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Markov beslutningsteori (Q3+Q4) ( forar 2012 - 10 ECTS))

Rammer for udbud
. Uddannelsessprog: engelsk

. Niveau: Kandidatkursus.

. Semester/kvarter: 3. + 4. kvarter, forar 2012.

. Timer per uge: 4.

. Deltagerbegransning:

. Undervisningssted: Arhus

] Hovedomrade: Det Naturvidenskabelige Fakultet

. Udbud ID: 34648

Formal

Kurset praesenterer algoritmiske aspekter af Markov beslutningsteori. Med udgangspunkt i forskellige realistiske eksempler
illustreres denne teoris righoldige anvendelser.

Indhold

Kurset indledes med en kort praesentation af fornyelsesprocesser med afkast samt af markovkeeder. Herefter folger en grundig

’

gennemgang af teorien om Markov beslutningsprocesser, og der prasenteres forskellige anvendelser af denne teori. Yderligere
anvendelser diskuteres ud fra deltagernes projektrapporter.

Faglige forudsatninger

Matematisk Programmering, Matematisk Modellering 1 og 2 og Sandsynlighedsteori. Det er acceptabelt, at sidstnacvnte fag falges
samtidigt med Markov Beslutningsteori.

Underviser

Soren Glud Johansen.

Undervisnings- og arbejdsform

http://mit.au.dk/kursuskatalog/kurser.cfm?udbudid=34648&elemid=&topid=-1&sem=&udd=&art=&hom Side 1 af 2
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Projektkursus med 4 timers foreleesninger om ugen i 3. kvarter. 4. kvarter bruges til arbejde med projekter, som prasenteres og
diskuteres ved kvarterets afslutning.
Engelsk.

Litteratur
H.C. Tijms, A First Course in Stochastic Models, John Wiley & Sons, 2003 (Chapters 1, 2, 3, 4, 6 and 7)

S.M. Ross, Introduction to Stochastic Dynamic Programming, Academic Press, 1983 (Chapters 2, 3, 4 and 5)

Diverse artikler og tekniske rapporter.

Kursushjemmeside

Kursushjemmesiden kan ses p8 instituttets hjemmeside https://mit.au.dk// kort for kursets start.

Udbyder

Institut for Matematik.

Tilmelding til undervisning
Tilmelding pé selvbetjeningen https://mit.au.dk

Laeringsmal

Nar kurset er faerdigt forventes den studerende at kunne:

- anvende poissonprocessen og dens udvidelser

= forstd og anvende basal fornyelsesteori og teorien om fornyelsesprocesser med afkast

] forstd og anvende markovkader med endeligt tilstandsrum og diskret eller kontinuert tid

] formulere og lase Markov og semi-Markov beslutningsprocesser for realistiske problemstillinger med endeligt

tilstandsrum og endeligt handlingsrum, nir milet er at minimere enten de langsigtede gennemsnitlige omkostninger per
tidsenhed eller den forventede nutidsveerdi af fremtidige omkostninger

. forsté basale seetninger om negativ og positiv stokastisk dynamisk programmering

. udlede strukturegenskaber for og inddrage probabilistiske begraensninger i Markov og semi-Markov
beslutningsprocesser.

Bedgmmelse

Det er et krav for at besti kurset, at man deltager aktivt i timerne og udarbejder en projektrapport. Baseret pa rapporten afholdes
mundtlig eksamen med ekstern censur og evaluering efter
7-trinsskalaen. Rapporten kan vere et bachelorprojekt.

KUN fra UVA-kald: eksamenskoder
. 701296080015 Markov beslutningsteori (10 ECTS-point)
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Markov decision theory (Q3+Q4) ( spring 2012 - 10 ECTS )

Course parameters

" Language of instruction: English

. Level of course: Graduate course.

" Semester/quarter: 3rd + 4th quarter, Spring 2012.
. Hours per week: 4.

= Capacity limits:

] Teaching location: Aarhus

. Main area: Faculty of Science

. Course code: 34648

Objectives of the course

The course presents the algorithmic aspects of Markov decision theory and illustrates the wide applicability of this theory to a
variety of realistic problems.

Course contents

A short presentation of Renewal/Reward Processes and Markov chains will form the first lectures of the course. Then follows a
thorough presentation of the theory of Markov Decision Processes, including some applications. Further applications will be

'

discussed based on reports made by the students.

Prerequisites

Mathematical Programming, Mathematical Modeling 1 and 2 and Probability Theory. It is acceptable to follow the latter course
simultaneously with Markov Decision Theory.

