Julius-Maximilians-
UNIVERSITAT
WURZBURG

Subdivided Module Catalogue
for the Subject

Mathematical Data Science

as a Bachelor’s with 1 major
with the degree "Bachelor of Science"
(180 ECTS credits)

Examination regulations version: 2022
Responsible: Faculty of Mathematics and Computer Science
Responsible: Institute of Mathematics

JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data record 82|122|-|-|H|2022




Julius-Maximilians-

UN,_lVERSITAT Subdivided Moduls‘ CtahtalogtL.le flolzr)tt;egl{bject
WURZBURG ' a ema ical Data C|enFe
Bachelor’s with 1 major, 180 ECTS credits

Learning Outcomes

German contents and learning outcome available but not translated yet.
Wissenschaftliche Befahigung

e Die Absolventinnen und Absolventen sind vertraut mit den Arbeitsweisen und der zugehdorigen
Fachsprache der Mathematik und beherrschen die Methoden mathematischen Denkens und
Beweisens.

e Die Absolventinnen und Absolventen besitzen grundlegende Kenntnisse der Numerischen Ma-
thematik, der mathematischen Modellierung und des Wissenschaftlichen Rechnens und kén-
nen sicher mit den Methoden umgehen.

e Die Absolventinnen und Absolventen besitzen grundlegende Kenntnisse weiterer Gebiete der
Mathematik und sind vertraut mit den grundlegenden Beweismethoden dieser Gebiete.

e Die Absolventinnen und Absolventen kennen die grundlegenden Denkweisen und Arbeitstech-
niken eines weiteren Fachs aus dem Bereich der Naturwissenschaften und der Informatik.

¢ Die Absolventinnen und Absolventen sind geschult in analytischem Denken, besitzen ein ho-
hes Abstraktionsvermdgen, universell einsetzbare Problemlésungskompetenz und die Fahig-
keit, komplexe Zusammenhange zu strukturieren.

¢ Die Absolventinnen und Absolventen sind in der Lage, sich selbstandig mithilfe von Fachlitera-
tur in weitere Gebiete der Mathematik einzuarbeiten.

e Die Absolventinnen und Absolventen sind in der Lage, ihre Kenntnisse, Ideen und Problemlo-
sungen verstandlich zu prdsentieren.

e Die Absolventinnen und Absolventen besitzen die fiir ein weiterfiihrendes, insbesondere Ma-
ster-Studium, erforderlichen Grundkenntnisse, Denk- und Arbeitsweisen und Methodenkennt-
nisse.

e Die Absolventinnen und Absolventen kennen die Regeln guter wissenschaftlicher Praxis und
sind in der Lage, sie in ihrer eigenen Arbeit zu beachten.

Befdhigung zur Aufnahme einer Erwerbstatigkeit

e Die Absolventinnen und Absolventen sind geschult in analytischem Denken, besitzen ein ho-
hes Abstraktionsvermdgen, universell einsetzbare Problemlésungskompetenz und die Fahig-
keit, komplexe Zusammenhdnge zu strukturieren.

e Die Absolventinnen und Absolventen sind in der Lage, ihre Kenntnisse, Ideen und Problemld-
sungen zielgruppenorientiert verstandlich zu formulieren und zu prasentieren.

¢ DieAbsolventinnen und Absolventen sind in der Lage, konkrete Probleme aus anderen Gebieten
zu erkennen, zu strukturieren, zu modellieren und mit mathematischen Methoden Lésungswege
zu entwickeln.

¢ Die Absolventinnen und Absolventen besitzen ein ausgeprdgtes Durchhaltevermdgen bei der
Lésung komplexer Probleme.

e Die Absolventinnen und Absolventen sind in der Lage, konstruktiv und zielorientiert in Teams
zu arbeiten.

e DieAbsolventinnen und Absolventen sind in der Lage, sich weitere Wissensgebiete selbstandig,
effizient und systematisch zu erschliefRen.

e Die Absolventinnen und Absolventen sind vertraut mit mindestens einer modernen Program-
miersprache und kdnnen sicher mit mathematischer Software umgehen.

¢ Die Absolventinnen und Absolventen besitzen die Fahigkeit, in interdisziplindr zusammenge-
setzten Teams im Bereich der Informatik und Naturwissenschaften gestaltend mitzuwirken.

Personlichkeitsentwicklung

¢ Die Absolventinnen und Absolventen sind geschult in analytischem Denken, besitzen ein ho-
hes Abstraktionsvermdgen, universell einsetzbare Problemlésungskompetenz und die Fahig-
keit, komplexe Zusammenhdnge zu strukturieren.
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e Die Absolventinnen und Absolventen sind in der Lage, gesellschaftliche, wirtschaftliche und
historische Entwicklungen und Prozesse kritisch zu reflektieren und zu bewerten.

¢ Die Absolventinnen und Absolventen sind in der Lage, in partizipativen Prozessen gestaltend
mitzuwirken.

e Die Absolventinnen und Absolventen besitzen ein ausgeprédgtes Durchhaltevermdgen bei der
Lésung komplexer Probleme.

e Die Absolventinnen und Absolventen sind in der Lage, Ideen und Lésungsvorschldge allgemein-
verstandlich zu formulieren und prasentieren.
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Abbreviations used

Course types: E = field trip, K = colloquium, O = conversatorium, P = placement/lab course, R = pro-
ject, S = seminar, T = tutorial, U = exercise, V = lecture

Term: SS = summer semester, WS = winter semester
Methods of grading: NUM = numerical grade, B/NB = (not) successfully completed

Regulations: (L)ASPO = general academic and examination regulations (for teaching-degree program-
mes), FSB = subject-specific provisions, SFB = list of modules

Other: A = thesis, LV = course(s), PL = assessment(s), TN = participants, VL = prerequisite(s)
Conventions

Unless otherwise stated, courses and assessments will be held in German, assessments will be offered
every semester and modules are not creditable for bonus.

Notes

Should there be the option to choose between several methods of assessment, the lecturer will agree
with the module coordinator on the method of assessment to be used in the current semester by two
weeks after the start of the course at the latest and will communicate this in the customary manner.

Should the module comprise more than one graded assessment, all assessments will be equally
weighted, unless otherwise stated below.

Should the assessment comprise several individual assessments, successful completion of the module
will require successful completion of all individual assessments.

In accordance with

the general regulations governing the degree subject described in this module catalogue:
ASPO2015

associated official publications (FSB (subject-specific provisions)/SFB (list of modules)):
29-Mar-2022 (2022-4)
22-Nov-2023 (2023-103)

