SLIKOVNA BIOMETRIJA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Slikovna biometrija
Image based biometry

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni ¢lenitve (Studijski 2. letnik 1. semester | izbirni
magistrski program)
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1.semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0075165
Koda ucne enote na ¢lanici/UL Member course code: 63554

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Peter Peer

Vrsta predmeta/Course type:

Predavanja/Lecture
Vaje/Tutorial:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet temelji predusem na postopkih
racunalniskega vida, ki predstavljajo izhodisce
vecine biometricnih sistemouv. Ciljna skupina so
Studentje, ki jih zanimata visoko-tehnoloski razvoj in
raziskave, saj je veliko pristopouv Se v raziskovalni
fazi. Glavna vsebina, ki se bo zaradi razvoja podrocja
spreminjala:

Osnove biometrije

Biometricne modalnosti

Zgradba tipicnega biometricnega sistema
Razpoznava/verifikacija/identifikacija
Metrike

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

S.

Prerequisites:

Content (Syllabus outline):

The course relies mostly on computer vision, as most
biometrics technologies are based on it. Students
interested in cutting edge technology, much of which
is still in a research stage, are the intended target for
the course. The main content (will evolve due to
developments in the field):

Biometry basics

Biometrical modalities

Structure of a typical biometric system
Recognition/verification/identification
Metrics




Pogoji za korektno primerjanje sistemov (baze,
ogrodja)

Uspesnost in uporabnost sistemouv

Racunalniski vid kot temelj biometricnih sistemouv
Prstni odtis

Zajem

Ocena kualitete slike in izboljSanje kvalitete
Procesiranje

Singularne tocke, minucije, grebeni

Ujemanje

Sarenica

Zajem

IzboljSanje kualitete

Procesiranje (segmentacija, normalizacija, kodiranje)
Znacilke

Ujemanje

Zajem

Podmodalnosti

Procesiranje

Znacilke (pristop na osnovi izgleda, modela in/ali
teksture)

Ujemanje

Gibanje

Zajem

Vpliv dinamike

Procesiranje (pristop na osnoviizgleda in/ali
modela)

Dinamicne znacilke

Ujemanje

Zajem

Procesiranje

Znacilke

Ujemanje

Vecbiometricni sistemi /

veCmodalnost / fuzije

Kljucni problemi modalnosti/sistemov (raziskovalni
izzivi)

Predavanja predstavijo pristope in razloZijo njihovo
delovanje. Na laboratorijskih vajah to znanje
uporabimo za apliciranje na prakticne probleme v
Matlabu in odprtokodnih orodijih.

Temeljna literatura in viri/Readings:

Conditions for correct comparisons of the systems
(databases, frameworks)

Performance and usefulness of the systems
Computer vision as the foundation of the biometric
systems

Fingerprint

Acquisition

Quality assessment and quality improvement
Processing

Singular points, minutiae, ridges

Matching

Iris

Acquisition

Quality improvement

Processing (segmentation, normalization, coding)
Feature points

Matching

Face

Acquisition

Sub-modalities

Processing

Feature points (appearance/
model/texture-based approach)

Matching

Gait

Acquisition

Influence of dynamics

Processing (appearance/

model-based approach)

Dynamic feature points

Matching

Ear

Acquisition

Processing

Feature points

Matching

Multi-biometric systems / multi-modality / fusions
Key problems of modalities/systems (research
challenges)

The lectures introduce the approaches and explain
their operation. At tutorial the knowledge is applied
to practical problems in Matlab and open source
tools.

Anil K. Jain, Arun A. Ross, Karthik Nandakumar, Introduction to Biometrics, Springer, 2011 (glavna,

izhodiscna literatura / primary literature)



Ruud M. Bolle, Jonathan Connell, Sharath Pankanti, Nalini K. Ratha, Andrew W. Senior, Guide to Biometrics,

2003

Vsebine bodo podprte tudi s ¢lanki iz pomembnih konferenc in revij. /
Content will be backed also with articles from important conferences and journals.

Cilji in kompetence:

Cilji predmeta:

Student dobi dober pregled nad podrocjem
biometrije in tistimi podrocji racunalniskega vida, ki
tvorijo temelje biometricnih sistemou.

Student je seznanjen s potekom raziskovalnega dela.
Student pridobi dobro osnovo za doktorski studij.
Pridobljene kompetence Studenta:

Pozna terminologijo in principe analize identitete.
Pozna obseg biometricnih tehnologij in njihove
prednosti in slabosti.

Pozna delovanje biometricnega sistema od zajema
do odlocitve.

Razume potek procesiranja za vsako biometricno
modalnost.

Pozna nekatere omejitve delovanja biometricnih
sistemouv.

Kriti¢no razmislja o starejsih in novejSih modalnostih,
kako se modalnosti lahko dopolnjujejo.

Pozna nekatere odprte probleme/izzive v biometriji.

Predvideni studijski rezultati:

Po uspesno opravljenem predmetu bodo Studenti
zmozni:

- pojasniti razvojni cikel biometricnega sistema

- razlikovati med specifikami razlicnih modalnosti
- izbrati algoritme racunalniskega vida za
biometricni cevovod

- implementirati biometricni cevovod

- ourednotiti kvaliteto vsakega koraka v cevovodu
- zgraditi vecbiometricni sistem

- argumentirati izbiro metrik, baz, protokolov

- identificirati odprta raziskovalna vprasanja

- spisati tehnicno porocilo.

Metode poucevanja in ucenja:

Predavanja in laboratorijske vaje, individualno delo
na domacih nalogah/projektu, predstavitve
izdelkou.

Nacini ocenjevanja:
Nacin (pisni izpit, ustno izprasevanje,
naloge, projekt):

DeleZz/Weight

Objectives and competences:

Objectives of the course:

Student gains good overview over the biometry and

with it related computer vision methods that set

foundations of biometric systems.

Student gets acquainted with the flow of the

research work.

Student gets good foundation for doctoral study.

Gained student competences:

e Knows the terminology and principles of identity
analysis.

e Knows the scope of the biometric technologies
and their (dis)advantages.

o Knows how the system works from the

acquisition to decision.

Understands the processing flow for each

biometric modality.

Knows some limitations of biometric systems.

e Isable to critically consider older and newer
modalities and how they can work together.

e |s familiar with some open problems/challenges
in biometry.

Intended learning outcomes:

After successful completion of the course, students
will be able to:

- explain the design cycle of the biometric system
- differentiate between specifics of different
modalities

- choose computer vision algorithms for biometric
pipeline

- implement biometric pipeline

- evaluate the quality of each step in the pipeline
- build multi-biometric system

- argument the choice of metrics, databases,
protocols

- identify open research questions

- write a technical report.

Learning and teaching methods:
Lectures and tutorial, individual work on
assignments/project, presentations of outcomes.

Assessment:
Type (examination, oral, coursework,
project):



Sprotno preverjanje (domace 67,00 % Continuing (assignments/project,

naloge/projekt, predstavitve) presentations)

Konéno preverjanje (pisni ali ustni izpit) 33,00 % Final: (written or oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

EMERSIC, Ziga, STRUC, Vitomir, PEER, Peter. Ear recognition : more than a survey. Neurocomputing, ISSN
0925-2312. [Print ed.], Sep. 2017, vol. 255, str. 26-39. [COBISS.SI-ID 1537395395], [JCR]

MEDEN, Blaz, MALLI, Refik Can, FABIJAN, Sebastjan, EKENEL, Hazim Kemal, STRUC, Vitomir, PEER, Peter.
Face deidentification with generative deep neural networks. IET signal processing, ISSN 1751-9675. [Print ed.],
May 2077, vol., no., str. 1-17. [COBISS.SI-ID 1537419459], [ICR]

PEER, Peter, EMERSIC, Ziga, BULE, Jernej, ZGANEC GROS, Jerneja, STRUC, Vitomir. Strategies for exploiting
independent cloud implementations of biometric experts in multibiometric scenarios. Mathematical
problems in engineering, ISSN 1024-123X. [Print ed.], Mar. 2014, vol. 2014, str. 1-15. [COBISS.SI-ID 10478420],
[ICR]

KOVAC, Jure, PEER, Peter. Human skeleton model based dynamic features for walking speed invariant gait
recognition. Mathematical problems in engineering, ISSN 1024-123X. [Print ed.], Jan. 2014, vol. 2014, str. 1-15.
[COBISS.SI-ID 10477140], [JCR]

KOVAC, Jure, PEER, Peter. Transformation based walking speed normalization for gait recognition.
Transactions on internet and information systems, ISSN 1976-7277, Nov. 2013, vol. 7, no. 11, str. 2690-2701.
http://wwuw.itiis.org/. [COBISS.SI-ID 10308948], [JCR]

(Nosilec ima sicer reference iz useh modalnosti iz vsebine.)

Celotna bibliografija je dostopna na:

http://splet02.izum.si/cobiss/bibliography?code=19226&sciif=on.



http://splet02.izum.si/cobiss/bibliography?code=19226&amp;sciif=on

AKTUALNO RAZISKOVALNO PODROCIE 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Aktualno raziskovalno podrocje 1
Topical research themes 1
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0125916
Koda ucne enote na clanici/UL Member course code: 63545

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo

tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Matej Kristan
Vrsta predmeta/Course type: izbirni/elective
Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet izvajajo (mlajsi) ucitelji, ki bodo pokrivali
novosti iz prakticno usmerjenega raziskovalnega
dela. Predstavili bodo tehnoloske preboje ali
uporabne resitve s podrocja prakticnega
racunalnistuva in informatike, ki Se niso vkljucene v
vsebine obstojecih predmetov.

Podrobna vsebina in predavatelj se doloci vsako leto
posebej glede na predloge, potrebe programa in
zadnje raziskovalne smernice v svetu.

Temeljna literatura in viri/Readings:

Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course is lectured by (younger) professors who
present novelties from practically oriented research
work. Currently uncovered topics interesting due to
recent technological breakthroughs or their
applicative value are presented. The lecturer and
specific contents of the course are determined
annually according to the propositions, programme
needs, and latest research trends.

1. T.Hastie, R. Tibshirani, J. Friedman: The elements of statistical learning, 2nd edition. Springer, 2009.
2. J.L.Hennessy, D. A. Patterson, Computer Architecture, 5th edition: A Quantitative Approach. Morgan

Kaufmann, 2011.

Dodatna literatura se predpise vsako leto posebej glede na vsebino in predloge izbranega predavatelja.
Additional literature is given annually, with respect to the current topic of the course.



Cilji in kompetence:

Cilj predmeta je prenesti raziskovalne novosti v ucni
program in studentom omogociti, da spoznajo
zadnje tehnoloske doseZke in prakticne
implementacije novih metod in tehnologij na
podrocju racunalnistva in informatike.

Predvideni studijski rezultati:

Po zakljucku predmeta bo Student:

- Poznal nove prakticne raziskovalne prijeme, ki v
obstojeCem predmetniku Se niso zajeta.

- Znal uporabiti najnovejse pristope in tehnike z
izbranega podrocja racunalnistva in informatike v
praksi.

- Razumel primernostiizbranih pristopouv s podrocja
racunalnistva in informatike za reSevanje prakticnih
primerouv v poslounih okoljih.

- Znal resevati kompleksne probleme in razvijati
kompleksne sisteme.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

Objectives and competences:

The goal of the course is a transfer of recent research
results into the curriculum. Students will be
introduced to novel technological breakthroughs as
well as practical implementations of new methods
and technologies in the field of computer and
information science.

Intended learning outcomes:

After completing this course a student will:

- Be familiar with the field of study from the
practical point of view, and recent new methods and
concepts.

- Know current practically oriented approaches and
techniques from the specific field of computer and
information science in.

- Understand the advantages of the chosen
approaches in computer and information science in
solving specific practical tasks.

- Know how to solve complex problems, and design
complex systems.

Learning and teaching methods:
Lectures, lab work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

CEHOVIN, Luka, KRISTAN, Matej, LEONARDIS, Ales. Robust visual tracking using an adaptive coupled-layer
visual model. IEEE transactions on pattern analysis and machine intelligence, ISSN 0162-8828. [Print ed.],
Apr. 2012, vol. 35, no. 4, str. 941-953, [COBISS.SI-ID 9431124]

SULIC KENK, Vildana, MANDELIJC, Rok, KOVACIC, Stanislau, KRISTAN, Matej, HAIDINJAK, Melita, PERS,
Janez. Visual re-identification across large, distributed camera networks. Image and vision computing, ISSN
0262-8856. [Print ed.], Feb. 2015, vol. 34, str. 11-26, [COBISS.SI-ID 10896 980]

KRISTAN, Matej, LEONARDIS, Ales, SKOCAJ, Danijel. Multivariate online kernel density estimation with
Gaussian kernels. Pattern recognition, ISSN 0031-3203. [Print ed.], 2071, vol. 44, no. 10/11, str. 2630-2642.

[COBISS.SI-ID 8289876]

KRISTAN, Matej, KOVACIC, Stanislav, LEONARDIS, Ales, PERS, Janez. A two-stage dynamic model for visual
tracking. IEEE transactions on systems, man, and cybernetics. Part B, Cybernetics, ISSN 1083-4419. [Print ed.],
Dec. 2010, vol. 40, no. 6, str. 1505-1520, [COBISS.SI-ID 7709524]


http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=9431124
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=10896980
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=8289876
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=7709524

KRISTAN, Matej, PERS, Janez, PERSE, Matej, KOVACIC, Stanislav. Closed-world tracking of multiple
interacting targets for indoor-sports applications. Computer vision and image understanding, ISSN 1077-
3142. [Print ed.], May 2009, vol. 113, no. 5, str. 598-611, [COBISS.SI-ID 6401620].

Celotna bibliografija je dostopna na SICRISu:

http://www.sicris.si/public/jgm/search basic.aspx?lang=slv&opdescr=search&opt=2&subopt=1&codel=c
mné&code2=auto&search term=30155.



http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=6401620
http://www.sicris.si/public/jqm/search_basic.aspx?lang=slv&amp;opdescr=search&amp;opt=2&amp;subopt=1&amp;code1=cmn&amp;code2=auto&amp;search_term=30155
http://www.sicris.si/public/jqm/search_basic.aspx?lang=slv&amp;opdescr=search&amp;opt=2&amp;subopt=1&amp;code1=cmn&amp;code2=auto&amp;search_term=30155

AKTUALNO RAZISKOVALNO PODROCIE 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Aktualno raziskovalno podrocje 2
Topical research themes 2
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0125917
Koda ucne enote na ¢lanici/UL Member course code: 63546

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Matej Kristan

Vrsta predmeta/Course type: izbirni predmet/elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Jeziki/Languages: Predavanja/Lectures:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Predmet izvajajo (mlajsi) ucitelji, ki bodo pokrivali
novosti iz teoreticno usmerjenega raziskovalnega
dela. Predstavili bodo nove ideje, metodoloske
preboje ali nove usmeritve na podrocju teoreticnega
racunalnistuva in informatike, ki Se niso vkljucene v
vsebine obstojecih predmetov.

Podrobna vsebina in predavatelj se doloci vsako leto
posebej glede na predloge, potrebe programa in
zadnje raziskovalne smernice v svetu.

Temeljna literatura in viri/Readings:

The course is lectured by (younger) professors who
present novelties from theoretically oriented
research work. Currently uncovered topics
interesting due to recent theoretical findings or
methodological breakthroughs are presented. The
lecturer and specific contents of the course are
determined annually according to the propositions,
programme needs, and latest research trends.

1. M. Li, P. Vitdnyi, An Introduction to Kolmogorov Complexity and Its Applications, 3rd edition. Springer,

2008

2. J. E. Hopcroft, R. Motwani, J. D. Ullman, Introduction to Automata Theory, Languages, and

Computation, 3rd edition. Prentice Hall, 2006.

Dodatna literatura se predpise vsako leto posebej glede na vsebino in predloge izbranega predavatelja.



Additional literature is given annually, with respect to the current topic of the course.

Cilji in kompetence:

Cilj predmeta je prenesti raziskovalne novosti v ucni
program in studentom omogociti, da spoznajo
njihove teoreticne osnove, metodoloske novosti in
posledice za razvoj novih metod in tehnologij na
podrocju racunalnistva in informatike.

Predvideni studijski rezultati:

Po zakljucku predmeta bo Student:

- Poznal nove prakticne raziskovalne prijeme, ki v
obstojeCem predmetniku Se niso zajeta.

- Znal uporabiti najnovejse pristope in tehnike z
izbranega podrocja racunalnistva in informatike v
praksi.

- Razumel primernostiizbranih pristopouv s podrocja
racunalnistva in informatike za reSevanje prakticnih
primerouv v poslouvnih okoljih.

- Znal resevati kompleksne probleme in razvijati
kompleksne sisteme.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

Objectives and competences:

The goal of the course is a transfer of recent research
results into the curriculum. Students will be
introduced to novel theoretical ideas as well as their
possible impact for development of new methods
and technologies in the field of computer and
information science.

Intended learning outcomes:

After completing this course a student will:

- Be familiar with the field of study from the
practical point of view, and recent new methods and
concepts.

- Know current practically oriented approaches and
techniques from the specific field of computer and
information science in.

- Understand the advantages of the chosen
approaches in computer and information science in
solving specific practical tasks.

- Know how to solve complex problems, and design
complex systems.

Learning and teaching methods:
Lectures, lab work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

CEHOVIN, Luka, KRISTAN, Matej, LEONARDIS, Ales. Robust visual tracking using an adaptive coupled-layer
visual model. IEEE transactions on pattern analysis and machine intelligence, ISSN 0162-8828. [Print ed.],
Apr. 2012, vol. 35, no. 4, str. 941-953, [COBISS.SI-ID 94317124]

SULIC KENK, Vildana, MANDELIJC, Rok, KOVACIC, Stanislau, KRISTAN, Matej, HAIDINJAK, Melita, PERS,
Janez. Visual re-identification across large, distributed camera networks. Image and vision computing, ISSN
0262-8856. [Print ed.], Feb. 2015, vol. 34, str. 11-26, [COBISS.SI-ID 10896 980]

KRISTAN, Matej, LEONARDIS, Ales, SKOCAJ, Danijel. Multivariate online kernel density estimation with
Gaussian kernels. Pattern recognition, ISSN 0031-3203. [Print ed.], 2011, vol. 44, no. 10/11, str. 2630-2642.

[COBISS.SI-ID 8289876]

KRISTAN, Matej, KOVACIC, Stanislav, LEONARDIS, Ales, PERS, Janez. A two-stage dynamic model for visual
tracking. IEEE transactions on systems, man, and cybernetics. Part B, Cybernetics, ISSN 1083-4419. [Print ed.],
Dec. 2010, vol. 40, no. 6, str. 1505-1520, [COBISS.SI-ID 7709524]


http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=9431124
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=10896980
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=8289876
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=7709524

KRISTAN, Matej, PERS, Janez, PERSE, Matej, KOVACIC, Stanislav. Closed-world tracking of multiple
interacting targets for indoor-sports applications. Computer vision and image understanding, ISSN 1077-
3142. [Print ed.], May 2009, vol. 113, no. 5, str. 598-611, [COBISS.SI-ID 6401620].

Celotna bibliografija je dostopna na SICRISu:

http://www.sicris.si/public/jgm/search basic.aspx?lang=slv&opdescr=search&opt=2&subopt=1&codel=c
mné&code2=auto&search term=30155



http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=6401620
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ALGORITMI

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Algoritmi
Course title: Algorithms
Clanica nosilka/UL Member:
Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 2. semester | izbirni
magistrski program)
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik 2. semester | obuvezni
stopnja, magistrski program)
Univerzitetna koda predmeta/University course code: 0127821
Koda ucne enote na ¢lanici/UL Member course code: 63508

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Andrej Brodnik

obvezni predmet/co

Jeziki/Languages: Predavanja/Lectures: AnglesCina, Slovenscina
Vaje/Tutorial: AnglesCina, Slovenscina
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Osnouno znanje algoritmov in podatkouvnih struktur.

Vsebina:
Vsebina predmeta:

Racunska zahtevnost za algoritme tipa deli in vlada;.

Content (Syllabus outline):
The topics:

Randomizirani algoritmi in verjetnostna analiza algorithms.
Randomized algorithms and probabilistic analysis.

algoritmov.
Amortizirana analiza algoritmouv.

Iskanje v vecdimenzionalnih prostorih: k-d drevesa, R

Amortized analysis of algorithms.

drevesa, lokalno obcutljivo razprsevanje. trees and locality-sensitive hashing.

Sortiranje s predpostavkami: s Stetjem, korensko

urejanje, sektorsko urejanje.

Iskanje s predpostavkami: drevesa van Emde Boats.
Razprsene tabele: funkcije razprsevanja, univerzalno

bucket sort.

razprsSevanje, popolno razprsevanje, Bloomouvi filtri. perfect hashing, Bloom filters.
Hevristicne metode reSevanja problemov: lokalne Heuristic programming: local methods.
metode. Metaheuristics for optimization.

Basic knowledge of algorithms and data structures.

Computational complexity for divide and conquer

Searching in multidimensional spaces: k-d trees, R-
Sorting with assumptions: counting sort, radix sort,

Searching with assumptions: van Emde Boats trees.
Hash tables: hash functions, universal hashing,




Metahevristike pri optimizaciji.

Biolosko navdahnjene metode: genetski algoritmi,
diferencialna evolucija in metode roja.

Racunska geometrija: lastnosti daljic, konveksna
ovojnica, par najbliZjih tock.

Vecnitni in porazdeljeni algoritmi.

Avtomati in gramatike.

Studenti, ki na prui stopnji $e niso osvojili osnovnih
algoritmov in podatkounih struktur, bodo pod
mentorstvom izvajalcev v obliki seminarjev in
domacih nalog sproti obdelali Se manjkajoce
predznanje.

Temeljna literatura in viri/Readings:

Biologically inspired methods: genetic algorithms,
differential evolution, swarm intelligence.
Computational geometry: line-segment properties,
convex hull, closest pair of points.

Multithreaded and distributed algorithmes.
Automata theory and grammars.

Students lacking a required background from the 1st
degree courses will gain needed knowledge and skills
through additional preparation of seminar papers
and programming assignments throughout the
course. The topics will be individually selected.

T. H. Cormen, C.E. Leiserson, R.L. Rivest, C. Stein: Introduction to Algorithms, 3rd edition. MIT Press, 2009.
K.A.Berman, J.L. Paul: Algorithms: Sequential, Parallel, and Distributed. Thomson, 2005.
J. Kleinberg, E. Tardos: Algorithm Design. Pearson Education, 2006.

Cilji in kompetence:

Cilj predmeta je nadgraditi znanje s podrocja
nacrtovanja in analize algoritmov in podatkovnih
struktur. Studenti bodo dosegli nivo, ko znajo
analizirati vecino algoritmouv in si razsirili orodjarno
znanih algoritmouv in tehnik za njihov razvoj.

Splosne kompetence:

sposobnost kriticnega razmisljanja,

razvoj spretnosti kriticnega, analiticnega in
sinteticnega razmisljanja,

sposobnost razumevanja in reSevanja profesionalnih
izzivov,

sposobnost nadgradnje pridobljenega znanja.

Predmetno-specificne kompetence:

poznavanje mojstrove metode in metode Akra-Bazzi
za analizo algoritmouv tipa deli in viadaj,
randomizacija algoritmov

verjetnostna analiza algoritmov,

amortizirana analiza algoritmou,

poznavanje razredov formalnih jezikouv in zapis
regularnih izrazouv ter kontekstno neodvisnih
gramatik,

poznavanje vloge predpostavk pri razvoju
ucinkovitih algoritmou,

ucinkovito iskanje prostorskih podatkouv,

uporaba razprSenih tabel, sestava razprsSevalne
funkcije,

priprava optimizacijskega problema za reSevanje z
lokalnimi metodami,

uporaba meta-hevristik v lokalnih metodah:
spremenljive okolice, vodeno lokalno iskanje, tabu
preiskovanje,

priprava problema za reSevanje z biolosko
navdahnjenimi metodami: genetskimi algoritmi,

Objectives and competences:

The goal of this course is to upgrade the knowledge
of the analysis of algorithms and data structures and
algorithm design techniques. A level where most of
the algorithms can be analysed will be reached.
Students will expand their algorithm toolbox and a
set of design approaches.

General competences:

ability of critical thinking,

developing skills in critical, analytical and synthetic
thinking,

the ability to understand and solve professional
challenges in computer and information science,
the ability to upgrade acquired knowledge.

Subject-specific competences:

use of master theorem and Akra-Bazzi method for
analysis of divide-and-conquer algorithms,
randomization of algorithms,

probabilistic analysis of algorithms,

amortized analysis of algorithms,

classes of formal languages, writing regular
expressions and context-free grammars,

the role of assumptions in development of efficient
algorithms,

efficient search of spatial data and low-dimensional
data,

use of hash tables, construction of hash functions,
preprocessing problems for optimization based on
local search,

using met heuristics in local search: variable
neighbour method, guided local search, tabu search,
preprocessing problems for biology inspired
methods: particle swarm optimization, differential
evolution, ant colony optimization



metodo rojev, diferencialno evolucijo in kolonijo
mravelj,

uporaba tehnik racunske geometrije in poznavanje
ucinkovitih algoritmov za konveksno ouvojnico,
analiza vecnitnih algoritmou, paralelna pohitritev,
spreminjanje enonitnih v vecnitne algoritme,
poznavanje razvoja porazdeljenih algoritmov.

Predvideni studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:
- znal opredeliti razliko med tezkim in lahkim
problemom ter med dobrim in slabim algoritmom,
- razumel delovanje izbranih algoritmouv in jih znal
implementirati v izbranem programskem jeziku,

- sposoben izkazati algoritmicni nacin razmisljanja in
resevanja problemou,

- sposoben samostojno razviti nov algoritem za
izbrane probleme,

- znal raziskati problem, dolociti nacin reSevanja in
poiskati ali razviti algoritem,

- sposoben ovrednotiti kakovost algoritma za
reSevanje izbranega problema.

Metode poucevanja in ucenja:

Predavanja, laboratorijske vaje in domace naloge;
pomembno je sprotno oddajanje domacih nalog.
Studenti s Sibkim obstojecim znanjem bodo
manjkajoce znanje pridobili z dodatnimi
individualnimi seminarskimi nalogami in
programerskimi projekti.

using techniques from computational geometry and
efficiently finding convex hull,

analysis of multithreaded algorithms, speed-up
turning single threaded algorithms in multi-threaded
algorithms,

knowing distributed algorithm development.

Intended learning outcomes:

After the completion of the course a student will be
able to:

- define the difference between easy and hard
problems and between good (efficient) and bad
(inefficient) solutions,

- understand the selected algorithms and implement
them in a selected programming language,

- show the algorithmic way of thinking and solving
the problems,

- independently develop algorithms for solving the
selected problems,

- research the selected problem, find an approach to
solve the problem and develop an appropriate
algorithm,

- evaluate the quality of a selected algorithm.

Learning and teaching methods:

Lectures and homework; assignments are assigned
regularly and shall be delivered on time.

For students with low prior knowledge individual
work (seminal papers and programming
assignments) will be assigned.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin: pisni in ustni izpit, naloge. Type: written and oral examination,
coursework.

Sprotno preverjanje: domace naloge, 50,00 % Continuing: homework, seminars.

seminarsko delo.

Konéno preverjanje: pisni in ustni izpit. 50,00 % Final: written and oral exam.

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
Statutes of University of Ljubljana).

Grading system:

BRODNIK, Andrej, GRGUROVIC, Marko, POZAR, Rok. Modlifications of the Floyd-Warshall algorithm with
nearly quadratic expected-time. Ars mathematica contemporanea. 2022, vol. 22, no. 1, str. 1-22, ilustr. ISSN

1855-3966.

BRODNIK, Andrej, MALNIC, Aleksander, POZAR, Rok. A subquadratic algorithm for the simultaneous
conjugacy problem. Journal of graph theory. 2022, str. 1-8. ISSN 1097-0118.

BRODNIK, Andrej, MALNIC, Aleksander, POZAR, Rok. The simultaneous conjugacy problem in the symmetric
group. Mathematics of computation. Nov. 2021, vol. 90, no. 332, str. 2977-2995. ISSN 0025-5718.



BRODNIK, Andrej, JEKOVEC, MatevZ. Sliding suffix tree. Algorithms. 2018, vol. 11, no. 8, str. 1-11. ISSN 1999-
4893.

BRODNIK, Andrej, GRGUROVIC, Marko. Parallelization of ant system for GPU under the PRAM model.
Computing and informatics. 2018, vol. 37, no. 1, str. 229-243, graf. prikazi. ISSN 1335-9150.



ANALIZA OMREZI]

UCNINACRT PREDMETA/COURSE SYLLABUS

Analiza omreZij
Network analysis
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0127835
Koda ucne enote na ¢lanici/UL Member course code: 635458

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Louvro Subelj

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Vsebina: Content (Syllabus outline):
Uvod v omrezno znanost. Teorija grafov. Realna Introduction to network science. Graph theory.
omreZja. Real-world networks.

PoloZaj vozlisc. Spektralne in razdaljnostne mere
sredis¢nosti vozlis¢. Koeficienti nakopicenosti.
Algoritmi analize povezav.

Pomembnost povezav. Mere umesne srediscnosti
povezav. Vpetost in topolosko prekrivanje.
Podobnost vozlisc. Lokalna in globalna podobnost
vozlis¢. Strukturna in regularna ekvivalenca.
Fragmenti vozlisc. Egocentricna analiza. Motivi in
grafki omreZij. Konveksni podgrafi. Porazdelitve
orbit vozlisc.

Razbitje grafou. Bisekcija grafouv. Spektralna
analiza. Hierarhicno razuvrsc¢anje. Jedrno-obrobna
zgradba.

Node position. Spectral and distance node
centrality. Clustering coefficients. Link analysis
algorithms.

Link importance. Betweenness and bridgeness link
centrality. Embeddedness and topological overlap.
Node similarity. Local and global node similarity.
Structural and regular equivalence.

Node fragments. Egonets analysis. Network motifs
and graphlets. Convex subgraphs. Node orbit
distributions.

Graph partitioning. Graph bisection. Spectral
analysis. Hierarchical clustering. Core-periphery
structure.




Razurscanje omreZij. Optimizacija modularnosti.
Odkrivanje skupnosti. Blocho modeliranje.
Struktura omreZji. Brezlestvicna in omreZja malega
sveta. MeSanje vozlisc.

Modeliranje omreZij. Erdos-Renyi. Watts-Strogatz.
Price, Barabasi-Albert in konfiguracijski modeli.
Abstrakcija omreZij. Predstavitve omreZij.
Strukturna primerjava omreZij. Vzorcenje omreZij.
Algoritmi postavitve vozlisc. Prikazi omreZij.
Rudarjenje omreZij. Klasifikacija in rangiranje
vozlis¢. Inferenca omreZij in napovedouvanje povezav.
Strojno ucenje z grafi.

Izbrani primeri uporabe analize omreZij.
Odkrivanje goljufij. Programski inZeniring.
Informacijska znanost.

Temeljna literatura in viri/Readings:

Network clustering. Modularity optimization.
Community detection. Blockmodeling.

Network structure. Small-world and scale-free
networks. Node mixing.

Network modeling. Erdos-Renyi. Watts-Strogatz.
Price, Barabasi-Albert and configuration models.
Network abstraction. Network representations.
Structural network comparison. Network sampling.
Network layout algorithms. Network visualization.
Network mining. Node classification and ranking.
Network inference and link prediction. Machine
learning with graphs.

Selected applications of network analysis. Fraud
detection. Software engineering. Information science

e Barabdsi, A.-L., Network Science (Cambridge University Press, 2016).

e Newman, M.E.J., Networks: An Introduction (Oxford University Press, 2010, 2018).

e Coscia, M., The Atlas for the Aspiring Network Scientist (e-print arXiv:210100863v2, 2021).

e Menczer, F., Fortunato, S. & Davis, C.A., A First Course in Network Science (Cambridge University Press,

2020).

e Easley, D. & Kleinberg, J., Networks, Crowds, and Markets (Cambridge University Press, 2010).
e deNooy, W., Mruar, A. & Batagelj, V., Exploratory Social Network Analysis (Cambridge University Press,

2071).

e Estrada, E. & Knight, P.A., A First Course in Network Theory (Oxford University Press, 2015

Cilji in kompetence:

Predmet je namenjen seznanitvi Studentouv s
teoreticnimi osnovami omrezne znanosti in analize
omreZij ter vidiki uporabe analize omreZij pri
resevanju prakticnih problemov.

Predvideni studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmoZni:

e Uporabiti pristope omreZne znanosti k
podatkovni analitiki.

e Oceniti uporabo razlicnih metod in tehnik
modeliranja.

e Izbrati ustrezno tehniko za dani problem in
podatke.

e Interpretirati rezultate analize omreZij.

Prepoznati potencialne teZave.

Metode poucevanja in ucenja:
Predavanja, vaje, domace naloge, projekt in koncni
pisni izpit.

Objectives and competences:

The course aims at familiarizing the student with the
theoretical fundamentals of network science and
analysis, and the practicalities of applying network
analysis to real-world problems.

Intended learning outcomes:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmoZni:

e Uporabiti pristope omreZne znanosti k
podatkovni analitiki.

e Oceniti uporabo razlicnih metod in tehnik
modeliranja.

e Izbrati ustrezno tehniko za dani problem in
podatke.

e Interpretirati rezultate analize omreZij.

Prepoznati potencialne teZave.

Learning and teaching methods:
Lectures, lab sessions, homeworks, a project and a
final written exam.

Nacini ocenjevanja: Delez/Weight Assessment:

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homeworks, project)
projekt)

Koncno preverjanje (pisni izpit) 50,00 % Final (written exam)



Ocene: 6-10 pozitivno, 5 negativno Grading: 6-10 pass, 5 fail

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

Subelj, L. & Bajec, M. Unfolding communities in large complex networks. Phys. Rev. E 83, 036103 (2011).
Subelj, L., Fiala, D. & Bajec, M. Network-based statistical comparison of citation topology of
bibliographic databases. Sci. Rep. 4, 6496 (2014).

Subelj, L., Zitnik, S., Blagus, N. &Bajec, M. Node mixing and group structure of complex software
networks. Adus. Complex Syst. 17, 1450022 (2014).

Subelj, L., Van Eck, N. J. & Waltman, L. Clustering scientific publications based on citation relations. PLoS
ONE 11, e0154404 (2016).

Marc, T. & Subelj, L. Convexity in complex networks. Netw. Sci. 6(2), 176-203 (2018).

Subelj, L. Convex skeletons of complex networks. J. R. Soc. Interface 15(145), 20180422 (2018).

Nagli¢, L. & Subelj, L. War pact model of shrinking networks. PLoS ONE 14(10), e0223480 (2019).

Subelj, L., Waltman, L, Traag, V. & Van Eck, N. J. Intermediacy of publications. R. Soc. Open Sci. 7(1),
190207 (2020).

Makarov, I., Kiselev, D., Nikitinsky, N. & Subelj, L. Survey on graph embeddings and their applications to
machine learning problems on graphs. Peer] Comput. Sci. 7, e357 (2021).

Traag, V. & Subelj, L. Large network community detection by fast label propagation. Sci. Rep. 13, 2701
(2023).



APROKSIMACIISKI IN NAKLJIUCNOSTNI ALGORITMI

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Aproksimacijski in nakljucnostni algoritmi
Approximation and randomized algorithms
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)

Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester | izbirni
stopnja, magistrski program) 2. letnik

Univerzitetna koda predmeta/University course code: 0148105
Koda ucne enote na ¢lanici/UL Member course code: 63557

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Borut Robic

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet bo vsebouval naslednje vsebine:
Uvod

e Racunska zahtevnost odlocCitvenih in
optimizacijskih problemov

e NP-polini in NP-tezki problemi

e Hevristicni algoritmi, kakovost suboptimalnih
resitev, (ne)obstoj zagotovila za kakovost
Priblizno reSevanje NP-tezkih probl.

e Aproksimacijski algoritmi

e Kakovost pribliznih resitev

e Razred APX

e Tehnika z vrzeljo

e Aproksimacijske sheme

e Razreda PTAS in FPTAS

e Meje pribliznega reSevanja
Razvoj aproksimacijskih algoritmouv

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Slovenscina
Slovenscina

Prerequisites:

Content (Syllabus outline):
The course will offer the following themes:

Introduction

Computational complexity of decision and

optimization problems

e NP-complete and NP-hard problems

e Heuristic algorithms, quality of suboptimal
solutions, (non)existence of a guarantee of
quality
Approximate solving of NP-hard problems

e Approximation algorithms

e  Quality of approximate solutions

e Theclass APX

e Gaptechnique

e Approximation schemes

e Theclasses PTAS and FPTAS



e PoZresna metoda

e Osredotocanje na podporobleme

e Zaporedno razdeljevanje

e Dinamicno programiranje
Naklju¢nostno resevanje NP-tezkih probl.

e LasVegasin Monte Carlo algoritmi

e RazrediRP, co-RP, ZPP, PP, BPP
Razvoj nakljuénostnih algoritmouv

e Nakljucno vzorcenje

e Zagotavljanje obilice pric

e Nakljucno preurejanje vhoda

e Zgoscanje

e Enakomerno porazdeljevanje bremen

Temeljna literatura in viri/Readings:

e Limits of approximate solving
The design of approximation algorithms
e Greedy method
e Focusing on subproblems
e lterative partitioning
e Dynamic programming
Randomized solving of NP-hard problems
e Las Vegas and Monte Carlo algorithms
e Theclasses RP, co-RP, ZPP, PP, BPP
The design of randomized algorithm
e Random sampling
e Establishing abundance of witnesses
e Random reordering
e Hashing
e Load balancing

B. Robic, Aproksimacijski algoritmi, ZaloZba FE in FRI, 2.izd., 2009.

D.P. Williamson, D.B. Shmoys, The Design of Approximation Algorithms, Cambridge University Press, 2011.
V. V. Vazirani, Approximation Algorithms, Springer, 2004.

D. Hochbaum, Approximation Algorithms for NP-hard Problems, Course Technology, 1996.

R. Motwani, P.Raghavan, Randomized Algorithms, Cambridge University Press, 1995.

M. Mitzenmacher, E. Upfal, Probability and Computing: Randomized algorithms and Probabilistic Analysis,

Cambridge University Press, 2005.

Cilji in kompetence:
Slusatelji bodo na teoreticnem nivoju in prek
prakticnih primerouv osvojili znanja za priblizno in

nakljucnostno reSevanje prakticnih problemou, ki so

v razumnem casu drugace neobvladljivi.

Predvideni Studijski rezultati:

Znanje in razumevanje:

Student bo po opravljenem predmetu:

-- razumel razloge za aproksimacijski in/ali
nakljucnostni pristop k reSevanju nekaterih,
predusem NP-tezkih racunskih problemouv;

-- razumel razliko (in povezave) med odlocitvenimi
in optimizacijskimi problemi;

-- razumel prakticne razloge za aproks. ali naklj.
racunanje suboptimalnih resitev problemou;

-- razumel osnovne pojme o aproks. in naklj.
algoritmih;

-- razumel razne pristope za dolocanje kakouvosti
suboptimalnih resitev ter omejitve teh pristopouv;
-- razumel razrede zahtevnosti odlocitvenih in
optimizacijskih problemou glede na njihovo
odzivnost na aproks. ali naklj. reSevanje, in relacije
med temi razredi;

-- poznal aproks. In naklj. algoritme za izbrane
pomembne NP-teZke probleme;

-- usposobljen uporabljati razne metode za razvoj in
analizo aproks. in naklj. algoritmovu

Objectives and competences:

Students will learn, both theoretically and through
practical examples, how to use approximation and
randomization techniques to solve practical yet
intractable computational problems.

Intended learning outcomes:

Knowledge and understanding:

After completing the course the student will:

-- understand the reasons for approximative

or randomized approach to solving of (mainly NP-
hard) computational problems;

-- understand the differences (and connections)
between decision and optimization problems;

-- understand the practical reasons for approx. or
rand. computing of suboptimal solutions;

-- understand the basic notions about approx. and
rand. algorithms;

-- understand different approaches to estimation of
the quality of suboptimal solutions, and their
limitations;

-- undertand the complexity classes of decision and
optimizations problems according to their
amenability to approx. or rand. solving, and the
relations between the classes;

-- know approx. or rand. algorithms for selected
importand NP-hard problems;

-- be able to use different methods of the design and
analysis of approx. and rand. algorithms;



-- usposobljen za samostojno iskanje in razumevanje

novih raziskouvalnih rezultatov s podrocij

aproksimacijsega in nakljucnostnega reSevanja

racunskih problemouv.

Metode poucevanja in ucenja:

Predavanja, domace naloge, seminarski nacin dela

privajah.

Nacini ocenjevanja:

Nacin (pisni izpit, naloge, projekt)

Sprotno preverjanje (domace naloge,
prakticno delo)

Koncno preverjanje (pisni izpit)

Ocene: 6-10 pozitivno, 5 negativno (skladno
s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

-- be able to follow and understand the new research

results in the area of approximation and randomized
algorithms.

Learning and teaching methods:

DeleZz/Weight
50,00 %

50,00 %

Lectures, homeworks, and exercise groups.

Assessment:
Type (examination, coursework, project):
Continuing (homework, practical work)

Final (written exam)

Grading: 6-10 pass, 5 fail (in accordance
with the rules of the University of
Ljubljana).

Grading system:

1. B.Robic, The Foundations of Computability Theory, Spinger, 2015. (ISBN 978-3662448076)
2. M.BezensSek, B.Robic, A survey of parallel and distributed algorithms for the Steiner tree problem. Int. J.

Par. Program., 42:287-319, 2013.

3. J.Mihelic, A.Mahjoub, C.Rapine, B.Robic, Two-stage flexible-choice problems under uncertainty. Eur. J.

Oper. Res. 201(2):399-403, 2010.

4. J.Mihelic, B.Robic, Flexible-attribute problems. Comput. Optim. Appl. 47(3):553-566, 2010.

5. R.Trobec, M.Sterk, B.Robi¢, Computational complexity and parallelization of the meshless local Petrouv-
Galerkin methods. Comput. Struct. 87(1):81-90,2009.

Celotna bibliografija je dostopna na SICRIS: http://sicris.izum.si/search/rsr.aspx?lang=slv&id=5520



BAYESOVA STATISTIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Bayesian statistics
UL FRI

Bayesova statistika

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Univerzitetna koda predmeta/University course code: 0127867
Koda ucne enote na ¢lanici/UL Member course code: 63563

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Jure Demsar

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Kratek uvod v Bayesovo statistiko. Apriorna
porazdelitev. Aposteriorna porazdelitev. Verjetje.
Konjugiranost. Orodje Stan.

Metode MCMC. Generiranje slucajnih Stevil.
Markouske verige. Monte Carlo. Metoda sprejema in
zavrnitve. Vzorcevalnik Gibbs. Metropolis-Hastings.

Statisticni modeli. GLM. Hierarhi¢no modleiranje.
Modeli diskretne izbire. Modeliranje casovnih vrst.
Modeliranje z meSanicami porazdelitev. Gaussovi
procesi.

Statistika v praksi. Izbira apriorne porazdelitve.
Izbira modela. Ocenjevanje modelov. Interpretacija
modelov. Porocanje o rezultatih statisticnih analiz.
Naprednejse racunske metode. Hamiltonski Monte
Carlo. Laplaceova aproksimacija. Variacijski Bayes.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Brief introduction to Bayesian statistics. Prior.
Posterior. Likelihood. Conjugacy. Stan software for
Bayesian inference.

MCMC methods. Random number generators.
Markov Chains. Monte Carlo. Rejection sampling.
Gibbs sampling. Metropolis-Hastings.

Statistical models. GLM. Hierarchical modelling.
Discrete choice models. Time-series models. Mixture
models. Gaussian processes.

Statistics in practice. Choosing priors. Model
selection. Model evaluation. Diagnostics.
Interpreting statistical models. Reporting statistical
results.

Advanced computation. Hamiltonian Monte Carlo.
Laplace approximation. Variational Bayes.




e Hoff, P. D. (2009). A first course in Bayesian statistical methods. Springer Science & Business Media.
e Kadane, J. B. (2011). Principles of uncertainty. CRC Press.

e Kruschke, J. (2014). Doing Bayesian data analysis: A tutorial with R, JAGS, and Stan. Academic Press.
e Gelman, A, Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., & Rubin, D. B. (2013). Bayesian data

analysis. CRC press.

Cilji in kompetence:

Glavni cilj tega predmeta je Studenta seznaniti z
Bayesovo statistiko, kako uporabiti metode
Bayesove statistike in temeljnimi algoritmi in
racunskimi tehnikami, ki nam omogocajo uporabo
Bayesove statistike.

Predvideni studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e  Reiti tipicne naloge statistike.

e Izbrati primeren model za statisticno analizo.

e Interpretirati rezultate statistichih modelov.

e Argumentirati izbrane metode in tehnike.

e  Pripraviti zgledno statisticno porocilo.

e Uporabiti primerne metode MCMC.

e Zasnovati nove razliCice standardnih statisticnih
modelov.

Metode poucevanja in ucenja:
Predavanja, vaje, sprotno delo, diskusije, izpit.

Objectives and competences:

The main goal of this course is to introduce the
student to Bayesian statistics, how to apply Bayesian
statistics and the underlying algorithms and
computational techniques that make Bayesian
statistics practically feasible.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Solve typical statistical tasks.

e Select an appropriate model for statistical
analysis.

e Interpret statistical results.

e Justify their modelling choices.

e Prepare a exemplary statistical report.

e Useappropriate MCMC methods.

e Design new variants of standard statistical
models.

Learning and teaching methods:
Lectures, tutorials, coursework, discussions, exam.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, project)

projekt)

Koncno preverjanje (ustni izpit) Ocene: 6-10 50,00 % Final (oral exam) Grading: 6-10 pass, 5 fail

pozitivno, 5 negativno (v skladu s Statutom
UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

(according to the rules of University of
Ljubljana).

Grading system:

e Demsar, Jure, Grega Repous, and Erik Strumbel;. "bayes4psy—An open source R package for Bayesian
statistics in psychology." Frontiers in psychology 11(2020): 947.

e Ciglari¢, Tadej, Rok Cesnovar, and Erik Strumbelj. »Automated OpenCL GPU kernel fusion for Stan
math.« Proceedings of the International Workshop on OpenCL. 2020.

e Jurov, lva, Jure Demsar, and Thomas McCurdy. "A Meta-Analysis of Sampled Maximal Aerobic Capacity
Data for Boys Aged 11 Years Old or Less Obtained by Cycle Ergometry." Life 13.2 (2023): 276.

e van Midden, Vesna M., et al. "The effects of transcutaneous auricular vagal nerve stimulation on cortical
GABA-ergic and cholinergic circuits: a transcranial magnetic stimulation study." European Journal of

Neuroscience (2023).

e Demsar, J., Strumbelj, E., & Bajec, I. L. (2016). A Balanced Mixture of Antagonistic Pressures Promotes the
Evolution of Parallel Movement. Scientific reports, 6, 39428.






BREZZICNA SENZORSKA OMREZIA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

BrezzZi¢na senzorska omreZja
Wireless Sensor networks

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 2. semester | izbirni
magistrski program)

Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni

stopnja, magistrski

informatika (smer)

Univerzitetna koda predmeta/University course code: 0082617
Koda ucne enote na ¢lanici/UL Member course code: 63511
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Nikolaj Zimic

strokouni izbirni predmet/specialist elective course

Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):
Poglavja predavani: Basic topics:

1. Zgradba omreZnega prikljucka (senzorja) 1. Single —node architecture

2. Arhitektura senzorskega omreZja 2. Network architecture

3. Fizi¢ni nivo 3. Physical layer

4. Protokoli v senzorskih omreZjih 4. The sensor network protocol

5. Prenosni nivo 5. Transport layer

6. Poimenovanje in naslavljanje 6. Naming and addressing

7. Casouna sinhronizacija 7. Time synchronization

8. Dolocanje pozicije v prostoru 8. Localization and positioning

9. Topologija omreZja 9. Network topology

10. Usmerjevalni protokoli 10. Routing protocols

11.  Podatkouvno in vsebinsko usmerjana omreZja 11. Data centric and content — based networks
12. OmreZja LWPA 12. LPWA network

13. Satelitska senzorska omreZja 13. Satellite-based sensor networks

Temeljna literatura in viri/Readings:

ECTS




1. Holger Karl, Andreas Willig, “Protocols and Architectures for Wireless Sensor Networks ”, Wiley, 2007,

ISBN: 0470519231

2. Ankur Dumka, Sandip K. Chaurasiya, Arindam Biswas, and Hardwari Lal Mandoria "A Complete Guide
to Wireless Sensor Networks" CRC Press 2019 Number-13: 978-1-138-57828-9
3. Waltenegus Dargie, Christian Poellabauer, Fundamentals of Wireless Sensor Networks: Theory and

Practice, Wiley, 2010, ISBN: 978-0-470-99765-9
Dodatna literatura:

Abdulrahman Yarali,: "Wireless sensor networks (WSN)", 2020 by Nova Science Publishers, Inc.,ISBN

9781536187267

Cilji in kompetence:

Cilj predmeta je Studentom racunalnistva in
informatike predstaviti senzorska omreZja. Poudarek
je na posebnostih senzorskih omreZij, ki se od
obicajnih razlikujejo po omejeni moci procesorja ter
omejeni energiji za napajanje.

Predvideni Studijski rezultati:

Znanje in razumevanje:

Po uspesno opravljenem modulu na bi bili Studenti
zmozni:

izkazati znanje in razumevanje osnovnih principov
senzorskih omreZij

uporabiti postopke Casovne sinhronizacije,
dolociti pozicijo senzorja v prostoru,

zasnovati enostavno topologijo senzorskega
omreZja,

uporabiti ustrezen usmerjevalni protokol,

izbrati ustrezen transportni protokol,

razlikovati med podatkouvno in usebinsko
usmerjenimi omrezji.

