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A very warm welcome!

The University of Géttingen features an outstanding study environment for both exchange
and full-degree students. All courses of study benefit from an excellent research-oriented
environment formed by a broad network including five Max Planck Institutes, the German
Primate Centre, the German Aerospace Centre and the Academy of Science and
Humanities: the Gottingen Campus. An increasing number of lectures and courses are
taught in the English language attracting more and more international students. This
catalogue provides an impression of what is available.

This catalogue of courses taught in English varies from faculty to faculty and the courses
available to you depend on whether you are an exchange student coming to Géttingen for
a semester or an academic year, or whether you are a full degree student coming to
Gottingen to complete an entire degree programme. You may take most courses in the
programme you are enrolled in, however in a few cases restrictions may apply. Selecting
courses from other subjects or other departments might require negotiations. If you have
any questions, please contact the study advisor in charge of your subject.

Prior to their arrival in Goéttingen exchange students have to set up a learning agreement.
In some cases restrictions will apply, e.g. signing up for certain laboratory courses may
not be possible. Generally exchange students are required to take at least half of the
lectures and courses within their chosen subject.

Full degree students must first apply for a study place. Links to websites with application
guidelines and deadlines are provided by some subjects/faculties. If not stated otherwise
please visit:

http://www.uni-goettingen.de/en/3811.html

In any case, you are very welcome to browse through this catalogue to find/check out
courses that suit your interests! For the complete course catalogue of the University of
Gottingen see:

https://univz.uni-goettingen.de/qisserver/

We look forward to welcoming you in Géttingen!
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The Faculty of Agricultural Sciences offers two full master programs in English language:

e Sustainable International Agriculture: http://www.uni-goettingen.de/en/96913.html
e Crop Protection: http://www.uni-goettingen.de/de/135654.html

Since the Faculty offers almost no Bachelor courses in English language, the exchange students are
invited to take part in the master courses independent of their level at the home university.
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Faculty of Biology and Psychology

1. Biology

a. Bachelor programmes

The courses/modules available varies depending whether you are degree or exchange student.
All B.Sc. programmes are taught in German.
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aa. Degree students

German knowledge of level DSH2 is required.

Information and contact details about the different study programmes can be found here:
http://www.uni-goettingen.de/de/bachelor--2-fach-bachelor-biologie/122050.html

bb. Exchange students

German knowledge of level B2 is recommended.

Information and contact details about application procedure and courses available for exchange
bachelor students can be found here:

http://biologie.uni-goettingen.de/incoming_en
For courses in German language German knowledge of CEFR level B2 is recommended.

Course admission restrictions may occur depending on your previous knowledge in biology and
other natural sciences.

SK.Bio-NF.7001: Neurobiology (3 C, 2 SWS).......cciruieeeeeeeeeeeeeeeeeeseeeeses s seseneseins 1265
SK.Bi0.7001: Neurohiology (6 C, 4 SWS)......c.ooiueieieeeeeeeeeeseeeeeeee s 1267
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(B C, 2 SWS) ettt ettt ettt 1270
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SK.Bi0.7008: Molecular biology of HIV replication and pathogenesis (2 C, 1 SWS).............. 1274

b. Master programmes
The courses/modules available varies depending whether you are degree or exchange student.

All M.Sc. programmes are taught in English.

aa. Degree students

Proof of proficiency in English (level C1 according to Common European Framework of
Reference for Languages, CEFR) and German (CEFR level B1) is mandatory at the time point
of application.

i. M.Sc. Microbiology and Biochemistry

Information and contact details about application procedure and study programme details
can be found here:

http://www.uni-goettingen.de/en/35341.html

ii. M.Sc. Development, Neural and Behavioral Biology
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Information and contact details about application procedure and study programme details
can be found here:

http://www.uni-goettingen.de/en/38560.html|

iii. M.Sc. Biodiversity, Ecology and Evolution

Information and contact details about application procedure and study programme details
can be found here:

http://www.uni-goettingen.de/en/123968.html

bb. Exchange students

You can participate in the courses listed below from the different master programmes, however
it requires

¢ previous knowledge in the field of study and
« alanguage proof (CEFR level C1) at the time point of application.

Information and contact details about application procedure and courses available for exchange
master students can be found here:

http://biologie.uni-goettingen.de/incoming_en
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M.Bio.144: Cellular and molecular biology of plant-microbe interactions (3 C, 3 SWS)........... 324
M.Bi0.156: Structural biochemistry (3 C, 3 SWS)......cccociiiiieieie e 325
M.Bi0.157: Biochemistry and biophysics (3 C, 3 SWS).......ccoicciiiiiiiiieee e 326
M.Bio.158: Enzyme catalysis and biological chemistry (3 C, 3 SWS)....cccccceveeeeiiiiiiciiinieeeneen. 327
M.Bio.344: Neurobiology 1 (key competence module) (3 C, 2 SWS)......cccciiiiieeeieeeeee i 328
M.Bi0.345:; Neurobiology 2 (key competence module) (3 C, 2 SWS)......ccccciivieeeeeeeee i 329
M.Bi0.348: Human genetics (key competence module) (6 C, 4 SWS)..........ccccccvvvvieeeieeeeeennnn, 330
M.Bi0.359:; Development and plasticity of the nervous system (lecture) (3 C, 2 SWS)............ 331
M.Bi0.360: Development and plasticity of the nervous system (seminar) (3 C, 2 SWS).......... 332
M.Bi0.366: Introduction to behavioral biology (key competence module) (3 C, 3 SWS)........... 333
M.Bi0.369: Human genetics (key competence module) (3 C, 2 SWS).........oooeccvvviiieeieeeeeenenn 334
M.Bi0.392: Current Developmental Biology (6 C, 4 SWS).....cccciuireiiieeeeiiieiiiieiieeee e e e 335
M.Bi0.393: Current Developmental Biology (3 C, 3 SWS)....ccccciiiiiiiieee e e e e 336
M.Bi0.394: Frontiers in Neural Development (6 C, 4 SWS)........cccccciiiiiiieieee e 337
M.Bi0.395: Frontiers in Neural Development (3 C, 3 SWS).......ooiicciiiiiiiieeiee e 339

M.Biodiv.402: Plant ecology and ecosystems research (6 C, 4 SWS)......cccccecvveeeeieiiiicinnnnn 340
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M.Biodiv.403: Vegetation ecology and vegetation history (6 C, 4 SWS).......ccccccevveeerniiniiinnnns 342
M.Biodiv.404: Animal ecology (6 C, 4 SWS).....coiiiiiiiiiiiei et 343
M.Biodiv.408: Primate ecology (6 C, 8 SWS).....coiiiiiiiiiiiiie ettt 344
M.Biodiv.412: Nature conservation biology (6 C, 4 SWS).......ooiiiiiiiiiiiiieiee e 345
M.Biodiv.415: Evolution: Evolutionary biology (6 C, 4 SWS).......uuuiiiiiiiiaiiiiiiiiiiiieeeeeee e 346
M.Biodiv.419: Pro- and eucaryotic algae: Algae and lichens (6 C, 7 SWS)..........cccoviiiirinnnen. 347
M.Biodiv.421: Plant ecology: Project course plant ecology (6 C, 8 SWS).......cccccveeeeeinniiinnns 348
M.Biodiv.422: Plant ecology: Carbondioxide and water balance of trees (6 C, 8 SWS)........... 349
M.Biodiv.423: Plant ecology: Study of habitats (6 C, 8 SWS)......cccueiiiiiieiiiiiiiiiiieieeeeeeee 350
M.Biodiv.425: Evolution of embryophyta (6 C, 4 SWS).......uuiiiiiiiiiiiiiiiiieee e 352
M.Biodiv.426: Reproduction and evolution of flowering plants (6 C, 4 SWS)..........eeoccuvivinneen. 353
M.Biodiv.430: Vegetation history: Project study in palaeoecology and palynology (6 C,

IS LTS ) T TP PTUPT TR 354
M.Biodiv.431: Vegetation ecology: Applied vegetation ecology and multivariate analysis (6 C,

IS LTS ) T TP PTURT TR 355
M.Biodiv.437: Vegetation history: Methods in palaeoecology (6 C, 8 SWS).........ceevviinrrnnnen 356
M.Biodiv.441: Animal ecology: Evolutionary ecology (6 C, 8 SWS)......ccccuuviiiiiiieiiiiniiiiiiie, 357
M.Biodiv.442: Animal ecology: Synecology of animals (6 C, 8 SWS).........ccccciiiiiiieeiiieeennnnns 358
M.Biodiv.445: Animal ecology: Molecular analysis of trophic interactions in soil food webs (6 C,

IS LTS ) T TP PTUPT TR 359
M.Biodiv.446: Molecular zoology and insect-biotechnology (6 C, 8 SWS).........ocooiiiiiiieenennn. 360

M.Biodiv.450: Plant ecology: Impact of global climate change on plant communities and their
functional traitS (B C, 8 SWWS).. i ittt e e e e e e e e e e e e 362

M.Biodiv.480: Nature conservation biology: Nature conservation inventories (6 C, 8 SWS).... 363

M.Biodiv.481: Nature conservation biology: Population biology in nature conservation (6 C,

IS LTS ) T TP PTUPT TR 365
M.Biodiv.483: Nature conservation biology: Assessment of wildlife species for nature

CONSENVALION (B C, 8 SWWS). . ittt e e e e e e e e e e s e ab b be e e e e e aaeeeeeaans 366
M.Biodiv.488: Nature conservation biology: Ornithology (6 C, 8 SWS)........cccovviiiiiiiiiiieenennenn. 367
M.Biodiv.491: Next generation sequencing for evolutionary biology (6 C, 4 SWS)...........c..... 368

2. Psychology

No courses available, as all study programmes in Psychology are taught in German.

IV. Faculty of Chemistry
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In our Master’s programme we offer a various range of lectures in English. Please, feel free to contact
us at the Dean’s office (dekanat@chemie.uni-goettingen.de). We are pleased to inform you about the
lectures held in English in the semester you wish to come to Géttingen.

It is always possible to participate in the practical courses in our research groups (Modules M.Che.11186,
M.Che.1117, M.Che.1221, M.Che.1222, M.Che.1321, M.Che.1322). All group leaders welcome English
speaking guest students, though formally the modules are offered in German.

M.Che.1315; Chemical Dynamics at Surfaces (6 C, 4 SWS).......cooiiiiiiiiiiiiiiiiie e 370

V. Faculty of Forest Sciences and Forest Ecology

The Faculty of Forest Sciences and Forest Ecology offers two full degree programs in English language.

« Molecular Ecosystem Sciences: http://www.uni-goettingen.de/en/221690.html
* Forest Sciences and Forest Ecology — Tropical and International Forestry: http://www.uni-
goettingen.de/en/introduction/74615.html

Since the Faculty offers no Bachelor courses directly related to the field of forest sciences and forest
ecology exchange students are invited to take part in the Master courses independent of their level at the
home university.

1. Bachelor: Molecular Ecosystem Sciences

Students who are planning to participate in practical, laboratory or computer courses (see course
description) have to contact the named coordinator first.

B.MES-SK.105: Laboratory techniques (6 C, 4 SWS).......uiiiiiiiieeeie ittt e e et re e e e e e e e 39
B.MES-SK.110: The science-policy interface: society and research structures (6 C, 4 SWS)............. 40
B.MES-SK.1105: Laboratory techniques (6 C, 4 SWS).....uuuuiiiieeiiii e e e e e e e 41
B.MES-SK.1108: Computer science and mathematics (6 C, 4 SWS).......uveviiieeeeiiiiiiiiiiiiiieieee e 42
B.MES-SK.1115: BioStatiStiCS (6 C, 4 SWS)....iicuiiiieiiiiiiie ettt e et e e e e e e 43
B.MES-SK.115: Scientific methods and project design (6 C, 4 SWS).......uvvviiiieeiiiiiiiiiiiieeeee e 44
B.MES.101: Molecular plant and stress physiology (6 C, 4 SWS)......ccoveveeiiiiiiiiiiiiiiieeeee e 45
B.MES.102: Chemical €cology (6 C, 4 SWS).....cciiiiiiii ittt a e e et rreeeaaae s 46
B.MES.103: Ecological genetiCs (6 C, 4 SWS).....uuiiiiiiieei ittt e e e e e e e s ssnr e eee s 47
B.MES.104: Biotic and abiotic interactions (6 C, 4 SWS)......ccouuieeiiiiiiiiiiiiieice e rr e e 48
B.MES.106: Microbiology and molecular biology (6 C, 4 SWS)........cooiiiiiiiiiiiieceeee e 49
B.MES.107: Ecological modelling (6 C, 4 SWS)......cccoiiiiiiiieiie ettt e e e e 50
B.MES.108: Computer science and mathematics (6 C, 4 SWS)......ccovveeiiiiiiiiiiiiiiieieeee e 51
B.MES.109: Plant ecology and diversity (6 C, 4 SWS)......cuuiiieiiiiiiiiiiieiieeee e sstrreer e e e e 52
B.MES.1101: Plant physiology (6 C, 4 SWS).....cccciiiiiiiiie ettt s s e e e e e e e e s e s nnnneaaaeees 53
B.MES.1102: Chemical ecology (6 C, 4 SWS).....cccooiiiiiiiieiieee ettt e e re e e e e e e e e 54

B.MES.1103: Ecological genetics (6 C, 4 SWS).....cccciiiiiiiiieiie ettt r e e e e e 55
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B.MES.1106: Microbiology and molecular biology (6 C, 4 SWS)........uuuiiiiiiiiiiiaiiiiiiieieeeee e 56
B.MES.1107: Conservation of biodiversity (6 C, 4 SWS)........uuiiiiiiiiiiiiiiiiiiiieee e 57
B.MES.1109: Plant ecology and diversity (6 C, 4 SWS)......cooi ittt 58
B.MES.111: Terrestrial biogeochemistry (6 C, 4 SWS).......ooiiiiiiiiiiiiaie e 59
B.MES.1111: Terrestrial biogeochemistry (6 C, 4 SWS).......uuuuiiiiiiiiaiiiiiiiiiieeee e 60
B.MES.1112: Wood biology and wood chemistry (6 C, 4 SWS)......cccuuuiiiiiiiiiiiiiiieieee e 61
B.MES.1113: Methods in systems biology (6 C, 4 SWS).....ccooiiiiiiiiiiiiiii e 62
B.MES.1114: Forest Pathology (6 C, 4 SWS).......oiieeeeeeeeeeeeeeeeeeeeeee e e eee e en e eennen 63
B.MES.1116: Conservation and ecosystem management (6 C, 4 SWS)........ccccuuiieiiiiiiiennniiiiiiiieeeeen, 64
B.MES.1117: Ecological climatology (6 C, 4 SWS).....couuiiii it 65
B.MES.1118: Resource assessment in ecosystems (6 C, 4 SWS).....coooiiiiiiiiiiiiiiiieeeieeeee e 66
B.MES.1119: Ecological modelling (6 C, 4 SWS)......ccccuuiiiiiiiiiee ettt e e 67
B.MES.112: Environmentally friendly production of wood (6 C, 4 SWS).......cccciiiiiiiiiiiieeiiieeeee, 68
B.MES.1121: Global Change (6 C, 4 SWS).......ceeuieeeeeeeieeeeeeeeeeeeeeee et e e s en e eennen 69
B.MES.113: Methods in systems biology (6 C, 4 SWS).....couiiiiiiiiiiiiiiiiieee e 70
B.MES.114: Biodiversity of pro- and eukaryotic soil microbial communities (6 C, 4 SWS)................... 71
B.MES.116: Conservation and ecosystem management (6 C, 4 SWS)........coooiiiiiiiiiiiiiieiiieneniiniies 72
B.MES.117: Atmosphere-ecosystem interactions (6 C, 4 SWS).......cccuiiiiiiiiiiiaii e 73
B.MES.118: Resource assessment in ecosystems (6 C, 4 SWS).....coouuiiiiiiiiiiiiiiiiiieiieeee e 74
B.MES.119: Isotopes in ecosystem Sciences (6 C, 4 SWS).....cccuuiiiiiiiiiiaei e 76
B.MES.1201: Special topics in plant methods and ecological applications | (6 C, 4 SWS).................. 77
B.MES.1202: Special topics in plant methods and ecological applications 1l (6 C, 4 SWS)................. 78
B.MES.1203: Semiochemical diversity (6 C, 4 SWS).......uuuuiiiiiiiiiaaie et 79
B.MES.1204: Protection of renewable resources (6 C, 4 SWS)......ocooiiiiiiiiiiiiiiieiee i 80
B.MES.1205: Isotopes in ecosystem Sciences (6 C, 4 SWS).......uuuiiiiiiiiiiiiiiiiiiiiieiee et 81
B.MES.1206: Intraspecific diversity of plants (6 C, 4 SWS)......cooiiiiiiiiiiiiiiee e 82
B.MES.121: Global Change (6 C, 4 SWS)......c.oiueeeeieeeeeeeeeeeeeeeeeee et es et eees e 83
B.MES.122: Molecular soil €cology (6 C, 4 SWS).....ouuiiiiiaiiiiiiee et 84
B.MES.123: Project (research participation) (6 C, 4 SWS)......ccuuuiiiiiiiiiieaiiee it 86
B.MES.301: Special topics in plant methods and ecological applications | (6 C, 4 SWS)........c........... 87

B.MES.302: Special topics in plant methods and ecological applications Il (6 C, 4 SWS)................... 88
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B.MES.303: Semiochemical diversity (6 C, 4 SWS)......cooiiuiiiiiiiiiieaee et 89
B.MES.304: Protection of renewable resources (6 C, 4 SWS).......uuiiiiiiiiiiiiiiiiiieeieeeee e 90
B.MES.305: Conservation of biodiversity (6 C, 4 SWS).......cccuiiiiiiiiiieeee e 91
B.MES.306: Intraspecific diversity of plants (6 C, 4 SWS)......couuiiiiiiiiiiiiieiee e 92

2. Master: Forest Sciences and Forest Ecology - Tropical and International

Forestry

M.Forst.1511: Tropical forest ecology and silviculture (6 C, 4 SWS)......cccuuiiiiiiiiiiiiiiiiiiieieeeee e 474
M.Forst.1512: International Forest Policy and Economics (6 C, 4 SWS)........coiiiiiiiiiiiiiiiiiieeeeeeennn 475
M.Forst.1513: Monitoring of Forest Resources (6 C, 4 SWS)......ccoiiiiiiiiiiiiiiiiaeae e 477
M.Forst.1514: Forest utilization and wood processing (6 C, 4 SWS)......ccouviiiiiiiiiiiiiiiiiiieeeeee e 479
M.Forst.1521: Ecopedology of the tropics and suptropics (6 C, 4 SWS).......ccccuiiiiiieiiieeinniiiiiie 481
M.Forst.1522: Project planning and evaluation (6 C, 4 SWS).......cooiiiiiiiiiiiiiiiiaee e 482
M.Forst.1523: Biometrical research methods (6 C, 4 SWS).....ccuiiiiiiiiiiiiiiiiiiieeee e 484
M.Forst.1524: Biotechnology and forest genetics (6 C, 4 SWS)......ccooiiiiiiiiiiiiieiiieeeee e 485
M.Forst.1601: Bioclimatology and global change (6 C, 4 SWS).......ooooiiiiiiiiiiie e 487
M.Forst.1602: Dryland Forestry and Methods in Silviculture (6 C, 4 SWS).......cccueeeeieiieiininiiiiieeen, 488
M.Forst.1605: Forest Protection and Agroforestry (6 C, 4 SWS).....cooi i 489
M.Forst.1606: Forestry in Germany (6 C, 4 SWS)......ooi et e e 491
M.Forst.1607: Biodiversity, NTFP's and Wildlife Management (6 C, 4 SWS)........ccccoiiiieiiineiinininnnns 493
M.Forst.1609: Remote Sensing Image Processing with Open Source Software (6 C, 4 SWS).......... 495
M.Forst.1610: Tropical dendrology and wood science (6 C, 4 SWS).......cocccviiiiiiiiiieeeneiiiiieeeeean 497
M.Forst.1611: Exercises in Forest INVentory (6 C, 4 SWS).....ccuuiiiiiiiiiiiiiiiieee e 499
M.Forst.1615: Forest growth and tree-based land use in the tropics (6 C, 4 SWS)........ccccevieernnnnnn. 500

VI. Faculty of Geoscience and Geography

M.Ge0.101: GeodynamiCS | (6 C, B SWWS)......uuiiiiiiaiiiiiiiiitte ettt ettt e e e e e ettt e e e e e e e e e e e e 501
M.Ge0.102: GeodynamiCs Il (6 C, 5 SWS)... .ottt e e e e e e e e e 502
M.Ge0.103: Global change (6 C, 6 SWS).....ccoiiiiiiiiiiiiiii et e e e e e e e e reebe e 503
M.Ge0.104: Regional Geology (6 C, B SWS).. ... ittt e e e e eee s 505
M.Ge0.105: Scientific WOrk (6 C, 3 SWS)... oottt e e e e 506