This module handbook seeks to render, as accurately as possible, the data that is of statutory relevan-
ce according to the examination regulations of the degree subject. However, only the FSB (subject-spe-
cific provisions) and SFB (list of modules) in their officially published versions shall be legally binding.
In the case of doubt, the provisions on, in particular, module assessments specified in the FSB/SFB
shall prevail.
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Abbreviation Module title ECT_S Meth?d of page
credits grading
Compulsory Courses (98 ECTS credits)
Subfield Mathematics (73 ECTS credits)
10-M-ANA-U-222-mo1  [Overview Analysis 13 NUM 36
10-M-LNA-U-222-mo1  [Overview Linear Algebra 13 NUM 57
10-M-STO1-222-mo1 Stochastics 1 10 NUM 76
10-M-NUM1-222-mo1  [Numerical Mathematics 1 10 NUM 65
10-M-MFD-222-mo1 Mathematical Foundations of Data Science 10 NUM 59
10-M-SEM-152-mo1 Seminar Mathematics 5 NUM 74
10-M-APSL-222-mo1 Applied Stochastics Lab NUM 37
10-M-MLNL-222-mo1  [Machine Learning and Numerics Lab NUM 60
Subfield Computer Science (25 ECTS credits)
10-I-AKIDS1-222-mo1  [Algorithms, Al and Data Science 1 10 NUM 9
10-1-AKIDS2-222-mo1  |Algorithms, Al and Data Science 2 10 NUM 11
10-1-DSML-222-mo1 Data Science & Machine Learning 5 NUM 17
Compulsory Electives Linear Algebra (5 ECTS credits)
10-M-LNA1-222-mo1 Linear Algebra 1 5 B/NB 55
10-M-LNA2-222-mo1 Linear Algebra 2 5 B/NB 56
Compulsory Electives Analysis (5 ECTS credits)
10-M-ANA1-222-mo1 Analysis 1 5 B/NB 34
10-M-ANA2-222-mo1 Analysis 2 5 B/NB 35
Compulsory Electives Mathematical Data Science (40 ECTS credits)
Subfield Mathematics (20 ECTS credits)
10-M-NUM2-222-mo1  [Numerical Mathematics 2 10 NUM 66
10-M-ST0O2-222-mo1 Stochastics 2 10 NUM 77
10-M-OML-222-mo1 Optimization for Machine Learning 10 NUM 67
10-M-MML-222-mo1 Mathematics of Machine Learning 10 NUM 61
10-M-MWR-222-mo1 Modelling and Computational Science 10 NUM 64
10-M-VAN-222-mo1 Advanced Analysis 10 NUM 81
10-M-ALG-222-mo1 Introduction to Algebra 10 NUM 33
10-M-DGE-222-mo1 Introduction to Differential Geometry 10 NUM 43
10-M-DGL-222-mo1 Ordinary Differential Equations 10 NUM 44
10-M-FTH-222-mo1 Introduction to Complex Analysis 10 NUM 49
10-M-PGE-222-mo1 Introduction to Projective Geometry 10 NUM 69
10-M-GAN-222-mo1 Geometric Analysis 10 NUM 50
10-M-DIM-222-mo1 Introduction to Discrete Mathematics 10 NUM 45
10-M-FAN-222-mo1 Introduction to Functional Analysis 10 NUM 48
10-M-PAR-222-mo1 Introduction to Partial Differential Equations 10 NUM 68
10-M-ZTH-222-mo1 Introduction to Number Theory 10 NUM 84
10-M-AAL-222-mo1 Applied Algebra 10 NUM 30
10-M-TOP-222-mo1 Introduction to Topology 5 NUM 78
10-M-EFM-222-mo1 Introduction to Stochastic Financial Mathematics 10 NUM 46
10-M-LOGP-232-mo1 |Introduction to Mathematical Logic 10 NUM 58
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Subfield Computer Science

Software Technology for Artificial Intelligence and Data
10-I-ST-KIDS-222-mo1 . 5 NUM 28
Science
Practical Course in Programming for Mathematical Data
10-I-PPM-222-mo1 . 5 B/NB 25
Science
10-I-DB-152-mo1 Databases 5 NUM 14
10-1-GdP-172-mo1 Fundamentals of Programming 5 NUM 18
10-1-DL-222-mo1 Deep Learning 5 NUM 16
10-I-MCS-191-mo1 Introduction into Human-Computer Interaction 5 NUM 21
10-1-CV-222-mo1 Computer Vision 5 NUM 12
10-I-NLP-222-mo1 Natural Language Processing 5 NUM 23
10-I-SNA-222-mo1 Statistical Network Analysis 5 NUM 26
10-1-KogSys-222-mo1  [Cognitive Systems 5 NUM 20
10-1-TML-222-mo1 Theory of Machine Learning 5 NUM 29
Selected Fundamentals of Artificial Intelligence and Data
10-1-AGKIDS1-222-mo1 . 5 NUM 7
Science 1
Selected Fundamentals of Artificial Intelligence and Data
10-I-AGKIDS2-222-mo1 . 5 NUM 8
Science 2
Subfield Applications
10-M-ADS1-222-mo1  |Applications of Data Science in other disciplines 1 5 NUM 31
10-M-ADS2-222-mo1  [Applications of Data Science in other disciplines 2 5 NUM 32

Key Skills Area (20 ECTS credits)

transferable skills (ASQ).

General Key Skills (5 ECTS credits)
In addition to the modules listed below, students may also take modules offered by JMU as part of the pool of general

General Key Skills (subject-specific)

(2022)

cord Bachelor (180 ECTS) Mathematical Data Science - 2022

10-M-TuKo-152-mo1  [Exercise tutor or proof-reading in Mathematics 5 B/NB 79
10-M-VHB1-152-mo1  [E-Learning and Blended Learning Mathematics 1 2 B/NB 82
10-M-VHB2-152-mo1  [E-Learning and Blended Learning Mathematics 2 2 B/NB 83
Subject-specific Key Skills (15 ECTS credits)
Subject-specific Key Skills, Compulsory Courses (11 ECTS credits)
10-M-GBM-152-mo1  [Basic Notions and Methods of Mathematical Reasoning 2 B/NB 51
10-M-ASM-152-mo1  |Reasoning and Writing in Mathematics 2 B/NB 38
10-M-EPMDS-222-mo1 [External Internship Mathematical Data Science 7 B/NB 47
Subject-specific Key Skills, Compulsory Electives (4 ECTS credits)
10-M-COM-152-mo1  |[Computational Mathematics 4 B/NB 41
10-M-PRG-152-m01 Programming course for students of Mathematics and other 3 B/NB 70
subjects
10-M-SEM2-152-mo1  [Supplementary Seminar Mathematics 4 B/NB 75
10-M-GES-152-mo1 Selected Topics in History of Mathematics 5 B/NB 53
10-M-MSC-152-mo1 Mathematical Writing 5 B/NB 62
10-M-SCH-152-mo1 School Mathematics from a Higher Perspective 5 B/NB 72
Thesis (12 ECTS credits)
10-M-BAD-222-mo1 hhesis Mathematical Data Science 12 NUM | 40
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Module title Abbreviation
Selected Fundamentals of Artificial Intelligence and Data Science 1 10-1-AGKIDS1-222-mo1
Module coordinator Module offered by
Dean of Studies Informatik (Computer Science) Institute of Computer Science
ECTS | Method of grading Only after succ. compl. of module(s)
5 numerical grade -
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Selected topics in artificial intelligence and data science

Intended learning outcomes

Students will be able to understand how to solve fundamental problems in artificial intelligence and data
science and transfer them to related problems.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Module title Abbreviation
Selected Fundamentals of Artificial Intelligence and Data Science 2 10-1-AGKIDS2-222-mo1
Module coordinator Module offered by
Dean of Studies Informatik (Computer Science) Institute of Computer Science
ECTS | Method of grading Only after succ. compl. of module(s)
5 numerical grade -
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Selected topics in artificial intelligence and data science

Intended learning outcomes

Students will be able to understand how to solve fundamental problems in artificial intelligence and data
science and transfer them to related problems.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Module title Abbreviation

Algorithms, Al and Data Science 1 10-1-AKIDS1-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Introduction to algorithms and algorithmic thinking, introduction to artificial intelligence and data science; ba-
sics of algorithms (building blocks, determinism, functional vs. imperative paradigm); Core data structures (lists,
sets, stack, queue, heap), together with basics of programming (in Python); Algorithmic complexity: time and
memory complexity, growth of functions, asymptotic notation and "Big-0"; Sorting (bubble, insert, heap, merge
and quick sort) and algorithms of order statistics; Advanced data structures with associated algorithms: Hash ta-
bles (and hash functions), trees (binary search trees, red-black trees) and graphs (connected components, shor-
test path, minimum spanning tree); algorithm design and recursion; dynamic programming; state space search:
Uninformed (depth/width first search), heuristic (A* algorithm), adversarial (MiniMax, alpha-beta pruning) and
metaheuristic search (genetic algorithm, ant colony optimization); Function optimization (convex vs. non-convex
optimization, numerical optimization, numerical optimization with gradient descent) and constrained optimizati-
on algorithms (linear and quadratic programming, branch-and-bound algorithm); learning from data: light intro-
duction to machine learning (parametric and non-parametric classification models, clustering).