Uporaba: Uporaba senzorskih omreZij pri raznih
pogojih uporabe (v industriji, pri zajemanju
podatkov na Sirokem podrocju, v domu, ...).
Refleksija: Spoznavanje in razumevanje uglasenosti
med teorijo in njeno aplikacijo na konkretnih
primerih s podrocja senzorskih omreZij.

Prenosljive spretnosti - niso vezane le na en
predmet: ReSevanje drugih konceptualno sorodnih
problemov s podrocja komunikacije in zajemanja
podatkov.

Metode poucevanja in ucenja:

Predavanja, racunske vaje z ustnimi nastopi.
Poseben poudarek je na sprotnem studiju in na
laboratorijskem delu pri vajah.

Objectives and competences:

The goal of this course is to gain the main knowledge
about wireless sensor networks with their special
properties (different processing and power
capabilities).

Intended learning outcomes:

Knowledge and understanding:

After successful completion of the course, students
should be able to:

understand the principles of sensor networks,
use time synchronization techniques,

determine the position of the sensor in the space,
design a simple topology of the sensor network,
use an appropriate routing protocol,

select the appropriate transport protocol,
distinguish between data and content-oriented
networks.

Application: Use of sensor networks in various
scenarios (industry, general data acquisition,
intelligent home,...).

Reflection: Learning and understanding the
correlation between theory and its application to
specific scenarios of sensor network use.
Transferable skills: Solving other conceptually
related problems from the fields of communication
and data acquisition.

Learning and teaching methods:

Lectures, numerical exercises and oral presentations.
Special attention is given to active study and
laboratory work.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,

kolokuviji, projektno in seminarsko delo)

project work or seminar paper)



Koncno preverjanje (pisni izpit) 50,00 % Final (written exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

VASYLCHENKOVA, Anastasiia, MRAZ, Miha, ZIMIC, Nikolaj, MOSKON, Miha. Classical mechanics approach
applied to analysis of genetic oscillators. [EEE/ACM transactions on computational biology and
bioinformatics, ISSN 1545-5963. [Print ed.], May/Jun. 2017, vol. 14, no. 3, str. 721-727,

BORDON, Jure, MOSKON, Miha, ZIMIC, Nikolaj, MRAZ, Miha. Fuzzy logic as a computational tool for
quantitative modelling of biological systems with uncertain kinetic data. IEEE/ACM transactions on
computational biology and bioinformatics, ISSN 1545-5963. [Print ed.], 2015, vol. 12, no. 5, str. 1199-120
PETRONI, Mattia, ZIMIC, Nikolaj, MRAZ, Miha, MOSKON, Miha. Stochastic simulation algorithm for gene
regulatory networks with multiple binding sites. Journal of computational biology, ISSN 1066-5277. [Print
ed.], Mar. 2015, vol. 22, no. 3, str. 218-226,

SOBERL, Domen, ZIMIC, Nikolaj, LEONARDIS, Ales, KRIVIC, Jaka, MOSKON, Miha. Hardware
implementation of FAST algorithm for mobile applications. Journal of signal processing systems for signal,
image, and video technology, ISSN 1939-8018. [Print ed.], 2015, vol. 79, no. 3, str. 247-256,

PECAR, PrimoZ, MRAZ, Miha, ZIMIC, Nikolaj, JANEZ, Miha, LEBAR BAJEC, Iztok. Solving the ternary
quantum-dot cellular automata logic gate problem by means of adiabatic switching. Japanese journal of
applied physics, ISSN 0021-4922, 2008, vol. 47, no. 6, str. 5000-5006



DIGITALNA FORENZIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Digitalna forenzika
Digital forensic
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)

Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik

0082824
63530

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Andrej Brodnik

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Uvod in pravne osnove:

e uvod

e digitalni dokazi in raCunalniski kriminal

e tehnologija in pravo: evropska perspektiva,
ameriska perspektiva

e preiskovalni proces in rekonstrukcija

e modus operandi, motivi in tehnologija

e digitalni dokazi na sodiscu

Racunalniki:

e osnove: delovanje, predstavitev podatkov,
datotecni sistemi, enkripcija

e forenzicna znanost in racunalniki: avtorizacija,
razpoznava, dokumentiranje, zbiranje in
ohranjanje, preiskava in analiziranje,
rekonstrukcija

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Introduction and legal basis:

e introduction

e digital evidence and computer crime

e technology and legal framework: European
perspective, North American perspective

e investigating procedure and reconstruction

e modus operandi, motifs and technology

e adigital evidence and a court of law

Computers:

e basics: operation, data representation, file
systems, encryption

e forensic science and computers: authorization,
recognition, documentation, collecting and
saving data, investigation and analysis,
reconstruction



e forenzi¢na analiza sistemov Windows: datotecni
sistem, pridobivanje podatkov iz racunalnika,
register, zabelezke (log), sledi datotek, omreZno
dostopanje, programi

e forenzicna analiza sistemov Unix: datotecni
sistem, pridobivanje podatkov iz racunalnika,
register, zabelezke (log), sledi datotek, omreZno
dostopanje, programi

e forenzi¢na analiza sistemov Macintosh:
datotecni sistem, pridobivanje podatkou iz
racunalnika, register, zabelezke (log), sledi
datotek, omrezno dostopanje, programi

e forenzi¢na analiza dlancnih sistemov: pomnilnik,
Palm OS, Windows CE, RIM Blackberry, mobilni
telefoni

OmreZja:

e osnove: plasti in njihove storitve ter protokoli

e forenzicna znanost in omreZja: razpoznava,
dokumentiranje, zbiranje, ohranjanje podatkou;
filtriranje in zdruZevanje podatkouv

e digitalni dokazi na fizicni in povezavni plasti

e digitalni dokazi na omrezni in prednosti plasti

e digitalni dokazi v Internetu: splet, e-posta,
pogovorni programi; uporaba interneta kot
preiskovalnega orodja

Preiskovanje racunalniskega kriminala:

e vdoriin rekonstrukcija

e spolnizlocCini

e nadlegovanje

e digitalni dokazi kot alibi

Temeljna literatura in viri/Readings:

e forensic analysis of Windows systems: file
system, collecting data from the computer,
registry, logs, traces of files, network access,
programs

e forensic analysis of Unix systems: file system,
collecting data from the computer, registry, logs,
traces of files, network access, programs

e forensic analysis of Mac computers: file system,
collecting data from the computer, registry, logs,
traces of files, network access, programs

e forensic analysis of palm computers: memory,
Palm OS, Windows CE, RIM Blackberry, mobile
phones

Networks:

e basics: layers and their services with protocols

e forensic science and networks: recognition,
documentation, collecting and saving data; data
filtering and event matching

e digital evidences on a physical layer

e digital evidences on a link layer

e digital evidences on a network layer

e digital evidences in Internet: web, e-mail, chats;
use of Internet as an investigation tool

Investigation of a computer crime:

e intrusion and reconstruction

e sexual crimes

e harassment

e digital evidence as an alibi

Digital Evidence and Computer Crime, Second Edition, Eoghan Casey, Academic Press (2004), ISBN-10:

0121631044, ISBN-13: 978-0121631048

Cyber Crime: The Investigation, Prosecution and Defense of a Computer-Related Crime. 2nd Edition. Edited
by Clifford, R., Carolina Academic Press, ISBN 159460150X
Computer Forensics: Incident Response Essentials, Kruse, W., &, Heiser, J, Addison Wesley, ISBN 201707195

Cilji in kompetence:
Student se spozna s tem, kako se uporablja
racunalnistvo in informatika v forenzi¢nih postopkih.

Predvideni studijski rezultati:

Po uspesnem zakljucku predmeta bo Student:

e sposoben izkazati razumevanje osnouvnih
pojmov forenzike;

e sposoben opredeliti v podrobnosti delovanja
racunalniskih sistemouv;

e znal povezovati obe podrogji.

Metode poucevanja in ucenja:
Predavanja, vaje, domace naloge, seminatji,
konzultacije, laboratorijsko delo.

Objectives and competences:
Student learns how to use knowledge and skills of
Computer Science in forensic procedures.

Intended learning outcomes:

After the successful completion of the course the
student will be able to:

e understand basic terms in forensic science;

e explain details of computer systems, and

e combine knowledge from both areas.

Learning and teaching methods:
Lectures, exercises, lab work, assignments, seminars,
consulting.



Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1.

BRODNIK, Andrej, IACONO, John. Unit-time predecessor queries on massive data sets. Lect. notes
comput. sci., part 1, str. 133-144. [COBISS.SI-ID 8178260]

BRODNIK, Andrej, GRGUROVIC, Marko. Speeding up shortest path algorithms. V: 23rd international
symposium, 23rd international symposium, ISAAC 2012, (Lecture notes in computer science, ISSN 0302-
9743,7676), 2012, str. 156-165. [COBISS.SI-ID 1024498772]

TRCEK, Denis, BRODNIK, Andrej. Hard and soft security provisioning for computationally weak
pervasive computing systems in e-health. IEEE wireless communications, ISSN 1536-1284. [Print ed.], Aug.
2013, vol. 20, no. 4. [COBISS.SI-ID 10091092]

BRODAL, Gerth Stglting, BRODNIK, Andrej, DAVOODI, Pooya. The encoding complexity of two
dimensional range minimum data structures. 21st Annual European Symposium: proceedings, (Lecture
notes in computer science, ISSN 0302-9743, Theoretical computer science and general issues, 8125).
[COBISS.SI-ID 10148692]

KRIZAJ, Dejan, BRODNIK, Andrej, BUKOVEC, Boris. A tool for measurement of innovation newness and
adoption in tourism firms. International journal of tourism research, ISSN 1522-1970, 2014, vol. 16, no. 2,
str. 113-125. [COBISS.SI-ID 1500126]

Celotna bibliografija je dostopna na SICRISu: http://sicris.izum.si/search/rsr.aspx?lang=slv&id=5281.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=5281

DISKRETNA MATEMATIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

UL FRI

Diskretna matematika
Discrete Mathematics

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0082841
Koda ucne enote na ¢lanici/UL Member course code: 63532

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Gasper Fijavz

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Pouvezanost grafou in dekompozicije, bloki, 3-
povezane komponente, povecanje povezanosti.

1

0 ®© N o ;n

Mengerjev izrek, Hallov izrek, pretoki, Ford-
Fulkersonov izrek, prirejanja.

Ravninski grafi, 5-barvanje, razlicna barvanja
ravninskih grafou, postopek prenosa naboja.
Drevesna dekompozicija in drevesna Sirina
grafou, igra policajev in roparja, grafi zomejeno
drevesno Sirino.

Posebni razredi grafou, lastnosti, razpoznavanje,
optimizacija.

Problemi na usmerjenih grafih.

Grafouski minorji, problem disjunktnih poti.
Racunska geometrija: algoritmi pometanja.
Osnouvni problemi z mnogokotniki.

Triangulacije mnogokotnikou.

Voronoievi diagrami in Delaunayeve
triangulacije.

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

1

Graph connectivity, decompositions, blocks, 3-
connected components.

Menger and Hall theorems, flows, Ford-
Fulkerson theorem, matchings.

Planar graphs, 5-colorings, colorings of planar
graphs, discharging algorithms.

Tree decompositions and tree width, cops and
robbers game, graphs with bounded tree width.
Graph classes, properties, recognition,
optimization.

Problems on directed graphs.

Graph minors, disjoint paths problems.
Computational geometry, sweeping algorithms.
Basic problems on polygons, triangulation.
Voronoi diagrams, Delaunay triangulations.




Temeljna literatura in viri/Readings:

1. M.deBerg, O. Cheong, M. van Kreveld, M. Overmars,Computational Geometry: Algorithms and

Applications, Springer Verlag, 2008.
2. S.Even, Graph Algorithms, CS Press, 1979.

W

G. Valiente, Algorithms on trees and graphs, Springer Verlag, 2002.
4. G. Fijavz, Discrete mathematics, Ljubljana, 2014, http:

matematika.fri.uni-li.si/dm/dm.pdf.

Cilji in kompetence:

Moznost definiranja, razumevanja in reSevanja
kreativnih strokounih nalog iz podrocja
racunalnistva in informatike.

ZmozZnost strokovne komunikacije v materinem in
tujem jeziku.

Cilj predmeta je poglobiti znanje iz teorije grafouv v
povezavi z algoritmi na grafih. Del teCaja je
namenjen geometrijskim konfiguracijam, ki jih ravno
tako Studiramo z algoritmicnega stalisca.

Predvideni Studijski rezultati:

Po uspesnem zakljucku predmeta bo Student:

- uporabljal algoritme za izracun pretokou pri iskanju
velikih disjunktnih druZin poti v grafih,

- razumel pojem povezanosti grafa in poznal
lastnosti in strukture, ki jih porodi vse vecja
povezanost grafa,

- razumel in znal implementirati postopke prenosa
naboja v ravninskih grafih,

- razumel koncept seznamskega barvanja grafa z
uporabo na ravninskih grafih,

- obvladal razpoznavanje in reSevanje nekaterih
tezkih optimizacijskih problemou v posebnih
razredih grafou,

- poznal in razumel nekaj dinamicnih algoritmov za
tezke probleme na grafih omejene drevesne Sirine,

- razumel in uporabljal Delaunayave triangulacije in
Voronoieve diagrame kot primera geometrijskih
diskretnih struktur.

Metode poucevanja in ucenja:

Predavanja in vaje z reSevanjem problemov,
problemske domace naloge.

Domace naloge so delno casovno nezahtevne in
sluZijo za utrjevanje snovi. Delno pa so lahko domace
naloge tudi manjsi projekti, ki jih Studentje izdelajo v
majhnih skupinah in so casovno bolj zahteuvne.

Objectives and competences:

The ability to define, understand and solve creative
professional challenges in computer and information
science;

The ability of professional communication in the
native language as well as a foreign language.
Maijor part of the course is devoted to graph theory
emphasizing on graph algorithms. In part the course
covers problems in geometric configurations, again
focusing on the algorithmic perspective.

Intended learning outcomes:

After the completion of the course a student will be
able to:

- use flow algorithms for lookig for large families of
disjoint paths in graphs,

- understand the notion of graph connectivity and
know properties and structures that follow from
incresing connectivity in graphs,

- understand and implement discharging algorithms
in planar graphs,

- understand the concept of list coloring and its
usage in the class of planar graphs,

- be able to recognize and solve several
computationally hard problems in special graph
classes,

- understand several dynamical algoriths for hard
problems on graphs of bounded treewidth,

- understand and use Delaunay triangulations and
Voronoi diagrams as examples of geometric discrete
structures.

Learning and teaching methods:

Lectures and exercise groups, homework
assignments.

Frequent homework assignments shall not be time
consuming. Some of the homework assignments will
be more demanding — projects — which may be
distributed to students divided in groups.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,

kolokviji in projektno delo)

project work)


http://matematika.fri.uni-lj.si/dm/dm.pdf

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. FIJAVZ, Gasper, WOOD, David Richard. Graph minors and minimum degree. The Electronic journal of
combinatorics, ISSN 1077-8926. [Online ed.], 2010, vol. 17, no. 1, r151 (30 str.).

2. DUIMOVIC, Vida, FIJAVZ, Gasper, JORET, Gwenaél, SULANKE, Thom, WOOD, David Richard. On the
maximum number of cliques in a graph embedded in a surface. European journal of combinatorics, ISSN
0195-6698, 2011, vol. 32, no. 8, str. 1244-1252.

3. ALAM, Muhammad Jawaherul, CHAPLICK, Steven, FIJAVZ, Gasper, KAUFMANN, Michael, KOBOUROV,
Stephen G., PUPYREV, Sergey. Threshold-coloring and unit-cube contact representation of graphs. V:
BRANDSTADT, Andreas (ur.), JANSEN, Klaus (ur.), REISCHUK, Riidiger (ur.). Graph-theoretic concepts in
computer science : 39th International Workshop, WG 2013, Liibeck, Germany, June 19-21, 2013 : revised
papers, WG 2013, 39th International Workshop on Graph-Theoretic Concepts in Computer Science, June 19 -
21, 2013, Liibeck, Germany, (Lecture notes in computer science, ISSN 0302-9743, 8165). Heidelberg [etc.]:
Springer. cop. 2013, str. 26-37.

4. FIJAVZ, Gasper, PISANSKI, Tomaz, RUS, Jernej. Strong traces model of self-assembly polypeptide
structures. MATCH Communications in Mathematical and in Computer Chemistry, ISSN 0340-6253, 2014,
vol. 71, no. 1, str. 199-212.

5. FIJIAVZ, Gasper, NAKAMOTO, Atsuhiro. Odd complete minors in even embeddings on surfaces. Discrete
Mathematics, ISSN 0012-365X. [Print ed.], 2016, vol. 339, iss. 1, str. 165-178.

Celotna bibliografija je dostopna na SICRISu:

http://www.sicris.si/search/rsr.aspx?lang=slv&id=9390.



http://www.sicris.si/search/rsr.aspx?lang=slv&amp;id=9390

FUNKCIISKO PROGRAMIRANIJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Racunalnistvo in matematika, druga

stopnja, magistrski program)

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar Vaje
/Lectures /Seminar /Tutorials
45 10 20

Nosilec predmeta/Lecturer: Zoran Bosnic

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet poucuje koncept in uporabo paradigme
funkcijskega programiranja, skozi katero se dotika
teorije programskih jezikou in poglobljenega
razumevanja njihovih lastnosti. Poglavja pri
predmetu vsebujejo:

Uvod v funkcijsko programiranje.

Pojem okolja, leksikalnega in semanti¢nega dosega.

Osnove funkcijskega jezika Standard ML (sintaksa,
semantika, enostauvni in sestavljeni podatkouni tipi,
opcije, lastni tipi) in osvajanje naslednjih pojmou:
ujemanje vzorcev,

funkcije visjega reda, currying,

delo z moduli.

Osnove funkcijskega jezika Racket in osvajanje
naslednjih pojmov:

takojsnja in lena evalvacija,

Studijska smer
Racunalnistvo in
informatika (smer)
Ni ¢lenitve (Studijski

Predavanja/Lectures:

Funkcijsko programiranje
Functional programming

Letnik Semestri Izbirnost
1. semester  izbirni
1. letnik 1. semester | obvezni
0088108
63507
Klinicne vaje  Druge oblike Samostojno  ECTS
/Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
105 6

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course teaches the concept and use of a
functional programming paradigm and connects it
to the programming language theory through a
deeper understanding of programming language
concepts. The content contains:

Introduction to functional programming.

Concepts of: environment, lexical and semantic
scope.

Basics of Standard ML (syntax, semantics, basic and
complex data types, options, custom types) and
concepts:

pattern matching,

higher order functions, currying,

working with modules.

Basics of Racket programming language and
concepts:




tokouvi,

zakasnitev in sproZitev,

gradnja podatkounih tipov,

funkcije z dinamicnim Stevilom argumentou,
izdelava interpreterja.

Primerjava funkcijskega in objektno usmerjega
programiranja.

Vrste tipiziranj (staticho/dinamicno, mocno/Sibko,
implicitno/eksplicitno) in trdnost/polnost sistema
tipou.

Temeljna literatura in viri/Readings:

eager and lazy evaluation,

streams,

delay and force,

building custom datatypes,

functions with variable number of arguments,
making an interpreter.

Comparison of functional and object-oriented
programming.

Different types of typing (static/dynamic,
weak/strong, implicit/explicit) and
soundness/completeness of a type system.

1. R. Pucella: Notes on Programming SML/NJ, Cornell, 2001

2. Matthew Flatt, Robert Bruce Findler et al.: The Racket Guide, 2075.

3. Ravi Sethi: Programming Languages: concepts & constructs. Addison-Wesley, 1996.

4. A. Tucker, R. Noonan: Programming Languages: Principles and Paradigms. McGraw-Hill, 2007.

Cilji in kompetence:

Studenti, ki so dokoncali pruostopenjski Studij RI, so
opravili predmete s podrocja osnov programiranja in
preteZno spoznali objektno-usmerjeno paradigmo
programiranja. Cilj tega predmeta predstaviti
drugacne tehnike programiranja s poudarkom na
funkcijskem programiranju. Predmet bo Studentom
omogocil razvoj vescin kritiCnega, analiticnega in
sinteti¢nega misljenja pri uporabi in razumevanju
delovanja programskih jezikou kot temeljnih orodij
vsakega programerja.

Predvideni studijski rezultati:

Po uspesnem zakljucku predmeta bo Student:

- razlikoval paradigme objektno-usmerjenega in
funkcijskega programiranja,

- znal opisati prednosti izogibanja mutaciji in
stranskim ucinkom,

- sposoben uporabljati ujemanje vzorcev, funkcije
visjega reda, lastne podatkoune tipe, zakasnjeno
evalvacijo,

- razloCeval med staticno/dinamicno,
impliticno/eksplicitno, Sibko/mocno tipiziranimi
programskimi jeziki,

- sposoben nacrtovatilastni preprost programski
jezik,

- sposoben argumentirati, katera programerska
paradigma je bolj primerna za resevanje danega
problema.

Metode poucevanja in ucenja:

Predavanja, domace naloge in seminarske naloge.
Poseben poudarek je na individualnem delu
Studentov.

Objectives and competences:

Students who finished the undergraduate study of
computer science already completed courses on
basics of programming and mostly used the object-
oriented programming paradigm. The objective of
this course is to present alternative programming
techniques with the emphasis on functional
programming. The course will help develop students'
skills in critical, analytical and synthetic thinking for
use and understanding of programming languages
as basic tools of each programmer.

Intended learning outcomes:

After the completion of the course the student will be
able to:

- differentiate between the object-oriented and
functional programming paradigms,

- describe advantages of avoiding mutation and
program side-effects,

- use pattern matching, higher-order functions, own
data types and lazy evaluation,

- differentiate between statically/dynamically,
implicitly/explicitly, weakly/strongly typed
programming languages,

- design own simple programming language,

- argue which programming paradigm is the most
suitable for solving a given problem.

Learning and teaching methods:
Lectures, homeworks and seminar works with special
emphasis on individual work.



Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (seminarske nal.) 50,00 % Continuing (homework)

Konéno preverjanje (pisni ali ustni izpit) 50,00 % Final (written or oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. OCEPEK, Uros, RUGELJ, JoZe, BOSNIC, Zoran. Improving matrix factorization recommendations for
examples in cold start. Expert systems with applications, ISSN 0957-4174. [Print ed.], Nou. 2015, vol. 42,
no. 19, str. 6784-6794.

2. BOSNIC, Zoran, KONONENKO, Igor. Estimation of individual prediction reliability using the local
sensitivity analysis. Appl. intell. (Boston). [Print ed.], Dec. 2008, vol. 29, no. 3, p. 187-203, ilustr.

3. BOSNIC, Zoran, KONONENKO, Igor. Comparison of approaches for estimating reliability of individual
regression predictions. Data knowl. eng.. [Print ed.], Dec. 2008, vol. 67, no. 3, p. 504-516

4. BERDAJS, Jan, BOSNIC, Zoran. Extending applications using an advanced approach to DLL injection and
APl hooking. Software, ISSN 0038-0644, 2010, vol. 40, no. 7, str. 567-584.

5. BOSNIC, Zoran, KONONENKO, Igor. Automatic selection of reliability estimates for individual regression
predictions. Knowl. eng. rev., 2010, vol. 25, no. 1, p. 27-47

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=31318



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=31318

GLOBOKO UCENJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Globoko ucenje
Deep learning
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0127837
Koda ucne enote na ¢lanici/UL Member course code: 63561

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Danijel Skocaj

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Uvod v globoko ucenje. Zgodovinski pregled.
Aplikacije globokega ucenja.

Ucenje globokih nevronskih mrez. Naprej povezane
nevronske mreZe. Stohasticni gradientni spust.
Vzuratno razsirjanje napake. Aktivacijske in cenilne
funkcije. Regularizacija, inicializacija, normalizacija.
Posodabljanje parametrov.

Konvolucijske nevronske mreZe. Konvolucijska
plast. ZdruZevalna plast. Arhitekture globokih
nevronskih mreZ. Klasifikacija slik. Segmentacija slik.
Vizualizacija in interpretacija globokih nevronskih
mreZ.

Rekurentne nevronske mreze. Vzuratno razsirjanje

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Introduction to deep learning. Historical
perspective. Applications of deep learning.

Training deep neural networks. Feedforward neural
networks. Stochastic Gradient Descent.
Backpropagation. Activation and loss functions.
Regularization, initialization, normalization.
Parameter updates.

Convolutional Neural Networks. Convolution layer.
Pooling layer. CNN architectures. Image
classification. Image segmentation. Visualizing and
interpreting CNNs.

Recurrent Neural Networks. Backpropagation
through time. RNN. Long Short-Term Memory.
Gated Recurrent Units. Language model and
sequence generation. Image captioning.




napake skozi ¢as. RNN. LSTM. GRU. Jezikouni model
in generiranje sekvenc. Podnaslavljanje slik.

Onkraj nadzorovanega ucenja. Avtoenkoderji.
Variacijski avtoenkoderji. GAN. Globoko

spodbujevano ucenje.

Aplikacije globokega ulenja. Racunalniski vid.
Prepoznavanje govora. Obdelava naravnega jezika.

Temeljna literatura in viri/Readings:

Beyond supervised learning. Autoencoders.
Variational Autoencoders. Generative Adversarial
Networks. Deep Reinforcement Learning.
Applications of deep learning. Computer vision.
Speech recognition. Natural language processing.

e |. Goodfellow, Y. Bengio, A. Courville, Deep Learning, MIT Press, 2016.

e M. A Nielsen, Neural Networks and Deep Learning, Determination Press, 2015.
e C. M. Bishop, Pattern Recognition and Machine Learning, Springer, 2006.

e Izbraniraziskovalni ¢lanki. / Selected research papers.

Cilji in kompetence:

Cilj predmeta je Studente nauciti temeljnih in
aplikacijskih vidikov globokega ucenja. Pri predmetu
se bodo naucili razumeti teoreticne osnove globokih
arhitektur. Naucili se bodo zasnovati arhitekturo,
nacrtovati nove plasti in prilagoditi funkcionalnost
mreZe potrebam dolocenega problema. Prav tako se
bodo seznanili s prakticnimi implementacijskimi
vidiki. Osvojili bodo sposobnost samostojnega
apliciranja osvojenega znanja za reSevanje razlicnih
problemouv, ki vkljuCujejo napredno razpoznavanje
vzorcev in podobne naloge na sirsih podrocjih
strojnega ucenja in racunalniskega vida.

Predvideni Studijski rezultati:

Po uspesnem zakljucku predmeta bodo Studentje:

e razumeli teoreticne temelje globokega ucenja,

e razumeli podrobnosti o ucenju globokih
nevronskih mreZ,

e poznali najpogostejse pristope globokega
ucenja, primerne za resevanje problemov z
razlicnih problemskih podrocij,

e nacrtovali nove globoke arhitekture in jih
ustrezno prilagajali,

e kreativno analizirali in razumeli rezultate,

e aplicirali globoko ucenje na raznih problemih in
podatkih na razlicnih podrocjih uporabe.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje, domace naloge,
projektne naloge, individualno delo.

Nacini ocenjevanja:

Delez/Weight

Objectives and competences:

The course aims at teaching the students the
fundamentals as well as application concepts of
deep learning. Students will learn to understand the
theoretical foundations of deep architectures. They
will learn to design an architecture, to design new
layers, and to adapt its functionality to the needs of
a specific problem. They will also be acquainted with
the practical implementation issues. They will
acquire the ability to apply the acquired knowledge
in independent work for solving various problems
involving advanced pattern recognition and similar
tasks in the broader fields of machine learning and
computer vision.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e understand the theoretical foundations of deep
learning,

e understand the details about training the deep
neural networks,

e know the most common deep learning
approaches appropriate for solving problems
from different problem domains,

e design novel deep architectures and adapt them
accordingly,

e creatively analyze and understand the results,

e apply deep learning to different types of
problems and data from various application
domains.

Learning and teaching methods:
Lectures, lab sessions, homeworks, projects,
individual work.

Assessment:



Sprotno preverjanje (domace naloge in 50,00 % Continuing (homework, project work)
projektno delo)

Konéno preverjanje (pisni ali ustni izpit) 50,00 % Final (written or oral exam) Grading: 5
Ocene: 5 (negativno), 6-10 (pozitivno) (v (fail), 6-10 (pass) (according to the rules of
skladu s Statutom UL). University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

Tabernik D, Skocaj D (2020) Deep learning for large-scale traffic-sign detection and recognition. IEEE
transactions on intelligent transportation systems, ISSN 1524-9050. Apr. 2020, vol. 21, no. 4, str. 1427-
1440.

Tabernik D, Sela S, Skvar¢ J, Skocaj D (2020) Segmentation-based deep-learning approach for surface-
defect detection. Journal of intelligent manufacturing, ISSN 0956-5515, Mar. 2020, vol. 31, no. 3, str. 759-
776.

Racki D, TomaZzevic D, Skocaj D (2018) A compact convolutional neural network for textured surface
anomaly detection. V: 2018 [EEE WACV 2018, str. 1331-1339.

Ursic P, Leonardis A, Skocaj D, Kristan M (2017) Learning part-based spatial models for laser-vision-
based room categorization. The international journal of robotics research, vol. 36, no. 4, str. 379-402.
Skocaj D, Vrecko A, Mahni¢ M, Janicek M, Kruijff G-J, Hanheide M, Hawes N, Wyatt J, Keller T, Zhou K,
Zillich M, Kristan M (2016) An integrated system for interactive continuous learning of categorical
knowledge. Journal of experimental & theoretical artificial intelligence, vol. 28, iss. 5, str. 823-848.

Celotna bibliografija je dostopna na SICRISu: http://www.sicris.si/search/rsr.aspx?lang=slv&id=10425



http://www.sicris.si/search/rsr.aspx?lang=slv&amp;id=10425

INFORMACIISKA VARNOST IN ZASEBNOST

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Informacijska varnost in zasebnost
Information Security and Privacy

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 1. letnik, 1.semester  izbirni
magistrski program) 2. letnik
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082821
Koda ucne enote na ¢lanici/UL Member course code: 63521

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Denis Trcek

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

. Uvodni pregled podrocja.

o Kljucne organizacije in standardi (ISO, ITU-T,
IETF, W3C, OASIS, OMA).

. Obvladovanje tvegani.

o Varnostni mehanizmi (simetricni in asimetricni
algoritmi, enosmerne zgoscevalne funkcije,
homomorfna kriptografija) in varnostne storitve
(principi in prakticne izvedbe overjanja, zaupnosti,
celovitosti, nezatajljivosti, nadzora dostopa,
beleZenja in alarmiranja), infrastruktura javnih
klju¢ev (Casovna normala, upravljanje imenskega
prostora, operativni protokoli), post-kvantno
racunalnistvo (kvantna izmenjava kljucev,

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

o Introduction.

o Key standards and organizations (ISO, ITU-T,
IETF, W3C, OASIS, OMA).

o Risk management.

o Security mechanisms (symmetric and
asymmetric algorithms, strong one way hash
functions, homomorphic cryptography), security
services (principles and practical implementations of
authentication, confidentiality, integrity, non-
repudiation, access control, logging and alarming),
public key infrastructure (time base, name space
management, operational protocols), post-quantum
computing (quantum key exchange, Lamport crypto




Lamportova kripto-shema), problematika stranskih
kanalov in protiukrepi.

o InZenirski vidiki varnostnih mehanizmov.

. Infrastruktura za overjanje, avtorizacijo in
nadzor (principi, primeri standardiziranih resitev —
RADIUS in Diameter).

o Varouvanje na fizicnem in linijskem
sloju (protokoli WEP, WPATin WPA2 in WP3).
. Varovanje na mreZnem, transportnem in

aplikacijskem sloju, vklju¢no z internetom stvari in
racunalnistvom v oblaku (protokoli in aplikacije kot
so IPSec, TLS, S/MIME, XMLSec, SAML, XACML, WS-
* Bitcoin in bloc¢ne verige, Passkey).

o Formalne metode (taksonomija formalnih
metod s primeri kot so metoda R. Rueppla ter SPIN /
Promela).

. Obvladovanje zasebnosti in obvladovanje
zaupanja ter ugleda v storitvenih arhitekturah.

. Nove varnostne paradigme — internet stvari in
varnost v oblaku.

. Varnostno usmerjeno programsko inZenirstvo
(preverjanje modelov).

. Obvladovanje tveganj pri varovanju
informacijskih sistemou, organizacijski pristopi ter
obuladovanje ¢loveskega dejavnika (varnostne
politike, modeliranje ¢loveskega dejavnika in
simulacije).

. Akreditacijski in nadzorno-revizijski postopki
varnosti informacijskih sistemou (ISO 2700X, CISSP),
evalvacijski postopki za zagotavljanje varnosti
strojno-programskih komponent (Common Criteria)
ter reSitev s podrocja umetne inteligence.

. Temeljna zakonodaja (direktive EU in
nacionalne implementacije).

o Zakljucki.

o Addendum: Mini vloZki s prakticnim delom, ki

pokrivajo najnovejse trende.

Temeljna literatura in viri/Readings:

scheme), side channels problems and
countemeassures.

. Engineering issues related to securiity
mechanisms.

o Authentication, authorization and accounting
infrastructure (principles, examples of standardized
solutions like RADIUS and Diameter).

. Security of physical and data layers (example
protocols are WEP, WPA, WPA2 and WPA3).
. Security of network, transport and application

layers, including internet of things and clouds
(example protocols and applications included are
IPSec, TLS, S/MIME, XMLSec, SAML, XACML, WS-*,
Bitcoin and blockchains, Passkey).

o Formal methods (taxonomy of formal
methods with examples like R. Rueppl's method and
SPIN / Promela).

. Privacy (privacy by design) with trust
management and reputation management in
services oriented architectures.

. New security paradigms — Interenet of Things
and cloud computing.

o Secure programming practices and
verification (model checking).

. Risk management in information systemes,
organizational views and human factor views
(security policies, human factor modelling and
simulations).

o Accreditation and auditing of IS related to
security (ISO 2700X, CISSP), standards for technical
implementations of hardware and software
components (Common Criteria), and standards for
security management of artificial intellignece
solutions.

o Basic legislation in the area of IS security and
privacy (EU directives, national implementations).

° Conclusions.

o Addendum: Mini practical tasks covering the
latest selected technological issues.

. Stallings W., Network Security Essentials, Pearson educations, 2017.
o D. Trcek, Informacijska varnost in zasebnost, kopije prosojnic, FRI UL 2023.
o D. Tr&ek: Information Systems Security and Privacy, Springer, New York, Heidelberg, 2006.

Cilji in kompetence:

Cilj predmeta je, da Studentje aktivno osvojijo znanja
varovanja omrefij in zasebnosti v sodobnih
informacijskih sistemih in sicer za namen skrbnistva
(administracije), kot tudi namen razvoja novih
resitev.

Kategorizirane kompetence:

-Razvijanje sposobnosti kriticnega, analiticnega in
sinteti¢nega razmisljanja.

-Sposobnost definiranja, razumevanja in reSevanja

Objectives and competences:

The goal of the course is to educate students to be
able to actively provide security and privacy in
contemporary information systems, be it as systems
administrators, or developers of new solutions.
Categorized competences:

- Developing skills in critical, analytical and synthetic
thinking.

- The ability to define, understand and solve creative
professional challenges in computer and information



kreativnih profesionalnih izzivov na podrocju
racunalnistva in informatike.

-Sposobnost profesionalnega komuniciranja v
materinem in tujem jeziku.

-Sposobnost biti skladen z varnostnimi,
funkcionalnimi in okoljskimi zahtevami.
-Sposobnost razumeuvanja in uporabe znanja
racunalnistua in informatike na drugih relevantnih
podrocjih (ekonomija, organizacija, umetnost, itd.).
-Prakti¢na znanja in sposobnosti na podrocju strojne
in programske opreme ter informacijske tehnologije
za uspesno profesionalno delo.

Predvideni studijski rezultati:

Po zakljucku predmeta bo Student:

-poznal in razumel principe varovanja informacijskih
sistemouv ter zagotavljanja zasebnosti,

-poznal in razumel standardne resitve na tem
podrodju,

-sposoben operativno upravljati informacijske
sisteme s stali$¢a zagotavljanja varnostiin
zasebnosti,

-znal razvijati enostavnejSe varnostne resitve,
-sposoben interne revizije informacijskih sistemouv s
stalis¢a varnosti,

-znal specificirati varnostno politiko.

Metode poucevanja in ucenja:

Predavanja, vaje s projektnim delom (prakticne
prototipne implementacije), lastne predstavitve.
Udelezba na vajah je obvezna (zahtevan procent
udelezbe se doloci ob zacetku Studijskega leta).
Nosilec predmeta lahko doloci obvezno udelezbo
tudi na predavanjih.

science.

- The ability of professional communication in the
native language as well as a foreign language.

- Compliance with security, functional, economic and
environmental principles.

- The ability to understand and apply computer and
information science knowledge to other technical
and relevant fields (economics, organisational
science, fine arts, etc).

-Practical knowledge and skills of computer
hardware, software and information technology
necessary for successful professional work in
computer and information science.

Intended learning outcomes:

After completing this course a student will:

-know and be familiar with principles for providing
security and privacy in information systems,
-know and understand standard solutions in this
areaq,

-be able to administer security and privacy of
information systems,

-be able to develop simpler solutions in this domain,
-be qualified for internal security and privacy
auditing,

-be able to define security policy.

Learning and teaching methods:

Lectures, laboratory work (with practical prototype
implementations), students’ presentations.
Attendance of laboratory work is mandatory (the
exact percentage is announced at the beginning of a
study year).

The lecturer may impose mandatory attendance of
lectures.

Nacini ocenjevanja: Delez/Weight Assessment:

50 % ocene predstavlja sprotno delo 50,00 % 50% of the final grade is obtained on the

Studenta v obliki preverjanj na vajah basis of on-going laboratory work (home-

(domace naloge, kvizi, prakticen projekt) works, quizzes, practical project
implementations and presentations).

50 % ocene pa predstavlja izpit, ki je 50,00 % The other 50% is obtained on the basis of a

naceloma v pisni obliki, lahko pa tudi v pisni
in ustni obliki (pri cemer lahko nosilec
namesto ustnega izpita uvede zagouvor
seminarja).

Za uspesno opravljene obveznosti pri
predmetu morata biti pozitivni obe delni
oceni. Pristop k pisnemu izpitu je moZen le
po uspesno opravljenih obveznostih pri
vajah (in v primeru dodatnih zahtev, ki se
nanasajo na predavanja, po izpolnitvi le-
teh).

written exam, or written and oral exam (the
lecturer may decide that a coursework
replaces the oral exam).

To be eligible for the written exam, a
candidate must have successfully
completed laboratory work, and fulfilled
other obligations related to lecturing that
the lecturer may have imposed. For
successful completition of the course both
grades have to be pos



Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. TRCEK, Denis, Cultural heritage preservation by using blockchain technologies. Heritage science. Jan.
2022, vol. 10, str. 1-11, ISSN 2050-7445.
https://heritagesciencejournal.springeropen.com/articles/10.1186 /s40494-021-00643-9, 2022.

2. Tréek D, Wireless sensors grouping proofs for medical care and ambient assisted-living deployment,
Sensors, vol. 16, no. 1, str. 1-12, 2016.

3. HUC, Aleks, TRCEK, Denis. Anomaly detection in loT networks : from architectures to machine learning
transparency. IEEE access. Apr. 2021, vol. 9, str. 60607-60616, ISSN 2169-3536.
https://ieeexplore.ieee.org/document/9406023.

4. Tréek D., Lightweight protocols and privacy for all-in-silicon objects, Ad hoc networks, Elsevier, ISSN
1570-8705, July 2013, vol. 11, no. 5, str. 1619-1628.

5. Trcek D., Brodnik A., Hard and soft security provisioning for computationally weak pervasive
computing systems in e-health, IEEE wireless communications, vol. 20, no. 4, 8 str., 2013.

Celotna bibliografija je dostopna na SICRISu:
The whole bibliography can be obtained at the below URL:
https://bib.cobiss.net/biblioweb/eval/si/slv/evalrsr/11077.



INTERAKTIVNOST IN OBLIKOVANJE INFORMACIJ

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Interaktivnost in oblikovanje informacij
Interaction and Information Design

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnija, Ni Clenitve (Studijski 1. letnik 1. semester | obvezni
magistrski program)
Pedagosko racunalnistvo in Ni ¢lenitve (Studijski 1. semester  izbirni
informatika, druga stopnja, magistrski = program)
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1.semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082114
Koda ucne enote na ¢lanici/UL Member course code: 63527

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer: Franc Solina

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Pri predmetu Interaktivnost in oblikovanj informacij
bodo obravnavani celostni pristopi k oblikovanju
informacij in oblikovanju interaktivnosti. Poudarek
bo na racunskih pristopih k vidnemu sporocanju ter
na razvoju interaktivnih resitev, produktov in
vmesnikov v hipermedijskih okoljih. Oblikovanje
informacij in oblikovanje interaktivnosti sta
kontekstualizirani kot bistveni komponenti
uporabniske izkusnje, ki v velikem delu determinira
uporabnost informacijske storitve ali produkta.
Vsebina predmeta:

Oblikovanje informacij:

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course is dedicated to a holistic perspective on
information and interaction design. Emphasis will be
given to computational aspects of visual messaging
and development of interactive solutions, products
and interfaces in hypermedia environments.
Information and interaction design are considered as
principal components of user experience that
determines the usability of information services and
products.

Syllabus outline:

Information design:

Models of visual perception



Modeli vidnega zaznavanja

Oblikovanje vidnih sporocil

Predstavitev informacije

Prikaz informacije

Prikazne tehnologije

Navigacija in interaktivnost

Interaktivno oblikovanje:

Uporabniska izkusnja

Konceptualni modeli interaktivnosti

Kognitivni vidik interaktivnosti

Kognitivni model uporabnika

Kolaborativni in socialni vidiki

Interaktivne tehnologije

Razvojni proces interaktivnih resitev

Vrednotenje uporabnosti

Vaje:

Poudarek bo na razvoju in vrednotenju interaktivnih
hipermedijskih resitev. Studentje bodo v ustrezno
opremljenem laboratoriju zasnovali in razvili vec
prototipouv z uporabo programskih orodij za graficno
procesiranje in obdelavo podatkou, ki so primerni za
podporo prototipno osnovanemu razvojnemu ciklu.
Poleg programskih orodij bodo pri delu uporabljani
tudi senzorji, interaktivni umesniki ter elektronske
komponente. Predvideno je tudi sodelovanje
podiplomskih Studentov Akademije za likovno
umetnost in oblikovanje.

Temeljna literatura in viri/Readings:

Design of visual messages
Presentation of information

Display of information

Display technologies

Navigation and interactivity
Interaction design:

User experience

Conceptual models of interactivity
Cognitive perspective on interactivity
Cognitive models of users
Collaborative and social aspects
Interaction technologies
Development process of interactive solutions
Usability assessment

Laboratory work centeres around the development
and evaluation of hypermedia solutions. Students
will design and develop a series of prototypes using
various software tools for fast development. Beside
software tools, sensors, interactive interfaces and
electronic devices are used. Collaboration with
students of new media at the Academy of Fine Arts
at University of Ljubljana is organized.

Christian Tominski, Interaction for Visualization, Morgan & Claypool, 20175.
Robert Spence, Information visualization: Design for Interaction, 2007.

Ben Fry, Visualizing Data, O.’Reilly, 2008.

Cilji in kompetence:

Cilj predmeta je Studente nauciti oblikovanja in
podajanja informacij ter oblikovanja interaktivnosti
s poudarkom na razvoju uporabnisko in podatkovno
osredotocenih multimedijskih programskih resitev.

Predvideni studijski rezultati:

Znanje in razumevanje:

Poznavanje in razumevanje teoretic¢nih osnou:
vidnega zaznavanja,

vizualizacije informacij,

interaktivnosti,

obogatene resnicnosti.

Uporaba:

Snovanje in implementiranje prakticnih reSitev s
podrocja interaktivnosti in oblikovanja informacij v
inteligentnih sistemih, npr. za

ucenje,

analizo slikovnih informacij,

video nadzor,

Objectives and competences:

To teach the design and presentation of information
with emphasis on interactivity based on user and
data centered multimedia software solutions.

Intended learning outcomes:

Knowledge and understanding: Comprehension of
basic principles of:

visual perception

information visualization

interactivity

augmented reality.

Application:

Development of practical solutions of interactivity
and information design for intelligent systems, for
example for:

learning,

analysis of images

video surveyance,



kreiranje in vzdrZevanje novomedijske umetnosti.

Refleksija:

Spoznavanje in razumevanje vloge sodobne
informacijske tehnologije

v druzbi nasploh, se posebej pa v umetnosti, ki nudi
Sirok spekter moZnosti za eksperimentiranje s to
tehnologijo. Premislek tudi o zasvojenosti s to
tehnologijo.

Prenosljive spretnosti - niso vezane le na en
predmet:

Sposobnost poglobljenega samostojnega in
multidisciplinarnega raziskovanja na osnovi
strokoune literature in eksperimentalnega dela.

Implementacija ciljno usmerjenih prakticnih resitev.

Metode poucevanja in ucenja:
Predavanja s podporo avdio-vizualne opreme.
Laboratorijske vaje v ucilnici z ustrezno strojno in

programsko opremo. Delo posamezno in v skupinah.

Prakti¢no delo in vrednotenje produktov.

creation and preservation of new media art.

Reflection: Wholesome comprehension of the role of
modern information technology in society in general
and in particular in fine arts which offers a broad
spectrum of possibilities for experimentation with
these technologies. Reflection about the addiction
with new information technology.

Transferable skills:

Capability to tackle independently multidisciplinary
research projects with the help of literature research
and experimental work. Implementation of goal
directed practical solutions.

Learning and teaching methods:

Lectures using audio visual equipment. Laboratory
work with special hardware and software tools.
Individual and team assignments.

Practical work and evaluation of products.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:
Sedem del, vezanih na vsebino predmeta:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

F. Solina, B. Meden. Light fountain - a virtually enhanced stone sculpture. Digital Creativity 28 (2): 89-102,

20177.

A. Jakli¢, F. Solina, L. Sajn. User interface for a better eye contact in videoconferencing. Displays 46: 25-36,

2017.

B. Batagelj, F. Solina. Preservation of an interactive computer-based art installation—a case study.
International journal of arts & technology 10 (3): 206-230, 2017.

A. Jakli¢, M. Eri¢, I. Mihajlovié, Z. Stopin3ek, F Solina. Volumetric models from 3D point clouds: The case study
of sarcophagi cargo from a 2nd/3rd century AD Roman shipwreck near Sutivan on island Brac, Croatia.
Journal of Archaeological Science 62 (October 2015: 143-152, 2015.

E. Pavlin, Z. Elsner, T. Jagodnik, B. Batagelj, F. Solina. From illustrations to an interactive art installation.
Journal of Information, Communication and Ethics in Society 13 (2): 130-145, 2015.

B. Batagelj, F. Solina. Image-Based Biometrics in Forensic Science. Revija za kriminalistiko in kriminologijo 66

(3): 259-266, 2075,

F. Solina. 15 seconds of fame. Leonardo 37 (2): 105-110, 2004.

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=6749.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=6749




ISKANJE IN EKSTRAKCIJA PODATKOV S SPLETA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Iskanje in ekstrakcija podatkou s spleta
Web information extraction and retrieval

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Digitalno jezikoslouje, druga stopnija, Ni Clenitve (Studijski 1. semester,  izbirni
magistrski program) 2. semester
Multimedija, druga stopnija, Ni ¢lenitve (Studijski 1. letnik 2.semester | obvezni
magistrski program)
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik 1. semester, | izbirni
stopnja, magistrski 2. semester
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester, | izbirni
stopnja, magistrski program) 2. letnik 2. semester
Univerzitetna koda predmeta/University course code: 0075158
Koda ucne enote na ¢lanici/UL Member course code: 63551
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Marko Bajec

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Vsebina predavanj:
Predmet bo pokrival naslednje vsebine:

Poizvedovanje in iskanje po spletu
Osnovuni koncepti poizvedovanja
Modeli poizvedovanja

Odziv ustreznosti

Mere za ocenjevanje tocnosti poizvedb
Predobdelava besedil in spletnih strani
Inverzni index in njegova kompresija

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):
Content of the course:
This course will cover the following topics:

Information Retrieval and Web Search
Basic Concepts of Information Retrieval
Information Retrieval Models
Relevance Feedback

Evaluation Measures

Text and Web Page Pre-Processing
Inverted Index and Its Compression




Latentno semanticno indeksiranje

Iskanje po spletu

Meta iskanje po sletu: kombiniranje razlicnih nacinov
rangiranja

Spletno pregledouvanje in indeksiranje
Osnovni algoritem spletnega pajka
Univerzalni spletni pajek

Fokusirani spletni pajki

Domenski spletni pajki

Ekstrakcija strukturiranih podatkouv

Indukcija ovojnice

Generiranje ovojnice na osnovi primera

Samodejna izdelava ovojnice

Ujemanije glede na obliko besede ali drevesne
strukture

Veckratna poravnava

Gradnja DOM dreves

Ekstrakcija glede na stran s seznamom ali vec strani

Integracija podatkouv

Ujemanje glede na podatkovno shemo

Ujemanje glede na domeno in primere
ZdruZevanje podobnosti

Ujemanje :m

Integracija iskalnikou po spletnih straneh
lzgradnja globalnega iskalnika po spletnih straneh

Rudarjenje mnenja in analiza sentimenta
Klasifikacija dokumentouv po sentimentu
Ugotavljanje subjektivnosti v stavkih in klasifikacija
sentimenta

Slouvarji besed in fraz, nosilcev mnenja

Aspektno orientirano rudarjenje mnenja

Iskanje in extrakcija mnenja

Temeljna literatura in viri/Readings:

Latent Semantic Indexing
Web Search
Meta-Search: Combining Multiple Rankings

Web Crawling

A Basic Crawler Algorithm
Implementation Issues
Universal Crawlers
Focused Crawlers

Topical Crawlers

Structured Data Extraction

Wrapper Induction

Instance-Based Wrapper Learning

Automatic Wrapper Generation

String Matching and Tree Matching

Multiple Alignment

Building DOM Trees

Extraction Based on a Single List Page or Multiple
Pages

Information Integration

Schema-Level Matching

Domain and Instance-Level Matching
Combining Similarities

1:m Match

Integration of Web Query Interfaces
Constructing a Unified Global Query Interface

Opinion Mining and Sentiment Analysis
Document Sentiment Classification

Sentence Subjectivity and Sentiment Classification
Opinion Lexicon Expansion

Aspect-Based Opinion Mining

Opinion Search and Retrieval

Bing Liu, Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data (Data-Centric Systems and

Applications, Springer, August 2013

Ricardo Baeza-Yates, Berthier Ribeiro-Neto: Modern Information Retrieval: The Concepts and Technology

behind Search, 2nd Edition, ACM Press Books, 2010

Cilji in kompetence:

Cilj predmeta je Studente nauciti, kako sprogramirati
iskanje po spletu (po indeksiranem in
neindeksiranem delu spleta) ter kako razviti
programe za ekstrakcijo strukturiranih podatkouv s
staticnih in dinamicnih spletnih strani. Studentje
bodo spoznali osnovne koncepte spletnega iskanja in
ekstrakcije podatkou s spleta ter se naucili potrebnih
tehnik, ki so za to potrebne. Po uspesno opravljene
predmetu bodo sposobni samostojnega razvoja
aplikacij, ki avtomatizirajo spletno iskanje in

Objectives and competences:

The main objective of this course is to teach students
about how to develop programs for web search
(including surface web and deep web search) and for
extraction of structural data from both, static and
dynamic web pages. Beside basic concepts of the
web search and retrieval, students will learn about
relevant techniques and approaches. After the
course, if successful, students will be able to develop
programs for automatic web search and structured
data extraction from web pages (including search
and extraction from on-line social media).



ekstrahirajo podatke s spletnih strani, vkljucno z
ekstrakcijo podatkov iz on-line socialnih medijev.