M.Geo.121: Microanalytical Methods and Applications (6 C, 5 SWS).......ccooiiiiiiiiiiiiiiiee e, 507
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M.Ge0.122: Geochemistry ProjecCt (6 C, 3 SWS)......uuuiiiiiiiiaiaiiiiiiiie et e e e e 509
M.Geo0.123: Geochronological and isotopic tracer (6 C, 8 SWS)......cccoiiiiiiiiiiiiiiiiieee e 510
M.Ge0.125: Stable Isotopes - Advanced Course (6 C, 6 SWS).......uuiiiiiiiiiiiiiiiiiiiiieeee e 511
M.Ge0.138: Structural modelling (6 C, 6 SWS).....cooiiiiiiiiiiiiiieee e a e e e 512
M.Geo0.255: Applied Hydrogeology Project (6 C, 1 SWS)......coiiuiiiiiiiiiieiee et 513
M.HEG.12: Hydrogeology | (8 C, 6 SWS)......c.oiueeeeieeeeeeeeeeeeeeeeeeeeseeeeess s s s s es s sene s en s eeennen, 514
M.HEG.13: HydrogeoChemistry (6 C, 5 SWS).....coiiiiiiiiiiiiiiieeee ettt e e e e e e e e 515
M.HEG.14: Hydrology and GIS (6 C, 6 SWS).....c.oviieeeeieeeeeeeeeesee e e eteeeseeee e s s sen s, 516
M.HEG.22: Groundwater Modeling | (6 C, 5 SWS).....cooiiiiiiiiiiiiieeee et 518
M.HEG.24: Georeservoirs | - Processes and Characterization (6 C, 4 SWS)........cccciuiiiiiiiiiiiieiiiinniies 520
M.HEG.310: Groundwater Modeling Il (8 C, 5 SWS).... .. ittt 521
M.HEG.320: Georeservoirs Il - Environments and Applications (5 C, 4 SWS)........cccoiiiiieiiiiieeinnnins 522
M.HEG.330: Advanced methods in Hydrogeology (8 C, 5 SWS).....ccuiiiiiiiiiiiiiiiiiiieeeeeee e 523
M.HEG.340: Selected Topics in Hydrogeology (3 C, 2 SWS).....cuuiiiiiiiiiiiiiieiieee e 524

VII. Faculty of Mathematics and Computer Science

1. Mathematics

a. Bachelor modules

B.Mat.0922: Mathematics information services and electronic publishing (3 C, 2 SWS)................. 93
B.Mat.3043: Non-life insurance mathematics (6 C, 4 SWS)......coooiiiiiiiiiiiiiiiiaeee e 95
B.Mat.3044: Life insurance mathematics (6 C, 4 SWS).....cooiiiiiiiiiiiiiiie e 97
B.Mat.3111: Introduction to analytic number theory (9 C, 6 SWS).....ccoooviiiiiiiiiiiiiiiiiieeee s 99
B.Mat.3112: Introduction to analysis of partial differential equations (9 C, 6 SWS).............cceee 101
B.Mat.3113: Introduction to differential geometry (9 C, 6 SWS).....cccuuiiiiiiiiiiaiiiiiiieeeee e 103
B.Mat.3114: Introduction to algebraic topology (9 C, 6 SWS).....cooiiiiiiiiiiiiiiiieeeeeeeee e 105
B.Mat.3115: Introduction to mathematical methods in physics (9 C, 6 SWS).........coeoiiiiiiiiieneenn. 107
B.Mat.3121: Introduction to algebraic geometry (9 C, 6 SWS)......ooiiiiiiiiiiiiiiiiieeeeee e 109
B.Mat.3122: Introduction to algebraic number theory (9 C, 6 SWS).......cooiiiiiiiiiiiieeiieiiiee, 111
B.Mat.3123: Introduction to algebraic structures (9 C, 6 SWS).......coiiiiiiiiiiiiiiiiiiieeeeeee e 113

B.Mat.3124: Introduction to groups, geometry and dynamical systems (9 C, 6 SWS).................. 115
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B.Mat.3125:

B.Mat.3131:

B.Mat.3132:

B.Mat.3133:

B.Mat.3134:

B.Mat.3137:

B.Mat.3138:

B.Mat.3139:

B.Mat.3141:

B.Mat.3142:

B.Mat.3143:

B.Mat.3144:

B.Mat.3145:

B.Mat.3146:

B.Mat.3147:

B.Mat.3311:
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B.Mat.3321:

B.Mat.3322:

B.Mat.3323:

B.Mat.3324:

B.Mat.3325:

B.Mat.3331:

B.Mat.3332:

B.Mat.3333:

B.Mat.3334:

B.Mat.3337:

B.Mat.3338:

Introduction to non-commutative geometry (9 C, 6 SWS).....ccccuiiiiiiiiiieeiiiiiiiii 117
Introduction to inverse problems (9 C, 6 SWS).......ooiiiiiiiiiiiiiiie e 119
Introduction to approximation methods (9 C, 6 SWS)........cccciiiiiiiiiiiiiiiiieeee, 121
Introduction to numerics of partial differential equations (9 C, 6 SWS)..................... 123
Introduction to optimisation (9 C, 6 SWS)........uuiiiiiiiiiiiiiiieee e 125
Introduction to variational analysis (9 C, 6 SWS).........uuiiiiiiiiiiiiiiieeeee e 127
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Introduction to stochastic processes (9 C, 6 SWS)......ooiiiiiiiiiiiiiiiiiiiieeeeee e 135
Introduction to stochastic methods of economathematics (9 C, 6 SWS)................... 137
Introduction to mathematical statistics (9 C, 6 SWS).....cccooeeiiiiiiiiiiiiiiiiiieeeeeeeeee 139
Introduction to statistical modelling and inference (9 C, 6 SWS)......cccccceeviiiiiiinnnen. 141
Introduction to multivariate statistics (9 C, 6 SWS).....ccccuuuiiiiiiiiiiiiiieieeeeee e 143
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Advances in algebraic geometry (9 C, 6 SWS).....ccuuiiiiiiiiiiiiaiiiiiieeee e 157
Advances in algebraic number theory (9 C, 6 SWS).......ccciiiiiiiiiiieiieeeeeeeeen 159
Advances in algebraic structures (9 C, 6 SWS)......coooiiiiiiiiiiiiiiieee e 161
Advances in groups, geometry and dynamical systems (9 C, 6 SWS)...........cceeeeee. 163
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XIV. Faculty of Economic Sciences

The Faculty of Economic Sciences offers an excellent international study environment for students
coming from outside of Germany including both those who plan to complete their entire degree in
Géttingen, as well as those who plan to visit for a semester abroad.

Our faculty offers many English-language courses (http://www.uni-goettingen.de/en/winter-
semester-20142015/474472.html) for short-term visitors and exchange students for both undergraduate
and graduate students.

Every semester we offer at least 30 ECTS credits worth of courses in business administration and
economics for BA students (11 courses offered in the 2014/15 winter semester). There are also many
courses in English for MA students in both business administration and economics. In the 2014/15 winter
semester, the faculty offered 29 courses for economic students and 14 courses business administration
students.

For students interested in completing their entire degree in Goéttingen, the faculty offers an entirely
English-language MA degree indevelopment economics (http://www.uni-goettingen.de/de/203661.html).
Our programme is the only university-level master's programme in development economics in Germany,
and is based on research groups from various areas including agricultural economics and rural
development, and economics. The programme duration is four semesters, and can even be coupled with
a double degree programme with Stellenbosch University in South Africa.

In addition to the course offerings, our faculty offers a vibrant and internationally-oriented research
community with research projects abroad, including visiting faculty and doctoral researchers from across
the globe.

For further information about the Faculty, please visit:
http://www.uni-goettingen.de/en/international-students--researchers/427247 .html
We look forward to your visit.
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Module B.MES-SK.105 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES-SK.105: Laboratory techniques
Learning outcome, core skills: Workload:

Students will train in small groups to work in a laboratory. They will be introduced

into modern basic and sophisticated methods in the fields of chemistry, biochemistry,
microbiology and molecular biology to rules assuring personal and environmental safety
and good scientific practice. Students acquire knowledge in experimental planning,
technical performance, data interpretation and documentation of practical scientific
research.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Organic trace analysis (Seminar, laboratory course, exercises) 2 WLH
2. Inorganic analysis (Seminar, laboratory course, exercises) 1 WLH
3. Microbiology and molecular biology (Laboratory course) 1 WLH
Examination: Protocol (30 pages max.) 6C

Examination prerequisites:
Regular attendance and participation

Examination requirements:

Personal and environmental safety, handling and preparation of samples, calibration
and use of standards, chromatographic methods, design, performance and
documentation of chemical, microbial, and molecular experiments, assessment

of results, team work to resolve experimental problems. Handling of radioactive
substances, radiation safety, analytics of radioactive isotopes, contaminations with
stable and radioactive isotopes .

Admission requirements:

Recommended previous knowledge:

none none
Language: Person responsible for module:
English Prof. Dr. Stefan Schiitz

Duration:
1 semester[s]

Course frequency:
each winter semester

Number of repeat examinations permitted: Recommended semester:
cf. examination regulations 1

Maximum number of students:
25

39



Module B.MES-SK.110 - Version 2

Policy of Ecosystems:

Knowledge about both: on the one hand the relation between ecosystem sciences and
politics and on the other hand about the structure and processes of policy-making. Skills
in political consulting and debating.

The Research Community: Structure and Organization

The scientific community depends on private and public research organizations and
funding mechanisms. Students will understand the structure and organization of main
institutions conducting or financing research and teaching (universities and large
research institutions) in Germany and elsewhere.

Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES-SK.110: The science-policy interface: society and re-
search structures
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Policy of ecosystems (Seminar) 2 WLH
2. The research community: structure and organization (Lecture, seminar) 2 WLH
Examination: 2 Oral presentations (approx. 10 minutes) with written outline (10 6C
pages max.)

Examination requirements:

Current theories of science-policy interface and scientific conditions for knowledge

transfer, conditions for application of ecosystem knowledge in society, basics of public

policy analysis, research infrastructures, comparison between different research

structures.

Skills: understanding of the relationship between ecosystem research and actual

utilization in society, understanding of the role of different actors in science, planning a
research career.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Maximilian Krott

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25

40
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES-SK.1105: Laboratory techniques
Learning outcome, core skills: Workload:

Students will train to work in a laboratory and they will learn the rules to assure personal
and environmental safety. They will be introduced into basic and sophisticated methods
in the fields of chemistry, biochemistry, soil science, microbiology and molecular biology.
Students acquire knowledge in experimental planning, technical performance, data
processing, calculation, data interpretation and documentation of practical scientific
research. Writing of protocols will be practiced.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Organic trace analysis (Laboratory course, Exercises) 2 WLH
2. Inorganic analysis (Seminar, laboratory course, Exercises) 1 WLH
3. Microbiology and molecular biology (Laboratory course) 1 WLH
Examination: Term paper (max. 10 pages, 50%) and written exam (45 minutes, 6C

50%)
Examination prerequisites:
Regular attendance

Examination requirements:

Personal and environmental safety, handling and preparation of samples, calibration
and use of standards, chromatographic methods, design, performance and
documentation of chemical, microbial, and molecular experiments, assessment of
results, team work to resolve experimental problems.

Admission requirements:

Recommended previous knowledge:

none none
Language: Person responsible for module:
English Prof. Dr. Stefan Schitz

Duration:
1 semester[s]

Course frequency:
each winter semester

Number of repeat examinations permitted: Recommended semester:
cf. examination regulations 1

Maximum number of students:
25
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Understanding of basic notions and methods of computer science and mathematics,
including: representation of information, databases, the World Wide Web, foundations
of programming, simulation, visualization; notations from logic and set theory,

relations, graphs, functions, differentiation, extreme values, integration; vectors, linear
transformations, matrices, eigenvalues; scale levels of variables, measures of location,
dispersion and correlation, linear regression, probability, sampling, confidence intervals,
fundamentals about statistical testing.

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES-SK.1108: Computer science and mathematics
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Course: Computer science and mathematics (Lecture, Exercise) 4 WLH
Examination: Written exam (90 minutes) 6C
Examination requirements:

Understanding of basic notions and methods of computer science and mathematics,
including: databases, WWW, foundations of programming, simulation, visualization;

graphs, functions, differentiation, extreme values, integration; vectors, linear algebra;
descriptive statistics, linear regression, probability, sampling, simple tests.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Winfried Kurth

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES-SK.1115: Biostatistics
Learning outcome, core skills: Workload:

The module will provide the students with a basic understanding of descriptive,
exploratory and confirmatory statistics to enable them to understand statistical details in
scientific publications, apply statistical methods to their own data and to interpret results
from statistical analyses. The lecture will cover descriptive and exploratory graphical
tools and measures as well as the fundamental principles of confirmatory statistics
(statistical point estimates, confidence intervals, statistical tests). Furthermore, it will
briefly discuss the concepts of statistical predictions and model choice. In addition to
the methodological concepts, the lecture will also comprise an introduction to the R
language for statistical computing.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Introduction to biostatistics (Lecture) 2 WLH
2. Applied biostatistics with R (Exercise) 2 WLH
Examination: Term paper (max. 10 pages) 6C
Examination prerequisites:

Regular attendance during the exercise and regular submission (80%) of assignments (1
page each)

Examination requirements:

The students demonstrate their ability to understand, apply and interpret statistical
methodology in a statistical analysis. In the exercises, they will solve both theoretical

and applied problems while for the term paper they will independently conduct their own
statistical analysis and document the corresponding results.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Thomas Kneib

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Understanding, application and interpretation of basic terms of descriptive and
confirmative statistics, such as important discrete and continuous distributions, least
squares, confidence intervals, testing statistical hypotheses, error propagation and basic
experimental designs. Understanding of advanced statistical methods such as two-way
ANOVA and multiple regressions.

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES-SK.115: Scientific methods and project design
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Research methods (Lecture) 3 WLH
2. Research methods (Exercises) 1 WLH
Examination: Written examination (90 minutes) 6C
Examination requirements:

Detailed knowledge of methods for statistical analysis (t-tests, ANOVA, regression,
nonparametric methods), descriptive statistics and probability distributions.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Winfried Kurth

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.101: Molecular plant and stress physiology
Learning outcome, core skills: Workload:
In this course the students will learn how a plant functions at the cell, tissue and Attendance time:
whole-plant level. The contents of the lectures encompass basic cell biology and plant |56 h
physiology (nutrient uptake, and transport process, photosynthesis, respiration, plant Self-study time:
hormones, development and stress adaptation). In the practical courses students will 124 h

be trained at modern microscopes, will lean the basics of tissue culture, and will obtain
practical expertise with the use of ecophysiological methods such as measurements of
photosynthesis, fluorescence, water potentials etc.

Courses:

1. Molecular plant physiology (Lecture) 2 WLH
2. Cell biology, tissue culture and stress responses (Practical course) 2 WLH
Examination: Written exam (120 minutes) 6C

Examination requirements:

Cell compartments and organelles, their structure and function, membrane transport,
molecular principles of photosynthesis and respiration, molecular functioning of plant
hormones in plant development and stress adaptation, tree biotechnology.

Skills: solid theoretical foundation in plant physiology and practical skills in tree
regeneration and working under sterile conditions.

Admission requirements: Recommended previous knowledge:
none Basic knowledge in biology

Language: Person responsible for module:
English Prof. Dr. Andrea Polle

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Students will learn to analyze the molecular basis of plant-insect interactions from the
plant and from the insect point of view, based on plant volatiles associated to plant
stress correlating with defence status and nutritional value of the plant. They learn how
information gained by insect antennae is examined to understand the translation of this
information into insect behaviour. Students will learn to assess how sensor-systems

on the basis of insect olfaction can be utilized and how chemo-ecological findings can
be extended into landscape by an integrative examination of biotic interactions from

the molecular to the stand level. This will be the basis for understanding the role of
semiochemical diversity in adaptation toward global change and for ecosystem functions
and services.

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.102: Chemical ecology
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Chemical ecology (Lecture) 1 WLH
2. Exercises in chemical ecology (Laboratory course, seminar) 3 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Biosynthesis of semiochemicals, signaling pathways, perception of semiochemicals,
transduction pathways, physiological action and behavioural activity of semiochemicals,

syn- and demecological aspects.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Stefan Schitz

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.103: Ecological genetics
Learning outcome, core skills: Workload:

Understanding of the importance of intraspecific (genetic) variation for ecosystem
processes and functions, in particular

» knowledge of modern methods to assess genetic diversity in diverse groups of
organisms

 understanding of the role of the evolutionary factors to shape genetic diversity with
emphasis on selection

 understanding of evolutionary processes including adaptation under natural
conditions and in managed ecosystems

 understanding of the impact of global change on genetic resources

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Ecological genetics (Lecture) 2 WLH
2. Assessment of genetic variation (Laboratory course, workshops) 2 WLH
Examination: Oral examination (approx. 20 minutes)

Examination requirements:

Use of modern methods to assess genetic variation in diverse groups of organisms,

evolutionary factors and how they shape genetic diversity, the role of adaptation under

natural or managed conditions, impact of global change.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English N. N.

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Interactions between biotic and abiotic components of ecosystems are largely
responsible for ecosystem properties and functions. Abiotic interactions will be studied in
a submodule focused on the biochemistry of soils; biotic interactions are introduced with
a focus on pathogens. Students will be trained to analyze these important ecological
interactions at different scales.

Significance of soil biochemistry for ecosystem processes will be analyzed based on
basic soil properties and chemical principles. Transformations and interactions between
solid, liquid, gaseous and living phases in soil will give background for understanding
of soils as the main part of terrestrial ecosystems and application of biochemical
knowledge from molecular to pedon and field scales.

Biotic interactions will be studied at different levels taking into consideration their
molecular basis such as genes and their products and with different organisms, plants
and/or animals including wildlife.

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.104: Biotic and abiotic interactions
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Soil biochemistry (Lecture, seminar) 2 WLH
2. Biotic interactions in ecology (Lecture, seminar) 2 WLH
Examination: Written exam (90 minutes) 6C
Examination requirements:

Biochemical processes in soils, weathering and soil formation, biotic drivers, factors of

soil formation, soil organisms and decomposition processes, soil organic matter and

interactions with clay minerals, molecular basis of biotic interactions, genes and their

products, interactions among different organisms.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Yakov Kuzyakov

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.106: Microbiology and molecular biology
Learning outcome, core skills: Workload:

Students will be introduced to molecular, biochemical and physiological aspects in
microbiology and molecular biology which is important to Ecosystem Sciences. The
acquired knowledge allows the students to address questions and problems in Ecology
and Systems Biology on molecular levels and understand the background of modern
molecular methods that can be applied to solve such topics.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Microbiology and biotechnology (Lecture) 2 WLH
2. Molecular biology (Lecture) 2 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Basic knowledge on genetics, physiology, and ecology of microorganisms (bacteria and

fungi), applications of microorganism in biotechnology generally and with specific focus

on ecological tasks, structure and functions of DNA, RNA, proteins and exemplified

metabolites, basic concepts and techniques in molecular biology, recombinant DNA

technology, DNA transfer techniques, handling of GMOs.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Ursula Kies

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.107: Ecological modelling
Learning outcome, core skills: Workload:
Comprehensive knowledge of ecological models, theories and concepts. Development |Attendance time:
of interdisciplinary analytical thinking. Critical analysis and evaluation of the chances and |56 h
limitations of different modelling approaches. Self-study time:

124 h
Courses:
1. Ecological modelling (Lecture) 2 WLH
Contents:
Theoretical basics as well as classical and modern models of terrestrial ecology with
special consideration of models in microbial ecology.
2. Ecological modelling (Tutorial) 2 WLH
Contents:
Application and analysis of classic and modern ecological models and concepts .
Examination: Written exam (90 minutes) 6C
Examination requirements:
Comprehensive knowledge of ecological models, theories and concepts.
Interdisciplinary analytical thinking skills. Ability to critically analyze and evaluate the
chances and limitations of different modelling approaches.
Admission requirements: Recommended previous knowledge:
none none
Language: Person responsible for module:
English Prof. Dr. Kerstin Wiegand
Course frequency: Duration:
each summer semester 1 semester|[s]
Number of repeat examinations permitted: Recommended semester:
cf. examination regulations 2
Maximum number of students:
25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.108: Computer science and mathematics
Learning outcome, core skills: Workload:

Understanding of basic notions and methods of computer science and mathematics,
including: representation of information, databases, the World Wide Web, foundations
of programming, simulation, visualization; notations from logic and set theory,

relations, graphs, functions, differentiation, extreme values, integration; vectors, linear
transformations, matrices, eigenvalues; scale levels of variables, measures of location,
dispersion and correlation, linear regression, probability, sampling, confidence intervals,
fundamentals about statistical testing.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Computer science and mathematics (Lecture) 3 WLH
2. Computer science and mathematics (Exercise) 1 WLH
Examination: Written exam (90 minutes) 6C
Examination requirements:

Understanding of basic notions and methods of computer science and mathematics,

including: databases, WWW, foundations of programming, simulation, visualization;

graphs, functions, differentiation, extreme values, integration; vectors, linear algebra;

descriptive statistics, linear regression, probability, sampling, simple tests.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Winfried Kurth

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25

51



Module B.MES.109 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.109: Plant ecology and diversity
Learning outcome, core skills: Workload:

Students are familiar with global to regional scale patterns of plant diversity, the
distribution of major climatic and vegetation zones (ecozones, biomes), as well as their
predominant land uses and anthropogenic impacts.

Students are familiar with basic aut- and synecological concepts in plant and vegetation
ecology from the level of the individual plant to plant communities. They have learned
to distinguish different major plant communities in Central Europe and are familiar with
their specific abiotic site conditions, and their conservation significance. Students are
able to apply ecological field methods and to perform basic analyses of diversity and
community structure.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Plant ecology and diversity (Lecture) 2 WLH
2. Plant ecology and diversity (Field studies) 2 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Distribution and determinants of ecozones and biomes, local to global scale patterns

of plant diversity, alpha-beta-gamma diversity, aut-and synecological concepts, plant
communities and their relations with abiotic site conditions, basic knowledge about field

and analysis methods.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Holger Kreft

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.1101: Plant physiology
Learning outcome, core skills: Workload:
In this course the students will learn how a plant functions at the cell, tissue and Attendance time:
whole-plant level. The contents of the lectures encompass basic cell biology and plant |56 h
physiology (nutrient uptake, and transport process, photosynthesis, respiration, plant Self-study time:
hormones, development and stress adaptation). In the practical courses students will 124 h

be trained at modern microscopes, will lean the basics of tissue culture, and will obtain
practical expertise with the use of ecophysiological methods such as measurements of
photosynthesis, fluorescence, water potentials etc.