Name of lecturer

Seren Glud Johansen.

Type of course / teaching methods

http://mit.au.dk/coursecatalogue/courses.cfm?udbudid=34648&elemid=&topid=-1&sem=&udd=&art=&hom Side 1 af 2
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Project course, 4 hours of lectures per week in the 3rd quarter. The 4th quarter is used to work on projects, which are presented
and discussed at the end of the quarter.

English.

Literature
H.C. Tijms, A First Course in Stochastic Models, John Wiley & Sons, 2003 (Chapters 1, 2, 3, 4, 6 and 7)

S.M. Ross, Introduction to Stochastic Dynamic Programming, Academic Press, 1983 (Chapters 2, 3, 4 and 5)

Various articles and technical reports.

Course homepage
You will be able to find the course homepage at https://mit.au.dk// before the course starts.

Provider
Department of Mathematics.

Course enrolment
At the self-service https://mit.au.dk.

Learning outcomes and competences

The students should after finishing the course be able to:

] apply the Poisson process and its extensions

. understand and apply basic renewal theory and renewal-reward processes

. understand and apply Markov chains with finite state space and discrete or continuous time

. formulate and solve Markov and semi-Markov decision processes for realistic problems with finite state space and finite

action space, when the objective is to minimize either the long-run average cost per unit time or the expected present
value of future costs

. understand basic theorems on negative and positive stochastic dynamic programming

. derive structural properties for and incorporate probabilistic constraints into Markov and semi-Markov decision
processes.

Assessment

To pass the course you should take active part in the lectures and make a project report. Based on the report, the examination is
oral with external examiner and assessment according to the Danish 7-scale.
The report can be accepted as a bachelor project.

KUN fra UVA-kald: eksamenskoder
. 7012960B0015 Markov beslutningsteori (10 ECTS-point)
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Meta-heuristikker til lesning af kombinatoriske optimeringsproblemer (Q3+Q4) (
forar 2012 - 10 ECTS)

Rammer for udbud

. Uddannelsessprog: engelsk

. Niveau: Kandidatkursus.

. Semester/kvarter: 3. + 4. kvarter, forar 2012.

. Timer per uge: 4.

- Deltagerbegraensning:

. Undervisningssted: Arhus

. Hovedomrade: Det Naturvidenskabelige Fakultet

. Udbud ID: 34647

Formal

Heltalsprogrammering og kombinatorisk optimering er en vigtig del af operationsanalysen. Kombinatorisk optimering
beskeftiger sig med lgsning af beslutningsproblemer med en endelig meengde af brugbare lgsninger som, f.eks., at bestemme en
optimal delmangde eller partitionering af en given grundmaengde, en optimal sekvens eller tildeling. Kombinatoriske
optimerirfgsproblemer og metoder fremviser mangfoldige anvendelsesmuligheder og har veeret succesrigt anvendt i forskellige
omrader som, f.eks., personlig planaegning, logistik, transportplanleegning, produktionsplanlegning, supply chain management,

0.5.V.

De fleste kombinatoriske optimeringsproblemer er dog desvarre NP-harde og meget svare at lgse til optimalitet. Heuristiske
metoder er derfor tit nedvendige for at kunne lgse praktiske problemstillinger. Iseer meta-heuristiske lgsningsmetoder, hvilke
koordinerer underordnede heuristikker, har sig vist at veere velfungerende metoder. Kurset giver et overblik over de vigtigste

metoder inden for disse omréder, som er egnet til at lgse praktiske problemstillinger.

Indhold

Begreb, formal og anvendelses af heuristikker; komplexiteetsteori; greedy metoder; lokalespgning; simulated annealing og
varianter; guided local search; variabel naboskab sege; variabel dybe sagning og meget store naboskaber; greedy randomiserede
sege; myrekolonier; genetiske og evolutionzre algoritmer; scatter search og path relinking; tabu search; attribute-based hill
climbing,.

http://mit.au.dk/kursuskatalog/kurser.cfm?udbudid=34647&elemid=&topid=-1&sem=&udd=&art=&hom Side 1 af 3
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Faglige forudsaetninger

Matematisk programmering.

Underviser
Andreas Klose.

Undervisnings- og arbejdsform

2 x 2 timers forelasninger pr. uge.

Engelsk.

Litteratur
Aarts EH, Lenstra JK (1997) Local Search in Combinatorial Optimization. Wiley-Interscience Series in Discrete Mathematics and
Optimization, Wiley, New York.