Predvideni studijski rezultati:

Po uspesno zakljucenem modulu bodo Studenti
zmozni:

Pouzeti najpomembnejse pristope in tehnike s
podrocja iskanja in ekstrakcije podatkov s spleta
presoditi, kateri pristopi s podrocja iskanja in
ekstrakcije podatkou s spleta so najbolj primerni za
reSevanje posameznih problemov,

razviti aplikacije za zajem in analizo podatkov s
spleta,

konstruirati lastne algoritme za ekstrakcijo
podatkov s spleta,

pojasniti delovanje in casovno kompleksnost
algoritmov iskanja po spletu,

uporabiti in integrirati razlicne odprto-kodne resitve
s podrocja iskanja in ekstrakcije podatkou s spleta

Metode poucevanja in ucenja:

Predavanja, racunske vaje z ustnimi nastopi,
projektni nacin dela pri domacih nalogah in
seminarjih.

Intended learning outcomes:

After successful completion of the module, students
will be able to:

summarize the most important approaches and
techniques for searching and extracting data from
the web

to select approaches and techniques that are most
suitable for individual problems in web information
extraction and retrieval.

to develop applications for data acquisition and
analysis,

to construct new algorithms for web data search and
extraction,

to explain behavior and time complexity of specific
web search algorithms,

to integrate and employ different open-source
solutions from the field.

Learning and teaching methods:
Lectures, seminars, homeworks, oral presentations,
project work.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

SUBELJ, Louro, BAJEC, Marko. Group detection in complex networks : an algorithm and comparison of the

state of the art. Physica. A, 2014

ZITNIK, Slavko, SUBELJ, Louro, LAVBIC, Dejan, VASILECAS, Olegas, BAJEC, Marko. General context-aware
data matching and merging framework. Informatica, 2013

LAVBIC, Dejan, BAJEC, Marko. Employing semantic web technologies in financial instruments trading : Dejan
Lavbi¢ and Marko Bajec. International journal of new computer architectures and their applications, 2012
SUBELJ, Louro, FURLAN, Stefan, BAJEC, Marko. An expert system for detecting automobile insurance fraud
using social network analysis. Expert systems with applications, 2011

SUBELJ, Louro, JELENC, David, ZUPANCIC, Eva, LAVBIC, Dejan, TRCEK, Denis, KRISPER, Marjan, BAJEC,
Marko. Merging data sources based on semantics, contexts and trust. The IPSI BgD transactions on internet

research, 2011
Celotna bibliografija je dostopna na SICRISu:
http:

sicris.izum.si/search/rsr.aspx?lang=slv&id=9270.


http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=9270




IZBRANA POGLAVIA I1Z RACUNALNISTVA IN INFORMATIKE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

lzbrana poglavja iz racunalnistva in informatike
Topics in Computer and Information Science

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0070555
Koda ucne enote na ¢lanici/UL Member course code: 63536

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Slavko Zitnik

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet je namenjen uveljavljenim gostujocim
predavateljem iz tujine ali iz prakse. Ti bodo
Studentom v okviru predmeta predstavili nove
odmevne ideje, metodoloske preboje ali uporabne
resitve s podrocja racunalnistva in informatike, ki kot
take Se niso vkljuCene v vsebine obstojecih
predmetov.

Podrobna vsebina se doloci usako leto posebej glede
na predloge in strokovno usmeritev izbranega
predavatelja.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

izbirni predmet/elective course

AnglesCina, Slovenscina
AnglesCina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course is intended for established visiting
researchers and lecturers and for experts in computer
and information science which will introduce
students to topics that are interesting due to recent
theoretical findings and methodological
breakthroughs or for their applicative value, and are
as such not included into the existing curriculum.

The specific contents of the course are determined
yearly.

1. Thomas H. Cormen, Charles E. Leiserson: Introduction to Algorithms, 2nd edition, MIT Press, 2001.
2. Graham, Ronald L.; Knuth, Donald E.; Patashnik, Oren (1994). Concrete Mathematics (second ed.).

Reading, MA: Addison-Wesley Publishing Company. pp. xiv+657. [ISBN 0-201-55802-5. MR1397498
3. O'Regan, Gerard: A Brief History of Computing, Springer, 2008.



http://www.amazon.com/Thomas-H.-Cormen/e/B000AQ24AS/ref=ntt_athr_dp_pel_1
http://www.amazon.com/s/ref=rdr_ext_aut?_encoding=UTF8&amp;index=books&amp;field-author=Charles%20E.%20Leiserson
http://en.wikipedia.org/wiki/Ronald_L._Graham
http://en.wikipedia.org/wiki/Donald_E._Knuth
http://en.wikipedia.org/wiki/Oren_Patashnik
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-201-55802-5
http://en.wikipedia.org/wiki/Mathematical_Reviews
http://en.wikipedia.org/wiki/Mathematical_Reviews

Dodatna literatura se predpise vsako leto posebej glede na vsebino in predloge izbranega predavatelja.
Additional literature is given yearly, with respect to the current topic of the course.

Cilji in kompetence:

Cilj predmeta je spoznati teoretiche osnove in
prakti¢ne implementacije novih metod in tehnologij
na podrocju racunalnistva in informatike.

Predvideni Studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:
-spoznal nova podrocja in prijeme, ki v obstojecem
predmetniku Se niso zajeta,

-uporabljal najnovejse pristope in tehnike z
izbranega podrocja racunalnistva in informatike,
-razumeval primernosti izbranih pristopou s
podrocja racunalnistva in informatike za reSevanje
prakticnih primerouv v poslovnih okoljih,

-reseval kompleksne probleme, razvijal kompleksne
sisteme.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

Objectives and competences:

The goal of the course is to introduce basic
theoretical ideas as well as practical
implementations of new methods and technologies
in the field of computer and information science

Intended learning outcomes:

After the completion of the course a student will:
-obtain a broader overview and understanding of
the field of study, and of up to date methods and
concepts,

-apply current approaches and techniques from the
specific field of computer and information science,
-understand the advantages of the chosen
approaches in computer and information science in
solving specific practical tasks,

-solve complex problems, design complex systems.

Learning and teaching methods:
Lectures, lab exercises

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

KLEMEN, Matej, ZITNIK, Slavko. Neural coreference resolution for Slovene language. Computer science and
information systems. [Print ed.]. 2022, vol. 19, iss. 2, str. 495-521, ilustr. ISSN 1820-0214.

http:

wwuw.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMIPY, DOI:

10.2298/CS15201120060K. [COBISS.SI-ID 87851011], [JCR, SNIP, WoS, Scopus do 26. 1. 2023: §t. citatouv (TC): 1,

Cistih citatou (Cl): 1, Cistih citatov na avtorja (ClAu): 0,50]

KNEZ, Timotej, GASPERLIN, Domen, BAJEC, Marko, ZITNIK, Slavko. Blockchain-based transaction manager
for ontology databases. Informatica. [Print ed.]. 2022, vol. 33, no. 2, str. 343-364, ilustr. ISSN 0868-4952.
https://informatica.vu.lt/journal/INFORMATICA /article/1264/info, DOI: 10.15388 /22-INFOR490.

[COBISS.SI-ID 112947203], [JCR, SNIP, WoS, Scopus]

ZITNIK, Slavko, BLAGUS, Neli, BAJEC, Marko. Target-level sentiment analysis for news articles. Knowledge-
based systems. [Print ed.]. Aug. 2022, vol. 249, str. 1-14, ilustr. ISSN 0950-7051.
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub, DOI:

10.1016/].knosys.2022.108939. [COBISS.SI-ID 106573827], [ICR, SNIP, WoS do 8. 2. 2023: st. citatov (TC): 2,

cistih citatov (Cl): 2, Cistih citatov na avtorja (ClAu): 0,67, Scopus do 30. 1. 2023: 5t. citatouv (TC): 4, Cistih

citatov (Cl): 4, Cistih citatov na avtorja (ClAu): 1,33]


http://www.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMJPY
https://dx.doi.org/10.2298/CSIS201120060K
https://plus.cobiss.net/cobiss/si/sl/bib/87851011
https://plus.si.cobiss.net/opac7/jcr?c=sc=1820-0214+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=1820-0214+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000859034900002
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85135602509
https://informatica.vu.lt/journal/INFORMATICA/article/1264/info
https://dx.doi.org/10.15388/22-INFOR490
https://plus.cobiss.net/cobiss/si/sl/bib/112947203
https://plus.si.cobiss.net/opac7/jcr?c=sc=0868-4952+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0868-4952+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000823737700006
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85133700788
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub
https://dx.doi.org/10.1016/j.knosys.2022.108939
https://plus.cobiss.net/cobiss/si/sl/bib/106573827
https://plus.si.cobiss.net/opac7/jcr?c=sc=0950-7051+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0950-7051+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000799728800001
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85130882635

SMITH, Glenn Gordon, HAWORTH, Robert, ZITNIK, Slavko. Computer science meets education : Natural
Language Processing for automatic grading of open-ended questions in eBooks. Journal of educational
computing research. [Print ed.]. Dec. 2020, vol. 58, no. 7, str. 1227-1255, ilustr. ISSN 0735-6331.
https://journals.sagepub.com/doi/10.1177/0735633120927486, DOI: 10.1177/0735633120927486. [COBISS.SI-
ID 17989635], [JCR, SNIP, WoS do 26. 10. 2022: st. citatov (TC): 9, Cistih citatov (Cl): 9, Cistih citatov na avtorja
(ClAu): 3,00, Scopus do 1. 2. 2023: st. citatov (TC): 11, Cistih citatov (Cl): 11, Cistih citatov na avtorja (ClAu):
3,67]

KNEZ, Timotej, BAJEC, Marko, ZITNIK, Slavko. ANGLEr : a next-generation natural language exploratory
framework. V: GUIZZARDI, Renata (ur.), RALYTE, Jolita (ur.), FRANCH, Xavier (ur.). Research challenges in
information science : 16th International Conference, RCIS 2022, Barcelona, Spain, May 17-20, 2022 :
proceedings. Cham: Springer, cop. 2022. Str. 761-768, ilustr. Lecture notes in business information processing
(Internet), 446. ISBN 978-3-031-05760-1. ISSN 1865-1356. https://link.springer.com/chapter/10.1007/978-3-
031-05760-1 53, DOI: 10.1007/978-3-031-05760-1 _53. [COBISS.SI-ID 108466 947], [SNIP, WoS, Scopus]



https://journals.sagepub.com/doi/10.1177/0735633120927486
https://dx.doi.org/10.1177/0735633120927486
https://plus.cobiss.net/cobiss/si/sl/bib/17989635
https://plus.si.cobiss.net/opac7/jcr?c=sc=0735-6331+and+PY=2020&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0735-6331+and+PY=2020&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000539419900001
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85085472155
https://link.springer.com/chapter/10.1007/978-3-031-05760-1_53
https://link.springer.com/chapter/10.1007/978-3-031-05760-1_53
https://dx.doi.org/10.1007/978-3-031-05760-1_53
https://plus.cobiss.net/cobiss/si/sl/bib/108466947
https://plus.si.cobiss.net/opac7/snip?c=sc=1865-1348+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000878126500053
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85130921823

KOMUNIKACIIA CLOVEK RACUNALNIK

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Komunikacija ¢lovek racunalnik
Human-Computer Interaction
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester  izbirni
magistrski program)
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0082828
Koda ucne enote na ¢lanici/UL Member course code: 63550
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer: Ciril Bohak, Luka Cehovin Zajc
Vrsta predmeta/Course type: strokouni izbirni predmet/specialist elective course
Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Predavanja: Lectures:
1. Uvod v Komunikacijo ¢lovek racunalnik (KCR) 1. Introduction to Human-Computer Interaction
e Pregled KCRin njegov pomen (HCI)
e Zgodovinski razvoj in kljucni koncepti e Overview of HCl and its importance
2. Razumevanje uporabnikouv e Historical developments and key concepts
e Uvod v raziskavo uporabnikov 2. Understanding Users
e Prepoznavanje uporabnikovih potreb e Introduction to user research
e Spominin napake e User needs assessment
3. Oblikovalsko razmisljanje in na uporabnika e Memory and mistakes
osredotoceno oblikovanje 3. Design Thinking and User-Centered Design
e Nacela oblikovalskega razmisljanja e Principles of design thinking
e Faze na uporabnika osredotocenega procesa e Stages of user-centered design process
oblikovanja e Ideation and problem framing
e Ideacija in definicija problema 4. Usability Principles

Nacela uporabnosti
e Uvod v uporabnost in uporabnisko izkusnjo

e Introduction to usability and user experience
e Heuristic evaluation and usability guidelines



10.

11.

12.

13.

e Heuvristicno vrednotenje in uporabniske
smernice

Nacrtovanje interakcije

e Nacela interakcijskega oblikovanja

e Nacrtovanje ucinkovitih interakcijskih tokov

e Analiza Studija primera

Arhitektura informacij

e Ucinkovita organizacija informacij

e Nacrtovanje navigacije

Prototipiranje
e Izdelava manjin bolj kompleksnih
prototipov

e Orodja in tehnike za izdelavo prototipouv

Testiranje uporabnosti

e Nacrtovanje in izvedba uporabniskih studij

e Analiza uporabe

e Testiranje uporabnostis prototipi

Dostopnost in vkljucujoce oblikovanje

e Nacela univerzalnega oblikovanja

e Pravniin eti¢nividiki v KCR

e Revizija dostopnosti spletne strani

Integracija oblikovalskih procesov

e Oblikovalsko razmisljanje in hevristi¢no
vrednotenje

e Integracija oblikovalskega razmisljanja in
razvoja programske opreme

Podatkouno vodeno oblikovanje in analitika

e Uporaba analitike v oblikovanju

e A/Btestiranje

Napredni in nekonvencionalni uporabniski

vmesniki

e AR/VRumesniki

e Vmesniki moZgani-racunalnik

e  Oprijemljivi uporabniski vmesniki

e Vmesniki z uporabo kretenj

e Vmesnikis hapticnim povratnim odzivom

e Interakcija ¢lovek-robot

e Interakcija zuporabo naravnega jezika

e Prihajajoce tehnologije

KCR v realnem svetu - $tudija primera iz

industrije

Temeljna literatura in viri/Readings:
D. N. et al., The Encyclopedia of Human-Computer Interaction, 2nd Ed. online. [Online]. Available:

1.

CIF NN

N o

https:

10.

11.

12.

13.

Interaction Design

e  Principles of Interaction Design

e Designing effective interaction flows

e Case study analysis

Information Architecture

e Organizing information effectively

e Navigation design

Prototyping Techniques

e Low-fidelity vs. high-fidelity prototyping

e Tools and techniques for prototyping

Usability Testing

e Planning and conducting usability tests

e Analyzing usability data

e Usability testing with prototypes

Accessibility and Inclusive Design

e Principles of accessible design

e Legal and ethical considerations

e Accessibility audit of a website

Integration of Design Processes

e Design Thinking and Heuristic Evaluation

e Integrating Design Processes and Software
Development

Data-Driven Design and Analytics

e Using analytics in design

e Introduction to A/B testing

Advanced and Unconventional Human-

Computer Interfaces

e AR/VRinterfaces

e Brain-Computer Interfaces

e Tangible User Interfaces

e Gestural Interfaces

e Haptic Feedback Interfaces

e Human-robot interaction

e Natural language interaction

e Emerging technologies

HCl'in the Real World - Industry case study

wwuw.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-

interaction-2nd-ed

J.S. Olson and W. Kellogg, Ways of knowing in HCI. 2014.
D. Benyon, Designing Interactive Systems: A Comprehensive Guide to HCI, UX & Interaction Design. 2013.

D. Norman, The Design of Everyday Things. 2013.

B. Martin and B. Hanington, Universal Methods of Design: 100 Ways to Research Complex Problems,
Develop Innovative Ideas, and Design Effective Solutions. 2012.
R. Buchanan, D. P. Doordan, and V. Margolin, The designed world: images, objects, environments. 2010.

B. Moggridge, Designing interactions. 200

A.N. Kumar and R. K. Raj, Computer Science Curricula 2023 (C52023) — The Joint Task Force on

Computing Curricula. 2023.


https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed

9. N.N. Group, UX & Usability Articles from Nielsen Norman Group. [Online]. Available:

https://www.nngroup.com/articles/

Cilji in kompetence:

Glavni cilji so predstaviti naslednje enote znanja:

e Razumevanje uporabnika

e Odgovornost v oblikovanju

e Dostopno in vkljucujoce oblikovanje

e Vrednotenje oblikovanja v KCR

V okviru predmeta naj bi Studenti razvili kompetence

iz naslednjih podrocij:

e Raziskovanje in analiza: Sposobnost izvajanja in
analiziranja uporabniskih Studij z uporabo
razlicnih metod, kot so ankete, intervjuji in
opazovalne Studije za vrednotenje uporabniskih
potreb in vedenja,

e Oblikovanje in izdelava prototipouv: Vescine
oblikovanja Zi¢nih okvirjev, realisticnih modelov
in interaktivnih prototipov z uporabo
standardnih industrijskih orodij in tehnik.

e Vrednotenje uporabnosti: Sposobnost uporabe
tako kuvalitativnih kot kvantitativnih metod za
evalvacijo uporabnosti vmesnikou in
artikulacijo ugotovitev za vodenje izboljSav
oblikovanja.

e Tehnicna izvedba: Razumevanje osnovnih
razvojnih praks za razvoj ¢elih delov aplikacij za
prenos oblike v delujoce umesnike.

e FEticnein druZbene posledice: Ozavescenost o
eticnih, druzbenih in kulturnih vidikih
oblikovanja vmesnikou in uporabe tehnologije,
upostevanje etike pri delu.

Predvideni studijski rezultati:

Po uspesnem zakljucku tega predmeta naj bi bili

Studenti zmoZni:

e poznati osnovne koncepte komunikacije clovek
racunalnik,

e poznati koncepte interakcije, principe, navodila
in postopke

e nacrtovanja interaktivnih aplikacij ter
uporabniskih vmesnikov,

e poznati postopke vrednotenja umesnikou,

e prepoznatislabo in dobro nacrtane uporabniske
vmesnike in

e interaktivne aplikacije,

e nacrtati uporabniske vmesnike in interaktivne
aplikacije,

e vrednotiti uporabniske umesnike in interaktivne
aplikacije,

e analizirati in avtomatsko klasificirati moZganske
valove,

e nacrtati vmesnik moZgani racunalnik.

Objectives and competences:

The main coure objectives are to present the

following knowledge units:

e Understanding the user

e Accountability and responsibility in design

e Accessibility and inclusive design

e Evaluating a HCI design

Within the course, the students should develop

competences from the following key areas:

e Research and analysis: Ability to conduct and
analyze user research using a variety of methods
such as surveys, interviews, and observational
studies to gather insights into user needs and
behaviors.

e Design and prototyping: Skills in designing
wireframes, mockups, and interactive
prototypes using industry-standard tools and
techniques.

e Usability evaluation: Competence in employing
both qualitative and quantitative methods to
evaluate the usability of interfaces and
articulate the findings to guide design
improvements.

e Technical implementation: Understanding of
basic front-end development practices to
translate designs into working interfaces.

e FEthical and social implications: Awareness of the
ethical, social, and cultural implications of
interface design and technology use, inclusion of
ethics in work activities

Intended learning outcomes:

Upon successful completion of this course, the

students should be able to:

e compare and contrast different user-interface
frameworks,

e plan, document, and execute a usability study,

e evaluate and provide recommendations to
improve a user-facing system’s usability,
accessibility, and inclusivity,

e prepare engineering specifications for a user
interface, given the design requirements,

e conduct a formative study to offer design
strategy recommendations for a user-facing
system,

e interpret and communicate feedback to support

the iteration of a user-facing system under

development,

assess the ethical implications of deploying a

user-facing system in a particular population.


https://www.nngroup.com/articles/

Metode poucevanja in ucenja: Learning and teaching methods:

Predavanja, vaje, in prakticni projekti v skupinah. Lectures, lab work, and practical projects done in
teams.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (written exam, oral examination,

projekti): projects):

Sprotno (projektno delo) 70,00 % Continuing (project work)

Koncni izpit 30,00 % Final exam

Ocenjevalna lestvica: Grading system:

5-10, pri cemer velja, da je pozitivna ocena od 6 - 10 | 5-10, a student passes the exam if he is graded from
6to10

Reference nosilca/Lecturer's references:

Ciril Bohak:

1. ALHARBI, Ruwayda, STRNAD, Ondrej, LUIDOLT, Laura R., WALDNER, Manuela, KOUéIL, David, BOHAK,
Ciril, KLEIN, Tobias, GROLLER, Eduard, VIOLA, lvan. Nanotilus : generator of immersive guided-tours in
crowded 3D environments. IEEE transactions on visualization and computer graphics. Mar. 2023, vol. 29,
iss. 3, str. 1860-1875, ilustr. ISSN 1077-2626. https://ieeexplore.ieee.org/document /9645360, DOI:
10.1109/TVCG.2021.3133592.

2. KAVCIC, Alenka, PODLESEK, Anja, KOMIDAR, Luka, HLADNIK, Ales, BOH PODGORNIK, Bojana, BOHAK,
Ciril, DEPOLLI STEINER, Katja, GRIL, Alenka, LESAR, Ziga, MAROLT, Matija, PECIAK, Sonja, PESEK,
Matevz, PIRC, Tina, PUKLEK LEVPUSCEK, Melita, PEKLAJ, Cirila. What can off- and online measures tell
about students’ self-regulation and their achievement while learning science expository hypertext.
Sustainability. May 2022, vol. 14, iss. 9, str. 1-19, ilustr. ISSN 2071-1050. https://www.mdpi.com/2071-
1050/14/9/5686, https://repozitorij.uni-lj.si/lzpisGradiva.php?id=138143, DOI: 10.3390/su14095686.

3. KAVCIC, Alenka, PESEK, Matevz, BOHAK, Ciril, MAROLT, Matija. Introducing on-site customers in agile
software development projects : an alternative approach to project work in engineering education.
International journal of engineering education. 2018, no. 2, part a, str. 482-496, ilustr. ISSN 0949-149X.

4. BOHAK, Ciril, GUNA, JoZe, SKRLI, Peter, ISAKOVIC, Alja, MAROLT, Matija. A usability comparison of
input devices for precise and intuitive interaction with 3D visualizations = Uporabniska primerjava
vhodnih naprav za natancno in intuitivno interakcijo v 3D vizualizacijah. Uporabna informatika.
[Tiskana izd.]. jul./avg./sep. 2018, letn. 26, st. 3, str. 94-106, ilustr. ISSN 1318-1882. https://uporabna-
informatika.si/index.php/ui/article/view/34, http://www.dlib.si/details/URN:NBN:Sl:doc-QOBA2U9R.

5. BOHAK, Ciril, MAROLT, Matija. Kinect web kiosk framework. V: HOLZINGER, Andreas (ur.), et al. Human
factors in computing and informatics : proceedings. First International Conference, SouthCHI 2013,
Maribor, Slovenia, July 1-3, 2013. Heidelberg [etc.]: Springer, cop. 2013. Str. 785-790, ilustr. Lecture notes
in computer science, 7946. ISBN 978-3-642-39061-6, ISBN 978-3-642-39062-3. ISSN 0302-9743.

Celotna bibliografija je dostopna na SICRIS-u:

https://cris.cobiss.net/ecris/si/sl/researcher/32704 (Ciril Bohak)

Luka Cehovin Zajc:

1. CEHOVIN ZAIC, Luka, REZELJ, AnZe, SKOCAJ, Danijel. Low-cost open-source robotic platform for
education. IEEE transactions on learning technologies. [Online ed.]. Feb. 2023, vol. 16, no. 1, str. 18-25,
ilustr. ISSN 1939-1382.

2. PELHAN, Jer, KRISTAN, Matej, LUKEZIC, Alan, MATAS, Jifi, CEHOVIN ZAJC, Luka. Guided video object
segmentation by tracking. Elektrotehniski vestnik. [Slovenska tiskana izd.]. 2023, letn. 90, St. 4, str. 147-
158, ilustr. ISSN 0013-5852.

3. KOS, Jernej, MILUTINOVIC, Mitar, CEHOVIN ZAIC, Luka. Nodewatcher : a substrate for growing your
own community network. Computer networks : the international journal of computer and
telecommunications networking. [Print ed.]. Dec. 2015, vol. 93, part 2, str. 279-296, ilustr. ISSN 1389-1286.

4. MODIC, Leon, CEHOVIN ZAJC, Luka. Towards fast lighting condition inference for augmented reality. V:
ZEMVA, Andrej (ur.), TROST, Andrej (ur.). Zbornik enaintridesete mednarodne Elektrotehniske in



http://www.dlib.si/details/URN:NBN:SI:doc-QOBA2U9R
https://cris.cobiss.net/ecris/si/sl/researcher/32704

racunalniske konference ERK 2022 = Proceedings of the 31st International Electrotechnical and
Computer Science Conference ERK 2022

5. ROLIH, Blaz, CEHOVIN ZAJC, Luka. Zaznavanje gest na vgrajeni napravi s pruoosebnim pogledom. V:
ZEMVA, Andrej (ur.), TROST, Andrej (ur.). Zbornik enaintridesete mednarodne Elektrotehniske in
racunalniske konference ERK 2022 = Proceedings of the 31st International Electrotechnical and
Computer Science Conference ERK 2022

6. ISTENIC, Klemen, CEHOVIN ZAJC, Luka, SKOCAJ, Danijel. Multi-touch surface based on RGBD camera.
V: NOVAK, Franc (ur.), et al. Interakcija ¢lovek-racunalnik v informacijski druzbi : zbornik 17. mednarodne
multikonference Informacijska druzba - IS 2014, 8. oktober 2014, [Ljubljana, Slovenia] : zvezek H =
Human-computer interaction in information society : proceedings of the 17th International
Multiconference Information Society - IS 2014, October 8th, 2014, Ljubljana, Slovenia : volume H.
Ljubljana: Institut JoZef Stefan, 2014. Str. 6-9, ilustr. ISBN 978-961-264-078-1

Celotna bibliografija je dostopna na SICRIS-u:

https://cris.cobiss.net /ecris /si/sl /researcher /31985 (Luka Cehovin Zajc)



https://cris.cobiss.net/ecris/si/sl/researcher/31985

KRIPTOGRAFIJA IN RACUNALNISKA VARNOST

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Kriptogradfija in racunalniska varnost
Cryptography and Computer Security

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester, | izbirni
magistrski program) 2. semester
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester, | izbirni
stopnja, magistrski program) 2. letnik 2. semester
Univerzitetna koda predmeta/University course code: 0082727
Koda ucne enote na ¢lanici/UL Member course code: 63528

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Aleksandar Jurisic¢

Predavanja/Lectures:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Informacijska/racunalniska varnost opisuje vse
preventivne postopke in sredstva s katerimi
zagotovimo dostop do informacijskih sistemouv in
njihove vsebine ter preprecimo njihovo
nepooblasceno uporabo. Med preventivnimi ukrepi
nudi kriptografija najuecjo varnost oziroma zascito
glede na svojo prilagodljivost digitalnim medijem in s
tem predstavlja osnovo informacijske druzbe (cilji:
zasebnost, celovitost podatkov, digitalno
overjanje/podpisovanje, digitalni denar, in drugi
kriptografski protokoli; obseg: matematika,
racunalnistvo, elektrotehnika, finance, poli-tika,
obramba, itd.).

Vsebina bo med drugim zajemala naslednje teme:

Prerequisites:

Content (Syllabus outline):
Information/computer security describes means to
control access to information systems and their
contents in order to prevent unauthorized use.
Cryptography provides maximum security while at
the same time preserving the flexibility of digital
media. It forms the foundation of an information
society, enabling privacy, data integrity, digital
authentication/signatures, digital cash, and other
goals. It incorporates mathematics, computer
science, electrical engineering, finance, policy,
defence, etc.

The course will cover the following topics:

e Symmetric cryptography

— Classical ciphers and history of cryptography



e Simetricna kriptografija

- Klasi¢ni tajnopisi in zgodovina kriptografije

— Kerckhoffou princip in stopnje napadouv na
kriptosisteme.

- Shannonova teorija informacij in entropija
(popolna, racunska in dokazljiva varnost)

- Blocne sifre (DES/IDEA, AES in finalisti, linearna in
diferencna analiza)

— Tokoune Sifre/PRNG (RC4, LFSR in Berlekamp-
Masseyjev algoritem,...),

- Kriptoanaliza in statistiche metode

- Zgosevalne funkcije (MD/SHA, HMAC, ...) in kode
za avtentikacijo (MAC), napadi s paradoksom
rojstnih dni, novi napadi,...

e Kriptografija javnih kljucev oziroma asimeticna
kriptografija

— Kriptosistemi z javnimi kljuci, enosmerne funkcije in
Z njimi povezani problemi iz teorije Stevil (testiranje
prastevilskosti, faktorizacija Stevil, diskretni
logaritem)

- Digitalni podpisi (RSA, DSA, enkratni, slepi,
skupinski, itd.)

— Protokoli za dogovor o kljucu (Diffie-Hellman,
ElGamal, Kerberos, STS)

- Sheme za identifikacijo oseb in naprav
(izziv/odgovor, ...)

- Drugi protokoli (grb/cifra po telefonu, mentalni
poker, sheme za deljenje skrivnosti, kode za
overjanje, asouni Zigi, vizualna kriptografija, dokaz
brez razkritja znanja)

- Kvantna kriptografija

e Racunalniska varnost

- Varnost programou (hros$ci, virusi, zionamerna
koda)

- Varnost podatkouvnih baz (anonimizacija)

- Varnost operacijskih sistemov (MS Win,
Unix/Linux, liveCD)

- Varnost mreznih komunikacij (poZarni zidovi, VPN,
IPSec, SSL)

— Zasebnost v racunalniStuu (Zetoni/pametne
kartice, RFID kartice)

- Upravljanje s kljuci (certifikati, CA, PKl, X.509)

- Ucinkovite in varne implementacije kriptosistemov
(napadis stranskim kanalom in obramba pred njimi)
— Upravljanje varnosti v praksi (varnostne politike,
nadzor)

— Patenti in standardi (ISO, IEEE, IETF)

Temeljna literatura in viri/Readings:

— Kerckhoff principle and various attacks on

cryptosystems

- Shannon theory of information and entropy

(perfect, computational and provable security)

- Block ciphers (DES/IDEA, AES and finalists, linear

and differential analysis)

— Stream ciphers/PRNG (RC4, LFSR and Berlekamp-

Massey algorithm, ...),

- Cryptoanalysis and statistical methods

e Hash functions (MD/SHA, HMAC, ...) and
authentication codes (MAC), birthday paradox
attacks, new attacks, ...

e Public-key cryptography (asymmetric

aryptography)

— Perfect security (computational, unconditional and

prouvable security)

- Public-key cryptosystems, one-way functions and

related problems in number theory (primality

testing, integer factorization, discrete logarithm

problem)

- Digital signatures (RSA, DSA, one-time, blind,

group, etc.)

- Key agreement protocols (Diffie-Hellman, EIGamal,

Kerberos, STS)

— Identification schemes for humans and devices

(challenge/response, ...)

— Other protocols (head/tail over the phone, mental

poker, secret sharing schemes, authentication

schemes, timestamps, visual cryptography, zero-

knowledge proofs)

— Quantum cryptography

e Computer and information security

— Security of programs (bugs, viruses, malicious code)

- Security of databases (anonymization)

- Security of OS (MS Win, Unix/Linux, liveCD)

- Security of network communication (firewalls,

VPN, IPSec, SSL)

— Privacy in CS (tokens/smart cards, RFID cards)

- Key management (certificates, CA, PKI, X.509)

— Efficient and secure implementations of

cryptosystems (side channel attacks and defenses

against them)

— Real time security management (security policy,

monitoring)

— Patents and standards (I1SO, IEEE, IETF)

D. Stinson, Cryptography: Theory and Practice, 3rd Ed., Chapman and Hall/CRC, 2006.
A. Menezes, P. van Oorschot in S. Vanstone, Handbook of Applied Cryptography, CRC Press, 1997 (peti

ponatis 2001).

C.P. Pfleeger in S.L. Pfleeger, Security in Computing, 4th Ed., Prentice Hall, 2006.

Cilji in kompetence:

Objectives and competences:



Student se spozna z osnovami kriptografije in
racunalniske varnosti.

Predvideni studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:

- razumel osnoune probleme racunalniske varnosti in
v podrobnosti delovanje najbolj znanih
kriptosistemou sistemou ter bo sposoben povezovati
obe podrodji, predlagati resitve in implementirati
oziroma vzdrZevati kriptografske sisteme,

- znal uporabiti oz. bil sposoben opredeliti (definirati)
problem, pravilno ovrednotiti s strokovnega vidika
(tako s kriptografskega kot varnostnega) ter
predlagati/ovrednotiti uCinkovito resitev,

- razumel uglasenosti med teorijo in njeno rabo na
konkretnih primerih racunalniske varnosti.

Predmet je osnova za Stevilne predmete, ki
preucujejo racunalniske sisteme in mreZe,
(tele)komunikacijo, digitalno forenziko, elektronsko
in mobilno poslovanje,... Med pridobljene spretnosti
Stejejo teoreticne osnove za inZenirsko resevanje
razlicnih prakticnih problemouv, ki se pojavljajo v
problemih iz racunalniske varnosti in kriptografije.

Metode poucevanja in ucenja:

Predavanja, vaje, domace naloge, seminarji,
konzultacije, laboratorijsko delo. Poseben poudarek
je na sprotnem Studiju in na skupinskem delu pri
vajah in seminarjih. Ogledali si bomo tudi kaksen
video.

Introduction to cryptography and computer
security.

Intended learning outcomes:

After successful completition of this course the
students will be able to:

- master the basic problems of computer security
and the detailed structure of the most famous
cryptosystems and will be capable to connect these
areas, propose specific solutions and implement or
maintain cryptosystems,

- apply, i.e., be able to define the problem, correctly
evaluate it from a professional point of view (both
cryptographic and security) and to
propose/evaluate an effective solution,

- understand the connection between theory and
practice applied to specific examples of computer
security.

This course is a foundation for several courses that
study computer systems and networks,
telecommunications, digital forensics, electronic and
mobile commerce, etc. Students will gain a
theoretical foundation for a variety of practical
problems that are encountered in the field of
computer security and cryptography.

Learning and teaching methods:

Lectures, tutorials, assignments, projects, office
hours, lab work. There will be a special emphasis on
real-time studies and team work (tutorials and
seminars). We will occasionally watch video material
related to the course.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): projects):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exams)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of the University of Ljubljana).

Grading system:

1. A. Jurisi¢ and J. Vidali, Restrictions on classical distance-reqular graphs, Journal of Algebraic

Combinatorics 46 (2017), 571-588.

2. A. Jurisi¢ and J. Vidali, Extremal 1-codes in distance-reqular graphs of diameter 3, Designs Codes and

Cryptography 65 (2012), 29-47.

3. A. Jurisi¢ and J. Koolen, Classification of the family AT4(qgs,q,q) of antipodal tight graphs, J. Combin.

Theory (A) 118 (2011), 842-852.


https://lkrv.fri.uni-lj.si/~ajurisic/preprints/pdf/restrictions.pdf
https://lkrv.fri.uni-lj.si/~ajurisic/preprints/pdf/jv12.pdf
https://lkrv.fri.uni-lj.si/~ajurisic/preprints/pdf/cl2.pdf

4. A. Jurisié, P. Terwilliger and A. Zitnik, The Q-polynomial idempotents of a distance-regular graph, J.
Combin. Theory (B) 100 (2010), 683-690.

5. A. Jurisi¢, A. Munemasa and J. Tagami, On graphs with complete multipartite mu-graphs, Discrete
Mathematics 310 (2010), 1812-1819.

Celotna bibliogrdfija je dostopna na SICRISu: http://sicris.izum.si/search/rsr.aspx?lang=slv&id=6518.



https://lkrv.fri.uni-lj.si/~ajurisic/preprints/pdf/jtzQ26.pdf
https://lkrv.fri.uni-lj.si/~ajurisic/preprints/pdf/jmt2009-11-25.pdf
http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=6518

MAGISTRSKO DELO

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Magistrsko delo
Course title: Master thesis
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik Celoletni obvezni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2. letnik Celoletni obvezni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0070493
Koda ucne enote na ¢lanici/UL Member course code: 63548

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
60 660 24

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type: obvezni predmet/compulsory course

Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina

Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):
Predmet je namenjen pripravi in izdelavi The course is intended for preparing and completing
magistrskega dela. the master thesis.

Temeljna literatura in viri/Readings:

1. Justin Zobel, Writing for Computer Science, second edition, Springer, 2004.

2. D.Evansand P. Gruba, How to Write a Better Thesis, Second edition, Melbourne University Press,
Melbourne, 2002.

3. Herman T.: Ethics and Technology: Controversies, Questions, and Strategies for Ethical Computing,
Wiley; 3 edition, 2010.

Cilji in kompetence: Objectives and competences:
Cilj predmeta je spoznati SirSe podrocje in relevantno  The goal of the course is to obtain insight into and an
literaturo s podrocja teme magistrskega overview of the wide field of the topic of the master

dela,razumeti zastavljene probleme in poiskati thesis, to get acquainted with the relevant literature,



http://www.amazon.com/exec/obidos/ASIN/0522850308/writingforc01-20

smiselne teoreticne ter ustrezne programske resitve,
napisati magistrsko delo in izdelati programsko
podporo.

Splosne kompetence:

Sposobnost kritiCnega, analitiCnega in sinteticnega
razmisljanja.

Sposobnost strokoune komunikacije v slovenskem in
tujem jeziku.

Sposobnost aplikacije pridobljenega znanja pri
reSevanju problemou s podrocja racunalnistva in
informatike; sposobnost nadgradnje znanja.
Obvladovanje raziskovalnih metod na podrocju
racunalnistva in informatike.

Razuvoj strokovne odgovornosti in etike.

Predvideni studijski rezultati:

Po zakljucku predmeta bo Student:

- Spoznal samostojno raziskovalno delo, literaturo in
obstojece resituve.

- Spoznal bo postopek iskanja novih prijemov za
reSevanje zastavljenih problemouv.

- Znal bo pridobivati znanja in izkuSenje pri iskanju
lastnih resitev teoreticnih in prakticnih problemov,
pri pisanju strokounih del in predstavitvi lastnih
rezultatov.

- Poznal bo primernosti izbranih pristopov s podrocja
racunalnistva in informatike za reSevanje prakticnih
primerov v poslovnih okoljih.

- Znal bo predstaviti resitev v obliki zakljucenega
pisnega izdelka in ustne predstavitve.

Metode poucevanja in ucenja:
Seminarsko in samostojno delo pod vodstvom
mentorja.

understand the addressed problems and find suitable
theoretical and programming solutions, and finally
to write the thesis and produce the necessary
computer support.

General competences:

Ability of critical, analytical and synthetic thinking.
The ability of professional communication in the
Slovenian language as well as a foreign language.
The ability to apply acquired knowledge for solving
technical and scientific problems in computer and
information science; the ability to upgrade acquired
knowledge.

Proficiency in research methods in the field of
computer science

Development of professional responsibility and
ethics.

Intended learning outcomes:

After completing this course a student will:

- Be familiar with the challenge of individual
research work, are acquainted to the literature and
the existing solutions.

- Know how to find new approaches to the posed
problems.

- Know how to obtain knowledge and experience in
individually solving theoretical and practical
problems, writing technical texts and presenting
obtained results and solutions.

- Will know the advantages of the chosen
approaches in computer and information science in
solving specific practical tasks.

- Will know how to present problems and their
solutions in the form of a written and oral
presentation.

Learning and teaching methods:
Seminar work and individual work under the
advisor's guidance.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (vmesna pisna in ustna 30,00 % Continuing (intermediate written and oral
porocila in predstavitve) reports)

Konéno preverjanje (ocena magistrskega 70,00 % Final (grading the written thesis and the

dela in zagovora)
Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

presentation)
Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:






MANAGEMENT PROIZVODNIH IN STORITVENIH PROCESOV

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Management proizvodnih in storitvenih procesov
Management of production and service processes

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0082831
Koda ucne enote na ¢lanici/UL Member course code: 63533

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

1. Strateski okvir odlo¢anja o proizvodnih in
storitvenih procesih (konkurencne prednostne
naloge, strateski vzvodi)

2. Analiza procesov (Littlov zakon, analiza
zmogljivosti procesov)

3. Teorija repov in management zmogljivosti
(obuvladouvanje stohasticnosti, vzvodi obuvladovanja
Casa cakanja strank)

4. Sistem planiranja in kontrole izdelavne proizvodne
ali storitvene poslovne funkcije v podjetju:
predvidevanje povprasevanja; dolgorocno planiranje
fiksnih zmogljivosti; mesecno planiranje izdelave;
operativno planiranje izdelave; uravnavanje zalog
povezanih z neodvisnim pouvprasevanjem;
uravnavanje zalog povezanih z odvisnim
pouprasevanjem; izvajanje izdelave in kontrola
izvajanja.

Predavanja/Lectures:

Branko Matjaz Juric

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Strategic framework for decisions about
manufacturing processes (competitive priority tasks,
strategic levers).

2. Process analysis (Little's law, capacity analysis of
processes)

3. Theory of tails and capacity management
(stochastic management, levers for management of
client waiting time)

4. Planning and control system of manufacturing
business function: demand forecasting, long-term
planning of fixed capacity, monthly production
planning, operational production planning, stock
balancing associated with independent demand,
stock balancing related to dependent demand,
manufacturing and control mechanisms.

5. Just in time (JIT) in the processes (definition of JIT,
JIT elements)

6. Quality management (external and internal




5. Ravno ob pravem casu (JIT) v procesih
(opredelitev JIT, elementi JIT)

6. Obuvladovanje kakovosti (zunanji in notranji vidik
kakouvosti, vgrajevanje kakovosti (QFD), sposobnost
procesa, neprekinjeno izboljSevanje)

7. ReinZeniring poslounih procesov (opredelitev, faze
reinZeniringa poslovnih procesov)

Temeljna literatura in viri/Readings:

quality view, Quality function deployment, process
capability, continuous improvement)

7. Business process reengineering (definition, business
process reengineering phases)

1. Management izdelavnih procesouv, Borut Rusjan (v pripravi - leto izida 2009)
2. lIzbrana poglavja iz: Managing Business Process Flows, Anupindi, R. et al., Prentice Hall, Upper Saddle

River, 1999.
3. lzbrani clanki.

4. Studijski primeri (Michigan Manufacturing Corporation, National Cranberry, Sof-Optics, Toyota, Hank

Kolb, Analog Devices).

Cilji in kompetence:

Po uspesnem zakljucku predmeta bo Student:

- Razumel moznosti ucinkovitega analiziranja in
obuladovanja materialnih in informacijskih tokouv v
proizvodnih in storitvenih procesih.

- Spoznal glavne vzvode (zasnova procesou,
obuladovanje variabilnosti, zmogljivosti, zaloge,
management kakovosti) za delovanje na kljucne
kriterije ucinkovitosti poslovnih procesou (stroski,
kakovost, fleksibilnost, dobava).

- Uporabil koncepte, pristope, orodja, metode in
tehnike, uporabne za ucinkovito obvladovanje
izdelavnih procesov.

- Nacrtouval poslovne procese in jih pripravil za
izvedbo.

- Razumel pomen avtomatizacije poslovnih proceov.

- Integriral poslovne procese z aplikacijami.
- Razvijal resitve za digitalno preobrazbo.

Predvideni Studijski rezultati:

Znanje in razumevanje: Student pri predmetu
spozna vlogo izdelavne tako proizvodne kot
storitvene poslovne funkcije za uspesnejse in
ucinkovitejSe poslovanje podjetja ter dobi pregled
metod, pristopov tehnik in konceptou, ki mu
pomagajo pri ucinkovitejSem organiziranju,

planiranju in kontroli izdelave proizvodouv in storitev.

Student pridobi poglobljeno znanje o temeljnih
odlocitvah, ki jih je potrebno sprejemati za
ucinkovito obuvladovanje proizvodnje, obuvladovanje
delovanja oskrbnih verig in izdelavnega procesa v
storitvenih podjetjih.

Uporaba: Student se usposobi za ugotavljanje
temeljnih problemov v izdelavnem procesu
proizvodnih in storitvenih podjetij ter za razvijanje
alternativnih resitev teh problemov. Na podlagi

Objectives and competences:

After successful completion of the course a student
will be able to:

- Understand the possibilities of effective analysis
and management of material and information flows
in manufacturing processes.

- Know the main levers (establishment of process,
management of variability, capacity, inventories,
quality management) for the operation of the key
efficiency criteria of business processes (cost, quality,
flexibility, delivery).

- Apply the concepts, approaches, tools, methods
and techniques useful for effective management of
manufacturing processes.

- Design business processes and prepare them for
implementation.

- Understand the importance of automating business
processes.

- Integrate business processes with applications.

- Develop solutions for digital transformation.

Intended learning outcomes:

Knowledge and understanding: Students
understand the role of the manufacturing business
function for efficient and effective business and get
an overview of methods, approaches, techniques
and concepts that can assist in more effective
organizing, planning and control of manufacturing.
Students acquire an in-depth knowledge of the
fundamental decisions that need to be taken to
effectively control the production, manage supply
chains and the production process for service firms.
Application: Students are qualified to detect
underlying problems in the production process of
manufacturing and service firms and to develop
alternative solutions to these problems. On the basis
of the acquired knowledge they can take effective



pridobljenega znanja lahko sprejema ucinkovite
odlocitve oblikovanja, obuvladovanja in izboljSevanja
izdelavnih procesou.

Refleksija: Teoreticna nacela obvladovanja
procesou, ki jih Student pridobi s Studijem predmeta,
mu omogocajo ucinkovitejse razumevanje delovanja
razlicnih procesou, ki se izvajajo pri delovanju
razlicnih zdruZb.

Prenosljive spretnosti - niso vezane le na en
predmet: Student bo osvojil spretnosti uporabe
domace in tuje literature in uporabe postopkouv
analize procesa, planiranja zmogljivosti in
obuladovanja zalog, ¢asov ¢akanja in kakouvosti.
Student bo z delom na studijskih primerih razvijal
sposobnosti identifikacije in reSevanja problemov.

Metode poucevanja in ucenja:
Predavanja in vaje. Skupinska analiza Studijskih
primerov. Igre vlog.

decisions about establishment, management and
improvement of this process.

Reflection: Theoretical principles of process
management enable students to better understand
the operation of different processes that are
performed in various organizations.

Transferable skills: Students will acquire skills for
using domestic and foreign literature and knowledge
for process analysis, capacity planning, inventory
control, waiting times and quality. Students will
develop the ability to identify and solve problems
with work on case studies.

Learning and teaching methods:
Lectures and exercises. Group case study analysis.
Playing roles.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

1. Juri¢ B.M.: Do more with SOA Integration, PACKT Publishing, December 2011, ISBN ISBN 978-1-84968-

572-6

2. Juri¢ B.M., Chandrasekaran, Frece A. Srdi¢ G., Hertis M.: S., WS-BPEL 2.0 for SOA Composite Applications
with IBM WebSphere 7: define, model, implement, and monitor real-world BPEL 2.0 business processes
with SOA-powered BPM. Birmingham: Packt Publishing, cop. 2010. 644 str., ilustr. ISBN 978-1-849680-

46-2.

3. Juri¢ B.M, et. Al: Business process execution language for web services: an architect and developer's guide
to orchestrating web services using BPEL4WS. Birmingham: Packt Publishing, 2006. X, 353 str., ilustr.