Courses:

1. Molecular plant physiology (Lecture) 2 WLH
2. Cell biology, tissue culture and stress responses (Exercise) 2 WLH
Examination: Written exam (120 minutes) 6C

Examination requirements:

Cell compartments and organelles, their structure and function, membrane transport,
molecular principles of photosynthesis and respiration, molecular functioning of plant
hormones in plant development and stress adaptation, tree biotechnology.

Skills: solid theoretical foundation in plant physiology and practical skills in tree
regeneration and working under sterile conditions.

Admission requirements: Recommended previous knowledge:
none Basic knowledge in biology

Language: Person responsible for module:
English Prof. Dr. Andrea Polle

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1102: Chemical ecology
Learning outcome, core skills: Workload:

Students will learn to analyze the molecular basis of plant-insect interactions from the
plant and from the insect point of view, based on plant volatiles associated to plant
stress correlating with defence status and nutritional value of the plant. They learn how
information gained by insect antennae is examined to understand the translation of this
information into insect behaviour. Students will learn to assess how sensor-systems

on the basis of insect olfaction can be utilized and how chemo-ecological findings can
be extended into landscape by an integrative examination of biotic interactions from

the molecular to the stand level. This will be the basis for understanding the role of
semiochemical diversity in adaptation toward global change and for ecosystem functions
and services.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Chemical ecology (Lecture) 1 WLH
2. Exercises in chemical ecology (Laboratory course, Seminar) 3 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Biosynthesis of semiochemicals, signaling pathways, perception of semiochemicals,
transduction pathways, physiological action and behavioural activity of semiochemicals,

syn- and demecological aspects.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Stefan Schitz

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1103: Ecological genetics
Learning outcome, core skills: Workload:

Understanding of the importance of intraspecific (genetic) variation for ecosystem
processes and functions, in particular

» knowledge of modern methods to assess genetic diversity in diverse groups of
organisms

 understanding of the role of the evolutionary factors to shape genetic diversity with
emphasis on selection

 understanding of evolutionary processes including adaptation under natural
conditions and in managed ecosystems

 understanding of the impact of global change on genetic resources

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Ecological genetics (Lecture) 2 WLH
2. Assessment of genetic variation (Laboratory course, Workshops) 2 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Use of modern methods to assess genetic variation in diverse groups of organisms,

evolutionary factors and how they shape genetic diversity, the role of adaptation under

natural or managed conditions, impact of global change.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Konstantin V. Krutovsky

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 1

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1106: Microbiology and molecular biology
Learning outcome, core skills: Workload:

Students will be introduced to molecular, biochemical and physiological aspects in
microbiology and molecular biology which is important to Ecosystem Sciences. The
acquired knowledge allows the students to address questions and problems in Ecology
and Systems Biology on molecular levels and understand the background of modern
molecular methods that can be applied to solve such topics.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Microbiology and biotechnology (Lecture) 2 WLH
2. Molecular biology (Lecture) 2 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Basic knowledge on genetics, physiology, and ecology of microorganisms (bacteria and

fungi), applications of microorganism in biotechnology generally and with specific focus

on ecological tasks, structure and functions of DNA, RNA, proteins and exemplified

metabolites, basic concepts and techniques in molecular biology, recombinant DNA

technology, DNA transfer techniques, handling of GMOs.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Ursula Kies

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1107: Conservation of biodiversity
Learning outcome, core skills: Workload:

The use of molecular methods is commonplace in conservation at various levels of
biological organization from genes to ecosystems. Students will examine the results
of molecular approaches in biodiversity conservation based on selected projects and
recent literature. Students will be able to critically evaluate benefits and limitations

of molecular studies in a conservation context. Examples will be taken from different
geographic and climatic regions.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Conservation of biodiversity based on molecular tools (Lecture) 1 WLH
2. Assessment of molecular diversity for conservation (Seminar, Workshop) 3 WLH
Examination: Presentation (approx. 15 minutes, 50%) with written outline (5 pages |6 C
max., 50%)

Examination requirements:

Effective comprehension of scientific literature with regard to conservation of

biodiversity, different methods used for conservation of biodiversity and their specific
applications, critical evaluation of molecular studies in a conservation context.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Konstantin V. Krutovsky

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1109: Plant ecology and diversity
Learning outcome, core skills: Workload:

Students are familiar with global to regional scale patterns of plant diversity, the
distribution of major climatic and vegetation zones (ecozones, biomes), as well as their
predominant land uses and anthropogenic impacts.

Students are familiar with basic aut- and synecological concepts in plant and vegetation
ecology from the level of the individual plant to plant communities. They have learned
to distinguish different major plant communities in Central Europe and are familiar with
their specific abiotic site conditions, and their conservation significance. Students are
able to apply ecological field methods and to perform basic analyses of diversity and
community structure.

Attendance time:
56 h

Self-study time:
124 h

Course: Plant ecology and diversity (Lecture, Field studies) 4 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Distribution and determinants of ecozones and biomes, local to global scale patterns

of plant diversity, alpha-beta-gamma diversity, aut-and synecological concepts, plant
communities and their relations with abiotic site conditions, basic knowledge about field

and analysis methods.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Holger Kreft

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 2

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.111: Terrestrial biogeochemistry
Learning outcome, core skills: Workload:

At the end of this course students should understand the major biogeochemical
processes at the interface of biosphere, lithosphere hydrosphere and atmosphere.
Students will be able to detect where measurements of biogeochemical processes are
useful using a system based approach. They will have gained practical experience in
relevant measurements of biogeochemical processes in terrestrial ecosystems.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Terrestrial biogeochemistry (Lecture) 2 WLH
2. Biogeochemical processes (Laboratory course) 2 WLH
Examination: Written examination (120 minutes) and term paper (10 pages max.) [6C
Examination requirements:

Cycles in biogeochemistry, element ratios, carbon cycle of terrestrial ecosystems,
biogeochemical cycling on land, nitrogen cycle of terrestrial ecosystems, soil

development, mass balances at different scales, redox reaction in natural environments,
biogeochemistry of wetlands, measurements of biogeochemical processes.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Edzo Veldkamp

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.1111: Terrestrial biogeochemistry

Learning outcome, core skills: Workload:

The lecture part on terrestrial biogeochemistry will advance the knowledge of the Attendance time:
students on the major biogeochemical processes of C, N and P cycles: the role of the 56 h
pedosphere as the interface of biosphere, lithosphere, hydrosphere, and atmosphere Self-study time:
on these major element cycles; major components of these element cycles in terrestrial 124 h
ecosystems; anthropogenic influences on these element cycles; techniques of
measurements of cycling rates applied in actual field conditions; and comparative
biogeochemistry of contrasting ecosystems. The practical part on biogeochemical
processes will bring hands-on experience of the students on in-situ measurements
of these processes: land-use change effects on stocks of the different pools of C, N
and exchangeable cations, asymbiotic N2 fixation in soil, soil greenhouse gas fluxes
and their controlling factors. From the data of this field practical, the students will
learn statistical analysis on land-use change effects, how to give an oral scientific
presentation, and how to write a scientific report.

Courses:
1. Terrestrial biogeochemistry (Lecture) 2 WLH
2. Biogeochemical processes (Field measurements and laboratory analysis) 2 WLH

Examination: Written examination (120 minutes, 50%) and term paper (10 pages 6C
max., 50%)

Examination requirements:

C, N and P cycles of terrestrial ecosystems, tools for investigating biogeochemical
cycling (process rates, element ratios and mass balance), soil biochemical reactions,
comparative biogeochemistry, calculations of process rates and turnover time of specific
pools of elements, and scientific interpretation of field-measured biogeochemical data.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Edzo Veldkamp

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1112: Wood biology and wood chemistry
Learning outcome, core skills: Workload:

In this module, the students will learn about the biological and chemical structures,
modifications of as well as the biomaterials derived from majorly wood and minorly fiber
plants. The lectures will be divided into following parts. The first part starts with the
biosynthesis and basic structures of wood. Then, the physical, biological and chemical
modifications of wood will be described. After that, the extraction of constituents from
wood and their properties will be introduced. Finally, the potential applications using all
these biomaterials will be described.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Wood biology (Lecture, Exercises, Excursion) 2 WLH
2. Wood chemistry (Lecture, Exercises, Laboratory visits, Excursion) 2 WLH
Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Detailed knowledge and understanding of biological and chemical structure of majorly

wood and minorly fiber plants, the physical, biological and chemical modifications, as

well as biomaterials derived from wood regarding their chemical and physical properties.
Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. rer. nat. Kai Zhang

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Module B.MES.1113 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1113: Methods in systems biology
Learning outcome, core skills: Workload:

"Omics" techniques are the backbone of modern systems biology. This course

Attendance time:

comprises lectures and practicals in genomics, proteomics, transcriptomics and 56 h

statistical computing.

The students will learn the theory of these applications, and the functioning of the
required hard- and software. The students will obtain practical training in selected
methods. This involves lab work as well as computer applications. The learning outcome
will be that the students are to apply "omics" methods to questions in ecology and

systems biology.

Self-study time:
124 h

Courses:

1. Genomics (Lecture, Practicals) 1 WLH
2. Statistical computing and Transcriptomics (Lecture, Practicals) 2 WLH
3. Proteomics (Lecture, practicals) 1 WLH
Examination: Term paper (max. 20 pages) 6C

Examination requirements:

Detailed knowledge and understanding of methods to generate and analyse
experiments involving approaches of modern systems biology. This includes a detailed
understanding of basic statistical concepts to analyse "omics" data sets as well as skills
in laboratory analyses and application of software for proteomic and transcriptomic data

analysis.

Skills: knowledge how to analyse plant tissues by application of molecular and statistical

methods.

Admission requirements:

Successful examination in a minimum of 2 of the
following courses: B.MES.1101: Plant physiology,
B.MES.1103: Ecological genetics, B.MES.1106:
Microbiology and molecular biology, B.MES-
SK.1108: Computer science and mathematics.

Recommended previous knowledge:
none

Language:
English

Person responsible for module:
Prof. Dr. Andrea Polle

Course frequency:
each winter semester

Duration:
1 semester[s]

Number of repeat examinations permitted:
cf. examination regulations

Recommended semester:
3

Maximum number of students:
25
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Module B.MES.1114 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1114: Forest Pathology
Learning outcome, core skills: Workload:

Recognition of forest damages and choosing the right control method are the basic
skills of a forester. This course provides the student with an understanding of the most
important fungal diseases and how they are controlled in forest ecosystem. After this
course the student knows the most important abiotic environmental factors affecting
forest systems, recognize the most important fungal diseases and understands their
impact to forest trees, as well as understands the epidemiology of these diseases. The
student also understands other than pathogenic interactions between fungi and forest
trees. The course consists of lectures and lab practices.

Attendance time:
56 h

Self-study time:
124 h

Course: Basics of forest pathology (Lecture, Lab course) 4 WLH
Examination: Written examination (90 minutes) 6C
Examination prerequisites:
Term paper (max. 10 pages)
Examination requirements:
» Knowledge of the most important abiotic environmental factors affecting forest
systems
» recognize the most important fungal diseases
» can choose right control method
 understands how different damages affect to individual tree and to forest level
 understands the epidemiology of different fungal diseases
 understands other than pathogenic interactions between fungi and forest trees
 can isolate pathogen from wood material in the laboratory
* can use microscope to recognize root rot fungi
Admission requirements: Recommended previous knowledge:
none none
Language: Person responsible for module:
English Prof. Dr. Eeva Terhonen
Course frequency: Duration:
each winter semester 1 semester[s]
Number of repeat examinations permitted: Recommended semester:
cf. examination regulations 3
Maximum number of students:
25
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Module B.MES.1116 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1116: Conservation and ecosystem management
Learning outcome, core skills: Workload:

The course imparts knowledge about the sustainable management of forest ecosystems
and about nature conservation. Based on some fundamentals of forest ecology such as
the impact of competitive interactions between trees, options of stand management are
presented. Mixed stands and their management are of special importance. The course
will provide information on how to analyze forest stands and how to derive appropriate
silvicultural treatments in order to achieve the goals set by a given forest owner. The
nature conservation part will introduce priority goals of conservation biology, the major
threats to natural ecosystems and how they can be managed.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Forest ecosystem management (Lecture) 2 WLH
2. Nature conservation (Lecture) 2 WLH
Examination: Written exam (120 minutes) 6C
Examination requirements:

Competition in plant communities, plant — environment interactions, mixed stands,

principles of stand management, silvicultural systems, human land-use, climate change,
biodiversity, ecosystem functioning.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Dr. Peter Annighofer

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.1117 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1117: Ecological climatology
Learning outcome, core skills: Workload:

In this course students will gain insights in the main atmospheric characteristics and how
they influence ecosystem processes and fluxes between ecosystem compounds (e.g.
air, plants, soil). They will also learn how ecosystems feed back to the atmosphere at
local and global scale. This will form the basis for understanding the impact of climate
change on ecosystem functions and services. The lecture course will give an overview
on atmospheric variables such as radiation, humidity, temperature, and wind and their
interactions with terrestrial ecosystems. In the seminar/exercise class, the understanding
will be deepened by quantitative exercises. The students will be trained in quantitative
and qualitative scientific methods to describe climate-dependent physical, chemical and
biological processes in terrestrial ecosystems enabling them to understand and evaluate
the current discussion on climate change and its impact on terrestrial ecosystems.

Attendance time:

56 h
Self-study time:
124 h

Course: Ecological climatology (Lecture, Seminar, Exercise) 4 WLH
Examination: Written exam (120 minutes) 6C
Examination requirements:

Qualitative and quantitative description of radiation, humidity, temperature, wind, their
interactions with terrestrial ecosystems, carbon and water cycle, atmospheric chemistry,
climate change, climate modelling.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Alexander Knohl

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.1118 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1118: Resource assessment in ecosystems
Learning outcome, core skills: Workload:

The students will be trained

« to identify different types of resources in terrestrial ecosystems and forests in
particular,

» how to assess those resources (abundance, quality, etc.),

» and how to design and conduct a scientifically sound study that aims at assessing
an exemplary resource.

The students will acquire knowledge in the fields of:

» ecosystem assessment, resource identification
» sampling approaches and measurement techniques
« statistical analysis and scientific reporting of results

Attendance time:
56 h

Self-study time:
124 h

Course: Resource assessment in ecosystems (Lecture, Laboratory course) 4 WLH
Contents:

The lecture will introduce various types of resources and present differences in their

provision by different terrestrial ecosystems. During the lab course the students will plan,
conduct and evaluate the assessment of an exemplary resource in a nearby forest.
Examination: Written examination (120 minutes) 6C
Examination requirements:

Knowledge of resource types, definitions, basic statistics (mean, standard deviation,
variance, coefficient of variation), sampling designs, data quality control, factors that

need to be considered in study planning, basic principles of scientific reporting.

Admission requirements: Recommended previous knowledge:
B.MES-SK.1105, B.MES-SK.1108 none

Language: Person responsible for module:
English Dr. Dominik Seidel

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.1119 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1119: Ecological modelling
Learning outcome, core skills: Workload:

Comprehensive knowledge of ecological models, theories and concepts. Development
of interdisciplinary analytical thinking. Critical analysis and evaluation of the chances and
limitations of different modelling approaches.

Attendance time:
56 h

Self-study time:
124 h

Course: Ecological modelling (Lecture, Tutorial) 4 WLH
Contents:

Theoretical basics as well as classical and modern models of terrestrial ecology with

special consideration of models in microbial ecology. Application and analysis of classic

and modern ecological models and concepts.

Examination: Written examination (90 minutes) 6C
Examination requirements:

Comprehensive knowledge of ecological models, theories and concepts.

Interdisciplinary analytical thinking skills. Ability to critically analyze and evaluate the

chances and limitations of different modelling approaches.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Dr. Katrin Mareike Meyer

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.112 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.112: Environmentally friendly production of wood
Learning outcome, core skills: Workload:

Environmentally friendly use of timber, of wood for energy and wood products. Basics
and practice of wood protection and degradation by fungi. Knowledge of technological
relevant wood properties of important commercial timbers. Modification technology for
long-living major forest products (lumber, veneer, plywood, wood-based composites)
and their significance for forest utilization.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Wood biology (Lecture, exercises, laboratory visits, excursion) 2 WLH
Contents:

Classroom lectures with practical exercises, visits in labs and short presentations of the
students, one excursion to a wood processing company.

2. Wood-based-composites (Lecture, exercises, laboratory visits, excursion) 2 WLH
Contents:

Classroom lectures with practical exercises, visits in labs and short presentations of the
students, one excursion to a wood processing company.

Examination: Oral examination (approx. 20 minutes) 6C
Examination requirements:

Anatomy, wood physics, wood chemistry, wood properties, wood-based composites,
wood-plastic composites, wood modification, wood protection.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Prof. Dr. Holger Militz

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Module B.MES.1121 - Version 1

Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.1121: Global change
Learning outcome, core skills: Workload:
At the end of this course the students are expected to Attendance time:
* have insight in the major components of the earth system and how they are S6h _
connected, Self-study time:
» understand how environmental processes and biogeochemical cycles are 124h
regulated by biosphere-hydrosphere-atmosphere feedbacks and how they are
affected by global chance through natural and anthropogenic processes,
« are able to understand and evaluate simple biogeochemical models.
Course: Global change (Lecture, Modelling exercises, Seminar) 4 WLH

Examination: Presentation (approx. 30 minutes, 50%) and written report (max. 10 [6C
pages 50%)

Examination requirements:
Successful completion of assignments. After every lab students are given a mandatory
homework assignment (though not graded).

Admission requirements: Recommended previous knowledge:
none B.MES.1111, B.MES.1117

Language: Person responsible for module:
English Prof. Dr. Edzo Veldkamp

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 6

Maximum number of students:

25
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Module B.MES.113 - Version 3

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.113: Methods in systems biology
Learning outcome, core skills: Workload:

"Omics" techniques are the backbone of modern systems biology. This course
comprises lectures and practicals in genomics, proteomics, transcriptomics and
statistical computing.

The students will learn the theory of these applications, and the functioning of the
required hard- and software. The students will obtain practical training in selected
methods. This involves lab work as well as computer applications. The learning outcome
will be that the students are to apply "omics" methods to questions in ecology and
systems biology.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Genomics (Lecture, practicals) 1 WLH
2. Statistical computing and Transcriptomics (Lecture, practicals) 2 WLH
3. Proteomics (Lecture, practicals) 1 WLH
Examination: Term paper (20 pages max.) 6C
Examination requirements:

Detailed knowledge and understanding of methods to generate and analyse

experiments involving approaches of modern systems biology. This includes a detailed
understanding of basic statistical concepts to analyse “omics"” data sets as well as skills

in laboratory analyses and application of software for proteomic and transcriptomic data
analysis..

Skills: knowledge how to analyse plant tissues by application of molecular and statistical
methods.

Admission requirements: Recommended previous knowledge:

Admission requirements: Successful examination [none
in a minimum of 2 of the following courses:
B.MES.101: Molecular plant and stress physiology,
B.MES.103: Ecological genetics, B.MES.106:
Microbiology and molecular biology, B.MES.108:
Computer science and mathematics.

Language: Person responsible for module:
English Prof. Dr. Andrea Polle

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:
25
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Module B.MES.114 - Version 2

Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.114: Biodiversity of pro- and eukaryotic soil microbi-
al communities
Learning outcome, core skills: Workload:

Biodiversity, phylogenetics, morphology and functions of soil microbial communities
consisting of prokaryots (archea, bacteria) and eukaryots (algae and fungi); diversity of
prokaryotic microbial metabolism and environmental functions.

Knowledge of prokaryotic microorganisms and algae relevant for environmental
functions, ability to identify these organisms and to analyse them with molecular
methods; ability to identify major lineages of cyanobacteria and eukaryotic algae from
cultures by microscopy.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Biodiversity of pro- and eukaryotic soil microbial communities (Lecture) 2 WLH
2. Biodiversity of pro- and eukaryotic soil microbial communities (Laboratory 2 WLH
course)

Examination: Protocol (10 pages max.) 6C
Examination requirements:

Students prove their ability to perform specific microbiological molecular techniques
independently and their ability to record, interpret and present their experimental results

in written form.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Rolf Daniel

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 3

Maximum number of students:

25
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Module B.MES.116 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.116: Conservation and ecosystem management
Learning outcome, core skills: Workload:

The course imparts knowledge about the sustainable management of forest ecosystems
and about nature conservation. Based on some fundamentals of forest ecology such as
the impact of competitive interactions between trees, options of stand management are
presented. Mixed stands and their management are of special importance. The course
will provide information on how to analyze forest stands and how to derive appropriate
silvicultural treatments in order to achieve the goals set by a given forest owner. The
nature conservation part will introduce priority goals of conservation biology, the major
threats to natural ecosystems and how they can be managed.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Forest ecosystem management (Lecture) 2 WLH
2. Nature conservation (Lecture) 2 WLH
Examination: Written exam (120 minutes) 6C
Examination requirements:

Competition in plant communities, plant — environment interactions, mixed stands,

principles of stand management, silvicultural systems, human land-use, climate change,
biodiversity, ecosystem functioning.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Christian Ammer

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.117 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.117: Atmosphere-ecosystem interactions
Learning outcome, core skills: Workload:

In this course students will gain insights in the main atmospheric characteristics and how
they influence ecosystem processes and fluxes between ecosystem compounds (e.g.
air, plants, soil). They will also learn how ecosystems feed back to the atmosphere at
local and global scale. This will form the basis for understanding the impact of climate
change on ecosystem functions and services. The lecture course will give an overview
on atmospheric variables such as radiation, humidity, temperature, and wind and their
interactions with terrestrial ecosystems. In the seminar/exercise class, the understanding
will be deepened by quantitative exercises. The students will be trained in quantitative
and qualitative scientific methods to describe climate-dependent physical, chemical and
biological processes in terrestrial ecosystems enabling them to understand and evaluate
the current discussion on climate change and its impact on terrestrial ecosystems.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Atmosphere-ecosystem interactions (Lecture) 2 WLH
2. Atmosphere-ecosystem interactions (Seminar, exercise) 2 WLH
Examination: Written exam (120 minutes) 6C
Examination requirements:

Qualitative and quantitative description of radiation, humidity, temperature, wind, their
interactions with terrestrial ecosystems, carbon and water cycle, atmospheric chemistry,

climate change, climate modelling.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Alexander Knohl

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.118 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.118: Resource assessment in ecosystems
Learning outcome, core skills: Workload:

The students will be trained

* to analyse issues and problems of ecological monitoring, with a focus on terrestrial
ecosystems,

* to plan their own monitoring studies on statistically sound grounds balancing
scientific-technical ojectives and economic feasibility,

« to critically assess and understand monitoring studies carried out by other.

