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Jeziki / Predavanja /| Slovensko/Slovene
Languages: Lectures:
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Pogoji za vkljucitev v delo oz. za opravljanje Prerequisits:
Studijskih obveznosti:
Poznavanje enostavnih algoritmov. Knowledge of simple algorithms.
Poznavanje osnov linearne algebre in Knowledge of basic linear algebra and calculus.
vektorske analize.

Vsebina: Content (Syllabus outline):




Obvezna vsebina, ki pri Studentih vzpostavi
temeljni nabor znanj s podrocja operacijskih
raziskav in matemati¢nih programov:

® Nevezani ekstrem, Newtonova metoda.

e Vezani ekstrem. Lagrangeovi
multiplikatoriji. Potrebni in zadostni
pogoji za nastop vezanega lokalnega
ekstrema. Wolfe-ov dual konveksnega
programa.

e Metoda podpornih vektorjev.

e Metoda notranje tocke za linearno
programiranje. Dokaz obstoja centralne
poti. Primarno-dualna metoda sledenja
centralni poti.

o Aplikacije nadaljevalnih optimizacijskih
problemov pri umetni inteligenci.
Odvedljivo programiranje.

e Matemati¢ni temelji globokega ucenja.

V okviru vsebine studentje izberejo zahtevne;jsi
problem - projekt, s katerimi se poglobljeno
ukvarjajo pri seminarski nalogi. Problem je
povezan z njihovo bodocdo kariero (prakticni
problemi iz gospodarstva, teoreti¢ni problemi iz
teorije  matemati¢nega programiranja in
pripadajoc¢ih numeri¢nih algoritmov). Preostala
predavanja se prilagodijo problemom, ki so jih
izbrali Studentje, in obsegajo vsebine z
naslednjega seznama:

e Nelinearno programiranje. Kazenska in
odbojna funkcija. Lagrange-Newtonova
metoda (SQP).

e Kvadrati¢no programiranje.
Lagrangeovske metode in metoda
aktivne mnozice. Programi z linearnimi
vezmi. Cikcakanje.

o Semidefinitno programiranje. Aplikacije
v kombinatori¢ni optimizaciji.

e Stozlasto programiranje. Lorentzov in
semidefinitni stoZec. StoZlasto
kvadrati¢no programiranje.

e Robustna optimizacija po metodi cene
robustnosti.

® Imunizacija portfelja in
programiranje.

stohasti¢no

Mandatory content that familiarizes the
students with fundamentals of operations
research and mathematical programs:

e Unconstrained optimization. Newton's
method.

e Constrained optimization. Lagrange
multipliers. Necessery and sufficient
conditions for a  constrained local
optimum. Dual of a convex program.

e Support Vector Machine.

e Interior point methods for linear
programming. Existence of the central
path. Primal-dual methods of following
the central path.

e Applications of continuous optimization
problems in artificial intelligence.
Differentiable programming.

e Mathematical fundamentals of deep
learning.

Within the coursework, the students select a
problem - project whose result is coursework
report. The problem is related to their future
career (practical problems from industry and
business, theoretical problems from the areas of
optimization, algorithms, modelling). The
content of the remaining lectures is selected
according to these projects from the following
list:

e Nonlinear programming. Penalty and

barrier functions. Lagrange-Newton
method. Sequential Quadratic
Programming.

e (Quadratic programming. Lagrange
methods and active set methods.
Programs with linear constraints.
Zigzagging.

e Semidefinite programming. Applications
in combinatorial optimization.

® (Conic programming. Lorentz
semidefinite cone. Conic
programming.

® Price of robustness robust optimization
method.

e Portfolio immunization using stohastic
programming.

and
guadratic




Stohasti¢no nelinearno programiranje

(diskretna in zvezna slucajna
spremenljivka). Dekompozicija.
Aplikacijie semidefinitnega

programiranja: kvadraticni problem
prirejanja, problem trgovskega potnika,
problem maksimalnega prereza grafa.
Aplikaciji stohasti¢nega programiranja:
Markowitzevi modeli  optimizacije
portfelja, modeli vecfaznega
stohasti¢nega nacrtovanja.