ISBN 1-904811-81-7.

str. 1261-1274.

Juri¢ M.B., Sasa A.: WS-BPEL extension for versioning. Inf. softw. technol. [Print ed.], 2009, vol. 57, iss. 8,

5. Juri¢ M.B.: WSDL and BPEL extensions for event driven architecture. Inf. softw. technol. [Print ed.], 2010,
vol. 52, iss. 10, str. 1023-1043, doi: 10.1016 /j.infsof.2070.04.005.

Celotna bibliografija je dostopna na SICRISu: http:

sicris.izum.si/search/rsr.aspx?lang=slv&id=10545.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=10545

MATEMATIKA 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Matematika 1
Course title: Mathematics 1
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 1. letnik 1.semester = obvezni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. letnik 1.semester = obvezni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0125839
Koda ucne enote na ¢lanici/UL Member course code: 63506
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer: Polona Oblak
Vrsta predmeta/Course type: obvezni predmet/compulsory course
Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

1. Linearna algebra: Vektorski prostori, linearnein 1. Linear algebra: Vector spaces, linear and affine
afine preslikave, skalarni produkt, vektorske in transformations, scalar product, vector and
matri¢ne norme, kvadratne forme, pozitivna matrix norms, quadratic forms, positive
semidefinitnost, razcep Choleskega, Perron- semidefiniteness, Cholesky decompostion,
Frobeniusov izrek. Perron-Frobenius theorem.

2. Matematic¢na analiza: Funkcije vec spremenljivk, | 2. Calculus: Functions of several variables and
ekstremi in zvezne optimizacijske naloge, dvojni continuous optimization problems, double
integrali, vektorska analiza. integrals, vector calculus.

Temeljna literatura in viri/Readings:

1. Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons, 201

2. Roger A. Horn, Charles Johnson: Matrix Analysis, Cambridge University press, 201

3. Gilbert Strang, Introduction to Linear Algebra, Cambridge press, 200

4. James Stewart, Calculus, Early Transcendentals, Thomson, 2008.

Damir Franetic, Polona Oblak, Matematika 2 — zapiski s predavanj, dostopna na: https://ucilnica.fri.uni-
lj.si/pluginfile.ohp/6121/mod_page/content/107/mat2.pdf, 2018.




Cilji in kompetence:

Zmoznost kriticnega razmisljanja.

Razvoj vescin kriticnega , analiticnega in
sinteti¢nega razmisljanja.

ZmoZnost definiranja, razumevanja in resevanja
ustvarjalnih poklicnih izzivov v racunalnistvu in
informatiki.

Sposobnost uporabiti pridobljeno znanje za
samostojno delo pri reSevanju tehnicnih in
znanstvenih problemouv v racunalnistuu in
informatiki; moZnost nadgradnje pridobljenega
znanja.

Cilj predmeta je obnoviti in utrditi matematicna
znanja, ki so osnovna in nujno potrebna na tej stopnji
racunalnistva in informatike, in Studenta usposobiti
za uporabo osnovnih matematicnih principov,
metod in modelov pri reSevanju problemov z
razlicnih podrocij racunalnistva in informatike.

Predvideni Studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:
Sposoben izkazati znanje in razumevanje osnovnih
pojmov abstraktne linearne algebre

Razumel in uporabljal razvoj funkcije v Taylorjevo
vrsto

ZmoZen izracunati lokalne in globalne ekstreme
funkcij vec spremenljivk

Razumel in uporabljal veckratne in krivuljne
integrale

Sposoben aplicirati pojme linearne algebre v
racunalnistvo in informatiko

Sposoben formulirati nekatere probleme
racunalnistva v matematicnem jeziku in resiti
nekatere izmed njih

Metode poucevanja in ucenja:

Predavanja in vaje z reSevanjem problemouv, domace
naloge. Poseben poudarek je na sprotnem studiju s
testi in na skupinskem delu pri vajah.

Objectives and competences:

Ability of critical thinking.

Developing skills in critical, analytical and synthetic
thinking.

The ability to define, understand and solve creative
professional challenges in computer and information
science;

The ability to apply acquired knowledge in
independent work for solving technical and scientific
problems in computer and information science; the
ability to upgrade acquired knowledge.

The object of this course is to review the basic
mathematical topics which are necessarily at this
level of computer and information science and
prepare the students for mastering applications of
mathematical principles, methods and models in
solving specific problems from various domains of
computer and information science.

Intended learning outcomes:

After the completion of the course a student will be
able to

Show the knowledge and understanding of the basic
notions of abstract linear algebra

Understand and use the representation of a function
as Taylor series

Compute local and global extrema of a function of
several variables

Understand and use multiple and curve integrals
Apply the notion of linear algebra into computer and
information science

Formulate several problems from computer science
to mathematical language and solve some of them

Learning and teaching methods:

Lectures, tutorials and lab work printed to problem
solving. Strong emphasis on regular work with tests
and group work at tutorials.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokviji in projektno ali seminarsko delo) project work or seminar paper)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:



Reference nosilca/Lecturer's references:

OBLAK, Polona. The upper bound for the index of nilpotency for a matrix commuting with a given
nilpotent matrix. Linear multilinear algebra, 2008, vol. 56, no. é, str. 701-711.

DOLZAN, David, OBLAK, Polona. Invertible and nilpotent matrices over antirings. Linear algebra appl.,
2009, vol. 430, iss. 1, str. 271-278.

KOSIR, Tomaz, OBLAK, Polona. On pairs of commuting nilpotent matrices. Transform. groups, 2009, vol.
14, no. 1, str. 175-182.

DOLINAR, Gregor, GUTERMAN, Aleksandr Emilevi¢, KUZMA, Bojan, OBLAK, Polona. Extremal matrix
centralizers. Linear Algebra and its Applications, 2013, vol. 438, iss. 7, str. 2904-2910.

OBLAK, Polona, SMIGOC, Helena. The maximum of the minimal multiplicity of eigenvalues of symmetric
matrices whose pattern is constrained by a graph. Linear Algebra and its Applications, 2017, vol. 512, str.
48-70.

Celotna bibliografija je dostopna na SICRISu:
http://sicris.izum.si/search/rsr.aspx?lang=slv&id=15808.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;amp;id=15808

MATEMATIKA 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Matematika 2
Course title: Mathematics 2
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar Vaje
/Lectures /Seminar /Tutorials
45 30

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Matricna in tenzorska algebra. Notacija. Odvodii.
Teorija. Gradient. Konveksnost in stroga
konuveksnost. Lipschitzeve funkcije. Optimizacija z
omejitvami. Dualne funkcije. Dualni optimizacijski
problemi. Krepka dualnost. Slaterjev pogoj. Karush-
Kuhn-Tuckerjev pogoj.

Optimizacijske metode. Gradientna metoda.
Stohasticna gradientna metoda. Kvazi-Newtonova
metoda. Subgradientna metoda. Pospesena

gradientna metoda. Metode notranje tocke. ADMM.

Adaptivne gradientne metode.

Temeljna literatura in viri/Readings:

Studijska smer
Podatkouvne vede (smer)

Predavanja/Lectures:

Letnik Semestri Izbirnost
1. letnik 2. semester | obuvezni
0129384
63567
Klinicne vaje  Druge oblike Samostojno  ECTS
/Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
105 6

Aljaz Zalar, Gasper FijavZ, Polona Oblak, Ziga Virk

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Matrix and tensor algebra. Notation.
Differentiation.

Theory. Gradient. Convexity. Strong convexity.
Lipschitz continuity. Limits on convergence rate.
Constrained optimization. Dual function. Dual
problem. Strong duality. Slater’s condition. Karush-
Kuhn-Tucker condition.

Optimization methods. Gradient. Stochastic
gradient. Conjugate gradient. Quasi-Newton.
Subgradient. Proximal gradient. Accelerated
gradient. Interior-point methods. ADMM. Adaptive
gradient methodes.

e Stephen Boyd, Lieven Vandenberghe. Convex optimization. Cambridge University Press, 2004.
e David A. Harville: Matrix Algebra From a Statistician's Perspective, Springer, 1997.
e  Zapiski s predavanj in izbrani ¢lanki. / Lecture notes and selected papers.




Cilji in kompetence:

Zmoznost kriticnega razmisljanja.

Razvoj vescin kriticnega , analiticnega in
sinteti¢nega razmisljanja.

Cilj predmeta je poglobiti Studentovo razumevanje
formalizacije problemouv, ki izvirajo iz strojnega
ucenja, ter Studenta seznaniti z osnovami
optimizacijskih metod.

Predvideni studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e zapisati rezultate matricne algebre v tenzorski
notaciji,

e odvajati vektorske in matricne funkcije po
skalarjih, vektorjih ali matrikah

e lociti konveksne probleme od nekonveksnih,

e uporabljati metode za optimizacijo konveksnih
problemouv,

e reSevati nekonveksne probleme s pomocjo
dualnosti in Karush-Kuhn-Tuckerjevih pogojev,

e uporabljati primerne optimizacijske metode za
probleme v strojnem ucenju.

Metode poucevanja in ucenja:

Predavanja, racunske vaje z ustnimi nastopi in delom
zracunalniki, domace naloge. Poseben poudarek je
na sprotnem Studiju z domacimi nalogami, na
samostojnem delu z racunalnikom in uporabo
programske opreme za optimizacijo.

Objectives and competences:

Critical thinking ability.

Developing skills in critical, analytic and synthetic
thinking.

The object of the course is to deepen student’s
understanding of formulation of problems arising
from machine learning with the basic optimization
methods.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e write known matrix results in tensor notation,

e derive vector and matrix functions over scalars,
vectors and matrices,

e distinguish between convex and nonconvex
problems,

e usethe methods for convex optimization,

e solve nonconvex problems with duality and
Karush-Kuhn-Tucker conditions,

e usedifferent optimization methods on machine
learning problems.

Learning and teaching methods:

Lectures, exercise groups, homework assignments.
The focus lies in continuous work with home
assignments, individual work using computer and
optimization software.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Sprotno preverjanje (kolokviji, domace 50,00 % Continuing (homework, midterm)
naloge)

Koncno preverjanje (pisni ali ustni izpit) 50,00 % Final (written or oral exam) Grading: 6-10

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:
Gasper Fijavz:

pass, 5 fail (according to the rules of
University of Ljubljana).

Grading system:

e FIJAVZ, Gasper, WOOD, David Richard. Graph minors and minimum degree. The Electronic journal of
combinatorics, ISSN 1077-8926. [Online ed.], 2010, vol. 17, no. 1, r151(30 str.).

e DUIMOVIC, Vida, FIJAVZ, Gasper, JORET, Gwenaél, SULANKE, Thom, WOOD, David Richard. On the
maximum number of cliques in a graph embedded in a surface. European journal of combinatorics, ISSN

0195-6698, 2011, vol. 32, no. 8, str. 1244-1252.

e ALAM, Muhammad Jawaherul, CHAPLICK, Steven, FIJAVZ, Gasper, KAUFMANN, Michael, KOBOUROV,
Stephen G., PUPYREV, Sergey. Threshold-coloring and unit-cube contact representation of graphs. V:
BRANDSTADT, Andreas (ur.), JANSEN, Klaus (ur.), REISCHUK, Riidiger (ur.). Graph-theoretic concepts in
computer science : 39th International Workshop, WG 2013, Liibeck, Germany, June 19-21, 2013, str. 26-37.



e FIJAVZ, Gasper, PISANSKI, Tomaz, RUS, Jernej. Strong traces model of self-assembly polypeptide
structures. MATCH Communications in Mathematical and in Computer Chemistry, ISSN 0340-6253,
20174, vol. 71, no. 1, str. 199-212.

e FIJAVZ, Gasper, NAKAMOTO, Atsuhiro. Odd complete minors in even embeddings on surfaces. Discrete
Mathematics, ISSN 0012-365X. [Print ed.], 2016, vol. 339, iss. 1, str. 165-178.

Celotna bibliografija je dostopna na SICRISu:

http://wwuw.sicris.si/search/rsr.aspx?lang=slv&id=9390.

Polona Oblak:

e OBLAK, Polona. The upper bound for the index of nilpotency for a matrix commuting with a given
nilpotent matrix. Linear multilinear algebra, 2008, vol. 56, no. é, str. 701-711.

e DOLZAN, David, OBLAK, Polona. Invertible and nilpotent matrices over antirings. Linear algebra appl.,
2009, vol. 430, iss. 1, str. 271-278.

e KOSIR, Tomaz OBLAK, Polona. On pairs of commuting nilpotent matrices. Transform. groups, 2009, vol.
14, no. 1, str. 175-182.

e DOLINAR, Gregor, GUTERMAN, Aleksandr Emilevi¢, KUZMA, Bojan, OBLAK, Polona. Extremal matrix
centralizers. Linear Algebra and its Applications, 2013, vol. 438, iss. 7, str. 2904-2910.

e OBLAK, Polona, SMIGOC, Helena. The maximum of the minimal multiplicity of eigenvalues of symmetric
matrices whose pattern is constrained by a graph. Linear Algebra and its Applications, 2017, vol. 512, str.
48-70.

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=15808.

Ziga Virk:

e VIRK, Ziga. Small loop spaces. Topology and its Applications, ISSN 0166-8641, 2010, vol. 157, no. 2, str.
4571-455.

e VIRK, Ziga. Realizations of countable groups as fundamental groups of compacta. Mediterranean
journal of mathematics, 2013, vol. 10, no. 3, str. 1573-1589.

e DYDAK, Jerzy, VIRK, Ziga. Preserving coarse properties. Revista matemdtica complutense, 2016, vol. 29,
iss. 1, str. 191-206.

e EDELSBRUNNER, Herbert, VIRK, Ziga, WAGNER, Hubert. Smallest enclosing spheres and Chernoff points
in Bregman geometry. V: SPECKMANN, Bettina (ur.), TOTH, Csaba D. (ur.). 34th International
Symposium on Computational Geometry : SoCG 2018, June 11-14, 2018, Budapest, Hungary,

e VIRK, Ziga. Approximations of 1-dimensional intrinsic persistence of geodesic spaces and their stability.
Revista matemdtica complutense, Jan. 2019, vol. 32, iss. 1, str. 195-213.

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=20092

AljaZ Zalar:

e CIMPRIC, Jaka, ZALAR, Aljaz. Moment problems for operator polynomials. Journal of mathematical
analysis and applications, 2013, vol. 401, iss. 1, str. 307-316.

e ZALAR, AljaZ. Operator Positivstellensdtze for noncommutative polynomials positive on matrix convex
sets. Journal of mathematical analysis and applications, 2017, vol. 445, iss. 1, str. 32-80.

e KLEP, Igor, MCCULLOUGH, Scott, SIVIC, Klemen, ZALAR, Aljaz. There are many more positive maps than
completely positive maps. International mathematics research notices, 2019, vol. 2019, iss. 11, str. 3313-
3375.

e BHARDWAIJ, Abhishek, ZALAR, Aljaz. The tracial moment problem on quadratic varieties. Journal of
mathematical analysis and applications, 2021, vol. 498, no. 1, 39 str.

e ZALAR, AljaZ. The truncated moment problem on the union of parallel lines. Linear Algebra and its
Applications, 2022, vol. 649, str. 186-239.

Celotna bibliografija je dostopna na SICRISu:

https://cris.cobiss.net/ecris/si/sl/researcher/41702



http://www.sicris.si/search/rsr.aspx?lang=slv&amp;id=9390
http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=15808.
http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=15808.
http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=20092

MOBILNO ZAZNAVANJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja

Racunalnistvo in informatika, druga

stopnja, magistrski

Mobilno zaznavanje
Mobile sensing
UL FRI

Semestri Izbirnost
1. semester | izbirni

Studijska smer Letnik
Racunalnistvo in
informatika (smer)

Univerzitetna koda predmeta/University course code: 0643957
Koda ucne enote na ¢lanici/UL Member course code: 63545C
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Veljko Pejovic

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Prerequisites:

Vsebina:

Predmet vsebuje teme s podrocja mobilnega zaznavanja, obdelave senzorskih
podatkov na sami mobilni napravi, ter aplikacij mobilnega zaznavanja.

1. Uvod v platforme mobilnega zaznavanja in aplikacije mobilnega zaznavanja;
2. Osnove vzorcenja senzorjev in lastnosti strojne opreme za zaznavanje;

3. Strojno ucenje za mobilno zaznavanje, cevovod za obdelavo podatkov (od
neobdelanih podatkouv do visokonivojskih zakljuckouv);

4. Globoko ucenje za obdelavo senzorskih podatkouv;

5. Strojno ucenje na robnih napravah. Tehnike kompresije in optimizacije modelov

strojnega ucenja;
6. Zvezno ucenje v teoriji in praksi z uporabo ogrodja FLOWER na Androidu;
7. Lokacijsko vzorcenje, kompromis med natancnostjo in porabo energije;

8. Sledenje in napovedovanje lokacije, Markouske verige za modeliranje trajektorij;
9. Vzorcenje in obdelava fizioloskih signalov; fotopletizmogram, temperatura koZe,

zaznavanje elektrodermalne aktivnosti;

10. Zaznavanje in obdelava glasu; sklepanje o custvih in stresu iz glasovunih
podatkov;

11. Ugotavljanje pozornosti in upravljanje z obvestili v mobilnem racunalnistvu;

strokouvno izbirni predmet/specialist elective course

Anglescina
Anglescina

Content (Syllabus
outline):

The course will
include topics in
mobile sensing,
mobile on-device
sensor data
processing and
applications thereof.
1. Introduction to
mobile sensing
platforms and the
applications of
mobile sensing;

2. Foundations of
sensor sampling and
properties of sensing
hardware;

3. Machine learning



12. Uporaba mobilnega zaznavanja v domeni zdravja; digitalne intervencije za for mobile sensing,

spremembo data processing
vedenja; pipeline (from raw
13. Mobilno zaznavanje in zaznavanje s pomocjo interneta stvari znamenom data to high-level
zagotavljanja varnosti. inferences);
Prakticni del predmeta je sestavljen iz programskih vaj, Studenti pravijo tudi 4. Deep learning for
prakticno programsko nalogo na temo mobilnega zaznavanja in obdelave sensor data
podatkov. processing;

5. Machine learning
on edge devices.
Machine learning
model compression
and optimisation
techniques;

6. Federated learning
in theory and
practice using
FLOWER framework
on Android;

7. Location sampling,
trade-off between
accuracy and energy
usage;

8. Location tracking
and prediction,
Markov chains for
trajectory modeling;
9. Physiological
signal sampling and
processing;
photoplethysmogra
m, skin temperature,
electrodermal
activity sensing;

10. Voice sensing and
processing; emotion
and stress inference
from voice data;

11. Attention
inference and
notification
management in
mobile computing;
12. Sensing for health
and wellbeing; digital
behaviour change
intervantions;

13. Mobile and loT
sensing for security.
Practical part of the
course consists of
programming labs,
while the students
also complete a
semester-long
sensing and data



Temeljna literatura in viri/Readings:

processing
programming
project.

1. Smyth, N. (2023). Android Studio Giraffe Essentials - Kotlin Edition

2. Krumm, J. (Ed.). (2018). Ubiquitous computing fundamentals. CRC Press.

3. Lane, N. D., Miluzzo, E., Lu, H., Peebles, D., Choudhury, T., & Campbell, A. T. (2010). A survey of mobile
phone sensing. IEEE Communications magazine, 48(9), 140-150.

4. Zhang, C., Patras, P., & Haddadi, H. (2019). Deep learning in mobile and wireless networking: A survey. IEEE

Communications surveys & tutorials, 21(3), 2224-2287.

5. Kairouz, P., McMahan, H. B., Avent, B., Bellet, A., Bennis, M., Bhagoji, A. N., ... & Zhao, S. (2021). Advances
and open problems in federated learning. Foundations and trends® in machine learning, 14(1-2), 1-210.

Cilji in kompetence:

Cilj predmeta je spoznati se na mobilno zaznavanje
in strojno ucenje na mobilnih napravah, s
poudarkom na pridobitvi prakticnega znanja s
podrocja izdelave resitev, ki temeljijo na mobilnem
zaznavanju.

Splosne kompetence:

- ZmoZnost kriticnega razmisljanja.

- ZmoZnost definirati, razumeti in resiti kreativne
strokovne izzive na podrocju racunalnistva in
informatike.

- ZmoZnost uporabe in nadgrajevanja pridobljenega
znanja.

Predmetno specificne kompetence:

- ZmozZnost prenosa znanja sodelavcem v
tehnoloskih ekipah.

- Vescine in prakticno znanje o posebnih strojni
opremi mobilnih platform, programskih jezikih in
omejitvah mobilnih platform.

Predvideni Studijski rezultati:

Po uspesno opraviljenem predmetu bodo Studenti
zZmozni:

- navesti specifike razlicnih platform mobilnega
zaznavanja,

- nasteti omejitve platform mobilnega zaznavanja in
predstaviti nacine za upostevanje omejitev pri
razvoju resitev za mobilno zaznavanje,

- razviti celoten programski izdelek za mobilno
zaznavanje (tj. aplikacijo) na mobilni platformi,

- uporabiti strojno ucenje (na napravi) za
visokonivojsko sklepanje v okviru resituve mobilnega
zaznavanja,

- analizirati uporabnost, tocnost in ucinkovitost
aplikacije mobilnega zaznavanja,

- argumentirati izbiro specificne strojne in
programske opreme za izdelavo resitve mobilnega
zaznavanja.

Objectives and competences:

The aim of the course is to gain expertise in mobile
sensing and on-device machine learning, with the
practical knowledge on building mobile sensing
solutions.

General competences:

- Ability of critical thinking.

- The ability to define, understand and solve creative
professional challenges in computer and information
science.

- The ability to apply and upgrade acquired
knowledge.

Subject specific competences:

- The ability to transmit knowledge to co-workers in
technology groups.

- Practical knowledge and skills of paticular
computer hardware of mobile platforms, constraints
associated with these, and efficient programming of
these platformes.

Intended learning outcomes:

After successful completion of the course, students
will be able to:

- list the specifics of different mobile sensing
platforms,

- list the limitations of mobile sensing platforms and
present means for considering these limitations while
developing a sensing solution,

- develop a complete mobile sensing software
product (i.e. an app) on the mobile platform,

- harness (on-device) machine learning for high-level
inferences within their mobile sensing solution,

- analyze the usability, accuracy, and efficiency of a
mobile sensing app,

- argument selection of specific hardware and
software for the development of a mobile sensing
solution.



Metode poucevanja in ucenja: Learning and teaching methods:
Predavanja in domaca naloge, ter prakticen projekt, = Lectures, lab work, and a practical semester-long
ki ga bodo Studentiizdelali v skupinah. project done in teams.

Nacini ocenjevanja: DeleZ/Weight Assessment:
Nacin (pisni izpit, ustno izprasevanje,
naloge, projekt):

Sprotno preverjanje (domace naloge in 90,00 % Continuing (labwork and projectwork)

projekt)

Konéno preverjanje (ustni izpit) 10,00 % Final (oral exam)

Ocenjevalna lestvica: Grading system:

5-10, pri cemer velja, da je pozitivna ocenaod 6 - 10 | 5-10, a student passes the exam if he is graded from
6to10

Reference nosilca/Lecturer's references:

1. FABJANCIC, MatevZ, MACHIDON, Octavian-Mihai, SHARIF, Hashim, ZHAO, Yifan, MISAILOVIC, Sasa,
PEJOVIC, Veljko. Mobiprox : supporting dynamic approximate computing on mobiles. IEEE internet of things
journal. 2024, vol., no., str. 1-14

2.MACHIDON, Octavian-Mihai, ASPROV, Jani, FAJFAR, Tine, PEJOVIC, Veljko. Context-aware adaptation of
mobile video decoding resolution. Multimedia tools and applications. May 2023, vol. 82, iss. 12, str. 17599-
17630

3.KNEZ, Timotej, MACHIDON, Octavian-Mihai, PEJIOVIC, Veljko. Self-adaptive approximate mobile deep
learning. Electronics. Dec. 2021, vol. 10, iss. 23, str. 1-23, ilustr. ISSN 2079-9292

4.MEHROTRA, Abhinav, PEJOVIC, Veljko, MUSOLESI, Mirco. FutureWare : designing a middleware for
anticipatory mobile computing. IEEE transactions on software engineering. [Print ed.]. Oct. 2021, vol. 47, no.
10, str. 2107-2124

5.PEJOVIC, Veljko, MUSOLESI, Mirco. Anticipatory mobile computing : a survey of the state of the art and
research challenges. ACM computing surveys. [Print ed.]. Apr. 2015, vol. 47, no. 3, str. 1-29, ilustr. ISSN 0360-
0300

Celotna bibliografija je dostopna na SICRISu:
https://cris.cobiss.net/ecris/si/sl/researcher/43813



MODUL 1- PREDMET 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Modul 1- predmet 1

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 1. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126169
Koda ucne enote na ¢lanici/UL Member course code: M1-P1

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo

tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Prerequisites:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:




Nacini ocenjevanja: Delez/Weight Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 1- PREDMET 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Modul 1- predmet 2

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 1. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126170
Koda ucne enote na ¢lanici/UL Member course code: M1-P2

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo

tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Prerequisites:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:




Nacini ocenjevanja: Delez/Weight Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 1- PREDMET 3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 1- predmet 3

Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Racunalnistvo in informatika, druga
stopnja, magistrski

Studijska smer Letnik Semestri Izbirnost
Podatkoune vede (smer) 1. letnik 2.semester | izbirni
Racunalnistvo in 1. letnik 2.semester | izbirni

informatika (smer)

Univerzitetna koda predmeta/University course code: 0126173
Koda ucne enote na ¢lanici/UL Member course code: M1-P3
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

ECTS




Nacini ocenjevanja: Delez/Weight Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 1- PREDMET 4

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 1- predmet 4

Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Racunalnistvo in informatika, druga
stopnja, magistrski

Studijska smer Letnik Semestri Izbirnost
Podatkoune vede (smer) 1. letnik 2.semester | izbirni
Racunalnistvo in 1. letnik 2.semester | izbirni

informatika (smer)

Univerzitetna koda predmeta/University course code: 0126174
Koda ucne enote na ¢lanici/UL Member course code: M1-P4
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

ECTS




Nacini ocenjevanja: Delez/Weight Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 2 - PREDMET 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 2 - predmet 1
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126171
Koda ucne enote na ¢lanici/UL Member course code: M2-P1

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 2 - PREDMET 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 2 - predmet 2
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126172
Koda ucne enote na ¢lanici/UL Member course code: M2-P2

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 2 - PREDMET 3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja

Racunalnistvo in informatika, druga

stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
45

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Modul 2 - predmet 3

UL FRI

Izbirnost
izbirni

Semestri
2. semester

Letnik
1. letnik

Studijska smer
Racunalnistvo in
informatika (smer)

0126175
M2-P3
Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
30 105 6

Predavanja/Lectures:
Vaje/Tutorial:

Prerequisites:

Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Nacini ocenjevanja:

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

DeleZ/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 2 - PREDMET 4

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja

Racunalnistvo in informatika, druga

stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na clanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
45

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Modul 2 - predmet 4

UL FRI

Izbirnost
izbirni

Semestri
2. semester

Letnik
1. letnik

Studijska smer
Racunalnistvo in
informatika (smer)

0126176
M2-P4
Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
30 105 6

Predavanja/Lectures:
Vaje/Tutorial:

Prerequisites:

Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Nacini ocenjevanja:

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

DeleZ/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 3 - PREDMET 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 3 - predmet 1
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126541
Koda ucne enote na ¢lanici/UL Member course code: M3-P1

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 3 - PREDMET 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Modul 3 - predmet 2
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0126542
Koda ucne enote na ¢lanici/UL Member course code: M3-P2

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 3 - PREDMET 3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja

Racunalnistvo in informatika, druga

stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
45

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Modul 3 - predmet 3

UL FRI

Izbirnost
izbirni

Semestri
2. semester

Letnik
2. letnik

Studijska smer
Racunalnistvo in
informatika (smer)

0127817
M3-P3
Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
30 105 6

Predavanja/Lectures:
Vaje/Tutorial:

Prerequisites:

Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Nacini ocenjevanja:

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

DeleZ/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



MODUL 3 - PREDMET 4

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja

Racunalnistvo in informatika, druga

stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
45

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Modul 3 - predmet 4

UL FRI

Izbirnost
izbirni

Semestri
2. semester

Letnik
2. letnik

Studijska smer
Racunalnistvo in
informatika (smer)

0127818
M3-P4
Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
30 105 6

Predavanja/Lectures:
Vaje/Tutorial:

Prerequisites:

Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Nacini ocenjevanja:

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

DeleZ/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



NACELA NEGOTOVOSTI

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Nacela negotovosti
Principles of uncertainty

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 1. letnik 1.semester = obvezni
stopnja, magistrski
Univerzitetna koda predmeta/University course code: 0129330
Koda ucne enote na ¢lanici/UL Member course code: 63564

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Data. Povzemanje podatkov. Vizualizacija
podatkouv. Temeljna teZava pri analizi podatkou:
negotouvost v hasem razumevanju procesa, ki
generira podatke.

Probability. Aksiomatski, bayesouski in klasicen
(frekventisticni) pogled na verjetnost. Skupne, robne
in pogojne gostote. Bayesov izrek.

Porazdelitve. Standardne porazdelitve. Porazdelitev
kot orodje za izraZanje verjetnostnega mnenja.
Porazdelitev kot generator podatkouv.

Fundamental statistical techniques. Metode Monte
Carlo. Metoda bootstrap. Maksimiziranje verjetja.
Bayesousko sklepanje.

Osnovne naloge statistike. Testiranje hipotez proti
bayesouskem ocenjevanju parametrov.
Multivariatna normalna porazdelitev. Kot linearna
transformacija. Linearna regresija. PCA.

Predavanja/Lectures:

Aljaz Zalar, Erik Strumbelj

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Data. Summarizing data. Visualizing data. The
fundamental problem of data analysis: uncertainty
in our understanding of the data generating process.
Probability. The axiomatic, Bayesian and classical
(frequentist) views of probability. Joint, marginal
and conditional densities. Bayes theorem.
Distributions. Common probability distributions.
Distributions as a means for expressing probabilistic
opinions. Distributions as data generators.
Fundamental statistical techniques. Monte Carlo
integration. Bootstrap. Maximum likelihood
estimation. Bayesian inference.

Basic statistical tasks. Hypothesis testing vs
Bayesian estimation.

The multivariate normal distribution. As a linear
transformation. Linear regression. PCA.




Temeljna literatura in viri/Readings:

e Hoff, P. D. (2009). A first course in Bayesian statistical methods. Springer Science & Business Media.
e Kadane, J. B. (2011). Principles of uncertainty. CRC Press.

e Kruschke, J. (2014). Doing Bayesian data analysis: A tutorial with R, JAGS, and Stan. Academic Press.
e Gelman, A, Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., & Rubin, D. B. (2013). Bayesian data

analysis. CRC press.

Cilji in kompetence:

Negotovost je eden izmed najpomembnejsih
konceptouv —ne samo v podatkouvnih vedah, temuvec
v Zivljenju. Glavni cilj predmeta je Studenta seznaniti
Z negotovostjo — kako matematicno verjetnost
uporabiti za izraZanje negotovosti in kako s
statistiko sklepati v prisotnosti negotouvosti.

Predvideni Studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e Razlikovati med bayesouvskim in klasicnim
pogledom na verjetnost.

e Uporabiti osnouvne pristope iz Bayesove in
klasicne statistike.

e Uporabiti programski jezik R za simulacije in
statisticno analizo.

e Povezati nacela negotovosti s statistichimi
modeli in modeli strojnega ucenja, ki jih bodo
srecCali pri drugih predmetih.

e Pojasniti povezavo med multivariatno normalno
porazdelitvijo, osnovnimi statisticnimi modeli in
linearnimi transformacijami.

Metode poucevanja in ucenja:
Predavanja, vaje, sprotno delo, diskusije.

Objectives and competences:

Uncertainty is one of the most important concepts -
not only in data science but in life. The main goal of
this course is to introduce the students to uncertainty
- how to use probabily theory to express uncertainty
and how to use statistics to reason with uncertainty.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Distinguish between the Bayesian and the
classical view of probability.

e Use basic approaches from Bayesian and
classical statistics.

e Usethe R programming lanugage for simulation
and statistical analyses.

e Connect principles of uncertainty to statistical
and machine learning models they encounter in
other courses.

Explain the connection between the multivariate

normal distribution, basic statistical models and

linear transformations.

Learning and teaching methods:
Lectures, tutorials, coursework, discussions.

Nacini ocenjevanja: Delez/Weight  Assessment:
Sprotno preverjanje (domace naloge) 50,00 % Continuing (homework)
Konéno preverjanje (pisni izpit ali ustni 50,00 % Final (written exam or oral exam) Grading:

izpit) Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:
Erik Strumbelj:

6-10 pass, 5 fail (according to the rules of
University of Ljubljana).

Grading system:

e Pucer, J.F., Pir$, G., & Strumbelj, E. (2018). A Bayesian approach to forecasting daily air-pollutant levels.

Knowledge and Information Systems, 1-20.

e Cesnovar, R. & Strumbelj, E. (2017). Bayesian Lasso and multinomial logistic regression on GPU. PloS one,

12(6), €0180343.

e Kumer, P., & Strumbelj, E. (2017). Clustering-based typology and analysis of private small-scale forest
owners in Slovenia. Forest Policy and Economics, 80, 116-124.



e Poberznik, M., & Strumbelj, E. (2016). The effects of air mass transport, seasonality, and meteorology on
pollutant levels at the Iskrba regional background station (1996-2014). Atmospheric Environment, 134,
138-146.Demsar, J., Strumbelj, E., & Bajec, I. L. (2016). A Balanced Mixture of Antagonistic Pressures
Promotes the Evolution of Parallel Movement. Scientific reports, 6, 39428.

AljaZ Zalar:

e Cimpric, 1. & Zalar, A. (2013). Moment problems for operator polynomials. Journal of mathematical
analysis and applications, 401(1), 307-316.

e Zalar, A. (2017). Operator Positivstellensdtze for noncommutative polynomials positive on matrix convex
sets. Journal of mathematical analysis and applications, 445(1), 32-80.

e Klep, I, Mccullough, S., Sivic, K. & Zalar, A. (2019). There are many more positive maps than completely
positive maps. International mathematics research notices, 2019(11), 3313-3375.

e Zalar, A. (2021). The truncated Hamburger moment problems with gaps in the index set. Integral
equations and operator theory. 93(3), 36 str.

e Zalar, A. (2022). The truncated moment problem on the union of parallel lines. Linear Algebra and its
Applications, 649, 186-239.



NAPREDNA RACUNALNISKA GRAFIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Napredna racunalniska grafika
Advanced Computer Graphics

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 2. semester | izbirni
magistrski program)
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0148094
Koda ucne enote na ¢lanici/UL Member course code: 63553

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Matija Marolt

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predavanja:

3D predstavitve

1. polna telesa, CSG, B-Reps

2. voksli, posredno upodabljanje, volumetri¢no

upodabljanje
3. tocCkoune predstavitve, pretvorba v ploskovne
Upodabljanje
1. osnove fotometrije in radiometrije, osvetljevanje,
odsevanje

2. napredni modeli osvetljevanja in odsevanja,
BRDF, podpoursinsko razprsevanje

3. globalna osvetlitev: enacba upodabljanja,
modeli za reSevanje

4. Monte Carlo sledenje poti, Metropolis light
transport, mapiranje fotonouv

Animacija

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Lectures:

3D representations

1. solid bodies, CSG, B-Reps

2. voxels, indirect rendering, volumetric rendering

3. point based representations, mesh
reconstruction

Rendering

1. foundations of radio- and photometry, lighting,
reflection

2. advanced lighting models, BRDF, subsurface
scattering

3. globalillumination: rendering equation, models
for solutions

4. Monte Carlo path tracing, Metropolis light
transport, photon mapping



1. interpolacija, kinematika
zajem gibanja, urejanje gibanja, predelava
gibanja

3. dinamika: sistemi delcev in vzmeti, animacija
tekoCin, toga telesa, mehka telesa

4. simulacija mnoZic

5. obrazna animacija

Vaje:

Laboratorijski projekti, na katerih Studenti

implementirajo lastne resitve za vizualizacijo in

animacijo 3D predmetov.

Temeljna literatura in viri/Readings:

Animation

1. interpolation, kinematics

2. motion capture, editing and retargeting

3. dynamics: particle and mass-spring systems,
animation of fluids, rigid bodies, deformable
models

4. crowd simulation

5. facial animation

Laboratory:

Laboratory projects, where students implement their
own solutions for visualization and animation of 3D
models.

1. Matt Phar and Greg Humphreys: Physically Based Rendering: From Theory To Implementation. Morgan

Kaufmann, Second Edition, 2010

2. Rick Parent: Computer Animation: Algorithms and Techniques. Morgan Kaufmann, 3. edition 2012.
3. John Hughes, Andries van Dam, Morgan McGuire, David F. Sklar, James D. Foley, Steven K. Feiner, Kurt
Akeley: Computer Graphics: Principles and Practice. Addison-Wesley Professional; 3. edition, 2013

Cilji in kompetence:

Cilj predmeta je, da Studenti razumejo matematicne
in fizikalne aspekte in algoritme, ki so podlaga
modernih pristopov v racunalniski grafiki (teoreticna
podlaga), ter da jih znajo aplicirati v svoje
programske resitve (praksa).

Studenti bodo pridobili naslednje kompetence:
ZmozZnost kriticnega, analitichega in sinteticnega
razmisljanja

ZmoZnost definiranja, razumevanja in resevanja
ustvarjalnih profesionalnih izzivouv v racunalnistvu in
informatiki

Sposobnost profesionalnega komuniciranja v
materinem in tujem jeziku

Sposobnost uporabe pridobljenega znanja za
resevanje tehnicnih in znanstvenih problemouv v
racunalnistuu; sposobnost nadgrajevanja
pridobljenega znanja.

Kompetence na podrocju racunalnistva in
informatike, ki omogocajo nadaljevanje Studija na
tretji stopniji.

Predvideni studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:
- razumel delovanj metod neposredne in posredne
rekonstrukcije in upodabljanja 3D predmetou

- poznal osnove radiometrije in fotometrije

- razumel delovanje metod za fotorealisticno
upodabljanje

- razumel in uporabljal verjetnostne metode za
numericno integracijo

Objectives and competences:

The objective of the course is that students gain
understanding of mathematical, physical and
algorithmic aspects that are the basis of modern
approaches in computer graphics (theory) and that
they can apply them to their own software solutions
(practice).

When completing the course, students will gain the
following competences:

Developing skills in critical, analytical and synthetic
thinking

The ability to define, understand and solve creative
professional challenges in computer and information
science

The ability of professional communication in the
native language as well as a foreign language

The ability to apply acquired knowledge in
independent work for solving technical and scientific
problems in computer and information science; the
ability to upgrade acquired knowledge
Competences in computer and information science
granting access to further study at 3rd cycle doctoral
programmes

Intended learning outcomes:

After the completion of the course the student will be
able to:

- understand the methods for direct and indirect
reconstruction and rendering of 3D objects

- know the basics of radiometry and photometry

- understand the methods for photorealistic
rendering



- razumel in uporabljal metode za numericno - understand and use probabilistic methods for

resevanje navadnih diferencialnih enacb numerical integration

- razumel delovanje razlicnih vrst animacijskih - understand and use methods for numeric solving of

algoritmovu ordinary differential equations

- sposoben analizirati in implementirati napredne - understand the different methods for animation

metode racunalniske grafike na podlagi znanstvene | - analyze and implement advanced computer

literature graphics methods based on study of scientific
literature

Metode poucevanja in ucenja: Learning and teaching methods:

Predavanja s praktic¢nimi demonstracijami, izvajanje  Lectures with practical demostrations, laboratory

laboratorijskega projekta pod mentorstvom work under the supervision of assistants.

asistenta.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,

naloge, projekt): project):

Sprotno preverjanje (domace naloge, in 50,00 % Continuing (homework, project work)

projektno delo)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final: (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the

skladu s Statutom UL). rules of University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

LESAR, Ziga, BOHAK, Ciril, MAROLT, Matija. Evaluation of angiogram visualization methods for fast and
reliable aneurysm diagnosis. Medical imaging 2015 : image perception, observer performance, and
technology assessment : 25-26 February 2015, Orlando, Florida, United States.

2. BOHAK, Ciril, SODJA, Anze, MAROLT, Matija, MITROVIC, Uros, PERNUS, Franjo. Fast segmentation,
conversion and rendering of volumetric data using GPU. IWSSIP 2014 : proceedings, (International
Conference on Systems, Signals, and Image Processing (Print), ISSN 2157-8672), 2014, str. 239-242.

3. MAROLT, Matija. A connectionist approach to automatic transcription of polyphonic piano music. |IEEE
trans. multimedia. [Print ed.], str. 439-449, ilustr. [COBISS.SI-ID 4203860]

4. MAROLT, Matija. A mid-level representation for melody-based retrieval in audio collections. IEEE trans.
multimedia. [Print ed.], Dec. 2008, vol. 10, no. 8, str. 1617-1625, ilustr. [COBISS.SI-ID 6908756]

5. PESEK, MatevZ, LEONARDIS, Ales, MAROLT, Matija. Robust real-time music transcription with a
compositional hierarchical model. PloS one, ISSN 1932-6203, Jan. 2017, vol. 12, no. 1, str. 1-21



NAPREDNE METODE RACUNALNISKEGA VIDA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Napredne metode racunalniskega vida
Advanced topics in computer vision

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0075160
Koda ucne enote na ¢lanici/UL Member course code: 63552

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Matej Kristan

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet vsebuje razlicne napredne teme s podrocja

zaznavanja gibanja z metodami racunalniskega

vida. Konkretna vsebina se bo letno prilagajala

trendom na tem hitro razvijajoCem se podrocju.

Trenutne aktualne teme obsegajo:

1. Pregled podrocja ocenjevanja gibanja in
aplikacije.

2. Ocenjevanje opticnega toka z metodami
najmanjsih kvadratou.

3. Ocenjevanje opticnega toka z variacijskim
racunom.

4. Sledenje s parametricno predlogo po postopku
Lucas-Kanade.

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course will include selected advanced topics in

motion perception using computer vision. Concrete

topics will change each year according to trends in

this fast developing field in computer science and

industry. Potential topics will include:

1. Overview of the field motion estimation and
applications.

2. Optical flow estimation using least-squares.

Variational optical flow estimation.

4. Parametric template tracking using Lucas-
Kanade.

5. Histogram-based tracking using Mean Shift

6. Tracking as stochastic optimization using cross
entropy.

S



5. Sledenje s histogrami po postopku srednjega
premika (Mean Shift).

6. Sledenje s stohasticno optimizacijo po postopku
krizne entropije.

7. Rekurzivni Bayesovi filtri za sprotno ocenjevanje
stanj.

8. Sledenje s Kalmanovim filtrom.

9. Sledenje s filtri z delci.

10. Sledenje deformabilnih objektou s
konstelacijskimi modeli.

11. Metodologije primerjave sledilnikou.

12. Sledenje s klasifikacijo.

13. Metode dolgorocnega sledenja z detekcijo.

Temeljna literatura in viri/Readings:

Recursive Bayes filter for online state estimation.

Tracking by Kalman filter.

Tracking by particle filters.

10. Tracking deformable objects by constellation
models.

11. Methodologies of tracker comparison.

12. Tracking by classification.

13. Long-term tracking by detection.

0 %o N

Simon J. D. Prince, Computer Vision: Models, Learning, and Inference, Cambridge University Press, 2012
Richard Szeliski, Computer Vision: Algorithms and Applications, Springer, 2010
David Barber, Bayesian Reasoning and Machine Learning, Cambridge University Press, 2012

Cilji in kompetence:

Primarni namen predmeta je seznanitev z
raziskovalno zahtevnim podrocjem, ki je del
racunalniskega vida, SirSe pa umetne inteligence. V
tem smislu je snov logicno nadaljevanje
prvostopenjskih predmetov umetne inteligence,
specificno osnounih tem s podrocja racunalniskega
vida, multimedije in strojnega ucenja. Sekundarni
namen predmeta je osvojitev uporabe analiticnih in
numericnhih metod, s katerimi se Studentje Ze
spoznajo pri bazi¢nih predmetih, vendar jih pogosto
ne uporabijo v praksi. Studentje bodo ob koncu
predmeta seznanjeni z modernimi metodami
ocenjevanja gibanja in sledenja z metodami
racunalniskega vida ter imeli prakticne izkusnje iz
implementacije teh metod.

Predvideni studijski rezultati:

Po uspesnem zakljucku predmeta naj bi Studenti:

- poznali glavne postopke ocenjevanja gibanja in
lokalizacijo premikajocih se objektov,

- razumeli koncept ocenjevanja opticnega toka in bili
sposobni implementirati osnovne postopke,

- razumeli matematicno ozadje prileganja predlog s
pomocjo metod gradientnega spusta,

- razumeli matematic¢no ozadje verjetnostnih
Bayesouskih modelov za ocenjevanje poloZaja
objekta v sliki in bili sposobni implementirati
osnouvne algoritme, ki izhajajo iz te druZine metod,

- razumeli postopke evalvacije sledilnih algoritmov in
bili sposobni kriticno analizirati delovanje sledilnika,
- razumeli osnove sledilnikov, ki sledijo na dolgi rok in
poznali glavne predstauvnike s tega podrocja

- sposobni izdelati aplikacije za sledenje objektou v
slikah,

Objectives and competences:

The primary objective is obtaining an overview of
scientifically challenging topics of computer vision
and broader artificial intelligence. In this sense, the
course is logical continuation of basic first-level
courses in artificial intelligence, specifically,
computer vision, multimedia and machine learning.
The secondary objective is practical application of
analytical and numerical methods that students
learn at basic courses, but seldom use in practice. At
the end of this course the students will be skilled in
modern approaches for motion estimation and
tracking using computer vision approaches. The
studens will obtain practical experience with these
approaches.

Intended learning outcomes:

After completing this course a students will be able
to:

- know major methods for motion estimation and
localization of moving objects,

- understand the concept of optical flow estimation
and be able to implement basic approaches,

- understand mathematical background of template
alignment using gradient descent,

- understand mathematical background of
probabilistic Bayesian models for target position
estimation in images and be able to implement the
basic algorithms from the family of these
approaches,

- understand the approaches for tracker evaluation
and be able to critically analyze the algorithms,

- understand the basics of long-term trackers and
know the major representatives from this field,



- sposobni razumevanja modernih algoritmouv na - implement applications for image-based object

podrocju sledenja objektovu. tracking,
- understand modern algorithms in the field of object
tracking.
Metode poucevanja in ucenja: Learning and teaching methods:
Predavanja, laboratorijske vaje, domace naloge in Lectures, laboratory exercises, homeworks and
projektna naloga v sklopu vaj. Poseben poudarek je project work. Special emphasis will be given on
na individualnem delu Studentov. individual work.
Nacini ocenjevanja: Delez/Weight  Assessment:
Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):
Sprotno preverjanje (laboratorijske vaje, 50,00 % Continuing (lab exercises, homework,
domace naloge, projektna naloga) project)
Koncno preverjanje (pisni izpit) 30,00 % Final (written exam)
Koncno preverjanje (ustni izpit) 20,00 % Final (oral exam)
Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

LUKEZIC, Alan, CEHOVIN ZAJC, Luka, KRISTAN, Matej. Deformable parts correlation filters for robust visual
tracking. IEEE transactions on cybernetics, ISSN 2168-2267, 2017, vol., no., str. 1-13, [COBISS.SI-ID
1537625283],

KRISTAN, Matej, SULIC KENK, Vildana, KOVACIC, Stanislav, PERS, Janez. Fast image-based obstacle
detection from unmanned surface vehicles. IEEE transactions on cybernetics, ISSN 2168-2267, 2016, vol. 46,
no. 3, str. 641-654, [COBISS.SI-ID 1536310979],

KRISTAN, Matej, MATAS, JiFi, LEONARDIS, Ales, VOJIR, Tomds, PFLUGFELDER, Roman, FERNANDEZ,
Gustavo, NEBEHAY, Georg, PORIKLI, Fatih, CEHOVIN ZAJC, Luka. A novel performance evaluation
methodology for single-target trackers. IEEE transactions on pattern analysis and machine intelligence, ISSN
0162-8828. [Print ed.], Nouv. 2016, vol. 38, no. 11, str. 2137-2155, [COBISS.SI-ID 1536872643]

CEHOVIN ZAIC, Luka, LEONARDIS, Ales, KRISTAN, Matej. Visual object tracking performance measures
revisited. IEEE transactions on image processing, ISSN 1057-7149, 2016, vol. 25, no. 3, str. 1261-1274,
[COBISS.SI-ID 1536812739]

CEHOVIN, Luka, KRISTAN, Matej, LEONARDIS, Ales. Robust visual tracking using an adaptive coupled-layer
visual model. IEEE trans. pattern anal. mach. intell.. [Print ed.], 2012, str. [1-14], [COBISS.SI-ID 9431124]
Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=32801.



https://plus.si.cobiss.net/opac7/bib/1537625283?lang=sl
https://plus.si.cobiss.net/opac7/bib/1536310979?lang=sl
https://plus.si.cobiss.net/opac7/bib/1536872643?lang=sl
https://plus.si.cobiss.net/opac7/bib/1536812739?lang=sl
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=9431124
http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=32801

NEKONVENCIONALNE PLATFORME IN METODE PROCESIRANJA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Nekonvencionalne platforme in metode procesiranja
Unconventional computing
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082618
Koda ucne enote na ¢lanici/UL Member course code: 63512

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer: Miha Mraz

Vrsta predmeta/Course type: strokouni izbirni predmet/specialist elective course

Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predavanja:

I. Platformno pogojene metode procesiranja:

a.) Kvantni celularni avtomati (angl. quantum dot
cellular automata)

b.) Kvantno racunalnistvo (angl. quantum
processing, g.computer)

¢.) MEMS in NEMS naprave (angl. micro/nano
electro mechanical systems)

d.) Optic¢no racunalnistvo (angl. optical computing)
e.) DNK procesiranje (angl. DNA computing)

f.) Nanocevi (angl. nanotubes)

II. Platformno neodvisne metode procesiranja:

a.) Amorfno procesiranje (angl. amorphous
computing)

b.) Reverzibilno procesiranje (angl. reversible
computing)

Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Basic topics:

I. Unconventional processing platforms:
quantum dot cellular automata,
quantum computing,

MEMS/NEMS devices,

Optical computing

DNA processing,

nanotubes, etc.