These learning outcomes imply acquiring / enchancing knowledge and skills in the
following fields:

» design-based statistical sampling, including estimation design,

« empirical statistical models,

 characteristics of a seriers of sampling designs and plot designs,
« the systematic planning process in monitoring studies.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Resource assessment in ecosystems (Lecture) 2 WLH
Contents:

The lectures comprise the theoretical foundations of monitoring and also the discussion
based analysis of cases.

2. Resource assessment in ecosystems (Laboratory course) 2 WLH
Contents:

The field labs are practical exercises in field data collection techniques and

measurement devices, the in-house labs are on data analysis and estimation.

Examination: Written exam (120 minutes) 6C
Examination requirements:

Basics of descriptive and inferential statistics (mean, variance, standard error,

confidence interval, bias, precision, random selection), relevant basic sampling design
options (simple random, stratified random, systematic, cluster

sampling), relevant response designs options (fixed area plots, variable plots, distance
techniques, point sampling, line sampling). Statistical estimation. Planning criteria for
assessments.

Admission requirements: Recommended previous knowledge:
B.MES-SK.115, B.MES.108 none

Language: Person responsible for module:
English Prof. Dr. Christoph Kleinn

Course frequency: Duration:

each winter semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5
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Module B.MES.118 - Version 2

Maximum number of students:
25
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Module B.MES.119 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.119: Isotopes in ecosystem sciences
Learning outcome, core skills: Workload:

The course provides a very broad background for isotope applications in ecosystem
compartments including soils, plants, atmosphere, and microorganisms. Overview

of various tracer methods and isotope applications will be presented. The specifics

of stable and radioactive isotopes for investigations of ecosystem processes from
submolecular to global scale will give deep background for future isotope applications in
Bachelor, Master and PhD theses.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Stable isotopes (Lecture, seminar with exercises) 2 WLH
2. Radioactive isotopes and labeling techniques (Lecture, seminar) 2 WLH
Examination: Written exam (90 minutes) 6C
Examination requirements:

Knowledge of specified teaching content, achievement of defined goals and proof of

target competence.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Yakov Kuzyakov

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.1201 - Version 1

Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.1201: Special topics in plant methods and ecological

applications |

Learning outcome, core skills: Workload:

This elective module consists of a seminar and advanced method courses. In the Attendance time:
seminar the students will be informed about recent development and new discoveries in |56 h

forest botany, plant — microbial interactions, biotechnology, plant molecular genetics and | Self-study time:
practical applications. In the advanced method courses student undertake internships 124 h

and/or field excursions to learn new methods and applications in plant physiology and
ecology. The students will take responsibility in the organization of their study program.

Courses:
1. Forest botany (Seminar) 2 WLH
2. Ecological applications / Field excursion (Lecture, practical) 2 WLH

Examination: Oral presentation (approx. 15 minutes) and written report (max. 10 |[6C
pages)

Examination requirements:
Discussion of scientific presentations, knowledge in recent problems in Forest Botany,
application of advanced scientific methods to selected problems in plant science.

Skills: knowledge in critical text analyses and presentation skills, knowledge in data base
research, practical skills in handling modern equipment for plant analyses.

Admission requirements: Recommended previous knowledge:
none In-depth knowledge in biology is required
Language: Person responsible for module:
English Prof. Dr. Andrea Polle

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

10
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Module B.MES.1202 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1202: Special topics in plant methods and ecological
applications Il
Learning outcome, core skills: Workload:

This elective module consists of a seminar and an advanced method course. The
seminar will be conducted as a journal club. The students will get lists of papers which
they have to read and present during the semester. The topics will be chosen from
recent literature. The goal is to become involved in research and to learn to understand
how to structure research and to publish. In the advanced method courses, lectures
and specialized techniques will be taught and practiced. The students will organize the
journal club.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Advanced plant biochemistry and genetics / Journal club (Seminar) 2 WLH
2. Advanced methods (Lecture, practical) 2 WLH
Examination: Oral presentation (approx. 15 minutes) and written report (10 pages |6 C
max.)

Examination requirements:

Reading and analyzing scientific publications, in-depth understanding of scientific

working methods in plant ecology and molecular biology.

Skills: knowledge in critical text analyses and presentation skills, knowledge in research
methods.

Admission requirements: Recommended previous knowledge:
none In-depth knowledge in biology is required
Language: Person responsible for module:

English Prof. Dr. Andrea Polle

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:
10
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Module B.MES.1203 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1203: Semiochemical diversity
Learning outcome, core skills: Workload:

Students will learn to investigate the dynamics of semiochemical diversity in different
types of ecosystems. This involves field sampling of important plants and animals,
volatile extraction from different tissues, laboratory analyses of various types of volatile
markers, data analyses and interpretation. Students will learn practical steps to assess
semiochemical diversity, and will be able to evaluate the use of chemo-ecological
methods for applications in plant protection, nature conservation, and ecosystem
management.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Semiochemical diversity (Lecture) 1 WLH
2. Methods to study semiochemical diversity and biodiversity (Workshop, 3 WLH
laboratory course)

Examination: Term paper (20 pages max.) 6C
Examination requirements:

Classification of semiochemicals, measures of chemical and biological diversity,

analytical and determination methods, key species, key volatiles, key processes,
semiochemicals in practical application.

Admission requirements: Recommended previous knowledge:
B.MES.1102 none

Language: Person responsible for module:

English Prof. Dr. Stefan Schitz

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Module B.MES.1204 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1204: Protection of renewable resources
Learning outcome, core skills: Workload:

The use of chemical methods is commonplace in protection measures at various
levels of biological organization in forest protection, plant protection and stored product
protection. Students will learn the results of chemo-ecological approaches in integrated
pest management based on selected projects and recent literature. Students will be
able to critically evaluate benefits and limitations of chemo-ecological approaches in a
production and conservation context. Examples will be taken from different geographic
and climatic regions.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Protection of renewable resources based on chemical and chemo-ecological 1 WLH
methods (Lecture)

2. Assessment of protection measures for renewable resources (Seminar, 3 WLH
Workshop)

Examination: Oral presentation (approx. 15 minutes) with written outline (max.5 |6C
pages)

Examination requirements:

Application of semiochemicals in different ecosystems, quality control, toxicology,

integrated pest management, production of renewable resources, nature protection.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Stefan Schiitz

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Module B.MES.1205 - Version 1

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.1205: Isotopes in ecosystem sciences
Learning outcome, core skills: Workload:

The course provides a very broad background for isotope applications in ecosystem
compartments including soils, plants, atmosphere, and microorganisms. Overview

of various tracer methods and isotope applications will be presented. The specifics

of stable and radioactive isotopes for investigations of ecosystem processes from
submolecular to global scale will give deep background for future isotope applications in
Bachelor, Master and PhD theses.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Stable isotopes (Lecture, seminar with exercises) 2 WLH
2. Radioactive isotopes and labeling techniques (Lecture, seminar) 2 WLH
Examination: Written examination (90 minutes) 6C
Examination requirements:

Knowledge of specified teaching content, achievement of defined goals and proof of

target competence.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Dr. Jens Dyckmans

Course frequency: Duration:

each winter semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 5

Maximum number of students:

25
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Module B.MES.1206 - Version 1

Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.1206: Intraspecific diversity of plants

Learning outcome, core skills: Workload:
Students will learn to investigate the dynamics of intraspecific diversity in different Attendance time:
types of ecosystems. This involves field sampling of important plants, DNA extraction 56 h

from different tissues, laboratory analyses with various types of molecular markers, Self-study time:

data analyses and interpretation. Students will learn practical steps to assess genetic 124 h
diversity, and will be able to evaluate the use of DNA-based methods for applications in
breeding, conservation, and ecosystem management.

Courses:

1. Intraspecific diversity of plants (Lecture) 1 WLH
2. DNA based methods to study biodiversity (Workshops, laboratory exercise) 3 WLH
Examination: Term paper (20 pages max.) 6C

Examination requirements:

DNA markers and techniques, estimation of intraspecific diversity in different types of
ecosystems, methods used for experimental sampling, DNA extraction from different
tissues, laboratory techniques, data analyses and interpretation and application of
results.

Admission requirements: Recommended previous knowledge:
B.MES.1103, B.MES.1104 none

Language: Person responsible for module:
English Prof. Dr. Konstantin V. Krutovsky
Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.121: Global change
Learning outcome, core skills: Workload:
At the end of this course the students are expected to Attendance time:
* have insight in the major components of the earth system and how they are S6h _
connected, Self-study time:
» understand how environmental processes and biogeochemical cycles are 124h
regulated by biosphere-hydrosphere-atmosphere feedbacks and how they are
affected by global chance through natural and anthropogenic processes,
« are able to understand and evaluate simple biogeochemical models.
Courses:
1. Global change (Lecture) 2 WLH
2. Global change (Modelling exercises, seminar) 2 WLH

Examination: Presentation (approx. 30 minutes, 50%) and written report (10 pages |6 C
max., 50%)

Examination prerequisites:

Successful completion of exercises and seminar

Examination requirements:
Successful completion of assignments. After every lab students are given a mandatory
homework assignment (though not graded).

Admission requirements: Recommended previous knowledge:
none B.MES.111, B.MES.117

Language: Person responsible for module:
English Prof. Dr. Edzo Veldkamp

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 6

Maximum number of students:

25
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This lecture and laboratory course aims to integrate the basic knowledge on soil
microbiology in ecological studies. The course is focused on the importance of active
microorganisms and their diversity of species/genetic lineages as biogeochemical driver
of soil processes linking microbial growth, enzymes kinetics and the stoichiometry with
the modern molecular and isotopic approaches. Experiments will demonstrate how the
hotspots of microbial activity (rhizosphere, detritusphere, biopores) can be revealed and
visualized in situ in soil.

» Goup 1: The microbial activity state is characterized by the values of eco-
physiological indicators based on respiration, molecular biomarkers and viable cell
compartments (ATP, PLFA, RNA). The Laboratory training links visualization of
plant-microbial interactions by novel zymography approach (based on fluorogenic
substrates) with enzyme kinetics and microbial growth parameters determined in
the rhizosphere hotspots under impact of environmental stressors.

» Group 2: Students will become familiar with molecular technologies used for
analyzing the structure and function of decomposer systems, such as quantitative
real time PCR, tagging of organisms by fluorescent markers compound specific
stable isotope lipid analysis and molecular gut content analysis.

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.122: Molecular soil ecology
Learning outcome, core skills: Workload:

Attendance time:
56 h

Self-study time:
124 h

Courses:
1. Molecular soil ecology (Lecture and Seminar) 2 WLH
2. Molecular soil ecology (Laboratory course and Seminar) 2 WLH
Examination: Oral presentation (approx. 15 minutes) with written outline (10 pages |6 C
max.)
Examination requirements:
Knowledge on:

 Plant-microbial and microbial interactions in soil

« Functional diversity and genetic diversity of soil microbial communities

» Techniques to analyze soil-micro-foodwebs, such as zymography, application of

fluorogenic substrates, enzymes kinetics, microbial growth, stable isotopes and
lipid analysis

* Response of soil microorganisms to environmental stressors
Admission requirements: Recommended previous knowledge:
none none
Language: Person responsible for module:
English Prof. Dr. Stefan Scheu
Course frequency: Duration:
each summer semester 1 semester[s]
Number of repeat examinations permitted: Recommended semester:
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cf. examination regulations 6

Maximum number of students:
25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.123: Project (research participation)
Learning outcome, core skills: Workload:

This course is a final step linking the data-set obtained and statistically treated by the
students in practical trainings (B.MES. 105; 111; 113; B.MES-SK-115; 122) to the
ongoing research projects. Introduction of structure, research strategy and outcome

of the projects, from which the students have got the samples for practical training

in previous semesters. Students compare their own results to the projects outcome.
Course gives an advanced knowledge and application skills on the methods learnt within
MES program (B.MES. 105; 111; 113; 115; 119; 122). Lecture course on Project design
comprises all necessary steps to develop a scientific project: literature acquisition,
research idea, scientific hypotheses, research strategy, design of the experiments (sites
selection, sampling procedure, selection of methods), expected outcome and knowledge
dissemination, time-table. Students develop and present their own projects for Bachelor
study. This course is also aimed to help the students in preparation of their Bachelor
study using as practical examples on-going projects of the department of “Soil Science
of Temperate Ecosystems”.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Project design (Lectures and Seminar) 2 WLH
Contents:

Lecture course on Project design. Seminar on the own contribution to research.

2. Project (research participation) 2 WLH
Contents:

Laboratory courses work and/or active participation in ongoing research projects of

lectures involved in the program.

Examination: Oral presentation (approx. 15 minutes) with written outline (10 pages |6 C
max.)

Examination requirements:

Scientific hypotheses, experimental design, laboratory techniques, analysis

interpretation and scientific presentation of research results.

Admission requirements: Recommended previous knowledge:
At least 120 credits earned none

Language: Person responsible for module:
English PD Dr. Evgenia Blagodatskaya
Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 6

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.301: Special topics in plant methods and ecological

applications |

Learning outcome, core skills: Workload:

This elective module consists of a seminar and advanced method courses. In the Attendance time:
seminar the students will be informed about recent development and new discoveries in |56 h

forest botany, plant — microbial interactions, biotechnology, plant molecular genetics and | Self-study time:
practical applications. In the advanced method courses student undertake internships 124 h

and/or field excursions to learn new methods and applications in plant physiology and
ecology. The students will take responsibility in the organization of their study program.

Courses:
1. Forest botany (Seminar) 2 WLH
2. Ecological applications / Field excursion (Lecture, practical) 2 WLH

Examination: Oral presentation (aaprox. 15 minutes) and written report (10 pages |6 C
max.)

Examination requirements:
Discussion of scientific presentations, knowledge in recent problems in Forest Botany,
application of advanced scientific methods to selected problems in plant science.

Skills: knowledge in critical text analyses and presentation skills, knowledge in data base
research, practical skills in handling modern equipment for plant analyses.

Admission requirements: Recommended previous knowledge:
none In-depth knowledge in biology is required
Language: Person responsible for module:
English Prof. Dr. Andrea Polle

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

10
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.302: Special topics in plant methods and ecological
applications Il
Learning outcome, core skills: Workload:

This elective module consists of a seminar and an advanced method course. The
seminar will be conducted as a journal club. The students will get lists of papers which
they have to read and present during the semester. The topics will be chosen from
recent literature. The goal is to become involved in research and to learn to understand
how to structure research and to publish. In the advanced method courses, lectures
and specialized techniques will be taught and practiced. The students will organize the
journal club.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Advanced plant biochemistry and genetics / Journal club (Seminar) 2 WLH
2. Advanced methods (Lecture, practical) 2 WLH
Examination: Oral presentation (approx. 15 minutes) and written report (10 pages |6 C
max.)

Examination requirements:

Reading and analyzing scientific publications, in-depth understanding of scientific

working methods in plant ecology and molecular biology.

Skills: knowledge in critical text analyses and presentation skills, knowledge in research
methods.

Admission requirements: Recommended previous knowledge:
none In-depth knowledge in biology is required
Language: Person responsible for module:

English Prof. Dr. Andrea Polle

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:
10
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.303: Semiochemical diversity
Learning outcome, core skills: Workload:

Students will learn to investigate the dynamics of semiochemical diversity in different
types of ecosystems. This involves field sampling of important plants and animals,
volatile extraction from different tissues, laboratory analyses of various types of volatile
markers, data analyses and interpretation. Students will learn practical steps to assess
semiochemical diversity, and will be able to evaluate the use of chemo-ecological
methods for applications in plant protection, nature conservation, and ecosystem
management.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Semiochemical diversity (Lecture) 1 WLH
2. Methods to study semiochemical diversity and biodiversity (Workshop, 3 WLH
laboratory course)

Examination: Term paper (20 pages max.) 6C
Examination requirements:

Classification of semiochemicals, measures of chemical and biological diversity,

analytical and determination methods, key species, key volatiles, key processes,
semiochemicals in practical application.

Admission requirements: Recommended previous knowledge:
B.MES.102 none

Language: Person responsible for module:

English Prof. Dr. Stefan Schitz

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.304: Protection of renewable resources
Learning outcome, core skills: Workload:

The use of chemical methods is commonplace in protection measures at various
levels of biological organization in forest protection, plant protection and stored product
protection. Students will learn the results of chemo-ecological approaches in integrated
pest management based on selected projects and recent literature. Students will be
able to critically evaluate benefits and limitations of chemo-ecological approaches in a
production and conservation context. Examples will be taken from different geographic
and climatic regions.

Attendance time:
56 h

Self-study time:
124 h

Courses:

1. Protection of renewable resources based on chemical and chemo-ecological 1 WLH
methods (Lecture)

2. Assessment of protection measures for renewable resources (Seminar, 3 WLH
workshop)

Examination: Oral presentation (approx. 15 minutes) with written outline (5 pages |6 C
max.)

Examination requirements:

Application of semiochemicals in different ecosystems, quality control, toxicology,

integrated pest management, production of renewable resources, nature protection.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English Prof. Dr. Stefan Schiitz

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.MES.305: Conservation of biodiversity
Learning outcome, core skills: Workload:

The use of molecular methods is commonplace in conservation at various levels of
biological organization from genes to ecosystems. Students will examin the results
of molecular approaches in biodiversity conservation based on selected projects and
recent literature. Students will be able to critically evaluate benefits and limitations

of molecular studies in a conservation context. Examples will be taken from different
geographic and climatic regions.

Attendance time:

56 h
Self-study time:
124 h

Courses:

1. Conservation of biodiversity based on molecular tools (Lecture) 1 WLH
2. Assessment of molecular diversity for conservation (Seminar, Workshop) 3 WLH
Examination: Oral presentation (approx. 15 minutes) with written outline (5 pages |6 C
max.)

Examination requirements:

Effective comprehension of scientific literature with regard to conservation of

biodiversity, different methods used for conservation of biodiversity and their specific
applications, critical evaluation of molecular studies in a conservation context.

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:

English N. N.

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Georg-August-Universitat Gottingen 6C
4 WLH
Module B.MES.306: Intraspecific diversity of plants

Learning outcome, core skills: Workload:
Students will learn to investigate the dynamics of intraspecific diversity in different Attendance time:
types of ecosystems. This involves field sampling of important plants, DNA extraction 56 h

from different tissues, laboratory analyses with various types of molecular markers, Self-study time:

data analyses and interpretation. Students will learn practical steps to assess genetic 124 h
diversity, and will be able to evaluate the use of DNA-based methods for applications in
breeding, conservation, and ecosystem management.

Courses:

1. Intraspecific diversity of plants (Lecture) 1 WLH
2. DNA based methods to study biodiversity (Workshops, laboratory exercise) 3 WLH
Examination: Term paper (20 pages max.) 6C

Examination requirements:

DNA markers and techniques, estimation of intraspecific diversity in different types of
ecosystems, methods used for experimental sampling, DNA extraction from different
tissues, laboratory techniques, data analyses and interpretation and application of
results.

Admission requirements: Recommended previous knowledge:
B.MES.103, B.MES.104 none

Language: Person responsible for module:
English N. N.

Course frequency: Duration:

each summer semester 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

cf. examination regulations 4

Maximum number of students:

25
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Georg-August-Universitat Gottingen 3 C (incl. key
o ) ) comp.: 3 C)

Module B.Mat.0922: Mathematics information services and electro- |2 WLH

nic publishing

Learning outcome, core skills: Workload:

Learning outcome:

After having successfully completed the module, students are familiar with the basics of
mathematics information services and electronic publishing. They

» work with popular information services in mathematics and with conventional, non-
electronic as well as electronic media;

» know a broad spectrum of mathematical information sources including
classification principles and the role of meta data;

+ are familiar with current development in the area of electronic publishing in the
subject mathematics.

Core sKkills:

After successfull completion of the module students have acquired subject-specific
information competencies. They

+ have suitable research skills;
« are familiar with different information and specific publication services.