Intended learning outcomes

Students will acquire fundamental knowledge of algorithms and data structures used throughout computer
science, with a particular focus on the fundamentals of artificial intelligence algorithms and data science (e.g.
state space search or optimization). They will acquire both theoretical and practical knowledge (as they will ha-
ve to implement most of the algorithms covered). They will be able to analyze practical problems from an algo-
rithmic perspective, identify the nature of the problem and choose an optimal algorithmic approach to solve the
problem. In this course, students will acquire basic algorithmic knowledge, which they will extend and develop
in the further course of their studies.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)
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Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Module title Abbreviation

Algorithms, Al and Data Science 2 10-1-AKIDS2-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Building on the introductory course "Algorithms, Al and Data Science 1", this module introduces the logical and
algorithmic foundations of computer science and artificial intelligence. In addition to dealing with basic algorith-
mic strategies for solving fundamental problems, approaches to logical reasoning in computer science are intro-
duced. A treatment of elementary probabilistic methods for modeling uncertainties forms the basis for the intro-
duction of simple statistical methods with which supervised and unsupervised problems of machine learning
can be addressed.

Intended learning outcomes

Students master the logical and algorithmic fundamentals of computer science. They are able to independently

develop solutions for specific computer science problems using an analytical approach. Students are proficient

in common problem-solving strategies and have initial experience of how these can be used in the context of ar-
tificial intelligence. They know basic approaches for deriving logical conclusions, have an understanding of for-

mal approaches for modeling uncertainties and know how these are used in the context of machine learning.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Module title Abbreviation

Computer Vision 10-1-CV-222-mo1

Module coordinator Module offered by

holder of the Chair of Computer Science IV Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

This course aims at offering a self-contained account of computer vision and its underlying concepts, including
the recent use of deep learning. It starts with an overview of existing and emerging computer vision applications.
It shows how image processing is entering multiple fields from our daily life. First, the light-matter interaction

is considered and the image acquisition cameras and illumination sources are also discussed. The course then
turns to image representation and discretization, and describes pre-processing steps (such as linear and non-li-
near filters) used to enhance image quality and/or detect specific features. The course will continue by analyzing
procedures to extract information from multiple images, with motion and 3D shape as major examples. Finally,
the recognition of objects (specific and/or class level) will be discussed and different approaches will be analy-
zed. A large part of the course concerns deep learning and Al-based approaches to vision tasks.

Intended learning outcomes

e Understanding of important computer vision concepts: light, matter, acquisition of images, color, tex-
ture, sampling, quantization, enhancement, feature extraction, segmentation, 3D acquisition, motion,
tracking, object recognition.

e Understanding of deep learning (MLP, ConvNets, architectures) and the application to visual data.

¢ Deployment of vision and learning algorithms from standard libraries.

e Understanding of vision problems, and the ability to propose, debug, validate and explain solutions ba-
sed on particular algorithms.

Courses (type, number of weekly contact hours, language — if other than German)

V() +0(©)
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3 b)

Module appears in
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Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Games Engineering (2025)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Module title Abbreviation
Databases 10-1-DB-152-mo1
Module coordinator Module offered by
Dean of Studies Informatik (Computer Science) Institute of Computer Science
ECTS | Method of grading Only after succ. compl. of module(s)
5 numerical grade -
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Relational algebra and complex SQL statements; database planning and normal forms; transaction manage-
ment.

Intended learning outcomes

The students possess knowledge about database modelling and queries in SQL as well as transactions.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§ 49 INr.1b)
§69INr.1b)

Module appears in

Bachelor's degree (1 major) Computer Science (2015)

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Business Information Systems (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

Bachelor's degree (1 major) Aerospace Computer Science (2015)

Bachelor's degree (1 major) Functional Materials (2015)

First state examination for the teaching degree Realschule Computer Science (2015)
First state examination for the teaching degree Gymnasium Computer Science (2015)
Master's degree (1 major) Physics (2016)

Bachelor's degree (1 major) Business Information Systems (2016)

Bachelor's degree (1 major) Aerospace Computer Science (2017)

Bachelor's degree (1 major) Computer Science (2017)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 14 / 84
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UN._IVERSITAT Subdivided Module Catalogue for the Subject

WURZBURG

Bachelor's degree (1 major) Computer Science (2019)

Bachelor's degree (1 major) Business Information Systems (2019)
Bachelor's degree (1 major) Business Information Systems (2020)
Bachelor's degree (1 major) Aerospace Computer Science (2020)
Bachelor's degree (1 major) Functional Materials (2021)

Bachelor's degree (1 major) Computer Science und Sustainability (2021)
Bachelor's degree (1 major) Business Information Systems (2021)
Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Business Information Systems (2023)
Bachelor's degree (1 major) Business Information Systems (2024)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Functional Materials (2025)

Bachelor's degree (1 major) Games Engineering (2025)

Mathematical Data Science
Bachelor’s with 1 major, 180 ECTS credits
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Deep Learning 10-I-DL-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

The lecture provides advanced knowledge of deep learning techniques such as FCN, CNN and LSTMs, practical
application examples for NN architectures, e.g. in the field of image and speech processing. Current models and
methods of machine learning and their technical background are presented. Building on this, models from the
field of deep learning, such as CNNs, RNNs and sequence-to-sequence architectures, are discussed. The theo-
retical foundations of these models, such as training through backpropagation, are also discussed in detail. For
all the models covered, it is shown how they are used in practice for specific problems such as image processing
and text generation.

Intended learning outcomes

Students have knowledge of the possible applications and limitations of deep learning, of important architectu-
res and how they are implemented in tools such as Tensorflow/Keras, of the ability to reprogram network structu-
res from the literature, of data preparation and of solving concrete tasks.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3 b)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Games Engineering (2025)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 16 / 84
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Data Science & Machine Learning 10--DSML-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 17/ 84
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Fundamentals of Programming 10--GdP-172-mo1

Module coordinator Module offered by

holder of the Chair of Computer Science I Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Data types, control structures, foundations of procedural programming, selected topics of C, introduction to ob-
ject orientation in Java, selected topics of C++, further Java concepts, digression: scripting languages.

Intended learning outcomes

The students possess a fundamental knowledge about programming languages (in particular Java, C and C++)
and are able to independently develop average to high level Java programs.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§ 49 INr.1b)
§69INr.1b)

Module appears in

Bachelor's degree (1 major) Physics (2015)

Bachelor's degree (1 major) Aerospace Computer Science (2017)
Bachelor's degree (1 major) Computer Science (2017)

Bachelor's degree (1 major) Computer Science (2019)

Bachelor's degree (1 major) Business Information Systems (2020)
Bachelor's degree (1 major) Physics (2020)

Bachelor's degree (1 major) Aerospace Computer Science (2020)
Bachelor's degree (1 major) Computer Science und Sustainability (2021)
Bachelor's degree (1 major) Business Information Systems (2021)
Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
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Subdivided Module Catalogue for the Subject
Mathematical Data Science
Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Business Information Systems (2023)
Bachelor's degree (1 major) Business Information Systems (2024)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Economathematics (2025)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Cognitive Systems 10-1-KogSys-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science
ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 20/ 84
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction into Human-Computer Interaction 10-1-MCS-191-mo1

Module coordinator Module offered by

holder of the Chair of Computer Science IX Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Human-Computer Interaction studies the design, evaluation, and implementation of interactive computer sy-
stems. Special focus lies on fundamental psychological and physiological properties of the human users, the
technical principals and models of modern computer systems, as well as on the derived boundary conditions of
designing usable and human-oriented interactions with technical systems. The topics of this course cover the
human perception and cognition, the human memory and attention, the design of interactive systems, popuplar
evaluation methods, principles of computer systems, input processing techniques, human interfaces and typical
means of interaction, from text-based input methods over graphical user interfaces to multi-modal interfaces.
Accompanying practical tasks convey to the students typical methods of requirement analysis, prototyping and
evaluation.