Il. Unconventional processing approaches:
amorphous computing,

reversible computing,

multistate and analogous computing,
bio inspired computing, etc.




¢.) Vecstanjsko in analogno procesiranje (angl.
multistate and analogous computing)

d.) Narauno inspirirano procesiranje (angl. bio
inspired computing)

Temeljna literatura in viri/Readings:

1. M.Mraz: Iskanje procesne platforme prihodnosti. https://ucilnica.fri.uni-lj.si/course/view.php?id=91. (e-

book, 2017)

2. F.Lombardi, J.Huang: Design and test of digital circuits by quantum-dot cellular automata, Artech House

Inc., 2008

3. U.Alon: An introduction to systems biology : design principles of biological circuits, Chapman &, Hall / CRC,

2007

Cilji in kompetence:

Cilj predmeta je Studentom predstaviti nekatere
najbolj aktualne metode in platforme procesiranja z
vidika bazi¢nih sestavnih struktur, ki se danes
uveljavljajo kot moZne alternative klasicnim
elektricno tranzistorskim dvourednostnim logicnim
strukturam. Razvoj slednjih bo drastic¢no upocasnjen
zaradi problemov tendenc miniaturizacije, saj jim bo
tehnologija s svojimi resitvami vse tezje sledila.
Ostale kompetence:

ZmoZnost definiranja, razumevanja in resevanja
profesionalnih izzivov

ZmoZnost iskanja novih virov znanj in njihova
kriticna evaluacija

Predvideni Studijski rezultati:

Po uspesnem zakljucku tega predmeta bo Student:
sposoben kriticne analiticne obravnave nacina
delovanja obstojecih platform in metod procesiranja,
razumel koncept reverzibilnosti logicnih funkcij,
poznal in znal uporabljati koncepte porazdeljenih
sistemouv celularnih avtomatov in kvantnih
celularnih avtomatov,

razumel in znal uporabljati koncepte vecvrednostnih
logik in procesiranja,

razumel koncepte bioloskega procesiranja,

razumel koncepte kvantnega procesiranja,
sposoben obravnave in reSevanja problema na
osnovi alternativnih metod procesiranja.

Metode poucevanja in ucenja:

Predavanja, prakticne vaje s seminarji vsebinsko
vezane na izvajanje eksperimentou, postavitve
modelov, itd.

Nacini ocenjevanja:

Delez/Weight

Objectives and competences:

The main goal of the course is to present recent
unconventional methods and platforms for
computer processing needs. The motivation for the
course comes from the restrictions in the field of
minimization of classical computer structures. Other
competences:

The ability to define, understand and solve creative
professional challenges in computer and information
science;

The ability to search knowledge sources and to
search for resources and critically evaluate
information.

Intended learning outcomes:

After the completion of the course a student:

- will be able to objectively analyse the existing
processing platforms and methods,

- will be able to understand the concept of logic
functions reversibility,

- will be familiar with the concepts of distributed
systems, such as cellular automata and quantum-
dot cellular automata,

- will understand and will be able to apply the
concepts of a many-valued logic and processing in
practice,

- will understand the concepts of biological
computing,

- will understand the concepts of quantum
computing,

- will be able to solve problems on the basis of
alternative processing methods.

Learning and teaching methods:
Lectures, practical lessons with seminar works, etc.

Assessment:



Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,

naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji, projektno in seminarsko delo) project work or seminar paper)

Konéno preverjanje (pisni izpit) 50,00 % Final (written exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1.

LEBAR BAIJEC, Iztok, ZIMIC, Nikolaj, MRAZ, Miha. Towards the bottom-up concept: extended quantum-
dot cellular automata. Microelectron. eng.. [Print ed.], 2006, vol. 83, no. 4/9, str. 1826-1829, ilustr.
[COBISS.SI-ID 5212244], [WoS, st. citatouv do 7.8.09: 4, brez avtocitatov: 2, normirano St. citatov: 2] JCR IF:
1.398, SE (48/206), engineering, electrical & electronic, x: 0.942, SE (18/32), nanoscience &
nanotechnology, x: 2.04, SE (20/55), optics, x: 1.239, SE (34/84), physics, applied, x: 1.846

LEBAR BAJEC, Iztok, ZIMIC, Nikolaj, MRAZ, Miha. The ternary quantum-dot cell and ternary logic.
Nanotechnology (Bristol), 2006, vol. 17, no. 8, str. 1937-1942, ilustr. [COBISS.SI-ID 5201748], [WoS, st.
citatov do 7.5.09: 5, brez avtocitatou: 3, normirano st. citatov: 4] JCR IF: 3.037, SE (2/66), engineering,
multidisciplinary, x: 0.746, SE (5/32), nanoscience & nanotechnology, x: 2.04, SE (22/175), materials
science, multidisciplinary, x: 1.659, SE (9/84), physics, applied, x: 1.846

MOSKON, Miha, MRAZ, Miha. Systematic approach to computational design of gene regulatory
networks with information processing capabilities. [EEE/ACM transactions on computational biology
and bioinformatics, ISSN 1545-5963. [Print ed.], 2014, vol. 11, no. 2

PETRONI, Mattia, ZIMIC, Nikolaj, MRAZ, Miha, MOSKON, Miha. Stochastic simulation algorithm for
gene regulatory networks with multiple binding sites. Journal of computational biology, ISSN 1557-8666.
[Online ed.], 2014, vol. 21

STRAZAR, Martin, MRAZ, Miha, ZIMIC, Nikolaj, MOSKON, Miha. An adaptive genetic algorithm for
parameter estimation of biological oscillator models to achieve target quantitative system response.
Natural computing, ISSN 1567-7818, Mar. 2014, vol. 13, no. 1, str. 119-127.

Celotna bibliografija je dostopna na SICRISu:
http://sicris.izum.si/search/rsr.aspx?lang=slv&id=8066.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=8066

NUMERICNA MATEMATIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Numericna matematika
Numerical Mathematics
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 1. letnik 1.semester, | izbirni
magistrski program) 2. semester
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Univerzitetna koda predmeta/University course code: 0574758
Koda ucne enote na ¢lanici/UL Member course code: 63522

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Aljaz Zalar

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Predavanja:

1

Uvod v numeri¢no racunanje (osnouve
numericnih napak in stabilnost numericnih
algoritmov);

Linearna algebra: sistemi linearnih enacb
(direktne in iterativne metode), lastne vrednosti
matrik (inverzna in QR iteracija);

Interpolacija in aproksimacija (Lagrangeova in
Newtonova interpolacija, metoda najmanjsih
kvadratov, trigonometricna aproksimacija);
Numericno integriranje (Newton-Cotesove
formule, Rombergova metoda, Gaussove
integracijske formule, ocenjevanje napake in
izbira koraka, numericno racunanje odvodov);
ReSevanje navadnih diferencialnih enacb
(Eulerjeva in Runge-Kutta metode, stabilnost,

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):
Lectures:

1

Introduction to numerical computing (numerical
errors and stability of numerical algorithms);
Linear algebra: systems of linear equations
(direct and iterative methods). Matrix
eigenvalues (inverse and QR iteration);
Interpolation and approximation (Lagrange and
Newton interpolation formulas, least squares
method, trigonometric approximation);
Numerical integration (Newton-Cotes formulas,
Romberg integration, Gauss integration
formulas, error estimation and step-size
selection, numerical differentiation);

Ordinary differential equations (Euler and
Runge-Kutta methods,, stability, higher order
equations, systems of differential equations,



enacbe visjih redov,sistemi diferencialnih
enacbrobni problemi), parcialne diferencialne
enacbe (metode koncnih diferenc, koncnih
elementov in spektralne metode).
Vaje:
Pri vajah bodo Studentje s pomocjo numericnih
metod resevali razlicne (uporabne) probleme.
Domace naloge:
Z domacimi nalogami bodo Studentje preverjaliin s
samostojnim delom utrdili doseZeno znanje.

Temeljna literatura in viri/Readings:

boundary value problems), partial differential
equations (finite difference, finite element and
spectral methods).
Tutorials: Tutorials will illustrate and/or expand
concepts presented in lectures by working through
(real life) example problems.
Homeworks: Homeworks are essential part of the
course. With homeworks the students will test and
upgrade their knowledge.

B. Orel: Osnove numericne matematike, ZaloZba FE in FRI, Ljubljana, 1997.
D. R. Kincaid, E. W. Cheney: Numerical Analysis, Mathematics of Scientific Computing, 3rd edition,

Brooks/Cole, Pacific Grove, 2002.

K. Atkinson, W. Han: Elementary Numerical Analysis, 3rd edition, John Wiley & Sons, Inc., New Jersey, 2003.
L. N. Trefethen, D. Bau: Numerical Linear Algebra, SIAM, Philadelphia, 1997.

R. L. Burden, J. D. Faires, A. M. Burden: Numerical Analysis, 10th edition, Cengage Learning, Boston, 2016.
G. H. Golub, C. F. Van Loan: Matrix Computations, 3rd edition, Johns Hopkins Univ. Press, Baltimore, 1996.

Cilji in kompetence:

Cilj predmeta je Studentom racunalnistva in
informatike predstaviti osnovne metode numericne
matematike in jih usposobiti za

samostojno reSevanje numericnih problemouv, ki jih
bodo lahko srecali pri svojem strokovnem delu.

Predvideni studijski rezultati:

Student naj bi po uspesno opravljenem predmetu:
-poznal in razumel osnovne numericne metode,
-poznal prednostiin slabosti razlicnih numericnih
metod,

-znal uporabljati ustrezne numericne metode pri
reSevanju problemouv iz strokovnega dela,
-spoznal, da so racunalniske simulacije nujna
sestavina raziskovalnega dela (poleg eksperimentouv
in teorije),

-imel sposobnost prenosa numericnega pristopa k
analizi problema na druga podrodja.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje in domace naloge.
Poudarek na samostojnem resevanju problemov.

Nacini ocenjevanja:
Nacin (pisni izpit, ustno izprasevanje,
naloge, projekt):

Delez/Weight

Objectives and competences:

This course explores the basic methods of numerical
mathematics. Successful students be able to solve
numerical problems they will encounter in their work.

Intended learning outcomes:

After successfully completing the course, the
students will be able to:

- understand and use basic numerical methods,

- know and understand their advantages and
weaknesses,

- use appropriate numerical methods for problem
solving,

- discover that computer simulations are a necessary
ingredient of research work (besides experiments
and theory),

- transfer systematic approach to numerical problem
solving to other problems.

Learning and teaching methods:

Type (examination, oral, coursework, project):
Continuing (homework, midterm exams, project
work)

Final (written and oral exam)

Grading: 6-10 pass, 5 fail (according to the rules of
University of Ljubljana).

Assessment:
Type (examination, oral, coursework,
project):



Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,

kolokuviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. ZALAR, AljaZ. The truncated Hamburger moment problems with gaps in the index set. Integral equations
and operator theory. June 2021, vol. 93, iss. 3, art. 22 (36 str.).

2. BHARDWADJ, Abhishek, ZALAR, AljaZ. The tracial moment problem on quadratic varieties. Journal of
mathematical analysis and applications. June 2021, vol. 498, no. 1, art. 124936 (39. str.).

3. KLEP, Igor, MCCULLOUGH, Scott, SIVIC, Klemen, ZALAR, AljaZ. There are many more positive maps than
completely positive maps. International mathematics research notices. June 2019, vol. 2019, iss. 11, str. 3313-
3375.

4. ZALAR, Aljaz. Operator Positivstellensdtze for noncommutative polynomials positive on matrix convex
sets. Journal of mathematical analysis and applications. 2017, vol. 445, iss. 1, str. 32-80.

5. CIMPRIC, Jaka, ZALAR, AljaZ. Moment problems for operator polynomials. Journal of mathematical
analysis and applications. 2013, vol. 401, iss. 1, str. 307-316.

Celotna bibliografija je dostopna na SICRISu:
http://www.sicris.si/search/rsr.aspx?opt=1&lang=slv&id=41702



http://www.sicris.si/search/rsr.aspx?opt=1&amp;lang=slv&amp;id=41702

OBDELAVA BIOMEDICINSKIH SIGNALOV IN SLIK

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Obdelava biomedicinskih signalov in slik
Biomedical signal and image processing
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0075159
Koda ucne enote na ¢lanici/UL Member course code: 63514

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Franc Jager

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Predavanja:

Predstavitev biomedicinskih signalov in slik kot
so: kardioloski signali (EKG), nevrofizioloski
signali (EEG, EMG, EHG), medicinske slike (CT,
MRI, OCT) ter predstavitev modernih
racunalniskih tehnologij v izbranih klini¢nih
okoljih.

Mednarodne standardizirane referencne
podatkovne baze medicinskih vzorcev (MIT/BIH
DB, LTST DB, TPEHG DB, TPEHGT DS, ICEHG DS,
EEGMMI DS) in repozitorij Physionet.

lzlo¢anje znacilk (Casouvni prostor, Fourierjeva
transformacija, valcki, principalne komponente -

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):
Lectures:

Introduction to biomedical signals and images
like: electrocardiographic signals (ECG),
neurophysiological signals (EEG, EMG, EHG),
medical images (CT, MRI, OCT) and introduction
to modern computer technologies in selected
clinical settings.

International standardized reference databases
of medical samples (MIT/BIH BD, LTST DB,
TPEHG DB, TPEHGT DS, ICEHG DS, EEGMMI DS)
and Physionet repository.

Feature extraction (time domain, Fourier
transform, wavelets, principal components —



transformacija Karhunena in Loeveja,
predstavitve znacilk).

e Izlocanje motenj (linearni postopki v casovnem
prostoru, postopki v prostorih znacilk, uteZzeno
pouprecenje, robustni pristopi).

e Spektralna analiza ter karakterizacija vzorcev in
znacilk (Casovno frekvencne predstavitve,
prostori diagnosticnih in morfoloskih znacilk).

e Analiza casouvnih vrst in nestacionarnih signalov.

e Modeliranje (linearni nakljucniin nelinearni
modeli, avtoregresivno modeliranje).

e Odkrivanje dogodkou, rojenje in klasifikacija
dogodkov (tehnike v casovnem prostoru in
prostoru znacilk), pristopi s strojnim ucenjem.

e Procesiranje slik in 3’D slik z namenom redukcije
motenj, izloCanja kontur ter segmentacije in
vizualizacije anatomskih struktur.

e Raziskouvalni izzivi na podrocju: avtomatska
detekcija prehodne srcne ishemije (ECG);
avtomatsko napovedovanje prezgodnjega
poroda (EHG); komunikacija moZgani racunalnik
(EEG); avtomatska detekcija in evaluacija atrofij
v slikah retine (OCT slike). Vrednotenje
zmogljivosti biomedicinskih racunalniskih
sistemov (metrike, protokoli, napovedovanje
zmogljivosti v realnem svetu, ocene robustnosti,
standardi).

Vaje: Vaje bodo potekale v obliki projektnega dela v

primerno opremljenih Studentskih laboratorijih.

Studentje v okviru projektov samostojno

implementirajo postopke. Obvezno delo na projektih

omogoca poglobljeno in kriticno razumevanje
obravnavane snovi in spodbuja k samostojnosti in
kreativnosti.

Temeljna literatura in viri/Readings:

Karhunen-Loeve transform, feature
representations).

o Noise extraction (linear procedures in time
domain, feature space procedures, weighted
averaging, robust approaches).

e Spectral analysis and characterization of
samples and features (time-frequency
representations, spaces of diagnostic and
morphologic features).

e Analysis of time series and nonstationary signals.

e Modelling (linear stochastic and non-linear
models, autoregressive modelling).

e FEvent detection, clustering and event
classification (techniques in time domain and in
feature space), machine learning approaches

e Processing of images and 3-D and images with
the aim of noise reduction, conture extraction,
and segmentation and visualization of
anatomical structures.

e Research challenges in the area: automated
detection of tansient heart ischaemia (ECG);
automated prediction of preterm birth (EHG);
brain computer communication (EEG);
automated detection and evaluation of atrophy
in retinal images (OCT images).

e Performance evaluation of biomedical computer
systems (metrics, protocols, predictioning
performance in real world, assessing robustness,
standards).

Laboratory work: Practical work will be performed

in the form of project work in suitable equipped

student laboratories. Students in the scope of
projects independently implement procedures.

Obligatory work on projects allows deepen and

critical understanding of the subject topics and

stimulates to independence and creativity.

Kayvan Najarian, Robert Splinter, Biomedical Signal and Image Processing, CRC Press., 2012.
John G. Proakis, Dimitris G. Manolakis, Digital Signal Processing: Principles, Algorithms and Applications,

Pearson, 2021.

Sornmo L, Laguna P, Biological Signal Processing in Cardiac and Neurological Applications, Elsevier, Inc.,

2005.

Nam Chang S., Nijholt Anton, Lotte Fabien, Brain-Computer Interfaces Handbook. Technological and

Theoretical Advances, CRC Press, 2018.

Gonzales Rafael C., Woods Richard E. Digital Image Processing, Pearson Education Limited, 2018.
Selected articles from journals: IEEE Transactions on Biomedical Engineering, Computers in Biology and
Medicine, Medical and Biological Engineering and Computing, Physiological Measurements, PLOS ONE

Cilji in kompetence:

Cilj predmeta je Studentom racunalnistva in
informatike predstaviti osnovne obdelave
biomedicinskih signalov in slik s poudarkom na
problemih biomedicinskih raziskav in klinicne
medicine. Predmet pokriva principe in postopke za

Objectives and competences:

Objectives of the course are to represent students of
computer and information science the basics of
biomedical signal and image processing with the
emphasis on the problems of biomedical researches
and clinical medicine. The course covers principles



obdelavo deterministicnih signalov, nakljucnih
signalov in slik. Teme pokrivajo zajemanje signalov,
standardizirane podatkoune baze vzorcev signalov,
filtriranje, izlocanje znacilk, vizualizacijo, spektralno
analizo, modeliranje, odkrivanje dogodkov, rojenje,
klasifikacije, analizo slik in vrednotenje zmogljivosti
avtomatskih postopkov.

Kompetence:

Sposobnost definiranja, razumevanja in resevanja
kreativnih profesionalnih izzivov v racunalnistuu in
informatiki; sposobnost prenosa znanj in pisnih
vescin v materinem jeziku kot tudi tujem jeziku;
sposobnost uporabe pridobljenega znanja za
samostojno delo pri reSevanju tehnicnih in
znanstvenih problemouv v racunalnistuu in
informatiki; sposobnost nadgrajevanja
pridobljenega znanja; sposobnost razumevanja in
uporabe znanj racunalnistva in informatike na
drugih tehnicnih in relevantnih podrocjih.

Predvideni studijski rezultati:

Po uspesnem zakljucku tega predmeta naj bi bili
Studenti zmoZni:

- poznati racunalniske tehnologije in avtomatske
postopke analize biomedicinskih signalov in slik za
razvoj avtomatskih analizatorjev v pomoc pri
diagnosticiranju,

- analizirati biomedicinske signale
(elektrokardiogram, elektromiogram in
elektroencefalogram) v frekvencnem prostoru,

- razviti algoritme za odkrivanje in klasifikacijo
dogodkov v biomedicinskih signalih,

- analizirati biomedicinske 2D in 3D tomografske
slike,

- razviti algoritme za izloanja kontur ter
segmentacijo in vizualizacijo anatomskih struktur v
tomografskih slikah,

- vrednotiti zmogljivost in robustnost biomedicinskih
racunalniskih sistemou.

Metode poucevanja in ucenja:

Predavanja, vaje z aktivnim sodelovanjem,
seminarski nacin dela pri individualnih projektih.
Poseben poudarek je pri sprotnem Studiju in
sprotnem delu pri vajah in seminarijih.

and procedures for processing of deterministic
signals, stochastic signals and images. The course
topics cover signal acquisition, standardized
databases of signal samples, filtering, feature
extraction, visualization, spectral analysis,
modelling, event detection, clustering, classification,
image analysis and performance evaluation of
automatic procedures.

Competences:

The ability to define, understand and solve creative
professional challenges in computer and information
science; The ability of knowledge transfer and
writing skills in the native language as well as a
foreign language; The ability to apply acquired
knowledge in independent work for solving technical
and scientific problems in computer and information
science; The ability to upgrade acquired knowledge;
The ability to understand and apply computer and
information science knowledge to other technical
and relevant fields.

Intended learning outcomes:

After the completion of the course, students should
be able to:

- know computer technologies and automatic
procedures of biomedical signal and image analysis
to develop automatic analyzers in help to diagnose,
- analyze biomedical signals (electrocardiogram,
electromyogram, electroencephalogram) in
frequency domain,

- develop algorithms for detecting and classifying
events in biomedical signals,

- analyze biomedical 2D and 3D tomography images,
- develop algorithms for conture extraction, and
segmentation and visualization of anatomic
structures in tomographic images,

- evaluate performance and robustness of
biomedical computer systems.

Learning and teaching methods:

Lectures, laboratory work with active cooperation,
seminar type of work on individual projects. Special
emphasize is given to prompt study and prompt
work on laboratory work and seminars.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (written exam, oral exam, projects):
projekti):

Sprotno preverjanje (projektno delo) 50,00 % Continuing (project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)



Ocenjevalna lestvica: Grading system:
5-10, pri ¢emer velja, da je pozitivna ocena od 6 - 10 | 5-10, a student passes the exam if he is graded from
6to10

Reference nosilca/Lecturer's references:

JAGER, F. An open dataset with electrohysterogram records of pregnancies ending in induced and cesarean
section delivery. Scientific Data, Vol. 10, Article nu.: 669, 2023.

PIRNAR, Z, JAGER, F, GERSAK, K. Characterization and separation of preterm and term spontaneous,
induced, and cesarean EHG records. Computers in Biology and Medicine, Vol. 151, Part A, 2022.

JAGER, F, GERSAK, K, VOUK, P, PIRNAR, Z, TROINER-BREGAR, A, LUCOVNIK, M, BOROVAC A, Assessing
Velocity and Directionality of Uterine Electrical Activity for Preterm Birth Prediction Using EHG Surface
Records. Sensors, Vol. 20(24): 7328, 2020.

JAGER, F, LIBENSEK, S, GERSAK, K, Characterization and automatic classification of preterm and term
uterine records. PLoS ONE, Vol. 13(8): e0202125, 2018.

AMON, M, JAGER, F. Electrocardiogram ST-segment morphology delineation method using orthogonal
transformations. PloS one, Vol. 11(2), pp. 1-18, 2016.

PANGERC, U, JAGER, F. Robust detection of heart beats in multimodal records using slope- and peak-
sensitive band-pass filters. Physiological measurement, Vol. 36(8), pp. 1645-1664, 2015.

JAGER, F. Two chapters in Advanced Methods and Tools for ECG Data Analysis, G. Clifford, F. Azuaje, P.E.
McSharry (editors), Artech House, Inc. 2006.

JAGER, F, TADDEI, A. MOODY G B, EMDIN, M, ANTOLIC, G, DORN R, SMRDEL A, MARCHESI, C, MARK, R G.
Long-term ST database: a reference for the development and evaluation of automated ischaemia detectors
and for the study of the dynamics of myocardial ischaemia. Med. Biol. Eng. Comput., Vol. 41, pp.172-182,
2003.

Celotna bibliografija je dostopna na SICRISu:https://cris.cobiss.net/ecris/si/sl/researcher /4815



https://cris.cobiss.net/ecris/si/sl/researcher/4815

OBDELAVA NARAVNEGA JEZIKA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Obdelava naravnega jezika
Natural language processing

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 1. letnik, 2. semester | izbirni
magistrski program) 2. letnik
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0148113
Koda ucne enote na ¢lanici/UL Member course code: 63555

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Priporocamo solidno predznanje verjetnostiin
statistike, programiranja, strojnega ucenja in
algoritmou.

Vsebina:

Vsebina predmeta temelji na izboru sodobnih tehnik
obdelave naravnega jezika, temeljecih na globokem
ucenju, podkrepljenih s prakticno rabo. V
predavanjih predstavimo glavne pristope in
pojasnimo delovanje posameznih metod in njihovo
teoreticno ozadje. V okviru laboratorijskih vaj znanje
poveZemo s prakticno rabo in ga utrdimo z uporabo
odprtokodnih sistemov za obdelavo naravnega
jezika. Studenti resujejo naloge, ki temeljijo na
realnih raziskouvalnih in prakticnih problemih,
preteZno v slovenskem in angleSkem jeziku.

Predavanja/Lectures:

Marko Robnik Sikonja

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Knowledge of probability and statistics,
programming, machine learning, and algorithms is
recommended.

Content (Syllabus outline):

The syllabus is based on a selection of modern deep
learning based natural learning processing
techniques and their practical use. The lectures
introduce the main tasks and techniques, explain
their operation and theoretical background. During
practical sessions and seminars the gained
knowledge is applied to language practical task
using open source tools. Student investigate and
solve assignments, based on real-world research and
commercial problems form English and Slovene
languages.




1. Uvod v obdelavo naravnega jezika: motivacija,
razumevanje jezika, dvoumnost, tradicionalni,
statisticni in nevronski pristopi.

2. Predobdelava in normalizacija besedila: regularni
izrazi, gramatike, podobnost nizov, napredne tehnike
normalizacije, lematizacija.

3. Jezikouni viri: korpusi, slovarji, tezavri, mreze in
semanticne zbirke podatkov, WordNet.

4. Podobnost besedil: mere, metode grucenja,
kosinusna razdalja, jezikovne mreZe in grafi.

5. Predstavitev besedil: redke in goste vloZitve;
jezikouni modeli; vloZitve besed, stavkov in
dokumentouv.

6. Globoke nevronske mreZe za besedila: rekurentne
nevronske mreZe, konvolucijske mreZe za besedila,
transformerji.

7. Nevronske vloZitve: word2vec, fastText, ELMo,
BERT, medjezikouvne vloZitve.

8. Veliki jezikouni modeli: BERT, GPT in T5,
vecmodalni modeli.

9. Plitva racunska in leksikalna semantika:
oblikoskladenjsko oznacevanje, skladenjsko
razclenjevanje, prepoznavanje imenskih entitet,
oznacevanje semanticnih vlog.

10. Besedni pomeni in njihovo razlocevanje.

11. Afektivna analiza: sentiment, Custuva.

12. Povzemanje besedil, odgovarjanje na vprasanja
in razumevanje besedil: metode in vrednotenje.

13. Strojno prevajanje: metode in vrednotenje

Temeljna literatura in viri/Readings:

1. Introduction to natural language processing:
motivation, language understanding, ambiguity,
traditional, statistical, and neural approaches.

2. Text preprocessing and normalization: regular
expressions, grammatrs, string similarity,
advanced normalization techniques,
lemmatization.

3. Language resources: corpora, dictionaries,
thesauri, networks and semantic databases,
WordNet.

4. Text similarity: measures, clustering approaches,
cosine distance, language networks and graphs.

5. Textrepresentation: sparse and dense
embeddings; language models; word, sentence,
and document embeddings.

6. Deep neural networks for text: recurrent neural
networks, convolutional networks for text,
transformers.

7. Neural embeddings: word2vec, fastText, ELMo,
BERT, cross-lingual embeddings.

8. Largelanguage models: BERT, GPT, and T5,
multimodal models.

9. Shallow computational and lexical semantics:
part-of-speech tagging, dependency parsing,
named entity recognition, semantic role
labelling.

10. Word senses and their disambiguation.

11.  Affective computing: sentiment, emotions.

12. Text summarization, question answering and
reading comprehension: methods and
evaluation.

13. Machine translation: methods and evaluation.

Jurafsky, David and Martin, James H. Speech and Language Processing: An Introduction to Natural
Language Processing, Computational Linguistics and Speech Recognition, 3rd edition draft. 2023.
Jacob Eisenstein. Natural Language Processing, MIT press, 2019

Cilji in kompetence:

Studenti se bodo naucili teorije in rabe osnovnih
algoritmouv in pristopouv na podrocju obdelave
naravnega jezika. Studenti bodo:

razumeli pristope k analizi sintakse in semantike na
podrocju obdelave naravnega jezika;

razumeli pristope k povzemanju dokumentov in
odgovarjanju na vprasanja;

razumeli delovanje statisticnih in nevronskih
pristopou k strojnemu prevajanju,

razumeli uporabo metod globokega ucenja v
obdelavi naravnega jezika

znali uporabiti orodja za obdelavo naravnega jezika.

Predvideni Studijski rezultati:

Objectives and competences:

Upon completion of the course, students shall be able
to explain and apply fundamental algorithms and
techniques in the area of natural language
processing. In particular, students will:

understand approaches to syntax and semantics in
NLP,

understand approaches to summarization and
question answering

understand statistical and neural approaches to
machine translation,

understand deep learning techniques used in NLP,
know how to apply standard natural language
processing tools.

Intended learning outcomes:



Ob zakljucku predmeta bodo Studenti:

razumeli pristope k analizi sintakse in semantike na
podrocju obdelave naravnega jezika;

znali ovrednotiti pristope k povzemanju
dokumentou;

razlikovali med razlicnimi pristopi k strojnemu
prevajanju,

uporabljali in prilagajali metode strojnega ucenja za
obdelavo naravnega jezika

uporabljali in kriticno vrednotili orodja za obdelavo
naravnega jezika

poznali obstojece in znali zasnovati nove jezikoune
vire

uporabljali razlicne predstavitve besedil in jih
prilagajali novi okolis¢inam

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje, delo v majhnih
skupinah, javne predstavitve projektouv

Upon completion of the course, students will:
understand approaches to syntax and semantics in
NLP,

evaluate approaches to summarization
differentiate between different approaches to
machine translation,

use and adapt machine learning techniques for NLP
apply and critically evaluate natural language
processing tools

know the existing language resources and be able to
design new ones

use different text representations and adapt them to
new contexts

Learning and teaching methods:
Lectures, lab work, work in small groups, public
presentations of projects.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, project work, public
projektno delo, jaune predstavitve) presentations)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final: (written and oral exam)

Pri obeh delih mora Student doseci vsaj
polovico moznih tock. Ocene: 6-10
pozitivno, 5 negativno (v skladu s Statutom
UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

In both parts students must get at least half
of available points. Grading: 6-10 pass, 5
fail (according to the rules of University of
Ljubljana).

Grading system:

1. KLEMEN, Matej, KRSNIK, Luka, ROBNIK SIKONJA, Marko. Enhancing deep neural networks with
morphological information. Natural language engineering. Mar. 2023, vol. 29, iss. 2, str. 360-385

2. MIOK, Kristian, SKRLJ, Blaz, ZAHARIE, Daniela, ROBNIK SIKONJA, Marko. To BAN or not to BAN:
Bayesian attention networks for reliable hate speech detection. Cognitive computation. Jan. 2022, vol.

14, iss. 1, str. 353-371

3. SKVORC, Tadej, GANTAR, Polona, ROBNIK SIKONJA, Marko. MICE: mining idioms with contextual
embeddings. Knowledge-based systems. Jan. 2022, vol. 235, str. 1-11

4. 7AGAR, Ales, ROBNIK SIKONJA, Marko. Cross-lingual transfer of abstractive summarizer to less-
resource language. Journal of intelligent information systems. Feb. 2022, vol. 58, iss. 1, str. 153-173,

5. MARTINC, Matej, POLLAK, Senja, ROBNIK SIKONJA, Marko. Supervised and unsupervised neural
approaches to text readability. Computational linguistics. 2021, vol. 47, no. 1, str. 141-179

cris.cobiss.net/ecris/si/sl/researcher/8741

Celotna bibliografija je dostopna na SICRISu https:
Complete bibliography is available in SICRIS: https:

cris.cobiss.net/ecris/si/en/researcher/8741
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OBSTUDIISKA STROKOVNA DEJAVNOST 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Obstudijska strokovna dejavnost 1
Course title: Computer science and society 1
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester, | izbirni
magistrski program) 2. semester
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Univerzitetna koda predmeta/University course code: 0125918
Koda ucne enote na ¢lanici/UL Member course code: 63534

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo

tutorials /Other forms  /Individual
of study student work
5 40 45 3
Nosilec predmeta/Lecturer: Slavko Zitnik
Vrsta predmeta/Course type: izbirni predmet/elective course
Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina

Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Na uvodnih predavanjih Studentom pojasnimo cilje After an introductiory lecture on the necessary
predmeta in kako jih lahko dose0Zejo. Med background of the activities involved in the course,
aktivnosti, ki jih lahko Stejemo kot obuveznosti pri the students' activities include classes on topics in
predmetu sodijo vodenje racunalniskega (ali po computer and information science and lab work with
strokouvni tematiki sorodnega) kroZka na osnouniali  students of elementary and high schools, organizing
sredniji Soli, vodenje Studijske skupine na fakulteti, study groups of students at the 1st degree level,
redno obiskouvanje izven kurikularnih strokouvnih attending extracurricular lectures at the University
predavanj na fakulteti ali na drugih ¢lanicah UL, ki of Ljubljana on subjects associated to the topics of
so povezana s predmetom ipd. the course.

Temeljna literatura in viri/Readings:

Keller Gustav, Binder Annette, Thiel Rolf Dietmar (1999). BoljSa motivacija uspesnejse ucenje (translated
from German); Trening ucnih navad. Ljubljana: Center za psihodiagnosticna sredstua.

Bratanic, Marija (1990), Mikropedagogija, interakcijsko-komunikacijski aspekt odgoja, Skolska knjiga,
Zagreb




Cilji in kompetence:

Cilj predmeta je Studentom je omogociti in s

kreditnimi tockami ovrednotiti njihovo izven

kurikularno strokouno, nepridobitno delo, ki je za

profesionalno profiliranje strokovnjaka na podrocju

racunalnistva in informatike potrebno, pa ga ucni

nacrt sicer ne pokriva.

Splosne kompetence:

e Sposobnost strokovnega sporazumevanja v
domacem in v tujem jeziku

e Sposobnost skupinskega dela v strokouvnem
okolju, vodenje manjse strokouvne skupine

e Sposobnost administrativnega vodenja
procesov, povezanih z raziskovanjem, industrijo,
izobrazevanjem in drugimi podrocji

e Sposobnost prenasanja znanja in pisanja v
domacem in tujem jeziku

Predmetno specificne kompetence:

e Sposobnost celovite obdelave manjsih projektouv
in reSevanja problemov iz prakse s podrocja
racunalnistva in informatike.

e Nauciti se izbrati primerno orodje in tehnologijo
za reSevanje konkretnega problema

e Razvijati sposobnosti za posredovanje znanja in
popularizacijo racunalniskih znanj in vescin.

Sodelovanje pri skupinskem reSevanju problemou,

vodenja manjse skupine, pripravo gradiv, ki so za

vodenje take skupine potrebna, organizacijo in
pridobivanje znanj, ki so potrebni za delo skupine,
pripravo terminskega in vsebinskega nacrta za delo
skupine itd.

Predvideni Studijski rezultati:

Spoznavanje osnovnih zakonitosti pri posredovanju
znanja in popularizaciji racunalniskega podrocja
manjsi skupini predvsem mlajsih ¢lanov, organizaciji
njenega dela in razumevanje pomena in uporabe
takih znanj pri strokovnem delu strokouvnjaka na
podrocju racunalnistva in informatike.

Metode poucevanja in ucenja:

Predavanja, mentorski in seminarski nacin dela ter
spremljanja dela Studenta, z ustnim nastopom ob
zaklju¢ku semestra. Poseben poudarek je na
skupinskem delu pri seminarijih.

Objectives and competences:

The object of this course is to provide a framework

for awarding study credits for extracurricular non-

profit activities of students related to computer and

information science, providing useful experience for

experts in this field that are not included in the

curriculum of the study program.

General competences:

e The ability of professional communication in the
native language as well as a foreign language

e The ability of teamwork within the professional
environment; management of a small
professional team

e The ability for administrative management of
processes related to research, industry,
education and other fields

e The ability of knowledge transfer and writing
skills in the native language as well as a foreign
language.

Subject specific competences:

e Completing smaller practical projects and solve
problems in the fields for computer and
information science

e Obtaining the knowhow to choose the suitable
tools and technologies for a specific problem

e Developing teaching skills and means for
popularizing computer and information science
topics and issues.

Participating in group solutions, organizing and

supervising the work of a smaller group including the

preparation of the necessary materials, planning
group work, etc.

Intended learning outcomes:

Basic educational principles and teaching practice in
the process of introducing computer science topics to
smaller groups of younger students, organization of
group work, understanding the role of such
competencies in the work of an expert in the field of
commuter and information science.

Learning and teaching methods:

Lectures, individual work with students, seminars
with oral presentations with special emphasis on
group work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)



Ocene: opravil z odliko, opravil ali ni opravil Grading: passed with excellence, passed or
(v skladu s Statutom UL). failed (according to the Statute of UL).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

KLEMEN, Matej, ZITNIK, Slavko. Neural coreference resolution for Slovene language. Computer science and
information systems. [Print ed.]. 2022, vol. 19, iss. 2, str. 495-521, ilustr. ISSN 1820-0214.
http://www.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMIPY, DOI:
10.2298/CS1S201120060K. [COBISS.SI-ID 87851011], [JCR, SNIP, WoS, Scopus do 26. 1. 2023: §t. citatouv (TC): 1,
cistih citatov (Cl): 1, Cistih citatov na avtorja (ClAu): 0,50]

KNEZ, Timotej, GASPERLIN, Domen, BAJEC, Marko, ZITNIK, Slavko. Blockchain-based transaction manager
for ontology databases. Informatica. [Print ed.]. 2022, vol. 33, no. 2, str. 343-364, ilustr. ISSN 0868-4952.
https://informatica.vu.lt/journal/INFORMATICA/article/1264/info, DOI: 10.15388 /22-INFOR490.
[COBISS.SI-ID 112947203], [ICR, SNIP, WoS, Scopus]

ZITNIK, Slavko, BLAGUS, Neli, BAJEC, Marko. Target-level sentiment analysis for news articles. Knowledge-
based systems. [Print ed.]. Aug. 2022, vol. 249, str. 1-14, ilustr. ISSN 0950-7051.
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub, DOI:

10.1016 /j.knosys.2022.108939. [COBISS.SI-ID 106573827], [ICR, SNIP, WoS do 8. 2. 2023: §t. citatov (TC): 2,
cistih citatov (Cl): 2, Cistih citatov na avtorja (ClAu): 0,67, Scopus do 30. 1. 2023: st. citatouv (TC): 4, Cistih
citatov (Cl): 4, Cistih citatov na avtorja (ClAu): 1,33]

SMITH, Glenn Gordon, HAWORTH, Robert, ZITNIK, Slavko. Computer science meets education : Natural
Language Processing for automatic grading of open-ended questions in eBooks. Journal of educational
computing research. [Print ed.]. Dec. 2020, vol. 58, no. 7, str. 1227-1255, ilustr. ISSN 0735-6331.
https://journals.sagepub.com/doi/10.1177/0735633120927486, DOI: 10.1177/0735633120927486. [COBISS.SI-
ID 17989635], [JCR, SNIP, WoS do 26. 10. 2022: st. citatov (TC): 9, Cistih citatov (Cl): 9, istih citatov na avtorja
(ClAu): 3,00, Scopus do 1. 2. 2023: $t. citatov (TC): 11, Cistih citatov (Cl): 11, Cistih citatov na avtorja (ClAu):
3,67]

KNEZ, Timotej, BAJEC, Marko, ZITNIK, Slavko. ANGLEr : a next-generation natural language exploratory
framework. V: GUIZZARDI, Renata (ur.), RALYTE, Jolita (ur.), FRANCH, Xavier (ur.). Research challenges in
information science : 16th International Conference, RCIS 2022, Barcelona, Spain, May 17-20, 2022 :
proceedings. Cham: Springer, cop. 2022. Str. 761-768, ilustr. Lecture notes in business information processing
(Internet), 446. ISBN 978-3-031-05760-1. ISSN 1865-1356. https://link.springer.com/chapter/10.1007/978-3-
031-05760-1 53, DOI: 10.1007/978-3-031-05760-1_53. [COBISS.SI-ID 108466 947], [SNIP, WoS, Scopus]
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OBSTUDIISKA STROKOVNA DEJAVNOST 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Obstudijska strokovna dejavnost 2
Course title: Computer science and society 2
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester, | izbirni
magistrski program) 2. semester
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Univerzitetna koda predmeta/University course code: 0125919
Koda ucne enote na ¢lanici/UL Member course code: 63535

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo

tutorials /Other forms  /Individual
of study student work
5 40 45 3
Nosilec predmeta/Lecturer: Slavko Zitnik
Vrsta predmeta/Course type: izbirni predmet/elective course
Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina
Vaje/Tutorial: Anglescina, Slovenscina

Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Vsebina: Content (Syllabus outline):

Na uvodnih predavanjih Studentom pojasnimo cilje After an introductiory lecture on the necessary
predmeta in kako jih lahko dose0Zejo. Med background of the activities involved in the course,
aktivnosti, ki jih lahko Stejemo kot obuveznosti pri the students' activities include classes on topics in
predmetu sodijo vodenje racunalniskega (ali po computer and information science and lab work with
strokouvni tematiki sorodnega) kroZka na osnouniali  students of elementary and high schools, organizing
sredniji Soli, vodenje Studijske skupine na fakulteti, study groups of students at the 1st degree level,
redno obiskouvanje izven kurikularnih strokouvnih attending extracurricular lectures at the University
predavanj na fakulteti ali na drugih ¢lanicah UL, ki of Ljubljana on subjects associated to the topics of
so povezana s predmetom ipd. the course.

Temeljna literatura in viri/Readings:

Keller Gustav, Binder Annette, Thiel Rolf Dietmar (1999). Boljsa motivacija uspesnejse ucenje (translated
from German); Trening ucnih navad. Ljubljana: Center za psihodiagnosticna sredstua.

Bratanic, Marija (1990), Mikropedagogija, interakcijsko-komunikacijski aspekt odgoja, Skolska knjiga,
Zagreb




Cilji in kompetence:

Cilj predmeta je Studentom je omogociti in s
kreditnimi tockami ovrednotiti njihovo izven
kurikularno strokouno, nepridobitno delo, ki je za
profesionalno profiliranje strokovnjaka na podrocju
racunalnistva in informatike potrebno, pa ga ucni
nacrt sicer ne pokriva.

Splosne kompetence:

e Sposobnost strokovnega sporazumevanja v
domacem in v tujem jeziku

e Sposobnost skupinskega dela v strokovnem
okolju, vodenje manjse strokouvne skupine

e Sposobnost administrativnega vodenja
procesou, povezanih z raziskovanjem, industrijo,
izobraZevanjem in drugimi podrocji

e Sposobnost prenasanja znanja in pisanja v
domacem in tujem jeziku

Predmetno specificne kompetence:

e Sposobnost celovite obdelave manjsih projektov
in reSevanja problemov iz prakse s podrocja
racunalnistva in informatike.

e Nauciti se izbrati primerno orodje in tehnologijo
za reSevanje konkretnega problema

e Razvijati sposobnosti za posredovanje znanja in
popularizacijo racunalniskih znanj in vescin.

Sodelovanje pri skupinskem reSevanju problemou,

vodenja manjse skupine, pripravo gradiv, ki so za

vodenje take skupine potrebna, organizacijo in
pridobivanje znanj, ki so potrebni za delo skupine,
pripravo terminskega in vsebinskega nacrta za delo
skupine itd.

Predvideni Studijski rezultati:

Spoznavanje osnovnih zakonitosti pri posredovanju
znanja in popularizaciji racunalniskega podrocja
manjsi skupini predvsem mlajsih ¢lanov, organizaciji
njenega dela in razumevanje pomena in uporabe
takih znanj pri strokovnem delu strokovnjaka na
podrocju racunalnistva in informatike.

Metode poucevanja in ucenja:

Predavanja, mentorski in seminarski nacin dela ter
spremljanja dela Studenta, z ustnim nastopom ob
zaklju¢ku semestra. Poseben poudarek je na
skupinskem delu pri seminarijih.

Objectives and competences:

The object of this course is to provide a framework

for awarding study credits for extracurricular non-

profit activities of students related to computer and

information science, providing useful experience for

experts in this field that are not included in the

curriculum of the study program.

General competences:

e The ability of professional communication in the
native language as well as a foreign language

e The ability of teamwork within the professional
environment; management of a small
professional team

e The ability for administrative management of
processes related to research, industry,
education and other fields

e The ability of knowledge transfer and writing
skills in the native language as well as a foreign
language.

Subject specific competences:

e Completing smaller practical projects and solve
problems in the fields for computer and
information science

e Obtaining the knowhow to choose the suitable
tools and technologies for a specific problem

e Developing teaching skills and means for
popularizing computer and information science
topics and issues.

e Participating in group solutions, organizing and
supervising the work of a smaller group
including the preparation of the necessary
materials, planning group work, etc.

Intended learning outcomes:

Basic educational principles and teaching practice in
the process of introducing computer science topics to
smaller groups of younger students, organization of
group work, understanding the role of such
competencies in the work of an expert in the field of
computer and information science.

Learning and teaching methods:

Lectures, individual work with students, seminars
with oral presentations with special emphasis on
group work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,
kolokviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)



Ocene: opravil z odliko, opravil ali ni opravil Grading: passed with excellence, passed or
(v skladu s Statutom UL). failed (according to the Statute of UL).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

KLEMEN, Matej, ZITNIK, Slavko. Neural coreference resolution for Slovene language. Computer science and
information systems. [Print ed.]. 2022, vol. 19, iss. 2, str. 495-521, ilustr. ISSN 1820-0214.
http://www.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMIPY, DOI:
10.2298/CS1S201120060K. [COBISS.SI-ID 87851011], [JCR, SNIP, WoS, Scopus do 26. 1. 2023: §t. citatouv (TC): 1,
cistih citatov (Cl): 1, Cistih citatov na avtorja (ClAu): 0,50]

KNEZ, Timotej, GASPERLIN, Domen, BAJEC, Marko, ZITNIK, Slavko. Blockchain-based transaction manager
for ontology databases. Informatica. [Print ed.]. 2022, vol. 33, no. 2, str. 343-364, ilustr. ISSN 0868-4952.
https://informatica.vu.lt/journal/INFORMATICA/article/1264/info, DOI: 10.15388 /22-INFOR490.
[COBISS.SI-ID 112947203], [ICR, SNIP, WoS, Scopus]

ZITNIK, Slavko, BLAGUS, Neli, BAJEC, Marko. Target-level sentiment analysis for news articles. Knowledge-
based systems. [Print ed.]. Aug. 2022, vol. 249, str. 1-14, ilustr. ISSN 0950-7051.
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub, DOI:

10.1016 /j.knosys.2022.108939. [COBISS.SI-ID 106573827], [ICR, SNIP, WoS do 8. 2. 2023: §t. citatov (TC): 2,
cistih citatov (Cl): 2, Cistih citatov na avtorja (ClAu): 0,67, Scopus do 30. 1. 2023: st. citatouv (TC): 4, Cistih
citatov (Cl): 4, Cistih citatov na avtorja (ClAu): 1,33]

SMITH, Glenn Gordon, HAWORTH, Robert, ZITNIK, Slavko. Computer science meets education : Natural
Language Processing for automatic grading of open-ended questions in eBooks. Journal of educational
computing research. [Print ed.]. Dec. 2020, vol. 58, no. 7, str. 1227-1255, ilustr. ISSN 0735-6331.
https://journals.sagepub.com/doi/10.1177/0735633120927486, DOI: 10.1177/0735633120927486. [COBISS.SI-
ID 17989635], [JCR, SNIP, WoS do 26. 10. 2022: st. citatov (TC): 9, Cistih citatov (Cl): 9, Cistih citatov na avtorja
(ClAu): 3,00, Scopus do 1. 2. 2023: $t. citatov (TC): 11, Cistih citatov (Cl): 11, Cistih citatov na avtorja (ClAu):
3,67]

KNEZ, Timotej, BAJEC, Marko, ZITNIK, Slavko. ANGLEr : a next-generation natural language exploratory
framework. V: GUIZZARDI, Renata (ur.), RALYTE, Jolita (ur.), FRANCH, Xavier (ur.). Research challenges in
information science : 16th International Conference, RCIS 2022, Barcelona, Spain, May 17-20, 2022 :
proceedings. Cham: Springer, cop. 2022. Str. 761-768, ilustr. Lecture notes in business information processing
(Internet), 446. ISBN 978-3-031-05760-1. ISSN 1865-1356. https://link.springer.com/chapter/10.1007/978-3-
031-05760-1 53, DOI: 10.1007/978-3-031-05760-1 _53. [COBISS.SI-ID 108466 947], [SNIP, WoS, Scopus]
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PODATKOVNO RUDARJENIJE IN VIZUALIZACIJA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Podatkouvno rudarjenje in vizualizacija
Data mining and visualization

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Univerzitetna koda predmeta/University course code: 0070559
Koda ucne enote na clanici/UL Member course code: 63549

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Osnouno znanje statistike.

Predmet lahko izberejo studenti, ki vsebin Se niso
poslusali na prui stopniji.

Predmeta ne morejo izbrati Studenti Magistrskega
Studijskega programa Racunalnistvo in informatika.
Predmet je primeren tudi za Studente 3. letnikov
prvostopenjskih programou, ki imajo ustrezno
predznanje.