Attendance time:
28 h

Self-study time:
62 h

Course: Lecture course (Lecture)
Contents:
Lecture course with project report

Examination: Written examination (90 minutes), not graded 3C
Examination prerequisites:

Regular participation in the course

Examination requirements:

Application of the acquired skills in individual projects in the area of mathematical

information services and electronic publishing

Admission requirements: Recommended previous knowledge:
none none

Language: Person responsible for module:
English Programme coordinator

Course frequency: Duration:

each summer semester 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

twice Bachelor: 1 - 6; Master: 1 - 4; Promotion: 1 - 6
Maximum number of students:

not limited

Additional notes and regulations:
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Instructors: Lecturers at the Mathematical Institute
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Module B.Mat.3043 - Version 2

Georg-August-Universitat Gottingen 6C

4 WLH
Module B.Mat.3043: Non-life insurance mathematics
Learning outcome, core skills: Workload:

Non-life insurance mathematics deals with models and methods of quantifying risks with
both, the occurrence of the loss and its amount showing random patterns. In particular
the following problems are to be solved:

» determing appropriate insurance premiums,

« calculate adequate loss reserves,

» determine how to allocate risk between policyholder and insurer resp. insurer and
reinsurers.

The German Actuarial Association (Deutsche Aktuarvereinigung e. V.) has certified this
module as element of the training as an actuary (,Aktuar DAV* / ,Aktuarin DAV*, cf.
www.aktuar.de). To this end, the course is designed in view of current legislative and
regulatory provisions of the Federal Republic of Germany.

Learning Outcomes
The aim of the module is to equip students with knowledge in four areas:

1. risk models,
2. pricing,

3. reserving,
4. risk sharing.

After completion of the module students are familiar with fundamental terms and
methods of non-life insurance mathematics. They

« are familiar with and able to handle essential definitions and terms within non-life
insurance mathematics;

« have an overview of the most valuables problem statements of non-life insurance;

 understand central aspects of risk theory;

» know substantial pricing and reserving methods,

 estimate ruin probabilities;

* are acquainted with the most important reinsurance forms and reinsurance pricing
methods.

Competencies

After successful completion of the module students have acquired fundamental
competencies within non-life insurance. They are able to

 evaluate and quantify fundamental risks,

» model the aggregate loss with individual or collective model,

» apply a basic reserve of solving approaches,

» analyse and develop pricing models which mathematically are state of the art,
 apply different reserving methods and calculate outstanding losses,

 assess reinsurance contracts.

Attendance time:
56 h

Self-study time:
124 h

Course: Lecture course with problem session

4 WLH
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Examination: Written examination (120 minutes)

6C

Examination requirements:
Basic knowledge of non-life insurance mathematics

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 4 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Lecturers of the Institute of Mathematical Stochastics
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Georg-August-Universitat Gottingen 6C

4 WLH
Module B.Mat.3044: Life insurance mathematics
Learning outcome, core skills: Workload:

This module deals with the basics of the different branches in life insurance
mathematics.In particular, the students get to know both the classical deterministic
model and the stochastic model as well as how to apply them to problems relevant in
the respective branch. On this base the students describe essential notions of present
values, premiums and their present values as well as the actuarial reserve.

The German Actuarial Association (Deutsche Aktuarvereinigung e. V.) has certified this
module as element of the training as an actuary (,Aktuar DAV* / ,Aktuarin DAV*, cf.
www.aktuar.de). To this end, the course is designed in view of current legislative and
regulatory provisions of the Federal Republic of Germany.

Learning outcomes:
After successfully completing this module students are familiar with fundamental terms
and methods of life insurance mathematics. In particular they

 assess cashflows within financial and insurance mathematics,

» apply methods of life insurance mathematics to problems from theory and practise.

 characterise financial secutiries and insurance contracts in terms of cashflows,

» have an overview of the most valuables problem statements of life insurance,

» understand the stochastic interest structure,

» master fundamental terms and notions of life insurance mathematics,

» get an overwiew of most important problems in life insurance mathematics,

» understand mortality tables and leaving orders within pension insurance,

» know substantial pricing and reserving methods,

» know the economic and legal requirements of private health insurance in Germany,

 are acquainted with per-head loss statistics, present value factor calculation and
biometric accounting priciples.

Competencies:
A student who completes this module successfully should have acquired fundamental
competencies within life insurance. The student should be able to

 assess cashflows with respect to both collateral and risk under deterministic
interest structure,

« calculating premiums and provisions in life -, health- and pension-insurance,

 understand the actuarial equivalence principle as base of actuarial valuation in life
insurance,

 apply and understand the actuarial equivalence principle for calculating premiums,
actuarial reserves and ageing provisions,

« calculate profit participation in life insurance,

* master premium calculation in health-insurance,

« calculate present value and settlement value of pension obligations,

« find mathematical solutions to practical questions in life, health and pension
insurance.

Attendance time:

56 h
Self-study time:
124 h
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Course: Lecture course with problem session

4 WLH

Examination: Written examination (120 minutes)

6C

Examination requirements:
Basic knowledge of life insurance mathematics

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 4 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Lecturers of the Institute of Mathematical Stochastics
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Georg-August-Universitat Gottingen 9C

6 WLH
Module B.Mat.3111: Introduction to analytic number theory
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Analytic number theory" enables
students to learn methods, concepts, theories and applications in the area of "Analytic

number theory". During the course of the cycle students will be successively introduced

to current research topics and able to carry out independent contributions to research

(e. g. within the scope of a Master's thesis). Depending on the current course offer the

following content-related competencies may be pursued. Students

* solve arithmetical problems with basic, complex-analytical, and Fourier-analytical

methods;

» know characteristics of the Riemann zeta function and more general L-functions,
and apply them to problems of number theory;

+ are familiar with results and methods of prime number theory;

» acquire knowledge in arithmetical and analytical theory of automorphic forms, and

its application in number theory;

» know basic sieving methods and apply them to the problems of number theory;

» know techniques used to estimate the sum of the sum of characters and of
exponentials;

 analyse the distribution of rational points on suitable algebraic varieties using
analytical techniques;

* master computation with asymptotic formulas, asymptotic analysis, and asymptotic

equipartition in number theory.
Core skills:
After having successfully completed the module, students will be able to

» discuss basic concepts of the area "Analytical number theory";
 explain basic ideas of proof in the area "Analytical number theory";
« illustrate typical applications in the area "Analytical number theory".

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3111.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

Examination requirements:
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Proof of knowledge and mastery of basic competencies in the area "Analytic number

theory"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Georg-August-Universitat Gottingen 9C
6 WLH
Module B.Mat.3112: Introduction to analysis of partial differential

eguations

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Analysis of partial differential
equations” enables students to learn methods, concepts, theories and applications

in the area "Analysis of partial differential equations”. During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a Master's thesis).
Depending on the current course offer the following content-related competencies may
be pursued. Students

« are familiar with the most important types of partial differential equations and know
their solutions;

» master the Fourier transform and other techniques of the harmonic analysis to
analyse partial differential equations;

« are familiar with the theory of generalized functions and the theory of function
spaces and use these for solving differential partial equations;

« apply the basic principles of functional analysis to the solution of partial different
equations;

« use different theorems of function theory for solving partial different equations;

» master different asymptotic techniques to study characteristics of the solutions of
partial different equations;

« are paradigmatically familiar with broader application areas of linear theory of
partial different equations;

« are paradigmatically familiar with broader application areas of non-linear theory of
partial different equations;

» know the importance of partial different equations in the modelling in natural and
engineering sciences;

» master some advanced application areas like parts of microlocal analysis or parts
of algebraic analysis.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Analysis of partial different equations”;
» explain basic ideas of proof in the area "Analysis of partial different equations”;
« illustrate typical applications in the area "Analysis of partial different equations”.

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH
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Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3112.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Analysis of partial

differential equations”

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Georg-August-Universitat Gottingen 9C
6 WLH
Module B.Mat.3113: Introduction to differential geometry
Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
The successful completion of modules of the cycle "Differential geometry" enables 84h _
students to learn methods, concepts, theories and applications in the area "Differential Self-study time:
geometry". During the course of the cycle students will be successively introduced to 186 h
current research topics and able to carry out independent contributions to research
(e. g. within the scope of a Master's thesis). Depending on the current course offer the
following content-related competencies may be pursued. Students
* master the basic concepts of differential geometry;
» develop a spatial sense using the examples of curves, areas and hypersurfaces;
» develop an understanding of the basic concepts of differential geometry like
"space" and "manifolds", "symmetry" and "Lie group", "local structures" and
"curvature”, "global structure” and "invariants" as well as "integrability";
» master (variably weighted and sorted depending on the current courses offered)
the theory of transformation groups and symmetries as well as the analysis on
manifolds, the theory of manifolds with geometric structures, complex differential
geometry, gauge field theory and their applications as well as the elliptical
differential equations of geometry and gauge field theory;
» develop an understanding for geometrical constructs, spatial patterns and the
interaction of algebraic, geometrical, analytical and topological methods;
 acquire the skill to apply methods of analysis, algebra and topology for the
treatment of geometrical problems;
 are able to import geometrical problems to a broader mathematical and physical
context.
Core skills:
After having successfully completed the module, students will be able to
« discuss basic concepts of the area "Differential geometry";
» explain basic ideas of proof in the area "Differential geometry";
« illustrate typical applications in the area "Differential geometry".
Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)
Examination prerequisites:
B.Mat.3113.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
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Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Differential

geometry"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Georg-August-Universitat Gottingen 9C

6 WLH
Module B.Mat.3114: Introduction to algebraic topology
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Algebraic topology" students get to know the most important
classes of topological spaces as well as algebraic and analytical tools for studying these
spaces and the mappings between them. The students use these tools in geometry,
mathematical physics, algebra and group theory. They are introduced to current
research questions and enabled to carry out independent contributions to research, e. g.
within the scope of a Master's thesis.

Algebraic topology uses concepts and tools of algebra, geometry and analysis and
can be applied to these areas. In the course offer several aspects are considered at
a time and a cycle will only cover some of the learning objectives mentioned below.
The introduction to the cycle and the specialisation in the cycle will normally cover
different aspects of algebraic topology and supplement one another complementarily.
The following content-related competencies are pursued. Students

» know the basic concepts of set-theoretic topology and continuous mappings;

 construct new topologies from given topologies;

» know special classes of topological spaces and their special characteristics like
CW complexes, simplicial complexes and manifolds;

« apply basic concepts of category theory to topological spaces;

 use concepts of functors to obtain algebraic invariants of topological spaces and
mappings;

» know the fundamental group and the covering theory as well as the basic methods
for the computation of fundamental groups and mappings between them;

« know homology and cohomology, calculate those for important examples and
with the aid of these deduce non-existence of mappings as well as fixed-point
theorems;

« calculate homology and cohomology with the aid of chain complexes;

» deduce algebraic characteristics of homology and cohomology with the aid of
homological algebra;

* become acquainted with connections between analysis and topology;

 apply algebraic structures to deduce special global characteristics of the
cohomology of a local structure of manifolds.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Algebraic topology";
 explain basic ideas of proof in the area "Algebraic topology";
« illustrate typical applications in the area "Algebraic topology".

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

4 WLH
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2. Exercise session (Exercise)

2 WLH

Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3114.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Algebraic topology"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Georg-August-Universitat Gottingen

Module B.Mat.3115: Introduction to mathematical methods in phy-
sics

9C
6 WLH

Learning outcome, core skills:
Learning outcome:

In the modules of the cycle "Mathematical methods of physics" students get to know
different mathematical methods and techniques that play a role in modern physics. They
are introduced to current research questions and enabled to carry out independent
contributions to research, e. g. within the scope of a Master's thesis.

The topics of the cycle can be divided into four blocks, a cycle normally contains parts
of different blocks, that topically supplement each other, but can also be read within one
block. The introducing parts of the cycle form the basis for the advanced specialisation
area. The topic blocks are

» harmonic analysis, algebraic structures and representation theory, (group) effects;

» operator algebra, C* algebra and von-Neumann algebra;

 operator theory, perturbation and scattering theory, special PDE, microlocal
analysis, distributions;

» (semi) Riemannian geometry, symplectic and Poisson geometry, quantization.

One of the aims is that a connection to physical problems is visible, at least in the
motivation of the covered topics. Preferably, in the advanced part of the cycle, the
students should know and be able to carry out practical applications themselves.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Mathematical methods of physics";
 explain basic ideas of proof in the area "Mathematical methods of physics";
« illustrate typical applications in the area "Mathematical methods of physics".

Workload:

Attendance time:

84 h

Self-study time:

186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH

Examination: Written or oral exam, written examination (120 minutes) or oral
examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3115.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

9C

Examination requirements:
Proof of knowledge and mastery of basic competencies in the area "Mathematical
methods in physics"

Admission requirements: Recommended previous knowledge:
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none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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6 WLH
Module B.Mat.3121: Introduction to algebraic geometry
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Algebraic geometry" students get to know the most
important classes of algebraic varieties and schemes as well as the tools for studying
these objects and the mappings between them. The students apply these skills to
problems of arithmetic or complex analysis. They are introduced to current research
questions and enabled to carry out independent contributions to research, e. g. within
the scope of a Master's thesis.

Algebraic geometry uses and connects concepts of algebra and geometry and can be

used versatilely. In the course offer several aspects are considered at a time and a cycle
will only cover some of the learning objectives mentioned below. The introduction to the
cycle and the specialisation in the cycle will normally cover different aspects of algebraic

geometry and supplement one another complementarily. The following content-related
competencies are pursued. Students

« are familiar with commutative algebra, also in greater detail;

» know the concepts of algebraic geometry, especially varieties, schemes, sheafs,
bundles;

» examine important examples like elliptic curves, Abelian varieties or algebraic
groups;

« use divisors for classification questions;

« study algebraic curves;

 prove the Riemann-Roch theorem and apply it;

 use cohomological concepts and know the basics of Hodge theory;

» apply methods of algebraic geometry to arithmetical questions and obtain e. g.
finiteness principles for rational points;

« classify singularities and know the significant aspects of the dimension theory of
commutative algebra and algebraic geometry;

 get to know connections to complex analysis and to complex geometry.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Algebraic geometry";
 explain basic ideas of proof in the area "Algebraic geometry";
« illustrate typical applications in the area "Algebraic geometry".

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
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Examination prerequisites:

twice, of solutions in the exercise sessions

B.Mat.3121.Ue: Achievement of at least 50% of the exercise points and presentation,

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Algebraic geometry"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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6 WLH
Module B.Mat.3122: Introduction to algebraic number theory
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Algebraic number theory" enables
students to learn methods, concepts, theories and applications in the areas "Algebraic
number theory" and "Algorithmic number theory". During the course of the cycle
students will be successively introduced to current theoretical and/or applied research
topics and able to carry out independent contributions to research (e. g. within the scope
of a Master's thesis). Depending on the current course offer the following content-related
competencies may be pursued in relation to algebra. Students

» know Noetherian and Dedekind rings and the class groups;

« are familiar with discriminants, differents and bifurcation theory of Hilbert;

» know geometrical number theory with applications to the unit theorem and the
finiteness of class groups as well as the algorithmic aspects of lattice theory (LLL);

« are familiar with L-series and zeta functions and discuss the algebraic meaning of
their residues;

» know densities, the Tchebotarew theorem and applications;

» work with orders, S-integers and S-units;

» know the class field theory of Hilbert, Takagi and Idele theoretical field theory;

« are familiar with Zp-extensions and their Iwasawa theory;

« discuss the most important hypotheses of lwasawa theory and their
consequences.

Concerning algorithmic aspects of number theory, the following competencies are
pursued. Students

» work with algorithms for the identification of short lattice bases, nearest points in
lattices and the shortest vectors;

« are familiar with basic algorithms of number theory in long arithmetic like GCD, fast
number and polynomial arithmetic, interpolation and evaluation and prime number
tests;

* use the sieving method for factorisation and calculation of discrete logarithms in
finite fields of great characteristics;

« discuss algorithms for the calculation of the zeta function of elliptic curves and
Abelian varieties of finite fields;

« calculate class groups and fundamental units;

» calculate Galois groups of absolute humber fields.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Algebraic number theory";
 explain basic ideas of proof in the area "Algebraic number theory";
« illustrate typical applications in the area "Algebraic number theory".

Attendance time:
84 h

Self-study time:
186 h
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3122.Ue:Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Algebraic number

theory"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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6 WLH
Module B.Mat.3123: Introduction to algebraic structures

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

In the modules of the cycle "Algebraic structures" students get to know different
algebraic structures, amongst others Lie algebras, Lie groups, analytical groups,
associative algebras as well as the tools from algebra, geometry and category theory
that are necessary for their study and applications. They are introduced to current
research questions and enabled to carry out independent contributions to research, e. g.
within the scope of a Master's thesis.

Algebraic structures use concepts and tools of algebra, geometry and analysis and
can be applied to these areas. In the course offer several aspects are considered at a
time and a cycle will only cover some of the learning objectives mentioned below. The
introduction to the cycle and the specialisation in the cycle will normally cover different
aspects of algebraic structures and supplement one another complementarily. The
following content-related competencies are pursued. Students

» know basic concepts like rings, modules, algebras and Lie algebras;

» know important examples of Lie algebras and algebras;

» know special classes of Lie groups and their special characteristics;

» know classification theorems for finite-dimensional algebras;

 apply basic concepts of category theory to algebras and modules;

» know group actions and their basic classifications;

» apply the enveloping algebra of Lie algebras;

« apply ring and module theory to basic constructs of algebraic geometry;

» use combinatorial tools for the study of associative algebras and Lie algebras;

» acquire solid knowledge of the representation theory of Lie algebras, finite groups
and compact Lie groups as well as the representation theory of semisimple Lie
groups;

» know Hopf algebras as well as their deformation and representation theory.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Algebraic structures"”;
» explain basic ideas of proof in the area "Algebraic structures";
« illustrate typical applications in the area "Algebraic structures”.

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH

Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)
Examination prerequisites:
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B.Mat.3123.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Algebraic

structures”

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3124: Introduction to groups, geometry and dynamical
systems
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Groups, geometry and dynamical systems" students get to
know the most important classes of groups as well as the algebraic, geometrical and
analytical tools that are necessary for their study and applications. They are introduced
to current research questions and enabled to carry out independent contributions to
research, e. g. within the scope of a Master's thesis.

Group theory uses concepts and tools of algebra, geometry and analysis and can be
applied to these areas. In the course offer several aspects are considered at a time
and a cycle will only cover some of the learning objectives mentioned below. The
introduction to the cycle and the specialisation in the cycle will normally cover different
aspects of the area "Groups, geometry and dynamical systems" that supplement one
another complementarily. The following content-related competencies are pursued.
Students

» know basic concepts of groups and group homomorphisms;

» know important examples of groups;

» know special classes of groups and their special characteristics;

 apply basic concepts of category theory to groups and define spaces via universal
properties;

 apply the concepts of functors to obtain algebraic invariants;

» know group actions and their basic classification results;

» know the basics of group cohomology and compute these for important examples;

» know the basics of geometrical group theory like growth characteristics;

» know self-similar groups, their basic constructs as well as examples with
interesting characteristics;

» use geometrical and combinatorial tools for the study of groups;

» know the basics of the representation theory of compact Lie groups.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Groups, geometry and dynamical systems";

 explain basic ideas of proof in the area "Groups, geometry and dynamical
systems";

« illustrate typical applications in the area "Groups, geometry and dynamical
systems".

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH
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Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3124.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Groups, geometry

and dynamical systems"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1100, B.Mat.1200
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3125: Introduction to non-commutative geometry
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Non-commutative geometry" students get to know the
conception of space of non-commutative geometry and some of its applications in
geometry, topology, mathematical physics, the theory of dynamical systems and number
theory. They are introduced to current research questions and enabled to carry out
independent contributions to research, e. g. within the scope of a Master's thesis.

Non-commutative geometry uses concepts of analysis, algebra, geometry and
mathematical physics and can be applied to these areas. In the course offer several
aspects are considered at a time and a cycle will only cover some of the learning
objectives mentioned below. The introduction to the cycle and the specialisation in

the cycle will normally cover different aspects of non-commutative geometry that
supplement one another complementarily. The following content-related competencies
are pursued. Students

« are familiar with the basic characteristics of operator algebras, especially with their
representation and ideal theory;

 construct groupoids and operator algebras from different geometrical objects and
apply hon-commutative geometry to these domains;

» know the spectral theory of commutative C*-algebras and analyse normal
operators in Hilbert spaces with it;

» know important examples of simple C*-algebras and deduce their basic
characteristics;

 apply basic concepts of category theory to C*-algebras;

* model the symmetries of non-commutative spaces;

 apply Hilbert modules in C*-algebras;

» know the definition of the K-theory of C*-algebras and their formal characteristics
and calculate the K-theory of C*-algebras for important examples with it;

 apply operator algebras for the formulation and analysis of index problems in
geometry and for the analysis of the geometry of greater length scales;

« compare different analytical and geometrical models for the construction of
mappings between K-theory groups and apply them;

« classify and analyse quantisations of manifolds via Poisson structures and know a
few important methods for the construction of quantisations;

« classify W*-algebras and know the intrinsic dynamic of factors;

« apply von Neumann algebras to the axiomatic formulation of quantum field theory;

» use von Neumann algebras for the construction of L2 invariants for manifolds and
groups;

 understand the connection between the analysis of C*- and W*-algebras of groups
and geometrical characteristics of groups;

« define the invariants of algebras and modules with chain complexes and their
homology and calculate these;

Attendance time:

84 h

Self-study time:

186 h
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* interpret these homological invariants geometrically and correlate them with each
other;

* abstract new concepts from the fundamental characteristics of K-theory and other
homology theories, e. g. triangulated categories.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Non-commutative geometry";
 explain basic ideas of proof in the area "Non-commutative geometry";
« illustrate typical applications in the area "Non-commutative geometry".