Modeli najvejega verjetja, metoda
najmanjsih kvadratov, umerjanje
modelov na znane podatke, inverzni
problemi, druge podatkovne analize.
Optimizacijski matemati¢ni modeli s
podrocja kontrolnih sistemov, obdelave

Stohastic nonlinear programming

(discrete and continuous stohastic

variables). Decomposition.

Applications of semidefinite

programming: quadratic assignment

problem, travelling salesman problem,

max cut problem.

Applications of stohastic programming:

Markowitz models of  portfolio

optimization, multiperiod  stohastic

planning models.

Maximum likelihood models, least

squares method, parameter fitting for

given data.

Optimization mathematical models from

control theory and signal processing.
Other content from the domain of

signalov. operations research and mathematical
° Druge vsebine s podrocja programming, related to students'

operacijskih raziskav in matematicnega problems.

modeliranja, povezane s Studentskimi

projekti. Within their coursework and exercisces, the

students familiarize themselves with software
V okviru seminarskih nalog se Studentje srecajo| |for mathematical modelling, either commercial
tudi s programsko opremo za matemati¢no| |(Excel, Lindo, Matlab) or freely avaliable open
modeliranje. komercialno (Excel, Lindo, Matlab) | |source (Python, SciLab, Neos, R).

oz. prostodostopno in odprtokodno (Python,
SciLab, NEOS, R).

Temeljni literatura in viri / Readings:

R. Rardin. Optimization in Operations Research. Prentice Hall, Inc., Upper Saddle River, New
Jersey, 2000.

J. Curwin, R. Slater. Quantitive Methods for Business Decisions. Third Edition. Chapman & Hall,
London, 1991.

S. A. Zenios, Financial Optimization. Cambridge University Press, Cambridge, 1993.

R. Fletcher, Practical Methods of Optimization. Second Edition. Wiley, Chichester, 2001.

A. Ben-Tal, A. Nemirowski: Lectures on modern convex optimization. H. Milton Stewart School of
Industrial & Systems Engineering, Georgia Institute of Technology, Atlanta, 2012.

C. Huang, R. H. Litzenberger. Foundations for Finacial Economics. Prentice Hall, Inc., Upper Saddle
River, New Jersey, 1988.

P. Kall, S. W. Wallace. Stochastic Programming. Wiley, Chichester, 1994.

L. Nerali¢, Uvod u matemati¢ko programiranje 1. Udzbenici SveuciliSta u Zagrebu, Zagreb, 2001.
R. Rardin. Optimization in Operations Research. Prentice Hall, Inc., Upper Saddle River, New
Jersey, 2000.

J. Renegar. A Mathematical View of Interior-Point Methods in Convex Optimization. MPS-SIAM
Series on Optimization. SIAM, Philadelphia, 2001.

S. A. Zenios, Financial Optimization. Cambridge University Press, Cambridge, 1993.




Cilji in kompetence:

Objectives and competences:

Usvojiti proces matemati¢nega modeliranja na
zveznih optimizacijskih problemih.

Razviti kompetenco samostojnega apliciranja
matemati¢nih metod na probleme iz finan¢ne
optimizacije, ekonomije, ter Sirse iz
gospodarstva.

Spoznati tehnoloska orodja, s katerimi se
sre¢ujemo pri reSevanju optimizacijskih
problemov in problemov matematicnega
modeliranja.

Familiarize the students with the process of
mathematical modelling of continuous
optimization problems.

Develop competent skills of independent
application of mathematical methods to the
problems from financial optimization,
economics, and broader from industry.

Familiarize the students with technological
tools that assist solving optimization problems
and problems related to mathematical
modelling.

Predvideni studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

e Razumevanje zahtevnejsih principov
matemati¢nega programiranja.

® Poglobi znanje iz sodobnih numeri¢nih
metod za reSevanje matematicénih
programov.

e Poglobiti znanje iz Markowitzevih modelov
in drugih zahtevnih aplikacij
matemati¢nega programiranja v financni
optimizaciji in Sirse.