Vsebina:

Podatkouvno rudarjenje je interdisciplinaren pristop k
odkrivanju znanja iz (velikih) mnoZic podatkou.
Vsebuje metode in pristope s podrocja strojnega
ucenja, statistike, umetne inteligence in podatkovnih
baz. Danes so resitve s tega podrocje del
vsakdanjega Zivljenja, npr. trgouci pri razporejanju
blaga na police v trgovini upostevajo, katere skupine
izdelkouv njihove stranke kupujejo skupaj, spletni
iskalniki zadetke razporejajo individualno tudi na
podlagi strani, ki so uporabnikom vsec na socialnih
omreZjih, semaforji v mestih se avtomatsko

Predavanja/Lectures:

Marko Robnik Sikonja

izbirni predmet/elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Basic knowledge of statistics.

Students who have not covered similar contents on
first level can select the course. The course is not
available to students of Master study program
Computer and Information Science. The course is
suitable also for student of the 3rd year of first level
study promars with appropriate background
knowledge.

Content (Syllabus outline):

Data mining can be viewed as an interdisciplinary
approach to knowledge discovery. It encompasses
many ideas and methods from machine learning,
statistics, artificial intelligence, and databases.
Nowadays many solutions from this field are part of
everyday life, e.g., contents of shop shelves is
optimized according to preferences of customers
which articles to buy together, search engines
display hits individually according to the preferences
of the users in their social network profiles, traffic
lights are tuned to traffic density patterns, medical




prilagajajo prometnim tokovom, priporocila za
zdravljenje Stevilnih bolezni so oblikovana glede na
vzorce uspesnih zdravljenj, zavarovalnice tako
zaznavajo poskuse goljufij, »veliki bratje« odkrivajo
teroristicne skupine itd.

Vsebina predmeta temelji na razmisleku, da je
potrebno ponuditi sodobno, pregledno, vendar
prakticno uporabno znanje. Izbrali smo tehnike, ki so
Se posebej primerne za ne tehnicne smeri. V
predavanjih predstavimo glavne pristope in
pojasnimo delovanje posameznih metod, ne da bi se
spuscali v podrobnosti izvedbe in teoretiche osnove.
Posebej obravnavamo nekaj pomembnih vrst
podatkov za ne tehnic¢ne smeri in njihovo analizo. Pri
Stevilnih podrocjih je zelo pomembno razumevanje in
dolocanje vzrokov posameznih pojavov, zato
poudarimo vizualizacijo kompleksnih podatkov,
trendov in napovednih modelov.

V okviru laboratorijskih vaj znanje poveZzemo s
prakti¢no rabo in ga utrdimo z uporabo
odprtokodnih sistemouv za podatkouno rudarjenje in
vizualizacijo. Studenti resujejo naloge, ki temeljijo na
realnih problemih, in na problematiki z njihovega
podrocja.

Pregled vsebine predavan;:

Uvod v podatkouno rudarjenje. Predstavimo
motivacijske probleme in njihove resitve z metodami
podatkovnega rudarjenja. Poljudno predstavimo
osnoune pojma ucenja iz podatkov, modeliranje
podatkov in pomembne teoreticne rezultate glede
(ne)zmoZnosti ucenja iz podatkou.

Zbiranje in priprava in podatkov. Obravnavamo
prevedbo problemou v obliko, ki je primerna za
uspesno podatkouvno rudarjenje.

Mere podobnosti in razvrsanje v skupine. Podatke
Zelimo analizirati glede medsebojne podobnosti
posameznih primerov in jih razurstiti v skupine.
Predstavimo poglavitne tehnike in izzive.
Raziskovalna analiza podatkouv. Predstavimo vrsto
vizualizacijskih tehnik, ki nam omogocajo, da na
razumljiv nacin spoznavamo problem in raziskujemo
zakonitosti v (visoko razseznih) podatkih.
Ovrednotenje in izbira pomembnih atributov.
Stevilne probleme imamo podane v tabelaricni
obliki, kjer vrstica vsebuje en primer opisan z
mnoZzico atributov. Za uspeSno modeliranje je
potrebno prepoznati pomembne atribute in izbrati
njihovo neredundantno podmnoZzico. Opisemo
poglavitne metode ocenjevanja atributov.
Napovedni modeli. Spoznamo napovedne modele s
podrocja statistike in strojnega ucenja ter pogoje, da
le-ti v praksi dobro delujejo.

Vizualizacija napovednih modelov. Stevilni odlicni
napovedni modeli, delujejo za uporabnika kot ¢rna

treatment guidelines are formed according to the
history of successful recoveries, insurance companies
detect fraudulent claims, “big brothers” detect
terrorist groups, etc. The course content is formed
with objective to offer a review of up to date
applicative knowledge with emphasis on techniques
suited for non-technical fields. The lectures introduce
main approaches and their functioning without
delving into implementation details or theoretical
background. Some important types of data
occurring in non-technical areas are reviewed. Many
fields require comprehensibility of prediction models
and want to understand the causes for different
phenomena, therefore the visualization of data,
trends, patterns, and predictive models is given an
adequate attention.

In lab work the gained knowledge is put into practice
by using open-source data mining and visualization
tools. The problems tackled are based on real-world
problems from the study areas of the students.

An overview of the lectures:

Introduction to data mining.

Motivational problems and data mining solutions
are introduced. An overview of learning from data,
data modelling, and important theoretical results
about learn ability are presented in a top-level
fashion.

Data acquisition and pre-processing.
Transformation of problems and data into forms
suitable for data mining are discussed.

Similarity measures and clustering.

Similarity is the basis for generalization, therefore
the main techniques and challenges in clustering of
similar objects are presented.

Exploratory data analysis.

Visualization aids in understand problems which is
especially important in high dimensional spaces.
Several advanced visualization techniques are
presented.

Feature evaluation and subset selection.

Tabular form is a frequent form of data
representation, where a row presents an instance,
and a columns present instances’ features.
Evaluation of important features and selection of
their non-redundant subset is essential for successful
modelling, therefore the main methods are
introduced.

Prediction models.

Several statistical and machine learning prediction
models are discussed together with conditions for
their successful application.



Skatla, saj niso razvidni mehanizmi njihovega
delovanja in odlocanja. Za podrocja, kjer je
modeliranje namenjeno tudi razumevanju problema
in pridobivanju novega znanja, je to nesprejemljivo.
Predstavimo resitev v obliki tehnik razlage, ki
graficno predstavijo delovanje napovednih modelov
in obrazloZijo njihove odlocitve.

Povezovalna pravila in pogosti vzorci. Vcasih v
podatkih iS¢emo znacilne povezave in vzorce, ki
predstavljajo zanimive, statisticho pomembne
zakonitosti. Predstavimo uveljavljene metode za to
analizo.

Graficni modeli. Pri razumevanju nekaterih
procesov in problemov si pomagamo z njihovo
predstavitvijo v obliki bayesouvskih graficnih
modelov, ki nam v primerih negotovosti omogocajo
verjetnostno sklepanje od vzrokouv k posledicam.
Analiza anket. Obravnavamo nekaj metod
strojnega ucenja, ki so prilagojene znacilnostim
anketnih podatkov. Omogocajo npr. vrednotenje
vprasanj pri anketah, zaznavanje Sumnih in
nekonsistentnih odgouvorou, iskanje povezanih
vprasanj, itd.

Rudarjenje besedil. Besedila so pomemben vir
podatkov, iz katerih lahko razberemo stevilne
informacije in socioloske znacilnosti. Pregledno
obravnavamo procesiranje slovenskih in angleskih
besedil ter osnoune tehnike rudarjenja besedil.
Odkrivanje znanja iz socialnih omreZij. Socialna
omreZja v svoji strukturi usebujejo Stevilne
pomembne informacije. Pregledamo nekaj pristopov,
tehnik in orodij za analizo omreZij.

Analiza velikih podatkovnih mnoZic. Ogromne
podatkovne mnoZice, ki so nastale na posameznih
podrocjih ¢lovekovega delovanja, vsebujejo v sebi
Stevilne zanimive drobce informacij, jih je pa zaradi
tehnicnih omejitev tezko analizirati in iz njih pridobiti
koristno znanje. Predstavimo nekaj uveljavljenih
nacinov dela s takShimi mnoZicami.

Spoznanja iz uporabe podatkovnega rudarjenja in
eticni vidiki analize podatkov. Predstavimo nekaj
uspesnih in nekaj neuspesnih aplikacij podatkovnega
rudarjenja in povzamemo njihouve lekcije. Na
primerih obravnavamo eticni vidik podatkovne
analitike in predstavljanja rezultatov.

Temeljna literatura in viri/Readings:

Visualization of prediction models.

To user many excellent prediction models look like a
black-box, hiding the causal relationship between
input and output. For areas where data modelling
serves problem understanding and knowledge
discovery this is not acceptable. General model
explanation techniques offering insight into models’
structure and individual decisions are presented.
Association rules and frequent patterns.

Many times historical data is searched for interesting
associations and statistically significant patterns.
Analytical methods for this problem are introduced.

Graphical models.

Certain processes and problems can be modelled and
understood with the help of Bayesiaan graphical
models, which allow handling uncertainty and
probabilistic reasoning.

Survey analysis.

We discuss several machine learning methods
suitable for questionnaire analysis. They allow
evaluation of survey questions, detection of noisy
and inconsistent respondents, detection of related
questions, etc.

Text mining.

Textual documents are an important source of
information and offer many interesting sociological
insights. Processing of Slovene and English texts is
reviewed together with basics of text mining.
Mining social networks.

The structure of social networks contains many
interesting information. Some representative
approaches, tools, and techniques for analysis of
social networks are presented.

Analysis of big data.

Very large data sets occurring in certain fields
contain interesting facts. Due to technical difficulties
these data sets are difficult to store and analyse.
Some established approaches to finding interesting
patterns in these data sets are discussed.

Data mining lessons and ethical
issues.Representative data mining success stories
and failures are discussed and their lessons distilled.
Ethical issues of data mining and visualization are
discussed in case-based manner.

1. Witten, I. H., Frank, E., & Hall, M. A. (2011). Data Mining: Practical Machine Learning Tools and

Techniques, Morgan Kaufmann.

2. T.Hastie, R. Tibshirani, J. Friedman (2009): The elements of statistical learning, 2nd edition. Springer.
3. Janert, P. K. (2010). Data analysis with open source tools. O'Reilly Media.
Dodatno literaturo v obliki ¢lankouv in posnetkouv predavanj znanih predavateljev dobijo studenti na spletni

ucilnici.

Cilji in kompetence:

Objectives and competences:



Cilj predmeta je pregledno predstaviti poglavitne
tehnike podatkounega rudarjenja. Poudarek je na
pridobitvi prakticnega znanja iz podatkouvne
analitike in rabe orodij, ki omogocajo analizo
podatkov, njihovo vizualizacijo, interpretacijo in
pridobivanje znanja iz podatkov.

Predvidene kompetence:

poznavanje terminologije iz podatkovnega
rudarjenja in modeliranja,

priprava in pretvorba podatkouv v obliko za
podatkovno rudarjenje,

izbira podmnoZice pomembnih algoritmouv,

izbira primernega algoritma in uporaba algoritmou
za razvrscanje, klasifikacijo, regresijo in povezovalna
pravila,

napredna vizualizacija podatkov in rezultatov
napovednih modelov,

izgradnja Bayesouvskega graficnega modela za
preproste primere,

analiza in vrednotenje anketnih vprasanj
priprava besedila za podatkovno rudarjenje in
interpretacija rezultatou,

priprava podatkov o omreZju in analiza z
analiti¢nimi orodiji,

poznavanje odprtokodnih orodij za podatkouvno
analitiko.

Predvideni studijski rezultati:

Ob koncu predmeta bodo Studenti:

Poznali in razumeli poglavitne tehnike
podatkouvnega rudarjenja.

Poznali in uporabljali nekaj orodij za podarkouvno
analizo

pripravili in pretvorili podatke v obliko za
podatkouvno rudarjenje,

izbirali podmnoZice pomembnih atributov,
izbirali in vrednotili primerne algoritme za
razvrscanje, klasifikacijo, regresijo,

sposobni izdelati vizualizacijo podatkov in rezultatou
napovednih modelov.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

The course objectives are presentation and overview
of main data mining techniques with focus on
practical use of data analytics tools. The depth of
knowledge given shall be sufficient for data analysis
and visualization, interpretation of results, and
knowledge discovery.

The competences students gain are:

use of data mining and data modelling terminology,
handling of data acquisition and reprocessing as a
step towards data mining,

use of feature subset selection,

applying model selection and use of clustering,
classification, regression, and association rules
techniques,

visualization of data and prediction models,
building simple Bayesian graphical models,

ability to analyse and evaluate questionnaire data,
preparation of documents for text mining and
interpretation of the results,

preparation and analysis of social network data,
use of open source data mining tools.

Intended learning outcomes:

Upon completion of the course the students will:
know and understand main techniques of data
mining

know and use some tools for data analytics

prepare and convert data in a form suitable for data
mining

select a suitable subset of features

choose and evaluate adequate algorithms for
clustering, classification and regression problems

be capable to visualize data and results of predictive
models

Learning and teaching methods:
Lectures, lab work.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin: pisni in ustni izpit, sprotne naloge, Type: written and oral examination,
predstavitev projekta, projekt. coursework, project presentation, project.
Sprotno preverjanje: domace naloge, 50,00 % Continuing: homeworks, project work.
projektno delo.

Koncno preverjanje: pisni in ustni izpit. 50,00 % Final: written and oral exam.

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Grading: 6-10 pass, 5 fail (according to the
Statutes of University of Ljubljana).



Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

ROBNIK SIKONJA, Marko. Data generators for learning systems based on RBF networks. IEEE transactions
on neural networks and learning systems, May 2016, vol. 27, no. 5, pp. 926-938.

PICULIN, Matej, ROBNIK SIKONJA, Marko. Handling numeric attributes with ant colony based classifier for
medical decision making. Expert systems with applications, Nov. 2014, vol. 41, no. 16, pp. 75624-7535.
KRANJC, Janez, ORAC, Roman, PODPECAN, Vid, LAVRAC, Nada, ROBNIK SIKONJA, Marko. ClowdFlows:
online workflows for distributed big data mining. FGCS, 2017, vol. 68, pp. 38-58

ROBNIK SIKONJA, Marko, KONONENKO, Igor. Theoretical and empirical analysis of ReliefF and RReliefF.
Machine learning, 2003, 53:23-69.

ROBNIK SIKONJA, Marko, KONONENKO, Igor. Explaining classifications for individual instances. IEEE
Transactions on Knowledge and Data Engineering, 2008, 20(5):589-600.

Celotna bibliografija je dostopna na SICRISu http://sicris.izum.si/search/rsr.aspx?lang=slv&id=8741.
Complete bibliography is available in SICRIS:

http://sicris.izum.si/search/rsr.aspx?lang=eng&id=8741.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=8741
http://sicris.izum.si/search/rsr.aspx?lang=eng&amp;id=8741

POUCEVANIJE ALGORITMICNEGA RAZMISLIANIA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Poucevanje algoritmicnega razmisljanja
Teaching algorithmic thinking
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082843
Koda ucne enote na ¢lanici/UL Member course code: 63547

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer: Janez Demsar

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Namen predmeta je izuriti prihodnje ucitelje za

poucevanje algoritmicnega razmisljanja. Didakticni

pristop, ki ga bomo ucili, temelji na nacelih opisanih

na http://csunplugged.org. Primeri konkretnih tem,

ki jih bomo jemali za zgled, v grobem sledijo

IEEE/ACMovem kurikulu za osnoune in srednje Sole:

e binarna predstavitev podatkov, predstavitev
slik in zvoka,

e stiskanje podatkou, teorija informacij,
zaznavanje napak

e kriptogrdfija,

e preiskovalni algoritmi, algoritmi za urejanje

e usmerjanje in smrtni objem, koncni avtomatiin
algoritmi na grafih in druge.

Poleg konkretnih pristopouv k poucevanju teh tem

bodo studenti spoznavali predvsem splosna

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Slovenscina
Slovenscina

Prerequisites:

Content (Syllabus outline):

The goal of the course is to train the future teachers

for teaching algorithmic thinking. The approach is

based on principles described on

http://csunplugged.org. Concrete illustrations will

roughly follow the list of topics proposed in the

IEEE/ACM K12 curriculum for computer science:

e binary presentation of data, representation of
images and sound,

e data compression, information theory, error
detection,

e cryptography,

e searching algorithms, sorting algorithms,

e routing and deadlock, finite state automata, and
algorithms on graphs and others.



didakticna nacela, ki jim je potrebno slediti pri
poucevanju algoritmicnega razmisljanja.

Studenti bodo poleg prakti¢nega dela v razredih na
Solah, s katerimi so sklenjeni sporazumi o
sodelovanju pod ustreznim mentorstvom nabirali
prakticne didakticne izkusnje tudi tako, da bodo
pomagali pri izvedbi poletnih Sol za dijake in
osnovnosolce, vodili racunalniske krozke, pripravljali
osnounosolce na tekmovanje Racunalniski bober in
podobno.

Temeljna literatura in viri/Readings:

Besides these concrete examples, students will learn
about general didactical principles that need to be
observed when teaching algorithmic thinking.

In addition to practice classes in partner schools
under appropriate supervision, the students will gain
practical experience by helping in the summer
schools at the faculty, by teaching computer groups
at schools, preparing school children for the
international Bebras competition etc.

1. O.Hazzan, T. Lapidot, N. Ragonis: Guide to Teaching Computer Science: An Acticity-Based Approach,

Springer, 2071.

2. T.Bell,I. H. Witten, M. Fellows: Computer Science Unplugged,
http://csunplugged.org/sites/default/files/activity pdfs full/CS Unplugged-en-10.2006.pdf, 2006.

3. R.Sedgewick, K. Wayne: Algorithms, 4th edition. Addison-Wesley, 2071.

Cilji in kompetence:

Slusatelji bodo na teoreticnem nivoju in prek
prakticnih primerouv osvojili primeren nacin za
poucevanje algoritmicnega razmisljanja v osnouvnih
in srednjih Solah.

Predvideni studijski rezultati:

Studenti bodo razumeli osnove racunalniske
znanosti (od kodiranja ter algoritmov in
podatkouvnih struktur do bolj specificnih tem) na
intuitivnejSem nivoju.

ZmoZni bodo uporabiti to globje razumevanje za
poucevanje racunalnistva na razumljivejsi in
privlacnejsi nacin.

Naucili se bodo pripravljati u¢ne aktivnosti,
opazovati reakcije ciljne publike, analizirati in
ocenjevati aktivnosti ter jih izboljSevati.

Studenti bodo spoznali osnove psihologije s
poudarkom na razvojni psihologiji in to uporabljali
pri svojem poucevanju.

Z nekaj treninga v govorjenju in predstavljanju bodo
Studenti postali sposobnejsi javno podajati
racunalnisko znanost razlicnim ciljnim obcinstvom.
Kot potencialni bodo i ucitelji bodo poznali in
razumeli pasti rigidnih taksonomij, kot je Bloomova
taksonomija -- ki je znana kot neprimerna za
racunalnisko znanost -- in njihovih uporabi za
birokratizacijo Solstva, ter se izogibali njeni uporabi
za nacrtovanje, analizo in ocenjevanje svojega dela.

Metode poucevanja in ucenja:

Objectives and competences:

Students will learn, both theoretically and through
concrete examples, how to teach algorithmic
thinking using methods that are appropriate for
primary and high schools.

Intended learning outcomes:

Students will understand the basics of computer
science (from coding to algorithms and data
structures to more specific topics) in a more intuitive
way.

They will be able to apply this deeper understanding
of CS to teach computer science in an approachable
and attractive way.

They will learn how to prepare teaching activities,
observe reactions of target audience, analyse and
evaluate the activity and improve it.

Students will gain basic understanding of
psychology, in particular developmental psychology,
and apply it to their teaching practice.

With some training in speaking and presentation,
students will be more capable to give public
presentations of computer science to different target
audiences.

As potential future teachers, students will know and
understand the pitfalls of rigid taxonomies like the
Bloom taxonomy - which is known to be a
particularly bad fit for CS -- and its application for
bureaucratization of school system, and hence avoid
its use for planning, analysis and evaluation of their
work.

Learning and teaching methods:


http://csunplugged.org/sites/default/files/activity_pdfs_full/CS_Unplugged-en-10.2006.pdf

Predavanja in domace naloge. Poseben poudarek je  Lectures and homeworks with special emphasis on
na intuitivnem razumevanju snovi in na pridobivanju | intuitive understanding and gaining practical

prakticnih pedagoskih izkusen;. experience.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, practical work)
prakticno delo)

Konéno preverjanje (pisni izpit) 50,00 % Final (written exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. DEMSAR, Janez. Algorithms for subsetting attribute values with Relief. Mach. learn.. [Print ed.], Mar.
2010, vol. 78, no. 3, str. 421-428, graf. prikazi. [COBISS.SI-ID 7550548], [JCR, WoS, st. citatouv do 9. 3. 2010:
0, brez avtocitatou: 0, normirano st. citatov: 0]

2. STAIDOHAR, Miha, MRAMOR, Minca, ZUPAN, BlaZ, DEMSAR, Janez. FragViz : visualization of
fragmented networks. BMC bioinformatics, 2010, vol. 11, str. 1-14, ilustr. [COBISS.SI-ID 7964756], [JCR,
WS, st. citatouv do 6. 10. 2071: 1, brez avtocitatou: 1, normirano st. citatou: 1]

3. ZUPAN, BlaZ, DEMSAR, Janez. Open-source tools for data mining. Clin. lab. med., 2008, vol. 28, no. 1, str.
37-54, ilustr. [COBISS.SI-ID 6280532], [JCR, WoS, st. citatov do 6. 9. 2011: 2, brez avtocitatouv: 2,
normirano st. citatou: 1]

4. DEMSAR, Janez, LEBAN, Gregor, ZUPAN, Blaz. FreeViz-An intelligent multivariate visualization approach
to explorative analysis of biomedical data. Journal of biomedical informatics, 2007, vol. 40, no. 6, str.
661-671, ilustr. [COBISS.SI-ID 6188116], [JCR, WoS, st. citatouv do 9. 3. 2010: 2, brez avtocitatouv: 2,
normirano st. citatou: 2]

5. DEMSAR, Janez. Statistical comparisons of classifiers over multiple data sets. J. mach. learn. res.. [Print
ed.], Jan. 2006, vol. 7, str. [1]-30, graf. prikazi. [COBISS.SI-I1D 5134420], [JCR, WoS, st. citatou do 6. 11. 20171:
365, brez avtocitatouv: 365, normirano st. citatov: 412]

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?opt=1&lang=slv&id=9383.

Nosilec je objavil tudi vec kot 60 strokounih ¢lankouv v revijah Programer in Monitor. Ti ¢lanki obravnavajo

teme s podobno vsebino in v podobni obliki, kot jo predvideva pricujoci predmet.



http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=7964756
http://www.cobiss.si/scripts/cobiss?command=SEARCH&amp;base=jcr&amp;select=%28sc=1471-2105+and+PY=2010%29
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;UT=000283062100003
http://cobiss.izum.si/scripts/cobiss?command=DISPLAY&amp;base=COBIB&amp;RID=6280532
http://www.cobiss.si/scripts/cobiss?command=SEARCH&amp;base=jcr&amp;select=%28sc=0272-2712+and+PY=2008%29
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;UT=000253059500005
http://sicris.izum.si/search/rsr.aspx?opt=1&amp;lang=slv&amp;id=9383

PROJEKT

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Projekt
Course title: Project
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na clanici/UL Member course code:

Predavanja Seminar Vaje
/Lectures /Seminar /Tutorials
30

Nosilec predmeta/Lecturer: Jure Demsar

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Studentje izberejo temo projekta in na projektu
delajo v skupinah. Na sredini semestra porocajo o
napredku in vmesnih rezultatih. Ob zakljucku

predmeta Studentje javno predstavijo rezultate dela.

Projektne teme predlagajo fakultetni predavatelji in
strokounjaki iz gospodarstua. Nosilec predmeta
pripravi koncen nabor projektnih tem, med katerimi
Studentje izbirajo.

Temeljna literatura in viri/Readings:

Studijska smer
Podatkouvne vede (smer)

Predavanja/Lectures:

Letnik Semestri Izbirnost
1. letnik 2. semester | obuvezni
0129453
63568
Klinicne vaje  Druge oblike Samostojno  ECTS
/Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
150 6

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Students select project theme and work in groups to
complete the project. Students present their midterm
progress and results. Students complete the Project
with a public presentation of their work.

Project themes are compiled by the lecturer from
proposals by faculty members and industry.

e Perez-Riverol Y, Gatto L, Wang R, Sachsenberg T, Uszkoreit J, Leprevost FdV, et al. (2016) Ten Simple
Rules for Taking Advantage of Git and GitHub. PLoS Comput Biol 12(7): e€1004947.
e Sandve GK, Nekrutenko A, Taylor J, Hovig E (2013) Ten Simple Rules for Reproducible Computational

Research. PLoS Comput Biol 9(10): e1003285.

e Vicens Q, Bourne PE (2007) Ten Simple Rules for a Successful Collaboration. PLoS Comput Biol 3(3): e44.
e Taschuk M, Wilson G (2017) Ten simple rules for making research software more robust. PLoS Comput

Biol 13(4): e1005412.

e Bourne PE (2007) Ten Simple Rules for Making Good Oral Presentations. PLoS Comput Biol 3(4): e77.




Cilji in kompetence:

Studentje preko projekta zdruZijo znanje iz obveznih
predmetovu ter ga uporabijo pri reSevanju
konkretnega problema. Naucijo se izbrati najbolj
primerna orodja in pristope k resevanju realnih
problemov. Naucijo se delati v skupinah in
argumentirano porocati o rezultatih.

Predvideni studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e ZdruZiti postopke, metode in orodja, ki so jih
spoznali pri drugih predmetih.

e Nacrtovati projekt za reSevanje problema iz
podatkovnih ved.

e Organizirati skupinsko delo.

e Argumentirati svoje delo in izbiro metod in
orodij.

e Kriticno ovrednotiti svoje delo in delo drugih.

e Zagovarjati svoje delo pred strokouvnjaki iz
podrodja.

Metode poucevanja in ucenja:
Uvodna predavanja, diskusije, projekt zvmesno
recenzijo.

Objectives and competences:

The main goal of the course is for students to apply
the knowledge obtained in other courses on a
relevant data science project. The students learn how
to select and use the most appropriate tools and
approaches to solve a real problem. They learnt and
practice how to work in groups and how to defend
their project outcomes.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Combine procedures, methods and tools
presented in other courses.

e Plan a research and development data science
project.

e Organize team work.

e Explain their choice of methods and tools needed
in the project.

e  Critically evaluate their work and the work of
other.

e Defend their work and results in front of a panel
of data sceince experts.

Learning and teaching methods:
Introductory lectures, discussions, project with
interim review.

Nacini ocenjevanja: DeleZ/Weight Assessment:
Sprotno preverjanje (vmesna recenzija) 50,00 % Continuing (interim review)
Koncno preverjanje (projekt) Ocene: 6-10 50,00 % Final (project) Grading: 6-10 pass, 5 fail

pozitivno, 5 negativno (v skladu s Statutom
uL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

(according to the rules of University of
Ljubljana).

Grading system:

e DEMSAR, Jure, REPOVS, Grega, STRUMBELJ, Erik. bayes4psy : an open source R package for Bayesian

statistics in psychology. Frontiers in psychology. May 2020, vol. 11, art. 947, str. 1-20, ilustr. ISSN 1664-
1078. https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00947/full, DOI:
10.3389/fpsyg.2020.00947. [COBISS.SI-ID 14800387]

J1, Jie Lisa, DEMSAR, Jure, et al. Mapping brain-behavior space relationships along the psychosis
spectrum. eLife. 2021, 82 str., ilustr., graf. prikazi. ISSN 2050-084X.
https://elifesciences.org/articles/66968#info, DOI: 10.7554/eLife.66968. [COBISS.SI-ID 49363971]
DEMSAR, Jure, LEBAR BAJEC, Iztok. Evolution of collective behaviour in an artificial world using
linguistic fuzzy rule-based systems. PloS one. Jan. 2017, vol. 12, no. 1, str. 1-20, ilustr. ISSN 1932-6203.
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0168876, DOI:
10.1371/journal.pone.0168876. [COBISS.SI-ID 1537322947]

DEMSAR, Jure, STRUMBELJ, Erik, LEBAR BAJEC, Iztok. A balanced mixture of antagonistic pressures
promotes the evolution of parallel movement. Scientific reports. Dec. 2016, vol. 6, str. 1-11, ilustr. ISSN



https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00947/full
https://elifesciences.org/articles/66968#info
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0168876

2045-2322. http://www.nature.com/articles/srep39428, DOI: 10.1038 /srep39428. [COBISS.SI-ID
1537314499]



http://www.nature.com/articles/srep39428

RACUNALNISKA ZVOCNA PRODUKCIIA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Racunalniska zvocna produkcija
Computer based sound production

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester  izbirni
magistrski program)
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082596
Koda ucne enote na clanici/UL Member course code: 63523

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Denis Trcek

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

e Uvod in zgodovinski pregled podrodja.

o Temelji zvoka in racunalniSke zvocne
produkcije:

0 fizikalni (amplituda, frekvenca, faza,
interferenca, resonanca, hitrost, moc, preostale
znacilnosti valovan;j);

o matematicni (Fourierova teorija, teorem o
vzorcenju, konvolucija, korelacija, Hilbertou
transform, Gaborjev zvocni kvant in transform, itd.);
0 fizioloSki in psihoakustika (sluSna percepcija in
frekvencni razpon, posredna percepcija prek drugih
anatomskih struktur, pomen harmonskih
komponent zvoka, lokalizacija, maskiranje, kriticni

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

e Introduction and overview of the field.

. Basics of sound and computer based
production:

o physics (amplitude, frequency, phase, speed,
interference, resonan-ce, power, other wave
phenomena);

o) mathematics (Fourier theory, sampling theory,
convolution, corre-lation, Hilbert transform, Gabor’s
acoustic quant and transfrom, etc.);

0 physiology and psychoacoustics (aural
perception, frequency range, indirect perception by
various anatomical structures, the role of harmonics,
localization, masking, critical bands, environment-




pasovi, ucinki okolja, rezultati zadnjih nevro-
znanstvenih raziskav na tem podrocju).

. Elektronski in omrezni vidiki procesiranja:
analogni in digitalni signal, (kvantizacijski) Sum,
pasouvna sirina medija in naprave, ojacitev in
slabenje, analogno digitalna in digitalno analogna
pretvorba, popacenja, filtriranje, vrste mikrofonov in
postopki zajemanja zvoka.

. Generatoriji zvoka: sintetizatorji (aditivna
sinteza, odstevalna sinteza, frekvencno modularna
sinteza...), vzorcevalniki.

o Racunalnisko snemanje zvoka: zajem
kodiranega zvoka (sekvencerji), zajem vzorcenega
zvoka (direct-to-disc recording).

. Standardne studijske komponente: mesalniki,
limiterji, kompresorji, reverberatoriji, odstranjevalci
Suma, korektotji visine, ekvilizatorji.

. Protokoli in algoritmi v zvocni produkciji:
MIDI, IEC-60958 (AES / EBU), S/PDIF, AC-3, E-AC-3.
. Sinhronizacijski mehanizmi: MTC, SMPTE,
integracija z video produkcijo, racunalniskimi igrami
in filmom.

. Programski standardi: vmesniki (VST /
Steinberg, DirectX / MS), formati zapisov (Wav,
MP3, Ogg), vzorceni zvoki (SoundFont).

o Sodobna zvocna reprodukcija (omrezni
tokouniki, protokoli RTP, RTCP in RTSP), napredna
2D ter 3D produkcija (sistemi 5.1, 7.1, Dolby Atmos).
o Profesionalna orodja in njih uporaba
(Steinberg-Yamaha, Twelve Tone Systems — Roland -
BandLab, odprtokodne resituve).

o Zadniji trendi - prodor umetne inteligence in
strojnega ucenja v zvocno produkcijo (konkretne
aplikacije v zvocni produkciji).

Addendum: Mini vlozki s prakticnim delom, ki
pokrivajo najnovejse trende ali specificne vidike, ki
niso pokriti na vajah.

Temeljna literatura in viri/Readings:

tal effects, latest neuroscience research results in this
domain).

. Electronic and network principles of sound
processing: analog and digital signal, (quantization)
noise, medium / device bandwidth, amplification
and attenuation, analog to digital, and digital to
analog conversion, distortion, filtering, types of
microphones, signals capturing processes.

. Sound generators: synthesizers (additive
synthesis, subtractive and frequency modulation
synthesis...), samplers.

. Computer based recording: capturing of
coded sound (sequencers), capturing of sampled
sounds (with direct-to-disc recording).

. Standard studio components: mixing consoles,
limiters, compressors, reverbs, noise reducers, pitch
correction tools, equalizers.

. Protocols and algorithms in computer-based
production: MIDI, IEC-60958 (AES / EBU), S/PDIF,
AC-3,E-AC-3.

. Synchronization mechanisms: MTC, SMPTE,
video, computer games and mouvies integration.

o Programming standards: interfaces (VST /
Steinberg, DirectX / MS), formats (wav, MP3, Ogg),
sampled sounds (SoundFont).

o Contemporary sound reproduction (network
streaming technology, protocols RTP, RTCP, RTSP),
advanced 2D and 3D production (systems 5.1, 7.1,
Dolby Atmos).

° Professional tools and their application
(Steinberg-Yamaha, Twelve Tone Systems — Roland -
BandLab, open-source solutions).

o Latest trends — artificial intelligence and
machine learning in sound production (concrete
applications of ML in computer sound production).

Addendum: Mini practical tasks covering the latest
technological issues or specific issues not covered at
laboratory works.

e D. Trcek: Racunalniska zvocna produkcija, kopije prosojnic, FRI UL, 2023 / 2024.
e Loy G., Musimathics, The MIT Press, MIT, Cambridge, 2006.

e Vucnem nacrtu omenjeni standardi.

Cilji in kompetence:

Cilj predmeta je, da Studentje tehnicnih in umetniskih
profilov pridobijo in osvojijo znanja na podrocju
racunalniske zvocne produkcije tako za Cisto
tehnicno, kot tudi kreativno aplikacijo v
produkcijskih okoljih.

Splosne kompetence:

Sposobnost definiranja, razumevanja in reSevanja
kreativnih profesionalnih izzivov na podrocju
racunalnistva in informatike.

Objectives and competences:

The goal of the course is to educate students (with
technological and fine-arts background) for using
computers in sound production be it for purely
technical, or creative application scenarios and
production environments.

General competences:

The ability to define, understand and solve creative
professional challenges in computer and information
science.



Sposobnost profesionalnega komuniciranja v
materinem in tujem jeziku.

Sposobnost razumevanja in uporabe znanja
racunalnistva in informatike na drugih relevantnih
podrocjih (ekonomija, organizacija, umetnost, itd.).
Predmetno specificne kompetence:

Prakti¢na znanja in sposobnosti na podrocju strojne
in programske opreme ter informacijske tehnologije
za uspesno profesionalno delo.

Predvideni studijski rezultati:

Po zakljucku predmeta bo Student:

-poznal inZenirske principe racunalniske zvocne
produkcije;

-poznal in razumel fizioloske zakonitosti percepcije
zvoka;

-znal uporabljati omenjene principe v produkcijskem
okolju;

-sposoben razvoja enostavnejsih tehnoloskih resitev
na tem podrocju;

-uporabe pridobljenih znanj tudi na podrocjih
kreativnega ustvarjanja (umetnost);

-poznal problematiko zascite in varovanja
intelektualne lastine.

Metode poucevanja in ucenja:

Predavanja, vaje s projektnim delom (prakticne
prototipne implementacije), lastne predstavitve.
Udelezba na vajah je obvezna (zahtevan procent
udelezbe se doloci ob zacetku Studijskega leta).
Nosilec predmeta lahko doloci obvezno udelezbo
tudi na predavanijih.

The ability of professional communication in the
native language as well as a foreign language.
The ability to understand and apply computer and
information science knowledge to other technical
and relevant fields (economics, organisational
science, fine arts, etc).

Subject specific competences:

Practical knowledge and skills of computer
hardware, software and information technology
necessary for successful professional work in
computer and information science.

Intended learning outcomes:

After completition of the course a student will:

-be familiar with the engineering principles of
computer sound production;

-know and understand physiological laws of sound
perception;

-be able to implement these principles in production
environments;

-be able to develop basic technological solutions in
this area;

-know how to use the acquired knowledge in
creative ways (fine arts);

-be familiar with intellectual property protection.

Learning and teaching methods:

Lectures, laboratory work (with practical prototype
implementations), students’ presentations.
Attendance of laboratory work is mandatory (the
exact percentage is announced at the beginning of a
study year).

The lecturer may impose mandatory attendance of
lectures.

Nacini ocenjevanja: Delez/Weight  Assessment:

50 % ocene predstavlja sprotno delo 50,00 % 50% of the final grade is obtained on the

Studenta v obliki preverjanj na vajah basis of on-going laboratory work (home-

(domace naloge, kvizi, prakticen projekt), works, quizzes, practical project
implementations and presentations).

50 % ocene pa predstavlja izpit, ki je 50,00 % The other 50% is obtained on the basis of a

naceloma v pisni obliki, lahko pa tudi v pisni
in ustni obliki (pri cemer lahko nosilec
namesto ustnega izpita uvede seminar).
Za uspesno opravljene obveznosti pri
predmetu morata biti pozitivni obe delni
oceni. Pristop k pisnemu izpitu je moZen le
po uspesno opravljenih obveznostih pri
vajah (in v primeru dodatnih zahteuv, ki se
nanasajo na predavanja, po izpolnitvi le-
teh).

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

written exam, or written and oral exam (the
lecturer may decide that a coursework
replaces the oral exam).

To be eligible for the written exam, a
candidate must have successfully
completed laboratory work, and fulfilled
other obligations related to lecturing that
the lecturer may have imposed. For
successful completition of the course both
grades have to be positive.

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).



Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. Trcek D., Cruxes for visual domain sonification in digital arts, Digital creativity, 2021, vol. 32, no. 4, str.
293-306, Taylor & Francis, DOI: 10.1080/14626268.2021.2002913.

2. Tréek D., TRCEK, Gasper. sonicLamination - from a concept to artistic binding of visual and sound
domains by using advanced technology. International journal of arts and technology, 2019, vol. 11, no. 2, str.
219-229, ISSN 1754-8853.

3. Tréek D., Parallel spaces, London, Peoplesound.com, 2001, CD (ca 40 min).

4, Tréek D., glasba in glasbena produkcija na TRCEK PECAK, Tamara. Ajkec med freskami. Ljubljana:
Narodna galerija, 2002. Tvideokaseta (VHS, PAL) (ca 30 min), barve, zvok. ISBN 961-6029-56-8. [COBISS.SI-
ID 121147392]

5. Tréek D., glasba in glasbena produkcija na TRCEK PECAK, Tamara. Ajkec pri restavratorijih. Ljubljana:
Televizija Slovenija: Narodna galerija, 2004/2005. 1 videokaseta (VHS, PAL), barve, zvok. [COBISS.SI-ID
513451903]

Celotna bibliografija je dostopna na SICRISu: https://bib.cobiss.net/biblioweb/eval/si/slv/evalrsr/11077.



RACUNALNISKE STORITVE V OBLAKU

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Cloud Computing

Racunalniske storitve v oblaku

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester  izbirni
magistrski program)
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082823
Koda ucne enote na ¢lanici/UL Member course code: 63541

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Razvoj aplikacij, ki se izvajajo na streznikih
Definicija racunalnistva v oblaku: kaj je
racunalnistvo v oblaku, namen, vloga in pomen, cilji
lzzivi: upravljanje infrastrukture, arhitektura
aplikacij za oblak, shranjevanje podatkov, varnost,
ostali vidiki

Lastnosti: samo oskrba na zahtevo, elasticnost in
skalabilnost, dostop v obliki storitev, nadzor storitev,
souporaba virov (pooling), itd.

Storitveni modeli: laa$S (Infrastruktura kor storitev),
Paas$ (Platforma kot storitev), SaaS (Aplikacije kot
storitve), Xaa$S

Podrobni pregled laa$ (Infrastruktura kor storitev)
e Pregled konceptov, arhitekturni vidik

Predavanja/Lectures:

Branko Matjaz Juric

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Developing applications for the server-side
Definition of cloud computing: what is cloud
computing, purpose, role and importance, objectives
Challenges: Infrastructure Management, Application
Architecture for cloud, data storage, security, other
aspects

Features: on demand self-provisioning, elasticity and
scalability, access in the form of services, monitoring,
sharing of resources (pooling), etc..

Service models: laa$ (Infrastructure-as-a-Service),
Paas$ (Platform-as-a-Service), Saa$S (Software-as-a-
Service), Xaa$S

Detailed overview of laas:

e Querview of concepts, architectural perspective




e Privatnioblak, javuni oblak, hibridni oblak,
virtualni oblak

e Spoznavanje in primerjava najpomembnejsih
laa$ tehnologij

Podrobni pregled Paa$ (Platforma kot storitev)

e  Pregled konceptou, arhitekturni vidik

e Spremembe v razvojnih modelih: Trajno stanje:
distribuirani datotecni sistemi, nestrukturirane
shrambe, NoSQL baze, SQL baze v oblaku;
Poslouna logika: spletne storitve, REST storitve,
ostale tehnologije; Izvajalno okolje

e Spoznavanje in primerjava najpomembnejsih
PaaS$ tehnologij: Java EE, Azure, Google App
Engine, itd.

Podrobni pregled SaaS$ (Aplikacije kot storitve)

e Pregled konceptouv, arhitekturni vidik

e Model dostopa, koncept razvoja

e Poslouni model, storitve v oblaku (lokacijske,
dostava podatkouv, bogatenje podatkou,
integracijske storitve, poslovna inteligenca, itd.)

Namestitveni modeli

e Zasebni, javni, hibridni, skupni oblak

e Na lokaciji, pri ponudniku, hibridni model,
pregled ponudnikouv

Migracija v oblak

Nadzor, upravljanje, SLA in QoS

Prakticni del:

e Vzpostavitev lastnega racunalniskega oblaka

e Razvoj aplikacij za oblak

o Tehnoloski vidiki

o0 Vsebinsko-poslovni vidiki

e Razvojinovativnih aplikacij, ki delujejo v oblaku

e Konfiguriranje hibridnega racunalniskega
oblaka

e Spoznavanje najpomembnejsih jaunih oblakouv:
Amazon, Google App Engine, Azure, OpenStack,
itd.

e Studija prenosljivost oblacnih resitev med
ponudniki

e Razvoj specificnih razsiritev za oblak

Temeljna literatura in viri/Readings:

e Private cloud, public cloud, hybrid cloud, virtual
cloud

e Getting to know and compare the most important
laa$ technologies

Detailed overview of PaasS:

e Overview of concepts, architectural perspective

e Changes in development models: data persistence:
distributed file systems, unstructured storage,
NoSQL database, SQL database in the cloud;
Business tier: Web services, REST services, other
technology runtime environment

e Understanding and comparison of major Paa$S
technologies: Java EE, Azure, Google App Engine, etc.
Detailed overview of Saas:

e Overview of concepts, architectural perspective

o Access Models, Development Concepts

e Business models, Cloud Services (location, data
delivery, data enrichment, integration services,
business intelligence, etc.).

Deployment models

e Private, public, hybrid, shared cloud

e On premises, remote, hybrid model, overview of
providers

Migration to the cloud

Control, management, SLA and QoS

Practical part:

e Deploying, setting up and configuring your own
Cloud

e Developing applications for the cloud

o Technological aspects

o Content and business aspects

e Development of innovative applications that run in
the cloud

e Configuring a hybrid cloud

e Getting to know the most important public clouds:
Amazon, Google App Engine, Azure, OpenStack, etc.
e Portability study between cloud solution providers
e Development of cloud-specific extensions

1. Barrie Sosinsky, Cloud Computing Bible, Wiley; 2011.
2. George Reese, Cloud Application Architectures: Building Applications and Infrastructure in the Cloud,

O'Reilly Media; 2009.

3. DavidS. Linthicum, Cloud Computing and SOA Convergence in Your Enterprise, Addison-Wesley

Professional, 2009.

4. John Rhoton, Risto Haukioja, Cloud Computing Architected: Solution Design Handbook, Recursive Press,

2071.

5. Matjaz B. Juric et al., Do more with SOA Integration, Packt Publishing, 2011.

Cilji in kompetence:
Cilj predmeta je osvojiti poglobljene znanje in
poznavanje podrocja racunalnistva v oblaku in vseh

Objectives and competences:
The course objective is to provide an in-depth
knowledge and understanding of the scope of cloud



nivojev storitvene usmerjenosti (XaaS), osvojiti
znanje s podrocja infrastrukture, platforme in
aplikacij v obliki storitev, spoznati nacrtovalske
vzorce, arhitekturne modele in dobre prakse ter
razumeti pomen inovativnih aplikacij v oblaku.
Kompetence:

Studentje bodo sposobni vzpostaviti infrastrukturo
za delovanje privatnih, hibridnih in zasebnih
oblakov, nacrtovati in implementirati arhitekturo
platforme Paa$, nacrtovati in implementirati
aplikacije, ki se izvajajo na Paas, razumeti specifike
oblacnih arhitektur in infrastruktur. Usposobljeni
bodo za razvoj Saa$ aplikacij na najpomembnejsih

PaaS/laaS. Razumeli bodo pomen inovacij v oblaku.

Predvideni studijski rezultati:

Po uspesnem zakljucku predmeta bo Student:

- razvijal programske resitve za delovanje v oblaku
- poznal lastnostni javnih in zasebnih oblakouv

- razumel infrastrukture in arhitekture racunalniskih
oblakou

- razumel cloud-native arhitekturo in jo uporabil pri
razvoju

- obvladal razvoj mikrostoritev

- razumel in uporabljal vzorce za razvoj
mikrostoritev

- uporabil vsebnike in orkestracijo vsebnikouv

- sposoben razvoja Saa$ aplikacij

Metode poucevanja in ucenja:
Predavanja, racunalniske vaje, projektni nacin dela
pri seminarjih.

computing and all levels of service orientation
(Xaa$), provide knowledge of infrastructure,
platforms, and applications in the form of services,
get familiar with design patterns, architectural
models and best practices and understand the
importance of innovative applications in the cloud.
Competences:

Students will be able to deploy the infrastructure for
the operation of private, hybrid and private clouds,
to design and implement Paas$ platform
architecture, design and implement applications
that are implemented on Paa$, understand the
specifics of cloud architectures and infrastructures.
Students will be trained to develop Saa$S
applications on most important Paa$ / laaS
platforms and understand the importance of
innouvation in the cloud.

Intended learning outcomes:

After successful completion of the course a student
will be able to:

- Develop cloud-based software solutions

- Understand the characteristic public and private
clouds

- Understand the infrastructures and architecture of
computer clouds

- Understand the cloud-native architecture and use it
in the development

- master the development of microservices

- understand and use patterns for the development
of microservices

- use containers and orchestration of containers

- capable of developing SaaS applications

Learning and teaching methods:
Lectures, computer-based workshops, project work,
seminars.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, naloge, projekt): Type (examination, coursework, project):
Sprotno preverjanje (vaje, kolokviji in 50,00 % Continuing (workshops, midterm exames,
projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

e JURIC, Matjaz B. WSDL and BPEL extensions for event driven architecture. Inf. softw. technol.. [Print

ed.], 2010, vol. 52, iss. 10, str. 1023-1043



JURIC, MatjaZ B., SASA, Ana, BRUMEN, Bostjan, ROZMAN, lvan. WSDL and UDDI extensions for version
support in web services. J. syst. softw.. [Print ed.], 2009, vol. 82, iss. 8, str. 1326-1343

JURIC, MatjaZ B., SASA, Ana, ROZMAN, lvan. WS-BPEL extensions for versioning. Inf. softw. technol..
[Print ed.], 2009, vol. 51, iss. 8, str. 1261-12

JURIC, MatjaZ B., PANT, Kapil. Business process driven SOA using BPMN and BPEL: from business process
modeling to orchestration and service oriented architecture. Birmingham; Mumbai: Packt Publishing,
cop. 2008. V, 311 str., ilustr. ISBN 978-1-84719-146-5

JURIC, MatjaZ B., MATHEW, Benny, SARANG, Poornachandra G., Business process execution language
for web services: an architect and developer's guide to orchestrating web services using BPEL4WS.
Birmingham: Packt Publishing, 2006. X, 353 str., ilustr. ISBN 1-904811-81-7.

JURIC, Matjaz B., LOGANATHAN, Ramesh, SARANG, Poornachandra G., JENNINGS, Frank. SOA
approach to integration: XML, web services, ESB, and BPEL in real-world SOA projects. Birmingham;
Mumbai: Packt Publishing, cop. 2007. VIlI, 366 str., ilustr. ISBN 978-1-904811-17-6



RACUNALNISKI SISTEMI

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Racunalniski sistemi
Course title: Computer Systems
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0127828
Koda ucne enote na ¢lanici/UL Member course code: 63509

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Branko Ster

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Poznavanje osnov arhitekture racunalniskih
sistemov, znanje vsaj osnov programiranja.

Vsebina:

1. Sistemi s skupnim pomnilnikom

- Vecjedrniki (arhitekturi UMA in NUMA,
zagotavljanje skladnosti predpomnilnikov,
hardversko vecnitenje, izvajanje atomicnih ukazov).
- Razlike med arhitekturami Intel / ARM / RISC

- Vektorske enote v modernih procesorjih

1. PospesSevalniki

- Arhitektura GPE. Razurscevalniki na HW nivoju,
delo s pomnilnikom, zakrivanje latence, izmenjevanje
podatkov med GPU. Nvidia, AMD, Intel, EUPAC.
Tenzorska jedra.