Intended learning outcomes

After successfully completing this course, students have a fundamental understanding of human-computer inter-
face design principles. They understand the possibilities and limitations of technology and user and the applica-
tions of modern user interfaces. They know the necessary steps of user-centric design and typical design princip-
les.

Courses (type, number of weekly contact hours, language — if other than German)

Ve +0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 120 minutes)

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Computer Science (2019)

Bachelor's degree (1 major) Business Information Systems (2020)
Bachelor's degree (1 major) Computer Science und Sustainability (2021)
Bachelor's degree (1 major) Business Information Systems (2021)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 21/ 84
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Subdivided Module Catalogue for the Subject
Mathematical Data Science
Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Business Information Systems (2023)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Natural Language Processing 10--NLP-222-mo1

Module coordinator Module offered by

holder of the Chair of Computer Science XII Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)
5 numerical grade -

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Introduction to Text Mining and Natural Language Processing; Traditional computational representations of

text data (bag-of-words) and text preprocessing (sentence splitting, tokenization, morphological normalization,
stemming); Corpus linguistics and lexical association measures (ngram frequencies, co-occurrences, collocati-
ons and terminology extraction); Syntactic analysis: Part-of-Speech tagging and chunking (with Hidden Markov
Models and Conditional Random Fields), parsing (Probabilistic Context Free Grammars and parsers); Distributio-
nal semantics and latent text representations: distributional hypothesis, Latent Semantic Analysis (LSA), word
embeddings; Light introduction to (modern) deep learning-based NLP: embeddings, convolutional and recurrent
networks, Transformers. NLP Applications: text classification tasks (e.g., document classification, sentiment ana-
lysis) vs. token classification tasks (e.g., information extraction - named entity recognition) vs. text generation
tasks (e.g. machine translation and text summarization).

Intended learning outcomes

Students will obtain broad theoretical and practical knowledge of the typical methods and algorithms in the field
of text mining and natural language processing. They will be able to solve practical problems with the obtain
knowledge: analyze the text data for the task at hand, choose the appropriate representation for their texts as
well as the appropriate (machine learning for NLP) model to solve the task. They will have gained rich practical
experience implementing solutions for a wide range of common NLP tasks and applications.

Courses (type, number of weekly contact hours, language — if other than German)

V() +0(©)
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3 b)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 23/ 84
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Subdivided Module Catalogue for the Subject
Mathematical Data Science
Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Games Engineering (2025)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Practical Course in Programming for Mathematical Data Science 10-1-PPM-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester |-- Intended learning outcomes of the following module are required: 10-I-
GdP. It is therefore strongly recommended to complete this before.

Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

P (6)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

practical examination (programming exercises, approx. 120 hours) and written examination (approx. 60 to 120

minutes)

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-

prox. 15 minutes per candidate).

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 25/ 84
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Statistical Network Analysis 10-1-SNA-222-mo1

Module coordinator Module offered by

holder of the Chair of Computer Science XV Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Networks matter! This holds for technical infrastructures like communication or transportation networks, for in-
formation systems and social media in the World Wide Web, but also for various social, economic and biologi-
cal systems. What can we learn from data that capture the interaction topology of such complex systems? What
is the role of individual nodes and how can we discover significant patterns in the structure of networks? How do
these structures influence dynamical process like diffusion or the spreading of epidemics? Which are the most
influential actors in a social network? And how can we analyse time series data on systems with dynamic net-
work topologies?

Addressing those questions, the course combines a series of lectures - which introduce fundamental concepts
for the statistical modelling of complex networks - with weekly exercises that show how we can apply them to
practical network analysis tasks. Topics covered include foundations of graph theory, centrality and modulari-
ty measures, aggregate statistical characteristics of large networks, random graphs and statistical ensembles of
complex networks, generating function analysis of expected graph properties, scale-free networks, stochastic
dynamics in networks, spectral analysis, as well as the modelling of time-varying networks. The course material
consists of annotated slides for lectures as well as a accompanying git-Repository of jupyter notebooks, which
implement and validate the theoretical concepts covered in the lectures.

Intended learning outcomes

The course will equip participants with statistical network analysis techniques that are needed for the data-dri-
ven modelling of complex technical, social, and biological systems. Students will understand how we can quan-
titatively model the topology of networked systems and how we can detect and characterize topological pat-
terns. Participants will learn how to use analytical methods to make statements about the expected properties of
very large networks that are generated based on different stochastic models. They further gain an analytical un-
derstanding of how the structure of networks shapes dynamical processes, how statistical fluctuations in degree
distributions influence the robustness of systems, and how emergent network features emerge from simple ran-
dom processes.

Courses (type, number of weekly contact hours, language — if other than German)

V() +0(©)
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 26 / 84
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Workload
150 h
Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3b)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Software Technology for Artificial Intelligence and Data Science 10-1-ST-KIDS-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Theory of Machine Learning 10-I-TML-222-mo1

Module coordinator Module offered by

Dean of Studies Informatik (Computer Science) Institute of Computer Science
ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

V() +0(©2)
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 60 to 120 minutes).

If announced by the lecturer at the beginning of the course, the written examination may be replaced by an oral
examination of one candidate each (approx. 20 minutes) or an oral examination in groups of 2 candidates (ap-
prox. 15 minutes per candidate).

Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3 b)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Games Engineering (2025)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Applied Algebra 10-M-AAL-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Topics in field theory (particularly algebraic field extensions, ruler and compass constructions, basics in Galois
theory, solvability of equations, cyclotomic fields, finite fields).
Applications of algebra and number theory (e.g., coding theory, cryptography, computer algebra).

Intended learning outcomes

The student knows and masters the essential methods and basic notions in algebra and its applications. He/She
is acquainted with the central concepts in this field, and is able to apply the fundamental proof methods inde-
pendently.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Applications of Data Science in other disciplines 1 10-M-ADS1-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Applications of mathematical data science in other disciplines, e.g., in science, humanities or economics.

Intended learning outcomes

The student understands the importance of mathematical data science for other fields, and can apply the the
studied methods in an interdisciplinary context.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (60 to 120 minutes) or

b) term paper (15 to 30 pages) or

¢) oral examination of one candidate each (15 to 30 minutes)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Applications of Data Science in other disciplines 2 10-M-ADS2-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Applications of mathematical data science in other disciplines, e.g., in science, humanities or economics.

Intended learning outcomes

The student understands the importance of mathematical data science for other fields, and can apply the the
studied methods in an interdisciplinary context.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (60 to 120 minutes) or

b) term paper (15 to 30 pages) or

¢) oral examination of one candidate each (15 to 30 minutes)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Algebra 10-M-ALG-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Fundamental algebraic structures (groups, rings, fields), Galois theory.

Intended learning outcomes

The student knows and masters the essential methods and basic notions in algebra. He/She is acquainted with
the central concepts in this field, and is able to apply the fundamental proof methods independently.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
Analysis 1 10-M-ANA1-222-mo1
Module coordinator Module offered by
Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)
5 (not) successfully completed |-
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Real numbers and completeness; basic topological notions; convergence and divergence of sequences and se-
ries; power series and Taylor series; basics in differential calculus in one variable; basics of integral calculus in
one variable (Riemann integral and improper integral).

Intended learning outcomes

The student knows and masters the essential methods and notions of analysis. He/She is acquainted with the
central proof methods in analysis and can employ them to solve easy problems. He/she is able to perform easy
mathematical arguments independently and to express mathematical arguments precisely and clearly in written
form.

Courses (type, number of weekly contact hours, language — if other than German)

0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 9o to 180 minutes) and written exercises (approx. 12 exercise sheets with approx. 4
exercises each)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
Analysis 2 10-M-ANA2-222-mo1
Module coordinator Module offered by
Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)
5 (not) successfully completed |-
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Further topological considerations, basics in differential calculus in several variables, inverse function theorem,
implicit function theorem.