Prenesljive/kljuéne spretnosti in drugi atributi:

e Direktne aplikacije v finan¢ni matematiki,
ekonomiji, poslovnih vedah, inZinirstvu,
fiziki in Stevilnih drugih druzboslovnih in
naravoslovnih vedah.

e Suvereno obvladovanje procesa
matemati¢nega modeliranja in uporabe
tehnik matemati¢nega progamiranja v
problemih s podrocja finan¢ne
optimizacije, ekonomije in Sirse.

e |zdelava temeljitega elaborata ali
zgoscenega clanka uporabe matematicnega
modela na konkretnem matemati¢nem
problemu, ki ga Student najde ob
razmisleku o svoji bodoci karieri.

Knowledge and Understanding:

® To be able to understand advanced
principles of mathematical programming.

e To deepen the knowledge of modern
numerical methods for solving
mathematical programs.

e To deepen the knowledge of details of
Markowitz models and other advanced
applications of mathematical programming,
financial optimization and wider.

Transferable/Key Skills and other attributes:

e Direct applicationsin financial
mathematics, economy, business,
engineering, physics, and numerous other
social and natural sciences.

e Competent mastering of the process of
mathematical modelling and applications od
its techniques in problems from financial
optimization, economics, and wider.




Metode poucevanja in uéenja:

Learning and teaching methods:

Pri predavanjih Studentje spoznajo snov
predmeta. Z uporabo obrnjenega
(flipped) poucevanja na predavanjih
aktivno spoznavajo povezavo med
snovjo in njihovimi projekti.

V okviru seminarskih vaj Studentje
razumevanje snovi utrjujejo na vecjem
projektu, povezanem z njihovo bodoco
kariero. Razporejeni so v vecje skupine,
ki po metodah problemskega ucenja
obravnavajo izbrani problem od
zbiranja podatkov, preko razvoja
modela, izbora in prilagajanja ustreznih
tehnoloskih resitev do razmisleka o
implementaciji reSitve. Koncept
poucevanja je podrobneje predstavljen
kot ciljni aplikativni predmet.

V okviru seminarja Studentje
uporabljajo, analizirajo in vrednotijo
svoje projekte za potrebe ustvarjanja
novih resitev za okolje, iz katerega
izvirajo problemi.

Z uporabo izkusanja matemati¢nega
modeliranja Studenti merijo in
razmisljajo o svojem napredku in tako
uporabljajo svoj matematic¢ni model za
opazovanje izboljSanja, ki izvira iz
matemati¢no podprtega odlocanja.

Tri predstavitve njihovih rezultatov
pomagajo Studentom priuciti se
suverenosti javnega nastopanja in
zagovarjanja svojih rezultatov.
Osredotoceni dvodnevni organizirani
hackathon pomaga Studentom izkusiti
veselje ob osredotocenih raziskovanjih
in sodelovaniju z vrstniki.

At the lectures, the students are
familiarized with the course content.
Applying flipped learning approach, they
discuss their coursework projects in
relation to the material of the course.

At the tutorials, the student deepen
their understanding of the material by
working on an extensive problem
related to their future career. They are
organized in larger groups who research
the chosen problem guided by
methodologies of problem-based
learning. Within solving the problem,
they experience all the stages from
requirements and data gathering, model
development, selecting and adapting
technological solutions to discussing
various aspects of implementation of
the results.

At the seminar, the students apply,
analyse, and evaluate their projects in
order to create new solutions desired by
the environment the problems are
coming from.

Applying embedded mathematical
modelling, the students measure and
reflect upon their progress thus using its
mathematical model to experience
improvement coming from
mathematically supported decision
making.

Three presentations of their results help
students acquire confidence with public
presentation and defending their
results.

Focused two-day workshop-style
organized hackathon helps students




experience the joy of focused research
and collaboration with peers.

Nacini ocenjevanja: Assessment:

Nacin (pisni izpit, ustno izprasevanje, Delez (v%)/ |Type (examination, oral, coursework,

naloge, projekt): Weight (in %) |project):
Seminarska naloga 80% Coursework report
Ustni izpit 20% Oral exam

Vsaka izmed nastetih obveznosti mora
biti opravljena s pozitivno oceno.

Pozitivna ocena pri seminarski nalogi je
pogoj za pristop k izpitu.

Each of the mentioned commitments
must be assessed with a passing grade.

Passing grade of the  coursework
report is required for taking the exam.
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