- Enotni pomnilnik.

- Pospesevalniki FPGA.

1. Sistemi s porazdeljenim pomnilnikom

- arhitektura gru¢

Predavanja/Lectures:

strokouno izbirni predmet/elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Knowing basics of computer systems architecture, at
least basic programming skills.

Content (Syllabus outline):

1. Shared memory multiprocessors

- Multicores (architectures UMA and NUMA, cache
coherence, hardware multithreading, atomic
instructions).

- Differences between architectures Intel, ARM,RISC
- Vector units in modern processors

1. Accelerator Architectures

- GPU architectures. Schedulers on HW level, working
with memory, latency hiding, data transfer between
GPU. Nvidia, AMD, Intel, EUPAC. Tensor cores.

- Unified memory

- FPGA accelerators.

1. Distributed memory systems

- cluster architectures

- supercomputers



- superracunalniki

- enoten globalni pomnilnik

- povezovalna omreZja (stikalne matrike, navidezni

kanali, Infiniband, Ethernet)

- skalabilnost (razsirljivost)

- problemi latence (pomnilniskih dostopov in

medprocesorske komunikacije), predkomunikacija,

blocni prenos podatkouv, vecnitenje.

- metode hlajenja gruc, energijska poraba

procesorjev in hladilnega sistema

1. Vrednotenje vzporednih sistemouv

2. Arhitekturni izzivi pri razvoju energijsko
varchih racunalniskih sistemouv

- visokozmogljivi sistemi

- vgrajeni sistemi

Temeljna literatura in viri/Readings:

- unified global memory

- interconnection networks (switching fabric, virtual

channels, Infiniband, Ethernet)

- scalable systems

- latency issues (of memory accesses and

interprocessor communication), precommunication,

block data transfer, multithreading

- cluster cooling methods, energy consumption of

processors and cooling system

1. Evaluation of parallel systems

2. Architectural issues in designing power-aware
computing systems

- high-performance systems

- embedded systems

1. D. Culler, J.P. Singh, A. G. Tanenbaum: Parallel Computer Architecture: A Hardware-Software Approach

Morgan Kaufmann Publishers, 1999.

2. J.L.Hennessy, D.A. Patterson: Computer Architecture: A Quantitative Approach, é6th ed., Morgan

Kaufmann, 2017.

3. V.Eijkhout, E. Chow, R. van de Geijn: The Science of Computing, The Art of High Performance
Computing, volume 1. 3rd edition 2022, https://theartofhpc.com

4. T.M.Aamodt, W.W.L. Fung, T.G. Rogers: General-Purpose Graphics Processor Architectures (Synthesis
Lectures on Computer Architecture), Morgan & Claypool Publishers, 2018.

5. T.Sterling, M. Brodowicz, M. Anderson: High Performance Computing: Modern Systems and Practices,

Morgan Kaufmann, 2017.

6. D.A. Patterson, J.L. Hennessy: Computer Organization and Design RISC-V Edition: The Hardware
Software Interface,2nd ed., Morgan Kaufmann, 2020.

Cilji in kompetence:

Cilj predmeta je Studentom 2. stopnje predstaviti
arhitekture sodobnih vzporednih visoko zmogljivih
racunalniskih sistemov.

Kompetence: Razvoj vescin kriticnega, analiticnega
in sinteticnega misljenja.

ZmozZnost definiranja, razumevanja in reSevanja
ustvarjalnih profesionalnih izzivouv v racunalnistvu in
informatiki.

ZmozZnost profesionalne komunikacije v materinem
in v tujem jeziku.

ZmozZnost uporabe pridobljenega znanja pri
samostojnem delu pri reSevanju tehnicnih in
znanstvenih problemouv v raunalnistuu in
informatiki; zmoZnost nadgradnje pridobljenega
znanja.

Osnoune vescine v racunalnistuvu in informatiki.
Prakti¢no znanje in vescine, potrebne za uspesno
profesionalno delo v racunalnistvu in informatiki.
ZmoZnost samostojne izvedbe inZenirskih in
organizacijskih nalog v dolocenih ozkih podrocjih in
samostojnega resSevanja specifichih dobro
definiranih nalog v racunalnistvu in informatiki.

Objectives and competences:

The course aims to present to graduate students
modern parallel high performance computer
systems.

Competences: Developing skills in critical, analytical
and synthetic thinking.

The ability to define, understand and solve creative
professional challenges in computer and information
science.

The ability of professional communication in the
native and in a foreign language.

The ability to apply acquired knowledge in
independent work for solving technical and scientific
problems in computer and information science; the
ability to upgrade acquired knowledge.

Basic skills in computer and information science.
Practical knowledge and skills necessary for
successful professional work in computer and
information science.

The ability to independently perform engineering
and organisational tasks in certain narrow areas and
independently solve specific well-defined tasks in
computer and information science.



Predvideni Studijski rezultati:

Znanje in razumevanje:

Poznavanje arhitektur sodobnih visoko zmogljivih
racunalniskih siistemov.

Razumevanje implikacij razlicnih vrst vzporednosti
racunanja (procesorjev, povezovalnih omreZij in
pospeSevalnikov). Arhitekturni vidiki razvoja
vzporednih (paralelnih) racunalnikov.

Uporaba:

Programiranje visoko zmogljivih racunalniskih
sistemov na razli¢nih podrocjih znanosti in
inZenirstva. Analiza in resevanje problemov na
nivoju arhitekture.

Refleksija:

Razumevanje primernosti teoreticnih metod za
reSevanje prakticnih problemouv ter njihovih
omejitev. Razumevanje trendov vzporednih
arhitektur. Sposobnost analize in resevanja
kompleksnih prakticnih problemov s podrocja
sodobnih racunskih arhitektur.

Prenosljive spretnosti:

Kombiniranje znanj, pridobljenih pri predmetih s
podrocja arhitekture in organizacije, programiranja,
vzporednih in porazdeljenih sistemov. Spretnosti
iskanja in uporabe literature, uporaba programske
opreme za vzporedne racunalnike, identifikacija in
reSevanje kompleksnih problemov.

Metode poucevanja in ucenja:
Predavanja, racunske vaje, laboratorijske vaje,
domace naloge.

Intended learning outcomes:

Knowledge and understanding:

Knowledge of the principles of advanced state-of-
the-art computer architectures.

Understanding of implications of different ways of
using hardware parallelism (processors,
interconnection networks and accelerators).
Architectural design issues in parallel computers.
Application:

Programming high performance computer systems
on various fields of science and engineering.
Analyzing and solving architectural design problems.
Reflection:

Understanding theoretical methods for solving
practical problems, and their limitations.
Understanding trends in parallel computer
architectures. How can high performance systems be
used in practice to solve complex problems.
Transferable skills:

Students will be able to combine the knowledge from
other courses that cover computer architecture and
organization, programming, parallel and distributed
systems. The course will require students to acquire
skills in literature search, search and application of
existing parallel software, and engineering skills for
solving real-life complex problems.

Learning and teaching methods:
Lectures, calculation exercises, laboratory exercises,
homeworks.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Sprotno preverjanje: laboratorijske vaje, 50,00 % Midterm work: laboratory exercises,
domace naloge. homeworks.

Koncno preverjanje: pisni in teoreticni izpit. 50,00 % Final exam: written and theoretical exam.

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

1. Branko Ster: Selective recurrent neural network. Neural processing letters, 38(1): 1-15, 2013.
2. Dominik Olszewski, Branko Ster: Asymmetric clustering using the alpha-beta divergence. Pattern

Recognition, 47(5): 2031-2041, 2013.

3. Rok Gaber, Tina Lebar, Andreja Majerle, Branko Ster, Andrej Dobnikar, Mojca Bencina, Roman Jerala:
Designable DNA-binding domains enable construction of logic circuits in mammalian cells. Nature

Chemical Biology, 10(3): 203-208, 2014.

4. Jernej Zupanc, Damjana Drobne, Branko Ster: Markou random field model for segmenting large
populations of lipid vesicles from micrographs. Journal of liposome research, 21(4): 315-323, 2071.

5. Tom Vodopivec, Spyridon Samothrakis, Branko Ster: On Monte Carlo tree search and reinforcement
learning. The journal of artificial intelligence research. Sep. 2017, vol. 60, str. 881-936.






RACUNALNISTVO V MEGLI ZA PAMETNE STORITVE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Racunalnistvo v megli za pametne storitve
Fog Computing for Smart Services
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0643899
Koda ucne enote na ¢lanici/UL Member course code: 63546H

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Vlado Stankouvski

Vrsta predmeta/Course type: strokouno izbirni predmet/specialist elective course

Jeziki/Languages: Predavanja/Lectures: Anglescina

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:
Postopki razvoja programske opreme (63254)

Vsebina:

Racunalnistvo v megli lahko opredelimo kot krouni
koncept, ki zajema pet razlicnih tehnologij: internet
stvari, umetno inteligenco, racunalnistvo v oblaku,
veriZenje blokov ter digitalni dvojcki. Adaptacija,
integracija in samo-adaptacija teh tehnologij
omogoca razvoj Stevilnih novih zmogljivih pametnih
storitev in aplikacij. Za zagotavljanje zanesljivih in
zaupanja vrednih aplikacij racunalnistva v megli se
je potrebno osredotociti na izboljSave celotnega
postopka razvoja programske opreme v smislu
prilagodljivosti, proZnosti, programskih modelov,
nacrtovanja aplikacij, kakovosti izvedbe, operativnih
stroskouv in podobno.

Tematski sklopi:

1. Osnouni koncepti racunalnistva v megli

a. Opredelitev koncepta racunalnistva v megli

Anglescina

Prerequisites:

Software Development Processes (63254)

Content (Syllabus outline):

Fog computing is an umbrella concept that
encompasses five different technologies and their
adaptation: the Internet of Things, Artificial
Intelligence, Cloud Computing, Blockchain, and
Digital Twins. The adaptation, integration and self-
adaptation of these technologies allows for the
development of many new powerful smart services
and applications. To ensure reliable and trustworthy
fog computing applications, it is necessary to focus
on improving the entire software development
process in terms of adaptability, flexibility, software
models, application design, implementation quality,
operational costs, and similar.

Topics:

1. Basic concepts of fog computing

a. Definition of the concept of fog computing



b. Razumevanije petih kljucnih tehnologij: internet
stvari, umetna inteligenca, racunalniski kontinuum
od oblaka do roba, tehnologije veriZzenja blokou ter
digitalni dvojcki

¢. Pomen, metode in tehnike integracije tehnologij
2. Samo-prilagodljiva programska oprema

a. Avtomatizacija opravil

b. Prilagoditev na podlagi arhitekture

¢. Modeli za prilagajanje v Casu izvajanja

d. Cilino usmerjeno prilagajanje

e. Garancije v primeru negotouvosti

f. Prilagajanje na podlagi nadzora

3. Vpliv DevOps

a. Vpliv prakse DevOps na razvoj aplikacij v okviru
racunalnistva v megli

b. Uporaba tehnologij usebnikouv za olajsanje procesa
razvoja in distribucije

¢. MozZnosti uporabe metod umetne inteligence v
aplikacijah racunalnistva v megli

4. Razvoj pametnih aplikacij v praksi

a. Razumevanje kompleksnosti razvoja pametnih
aplikacij v okviru racunalnistva v megli

b. Prikaz celotnega procesa razvoja ene osnovne
pametne aplikacije

c¢. Poudarek na prilagajanju obstojecih modelov
razlicnih pametnih storitev in aplikacij glede na
specificne zahteve

5. Koncept zaupanja in razvoj zaupanja vredne
aplikacije

a. Pomembnost zaupanja v racunalnistvo v megli
b. Strategije za zagotavljanje zaupanja vrednih
aplikacij

c¢. Obravnava eticnih vprasanj in regulativnih zahtev
d. Analiza varnostnih vidikou in zasCite podatkouv
6. Primeri uporabe in potenciali:

a. Pregled primerouv uporabe v slovenskem programu
pametne specializacije

b. Analiza zahtev za vkljucevanje tehnologij
racunalnistva v megli v obstojece modele storitev
¢. Raziskovanje potencialnih aplikacij na podrocju
internet stvari, umetne inteligence, racunalnistva v
oblaku in veriZenja blokov

d. Kanvas poslovnega modela

Vsak tematski sklop bo podrobneje raziskan in
predstavljen, da Studentje pridobijo celovit vpogled v
koncept, prakse in aplikacije racunalnistva v megli
ter njegove moznosti za prihodnost.

Temeljna literatura in viri/Readings:

b. Understanding five key technologies: Internet of
Things, Artificial Intelligence, the Cloud-to-Edge
Computing Continuum, Blockchain and Digital
Twins

c. Importance, methods and techniques for
technology integration

2. Software self-adaptation

a. Automating tasks

b. Architecture based adaptation

¢. Runtime models

d. Goal-driven adaptation

e. Guarantees under uncertainties

f. Control-based adaptation

3. DevOps impact

a. The impact of DevOps practices on application
development in the context of fog computing

b. Using container technologies to facilitate the
development and distribution process

c. The potential of using artificial intelligence
methods in fog computing applications

4. Development of smart applications in practice
a. Understanding the complexity of developing
smart applications in the context of fog computing
b. Showing the whole development process of a basic
smart application

¢. Emphasis on adapting existing models of various
smart services and applications according to specific
requirements

5. The concept of trust and the development of a
trustworthy application

a. Importance of trust in fog computing

b. Strategies for assuring trust in applications

c¢. Addressing ethical issues and regulatory
requirements

d. Analysis of security aspects and data protection
6. Use cases and potentials:

a. Exploring potential applications in loT, Al, cloud
computing and blockchain

b. Overview of use cases in the Slovenian smart
specialization program

c. Analysis of requirements for integrating fog
computing technologies into existing service models
d. Business Model Canvas

Each topic will be explored and presented in more
detail so that students gain a comprehensive insight
into the concept, practices and applications of fog
computing and its future possibilities.

1. Naresh Kumar Sehgal, Pramod Chandra P. Bhatt, Cloud Computing: Concepts and Practices, DOI:
https://doi.org/10.1007/978-3-319-77839-6, Springer International Publishing AG, ISBN: 978-3- 319-77839-6,

XXIX, 269

2. Tatiana Gayvoronskaya, Christoph Meinel, Blockchain: Hype or Innovation, DOI:
https://doi.org/10.1007/978-3-030-61559-8, Springer Nature Switzerland AG, ISBN: 978-3-030- 61558-1, VIII,

126



3. Christoph Herwig, Ralf Pértner, Johannes Méller, Digital Twins: Applications to the Design and
Optimization of Bioprocesses, DOI: https://doi.org/10.1007/978-3-030-71656-1, Springer Nature Switzerland

AG, ISBN: 978-3-030-71655-4, VI, 254

4. Joakim Verona, DevOps: Harness the power of DevOps to boost your skill set and make your IT
organization perform better, Packt Publishing Ltd, ISBN: 978-1788392570, 240

Cilji in kompetence:

Studentje bodo pridobil znanja celotnega procesa
razvoja pametnih aplikacij na preseku zgoraj
omenjenih tehnologij. Ob zakljucku tega predmeta
se bo izboljSalo razumevanje primerov uporabe,
funkcionalnih in nefunkcionalnih zahtev, sodobnih
pristopou k reSevanju razlicnih vprasanj zanesljivosti,
kakovosti storitve in skrbniStvu, glavnih tehnologij,
ki se obic¢ajno uporabljajo za obravnavo celotnega
spektra zahtev, vkljucno z orkestracijo, in celoten
proces integracije samo-prilagodljivih aplikacij.

Predvideni Studijski rezultati:

Poznavanje celotnega procesa razvoja programske
opreme za razvoj kompleksnih decentraliziranih
aplikacij oz. aplikacij racunalnistva v megli, ki
vkljucujejo uporabo metod umetne inteligence.

Metode poucevanja in ucenja:

Predavanja; laboratorijske vaje, kjer Studenti
spremljajo postopek razvoja vecstopenjske pametne
aplikacije; seminarsko delo (projekt), kjer Studenti
razvijajo in integrirajo pametno aplikacijo z
upostevanjem pojava in prakse DevOps;
posvetovanja; Studij literature.

Objectives and competences:

The student will gain software engineering
competencies at the cross-section of the above
mentioned technology types. Passing this course will
result in an improved understanding of the use cases,
the functional and non-functional requirements, the
current approaches to addressing various
dependability, Quality of Service, and trust-related
concerns, the major technologies that are commonly
used in order to address the whole spectrum of
requirements, including orchestration, and the
overall integration proces of self-adaptive
applications.

Intended learning outcomes:

Knowledge of the overall software engineering
process for the development of complex,
decentralised, Artificial Intelligence-based fog
computing applications.

Learning and teaching methods:

Lectures; laboratory work, where the students follow
the process of developing a multi-tier smart
application; seminar work (project), where the
students develop an integrated smart application by
following the DevOps practice; consultations; study
of literature.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project): projects)

Sprotno preverjanje (domace naloge, kvizi 50,00 % Continuing work (homeworks, quizzes, and
in drugi izdelki) other projects)

Konéno preverjanje (pisni izpit) 25,00 % Final (written exam)

Konéno preverjanje (ustni izpit) 25,00 % Final (oral exam)

Ocenjevalna lestvica:
5-10, pri cemer velja, da je pozitivna ocena od 6 - 10

Reference nosilca/Lecturer's references:

Grading system:
5-10, a student passes the exam if he is graded from
6to10

GEC, Sandi, KOCHOVSKI, Petar, LAVBIC, Dejan, STANKOVSKI, Vlado. Multi-party smart contract for an Al
services ecosystem : an application to smart construction. Concurrency and computation: practice and
experience. [Print ed.]. Aug. 2023, vol. 35, iss. 18, [article no.] e6895, str. 1-19, ilustr. ISSN 1532-0626.
https://onlinelibrary.wiley.com/doi/10.1002/cpe.6895, DOI: 10.1002/cpe.6895. [COBISS.SI-ID 100471555]



SHKEMBI, Klevis, KOCHOVSKI, Petar, PAPAIOANNOU, Thanasis G., BARELLE, Caroline, STANKOVSKI, Vlado.
Semantic Web and blockchain technologies: convergence, challenges and research trends. Journal of web
semantics. Dec. 2023, vol. 79, article no. 100809, str. 1-17, ilustr. ISSN 1570-8268.
https://www.sciencedirect.com/science/article/abs/pii/S1570826823000380, DOI:

10.1016 /j.websem.2023.100809. [COBISS.SI-1D 172331523]

KOCHOVSKI, Petar, STANKOVSKI, Viado. Building applications for smart and safe construction with the
DECENTER Fog Computing and Brokerage Platform. Automation in construction. [Print ed.]. Apr. 2021, vol.
124, str. 1-9, ilustr. ISSN 0926-5805.
https://www.sciencedirect.com/science/article/abs/pii/S09265805210001332via%3Dihub,
https://repozitorij.uni-lj.si/lzpisGradiva.php?id=127113, DOI: 10.1016 /j.autcon.2021.10356 2. [COBISS.SIID
48826627]

KOCHOVSKI, Petar, STANKOVSKI, Vlado, GEC, Sandi, FATICANTI, Francescomaria, SAVI, Marco, SIRACUSA,
Domenico, KUM, Seungwoo. Smart contracts for service-level agreements in edge-to-cloud computing.
Journal of grid computing. Dec. 2020, vol. 18, no. 4, str. 673-690, ilustr. ISSN 1570-7873.
https://link.springer.com/article/10.1007/510723-020-09534-y, DOI: 10.1007/510723-020-09534-y.
[COBISS.SI-ID 32701443]

TAHERIZADEH, Salman, STANKOVSKI, Vlado. Dynamic multi-level auto-scaling rules for containerized
applications. The computer journal. [Online ed.]. febr. 2019, letn. 62, st. 2, str. 174-197, ilustr. ISSN 1460- 2067.
https://academic.oup.com/comjnl/advance-article/doi/10.1093/comjnl/bxy043 /4993728,
https://academic.oup.com/comjnl/search-results?f_TocHeadingTitle=Section B: Computer and
Communications Networks and Systems, DOI: 10.1093 /comjnl/bxy043. [COBISS.SI-ID 8415073]

STEFANIC, Polona, CIGALE, Matej, JONES, Andrew C., KNIGHT, Louise, TAYLOR, lan, ISTRATE, Cristiana,
SUCIU, George, ULISSES, Alexandre, STANKOVSKI, Vlado, TAHERIZADEH, Salman, SALADO, Guadalupe
Flores, KOULOUZIS, Spiros, MARTIN, Paul, ZHAO, Zhiming. SWITCH workbench - a novel approach for the
development and deployment of time-critical microservice-based cloud-native applications. Future
generation computer systems. [Print ed.]. 2019, letn. 99, $t. okt., str. 197-212, ilustr. ISSN 0167-739X.



RAZISKOVALNI SEMINAR

UCNINACRT PREDMETA/COURSE SYLLABUS

Raziskovalni seminar
Research seminar
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0070593
Koda ucne enote na ¢lanici/UL Member course code: 63544

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
15 45 300 12

Nosilec predmeta/Lecturer: Slavko Zitnik

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:
Cilj predmeta je Studente uvesti v raziskovalno delo.

Na predavanjih bodo predstavljene osnovne vescine,

ki jih bodo potrebouvali pri svojem raziskovalnem
delu, kot so nacrtovanje in priprava raziskovalne
naloge, principi pisnega sporocanja v znanosti in
citiranje ter principi ustnega sporocanja. Pridobljeno
znanje bodo uporabili v praksi pri izdelavi projektne
raziskovalne naloge, ki jo bodo opravljali pod
nadzorstvom mentorja. Poudarek bo na
individualnem delu in na seminarski obliki dela.
Studentje bodo izbrali raziskovalni problem, ga
analizirali, zasnovali in implementirali resitev ter jo
pisno dokumentirali in predstavili po pravilih
znanstvenega sporocanja.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

izbirni predmet/elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The goal of the course is to introduce students to the
research work. During the lectures the basic skills
necessary for efficient research work will be
presented, such as planning research tasks and the
principles of the written and the oral
communication. The acquired knowledge will be
utilized in practice during the project work the
students will have to complete under the guidance of
a supervisor. The main emphasis will be on the
individual work and seminars. The students will
chose a research problem, they will analyze it, design
and implement a solution, and write a report as well
as present their work following the rules of scientific
communication.

Justin Zobel, Writing for Computer Science, second edition, Springer, 2004
B. Ballenger, The Curious Researcher, A Guide to writing research papers. Longman, 4th edition, 2003.



Bourne PE, Ten simple rules for getting published, PLoS Computational Biology 1(5): €57, 2005
Bourne PE, Ten simple rules for making good oral presentations, PLoS Computational Biology 3(4): e77, 2007
Erren TC, Bourne PE, Ten simple rules for a good poster presentation, PLoS Computational Biology 3(5): €102,

2007

Cilji in kompetence:

Cilj predmeta je seznaniti se z osnovnimi principi
znanstveno raziskovalnega dela in sporoc¢anja ter na
tej osnovi pristopiti k reSevanju projektne naloge:
spoznati Sirse podrocje in relevantno literaturo s
podrocja teme projektne naloge, razumeti
zastavljene probleme, zasnovati in implementirati
ustrezno resitev ter to resitev ustrezno dokumentirati
in predstaviti.

Splosne kompetence:

Sposobnost kritichega razmisljanja

Razvijanje sposobnosti kriticnega, analiticnega in
sinteticnega razmisljanja

Sposobnost prenosa znanja in sposobnost pisanja v
domacem in tujem jeziku

Sposobnost iskanja virov znanja in kriticnega
ocenjevanja informacij

Poznavanje raziskovalnih metod na podrocju
racunalnistva in informatike

Razvijanje strokovne odgovornosti in etike

Predmetno specificne kompetence:

Samostojno reSevanje zahtevnih razvojnih,
inZenirskih in organizacijskih nalog pa tudi zmerno
zahteunih raziskovalnih nalog na svojem podrocju
Kompetence na podrocju racunalnistva in
informatike, ki omogocajo dostop do nadaljnega
Studija na 3. stopnji

Predvideni Studijski rezultati:

Studenti spoznavajo samostojno znanstveno-
raziskovalno delo, znajo analizirati problem, poiskati
ustrezno resiteu ter jo ustrezno predstaviti.
Analizirajo in reSujejo kompleksne probleme,
razvijajo kompleksne sistemov, in se naucijo
predstaviti reSitve tako v obliki pisnega izdelka kot
tudi ustno.

Metode poucevanja in ucenja:
Delo v skupini na seminarjih in samostojno delo pod
vodstvom mentorja.

Nacini ocenjevanja:

DeleZz/Weight

Objectives and competences:

The main goal of the course is to acquaint students
with the basic principles of the research work and
communication and based on this to address and
complete a research project; the students should be
able to study the related work, to understand the
problem, to design and implement a suitable solution
and to document and present this solution.

General Competences:

Ability of critical thinking

Developing skills in critical, analytical and synthetic
thinking.

The ability of knowledge transfer and writing skills in
the native language as well as a foreign language.
The ability to search knowledge sources and to
search for resources and critically evaluate
information.

Proficiency in research methods in the field of
computer science

Development of professional responsibility and
ethics

Subject specific competences:

Independently tackle demanding developmental,
engineering, and organizational tasks as well as
moderately demanding research tasks in their fields
of study.

Competences in computer and information science
granting access to further study at 3rd cycle doctoral
programmes

Intended learning outcomes:

research work, they know how to analyse the
problem, how to search for an adequate solution and
how to present the solution.

They analyse and solve of complex problems, design
and develop complex systems, learn to present
problems and their solutions in the form of a written
and oral presentation.

Learning and teaching methods:
Seminar work in groups and individual work under
the supervisor's guidance.

Assessment:



Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,

naloge, projekt): project):

Sprotno preverjanje (Vmesna pisna in ustna 30,00 % Continuing (intermediate written and oral
porocila in predstavitve) reports)

Konéno preverjanje (ocena zakljucnega 70,00 % Final (written final report and the
porocila o raziskovalni nalogi in zagovora) presentation)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

KLEMEN, Matej, ZITNIK, Slavko. Neural coreference resolution for Slovene language. Computer science and
information systems. [Print ed.]. 2022, vol. 19, iss. 2, str. 495-521, ilustr. ISSN 1820-0214.
http://www.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMIPY, DOI:
10.2298/CS1S201120060K. [COBISS.SI-ID 87851011], [JCR, SNIP, WoS, Scopus do 26. 1. 2023: st. citatov (TC): 1,
Cistih citatov (Cl): 1, Cistih citatov na avtorja (ClAu): 0,50]

KNEZ, Timotej, GASPERLIN, Domen, BAJEC, Marko, ZITNIK, Slavko. Blockchain-based transaction manager
for ontology databases. Informatica. [Print ed.]. 2022, vol. 33, no. 2, str. 343-364, ilustr. ISSN 0868-4952.
https://informatica.vu.lt/journal/INFORMATICA/article/1264/info, DOI: 10.15388 /22-INFOR490.
[COBISS.SI-ID 112947203], [ICR, SNIP, WoS, Scopus]

ZITNIK, Slavko, BLAGUS, Neli, BAJEC, Marko. Target-level sentiment analysis for news articles. Knowledge-
based systems. [Print ed.]. Aug. 2022, vol. 249, str. 1-14, ilustr. ISSN 0950-7051.
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub, DOI:

10.1016 /j.knosys.2022.108939. [COBISS.SI-ID 106573827], [ICR, SNIP, WoS do 8. 2. 2023: st. citatov (TC): 2,
Cistih citatouv (Cl): 2, Cistih citatov na avtorja (ClAu): 0,67, Scopus do 30. 1. 2023: st. citatouv (TC): 4, Cistih
citatov (Cl): 4, Cistih citatov na avtorja (ClAu): 1,33]

SMITH, Glenn Gordon, HAWORTH, Robert, ZITNIK, Slavko. Computer science meets education : Natural
Language Processing for automatic grading of open-ended questions in eBooks. Journal of educational
computing research. [Print ed.]. Dec. 2020, vol. 58, no. 7, str. 1227-1255, ilustr. ISSN 0735-6331.
https://journals.sagepub.com/doi/10.1177/0735633120927486, DOI: 10.1177/0735633120927486. [COBISS.SI-
ID 17989635], [JCR, SNIP, WoS do 26. 10. 2022: st. citatouv (TC): 9, Cistih citatov (Cl): 9, Cistih citatov na avtorja
(ClAu): 3,00, Scopus do 1. 2. 2023: $t. citatov (TC): 11, Cistih citatov (Cl): 11, Cistih citatov na avtorja (ClAu):
3,67]

KNEZ, Timotej, BAJEC, Marko, ZITNIK, Slavko. ANGLEr : a next-generation natural language exploratory
framework. V: GUIZZARDI, Renata (ur.), RALYTE, Jolita (ur.), FRANCH, Xavier (ur.). Research challenges in
information science : 16th International Conference, RCIS 2022, Barcelona, Spain, May 17-20, 2022 :
proceedings. Cham: Springer, cop. 2022. Str. 761-768, ilustr. Lecture notes in business information processing
(Internet), 446. ISBN 978-3-031-05760-1. ISSN 1865-1356. https://link.springer.com/chapter/10.1007/978-3-
031-05760-1 53, DOI: 10.1007/978-3-031-05760-1 _53. [COBISS.SI-ID 108466 947], [SNIP, WoS, Scopus]



http://www.doiserbia.nb.rs/Article.aspx?ID=1820-02142100060K#.Ya2cu9DMJPY
https://dx.doi.org/10.2298/CSIS201120060K
https://plus.cobiss.net/cobiss/si/sl/bib/87851011
https://plus.si.cobiss.net/opac7/jcr?c=sc=1820-0214+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=1820-0214+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000859034900002
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85135602509
https://informatica.vu.lt/journal/INFORMATICA/article/1264/info
https://dx.doi.org/10.15388/22-INFOR490
https://plus.cobiss.net/cobiss/si/sl/bib/112947203
https://plus.si.cobiss.net/opac7/jcr?c=sc=0868-4952+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0868-4952+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000823737700006
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85133700788
https://www.sciencedirect.com/science/article/pii/S095070512200452X?via%3Dihub
https://dx.doi.org/10.1016/j.knosys.2022.108939
https://plus.cobiss.net/cobiss/si/sl/bib/106573827
https://plus.si.cobiss.net/opac7/jcr?c=sc=0950-7051+and+PY=2021&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0950-7051+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000799728800001
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85130882635
https://journals.sagepub.com/doi/10.1177/0735633120927486
https://dx.doi.org/10.1177/0735633120927486
https://plus.cobiss.net/cobiss/si/sl/bib/17989635
https://plus.si.cobiss.net/opac7/jcr?c=sc=0735-6331+and+PY=2020&amp;r1=true&amp;lang=sl
https://plus.si.cobiss.net/opac7/snip?c=sc=0735-6331+and+PY=2020&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000539419900001
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85085472155
https://link.springer.com/chapter/10.1007/978-3-031-05760-1_53
https://link.springer.com/chapter/10.1007/978-3-031-05760-1_53
https://dx.doi.org/10.1007/978-3-031-05760-1_53
https://plus.cobiss.net/cobiss/si/sl/bib/108466947
https://plus.si.cobiss.net/opac7/snip?c=sc=1865-1348+and+PY=2021&amp;r1=true&amp;lang=sl
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&amp;SrcAuth=Alerting&amp;SrcApp=Alerting&amp;DestApp=WOS&amp;DestLinkType=FullRecord&amp;KeyUT=000878126500053
http://www.scopus.com/inward/record.url?partnerID=2dRBettD&amp;eid=2-s2.0-85130921823

SKUPINSKO VEDENJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Skupinsko vedenje
Collective behaviour
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0075167
Koda ucne enote na ¢lanici/UL Member course code: 63558

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Iztok Lebar Bajec

Vrsta predmeta/Course type:

strokouni izbirni predmet/specialist elective course

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Strokounjaki s podrocja racunalnistva navdih za
resevanje aktualnih problemouv iscejo v razlicnih
virih. Pousem logicno je, da inspiracijo za
marsikatero resitev najdejo v naravi, saj so zaradi
evolucije organizmi v naravi razvili iziemne metode
za resevanje razlicnih problemouv, s katerimi se
soocajo vsak dan. Posledica tega je, da mnogo zelo
znanih algoritmov za resevanje kompleksnih
problemov posnema obnasanje organizmov v
naravi. Tako na primer eden od algoritmov za
iskanje najkrajse poti posnema obnasanje mravelj,
sistem za hitro vzpostavitev mobilnega brezZicnega
omreZja pa imitira letenje ptic v jati. Cilj predmeta je
Studentom predstaviti uporabo znanj o delovanju
narave in Zivih organizmov pri izgradnji
racunalniskih sistemov ali algoritmou. Poleg
konkretnega znanja bodo Studenti dobili tudi
teoreticno ozadje, s Cimer se bodo laZje prilagajali

Predavanja/Lectures:

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Computer scientists seek inspiration for solving
current problems from various sources. Many times,
they find it in nature, as through evolution living
organisms have discovered simple and elegant
solutions to common problems. A number of known
algorithms uses biomimicry. For example, there is an
algorithm that in order to find the shortest path to a
destination copies the approach of ants, and an
algorithm that in order for a fast wireless network
setup emulates the flocking of birds. The goal of the
course is to present to students the use of the
emulation of nature’s time-tested patterns and
strategies in order to create products, processes,
computer systems and algorithms. Besides the
specific knowledge, the students will gain an insight
into the theoretical background by means of which
they will be able to adapt more easily to the fast
changes in current computer and information



hitrim spremembam v danasnji racunalniski
industriji. Spretnosti, pridobljene pri predmetu, so
prenosljive, saj so predstavljene metode uporabne na
zelo sirokem spektru podrocij. Z naucenimi tehnikami
si bodo Studenti lahko pomagali tudi pri ostalih
predmetih studija oziroma pri morebitni nadaljnji
racunalniski karieri, tako na doktorskem studiju kot v
industriji.

Pregled vsebine predavanj:

Uvodno predavanje (motivacija, mehka logika,
skupinsko obnasanje)

Programsko okolje Cinder++ (programsk vticnik za
C++ namenjen kreativnemu kodiranju, uporablja
OpenGL za vizualizacijo)

1. Mehka logika (mehka mnoZica,
pripadnostne funkcije, FIS, ¢as v mehki
logiki, mehka aritmetika, mehka logika tipa
2, primeri uporabe)

2. Avtonomniagentiin skupinsko obnasanje
(modeliranje usklajenega skupinskega
obnasanja, osnove sistemouv delcev, Boids,
SPP model, animati, sistemi zaznavanj,
nagoni, izbira akcije, verifikacija modelov)

13-15. Umetno Zivljenje in umetni svetovi (ucenje
avtonomnih agentov in skupinskega obnasanja,
framstics, stickyfeet, mehka evolucija in mehki
genetski algoritmi)

Vaje:

Semestrski skupinski projekt modeliranja in
simulacije povezan z vsebino predstavljeno na
predavanijih.

Temeljna literatura in viri/Readings:

science. The acquired competences are transferrable
as most of the covered topics are applicable to a
wide variety of applications.

Lectures overview:

Introductory lecture (motivation, fuzzy logic,
biomimicry, collective behaviour)

Cinder++ (C++ API for creative coding, OpenGL)

3. Fuzzy logic (fuzzy sets, membership
functions, FIS, time and fuzzy logic, fuzzy
arithmetic, fuzzy type 2, use cases)

4. Autonomous agents and collective
behaviour (modelling and simulation of
collective behaviour, particle systems, boids,
SPP model, animats, modelling perception,
drives, action selection, verification)

13-15. Artificial life and artificial worlds (learning
agents, learning collective behaviour, framstics,
stickyfeet, fuzzy evolution and fuzzy genetic
algorithms)

Lab work:
Group project in modelling and simulation related to
the topics covered in the course.

Rijnieks K. Cinder - Begin creative coding. Packt Publishing, 2013.
Medeira R. & Gorny D. Cinder Creative Coding Cookbook. Pakt Publishing, 2013.
Tettamanzi A. & Tomassini M. Soft Computing. Springer, 2001.

Dobnikar A. Mehko racunanje. Zalozba FE in FRI, 2009.

Mendel J.M. Uncertain Rule-Based Fuzzy Logic Systems. Prentice—Hall, 2001.

Shiman D. The Nature of Code. Self-published, 2012.

Flake G.W. The Computational Beauty of Nature. MIT Press, 1998.
Bentley P.J. Digital biology: How nature is transforming our technology and our lives. Simon & Schuster,

2002.

de Castro L.N. & von Zuben F.J. Recent Developments In Biologically Inspired Computing. IGl Global, 2004.
Forbes N. Imitation of Life: How Biology Is Inspiring Computing. The MIT Press, 2005.

Zomya A.Y. Handbook of Nature-Inspired and Innovative Computing. Springer, 2006.

1. Sumpter D.J.T. Collective Animal Behavior. Princeton University Press, 2010.

Beauchamp G. Social predation: How group living benets predators and prey. Academic Press, 2014.
Dodatno literaturo v obliki ¢lankouv in posnetkouv predavanj znanih predavateljev dobijo studenti na spletni

ucilnici.

Cilji in kompetence:

Cilj predmeta je Studentom predstaviti uporabo
znanj o delovanju narave in Zivih organizmov pri
izgradnji racunalniskih sistemouv ali algoritmov oz.

Objectives and competences:

The goal of the course is to present to students the
use of the emulation of nature’s time-tested patterns
and strategies in order to create products, processes,



uporabo racunalniskih metod za modeliranje in

simulacijo delovanja narave in obnasanja Zivih

organizmov.

Studenti bodo razvijali sledece kompetence:

e Sposobnost definiranja, razumevanja in
ustvarjalnega resevanja poklicnih izzivou s
podrocja racunalnistva in informatike.

e Sposobnost strokovne komunikacije tako v
materinem jeziku, kot tudi tujem.

e Sposobnost prenosa znanja v pisni obliki tako v
materinem jeziku, kot tudi tujem.

e Sposobnost timskega dela v strokovnem okolju;
upravljanje majhne skupine strokovnjakou.

e Sposobnost prenosa znanja sodelavcem v
tehnoloskih in raziskovalnih skupinah.

e Prakticna znanja in spretnosti iz racunalniske
strojne opreme, programske opreme in
informacijske tehnologije, potrebne za uspesno
strokovno delo na podrocju racunalnistva in
informatike.

Sposobnost samostojnega opravljanja tako manj

zahtevnih kot tudi kompleksnih inZenirskih in

organizacijskih nalog na nekaterih ozkih podrocjih in
samostojnega reSevanja dolocenih dobro
opredeljenih nalog iz podrocja racunalnistva in
informatike.

Predvideni Studijski rezultati:

Po uspesnem zakljucku predmeta bo Student:
sposoben izkazati znanje in razumevanje osnovnih
principouv mehkih mnoZic, mehkega sklepanja ter
mehkih krmilnih sistemouv,

sposoben izkazati znanje in razumevanje osnovnih
principou skupinskega vedenja Zivali,

sposoben izkazati znanje in razumevanje razlik s
staliS¢a animata (zaznavanje, nagoni, izbira akcije)
med razlicnimi modeli skupinskega vedenja na
osnovi posameznika,

poznal razlicne tipe in pristope k implementaciji
zaznavanja, nagonouv in izbire akcije,

poznal razlicne minimalne modele skupinskega
vedenja, ki izhajajo iz statisticne fizike,

poznal uporabo evolucijskih metod (genetski
algoritmi in umetno Zivljenje) za iskanje odgouvorov
na kako/zakaj skupinsko vedenje nastane iz sebicnih
teZenj,

poznal uporabo znanj pridobljenih z modeli
skupinskega vedenja za namene racunalniske
optimizacije.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje.

computers systems and algorithms as well as the use

of computer and information science approaches for

modelling and simulation of natural phenomena.

The students will be developing the following

competences:

e The ability to define, understand and solve
creative professional challenges in computer and
information science.

e The ability of professional communication in the
native language as well as a foreign language.

e The ability of knowledge transfer and writing
skills in the native language as well as a foreign
language.

e The ability of teamwork within the professional
environment; management of a small
professional team.

e The ability to transmit knowledge to co-workers
in technology and research groups.

e Practical knowledge and skills of computer
hardware, software and information technology
necessary for successful professional work in
computer and information science.

The ability to independently perform both less

demanding and complex engineering and

organisational tasks in certain narrow areas and
independently solve specific well-defined tasks in
computer and information science.

Intended learning outcomes:

After the completion of the course a student will be
able to:

understand the basic principles of fuzzy set theory,
fuzzy logic and fuzzy control systems,

understand the basic principles governing collective
animal behaviour,

understand the differences between various
individual based models of collective animal
behaviour and the animat (perception, drives, action
selection) perspective,

know of different types and implementations of
perception models, drives and action selection,
know of different minimal models of collective
animal behaviour that originate from statistical
phuysics,

know of the application of evolutionary models
(genetic algorithms, artificial life) for answering the
elusive questions why and how collective animal
behaviour emerges from selfish behaviour,

know of the application of knowledge gained from
collective animal behaviour models for the purpose
of computer optimisation.

Learning and teaching methods:
Lectures, lab work.



Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (projekt, kviz): Type (project, quiz):

Sprotno preverjanje (projektno delo) 50,00 % Continuing (project work)

Koncno preverjanje (40% projektno delo, 50,00 % Final (40% project work, 10% quiz)

10% kviz)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. DEMSAR, Jure, LEBAR BAJEC, Iztok. Evolution of collective behaviour in an artificial world using
linguistic fuzzy rule-based systems. PloS one, 2017, vol. 12, no. 1, str. 1-20, doi:
10.1371/journal.pone.0168876.

2. DEMSAR, Jure, STRUMBELJ, Erik, LEBAR BAJEC, Iztok. A balanced mixture of antagonistic pressures
promotes the evolution of parallel movement. Scientific reports, 2016, vol. 6, str. 1-11, doi:

10.1038 /srep39428.

3. DEMSAR, Jure, HEMELRIJK, Charlotte Korinna, HILDENBRANDT, Hanno, LEBAR BAJEC, Iztok.
Simulating predator attacks on schools : evolving composite tactics. Ecological modelling, 2015, vol. 304,
str. 22-33, doi: 10.1016 /j.ecolmodel.2015.02.018.

4. DEMSAR, Jure, LEBAR BAJEC, Iztok. Simulated predator attacks on flocks : a comparison of tactics.
Artificial life, 2014, vol. 20, no. 3, str. 343-359, doi: 10.1162/ARTL _a 00135.

5. LEBAR BAJEC, Iztok, HEPPNER, Frank H. Organized flight in birds. Animal behaviour, 2009, vol. 78, no. 4,
str. 777-789, doi: 10.1016 /j.anbehav.2009.07.007.

Celotna bibliografija je dostopna na SICRISu:

http://splet02.izum.si/cobiss/BibPersonal.jsp?init=t&code=21404



http://dx.doi.org/10.1371/journal.pone.0168876
http://dx.doi.org/10.1038/srep39428
http://dx.doi.org/10.1016/j.ecolmodel.2015.02.018
http://dx.doi.org/10.1162/ARTL_a_00135
http://dx.doi.org/10.1016/j.anbehav.2009.07.007
http://splet02.izum.si/cobiss/BibPersonal.jsp?init=t&amp;code=21404

SODOBNE METODE RAZVOJA PROGRAMSKE OPREME

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Sodobne metode razvoja programske opreme
Advanced Software Development Methods
UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnija, Ni Clenitve (Studijski 1. letnik 2.semester | obvezni
magistrski program)
Pedagosko racunalnistvo in Ni ¢lenitve (Studijski 2.semester | izbirni
informatika, druga stopnja, magistrski = program)
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 2. semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0082861
Koda ucne enote na ¢lanici/UL Member course code: 63515

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predavanja:

Vsebina predmeta se prilagaja trenutno aktualnim

trendom na podrodju razvoja programske opreme in

programskega inZenirstva. Poudarek je na obravnavi

agilnih metod in izbranih naprednih tematikah s

podrocja programskega inZenirstva:

1. Pregled podrocja programskega inZenirstva in

sodobnih metod razvoja programske opreme

2. Vodenje agilnih in iterativnih projektouv razvoja

programske opreme

e iterativni in inkrementalni razvoj (Unified
process)

Damjan Vavpoti¢

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Lectures:

The contents adapts to current trends in software

development and software engineering. The focus is

on agile methods for software development and

selected advanced topics in software engineering:

1. Overview of software engineering and

contemporary methods for software development

2. Agile and iterative software project management

e [terative and incremental development (Unified
process)

e Project risk management

e Agile development (Scrum, XP, Kanban, Lean)



e obvladovanje tveganj na projektih

e agilni pristopi (Scrum, XP, Kanban, Vitek razvoj)
e primerjava agilnih in tradicionalnih pristopouv

3. Izbrane prakse agilnih pristopou (Programiranje v
parih, Testno voden razvoj programske opreme,
Sprotno preoblikovanje kode (refactoring))

4. Napredno inZenirstvo zahteuv:

e proces inZenirstva zahtev

e upravljanje zahtev in sprememb zahtev

e napredne tehnike zajema zahtev

5. Arhitekturno nacrtovanje (arhitekturne odlocitve,
arhitekturni pogledi,arhitekturni vzorci)

6. Nacrtovanje zanesljivih sistemou (zanesljivost,
varnost, odpornost)

7. Testiranje

e testiranje v razvoju

testiranje izdaj

uporabnisko testiranje

e posebnosti testiranja pri agilnem razvoju

8. Upravljanje konfiguracij (upravljanje verzij,
izgradnja sistema, upravljanje sprememb,
upravljanje izdaj)

9. Agilni razvoj in DevOps (zvezna dostava, zvezna
postavitev, postavitveni cevovod)

10. Merila v programskem inZenirstuvu:

e merila kakovosti programske opreme

e merila kakovosti razvojnega procesa

11. Uporaba sodobnih pristopouv razvoja programske
opreme v razvojnih skupinah (vpeljevanje,
sprejemanje, prilagajanje, spremljanje in
vrednotenje)

Vaje:

Namen vaj je dvojen:

1. seznanjanje s sodobnimi pristopi in orodji za razvoj
programske opreme;

2. Studija primera: empiri¢no ovrednotenje
posameznih pristopouv k razvoju programske opreme
na podlagi prakti¢nega dela na projektih, ki so ¢im
bolj podobni realnim.

Delo izven kontaktnih ur:

Studenti v okviru Studije primera razvijajo programe
skladno s pravili izbranega razvojnega procesa ter
razvojni proces ovrednotijo.

Temeljna literatura in viri/Readings:

e Comparison of agile approache to traditional
software development process

3. Selected agile practices (Pair programming, Test

driven development (TDD), Refactoring)

4. Advanced requirements engineering

e Regirements engineering process

e Management of requirements and requirements
change

e Advanced requirements elicitation techniques)

5. Architectural design (Architectural design

decisions, Architectural views, Architectural

patterns)

6. Designing dependable systems (reliability, safety,

security, resilience)

7. Testing

e Development testing

Release testing

User testing

Specifics of testing in agile development

8. Configuration management (version

management, system building, change

management, release management)

9. Agile development and DevOps (continous

delivery, continous deployment, deployment

pipeline)

10. Metrics in Software Engineering

e Metrics of software quality

e Metrics of software development process quality

11. Use of software development processes in

development teams (implementation, adoption,

tailoring, monitoring and evaluation)

Lab practice:

The purpose of lab practice is twofold:

1. to acquaint students with modern approaches and

tools for software development;

2. Case study: to empirically evaluate different

approaches to software development through

practical work on (almost) real software projects.

Individual work outside of contact hours:

In the context of the case study students develop

programs that are part of the project following the

selected development process and evaluate the

process.

1. 1. Sommerville: Software Engineering, Addison-Wesley, 10. izdaja, 2016.
2. R. Stephens: Beginning Software Engineering, Wrox, 2015.
3. D. Anderson, Kanban - Successful Evolutionary Change for Your Technology Business, Sequim, WA: Blue

Hole Press, 2010.
Dodatna literatura:

1. M. Cohn: User stories applied, Addison-Wesley, 2011, cop. 2004.
2. K. Beck, A. Cynthia: Extreme Programming Explained, Addison-Wesley, cop. 2005.
3. K. Schwaber: Agile Project Management with Scrum, Microsoft Press, 2004.

Cilji in kompetence:

Objectives and competences:



Cilj predmeta je poglobljena obravnava naprednih
tematik s podrocja programskega inZenirstva s
poudarkom na sodobnih metodah razvoja
programske opreme v primerjavi z Ze uveljavljenimi
pristopi. Studenti delajo na obseznejsem projektu, ki
sluzi kot Studija primera za ovrednotenje novih
pristopou, da bi ugotovili njihove prednosti in
pomanjkljivosti.

Predvidene kompetence:

e sposobnost opredelitve, razumevanja in
reSevanja kreativnih strokouvnih izzivov na
podrocju racunalnistva in informatike;

e sposobnost uporabe pridobljenega znanja pri
samostojnem delu za reSevanje tehnicnih in
znanstvenih problemov na podrocju
racunalnistva in informatike; sposobnost
nadgradnje pridobljenega znanja,

e sposobnost skupinskega dela v profesionalnem
delovnem okolju; vodenje manjse strokovne
skupine;

e sposobnost administrativnega vodenja
procesouv, povezanih z raziskovanjem, industrijo,
izobrazevanjem in drugimi podrocji;

e sposobnost razumevanja in uporabe znanja
racunalnistva in informatike na drugih tehnicnih
in relevantnih podrocjih (ekonomija,
organizacijske vede ipd.);

e prakticno znanje in spretnosti, potrebne za
uspesno strokovno delo na podrocju
racunalnistva in informatike;

e samostojno reSevanje zahtevnih razvojnih,
inZenirskih in organizacijskih nalog kot tudi
povprecno zahteuvnih raziskovalnih nalog na
podrocju racunalnistva in informatike.

