung durch den Lehrstuhl
+ 210 h Eigenstudium
= 270 h (= 9 ECTS)

Modulnote Wird aus den eistungen im Vortrag und der schriflichen usarbeitung ermittelt.
ie genauen odalitäten werden von dem/der jeweiligen ozenten/in bekannt
gegeben.

Sprache eutsch oder nglisch

Lernziele / Kompetenzen

machelorseminar erwirbt der Studierende unter nleitung die ähigkeit zumwissenschaflichen rbeiten imontext eines
angemessen hemengebietes.

mndedesachelorseminars sinddieGrundlagen üreineerolgreichenertigungderachelorarbeit gelegt, undwesentliche
ösungsansätze bereits eruiert.

as achelorseminar bereitet somit die hemenstellung und usührung der achelorarbeit vor.

s vermittelt darüber hinaus praktische ähigkeiten des wissenschaflichen iskurses. iese ähigkeiten werden durch die
aktive eilnahme an einem esekreis vermittelt, in welchem die useinandersetzung mit wissenschaflich anspruchsvollen
hemen geübt wird.

Inhalt

inarbeitung in ein wissenschafliches hemengebiet innerhalb der normatik.

nertigung einer schriflichen usarbeitung der ugabenstellung der achelorarbeit undder relevantenwissenschaflichen
iteratur.

achvortrag über das hemengebiet und die geplante ugabenstellung der achelorarbeit.

as hema wird in enger bsprache mit dem anleitenden ozenten deiniert.

Literaturhinweise

em hemengebiet entsprechende wissenschafliche rtikel in enger bsprache mit dem ozenten
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Bachelor-Arbeit

Studiensem. egelst.sem. urnus auer SWS S

6 6 jedes Semester 3 Monate - 12
Modulverantwortliche/r Studiendekan der akultät athematik und normatik

Studienbeaufragter der normatik

Dozent/inn/en Proessoren der achrichtung

Zulassungsvoraussetzungen rolgreicher bschluss des Bachelor-Seminars

Leistungskontrollen / Prüungen Schrifliche usarbeitung. Sie beschreibt sowohl das rgebnis der rbeit als auch
den Weg, der zu dem rgebnis ührte. er eigene nteil an den rgebnissen muss
klar erkennbar sein. ußerdem Präsentation der achelorarbeit in einem ollo-
quium, in demauch die igenständigkeit der eistung des Studierenden überprüf
wird.

Lehrveranstaltungen / SWS keine

Arbeitsauwand 30 h Betreung durch den Lehrstuhl
+ 330 h Eigenstudium
= 360 h (= 12 ECTS)

Modulnote eurteilung der achelorarbeit durch die Gutachter.

Sprache eutsch oder nglisch

Lernziele / Kompetenzen

ie achelor-rbeit ist eine Projektarbeit, die unter nleitung ausgeührt wird. Sie soll der andidaten/die andidatin in der
age versetzen, innerhalb einer vorgegebenen rist ein Problem aus dem Gebiet der normatik selbständig zu lösen und die
rgebnisse in wissenschaflich angemessener orm zu dokumentieren.

Inhalt

earbeitung einer aktuellen Problemstellung aus der normatik unter nleitung. däquate okumentation der rgebnisse
in orm einer wissenschaflichen bschlussarbeit.

as hema wird in enger bsprache mit dem anleitenden ozenten deiniert.

Literaturhinweise

em hemengebiet entsprechende wissenschafliche rtikel in enger bsprache mit dem anleitenden ozenten.
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