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3125.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Non-commutative
geometry"

Admission requirements: Recommended previous knowledge:
none B.Mat.1100, B.Mat.1200

Language: Person responsible for module:
English Programme coordinator

Course frequency: Duration:

not specified 1 semester][s]

Number of repeat examinations permitted: Recommended semester:

twice Bachelor: 5 - 6; Master: 1 - 4
Maximum number of students:

not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3131: Introduction to inverse problems
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Inverse problems" enables students
to learn methods, concepts, theories and applications in the area of "Inverse problems".
During the course of the cycle students will be successively introduced to current
research topics and able to carry out independent contributions to research (e. g. within
the scope of a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

+ are familiar with the phenomenon of illposedness and identify the degree of
illposedness of typical inverse problems;

 evaluate different regularisation methods for ill posed inverse problems under
algorithmic aspects and with regard to various a priori information and distinguish
concepts of convergence for such methods with deterministic and stochastic data
errors;

 analyse the convergence of regularisation methods with the help of spectral theory
of bounded self-adjoint operators;

 analyse the convergence of regularisation methods with the help of complex
analysis;

* analyse regularisation methods from stochastic error models;

 apply fully data-driven models for the choice of regularisation parameters and
evaluate these for concrete problems;

» model identification problems in natural sciences and technology as inverse
problems of partial differential equations where the unknown is e. g. a coefficient,
an initial or a boundary condition or the shape of a region;

 analyse the uniqueness and conditional stability of inverse problems of partial
differential equations;

» deduce sampling and testing methods for the solution of inverse problems of
partial differential equations and analyse the convergence of such methods;

» formulate mathematical models of medical imaging like computed tomography
(CT) or magnetic resonance tomography (MRT) and know the basic characteristics
of corresponding operators.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Inverse problems";
 explain basic ideas of proof in the area "Inverse problems";

* illustrate typical applications in the area "Inverse problems".

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH
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Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3131.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Inverse problems"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1300
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3132: Introduction to approximation methods
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Approximation methods" enables
students to learn methods, concepts, theories and applications in the area of
"Approximation methods", so the approximation of one- and multidimensional functions
as well as for the analysis and approximation of discrete signals and images. During the
course of the cycle students will be successively introduced to current research topics
and able to carry out independent contributions to research (e. g. within the scope of a
practical course in scientific computing or a Master's thesis). Depending on the current
course offer the following content-related competencies may be pursued. Students

« are familiar with the modelling of approximation problems in suitable finite- and
infinite-dimensional vector spaces;

+ can confidently handle models for the approximation of one- and multidimensional
functions in Banach and Hilbert spaces;

» know and use parts of classical approximation theory, e. g. Jackson and
Bernstein theorems for the approximation quality for trigonometrical polynomials,
approximation in translationally invariant spaces; polynomial reductions and
Strang-Fix conditions;

 acquire knowledge of continuous and discrete approximation problems and their
corresponding solution strategies both in the one- and multidimensional case;

 apply available software for the solution of the corresponding numerical methods
and evaluate the results sceptically;

* evaluate different numerical methods for the efficient solution of the approximation
problems on the basis of the quality of the solutions, the complexity and their
computing time;

 acquire advanced knowledge about linear and non-linear approximation methods
for multidimensional data;

« are informed about current developments of efficient data approximation and data
analysis;

 adapt solution strategies for the data approximation using special structural
characteristics of the approximation problem that should be solved.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Approximation methods";

» explain basic ideas of proof in the area "Approximation methods" for one- and
multidimensional data;

« illustrate typical applications in the area of data approximation and data analysis.

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

4 WLH
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2. Exercise session (Exercise)

2 WLH

Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3132.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Approximation

methods"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1300
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3133: Introduction to numerics of partial differential

eguations

Learning outcome, core skills: Workload:

Learning outcome: Attendance time:

The successful completion of modules of the cycle "Numerics of partial differential 84h _

equations” enables students to learn methods, concepts, theories and applications in Self-study time:
186 h

the area of "Numerics of partial differential equations”. During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a practical course
in scientific computing or a Master's thesis). Depending on the current course offer the
following content-related competencies may be pursued. Students

« are familiar with the theory of linear partial differential equations, e. g. questions of
classification as well as existence, uniqueness and regularity of the solution;

» know the basics of the theory of linear integral equations;

« are familiar with basic methods for the numerical solution of linear partial
differential equations with finite difference methods (FDM), finite element methods
(FEM) as well as boundary element methods (BEM);

 analyse stability, consistence and convergence of FDM, FEM and BEM for linear
problems;

» apply methods for adaptive lattice refinement on the basis of a posteriori error
approximations;

» know methods for the solution of larger systems of linear equations and their
preconditioners and parallelisation;

» apply methods for the solution of larger systems of linear and stiff ordinary
differential equations and are familiar with the problem of differential algebraic
problems;

 apply available software for the solution of partial differential equations and
evaluate the results sceptically;

« evaluate different numerical methods on the basis of the quality of the solutions,
the complexity and their computing time;

» acquire advanced knowledge in the theory as well as development and application
of numerical solution strategies in a special area of partial differential equations,
e. g. in variation problems with constraints, singularly perturbed problems or of
integral equations;

» know propositions about the theory of non-linear partial differential equations of
monotone and maximally monotone type as well as suitable iterative solution
methods.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Numerics of partial differential equations”;
+ explain basic ideas of proof in the area "Numerics of partial differential equations";
« illustrate typical applications in the area "Numerics of partial differential equations".
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3133.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Numerics of partial
differential equations"

Admission requirements: Recommended previous knowledge:
none B.Mat.1300

Language: Person responsible for module:
English Programme coordinator

Course frequency: Duration:

not specified 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

twice Bachelor: 5 - 6; Master: 1 - 4
Maximum number of students:

not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3134: Introduction to optimisation

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

The successful completion of modules of the cycle "Optimisation" enables students to
learn methods, concepts, theories and applications in the area of "Optimisation"”, so the
discrete and continuous optimisation. During the course of the cycle students will be
successively introduced to current research topics and able to carry out independent
contributions to research (e. g. within the scope of a practical course in scientific
computing or a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

Self-study time:
186 h

« identify optimisation problems in application-oriented problems and formulate these
as mathematical programmes;

« evaluate the existence and uniqueness of the solution of an optimisation problem;

« identify structural characteristics of an optimisation problem, amongst others the
existence of a finite candidate set, the structure of the underlying level set;

» know which special characteristics of the target function and the constraints (like
(virtual) convexity, dc functions) for the development of solution strategies can be
utilised;

 analyse the complexity of an optimisation problem;

« classify a mathematical programme in a class of optimisation problems and know
current solution strategies for it;

» develop optimisation methods and adapt general methods to special problems;

» deduce upper and lower bounds for optimisation problems and understand their
meaning;

» understand the geometrical structure of an optimisation problem and apply it for
solution strategies;

« distinguish between proper solution methods, approximation methods with quality
guarantee and heuristics and evaluate different methods on the basis of the quality
of the found solutions and their computing times;

» acquire advanced knowledge in the development of solution strategies on the
basis of a special area of optimisation, e. g. integer optimisation, optimisation of
networks or convex optimisation;

» acquire advanced knowledge for the solution of special optimisation problems of
an application-oriented area, e. g. traffic planning or location planning;

» handle advanced optimisation problems, like e. g. optimisation problems with
uncertainty or multi-criteria optimisation problems.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Optimisation”;
 explain basic ideas of proof in the area "Optimisation";
« illustrate typical applications in the area "Optimisation".
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3134.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Optimisation"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1300
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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Module B.Mat.3137: Introduction to variational analysis
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Variational analysis" enables
students to learn methods, concepts, theories and applications in variational analysis
and continuous optimisation. During the course of the cycle students will be successively
introduced to current research topics and able to carry out independent contributions

to research (e. g. within the scope of a practical course in scientific computing or a
Master's thesis). Depending on the current course offer the following content-related
competencies may be pursued. Students

 understand basic concepts of convex and variational analysis for finite- and infinite-
dimensional problems;

» master the characteristics of convexity and other concepts of the regularity of sets
and functions to evaluate the existence and regularity of the solutions of variational
problems;

» understand basic concepts of the convergence of sets and continuity of set-valued
functions;

» understand basic concepts of variational geometry;

« calculate and use generalised derivations (subderivatives and subgradients) of
non-smooth functions;

» understand the different concepts of regularity of set-valued functions and their
effects on the calculation rules for subderivatives of non-convex functionals;

» analyse constrained and parametric optimisation problems with the help of duality
theory;

« calculate and use the Legendre-Fenchel transformation and infimal convulutions;

» formulate optimality criteria for continuous optimisation problems with tools of
convex and variational analysis;

 apply tools of convex and variational analysis to solve generalised inclusions that
e. g. originate from first-order optimality criteria;

» understand the connection between convex functions and monotone operators;

» examine the convergence of fixed point iterations with the help of the theory of
monotone operators;

» deduce methods for the solution of smooth and non-smooth continuous
constrained optimisation problems and analyse their convergence;

 apply numerical methods for the solution of smooth and non-smooth continuous
constrained programs to current problems;

» model application problems with variational inequations, analyse their
characteristics and are familiar with numerical methods for the solution of
variational inequations;

» know applications of control theory and apply methods of dynamic programming;

* use tools of variational analysis in image processing and with inverse problems;

» know basic concepts and methods of stochastic optimisation.

Core sKkills:

Attendance time:

84 h

Self-study time:

186 h
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After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Variational analysis";
 explain basic ideas of proof in the area "Variational analysis";
« illustrate typical applications in the area "Variational analysis".

examination (appr. 20 minutes) (120 minutes)
Examination prerequisites:

twice, of solutions in the exercise sessions

B.Mat.3137.Ue: Achievement of at least 50% of the exercise points and presentation,

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Variational analysis"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1300
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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Module B.Mat.3138: Introduction to image and geometry processing
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Image and geometry processing"
enables students to learn and apply methods, concepts, theories and applications

in the area of "Image and geometry processing", so the digital image and geometry
processing. During the course of the cycle students will be successively introduced to
current research topics and able to carry out independent contributions to research (e.
g. within the scope of a practical course in scientific computing or a Master's thesis).

Depending on the current course offer the following content-related competencies may

be pursued. Students

+ are familiar with the modelling of problems of image and geometry processing in
suitable finite- and infinite-dimensional vector spaces;

* learn basic methods for the analysis of one- and multidimensional functions in
Banach and Hilbert spaces;

* learn basic mathematical concepts and methods that are used in image
processing, like Fourier and Wavelet transform;

* learn basic mathematical concepts and methods that play a central role in
geometry processing, like curvature of curves and surfaces;

» acquire knowledge about continuous and discrete problems of image data analysis

and their corresponding solution strategies;
» know basic concepts and methods of topology;
« are familiar with visualisation software;

» apply available software for the solution of the corresponding numerical methods

and evaluate the results sceptically;

» know which special characteristics of an image or of a geometry can be extracted

and worked on with which methods;

« evaluate different numerical methods for the efficient analysis of multidimensional
data on the basis of the quality of the solutions, the complexity and their computing

time;

» acquire advanced knowledge about linear and non-linear methods for the
geometrical and topological analysis of multidimensional data;

« are informed about current developments of efficient geometrical and topological
data analysis;

» adapt solution strategies for the data analysis using special structural
characteristics of the given multidimensional data.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Image and geometry processing";
» explain basic ideas of proof in the area "Image and geometry processing";
« illustrate typical applications in the area "Image and geometry processing".

Attendance time:

84 h

Self-study time:

186 h
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3138.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Image and

geometry processing"

Admission requirements: Recommended previous knowledge:
none B.Mat.1300

Language: Person responsible for module:
English Programme coordinator

Course frequency: Duration:

not specified 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

twice Bachelor: 5 - 6; Master: 1 - 4
Maximum number of students:

not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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Module B.Mat.3139: Introduction to scientific computing / applied

mathematics

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Scientific computing / applied
mathematics" enables students to learn and apply methods, concepts, theories and
applications in the area of "Scientific computing / Applied mathematics". During the
course of the cycle students will be successively introduced to current research topics
and able to carry out independent contributions to research (e. g. within the scope of a
practical course in scientific computing or a Master's thesis). Depending on the current
course offer the following content-related competencies may be pursued. Students

« are familiar with the theory of basic mathematical models of the corresponding
subject area, especially about the existence and uniqueness of solutions;

» know basic methods for the numerical solution of these models;

 analyse stability, convergence and efficiency of numerical solution strategies;

» apply available software for the solution of the corresponding numerical methods
and evaluate the results sceptically;

* evaluate different numerical methods on the basis of the quality of the solutions,
the complexity and their computing time;

« are informed about current developments of scientific computing, like e. g. GPU
computing and use available soft- and hardware;

» use methods of scientific computing for solving application problems, like e. g. of
natural and business sciences.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Scientific computing / applied mathematics";

» explain basic ideas of proof in the area "Scientific computing / applied
mathematics";

« illustrate typical applications in the area "Scientific computing / applied
mathematics".

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH

Examination: written examination (120 minutes) or oral examination (appr. 20 9C
minutes)

Examination prerequisites:

B.Mat.3139.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

Examination requirements:
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computing / applied mathematics"

Proof of knowledge and mastery of basic competencies in the area "Scientific

Admission requirements:

Recommended previous knowledge:

none B.Mat.1300
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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Module B.Mat.3141: Introduction to applied and mathematical sto-

chastics

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Applied and mathematical
stochastics" enables students to understand and apply a broad range of problems,
theories, modelling and proof techniques of stochastics. During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a Master's thesis).
Depending on the current course offer the following content-related competencies may
be pursued: Students

« are familiar with advanced concepts of probability theory established on measure
theory and apply them independently;

« are familiar with substantial concepts and approaches of probability modelling and
inferential statistics;

» know basic characteristics of stochastic processes as well as conditions for their
existence and unigueness;

 have a pool of different stochastic processes in time and space at their disposal
and characterise those, differentiate them and quote examples;

 understand and identify basic characteristics of invariance of stochastic processes
like stationary processes and isotropy;

 analyse the convergence characteristic of stochastic processes;

 analyse regularity characteristics of the paths of stochastic processes;

» adequately model temporal and spatial phenomena in natural and economic
sciences as stochastic processes, if necessary with unknown parameters;

» analyse probabilistic and statistic models regarding their typical characteristics,
estimate unknown parameters and make predictions for their paths on areas not
observed / at times not observed,;

« discuss and compare different modelling approaches and evaluate the reliability of
parameter estimates and predictions sceptically.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Applied and mathematical stochastics";
+ explain basic ideas of proof in the area "Applied and mathematical stochastics";
« illustrate typical applications in the area "Applied and mathematical stochastics".

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH
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Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3141.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Applied and

mathematical stochastics"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3142: Introduction to stochastic processes
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Stochastic processes" enables
students to learn and apply methods, concepts, theories and proof techniques in the
area of "Stochastic processes" and use these for the modelling of stochastic systems.
During the course of the cycle students will be successively introduced to current
research topics and able to carry out independent contributions to research (e. g. within
the scope of a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

« are familiar with advanced concepts of probability theory established on measure
theory and apply them independently;

» know basic characteristics as well as existence and uniqueness results for
stochastic processes and formulate suitable probability spaces;

 understand the relevance of the concepts of filtration, conditional expectation and
stopping time for the theory of stochastic processes;

» know fundamental classes of stochastic processes (like e. g. Poisson processes,
Brownian motions, Levy processes, stationary processes, multivariate and spatial
processes as well as branching processes) and construct and characterise these
processes;

 analyse regularity characteristics of the paths of stochastic processes;

 construct Markov chains with discrete and general state spaces in discrete and
continuous time, classify their states and analyse their characteristics;

« are familiar with the theory of general Markov processes and characterise and
analyse these with the use of generators, semigroups, martingale problems and
Dirichlet forms;

» analyse martingales in discrete and continuous time using the corresponding
martingale theory, especially using martingale equations, martingale convergence
theorems, martingale stopping theorems and martingale representation theorems;

» formulate stochastic integrals as well as stochastic differential equations with the
use of the Ito calculus and analyse their characteristics;

« are familiar with stochastic concepts in general state spaces as well as with the
topologies, metrics and convergence theorems relevant for stochastic processes;

» know fundamental convergence theorems for stochastic processes and generalise
these;

» model stochastic systems from different application areas in natural sciences and
technology with the aid of suitable stochastic processes;

» analyse models in mathematical economics and finance and understand
evaluation methods for financial products.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Stochastic processes";

Attendance time:
84 h

Self-study time:
186 h

135



Module B.Mat.3142 - Version 4

» explain basic ideas of proof in the area "Stochastic processes";
« illustrate typical applications in the area "Stochastic processes".
Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)
Examination prerequisites:
B.Mat.3142.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
Examination requirements:
Proof of knowledge and mastery of basic competencies in the area "Stochastic
processes"
Admission requirements: Recommended previous knowledge:
none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator
Course frequency: Duration:
not specified 1 semester[s]
Number of repeat examinations permitted: Recommended semester:
twice Bachelor: 5 - 6; Master: 1 - 4
Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3143: Introduction to stochastic methods of economa-
thematics
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Stochastic methods of
economathematics" enables students to learn methods, concepts, theories and
applications in this area. During the course of the cycle students will be successively
introduced to current research topics and able to carry out independent contributions to
research (e. g. within the scope of a Master's thesis). Depending on the current course
offer the following content-related competencies may be pursued. Students

* master problems, basic concepts and stochastic methods of economathematics;
» understand stochastic connections;

» understand references to other mathematical areas;

» get to know possible applications in theory and practice;

 gain insight into the connection of mathematics and economic sciences.

Core skills:
After having successfully completed the module, students will be able to

» discuss basic concepts of the area "Stochastic methods of economathematics”;
+ explain basic ideas of proof in the area "Stochastic methods of

Attendance time:
84 h

Self-study time:
186 h

economathematics";
* illustrate typical applications in the area "Stochastic methods of

economathematics".
Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, written examination (120 minutes) or oral 9C
examination (appr. 20 minutes)
Examination prerequisites:
B.Mat.3143.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
Examination requirements:
Proof of knowledge and mastery of basic competencies in the area "Stochastic methods
of economathematics"
Admission requirements: Recommended previous knowledge:
none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator
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Course frequency: Duration:

not specified 1 semester[s]

Number of repeat examinations permitted: Recommended semester:
twice Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3144: Introduction to mathematical statistics

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Mathematical statistics" enables
students to learn methods, concepts, theories and applications in the area of
"Mathematical statistics". During the course of the cycle students will be successively
introduced to current research topics and able to carry out independent contributions to
research (e. g. within the scope of a Master's thesis). Depending on the current course
offer the following content-related competencies may be pursued. Students

« are familiar with the most important methods of mathematical statistics like
estimates, testing, confidence propositions and classification and use them in
simple models of mathematical statistics;

« evaluate statistical methods mathematically precisely via suitable risk and loss
concepts;

 analyse optimality characteristics of statistical estimate methods via lower and
upper bounds;

 analyse the error rates of statistical testing and classification methods based on
the Neyman Pearson theory;

« are familiar with basic statistical distribution models that base on the theory of
exponential indexed families;

» know different techniques to obtain lower and upper risk bounds in these models;

« are confident in modelling typical data structures of regression;

 analyse practical statistical problems in a mathematically accurate way with the
techniques learned on the one hand and via computer simulations on the other
hand;

 are able to mathematically analyse resampling methods and apply them
purposively;

« are familiar with advanced tools of non-parametric statistics and empirical process
theory;

» independently become acquainted with a current topic of mathematical statistics;

» evaluate complex statistical methods and enhance them in a problem-oriented
way.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Mathematical statistics";
 explain basic ideas of proof in the area "Mathematical statistics";
« illustrate typical applications in the area "Mathematical statistics".

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH
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Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3144.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Mathematical

statistics"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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6 WLH
Module B.Mat.3145: Introduction to statistical modelling and infe-

rence

Learning outcome, core skills: Workload:

Learning outcome: Attendance time:

The successful completion of modules of the cycle "Statistical modelling and inference” 84h _

enables students to learn methods, concepts, theories and applications in this area. Self-study time:
186 h

During the course of the cycle students will be successively introduced to current
research topics and able to carry out independent contributions to research (e. g. within
the scope of a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

« are familiar with the fundamental principles of statistics and inference in parametric
and non-parametric models: estimation, testing, confidence statements, prediction,
model selection and validation;

« are familiar with the tools of asymptotic statistical inference;

 learn Bayes and frequentist approaches to data modelling and inference, as well
as the interplay between both, in particular empirical Bayes methods;

« are able to implement Monte Carlo statistical methods for Bayes and frequentist
inference and learn their theoretical properties;

» become confident in non-parametric (regression) modelling and inference for
various types of the data: count, categorical, dependent, etc.;

 are able to develop and mathematically evaluate complex statistical models for real
data problems.

Core skills:
After having successfully completed the module, students will be able to

» discuss basic concepts of the area "Statistical modelling and inference";
 explain basic ideas of proof in the area "Statistical modelling and inference”;
« illustrate typical applications in the area "Statistical modelling and inference".