Glover F, Kochenberger GA (2003) Handbook of Metaheuristics.
Kluwer International Series in Operations Research and Management Science,

Kluwer, London.

Reeves CB (1993) Modern Heuristic Techniques for Combinatorial Problems. Advanced Topics in Computer Science, Blackwell,
Cambridge MA and Oxford UK.

Notater.

Kursushjemmeside
Kursushjemmesiden kan ses pi instituttets hjemmeside https://mit.au.dk// kort for kursets start.

Eksamensterminer

Eksamen: 2. kvarter
Reeksamen: efter aftale med faglaereren.

Udbyder
Institut for Matematik.

Tilmelding til undervisning
Tilmelding pa selvbetjeningen https://mit.au.dk

Laeringsmal

Ved kursets afslutning forventes den studerende inden for kursets emneomrade at kunne:

anvende vigtige meta-heuristiske lgsningsmetoder til et givet kombinatoriske optimeringsproblem;

analysere og diskutere fordele og ulemper ved forskellige alternative meta-heuristiske metoder for at lose specifikke
optimeringsproblemer;

anlysere den mulige nytte af bestemte meta-heuristikke metode med hensigten til lesningskvalitet, beregningstid,
implementeringstid, generaliserbarheden;

kombinere og integrere forskellige meta-heuristikker;

anvende kombinerede metoder til at lgse nye optimeringsproblemer.

Bedommelse

Eksamen bestar af to afleveringsopgaver, en efter hvert kvarter, og en mundtlig eksamen af 20 minutter efter det fjerde kvarter.
Hver afleveringsopgave har et arbejdsomfang af cirka 20 timer. Mundlig eksamen er uden forberedelsestid. Alle eksamensdele er
med en ekstern censor. En enkelt karakter gives efter den danske 7-trin karakterskala baseret pa de skriftlige afleveringsopgaver

http://mit.au.dk/kursuskatalog/kurser.cfm?udbudid=34647&elemid=&topid=-1&sem=&udd=&art=&hom Side 2 af 3
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og den mundlige eksamen.

KUN fra UVA-kald: eksamenskoder
. 7012090V3406 Meta-heuristikker til losning af kombinatoriske op (10 ECTS-point)
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Metaheuristics for Combinatorial Optimization (Q3+Q4) ( spring 2012 - 10 ECTS )

Course parameters

. Language of instruction: English

. Level of course: Graduate course.

" Semester/quarter: 3rd + 4th quarter, Spring 2012.
. Hours per week: 4.

" Capacity limits:

. Teaching location: Aarhus

" Main area: Faculty of Science

. Course code: 34647

Objectives of the course

An important major branch of Operations Research is integer programming and combinatorial optimization. Combinatorial
optimization is concerned withresolving decision problems that are characterized by a finite solution space, especially
optimization problems where the objective is to find an optimal subset, an optimal partitioning of a ground set, an optimal
sequence or an optimal assignment, The range of applications of such types of problems is immense. Combinatorial optimization
techniques have proven to be successful in many fields, e.g, staff resource planning, logistics, transportation, production
planning, supply chain management, and

many many more.

Most combinatorial optimization problems are however NP-hard and very difficult to solve to optimality. For practical problem
solving it is thus often required to resort to heuristics. Especially meta-heuristic solution approaches, which try to coordinate
sub-ordinate heuristics, were shown to be promising methods. This course tries to provide an overview on the most important
techniques in this area that can be applied for practical problem solving.

Course contents

Term, purpose and application fields of heuristics; basics of complexity theory; greedy methods; local search; simulated
annealing and variants; guided local search; variable neighbourhood search; variable depth search and very large-scale
neighbourhoods; greedy randomized adaptive search; ant colonies;

genetic and evolutionary algorithms; scatter search and path relinking; tabu search; attribute-based hill climbing.

http://mit.au.dk/coursecatalogue/courses.cfm?udbudid=34647&elemid=&topid=-1&sem=&udd=8&art=&hom Side 1 af 3
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Prerequisites

Mathematical Programming,.

Name of lecturer
Andreas Klose.

Type of course / teaching methods

2 x 2 hours of lecture per week.

English.

Literature
Aarts EH, Lenstra JK (1997) Local Search in Combinatorial Optimization. Wiley-Interscience Series in Discrete Mathematics and
Optimization, Wiley, New York.