Intended learning outcomes

The student knows and masters the essential methods and notions of analysis. He/She is acquainted with the
central proof methods in analysis and can employ them to solve easy problems. He/she is able to perform easy
mathematical arguments independently and to express mathematical arguments precisely and clearly in written
form.

Courses (type, number of weekly contact hours, language — if other than German)

0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 9o to 180 minutes) and written exercises (approx. 12 exercise sheets with approx. 4
exercises each)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Overview Analysis 10-M-ANA-U-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
13 numerical grade -

Duration Module level Other prerequisites
2 semester |undergraduate --

Contents

Real numbers and completeness, basic topological notions, convergence and divergence of sequences and se-
ries, differential and integral calculus in one variable, further topological considerations, differential calculus
with a focus on functions in several variables.

Intended learning outcomes

The student knows and masters the essential methods and proof techniques of analysis and is able to apply
them independently, He/She has an overview over the fundamental notions and concepts of analysis, their ana-
lytic background and geometric interpretation, and can interconnect them and express them adequately in writ-
ten and oral form.

Courses (type, number of weekly contact hours, language — if other than German)

V(g +V(g)+0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

oral examination of one candidate each (20 to 40 minutes)
Assessment will have reference to the contents of modules 10-M-ANA1 and 10-M-ANA2.
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

390 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Applied Stochastics Lab 10-M-APSL-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

6 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Random number generators, Monte Carlo simulation, descriptive statistics, implementation of tests, estimators
and confidence intervals, linear and logistic regression, analysis of (co-)variance, data applications

Intended learning outcomes

The student is acquainted with statistical software, e.g. R, able to apply suitable statistical methods to given da-
ta and problems and to adequately work out and present developed solutions.

Courses (type, number of weekly contact hours, language — if other than German)

V(@) +P (2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project work (30 to 60 hours)
Language of assessment: German and/or English
creditable for bonus

Allocation of places

Additional information

Workload

180 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Reasoning and Writing in Mathematics 10-M-ASM-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

2 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Introduction to fundamental methods of thinking and proving, basic techniques in mathematics as well as ma-
thematical writing;insight into examples of abstracts concepts in mathematics; approach to axiomatic and de-
duction.

Intended learning outcomes

The student is acquainted with the basic proof methods and techniques in mathematics. He/She is able to per-
form easy mathematical arguments independently and present them adequately and reasonably in written and
oral form.

Courses (type, number of weekly contact hours, language — if other than German)

V@A) +U(@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project (10 to 20 pages)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

60 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Economathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2015)
Bachelor's degree (1 major) Computational Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)
Bachelor's degree (1 major) Economathematics (2017)
Bachelor's degree (1 major) Mathematical Physics (2020)
Bachelor's degree (1 major) Economathematics (2021)
Bachelor's degree (1 major) Economathematics (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Economathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Thesis Mathematical Data Science 10-M-BAD-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

12 numerical grade --

Duration Module level Other prerequisites

1semester | graduate The supervisor may make the successful completion of certain modu-
les that are relevant for the respective topic a prerequisite for the assign-
ment of the topic.

Contents

Independently researching and writing on a topic in mathematics selected in consultation with the supervisor.

Intended learning outcomes

The student is able to work independently on a given mathematical topic and apply the skills and methods ob-
tained during his/her studies in the bachelor programme. He/She can write down the result of his/her work in a
suitable form.

Courses (type, number of weekly contact hours, language — if other than German)

No courses assigned to module

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme
ster, information on whether module can be chosen to earn a bonus)

Bachelor's thesis (approx. 300 to 360 hours)

Allocation of places

Additional information

Time to complete: 12 weeks

Workload

360 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Computational Mathematics 10-M-COM-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

4 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Introduction to modern mathematical software for symbolic computation (e. g. Mathematica or Maple) and nu-
merical computation (e. g. Matlab) to supplement the basic modules in analysis and linear algebra (10-M-ANA-G
and 10-M-LNA-G). Computer-based solution of problems in linear algebra, geometry, analysis, in particular diffe-
rential and integral calculus; visualisation of functions.

Intended learning outcomes

The student learns the use of advanced modern mathematical software packages, and is able to assess their
fields of application to solve mathematical problems.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(@)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project in the form of programming exercises (approx. 20 to 25 hours)
Language of assessment: German and/or English
Assessment offered: Once a year, winter semester

Allocation of places

Additional information

Workload

120 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Physics (2015)

Bachelor's degree (1 major) Nanostructure Technology (2015)

Bachelor's degree (1 major) Economathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

Bachelor's degree (1 major) Functional Materials (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

Bachelor's degree (1 major) Economathematics (2017)

First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Physics (2020)

Bachelor's degree (1 major) Nanostructure Technology (2020)
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Mathematical Data Science

Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Mathematical Physics (2020)
Bachelor's degree (1 major) Functional Materials (2021)
Bachelor's degree (1 major) Quantum Technology (2021)
Bachelor's degree (1 major) Economathematics (2021)
Bachelor's degree (1 major) Economathematics (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Economathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Economathematics (2024)
Bachelor's degree (1 major) Functional Materials (2025)
Bachelor's degree (1 major) Economathematics (2025)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Differential Geometry 10-M-DGE-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Curves in R~n and R/"3; Frenet equations, Frenet—Serret frame, curvature and torsion of curves; 2-dimensional
surfaces in RA3; parametrisation of surfaces, examples; fundamental forms (metrics, normal vector fields); area
of surfaces; curvature; outlook to further topics in differential geometry, for example covariant derivatives, mini-
mal surfaces, submanifolds.

Intended learning outcomes

The student knows and masters the essential methods and basic notions in differential geometry. He/She is ac-
quainted with the central concepts in this field, and is able to apply the fundamental proof methods indepen-
dently.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

Bachelor’s with 1 major Mathematical Data Science JMU Wiirzburg e generated 19-Apr-2025 ® exam. reg. data re- page 43 / 84
(2022) cord Bachelor (180 ECTS) Mathematical Data Science - 2022




Julius-Maximilians-

UN,_lVERSITAT Subdivided Moduls‘ CtahtalogtL.le flolzr)tt;egl{bject
WURZBURG ' a ema ical Data C|enFe
Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Ordinary Differential Equations 10-M-DGL-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Notion of a solution, simple solution methods for scalar differential equations (separation of variables, variati-
on of constants, exact equations) and particular examples like Bernoulli, Riccati; initial value problem; existence
and uniqueness of solutions; Gronwall lemma; extendability of solutions, maximal solution; continuous depen-
dence of solutions on initial values, linear differential equations, algebraic structure of solution spaces, solution
methods, matrix exponential function; autonomous systems; notion of stability; stability of linear systems; linea-
rised asymptotic stability; Lypunov methods, first integrals.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods of the theory of ordinary differential
equations. He/she is able to apply these methods to practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Discrete Mathematics 10-M-DIM-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Techniques from combinatorics, introduction to graph theory (including applications), cryptographic methods,
error-correcting codes.

Intended learning outcomes

The student is acquainted with the fundamental concepts and results in discrete mathematics, masters the re-
levant proof techniques, is able to apply methods from number theory and algebra to discrete mathematics and
realises the scope of applications of discrete structures.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation
Introduction to Stochastic Financial Mathematics 10-M-EFM-222-mo1
Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Arbitrage and no-arbitrage, annuities and bonds, valuation of deterministic cash flows, actuarial present value,

term structures and yield curves, forwards, payout profiles of options and other derivates, fundamental theorem
of asset pricing in the stochastic one-period model, risk neutral price measures, replication and completeness,

stochastic multi-period models, valuation of European options in the binomial model, Black-Scholes formula.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods of stochastic financial mathematics, can
apply them to practical problems and knows about typical fields of application.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
External Internship Mathematical Data Science 10-M-EPMDS-222-mo1
Module coordinator Module offered by
Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)
7 (not) successfully completed |-
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

The module consists of a placement of approximately six weeks at a company or another organisation related to
mathematical data science and the subsequent presentation of the placement report.