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Written or oral exam, oral examination (120 minutes) or oral 9C

examination (appr. 20 minutes)

Examination prerequisites:

B.Mat.3145.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

Examination requirements:
Proof of knowledge and mastery of basic competencies in the area "Statistical modelling
and inference"

141



Module B.Mat.3145 - Version 4

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3146: Introduction to multivariate statistics
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Multivariate statistics" enables
students to learn methods, concepts, theories and applications in this area. During the
course of the cycle students will be successively introduced to current research topics
and able to carry out independent contributions to research (e. g. within the scope of
a Master's thesis). Depending on the current course offer the following content-related
competencies may be pursued. Students

+ are well acquainted with the most important methods of multivariate statistics like
estimation, testing, confidence statements, prediction, linear and generalized linear
models, and use them in modeling real world applications;

 can apply more specific methods of multivariate statistics such as dimension
reduction by principal component analysis (PCA), factor analysis and
multidimensional scaling;

+ are familiar with handling non-Euclidean data such as directional or shape data
using parametric and non-parametric models;

« are confident using nested descriptors for non-Euclidean data and Procrustes
methods in shape analysis;

+ are familiar with time dependent data, basic functional data analysis and inferential
concepts such as kinematic formulae;

» analyze basic dependencies between topology/geometry of underlying spaces and
asymptotic limiting distributions;

« are confident to apply resampling methods to non-Euclidean descriptors;

« are familiar with high-dimensional discrimination and classification techniques such
as kernel PCA, regularization methods and support vector machines;

» have a fundamental knowledge of statistics of point processes and Bayesian
methods involved,;

« are familiar with concepts of large scale computational statistical techniques;

 independently become acquainted with a current topic of multivariate and non-
Euclidean statistics;

» evaluate complex statistical methods and enhance them in a problem-oriented
way.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Multivariate statistics";
+ explain basic ideas of proof in the area "Multivariate statistics";
« illustrate typical applications in the area "Multivariate statistics".

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

4 WLH
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2. Exercise session (Exercise)

2 WLH

Examination: Written or oral exam, written examination (120 minutes) or oral 9C

examination (appr. 20 minutes)
Examination prerequisites:

B.Mat.3146.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Multivariate

statistics"

Admission requirements:

Recommended previous knowledge:

none B.Mat.1400
Language: Person responsible for module:
English Programme coordinator

Course frequency:
not specified

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 5 - 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3147: Introduction to statistical foundations of data
science
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Statistical foundations of data
science" enables students to learn methods, concepts, theories and applications in

the area of "Statistical foundations of data science". During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a Master's thesis).
Depending on the current course offer the following content-related competencies may
be pursued. Students

« are familiar with the most important methods of statistical foundations of data
science like estimation, testing, confidence statements, prediction, resampling,
pattern recognition and classification, and use them in modeling real world
applications;

« evaluate statistical methods mathematically precisely via suitable statistical risk
and loss concepts;

 analyse characteristics of statistical estimation methods via lower and upper
information bounds;

« are familiar with basic statistical distribution models that base on the theory of
exponential families;

« are confident in modelling real world data structures such as categorial data,
multidimensional and high dimensional data, data in imaging, data with serial
dependencies

 analyse practical statistical problems in a mathematically accurate way with the
techniques and models learned on the one hand and via computer simulations on
the other hand;

 are able to mathematically analyse resampling methods and apply them
purposively;

- are familiar with concepts of large scale computational statistical techniques;

« are familiar with advanced tools of non-parametric statistics and empirical process
theory;

 independently become acquainted with a current topic of statistical data science;

* evaluate complex statistical methods and enhance them in a problem-oriented
way.

Core skills:
After having successfully completed the module, students will be able to

« discuss basic concepts of the area "Statistical foundations of data science"”;
 explain basic ideas of proof in the area "Statistical foundations of data science";
« illustrate typical applications in the area "Statistical foundations of data science".

Attendance time:
84 h

Self-study time:
186 h
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: written examination (120 minutes) or oral examination (appr. 20 9C
minutes)

Examination prerequisites:

B.Mat.3147.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of knowledge and mastery of basic competencies in the area "Statistical

foundations of data science"

Admission requirements: Recommended previous knowledge:
none B.Mat.1400

Language: Person responsible for module:
English Programme coordinator

Course frequency: Duration:

not specified 1 semester[s]

Number of repeat examinations permitted: Recommended semester:

twice Bachelor: 5 - 6; Master: 1 - 4
Maximum number of students:

not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Mathematical Stochastics
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Module B.Mat.3311: Advances in analytic number theory
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Analytic number theory" enables
students to learn methods, concepts, theories and applications in the area of "Analytic
number theory". During the course of the cycle students will be successively introduced
to current research topics and able to carry out independent contributions to research
(e. g. within the scope of a Master's thesis). Depending on the current course offer the
following content-related competencies may be pursued. Students

* solve arithmetical problems with basic, complex-analytical, and Fourier-analytical
methods;

» know characteristics of the Riemann zeta function and more general L-functions,
and apply them to problems of number theory;

« are familiar with results and methods of prime number theory;

» acquire knowledge in arithmetical and analytical theory of automorphic forms, and
its application in number theory;

» know basic sieving methods and apply them to the problems of number theory;

» know techniques used to estimate the sum of the sum of characters and of
exponentials;

 analyse the distribution of rational points on suitable algebraic varieties using
analytical techniques;

* master computation with asymptotic formulas, asymptotic analysis, and asymptotic
equipartition in number theory.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Analytic number theory" confidently;
» explain complex issues of the area "Analytic number theory";
» apply methods of the area "Analytic number theory" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:
B.Mat.3311.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

Examination requirements:
Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Analytic number theory"

147



Module B.Mat.3311 - Version 4

Admission requirements:

Recommended previous knowledge:

none B.Mat.3111
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3111
"Introduction to analytic number theory"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3312: Advances in analysis of partial differential equa- o WLH
tions
Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
The successful completion of modules of the cycle "Analysis of partial differential 84h
equations” enables students to learn methods, concepts, theories and applications Self-study time:
in the area "Analysis of partial differential equations”. During the course of the cycle 186 h
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a Master's thesis).
Depending on the current course offer the following content-related competencies may
be pursued. Students
« are familiar with the most important types of partial differential equations and know
their solutions;
» master the Fourier transform and other techniques of the harmonic analysis to
analyse partial differential equations;
« are familiar with the theory of generalised functions and the theory of function
spaces and use these for solving differential partial equations;
« apply the basic principles of functional analysis to the solution of partial different
equations;
« use different theorems of function theory for solving partial different equations;
» master different asymptotic techniques to study characteristics of the solutions of
partial different equations;
« are paradigmatically familiar with broader application areas of linear theory of
partial different equations;
« are paradigmatically familiar with broader application areas of non-linear theory of
partial different equations;
» know the importance of partial different equations in the modelling in natural and
engineering sciences;
» master some advanced application areas like parts of microlocal analysis or parts
of algebraic analysis.
Core skills:
After having successfully completed the module, students will be able to
» handle methods and concepts of the area "Analysis of partial differential equations”
confidently;
» explain complex issues of the area "Analysis of partial differential equations”;
» apply methods of the area "Analysis of partial differential equations” to new
problems in this area.
Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
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Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3312.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Analysis of partial differential equations"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3112
Language: Person responsible for module:
English Programme coordinator

Course frequency:

Usually subsequent to the module B.Mat.3112
"Introduction to analysis of partial differential
equations”

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3313: Advances in differential geometry
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Differential geometry" enables
students to learn methods, concepts, theories and applications in the area "Differential
geometry". During the course of the cycle students will be successively introduced to
current research topics and able to carry out independent contributions to research

(e. g. within the scope of a Master's thesis). Depending on the current course offer the
following content-related competencies may be pursued. Students

* master the basic concepts of differential geometry;

» develop a spatial sense using the examples of curves, surfaces and
hypersurfaces;

» develop an understanding of the basic concepts of differential geometry like
"space" and "manifolds", "symmetry" and "Lie group", "local structures" and
"curvature", "global structure" and "invariants" as well as "integrability";

* master (variably weighted and sorted depending on the current courses offered)
the theory of transformation groups and symmetries as well as the analysis on
manifolds, the theory of manifolds with geometric structures, complex differential
geometry, gauge field theory and their applications as well as the elliptical
differential equations of geometry and gauge field theory;

» develop an understanding for geometrical constructs, spatial patterns and the
interaction of algebraic, geometrical, analytical and topological methods;

» acquire the skill to apply methods of analysis, algebra and topology for the
treatment of geometrical problems;

 are able to import geometrical problems to a broader mathematical and physical
context.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Differential geometry" confidently;
» explain complex issues of the area "Differential geometry";
» apply methods of the area "Differential geometry" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:
B.Mat.3313.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

Examination requirements:
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Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Differential geometry"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3113
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3113
"Introduction to differential geometry"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3314: Advances in algebraic topology
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Algebraic topology" students get to know the most important
classes of topological spaces as well as algebraic and analytical tools for studying these
spaces and the mappings between them. The students use these tools in geometry,
mathematical physics, algebra and group theory. They are introduced to current
research questions and enabled to carry out independent contributions to research, e. g.
within the scope of a Master's thesis.

Algebraic topology uses concepts and tools of algebra, geometry and analysis and
can be applied to these areas. In the course offer several aspects are considered at
a time and a cycle will only cover some of the learning objectives mentioned below.
The introduction to the cycle and the specialisation in the cycle will normally cover
different aspects of algebraic topology and supplement one another complementarily.
The following content-related competencies are pursued. Students

» know the basic concepts of set-theoretic topology and continuous mappings;

 construct new topologies from given topologies;

» know special classes of topological spaces and their special characteristics like
CW complexes, simplicial complexes and manifolds;

« apply basic concepts of category theory to topological spaces;

 use concepts of functors to obtain algebraic invariants of topological spaces and
mappings;

» know the fundamental group and the covering theory as well as the basic methods
for the computation of fundamental groups and mappings between them;

« know homology and cohomology, calculate those for important examples and
with the aid of these deduce non-existence of mappings as well as fixed-point
theorems;

« calculate homology and cohomology with the aid of chain complexes;

» deduce algebraic characteristics of homology and cohomology with the aid of
homological algebra;

* become acquainted with connections between analysis and topology;

 apply algebraic structures to deduce special global characteristics of the
cohomology of a local structure of manifolds.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Algebraic topology" confidently;
» explain complex issues of the area "Algebraic topology";
» apply methods of the area "Algebraic topology" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

4 WLH
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2. Exercise session (Exercise)

2 WLH

Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3314.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Algebraic topology"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3114
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3114
"Introduction to algebraic topology"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3315: Advances in mathematical methods in physics

9C
6 WLH

Learning outcome, core skills:
Learning outcome:

In the modules of the cycle "Mathematical methods of physics" students get to know
different mathematical methods and techniques that play a role in modern physics. They
are introduced to current research questions and enabled to carry out independent
contributions to research, e. g. within the scope of a Master's thesis.

The topics of the cycle can be divided into four blocks, a cycle normally contains parts
of different blocks, that topically supplement each other, but can also be read within one
block. The introducing parts of the cycle form the basis for the advanced specialisation
area. The topic blocks are

» harmonic analysis, algebraic structures and representation theory, (group) effects;

» operator algebra, C* algebra and von-Neumann algebra;

 operator theory, perturbation and scattering theory, special PDE, microlocal
analysis, distributions;

» (semi) Riemannian geometry, symplectic and Poisson geometry, quantization.

One of the aims is that a connection to physical problems is visible, at least in the
motivation of the covered topics. Preferably, in the advanced part of the cycle, the
students should know and be able to carry out practical applications themselves.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Mathematical methods in physics"
confidently;

» explain complex issues of the area "Mathematical methods in physics";

 apply methods of the area "Mathematical methods in physics" to new problems in
this area.

Workload:

Attendance time:

84 h

Self-study time:

186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH

Examination: Oral examination (approx. 20 minutes)

Examination prerequisites:

B.Mat.3315.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions

9C

Examination requirements:
Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Mathematical methods in physics"

Admission requirements: Recommended previous knowledge:
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none B.Mat.3115
Language: Person responsible for module:
English Programme coordinator

Course frequency:
on an irregular basis

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3321: Advances in algebraic geometry
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Algebraic geometry" students get to know the most
important classes of algebraic varieties and schemes as well as the tools for studying
these objects and the mappings between them. The students apply these skills to
problems of arithmetic or complex analysis. They are introduced to current research
questions and enabled to carry out independent contributions to research, e. g. within
the scope of a Master's thesis.

Algebraic geometry uses and connects concepts of algebra and geometry and can be

used versatilely. In the course offer several aspects are considered at a time and a cycle
will only cover some of the learning objectives mentioned below. The introduction to the
cycle and the specialisation in the cycle will normally cover different aspects of algebraic

geometry and supplement one another complementarily. The following content-related
competencies are pursued. Students

« are familiar with commutative algebra, also in greater detail;

» know the concepts of algebraic geometry, especially varieties, schemes, sheafs,
bundles;

» examine important examples like elliptic curves, Abelian varieties or algebraic
groups;

« use divisors for classification questions;

« study algebraic curves;

 prove the Riemann-Roch theorem and apply it;

 use cohomological concepts and know the basics of Hodge theory;

» apply methods of algebraic geometry to arithmetical questions and obtain e. g.
finiteness principles for rational points;

« classify singularities and know the significant aspects of the dimension theory of
commutative algebra and algebraic geometry;

 get to know connections to complex analysis and to complex geometry.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Algebraic geometry" confidently;
» explain complex issues of the area "Algebraic geometry";
« apply methods of the area "Algebraic geometry" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:
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B.Mat.3321.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Algebraic geometry"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3121
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3121
"Introduction to algebraic geometry"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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6 WLH
Module B.Mat.3322: Advances in algebraic number theory
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Algebraic number theory" enables
students to learn methods, concepts, theories and applications in the areas "Algebraic
number theory" and "Algorithmic number theory". During the course of the cycle
students will be successively introduced to current theoretical and/or applied research
topics and able to carry out independent contributions to research (e. g. within the scope
of a Master's thesis). Depending on the current course offer the following content-related
competencies may be pursued in relation to algebra. Students

» know Noetherian and Dedekind rings and the class groups;

« are familiar with discriminants, differents and bifurcation theory of Hilbert;

» know geometrical number theory with applications to the unit theorem and the
finiteness of class groups as well as the algorithmic aspects of lattice theory (LLL);

« are familiar with L-series and zeta functions and discuss the algebraic meaning of
their residues;

» know densities, the Tchebotarew theorem and applications;

» work with orders, S-integers and S-units;

» know the class field theory of Hilbert, Takagi and Idele theoretical field theory;

« are familiar with Zp-extensions and their Iwasawa theory;

« discuss the most important hypotheses of lwasawa theory and their
consequences.

Concerning algorithmic aspects of number theory, the following competencies are
pursued. Students

» work with algorithms for the identification of short lattice bases, nearest points in
lattices and the shortest vectors;

« are familiar with basic algorithms of number theory in long arithmetic like GCD, fast
number and polynomial arithmetic, interpolation and evaluation and prime number
tests;

* use the sieving method for factorisation and calculation of discrete logarithms in
finite fields of great characteristics;

« discuss algorithms for the calculation of the zeta function of elliptic curves and
Abelian varieties of finite fields;

« calculate class groups and fundamental units;

» calculate Galois groups of absolute humber fields.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Algebraic number theory" confidently;
» explain complex issues of the area "Algebraic number theory";
» apply methods of the area "Algebraic number theory" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3322.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessionsungen

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Algebraic number theory"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3122
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3122
"Introduction to algebraic number theory"

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3323: Advances in algebraic structures

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

In the modules of the cycle "Algebraic structures" students get to know different
algebraic structures, amongst others Lie algebras, Lie groups, analytical groups,
associative algebras as well as the tools from algebra, geometry and category theory
that are necessary for their study and applications. They are introduced to current
research questions and enabled to carry out independent contributions to research, e. g.
within the scope of a Master's thesis.

Algebraic structures use concepts and tools of algebra, geometry and analysis and
can be applied to these areas. In the course offer several aspects are considered at a
time and a cycle will only cover some of the learning objectives mentioned below. The
introduction to the cycle and the specialisation in the cycle will normally cover different
aspects of algebraic structures and supplement one another complementarily. The
following content-related competencies are pursued. Students

» know basic concepts like rings, modules, algebras and Lie algebras;

» know important examples of Lie algebras and algebras;

» know special classes of Lie groups and their special characteristics;

» know classification theorems for finite-dimensional algebras;

 apply basic concepts of category theory to algebras and modules;

» know group actions and their basic classifications;

» apply the enveloping algebra of Lie algebras;

« apply ring and module theory to basic constructs of algebraic geometry;

» use combinatorial tools for the study of associative algebras and Lie algebras;

» acquire solid knowledge of the representation theory of Lie algebras, finite groups
and compact Lie groups as well as the representation theory of semisimple Lie
groups;

» know Hopf algebras as well as their deformation and representation theory.

Core skills:
After having successfully completed the module, students will be able to

* handle methods and concepts of the area "Algebraic structures” confidently;
» explain complex issues of the area "Algebraic structures";
» apply methods of the area "Algebraic structures" to new problems in this area.

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH

Examination: Oral examination (approx. 20 minutes) 9C
Examination prerequisites:
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B.Mat.3323.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Algebraic structures”

Admission requirements:

Recommended previous knowledge:

none B.Mat.3123
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3123
"Introduction to algebraic structures"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3324: Advances in groups, geometry and dynamical
systems
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Groups, geometry and dynamical systems" students get to
know the most important classes of groups as well as the algebraic, geometrical and
analytical tools that are necessary for their study and applications. They are introduced
to current research questions and enabled to carry out independent contributions to
research, e. g. within the scope of a Master's thesis.

Group theory uses concepts and tools of algebra, geometry and analysis and can be
applied to these areas. In the course offer several aspects are considered at a time
and a cycle will only cover some of the learning objectives mentioned below. The
introduction to the cycle and the specialisation in the cycle will normally cover different
aspects of the area "Groups, geometry and dynamical systems" that supplement one
another complementarily. The following content-related competencies are pursued.
Students

» know basic concepts of groups and group homomorphisms;

» know important examples of groups;

» know special classes of groups and their special characteristics;

 apply basic concepts of category theory to groups and define spaces via universal
properties;

 apply the concepts of functors to obtain algebraic invariants;

» know group actions and their basic classification results;

» know the basics of group cohomology and compute these for important examples;

» know the basics of geometrical group theory like growth characteristics;

» know self-similar groups, their basic constructs as well as examples with
interesting characteristics;

» use geometrical and combinatorial tools for the study of groups;

» know the basics of the representation theory of compact Lie groups.

Core skills:
After having successfully completed the module, students will be able to

« handle methods and concepts of the area "Groups, geometry and dynamical
systems" confidently;

 explain complex issues of the area "Groups, geometry and dynamical systems";

» apply methods of the area "Groups, geometry and dynamical systems" to new
problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH
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Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3324.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Groups, geometry and dynamical systems"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3124
Language: Person responsible for module:
English Programme coordinator

Course frequency:

Usually subsequent to the module B.Mat.3124
"Introduction to groups, geometry and dynamical
systems"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Mathematical Institute
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Module B.Mat.3325: Advances in non-commutative geometry
Learning outcome, core skills: Workload:

Learning outcome:

In the modules of the cycle "Non-commutative geometry" students get to know the
conception of space of non-commutative geometry and some of its applications in
geometry, topology, mathematical physics, the theory of dynamical systems and number
theory. They are introduced to current research questions and enabled to carry out
independent contributions to research, e. g. within the scope of a Master's thesis.

Non-commutative geometry uses concepts of analysis, algebra, geometry and
mathematical physics and can be applied to these areas. In the course offer several
aspects are considered at a time and a cycle will only cover some of the learning
objectives mentioned below. The introduction to the cycle and the specialisation in

the cycle will normally cover different aspects of non-commutative geometry that
supplement one another complementarily. The following content-related competencies
are pursued. Students

« are familiar with the basic characteristics of operator algebras, especially with their
representation and ideal theory;

 construct groupoids and operator algebras from different geometrical objects and
apply hon-commutative geometry to these domains;

» know the spectral theory of commutative C*-algebras and analyse normal
operators in Hilbert spaces with it;

» know important examples of simple C*-algebras and deduce their basic
characteristics;

 apply basic concepts of category theory to C*-algebras;

* model the symmetries of non-commutative spaces;

 apply Hilbert modules in C*-algebras;

» know the definition of the K-theory of C*-algebras and their formal characteristics
and calculate the K-theory of C*-algebras for important examples with it;

 apply operator algebras for the formulation and analysis of index problems in
geometry and for the analysis of the geometry of greater length scales;

« compare different analytical and geometrical models for the construction of
mappings between K-theory groups and apply them;

« classify and analyse quantisations of manifolds via Poisson structures and know a
few important methods for the construction of quantisations;

« classify W*-algebras and know the intrinsic dynamic of factors;

« apply von Neumann algebras to the axiomatic formulation of quantum field theory;

» use von Neumann algebras for the construction of L2 invariants for manifolds and
groups;

 understand the connection between the analysis of C*- and W*-algebras of groups
and geometrical characteristics of groups;

« define the invariants of algebras and modules with chain complexes and their
homology and calculate these;

Attendance time:

84 h

Self-study time:

186 h
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* interpret these homological invariants geometrically and correlate them with each

other;

* abstract new concepts from the fundamental characteristics of K-theory and other
homology theories, e. g. triangulated categories.