Glover F, Kochenberger GA (2003) Handbook of Metaheuristics. Kluwer International Series in Operations Research and
Management Science, Kluwer, London.

Reeves CB (1993) Modern Heuristic Techniques for Combinatorial Problems. Advanced Topics in Computer Science, Blackwell,
Cambridge MA and Oxford UK.

Lecture Notes.

Course homepage
You will be able to find the course homepage at https://mit.au.dk// before the course starts.

Examination periods

Examination: 2nd quarter.
Re-examination according to agreement with the lecturer.

Provider

Department of Mathematics.

Course enrolment
At the self-service https://mit.au.dk.

Learning outcomes and competences

The students should after finishing the course be able to:

] apply major meta-heuristic solution techniques to a givencombinatorial optimization problem;

= °  analyse and discuss the pros and cons of alternative meta-heuristi¢ solution approaches if applied to a specific problem;

] analyse the potential benefit from using a specific meta-heuristic solution approach for a given combinatorial
optimization problem with respect to solution quality, computational effort, implementational effort, generalizability of
the method;

. combine and integrate ideas of different meta-heuristic concepts;

] apply these combined ideas to non-standard optimization problems.

Assessment

The evaluation consists of two written assighments, one after each quarter, and one oral examination after the 4th quarter. The
workload of each of the written assignments is approximately 20 hours. The oral examination of about 20 minutes is without
preparation. All parts of the examination are with an

external examiner. One single mark after the Danish 7-grade scale is given based on the written assignments and the oral

http://mit.au.dk/coursecatalogue/courses.cfm?udbudid=34647&elemid=&topid=-1&sem=8&udd=&art=&hom Side 2 af 3
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examination.
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Semidefinite optimering (Q3 + Q4) ( forar 2012 - 10 ECTS )

Rammer for udbud

Uddannelsessprog: engelsk

Niveau: Kandidatkursus.

Semester/kvarter: 3. og 4. kvarter. Forar 2012.
Timer per uge: 2 x 2 timers foreleesninger pr. uge
Deltagerbegrsensning:

Undervisningssted: Arhus

Hovedomrade: Det Naturvidenskabelige Fakultet
Udbud ID: 34915

Formal

Semidefinite optimering er en type optimeringsproblem der har mange anvendelser bide teoretisk og praktisk. Eksempelvis an
ethvert optimeringsproblem hvor en kvadratisk funktion minimeres med begransninger defineret ved kvadratisk funktioner

formuleres om et semidefinite optimeringsproblem (kvadratisk optimering). Kursets formél er at formidle teorien bag
semidefinite optimeringsproblemer samt de metoder der bruges til lesning af semidefinite optimeringsproblemer.
' k]

Indhold

Eksempler pa semidefinite optimeringsproblemer og anvendelser pi eksempelvis kombinatoriske problemer som max-cut;
dualitet og optimalitetsbetingelser; self-dual embeddings; centrale stier; sti-folgende metoder; geometri i semidefinite

optimering; potentialle reduktionsmetoder; primal-duale metoder; kompleksitet af semidefinite optimering; bundle metoder.

Faglige forudsatninger

Lineaer Programmering,.

Underviser

Kent Andersen.

Undervisnings- og arbejdsform

http://mit.au.dk/kursuskatalog/kurser.cfm?udbudid=34915&elemid=&topid=-1&sem=&udd=&art=&hom
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2 x 2 timers forelesninger pr. uge. Engelsk.

Litteratur

Oplyses senere.

Kursushjemmeside

Kursushjemmesiden kan ses pi instituttets hjemmeside https://mit.au.dk// kort for kursets start.

Eksamensterminer

Eksamen: 4. kvarter.
Reeksamen: efter aftale med fagleereren.

Udbyder
Institut for Matematik.

Tilmelding til undervisning
Pa selvbetjening https://mit.au.dk//

Laeringsmal

Ved kursets afslutning forventes den studerende pa kurset at kunne:

. Forklare strukturen af semidefinite optimeringsproblemer.

. Redegpre for de forskellige metoder der findes til at lase semidefinite optimeringsproblemer, og disse metoders
tidskompleksitet.

= Forklare tidskompleksiteten af semidefinite optimering.

. Forklare hvordan man kan modellere konkrete problemstillinger som semidefinite optimeringsproblemer.

Bedommelse

Baseret pa en mundtlig eksamen samt én afleveringsopgave. Bedgmmelse efter 7-skala med ekstern censur.