Intended learning outcomes

The student has practical experience in the relevant fields and is able to apply the skills obtained in his/her stu-
dies.

Courses (type, number of weekly contact hours, language — if other than German)

P (0)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

placement report (10 to 20 pages)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

210 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Functional Analysis 10-M-FAN-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Banach spaces; function spaces (L"p spaces of continuous functions, Sobolev spaces), denseness, separabili-
ty; linear operators, fundamental theorems for linear operators; Baire's theorem, uniform boundedness princi-
ple, open mapping theorem, closed graph theorem; linear functionals and dual spaces; Hahn-Banach theorem
(extension theorem, separation theorem), double dual space and reflexivity; weak convergence, Banach-Alao-
glu theorem, adjoint operator, closed range theorem; Hilbert spaces: Fréchet-Riesz representation theorem, or-
thonormal systems; compact sets and operators, Arzela-Ascoli theorem; spectral theory: basic notions, spectral
theory of compact normal and self-adjoint operators in Hilbert spaces.

Intended learning outcomes

The student knows the fundamental concepts and methods of functional analysis as well as the pertinent proof
methods, is able to apply methods from linear algebra and analysis to functional analysis, and realises the
broad applicability of the theory to other branches of mathematics.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Complex Analysis 10-M-FTH-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Complex differentiability, Cauchy-Riemann differential equations, conformal maps (in particular Mobius trans-
formations), complex integration, Cauchy‘s integral theorem and Cauchy‘s integral formula, basic principles of
complex analysis (in particular identity theorem, maximum principle, openness priciple, Schwarz lemma), gneral
Cauchy integral theorem, isolated singularities and Laurent series, residue theorem and its applications (compu-
tation of real integrals, argument principle, Rouche‘s theorem), normal families (in particular Montel‘s theorem
and Vitali‘s theorem), Riemann‘s mapping theorem.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods in complex analysis. He/she is able to
apply these methods to practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Geometric Analysis 10-M-GAN-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Submanifolds of R*n and regular value theorem; submanifolds with and without boundary; orientation; differen-
tial forms and exterior derivative; Stokes* theorem for differential forms; Hodge star operator; Stokes* theorem
and its special cases Gauss‘ theorem and Green‘s theorem; outlook on further topics like density or submani-
folds with corners.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods in geometric analysis. He/she is able to
apply these methods to practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Basic Notions and Methods of Mathematical Reasoning 10-M-GBM-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

2 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Introduction to the basic notions and proof techniques in mathematics: approach to sets, formal logic and maps.

Intended learning outcomes

The student gets acquainted with the basic working techniques which are prerequisites for the further courses in
the Bachelor's degree study programme.

Courses (type, number of weekly contact hours, language — if other than German)

V@A) +U(@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project (10 to 15 pages)
Language of assessment: German and/or English

Allocation of places

Additional information

Additional information on module duration: block taught prior to the beginning of the lecture period.

Workload

60 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr.1h)
§221INr. 2 1)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Economathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Grundschule Mathematics (2015)
First state examination for the teaching degree Realschule Mathematics (2015)
First state examination for the teaching degree Mittelschule Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

Bachelor's degree (1 major) Economathematics (2017)

First state examination for the teaching degree Mittelschule Mathematics (2020 (Priifungsordnungsversion
2015))

Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Economathematics (2021)

Bachelor's degree (1 major) Economathematics (2022)

Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Selected Topics in History of Mathematics 10-M-GES-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Historical and cultural development as well as social relevance of mathematics; more in-depth discussion of
the fundamentals of mathematics, in particular in its relation to other sciences and humanities as well as to the
image of mathematics in modern society.

Intended learning outcomes

Based on selected examples, the student has gained insight into the historical and cultural genesis of mathema-
tical theories and their social relevance. He/she is able to present mathematical ideas and concepts to a general
audience.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) talk (45 to 9o minutes) or

b) term paper (10 to 15 pages) or

c) project work (15 to 25 hours)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Linear Algebra 1 10-M-LNA1-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Basic notions and structures; vector spaces, linear maps, systems of linear equations; theory of matrices and de-
terminants.

Intended learning outcomes

The student knows and masters the basic notions and essential methods of linear algebra. He/She is acquain-
ted with the central proof methods in linear algebra and can apply them to solve easy problems. He/She is able
to perform simple mathematical arguments independently, and can present them adequately in written form.

Courses (type, number of weekly contact hours, language — if other than German)

0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 9o to 180 minutes) and written exercises (approx. 12 exercise sheets with approx. 4
exercises each)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Linear Algebra 2 10-M-LNA2-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Eigenvalue theory, bilinear forms, Euclidean and unitary vector spaces, diagonalisation and Jordan normal form.

Intended learning outcomes

The student knows and masters the basic notions and essential methods of linear algebra. He/She is acquain-
ted with the central proof methods in linear algebra and can apply them to solve easy problems. He/She is able
to perform simple mathematical arguments independently, and can present them adequately in written form.

Courses (type, number of weekly contact hours, language — if other than German)

0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

written examination (approx. 9o to 180 minutes) and written exercises (approx. 12 exercise sheets with approx. 4
exercises each)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Overview Linear Algebra 10-M-LNA-U-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
13 numerical grade -

Duration Module level Other prerequisites
2 semester |undergraduate --

Contents

Basic notions and structures; vector spaces, linear maps and systems of linear equations; theory of matrices and
determinants; eigenvalue theory; bilinear forms and Euclidean/unitary vector spaces; diagonalisability and Jor-
dan normal form.

Intended learning outcomes

The student knows and masters the essential methods and proof techniques of linear algebra and is able to ap-
ply them independently. He/She has an overview over the fundamental notions and methods of linear algebra,
knows about their algebraic and geometric background, is able to relate them to each other and can present
them adequately in written and oral form.

Courses (type, number of weekly contact hours, language — if other than German)

V(g +V(g)+0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

oral examination of one candidate each (20 to 40 minutes)
Assessment will have reference to the contents of modules 10-M-LNA1 and 10-M-LNA2.
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

390 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
Introduction to Mathematical Logic 10-M-LOGP-232-mo1
Module coordinator Module offered by
Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --
Duration Module level Other prerequisites
1 semester -
Contents

Intended learning outcomes

Courses (type, number of weekly contact hours, language — if other than German)

Vig)+0 @
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation
Mathematical Foundations of Data Science 10-M-MFD-222-mo1
Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

2 semester |undergraduate --

Contents

Mathematical data analysis: histogram, band width selection, boxplot, kernel estimation, stochastic models and
calibration, correlation, linear model and generalized linear models, nonparametric tests; Applied linear algebra
for data science: orthogonality, matrix calculus, matrix factorisation, tensors, least squares, singular value de-
composition, classification, approximation and dimension reduction; Applied analysis for data science: convexi-
ty, basic optimization, linear and quadratic programs, gradient descent, step size tuning

Intended learning outcomes

The student is acquainted with the fundamental methods and concepts of data science and can apply them to
practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

V) +U@+V(E@+0@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Machine Learning and Numerics Lab 10-M-MLNL-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

6 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Numerical solution of linear and nonlinear Systems of equations, gradient methods, Newton methods, step size
selection, numerical optimization, optimization for machine learning (e.g. ADAM)

Intended learning outcomes

The student is acquainted with mathematical software, e.g. MATLAB, Python or Julia, able to apply suitable nu-
merical methods to machine learning problems and to adequately work out and present developed solutions.

Courses (type, number of weekly contact hours, language — if other than German)

V(@) +P (2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project work (30 to 60 hours)
Language of assessment: German and/or English
creditable for bonus

Allocation of places

Additional information

Workload

180 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Mathematics of Machine Learning 10-M-MML-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Basic and advanced concepts and methods of machine learning, in particular their mathematical foundations.