Core sKkills:

After having successfully completed the module, students will be able to

« handle methods and concepts of the area "Non-commutative geometry"

confidently;

 explain complex issues of the area "Non-commutative geometry";
 apply methods of the area "Non-commutative geometry" to new problems in this

area.
Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3325.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Non-commutative geometry"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3125
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3125
"Introduction to non-commutative geometry"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Mathematical Institute
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6 WLH
Module B.Mat.3331: Advances in inverse problems
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Inverse problems" enables students
to learn methods, concepts, theories and applications in the area of "Inverse problems".
During the course of the cycle students will be successively introduced to current
research topics and able to carry out independent contributions to research (e. g. within
the scope of a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

+ are familiar with the phenomenon of illposedness and identify the degree of
illposedness of typical inverse problems;

 evaluate different regularisation methods for ill posed inverse problems under
algorithmic aspects and with regard to various a priori information and distinguish
concepts of convergence for such methods with deterministic and stochastic data
errors;

 analyse the convergence of regularisation methods with the help of spectral theory
of bounded self-adjoint operators;

 analyse the convergence of regularisation methods with the help of complex
analysis;

* analyse regularisation methods from stochastic error models;

 apply fully data-driven models for the choice of regularisation parameters and
evaluate these for concrete problems;

» model identification problems in natural sciences and technology as inverse
problems of partial differential equations where the unknown is e. g. a coefficient,
an initial or a boundary condition or the shape of a region;

 analyse the uniqueness and conditional stability of inverse problems of partial
differential equations;

» deduce sampling and testing methods for the solution of inverse problems of
partial differential equations and analyse the convergence of such methods;

» formulate mathematical models of medical imaging like computer tomography (CT)
or magnetic resonance tomography (MRT) and know the basic characteristics of
corresponding operators.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Inverse problems" confidently;
» explain complex issues of the area "Inverse problems";
» apply methods of the area "Inverse problems" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH
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Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3331.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Inverse problems"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3131
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3131
"Introduction to inverse problems"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3332: Advances in approximation methods
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Approximation methods" enables
students to learn methods, concepts, theories and applications in the area of
"Approximation methods", so the approximation of one- and multidimensional functions
as well as for the analysis and approximation of discrete signals and images. During the
course of the cycle students will be successively introduced to current research topics
and able to carry out independent contributions to research (e. g. within the scope of a
practical course in scientific computing or a Master's thesis). Depending on the current
course offer the following content-related competencies may be pursued. Students

« are familiar with the modelling of approximation problems in suitable finite- and
infinite-dimensional vector spaces;

+ can confidently handle models for the approximation of one- and multidimensional
functions in Banach and Hilbert spaces;

» know and use parts of classical approximation theory, e. g. Jackson and
Bernstein theorems for the approximation quality for trigonometrical polynomials,
approximation in translationally invariant spaces; polynomial reductions and
Strang-Fix conditions;

 acquire knowledge of continuous and discrete approximation problems and their
corresponding solution strategies both in the one- and multidimensional case;

 apply available software for the solution of the corresponding numerical methods
and evaluate the results sceptically;

* evaluate different numerical methods for the efficient solution of the approximation
problems on the basis of the quality of the solutions, the complexity and their
computing time;

 acquire advanced knowledge about linear and non-linear approximation methods
for multidimensional data;

« are informed about current developments of efficient data approximation and data
analysis;

 adapt solution strategies for the data approximation using special structural
characteristics of the approximation problem that should be solved.

Core skills:
After having successfully completed the module, students will be able to

* handle methods and concepts of the area "Approximation methods" confidently;
» explain complex issues of the area "Approximation methods";
» apply methods of the area "Approximation methods" to new problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:
1. Lecture course (Lecture)

2. Exercise session (Exercise)

4 WLH
2 WLH

169



Module B.Mat.3332 - Version 4

Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3332.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Approximation methods"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3132
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3132
"Introduction to approximation methods"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics

170




Module B.Mat.3333 - Version 4

Georg-August-Universitat Gottingen 9C
6 WLH
Module B.Mat.3333: Advances in numerics of partial differential
eguations
Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
The successful completion of modules of the cycle "Numerics of partial differential 84h _
equations” enables students to learn methods, concepts, theories and applications in Self-study time:
186 h

the area of "Numerics of partial differential equations”. During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a practical course
in scientific computing or a Master's thesis). Depending on the current course offer the
following content-related competencies may be pursued. Students

« are familiar with the theory of linear partial differential equations, e. g. questions of
classification as well as existence, uniqueness and regularity of the solution;

» know the basics of the theory of linear integral equations;

« are familiar with basic methods for the numerical solution of linear partial
differential equations with finite difference methods (FDM), finite element methods
(FEM) as well as boundary element methods (BEM);

 analyse stability, consistence and convergence of FDM, FEM and BEM for linear
problems;

» apply methods for adaptive lattice refinement on the basis of a posteriori error
approximations;

» know methods for the solution of larger systems of linear equations and their
preconditioners and parallelisation;

» apply methods for the solution of larger systems of linear and stiff ordinary
differential equations and are familiar with the problem of differential algebraic
problems;

 apply available software for the solution of partial differential equations and
evaluate the results sceptically;

« evaluate different numerical methods on the basis of the quality of the solutions,
the complexity and their computing time;

» acquire advanced knowledge in the theory as well as development and application
of numerical solution strategies in a special area of partial differential equations,
e. g. in variation problems with constraints, singularly perturbed problems or of
integral equations;

» know propositions about the theory of non-linear partial differential equations of
monotone and maximally monotone type as well as suitable iterative solution
methods.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Numerics of partial differential
equations" confidently;
» explain complex issues of the area "Numerics of partial differential equations”;

171



Module B.Mat.3333 - Version 4

» apply methods of the area "Numerics of partial differential equations" to new
problems in this area.

Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C
Examination prerequisites:
B.Mat.3333.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
Examination requirements:
Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Numerics of partial differential equations"
Admission requirements: Recommended previous knowledge:
none B.Mat.3133
Language: Person responsible for module:
English Programme coordinator
Course frequency: Duration:
Usually subsequent to the module B.Mat.3133 1 semester][s]
"Introduction to numerics of partial differential
equations”
Number of repeat examinations permitted: Recommended semester:
twice Bachelor: 6; Master: 1 - 4
Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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Module B.Mat.3334: Advances in optimisation

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

The successful completion of modules of the cycle "Optimisation" enables students to
learn methods, concepts, theories and applications in the area of "Optimisation"”, so the
discrete and continuous optimisation. During the course of the cycle students will be
successively introduced to current research topics and able to carry out independent
contributions to research (e. g. within the scope of a practical course in scientific
computing or a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

Self-study time:
186 h

« identify optimisation problems in application-oriented problems and formulate these
as mathematical programmes;

« evaluate the existence and uniqueness of the solution of an optimisation problem;

« identify structural characteristics of an optimisation problem, amongst others the
existence of a finite candidate set, the structure of the underlying level set;

» know which special characteristics of the target function and the constraints (like
(virtual) convexity, dc functions) for the development of solution strategies can be
utilised;

 analyse the complexity of an optimisation problem;

« classify a mathematical programme in a class of optimisation problems and know
current solution strategies for it;

» develop optimisation methods and adapt general methods to special problems;

» deduce upper and lower bounds for optimisation problems and understand their
meaning;

» understand the geometrical structure of an optimisation problem and apply it for
solution strategies;

« distinguish between proper solution methods, approximation methods with quality
guarantee and heuristics and evaluate different methods on the basis of the quality
of the found solutions and their computing times;

» acquire advanced knowledge in the development of solution strategies on the
basis of a special area of optimisation, e. g. integer optimisation, optimisation of
networks or convex optimisation;

» acquire advanced knowledge for the solution of special optimisation problems of
an application-oriented area, e. g. traffic planning or location planning;

» handle advanced optimisation problems, like e. g. optimisation problems with
uncertainty or multi-criteria optimisation problems.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Optimisation" confidently;
» explain complex issues of the area "Optimisation";
» apply methods of the area "Optimisation" to new problems in this area.
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Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3334.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Optimisation"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3134
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3134
"Introduction to optimisation”

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3337: Advances in variational analysis
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Variational analysis" enables
students to learn methods, concepts, theories and applications in the area of "Variational
analysis" and continuous optimisation. During the course of the cycle students will be
successively introduced to current research topics and able to carry out independent
contributions to research (e. g. within the scope of a practical course in scientific
computing or a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

 understand basic concepts of convex and variational analysis for finite- and infinite-
dimensional problems;

» master the characteristics of convexity and other concepts of the regularity of sets
and functions to evaluate the existence and regularity of the solutions of variational
problems;

» understand basic concepts of the convergence of sets and continuity of set-valued
functions;

» understand basic concepts of variational geometry;

« calculate and use generalised derivations (subderivatives and subgradients) of
non-smooth functions;

» understand the different concepts of regularity of set-valued functions and their
effects on the calculation rules for subderivatives of non-convex functionals;

» analyse constrained and parametric optimisation problems with the help of duality
theory;

« calculate and use the Legendre-Fenchel transformation and infimal convulutions;

» formulate optimality criteria for continuous optimisation problems with tools of
convex and variational analysis;

 apply tools of convex and variational analysis to solve generalised inclusions that
e. g. originate from first-order optimality criteria;

» understand the connection between convex functions and monotone operators;

» examine the convergence of fixed point iterations with the help of the theory of
monotone operators;

» deduce methods for the solution of smooth and non-smooth continuous
constrained optimisation problems and analyse their convergence;

 apply numerical methods for the solution of smooth and non-smooth continuous
constrained programs to current problems;

» model application problems with variational inequations, analyse their
characteristics and are familiar with numerical methods for the solution of
variational inequations;

» know applications of control theory and apply methods of dynamic programming;

* use tools of variational analysis in image processing and with inverse problems;

» know basic concepts and methods of stochastic optimisation.

Core sKkills:

Attendance time:

84 h

Self-study time:

186 h
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After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Variational analysis" confidently;
» explain complex issues of the area "Variational analysis";
» apply methods of the area "Variational analysis" to new problems in this area.

Examination prerequisites:

twice, of solutions in the exercise sessions

B.Mat.3337.Ue: Achievement of at least 50% of the exercise points and presentation,

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination requirements:

module of the area "Variational analysis"

Proof of advancement of knowledge and competencies acquired in the introductory

Admission requirements:

Recommended previous knowledge:

none B.Mat.3137
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3137
"Introduction in variational analysis"

Duration:
1 semester][s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3338: Advances in image and geometry processing
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Image and geometry processing"
enables students to learn and apply methods, concepts, theories and applications

in the area of "Image and geometry processing", so the digital image and geometry
processing. During the course of the cycle students will be successively introduced to
current research topics and able to carry out independent contributions to research (e.
g. within the scope of a practical course in scientific computing or a Master's thesis).

Depending on the current course offer the following content-related competencies may

be pursued. Students

+ are familiar with the modelling of problems of image and geometry processing in
suitable finite- and infinite-dimensional vector spaces;

* learn basic methods for the analysis of one- and multidimensional functions in
Banach and Hilbert spaces;

* learn basic mathematical concepts and methods that are used in image
processing, like Fourier and Wavelet transform;

* learn basic mathematical concepts and methods that play a central role in
geometry processing, like curvature of curves and surfaces;

» acquire knowledge about continuous and discrete problems of image data analysis

and their corresponding solution strategies;
» know basic concepts and methods of topology;
« are familiar with visualisation software;

» apply available software for the solution of the corresponding numerical methods

and evaluate the results sceptically;

» know which special characteristics of an image or of a geometry can be extracted

and worked on with which methods;

« evaluate different numerical methods for the efficient analysis of multidimensional
data on the basis of the quality of the solutions, the complexity and their computing

time;

» acquire advanced knowledge about linear and non-linear methods for the
geometrical and topological analysis of multidimensional data;

« are informed about current developments of efficient geometrical and topological
data analysis;

» adapt solution strategies for the data analysis using special structural
characteristics of the given multidimensional data.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Image and geometry processing"”
confidently;
» explain complex issues of the area "Image and geometry processing";

Attendance time:

84 h

Self-study time:

186 h
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» apply methods of the area "Image and geometry processing" to new problems in
this area.

Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C
Examination prerequisites:
B.Mat.3338.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
Examination requirements:
Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Image and geometry processing"
Admission requirements: Recommended previous knowledge:
none B.Mat.3138
Language: Person responsible for module:
English Programme coordinator
Course frequency: Duration:
Usually subsequent to the module B.Mat.3138 1 semester][s]

"Introduction to image and geometry processing"

Number of repeat examinations permitted: Recommended semester:
twice Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3339: Advances in scientific computing / applied ma-
thematics
Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
The successful completion of modules of the cycle "Scientific computing / Applied 84h _
mathematics" enables students to learn and apply methods, concepts, theories and Self-study time:
applications in the area of "Scientific computing / Applied mathematics". During the 186 h
course of the cycle students will be successively introduced to current research topics
and able to carry out independent contributions to research (e. g. within the scope of a
practical course in scientific computing or a Master's thesis). Depending on the current
course offer the following content-related competencies may be pursued. Students
« are familiar with the theory of basic mathematical models of the corresponding
subject area, especially about the existence and uniqueness of solutions;
» know basic methods for the numerical solution of these models;
 analyse stability, convergence and efficiency of numerical solution strategies;
» apply available software for the solution of the corresponding numerical methods
and evaluate the results sceptically;
* evaluate different numerical methods on the basis of the quality of the solutions,
the complexity and their computing time;
« are informed about current developments of scientific computing, like e. g. GPU
computing and use available soft- and hardware;
» use methods of scientific computing for solving application problems, like e. g. of
natural and business sciences.
Core skills:
After having successfully completed the module, students will be able to
» handle methods and concepts of the area "Scientific computing / applied
mathematics" confidently;
» explain complex issues of the area "Scientific computing / applied mathematics";
» apply methods of the area "Scientific computing / applied mathematics" to new
problems in this area.
Courses:
1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C
Examination prerequisites:
B.Mat.3339.Ue: Achievement of at least 50% of the exercise points and presentation,
twice, of solutions in the exercise sessions
Examination requirements:
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Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Scientific computing / applied mathematics"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3139
Language: Person responsible for module:
English Programme coordinator

Course frequency:

Usually subsequent to the module B.Mat.3139
"Introduction to scientific computing / applied
mathematics"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Numerical and Applied Mathematics
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6 WLH
Module B.Mat.3341: Advances in applied and mathematical stochas-

tics

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Applied and mathematical
stochastics" enables students to understand and apply a broad range of problems,
theories, modelling and proof techniques of stochastics. During the course of the cycle
students will be successively introduced to current research topics and able to carry
out independent contributions to research (e. g. within the scope of a Master's thesis).
Depending on the current course offer the following content-related competencies may
be pursued: Students

« are familiar with advanced concepts of probability theory established on measure
theory and apply them independently;

« are familiar with substantial concepts and approaches of probability modelling and
inferential statistics;

» know basic characteristics of stochastic processes as well as conditions for their
existence and unigueness;

 have a pool of different stochastic processes in time and space at their disposal
and characterise those, differentiate them and quote examples;

 understand and identify basic characteristics of invariance of stochastic processes
like stationary processes and isotropy;

 analyse the convergence characteristic of stochastic processes;

 analyse regularity characteristics of the paths of stochastic processes;

» adequately model temporal and spatial phenomena in natural and economic
sciences as stochastic processes, if necessary with unknown parameters;

» analyse probabilistic and statistic models regarding their typical characteristics,
estimate unknown parameters and make predictions for their paths on areas not
observed / at times not observed,;

« discuss and compare different modelling approaches and evaluate the reliability of
parameter estimates and predictions sceptically.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Applied and mathematical stochastics"
confidently;

» explain complex issues of the area "Applied and mathematical stochastics";

» apply methods of the area "Applied and mathematical stochastics" to new
problems in this area.

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH
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Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3341.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory
module of the area "Applied and mathematical stochastics"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3141
Language: Person responsible for module:
English Programme coordinator

Course frequency:

Usually subsequent to the module B.Mat.3141
"Introduction to applied and mathematical
stochastics"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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Georg-August-Universitat Gottingen 9C

6 WLH
Module B.Mat.3342: Advances in stochastic processes
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Stochastic processes" enables
students to learn and apply methods, concepts, theories and proof techniques in the
area of "Stochastic processes" and use these for the modelling of stochastic systems.
During the course of the cycle students will be successively introduced to current
research topics and able to carry out independent contributions to research (e. g. within
the scope of a Master's thesis). Depending on the current course offer the following
content-related competencies may be pursued. Students

« are familiar with advanced concepts of probability theory established on measure
theory and apply them independently;

» know basic characteristics as well as existence and uniqueness results for
stochastic processes and formulate suitable probability spaces;

 understand the relevance of the concepts of filtration, conditional expectation and
stopping time for the theory of stochastic processes;

» know fundamental classes of stochastic processes (like e. g. Poisson processes,
Brownian motions, Levy processes, stationary processes, multivariate and spatial
processes as well as branching processes) and construct and characterise these
processes;

 analyse regularity characteristics of the paths of stochastic processes;

 construct Markov chains with discrete and general state spaces in discrete and
continuous time, classify their states and analyse their characteristics;

« are familiar with the theory of general Markov processes and characterise and
analyse these with the use of generators, semigroups, martingale problems and
Dirichlet forms;

» analyse martingales in discrete and continuous time using the corresponding
martingale theory, especially using martingale equations, martingale convergence
theorems, martingale stopping theorems and martingale representation theorems;

» formulate stochastic integrals as well as stochastic differential equations with the
use of the Ito calculus and analyse their characteristics;

« are familiar with stochastic concepts in general state spaces as well as with the
topologies, metrics and convergence theorems relevant for stochastic processes;

» know fundamental convergence theorems for stochastic processes and generalise
these;

» model stochastic systems from different application areas in natural sciences and
technology with the aid of suitable stochastic processes;

» analyse models in mathematical economics and finance and understand
evaluation methods for financial products.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Stochastic processes" confidently;

Attendance time:
84 h

Self-study time:
186 h
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» explain complex issues of the area "Stochastic processes";
» apply methods of the area "Stochastic processes" to new problems in this area.

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3342.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Stochastic processes"

Admission requirements:

Recommended previous knowledge:

none B.Mat.3142
Language: Person responsible for module:
English Programme coordinator

Course frequency:
Usually subsequent to the module B.Mat.3142
"Introduction to stochastic processes"

Duration:
1 semester[s]

Number of repeat examinations permitted:
twice

Recommended semester:
Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:

Instructor: Lecturers at the Institute of Mathematical Stochastics
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6 WLH
Module B.Mat.3343: Advances in stochastic methods of economa-
thematics
Learning outcome, core skills: Workload:

Learning outcome:

The successful completion of modules of the cycle "Stochastic methods of
economathematics" enables students to learn methods, concepts, theories and
applications in this area. During the course of the cycle students will be successively
introduced to current research topics and able to carry out independent contributions to
research (e. g. within the scope of a Master's thesis). Depending on the current course
offer the following content-related competencies may be pursued. Students

* master problems, basic concepts and stochastic methods of economathematics;
» understand stochastic connections;

» understand references to other mathematical areas;

» get to know possible applications in theory and practice;

 gain insight into the connection of mathematics and economic sciences.

Core skills:
After having successfully completed the module, students will be able to

» handle methods and concepts of the area "Stochastic methods of
economathematics" confidently;

» explain complex issues of the area "Stochastic methods of economathematics";

» apply methods of the area "Stochastic methods of economathematics" to new
problems in this area.

Attendance time:
84 h

Self-study time:
186 h

Courses:

1. Lecture course (Lecture) 4 WLH
2. Exercise session (Exercise) 2 WLH
Examination: Oral examination (approx. 20 minutes) 9C
Examination prerequisites:

B.Mat.3343.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Stochastic methods of economathematics"

Admission requirements: Recommended previous knowledge:
none B.Mat.3143

Language: Person responsible for module:

English Programme coordinator

Course frequency: Duration:
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Usually subsequent to the module B.Mat.3143 1 semester[s]
"Introduction to stochastic methods of
economathematics”

Number of repeat examinations permitted: Recommended semester:
twice Bachelor: 6; Master: 1 - 4

Maximum number of students:
not limited

Additional notes and regulations:
Instructor: Lecturers at the Institute of Mathematical Stochastics
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Georg-August-Universitat Gottingen 9C
6 WLH
Module B.Mat.3344: Advances in mathematical statistics

Learning outcome, core skills: Workload:
Learning outcome: Attendance time:
84 h

Self-study time:
186 h

The successful completion of modules of the cycle "Mathematical statistics" enables
students to learn methods, concepts, theories and applications in the area of
"Mathematical statistics". During the course of the cycle students will be successively
introduced to current research topics and able to carry out independent contributions to
research (e. g. within the scope of a Master's thesis). Depending on the current course
offer the following content-related competencies may be pursued. Students

« are familiar with the most important methods of mathematical statistics like
estimates, testing, confidence propositions and classification and use them in
simple models of mathematical statistics;

« evaluate statistical methods mathematically precisely via suitable risk and loss
concepts;

 analyse optimality characteristics of statistical estimate methods via lower and
upper bounds;

 analyse the error rates of statistical testing and classification methods based on
the Neyman Pearson theory;

« are familiar with basic statistical distribution models that base on the theory of
exponential indexed families;

» know different techniques to obtain lower and upper risk bounds in these models;

« are confident in modelling typical data structures of regression;

 analyse practical statistical problems in a mathematically accurate way with the
techniques learned on the one hand and via computer simulations on the other
hand;

 are able to mathematically analyse resampling methods and apply them
purposively;

« are familiar with advanced tools of non-parametric statistics and empirical process
theory;

» independently become acquainted with a current topic of mathematical statistics;

» evaluate complex statistical methods and enhance them in a problem-oriented
way.

Core skills:
After having successfully completed the module, students will be able to

* handle methods and concepts of the area "Mathematical statistics" confidently;
» explain complex issues of the area "Mathematical statistics";
» apply methods of the area "Mathematical statistics" to new problems in this area

Courses:
1. Lecture course (Lecture) 4 WLH

2. Exercise session (Exercise) 2 WLH
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Examination: Oral examination (approx. 20 minutes) 9C

Examination prerequisites:

B.Mat.3344.Ue: Achievement of at least 50% of the exercise points and presentation,

twice, of solutions in the exercise sessions

Examination requirements:

Proof of advancement of knowledge and competencies acquired in the introductory

module of the area "Mathematical statistics"

A