KUN fra UVA-kald: eksamenskoder
. 701211163404 Semidefinite optimering (10 ECTS-point)
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Semidefinite optimization (Q3 + Q4) ( spring 2012 - 10 ECTS)

Course parameters

] Language of instruction: English

. Level of course: Graduate course.

] Semester/quarter: 3rd and 4th quarter. Spring 2012.
] Hours per week: 2 x 2 hours of lectures per week.

] Capacity limits:

] Teaching location: Aarhus

= Main area: Faculty of Science

. Course code: 34915

Objectives of the course

Semidefinite optimization is a type of optimization problem that has many applications both theoretically and practically. For
instance, the minimization of a quadratic function under quadratic constraints (quadratic optimization) is a semidefinite
optimization problem. The purpose of the course is to present the theory of semidefinite optimization and the methods used for
solving semidefinite optimization problems.

Course contents

Examples of semidefinite optimization problems, and applications of semidefinite optimization like, for instance, the max-cut
problem; duality and conditions for optimality; self-dual embeddings; central paths; path-following methods; the geometry of
semidefinite optimization; potential reduction methods; primal-dual methods; the complexity of semidefinite optimization;
bundle methods.

Prerequisites

Linear Programming,.

Name of lecturer

Kent Andersen.
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Type of course / teaching methods

2 x 2 hours of lectures per week. English.

Literature

To be announced later.

Course homepage
You will be able to find the course homepage at https://mit.au.dk// before the course starts.

Examination periods

Examination: 4th quarter
Re-examination according to agreement with the lecturer.

Provider

Department of Mathematics.

Course enrolment
At the self-service https://mit.au.dk//

Learning outcomes and competences

At the end of the course the student is expected to be able to:
. Explain the structure af semidefinite optimization problems.

] Present the methods that are used for solving semidefinite optimization problems, and explain the time complexity of
these methods.

. Explain the time complexity af semidefinite optimization.
. Explain how to model concrete problems as semidefinite optimization problems.
Assessment

Based on an oral exam, and a mandatory exercise. There will be an external examiner to assist in the assesment. The
Danish grading scale (the 7-point scale) will be used.

KUN fra UVA-kald: eksamenskoder

. 701211163404 Semidefinite optimering (10 ECTS-point)
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Advanced derivatives (Q3 + Q4) ( spring 2012 - 10 ECTS)

Course parameters

= Language of instruction: English

= Level of course: Graduate course.

= Semester/quarter: 3rd and 4th quarter. Spring 2012
s Hours per week:

= Capacity limits:

= Teaching location: Aarhus

= Main area: Faculty of Science

= Course code: 34792

Objectives of the course

The objective of this course is to give students a thorough introduction to advanced continuous-time models used for the pricing
and hedging of financial derivatives.

Compulsory programme

Two assignments during the semester; see Evaluation below.

Course contents

The course covers a selection of advanced topics in derivative securities such as stochastic volatility, jumps, exotic derivatives,
commodity derivatives, and dynamic term structure modeling. The lectures include occasional exercise sessions and students
have to do two assignments during the course.

Prerequisites

Intermediate Finance Theory or similar course.

Name of lecturer
NN
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Type of course / teaching methods

In both the third and the fourth quarter 2x2 hours of lectures and exercises are given per week in 6 weeks, while in the 7th week
of each teaching period the participants work on an assignment. In English, unless all students understand Danish in which case
the course language will be Danish.

Literature

Articles, lecture notes, selected chapters from books.

Course homepage
You will be able to find the course homepage at https://mit.au.dk// before the course starts.

Examination periods

Examination: 4th quarter
Re-examination according to agreement with the lecturer

Provider Department of Mathematics.

Course enrolment
At the self-service https://mit.au.dk//

Learning outcomes and competences

After completion of the course, it is expected that
= the student can explain the general modeling techniques presented in the course

= the student can explain the specific models presented in the course, can explain how the relevant problems are solved
mathematically, and can provide economic interpretations of the models and the solutions

= the student is able to apply the techniques presented for solving and analyzing problems similar to those studied in the
course.
Assessment

The evaluation is divided into two parts. The rst part consists of two written assignments during the course with a workload of
approximately 15 hours for each of the two assignments. Each student has to hand in a short report for each assignment. The
second part is an oral examination of about 20 minutes with 20 minutes for preparation. An internal examiner participates in
both parts of the examination. The mark after the Danish 7-grade scale is given based on the written assignments (weight 40%)
and the oral examination (weight 60%). The oral examination takes place at the end of the Spring semester.
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