Intended learning outcomes

The student knows the basic mathematical concepts and methods that are applied in the field of machine lear-
ning.

Courses (type, number of weekly contact hours, language — if other than German)

Vig)+0 @
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Mathematical Writing 10-M-MSC-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Discussion of good and bad mathematical writing using practical exercises and case examples. The course co-
vers the whole range of mathematical texts from short proofs and the formulation of theorems and definitions to
comprehensive works such as Bachelor's or Master's theses. Important aspects include not only mathematical
rigour and efficiency but also didactic questions.

Intended learning outcomes

The student is able to formulate mathematical subject matter precisely and comprehensibly. He/She knows
about the structures and conventions of mathematical literature and the requirements of scientific work.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) talk (45 to 9o minutes) or

b) term paper (10 to 15 pages) or

c) project work (15 to 25 hours)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Modelling and Computational Science 10-M-MWR-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Aspects of mathematical modelling of technical or scientific processes. Basic principles of modelling, aspects of
scaling the modelling, asymptotic series, classical methods for solving ordinary and partial differential equati-
ons, fundamental methods for numerical solution of partial differential equations and the resulting systems of li-
near equations.

Intended learning outcomes

The student masters the fundamental mathematical methods and techniques to simulate processes from natural
and engineering sciences on a computer.

Courses (type, number of weekly contact hours, language — if other than German)

Vig)+0 @
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Master's degree (1 major) Functional Materials (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

Bachelor's degree (1 major) Mathematical Physics (2024)
Master's degree (1 major) Functional Materials (2025)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Numerical Mathematics 1 10-M-NUM1-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Solution of systems of linear equations and curve fitting problems, nonlinear equations and systems of equati-

ons, interpolation with polynomials, splines and trigonometric functions, numerical integration.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods in numerical mathematics, applies them

to practical problems and knows about their typical fields of application.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-

ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Numerical Mathematics 2 10-M-NUM2-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Eigenvalue problems, linear programming, methods for initial value problems for ordinary differential equations,
boundary value problems.

Intended learning outcomes

The student is able to draw a distinction between the different concepts of numerical mathematics and knows
about their advantages and limitations concerning the possibilities of application in different fields of natural
and engineering sciences and economics.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Optimization for Machine Learning 10-M-OML-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Linear programming, quadratic programming, convex optimization, first order methods, application to machine
learning problems such as support vector machines.

Intended learning outcomes

The student is acquainted with the relevant methods in optimization and is able to apply these methods to prac-
tical machine learning problems, both theoretically and numerically.

Courses (type, number of weekly contact hours, language — if other than German)

Vig)+0 @
Module taught in: German and/or English

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Economathematics (2022)

Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Artificial Intelligence and Data Science (2022)
exchange program Mathematics (2023)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2023)
Bachelor's degree (1 major) Economathematics (2023)

Bachelor's degree (1 major) Mathematical Physics (2024)

Master's degree (1 major) Physics International (2024)

Bachelor's degree (1 major) Economathematics (2024)

Bachelor's degree (1 major) Artificial Intelligence and Data Science (2024)
Bachelor's degree (1 major) Economathematics (2025)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Partial Differential Equations 10-M-PAR-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Examples of partial differential equations; existence and uniqueness theorems; exact solutions for the linear
transport equation, the Poisson equation, the heat equation and the wave equation; boundary value problems,
Dirichlet problems; energy methods, Green‘s functions, maximum principle; explicit solutions for general nonli-
near partial differential equations of first order; Hopf-Lax formula for Hamilton-Jacobi equations; Lax-Oleinik for-
mula for scalar conservation laws; further methods for solving partial differential equations (e.g., separation of
variables, Fourier and Laplace transformation).

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods in the theory of partial differential equa-
tions. He/she is able to apply these methods to practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Projective Geometry 10-M-PGE-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

10 numerical grade --

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Projective and affine planes, projective and affine spaces, theorem of Desargues, fundamental theorems for pro-
jective spaces, dualities and polarities of projective spaces.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods of projective geometry. He/she is able to
apply these methods to practical problems.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Programming course for students of Mathematics and other subjects 10-M-PRG-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

3 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Basics of a modern programming language (e. g. C).

Intended learning outcomes

The student is able to work independently on small programming exercises and standard programming problems
in mathematics.

Courses (type, number of weekly contact hours, language — if other than German)

P(2)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project in the form of programming exercises (approx. 20 to 25 hours)
Language of assessment: German and/or English
Assessment offered: Once a year, summer semester

Allocation of places

Additional information

Workload

90 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Physics (2015)

Bachelor's degree (1 major) Nanostructure Technology (2015)

Bachelor's degree (1 major) Economathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

Bachelor's degree (1 major) Functional Materials (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

Bachelor's degree (1 major) Economathematics (2017)

First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Physics (2020)

Bachelor's degree (1 major) Nanostructure Technology (2020)

Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Functional Materials (2021)

Bachelor's degree (1 major) Quantum Technology (2021)
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Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Economathematics (2021)
Bachelor's degree (1 major) Economathematics (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Economathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Economathematics (2024)
Bachelor's degree (1 major) Functional Materials (2025)
Bachelor's degree (1 major) Economathematics (2025)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

School Mathematics from a Higher Perspective 10-M-SCH-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Discussion of selected topics in school mathematics with respect to their integration into wider theories and
their didactic implementation at both school and university levels.

Intended learning outcomes

By means of selected examples, the student gains insight into the interrealtion between school mathematics
and advanced mathematical theories. He/She is able to discuss these under mathematical, didactical and me-
thodical aspect.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) talk (approx. 45 minutes) or

b) term paper (10 to 15 pages) or

c) project work (15 to 25 hours)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr.1h)
§221INr. 2 1)
§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Grundschule Mathematics (2015)
First state examination for the teaching degree Realschule Mathematics (2015)
First state examination for the teaching degree Gymnasium Mathematics (2015)
First state examination for the teaching degree Mittelschule Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

First state examination for the teaching degree Gymnasium Mathematics (2019)
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First state examination for the teaching degree Mittelschule Mathematics (2020 (Priifungsordnungsversion
2015))

Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)

Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Mathematical Physics (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Seminar Mathematics 10-M-SEM-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

A selected topic in mathematics.

Intended learning outcomes

The student gains first experience with independent scientific work. He/She masters elaboration and structuring
of a given topic using selected literature, and prepares a talk on the subject. He/She is able to participate active-
ly in a scientific discussion.

Courses (type, number of weekly contact hours, language — if other than German)

S (2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

talk (60 to 120 minutes)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Supplementary Seminar Mathematics 10-M-SEM2-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

4 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

A selected topic in mathematics.

Intended learning outcomes

The student gains first experience with independent scientific work. He/She masters elaboration and structuring
of a given topic using selected literature, and prepares a talk on the subject. He/She is able to participate active-
ly in a scientific discussion.

Courses (type, number of weekly contact hours, language — if other than German)

S (2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

talk (60 to 120 minutes)
Language of assessment: German and/or English

Allocation of places

Additional information

Workload

120 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)
Bachelor's degree (1 major) Computational Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)
Bachelor's degree (1 major) Mathematical Physics (2020)
Bachelor's degree (1 major) Mathematical Data Science (2022)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Mathematical Physics (2024)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Stochastics 1 10-M-STO1-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Combinatorics, Laplace models, selected discrete distributions, elementary measure and integration theory,
continuous distributions: normal distribution, random variable, distribution function, product measures and sto-
chastic independence, elementary conditional probability, characteristics of distributions: expected value and
variance, limit theorems: law of large numbers, central limit theorem.

Intended learning outcomes

The student is acquainted with fundamental concepts and methods in stochastics, applies these methods to
practical problems and knows about the typical fields of application.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Module title Abbreviation
Stochastics 2 10-M-ST0O2-222-mo1
Module coordinator Module offered by
Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --
Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Elements of data analysis, statistics of data in normal and other distributions, elements of multivariate statistics.

Intended learning outcomes

The student is acquainted with fundamental concepts and methods in statistics, applies these methods to prac-
tical problems and knows about the typical fields of application.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Topology 10-M-TOP-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 numerical grade -

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Basics in set-theoretic topology, topological spaces and continuity, separation properties, connectivity, examp-

les and constructions of topological spaces, quotients, convergence of sequences and nets, different notions of
compactness, additional topics (optional), e. g. the theorems of Stone-WeierstraB, Arzela-Ascoli and Baire, and

introduction to algebraic topology.

Intended learning outcomes

The student knows the fundamental concepts and methods of topology as well as the pertinent proof methods,
is able to apply methods from linear algebra and analysis to topology, and realises the broad applicability of the
theory to other branches of mathematics.

Courses (type, number of weekly contact hours, language — if other than German)

V() +U(2

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)

Language of assessment: German and/or English

Assessment offered: In the semester in which the course is offered and in the subsequent semester
creditable for bonus

Allocation of places

Additional information

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Exercise tutor or proof-reading in Mathematics 10-M-TuKo-152-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)

5 (not) successfully completed |-

Duration Module level Other prerequisites

1semester | undergraduate --

Contents

Tutoring or grading homework for one of the basic courses in the Bachelor's or teaching degree programmes un-
der supervision of the respective lecturer or exercise supervisor.

Intended learning outcomes

The student is able to support the acquisition of mathematical skills and knowledge. He/She helps to identify
mistakes in mathematical proof exercises and to find possible solutions.

Courses (type, number of weekly contact hours, language — if other than German)

T (0)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

Assessment of tutoring activities or correcting work by supervising lecturers or exercise supervisors (1 to 2 tea-
ching units or approx. 5 pieces of correcting work)

Allocation of places

Additional information

Please direct application to teaching coordinator Mathematics, he/she will select participants.

Workload

150 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

§221INr. 3f)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Economathematics (2015)

Bachelor's degree (1 major) Mathematical Physics (2015)

Bachelor's degree (1 major) Computational Mathematics (2015)

First state examination for the teaching degree Gymnasium Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)

Bachelor's degree (1 major) Economathematics (2017)

First state examination for the teaching degree Gymnasium Mathematics (2019)
Bachelor's degree (1 major) Mathematical Physics (2020)

Bachelor's degree (1 major) Economathematics (2021)

Bachelor's degree (1 major) Economathematics (2022)

Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

First state examination for the teaching degree Gymnasium Mathematics (2023)
Bachelor's degree (1 major) Mathematics (2023)

Bachelor's degree (1 major) Economathematics (2023)
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Subdivided Module Catalogue for the Subject
Mathematical Data Science
Bachelor’s with 1 major, 180 ECTS credits

Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Economathematics (2024)
Bachelor's degree (1 major) Economathematics (2025)

Bachelor’s with 1 major Mathematical Data Science
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Advanced Analysis 10-M-VAN-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Continuation of analysis in several variables; Lebesgue measure and Lebesgue integral in Rn, integral theo-
rems.

Intended learning outcomes

The student is acquainted with advanced topics in analysis. Taking the example of the Lesbegue integral, he or
she is able to understand the construction of a complex mathematical concept.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)

Master's degree (1 major) Quantum Engineering (2024)
Master's degree (1 major) Physics International (2024)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
E-Learning and Blended Learning Mathematics 1 10-M-VHB1-152-mo1

Module coordinator

Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)

2 (not) successfully completed

Duration Module level

1 semester |undergraduate

Other prerequisites

Contents

Becoming familiar with and reflecting techniques in e-learning and blended learning in mathematics.

Intended learning outcomes

The student is able to employ basic methods of e-learning and blended learning in mathematics-

Courses (type, number of weekly contact hours, language — if other than German)

0@

Course type: eLearning, mostly Virtuelle Hochschule Bayern (vhb)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project (web-based, 15 to 20 hours)

Assessment offered: Once a year, winter semester

Allocation of places

Additional information

Workload

60 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Economathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2015)
Bachelor's degree (1 major) Computational Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)
Bachelor's degree (1 major) Economathematics (2017)
Bachelor's degree (1 major) Mathematical Physics (2020)
Bachelor's degree (1 major) Economathematics (2021)
Bachelor's degree (1 major) Economathematics (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

Bachelor's degree (1 major) Mathematics (2023)
Bachelor's degree (1 major) Economathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Economathematics (2024)
Bachelor's degree (1 major) Economathematics (2025)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Bachelor’s with 1 major, 180 ECTS credits
Module title Abbreviation
E-Learning and Blended Learning Mathematics 2 10-M-VHB2-152-mo1

Module coordinator

Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics
ECTS | Method of grading Only after succ. compl. of module(s)

2 (not) successfully completed

Duration Module level

1 semester |undergraduate

Other prerequisites

Contents

Becoming familiar with and reflecting techniques in e-learning and blended learning in mathematics.

Intended learning outcomes

The student is able to employ advanced methods of e-learning and blended learning in mathematics-

Courses (type, number of weekly contact hours, language — if other than German)

0@

Course type: eLearning, mostly Virtuelle Hochschule Bayern (vhb)

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

project (web-based, 15 to 20 hours)

Assessment offered: Once a year, summer semester

Allocation of places

Additional information

Workload

60 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematics (2015)

Bachelor's degree (1 major) Economathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2015)
Bachelor's degree (1 major) Computational Mathematics (2015)
Bachelor's degree (1 major) Mathematical Physics (2016)
Bachelor's degree (1 major) Economathematics (2017)
Bachelor's degree (1 major) Mathematical Physics (2020)
Bachelor's degree (1 major) Economathematics (2021)
Bachelor's degree (1 major) Economathematics (2022)
Bachelor's degree (1 major) Mathematical Data Science (2022)

exchange program Mathematics (2023)

Bachelor's degree (1 major) Mathematics (2023)
Bachelor's degree (1 major) Economathematics (2023)
Bachelor's degree (1 major) Mathematical Physics (2024)
Bachelor's degree (1 major) Economathematics (2024)
Bachelor's degree (1 major) Economathematics (2025)

Bachelor’s with 1 major Mathematical Data Science
(2022)
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Bachelor’s with 1 major, 180 ECTS credits

Module title Abbreviation

Introduction to Number Theory 10-M-ZTH-222-mo1

Module coordinator Module offered by

Dean of Studies Mathematik (Mathematics) Institute of Mathematics

ECTS | Method of grading Only after succ. compl. of module(s)
10 numerical grade --

Duration Module level Other prerequisites
1semester | undergraduate --

Contents

Elementary properties of divisibility, prime numbers and prime number factorisation, modular arithmetics, prime
tests and methods for factorisation, structure of the residue class rings, theory of quadratic remainder, quadratic
forms, diophantine approximation and diophantine equations.

Intended learning outcomes

The student is acquainted with the fundamental concepts and methods of number theory. He/she is able to em-
ploy the basic methods and proof techniques independently.

Courses (type, number of weekly contact hours, language — if other than German)

Vi +00@

Method of assessment (type, scope, language — if other than German, examination offered — if not every seme-
ster, information on whether module can be chosen to earn a bonus)

a) written examination (approx. 9o to 180 minutes, usually chosen) or

b) oral examination of one candidate each (15 to 30 minutes) or

¢) oral examination in groups (groups of 2, 10 to 15 minutes per candidate)
Language of assessment: German and/or English

creditable for bonus

Allocation of places

Additional information

Workload

300 h

Teaching cycle

Referred to in LPO | (examination regulations for teaching-degree programmes)

Module appears in

Bachelor's degree (1 major) Mathematical Data Science (2022)
exchange program Mathematics (2023)
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