Predvideni studijski rezultati:
Po uspesnem zakljucku tega predmeta bo Student
zmoZen:
poznatiin razumeti sodobne pristope k razvoju
programske opreme
razumeti kljucne prednosti sodobnih metod
razvoja programske opreme (v primerjavi z Ze
uveljavljenim tradicionalnim pristopom)
uporabljati orodja, ki podpirajo sodobne
metode razvoja programske opreme
uporabiti sodobne metode razvoja programske
opreme pri razvoju dejanskih softverskih projektov
empiri¢no ovrednotiti rezultate novih metod
bolje razumeti razlicne faktorje in okolisCine, ki
vplivajo na uspesnost softverskih projektov
e izboljSati sposobnostiza skupinsko delo,
vodenje, nacrtovanje in organizacijo,
medsebojno komuniciranje, pisno in ustno
porocanje.

In depth study of advanced topics in program
engineering with emphasis on modern software
development methods in comparison to traditional
approach. Students work on a project that serves as
a case study for evaluation of modern approaches in
order to find their strengths and weaknesses.

The competences students gain are:

e theability to define, understand and solve
creative professional challenges in computer and
information science;

e theability to apply acquired knowledge in
independent work for solving technical and
scientific problems in computer and information
science; the ability to upgrade acquired
knowledge.

e the ability of teamwork within the professional
environment; management of a small
professional team;

e theability for administrative management of
processes related to research, industry,
education and other fields;

e the ability to understand and apply computer
and information science knowledge to other
technical and relevant fields (economics,
organisational science, etc);

e practical knowledge and skills of computer
hardware, software and information technology
necessary for successful professional work in
computer and information science;

e independently tackle demanding
developmental, engineering, and organisational
tasks as well as moderately demanding research
tasks in their fields of study.

Intended learning outcomes:
After the completion of the course a student will be
able to:

know and understand modern approaches to
software development

understand key benefits of modern software
development methods (in comparison to traditional
software development)

use tools that support modern software
development methods

apply modern software development methods
in the context of a real software development

project
e empirically evaluate the outcomes of new
methods

increase understanding of different factors and
circumstances that affect the success of a software
development project



increase professional skills like team-work,
management, planning and organization, written
and oral communication

Metode poucevanja in ucenja: Learning and teaching methods:

Predavanja z aktivno udelezbo Studentov (razlaga, Lectures with active participation on the part of

diskusija, primeri, reSevanje problemou). students (discussion, examples, problem solving). Lab

Laboratorijske vaje s prakticnim delom na vecjem practice requires practical work on an almost real

projektu, ki sluzi kot Studija primera za ovrednotenje | project that serves as a case study for evaluation of

posameznih pristopou k razvoju programske different approaches to software development.

opreme.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,

naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exams,

kolokviji in projektno delo) project work)

Koncno preverjanje (pisni izpit) 50,00 % Final (written exam)

Ocenjevalna lestvica: Grading system:

5-10, pri Cemer velja, da je pozitivna ocenaod 6 - 10 = 5-10, a student passes the exam if he is graded from
6to10

Reference nosilca/Lecturer's references:

Damjan Vavpotic, Marko Robnik Sikonja, Tomaz Houvelja, "Exploring the relations between net benefits of IT
projects and ClOs perception of quality of software development disciplines", Business & information
systems engineering, [Print ed.], 2020, vol. 62, no. 4, str. 347-360

Damjan Fujs, Simon Vrhovec, Bostjan Zvanut, Damjan Vavpotic, "Improving the efficiency of remote
conference tool use for distance learning in higher education : a kano based approach", Computers &
Education : an international journal, [Print ed.], May 2022, vol. 181, str. 1-15, ilustr., ISSN 0360-1315

Damjan Vavpotic, Saimir Bala, Jan Mendling, Tomaz Hovelja, "Software process evaluation from user
perceptions and log data", Journal of software, Apr. 2022, vol. 34, iss. 4, str. 1-14, ilustr., ISSN 2047-7473
Damjan Vavpotic, Diana Kalibatiene, Olegas Vasilecas, TomaZ Hovelja, "ldentifying key characteristics of
business rules that affect software project success", Applied sciences, Jan. 2022, vol. 12, iss. 2, str. 1-10, ilustr.,
ISSN 2076-3417

Damjan Fujs, Simon Vrhovec, Damjan Vavpotic, "Balancing software and training requirements for
information security”, Computers & security, Nov. 2023, vol. 134, str. 1-13, ilustr., ISSN 0167-4048

Celotna bibliografija je dostopna na SICRISu:

http://wwuw.sicris.si/search/rsr.aspx?lang=slu&id=13311.



SPLOSNO IZBIRNI PREDMET

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja
Multimedija, druga stopnija,
magistrski

Racunalnistvo in informatika, prva
stopnja, visokoSolski strokouni

Racunalnistvo in informatika, druga

stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
45

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

Studijskih obveznosti:

Vsebina:

Splosno izbirni predmet
Specialist elective course

Studijska smer Letnik Semestri Izbirnost
Ni ¢lenitve (Studijski 2. letnik 2.semester | izbirni
program)
Ni ¢lenitve (Studijski 2. letnik, 2.semester | izbirni
program) 3. letnik
Racunalnistvo in 1. letnik 2.semester | izbirni
informatika (smer)
0069530
0002
Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
30 105 6
Predavanja/Lectures:
Vaje/Tutorial:

Prerequisites:

Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:




Nacini ocenjevanja: Delez/Weight  Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



SPLOSNO IZBIR

NI PREDMET

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Splosno izbirni predmet

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 2. letnik 1.semester  izbirni
magistrski program)
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2. letnik 1. semester  izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0086926
Koda ucne enote na ¢lanici/UL Member course code: 0008

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Prerequisites:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:




Nacini ocenjevanja: Delez/Weight  Assessment:

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROINO UCENIJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Strojno ucenje
Machine Learning

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Multimedija, druga stopnja, Ni Clenitve (Studijski 1. letnik 1.semester  izbirni
magistrski program)
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1.semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0073694
Koda ucne enote na clanici/UL Member course code: 63519

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 6 24 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Potrebno je poznavanje verjetnostnega racuna,
statistike, programiranja in osnov strojnega ucenja.

Vsebina:

Predavanije:

- Kaj je strojno ucenje, kaj so osnouvni principi, kaj
Zelimo doseci.

- Linearna regresija in poglobljeno obravnavanje
regulariziranih metod linearne regresije.

- Klasifikacija z metodo logisticne regresije.

- Cenovune funkcije.

- Gradientni sestop in stohasticen gradientni sestop
in zakaj sta metodi uporabni v strojnem ucenju

- Generalizirani linearni modeli.

Predavanja/Lectures:

Jana Faganeli Pucer

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Knowledge of probability calculus, statistics,
programming, and machine learning basics

Content (Syllabus outline):

Lectures:

- What is machine learning, what are its basic
principles, what are we trying to achieve with it.

- A review of linear regression and an in-depth
overview of regularised linear regression methods.
- Classification using logistic regression.

- What is a cost function and which are the most
commonly used cost functions.

- Gradient descent and stochastic gradient descent
and why they are useful methods in machine
learning.




- Vrednotenje modelov strojnega ucenja (precno
preverjanje, metoda stremena)

- Ansambelske metode (predvsem bagging in
boosting in nakljucni gozdouvi)

- Jedrne metode (Gaussovi procesi, metoda
podpornih vektorjev)

- Umetne nevronske mreZe (aktivacijska funkcija,
metoda vzuratnega razsirjanja napake, ucenje
nevronske mreZe, regularizacija)

- Metode za zmanjsanje dimenzionalnosti prostora
(analiza glavnih komponent, matricna faktorizacija,
clustering)

- Razlaga modelov strojnega ucenja

- Spodbujevano ucenje

Vaje:

Na vajah studenti utrjujejo snov, ki jo obravnavajo
na predavanjih, tako da jo uporabijo pri resevanju
prakticnih problemov. Pritem je poudarek na
samostojnem delu Studentouv ob pomoci asistentov.
Namen vaj je, da s pomocjo programiranja pristopouv
razlicnih algoritmouv Studenti razumejo metode
strojnega ucenja in kako te delujejo v praksi.

Temeljna literatura in viri/Readings:

- Generalised linear models.

- Evaluation of machine learning models (cross-
validation, the bootstrap method)

- Ensemble methods (especially bagging and
boosting and random forests)

- Kernel methods (Gaussian processes, support vector
machines)

- Artificial neural networks (activation function,
backpropagation, neural network training,
regularisation)

- Methods for dimensionality reduction (principal
component analysis, matrix factorisation, clustering)
- Explainable machine learning models

- Reinforcement learning

Lab work:

At the lab work, students consolidate the material
covered in lectures by applying it to practical
problems. The emphasis is on students working
independently with the help of lab assistants. The
aim of the lab work is to explore how different
methods work in practice through programming
approaches.

e James, G., Witten, D., Hastie, T., & Tibshirani, R. (2013). An introduction to statistical learning (Vol. 112, p.

18). New York: Springer.

e Trevor, H., Robert, T., & Jerome, F. (2016). The elements of statistical learning: data mining, inference,

and prediction (second edition).

e Murphy, K. P. (2022). Probabilistic machine learning: An introduction. MIT press.

Cilji in kompetence:

Cilj predmeta je poglobiti znanje iz strojnega ucenja,
ki so ga Studenti pridobili na dodiplomskem Studiju.
Studenti bodo spoznali najbolj uspesne pristope in se
poglobiti vanje, spoznali kako delujejo kaj so njihove
omejitve. Predmet pripravi Studenta na nadaljnji,
bolj poglobljen Studij pristopou strojnega ucenja.
Studente pripravi tudi na uporabo metod strojnega
ucenja v praksi, saj bodo ob zakljucku predmeta za
dani problem sposobni presoje, katero od
predstavljenih tehnik uporabiti, ter sestaviti prototip
resitve.

Predvideni studijski rezultati:

Z uspesno zakljucenim predmetom je Student:

- sposoben uporabe razlicnih tehnike in metode, ki se
uporabljajo pri modeliranju podatkou s strojnim
ucenjem v praksi.

- znal izbrati najbolj primerno tehniko za reSitev
problema.

- sposoben ovrednotiti razlicne resitve in njihove
omejitve.

Objectives and competences:

The course aims to deepen the knowledge of
machine learning that students have acquired in
their undergraduate studies. Students learn about
the most successful approaches and delve deeper
into them to understand how they work and what
their limitations are. The course prepares the student
for further, more in-depth study of machine learning
approaches. It also prepares students to apply
machine learning methods in practice, as at the end
of the course they will be able to judge which of the
presented techniques to use for a given problem and
build a prototype solution.

Intended learning outcomes:

On successful completion of the course, the students
will:

- be able to apply various machine learning
techniques and methods used in data modelling in
practice.

- be able to choose the most appropriate technique
to solve a problem.



- sposoben razloZiti naucen model. - be able to evaluate different solutions and their
limitations.
- be able to explain a machine learning model.

Metode poucevanja in ucenja: Learning and teaching methods:

Predavanja, vaje in domace naloge. Poseben Lectures, lab work and homework. Special emphasis

poudarek bo na implementaciji razlicnih metod s will be placed on the implementation of different

¢imer bodo Studenti spoznali njihovo delovanje. methods to give students an understanding of how
they work.

Nacini ocenjevanja: Delez/Weight  Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,

naloge, projekt): project):

Sprotno preverjanje (domace naloge, vaje) 50,00 % Continuing (homework, lab work)

Koncno preverjanje (pisni in/ali ustni izpit) 50,00 % Final (written and/or oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the

skladu s Statuom UL). rules of University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

- Demaeyer, 1., Bhend, 1., Lerch, S., Primo, C., Van Schaeybroeck, B., Atencia, A., Ben Bouallegue, Z., Chen, J.,
Dabernig, M., Evans, G. & Faganeli Pucer, J., (2023). The EUPPBench postprocessing benchmark dataset v1. 0.
Earth System Science Data, 15(6), 2635-2653.

- Mlakar, P., & Faganeli Pucer, J. (2023). Mixture Regression for Clustering Atmospheric-Sounding Data: A
Study of the Relationship between Temperature Inversions and PM10 Concentrations. Atmosphere, 14(3),
481.

- Faganeli Pucer, J., & Strumbelj, E. (2018). Impact of changes in climate on air pollution in Slovenia between
2002 and 20177. Environmental pollution, 242, 398-406.

- Faganeli Pucer, 1., Pirs, G., & Strumbelj, E. (2018). A Bayesian approach to forecasting daily air-pollutant
levels. Knowledge and Information Systems, 57(3), 635-654.

- Pucer, J. F., & Kukar, M. (2018). A topological approach to delineation and arrhythmic beats detection in
unprocessed long-term ECG signals. Computer methods and programs in biomedicine, 164, 159-168.



STROINO UCENJE ZA PODATKOVNE VEDE 1

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Strojno ucenje za podatkovne vede 1
Machine learning for data science 1

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 1. letnik 2. semester | obuvezni
stopnja, magistrski
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 2.semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0129383
Koda ucne enote na ¢lanici/UL Member course code: 63566

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Linearni modeli. Linearna regresija. Linearna
diskriminantna analiza. Logisti¢na regresija.
Gradientni sestop. Stohasticni gradientni sestop.
Pristop strojnega ucenja. Cenouvna funkcija. Pristop
Zzmanjsanjem tveganja. Maksimizacija verjetja.
Vrednotenje modelov. PreCno preverjanje.

Izbor znacilk. Pristopi z iskanjem. Regularizacija.
Drevesni modeli. Klasifikacijska in regresijska
drevesa. Nakljucni gozd. Pristop bagging. Gradientni
razvoj niza dreves.

Grucenje. Metoda voditeljev. Algoritem EM.
Nelinearna regresija. Bazne funkcije. Zlepki. Metoda
podpornih vektorjev. Trik z jedri.

Neuvronske mreze. Perceptron. Aktivacijske funkcije.
Tehnika vzuratnega razsirjanja napak.

Predavanja/Lectures:

Blaz Zupan, Tomaz Hocevar

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Linear models. Linear regression. Linear discriminant
analysis. Logistic regression. Gradient descent.
Stochastic gradient descent.

The machine learning approach. Cost functions.
Empirical risk minimization. Maximum likelihood
estimation. Model evaluation. Cross-validation.
Feature selection. Search-based feature selection.
Regularization.

Tree-based models. Decision trees. Random forest.
Bagging. Gradient tree boosting.

Clustering. k-means. Expectation Maximization.
Non-linear regression. Basis functions. Splines.
Support vector machines. Kernel trick.

Neural networks. Perceptron. Activation functions.
Backpropagation.




Temeljna literatura in viri/Readings:

e James G, Witten D, Hastie T, Tibshirani T (2017) An Introduction to Statistical Learning, Springer.
e Hastie T, Tibshirani R, Friedman J (2003) The elements of statistical learning, Springer.

Cilji in kompetence:

Predmet je namenjen seznanitvi z matematicnimi in
algoritmicnimi osnovami strojnega ucenja ter vidiki
uporabe strojnega ucenja pri resevanju prakticnih
problemouv. Predmet pripravi studente na studij
naprednejsih metod iz strojnega ucenja.

Predvideni Studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e Uporabiti pristope strojnega ucenja k
podatkovni analitiki.

e Evalvirati razlicne tehnike modeliranja.

e [zbrati ustrezno tehniko za dani problem in
podatke.

e Interpretirati rezultate strojnega ucenja.

Prepoznati potencialne probleme.

Metode poucevanja in ucenja:
Predavanja, vaje, domace naloge in nabor manjsih
projektou.

Objectives and competences:

The course aims at familiarizing the student with the
fundamentals of machine learning, classical machine
learning models, and the practicalities of applying
machine learning to real-world problems. The course
prepares students for the study of advanced
machine learning methods.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Apply the machine learning approach to data
analysis.

e Fuvaluate different types of models.

e Choose the correct model for the problem at
hand.

e Interpret machine learning results.

e Identify potential issues.

Learning and teaching methods:
Lectures,, homework, and a set of smaller projects.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, projects)
projekti)

Koncno preverjanje (pisni izpit) Ocene: 6-10 50,00 % Final (written exam) Grading: 6-10 pass, 5

pozitivno, 5 negativno (v skladu s Statutom
UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

fail (according to the rules of University of
Ljubljana).

Grading system:

e Hocevar T, Zupan B, Stdlring J (2021) Conformal Prediction with Orange. Journal of Statistical Software

98:1-22.

e Hocevar T, Demsar J (2014) A combinatorial approach to graphlet counting. Bioinformatics 30(4):559-

65.

o Copar A, Zitnik M, Zupan B (2017) Scalable non-negative matrix tri-factorization, BioData Mining 10:41.
e Zitnik M, Zupan B (2016) Jumping across biomedical contexts using compressive data fusion,

Bioinformatics 32(12):i90-i100.

e Strazar M, Zitnik M, Zupan B, Ule J, Curk T (2016) Orthogonal matrix factorization enables integrative
analysis of multiple RNA binding proteins, Bioinformatics 32(10): 1527-35.

e Zitnik M, Nam EA, Dinh C, Kuspa A, Shaulsky G, Zupan B (2015) Gene prioritization by compressive data
fusion and chaining, PLoS Computational Biology 11(10):e1004552.

e Stari¢ A, Demsar J, Zupan B (2015) Concurrent software architectures for exploratory data analysis.
WIREs Data Mining and Knowledge Discovery 5(4):165-180.






STROINO UCENJE ZA PODATKOVNE VEDE 2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Strojno ucenje za podatkovne vede 2
Machine learning for data science 2

Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Univerzitetna koda predmeta/University course code: 0127865
Koda ucne enote na ¢lanici/UL Member course code: 63562

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: Erik Strumbelj

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet pokriva izbrane napredne teme iz strojnega
ucenja skladno s trenutnimi smernicami v raziskavah
in uporabi v prakticnih problemih.

Obravnavali bomo sledece teme.

Pristopi za linearne in nelinearne projekcije v
nizkorazseZne prostore. Metode za enostavne
vloZitve in pristopi matricne faktorizacije. UCenje
vloZitev z uporabo nakljucnih sprehodov in njihova
povezava s spektralnimi pristopi. Nizkorazsezne
projekcije, ki ohranjajo razdalje med objekti.

Strojno ucenje na relacijskih podatkih. Gradnja
napovednih modelov na relacijskih podatkih, Se
posebno v povezavi z vloZitvami podatkovnih
grafou. Ucenje predstavitev na grafih (omreZjih).
Konvolucijske mreZe na grafih. Nadzorovano ucenje
na relacijskih podatkih z direktno optimizacijo
vloZitev.

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course will explore in depth several important
classes of algorithms in modern machine learning,
and cover applications of each algorithm in real-
world settings.

We will cover the following topics.

Methods for linear and non-linear dimensionality
reduction. Shallow embeddings and matrix
factorization. Random-walk embeddings and their
connection with spectral methods. Locality-
preserving projections.

Machine learning on relational data. Using
machine learning to reason with relational data,
especially in the context of knowledge graph
embeddings. Network representation learning
methods. Graph convolutional networks. End-to-end
learning on relational data using low-dimensional
embeddings.



Ucenje na naborih z malo oznacenimi primeri,
vecznacno in vecciljno ucenje. Metode
Sibkega/delnega nadzorovanega ucenja.
Podatkouno programiranje. Ucenje na osnovi enega
ali le nekaj oznacenih primerov. Kriterijske funkcije
NCE in njihova optimizacija.

Uvod v vzpodbujevalno ucenje.

Aktualne raziskovalne teme.

Temeljna literatura in viri/Readings:

Distant supervision, multi-label and multi-target
learning. Weak supervision. Data programming.
One-shot and few-shot learning. Noise-contrastive
estimation (NCE) and optimization.

Introduction to reinforcement learning.

Current research topics.

Splosni prirocniki s podrocja strojnega ucenja: / General machine learning books:

e Murphy, K. P. (2012). Machine learning: A probabilistic perspective. MIT Press.

e  Bishop, C. M. (2006). Pattern recognition and machine learning. Springer.

e Hastie T., Tibshirani R., Friedman J. (2001). The Elements of Statistical Learning. Springer.

e MacKay D.J.C. (2003). Information Theory, Inference, and Learning Algorithms. Cambridge University

Press.

e Zapiskis predavanj in izbrani ¢lanki. / Lecture notes and selected research papers.

Specializirani prirocniki: / Specialized books:

e Nocedal J., Wright S.J. (2006). Numerical Optimization, Springer.
e Cover T.M., Thomas J.A. (2006). Elements of Information Theory, Wiley.

Cilji in kompetence:

Glavni cilj predmeta je pripraviti Studenta na
uporabo naprednih metod s podrocja strojnega
ucenja. Poudarek bo na razumevanju matematicnih
lastnosti teh metod, preko katerih bo Student
razumel, kdaj in zakaj je uporaba dolocene metode
primerna. Predmet bo Studenta seznanil tudi s
temelji in strogostjo, ki ju zahtevajo metodoloske
raziskave v strojnem ucenju.

Predvideni studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili

Studentje zmozni:

e Prepoznati primerno metodo za reSevanje
danega problema.

e Upraviciti izbiro metode strojnega ucenja za
dano nalogo.

e ZdruZevati metode strojnega ucenja.

e Resiti pomembne in prakticne naloge strojnega
ucenja.

e Preuciti dela iz literature sodobnega strojnega
ucenja.

Metode poucevanja in ucenja:
Seminar, diskusije, kvizi, domace naloge, projekt.

Nacini ocenjevanja:
Sprotno preverjanje (domace naloge, kvizi)

Delez/Weight
50,00 %

Objectives and competences:

The primary objective of the course is to prepare the
student for applications of advanced machine
learning methods. The course will focus on
understanding the mathematical properties of these
methods in order to gain deeper insights on when
and why they perform well. The course is also aimed
at introducing the student to the fundamentals and
rigor required for methodological research in
machine learning.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e [dentify the appropriate machine learning
method for a given problem.

o Justify the selection of the machine learning
method for a given problem.

e Combine machine learning methods.

e Solve important and practical problems in
modern machine learning.

e Read and understand advanced machine
learning literature.

Learning and teaching methods:
Seminar, discussions, quizzes, homework
assignments, project.

Assessment:
Continuing (homework, quizzes)



Koncno preverjanje (projekt) Ocene: 6-10 50,00 % Final (project) Grading: 6-10 pass, 5 fail

pozitivno, 5 negativno (v skladu s Statutom (according to the rules of University of
uL). Ljubljana).
Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

PIRS, Gregor, STRUMBELJ, Erik. Bayesian Gaussian process factor analysis with copula for count data.
Expert systems with applications. [Print ed.]. Jul. 2022, vol. 197, str. 1-17.

POLJAK, Mario, OSTRBENK VALENCAK, Anja, STRUMBELJ, Erik, MAVER VODICAR, Polona, VEHOVAR,
Vasja, RESMAN RUS, Katarina, KORVA, Misa, KNAP, Natasa, SEME, Katja, PETROVEC, Miroslav, ZUPAN,
BlaZ, DEMSAR, Janez, KURDIJA, Slavko, AVSIC-ZUPANC, Tatjana. Seroprevalence of severe acute
respiratory syndrome coronavirus 2 in Slovenia : results of two rounds of a nationwide population study on a
probability-based sample, challenges and lessons learned. Clinical microbiology and infection : the official
publication of the European society of clinical microbiology and infectious dieseases. Jul. 2021, vol. 27, iss. 7,
str. 1039.e1-1039.e7.

KRESE, BlaZ, STRUMBEL]J, Erik. A Bayesian approach to time-varying latent strengths in pairwise
comparisons. PloS one. May 2021, vol. 16, no. 5, str. 1-17.

DEMSAR, Jure, REPOVS, Grega, STRUMBELJ, Erik. bayes4psy : an open source R package for Bayesian
statistics in psychology. Frontiers in psychology. May 2020, vol. 11, art. 947, str. 1-20.

VRACAR, Petar, STRUMBELJ, Erik, KONONENKO, Igor. Automatic attribute construction for basketball
modelling. Knowledge and information systems. [Print ed.]. Feb. 2020, vol. 62, no. 2, str. 541-570.

PIRS, Gregor, STRUMBELJ, Erik. Bayesian combination of probabilistic classifiers using multivariate normal
mixtures. Journal of machine learning research. [Print ed.]. 2019, vol. 20, str. 1-18.



STROKOVNO IZBIRNI PREDMET (POLIJUBEN MODULSKI/OSTALI)

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Strokouvno izbirni predmet (poljuben modulski/ostali)

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 2. letnik 1. semester, | izbirni
stopnja, magistrski informatika (smer) 2. semester
Univerzitetna koda predmeta/University course code: 0125850
Koda ucne enote na ¢lanici/UL Member course code: 0012
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Predvideni Studijski rezultati:

Metode poucevanja in ucenja:

Nacini ocenjevanja:

Delez/Weight

Prerequisites:

Content (Syllabus outline):

Objectives and competences:

Intended learning outcomes:

Learning and teaching methods:

Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROKOVNO IZBIRNI PREDMET S SEZNAMA A 1/2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Strokouno izbirni predmet s seznama A 1/2
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski

Univerzitetna koda predmeta/University course code: 0127846
Koda ucne enote na ¢lanici/UL Member course code: Al
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Temeljna literatura in viri/Readings:
Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROKOVNO IZBIRNI PREDMET S SEZNAMA A 2/2

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Strokouno izbirni predmet s seznama A 2/2
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski

Univerzitetna koda predmeta/University course code: 0127849
Koda ucne enote na ¢lanici/UL Member course code: A2
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Temeljna literatura in viri/Readings:
Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROKOVNO IZBIRNI PREDMET S SEZNAMA B 1/3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Strokouno izbirni predmet s seznama B 1/3
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski

Univerzitetna koda predmeta/University course code: 0127847
Koda ucne enote na ¢lanici/UL Member course code: B1
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Temeljna literatura in viri/Readings:
Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROKOVNO IZBIRNI PREDMET S SEZNAMA B 2/3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Strokouno izbirni predmet s seznama B 2/3
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski

Univerzitetna koda predmeta/University course code: 0127848
Koda ucne enote na clanici/UL Member course code: B2
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Temeljna literatura in viri/Readings:
Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



STROKOVNO IZBIRNI PREDMET S SEZNAMA B 3/3

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Strokouvno izbirni predmet s seznama B 3/3
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski

Univerzitetna koda predmeta/University course code: 0127850
Koda ucne enote na ¢lanici/UL Member course code: B3
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6
Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:
Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisites:
Studijskih obveznosti:
Vsebina: Content (Syllabus outline):
Temeljna literatura in viri/Readings:
Cilji in kompetence: Objectives and competences:
Predvideni Studijski rezultati: Intended learning outcomes:
Metode poucevanja in ucenja: Learning and teaching methods:

Nacini ocenjevanja: Delez/Weight Assessment:




Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:



TOPOLOSKA ANALIZA PODATKOV

UCNINACRT PREDMETA/COURSE SYLLABUS

Topoloska analiza podatkouv
Topological data analysis
UL FRI

Predmet:
Course title:
Clanica nosilka/UL Member:

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni ¢lenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0153519
Koda ucne enote na clanici/UL Member course code: 63542

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Ziga Virk

Vrsta predmeta/Course type: strokouni izbirni predmet/specialist elective course

Jeziki/Languages: Predavanja/Lectures: Anglescina, Slovenscina

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Uspesno opravljene domace naloge in seminarsko-
projektne naloge so pogoj za opravljanje izpita.

Vsebina:

Topologija je podrocje matematike, ki se ukvarja z
analizo oblik in vec dimenzionalnih objektov.
Topoloska analiza podatkov pa je podrocje med
topologijo in raCunalnistvom, ki obravnava in
analizira lastnosti oblik zajetih iz podatkouv, slik in
vec dimenzionalnih podatkovnih mnoZic. Ob mnoZici
podatkov, ki se neprestano zajemajo, na eni strani in
pa vse bolj zmogljivimi raCunalnskimi sistemi na
drugi se razvija tudi vrsta novih algoritmov za
analizo in predstavitev, ki uporabljajo cedalje vec
topoloskih pojmov in modelov. Za predstavitev
podatkou se uporabljajo grafiin ploskve,
triangulacije, simplicialni in celicni kompleksi ter
mnogoterosti. Za analizo podatkov pa se
uporabljajo topoloske invariante teh objektov kot so

Anglescina, Slovenscina

Prerequisites:

Successful completion of homework and projects is
required for students to approach to a final exam.

Content (Syllabus outline):

Topology is the mathematical field dealing with
shapes and with modeling and understanding higher
dimensional objects. Topologial data analysis is a
field between topology and computer science
dealing with shapes arising from data, images, and
higher dimensional data sets. In view of massive
quantities of experimental data on one hand, and
available computing power on the other hand,
numerous new algorithms and models for qualitative
analysis and representation of such data sets using
topological models and methods have been
developed. Graphs, surfaces, triangulations,
simplicial and cell complexes and manifolds are used
for data representation and object reconstruction.
Topological invariants like the number of



Stevilo komponent, fundamentalna grupa,
homoloske grupe in kohomoloski kolobar, Morsova
teorija, filtracije in vztrajnost. Taksne invariante se
tipicno lepo izracunajo in dajejo odgovore na
vprasanja kot so, ali je objekt sestavljen iz enega li
vec kosov, ali ima kaksne luknje in tunele, kaksne
znacilnosti ima pri razlicnih resolucijah, kako so
posamezni kosi zlepljeni skupaj v celoto... Na drugi
strani je na voljo tudi cedalje vec hitrih in ucinkovitih
algoritmov za njihovo racunanje.
Pri predmetu bodo predstavljeni osnouvni topoloski
pojmi in modeli, ki se uporabljajo za predstaviteu
vecdimenzionalnih objektou in prostorov, nekaj
njihovih osnounih Stevilskih in algebraicnih
invariant. Poudarek pa bo na uporabi teh modelov in
invariant pri analizi in rekonstrukciji objektov iz
zajetih podatkov, konfiguracijskih prostorouv robotouv
in mehanicnih sistemov, pri analizi omreZij in
v drugih pousem uporabnih domenah. Posamezna
teme, ki jih bomo obravnavali, so
1. Osnouni pojmi topoloskih in metricnih prostorov
2. Grdfiin ploskve
3. Triangulacije, simplicialni in celicni kompleksi
4. Homoloske grupe in Bettijeva Stevila, njihova
interpretacija in osnovni algoritmi za njihovo
racunanje
5. Diskretne Morsove funkcije in njihova uporaba
pri analizi podatkouv
6. Filtracije in vztrajnost za analizo podatkou pri
razli¢nih resolucijah
Pri predmetu bo poudarek predusem na uporabi
opisanih topoloskih pojmouv in algoritmov pri analizi
konkretnih podatkovnih mnoZic, problemou in
modelov.

Temeljna literatura in viri/Readings:

components, the fundamental group, hopology
groups and the cohomology ring, Morse theory,
filtrations and persistence are used for analyzing
these models. These invariants are typically
computable and give answers to questions like, is the
object composed from one or more components,
does it have holes and tunnels, which features
appear at different resolutions, how do the separate
pieces connect into the whole, .. On the other hand
new algorithms for efficient computation of these
invariants are appearing.
In the course, fundamental topological concepts and
methods, which are used in modeling and analyzing
higher dimensional objects and spaces, will be
introduced. Further, basic numerical and algebraic
invariants of the topological models will be
explained. Special attention will be given to
applications of these methods to analysis of data
sets and reconstruction of the underlying objects,
configuration spaces of robots and mechanical
systems, analysis of networks and other practical
problems and domains. We will introduce the
following topological concepts and models:
1. Fundamentals of topological and metric spaces
2. Graphs and surfaces
3. Triangulations, simplicial and cell complexes
4. Homology groups and Betti numbers, , their
interpretation, and basic algorithms for their
computation
5. Discrete Morse functions and their application to
data analysis and object reconstruction
6. Filtrations and persistence for dealing with
changing resolutions
The main part of the course will be devoted to
applications of the topological concepts and
algorithms in analyzing specific data sets,
problems and models.

1. Herbert Edelsbrunner, John Harer: Computational Topology, American Mathematical Society, 2010
2. AfraJ. Zomorodian: Topology for Computing, Cambridge University Press, 2005

3. Hjelle, @yvind, Deehlen, Morten: Triangulations and applications, Springer, 2006

4. Kevin Knudson: Morse theory, smooth and discrete, World Scientific, 2015

Cilji in kompetence:

Cilj predmeta je Studentom na razumljiv nacin
predstaviti osnovne pojme algebraicne topologije, ki
se uporabljajo v racunalniskih algoritmih pri analizi
velikih mnoZic vecdimenzionalnih podatkou, pri
rekonstrukciji objektou in konfiguracijskih prostorov
robotouv in mehanicnih sistemov in pri drugih realnih
problmemih. Matematicni pojmi bodo predstavljni
preduvsem z uporabnega zornega kota, poudarek bo
na konkretnih primerih in racunalniskih algoritmih.

Objectives and competences:

The aim of this course is to introduce in an informal
and intuitive way the basic concepts of algebraic
topology which are used in algorithms for analysis of
big, possibly higher dimensional data sets, for
reconstruction of obects and configuration soaces of
robots and mechanical systems and in other
practical applications. Mathematical concept will be
presented from the point of view of applications,
special attention will be given to specific examples
and algorithms.



Predvideni Studijski rezultati:

Po uspesno opravljenem predmetu bo Student

e razumel pojem topoloske invariante in njenega
pomena pri analizi oblike in drugih lastnosti
podatkov

e razumel pojem simplicialnega kompleksa in
poznal osnoune algoritme za konstrukcijo
simplicialnih kompleksouv na danih podatkih

e poznal osnoune racunske prijeme in algoritme za
racunanje topoloskih Eulerjeve karakteristike,
homoloskih grup in Bettijevih Stevil

e razumel pojem filtracije in vztrajnosti

e znal pridobljeno znanje uporabiti za konstrukcijo
preprostih topoloskih algoritmov za analizo
podatkouvnih mnoZic in rezultate interpretirati

Metode poucevanja in ucenja:

Predavanja s podporo avdio-vizualne opreme,
predstavitev teoreticnih pojmov in prikaz pomena
na konkretnih primerih, laboratorijske vaje v
racunalniski ucilnici z ustrezno programsko opremo.
Delo posamezno in v skupinah. Velik poudarek na
prakticnem delu in na skupinskem reSevanju
prakti¢nih problemov.

Intended learning outcomes:

After completing the course students will

e understand the concept of a topological
invariant and its role in analyzing shape and
other properties of data

e understand the concept of a simplcial complex
and the basic algorithms for constructing
simplicial complexes on data sets

e understand the basic computational approches
and algorithms for computing Euler
characteristic, homology groups and Betti
numbers

e understand the concepts of filtrations and
persistence

e beable to use the concepts intruduced to
construct simple topological algorithms
for analysizing data sets and interpret the
results

Learning and teaching methods:

Combined lecturing with simultaneous use of the
blackboard and computer projection explaining the
theoretical concepts and specific meaning in specific
cases. Lab work in computer-equipped lecture rooms.
Individual and work in team. Emphasis on practical
problem solving and group work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 60,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Konéno preverjanje (pisni in ustni izpit) 40,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

e VIRK, Ziga. Small loop spaces. Topology and its Applications, ISSN 0166-8641, 2010, vol. 157, no. 2, str.

451-455.

e VIRK, Ziga. Realizations of countable groups as fundamental groups of compacta. Mediterranean
journal of mathematics, 2013, vol. 10, no. 3, str. 1573-1589.
e DYDAK, Jerzy, VIRK, Ziga. Preserving coarse properties. Revista matemdtica complutense, 2016, vol. 29,

iss. 1, str. 191-206.

e EDELSBRUNNER, Herbert, VIRK, Ziga, WAGNER, Hubert. Smallest enclosing spheres and Chernoff points
in Bregman geometry. V: SPECKMANN, Bettina (ur.), TOTH, Csaba D. (ur.). 34th International
Symposium on Computational Geometry : SoCG 2018, June 11-14, 2018, Budapest, Hungary,



e VIRK, Ziga. Approximations of 1-dimensional intrinsic persistence of geodesic spaces and their stability.
Revista matemdtica complutense, Jan. 2019, vol. 32, iss. 1, str. 195-213.

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=20092



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=20092

UMETNA INTELIGENCA

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member:

Umetna inteligenca
Artificial Intelligence

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Pedagosko racunalnistvo in Ni ¢lenitve (Studijski 2.semester | izbirni
informatika, druga stopnja, magistrski = program)
Racunalnistvo in informatika, druga Podatkoune vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 2. semester | izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0073688
Koda ucne enote na ¢lanici/UL Member course code: 63510

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: lvan Bratko

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Pregled osnounih metod resevanja problemouv in
zahteuvnejSe metode hevristicnhega preiskovanja:
prostorsko ucinkovite metode, reSevanje problemov
v realnem Casu.

Metode planiranja po principu sredstev in ciljev:
robotsko planiranje, sestavljanje urnikov in
planiranje oprauvil, princip sredstev in ciljev, delno
urejeno planiranje, planirni grafi.

Strojno ucenje: pregled osnovnih metod (Bayesov
klasifikator, ucenje dreves in pravil); ocenjevanje
verjetnosti; princip minimalne dolZina opisa (MDL);
ocenjevanje uspesnosti ucenja; principi

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Problem solving and search:

review of problem solving techniques; advanced
heuristic search techniques, space efficient
techniques, real-time search.

Means-ends planning:

robot planning, task planning and scheduling,
means-ends planning, partial order planning,
planning graphs and GRAPHPLAN.

Machine learning:

review of basic methods (Bayes and naive Bayes
classifier, learning of trees and rules, handling noise,
pruning of trees and rules); MDL principle; Support




poenostavljanja pravil in odloCitvenih dreves;
koncept naucljivosti in teoreticne meje ucenja.
Nekatere druge paradigme strojnega ucenja:
induktivno logicno programiranje,spodbujevano
ucenje, konstruktivno ucenje in odkrivanje novih
konceptou s funkcijsko dekompozicijo.

Predstavitev in obravnavanje negotovega znanja:
sklepanje in ucenje v bayesouskih mreZah,
konstrukcija mreZ in predstavitev vzrocnosti
Kualitativno sklepanje in modeliranje:

kvantitavno in kvalitativno modeliranje, modeliranje
brez stevil, kvalitativna simulacija.

Genetski algoritmi, genetsko programiranje, in druge
alternativne paradigme reSevanja problemov.

Temeljna literatura in viri/Readings:

Vector Machines; evaluating success of learning and
comparing learning algorithms; learnability and
theoretical limits for learning.

Other paradigms of machine learning:

inductive logic programming, reinforcement
learning, constructive learning and discovering new
concepts with functional decomposition.

Reasoning with uncertainty:

reasoning and learning in Bayesian networks,
construction of networks and causality.

Qualitative reasoning and modelling:

qualitative and quantitative modelling, modelling
without numbers, qualitative simulation of dynamic
systems.

Genetic algorithms, genetic programming and other
problem-solving paradigms.

S. Russell, P. Norvig, Artificial Intelligence: A Modern Approach, 3rd edition, Prentice-Hall 2009, ISBN-

013:978-0-13-604259-4.

I. Witten, E. Frank, M.A. Hall, C. Pal, Data Mining, 4th edition, Morgan Kaufmann, 2016, ISBN: 978-

0128042915.

I. Bratko, Prolog Programming for Artificial Intelligence, Fourth edition, Pearson Education, Addison-Wesley

2071, ISBN: 0201403757.

Cilji in kompetence:

Poglobljeno znanje o metodah in tehnikah umetne
inteligence.

Sposobnost reSevanja zahtevnih konkretnih
prakticnih problemouv z metodami umetne
inteligence.

ZmozZnost kompetentne uporabe metod in orodij
umetne pri raziskovalnem delu, vklju¢no s
seminarskimi nalogami pri drugih predmetih in pri
diplomskem delu.

Usposobljenost za raziskovalno delo na podrocju
umetne inteligence.

Predvideni Studijski rezultati:

Po zaklju¢ku tega predmeta bo Student:

- Razumel napredne preiskovalne algoritme in
kompromise med njihovo ¢asovno in prostorsko
zahtevnostjo ter kualiteto dobljenih hevristicnih
resitev

- Razumel algoritme za konstruiranje paralelnih
planov in metode delno urejenega planiranja kot
zado$Canja omejitev

- Sposoben analizirati prakticne probleme
preiskovanja in planiranja v konkretnih aplikacijah
- Razumel pristop in metode spodbujevanega ucenja
za zaporedno verjetnostno odlocanje

- Razumel pristop k strojnemu ucenju na osnovi
matematicne logike in njegove prakticne prednosti
in slabosti

Objectives and competences:

In-depth knowledge of methods and techniques of
Artificial Intelligence (Al).

Ability of solving complex practical problems with Al
methods.

Competence in using methods and tools of Al in
research, including projects in other courses and in
the final graduation project.

Ability of conducting research in Artificial
Intelligence.

Intended learning outcomes:

After the completion of the course the student will be
able to:

- Understand advanced search algorithms, and
trade-offs between their time and space complexity,
and quality of heuristic solutions produced

- Understand algorithms for constructing parallel
plans, and methods for partial-order planning as
constraint satisfaction

- Analyse practical questions of search and planning
methods when applied to concrete application
problems

- Understand the framework and methods of
reinforcement learning for sequential probabilistic
decision making



- Razumel principe in algoritme kvalitativnega
sklepanja, modeliranja in simulacije
- Sposoben kombiniranja in uporabe metod umetne

inteligence v industriji, robotiki, medicini, biologiji itd.

ter v znanosti

Metode poucevanja in ucenja:
Predavanja, seminarske naloge in avditorne ter
laboratorijske vaje.

- Understand the logic-based approach to machine
learning, and its practical advantages and
drawbacks

- Understand the principles and algorithms of
qualitative modelling, reasoning and simulation

- Able to competently combine and apply Al
methods in the implementation of applications in
industry, robotics, medicine, biology, etc., and in
research

Learning and teaching methods:
Lectures, laboratory work and projects.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:

1. I. Bratko, Prolog Programming for Artificial Intelligence, 4th edition, Pearson Education — Addison-Wesley,

2071.

2. M. MoZina, J. Zabkar, I. Bratko. Argument based machine learning. Artificial Intelligence. Vol. 171 (2007),

no. 10,15, 922-937.

3. M. Lustrek, M. Gams, I. Bratko. Is real-valued minimax pathological?. Artificial Intelligence.Vol. 1770 (2006),

620-642.

4.D. Suc, D. Vladusi¢, I. Bratko. Qualitatively faithful quantitative prediction. Artificial Intelligence. Vol. 158,

(2004) no. 2, str. [189]-214,

5. 1. Bratko, S. Muggleton. Applications od inductive logic programming. Commun. ACM, 1995, vol. 38 (1995),

no. 11, 65-70.
Celotna bibliogradfija je dostopna na SICRISu:
http:

sicris.izum.si/search/rsr.aspx?lang=slv&id=4496.


http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=4496

UVOD V BIOINFORMATIKO

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Uvod v bioinformatiko
Introduction to bioinformatics

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 1. semester  izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 1. semester  izbirni
stopnja, magistrski informatika (smer)
Racunalnistvo in matematika, druga Ni Clenitve (Studijski 1. letnik, 1. semester  izbirni
stopnja, magistrski program) 2. letnik
Univerzitetna koda predmeta/University course code: 0075157
Koda ucne enote na ¢lanici/UL Member course code: 63520

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms /Individual
of study student work
45 20 10 105 6

Nosilec predmeta/Lecturer: Blaz Zupan

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Kako podobna so si med seboj Ziva bitja? Smo ljudje
res potomci neandertalcev? Kako so se Zivalske vrste
lahko prilagodile na Zivljenjska

okolja? Kateri geni so odgouvorni za pojav razlicnih
bolezni? Zakaj vsako leto potrebujemo drugo cepivo
proti gripi?

Danasnja biologija je polna zanimivih vprasanj in
nikoli prej nismo bili tako blizu odgovorom. Nedavno
razvite eksperimentalne biotehnologije omogocajo
pridobivanje velikih kolicine eksperimentalnih
podatkouv: o genomih razlicnih vrst in osebkouv, o
genskih izrazih, koncentracij proteinov, vplivih
ucinkovin na delovanje celice, ipd. Tourstni podatki
so danes dostopni v javnih spletnih podatkouvnih

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

How similar are living organisms? Have human
indeed descended from Neanderthals? How did
various species adapt to living environments? Which
genes are responsible for susceptibility to various
diseases? Why we need a different flu vaccine each
year?

Modern biology poses many interesting questions,
and never before have we been so close to answering
them. Recently developed experimental
biotechnologies allow us to gather vast amounts of
experimental data. From genomes of various species,
including that of H. sapiens, to gene expression,
protein concentrations, effects of various chemicals




bazah in jih je potrebno statisticno in matematicno
obdelati, v njih poiskati skrite vzorce in jih primeren
nacin prikazati. Temu so namenjena orodja
bioinformatike, podrocja, brez katerega danes ne bi
mogli ve¢ odgovoriti niti na eno od zgoraj zapisanih
vprasan;.

Gre za interdisciplinarno podrocje, ki zdruZuje
metode iz statistike, matematike, vizualizacije
podatkov, strojnega ucenja in umetne inteligence.
Pri predmetu si bomo v teoriji in na prakticnih
primerih ogledali osnouvne bioinformati¢ne metode
ter se spoznali s sledecimi vsebinami:

Osnove celicne biologije

Statisticne lastnosti nukleotidnih zaporedij
Racunske tehnike za iskanje genouv v nukleotidnih
zaporedjih

Tehnike poravnave zaporedij, algoritem BLAST
Verjetnostni modeli zaporedij, markouvske verige
Racunske tehnike ocenjevanja genskih razlik med
predstavniki osebkouv iste vrste in osebkov razlicnih
vrst

Filogenetska analiza, racunski pristopi k odkrivanju
evolucijskih dreves

Racunske primerjave genomov

Analiza podatkov o genskih izrazih, uporaba tehnik
uvrscanja in razvrscanja v skupine, genski izrazi v
medicinski diagnostiki in prognostiki, analiza

obogatenosti genskih skupin, vizualizacijske tehnike,

genske mreZe

Integrativna bioinformatika: uporaba razlicnih baz
podatkov in baz znanj v namene odkrivanja
smiselnih vzorcev v biomedicinskih podatkih
Teoreticno predstavitev racunskih pristopov in
tehnik bo spremljal pregled javno dostopnih baz
podatkov s podrocja, prikaz delovanja ustrezne
odprtokodne programske opreme in prikaz uporabe
tehnik in orodij pri reSevanju prakti¢nih problemou s
podrocja biomedicine in sistemske biologije. Pri

analizi podatkov bomo uporabljali moderna skriptna

okolja (npr. Python) in Ze razvite bioinformaticne
knjiZnice (npr. Biopython in Orange). Uvod v
uporabo bioinformaticne programske opreme bo

podan na predavanjih, prakticno pa bomo ta orodja

spoznali na vajah in pri projektnem delu.

Temeljna literatura in viri/Readings:

to cell processes, and similar. Vast number of
experimental data sets is today available in open,
public repositories, and requires further statistical
and mathematical analysis to discover useful and
applicable patterns. The methods and techniques for
such analysis is developed within the field of
bioinformatics, which combines techniques from
statistics, computer science, mathematics, data
mining and visualization, machine learning and
artificial intelligence. During the course, the students
will in theory and practice get familiar with the
following topics:

Basics of molecular biology

Statistical properties of nucleotide sequences
Computational approaches to gene finding and
annotation

Sequence alignment (BLAST)

Probabilistic models for nucleotide sequences,
Markov chain models

Computational techniques for assessment of genetic
distances between species and individuals within the
same species

Phylogenetic analysis, computational techniques for
construction of evolution trees

Computational comparison of genomes

Analysis of transcriptome, utility of data mining and
visualization techniques, gene set enrichment
analysis, gene networks, applications in biomedicine
Integrative bioinformatics: how to combine various
data sources and various modelling techniques to
discover patterns in biomedical data sets
Theoretical study of the abouve concepts will be
accompanied with familiarization with public data
repositories and open-source tools to assess the data
and perform subsequent analysis. We will use
scripting tools (e.g. Python) and already developed
bioinformatics libraries (e.g., Biopython and
Orange).

Christianinni N, Hahn MW (2007) Introduction to Computational Genomics: A Case Study Approach.

Cambridge University Press, Cambrige.

Durbin et al. (1998) Biological sequence analysis, Cambridge University Press
James D. Watson, Andrew Berry (2004) DNA: The Secret of Life, Arrow Books, UK. (also in Slovene: DNK,

skrivnost Zivljenja, Modrijan, Ljubljana, 2007).

Cilji in kompetence:
Cilj predmeta je Studente seznaniti z osnovnimi
racunskimi tehnikami, orodji in prosto dostopnimi

Objectives and competences:
This is an introductory course to bioinformatics.
During the course the students will become familiar



bazami podatkouv s podrocja bioinformatike. V
okviru predmeta bodo predstavljene osnove
biologije in genomike, ki bodo studentom
racunalnistva omogocale razumevanje problemske
domene tako, da lahko nato s pomocjo
matematicnih, statisticnih in racunskih pristopou, ki
jih bo Student spoznal pri predmetu, poisce odgouvore
na sicer kompleksna vprasanja s podrocij evolucije in
razvoja Zivih bitij, povezav med geni in bioloskimi
procesi, vpliv genskih predispozicij na razvoj bolezni,
in podobnih.

Predvideni studijski rezultati:

Po uspesnem zaklucku predmeta bo Student:
razumel osnovne pojme iz molekularne biologije in
evolucije,

vedel, do kaksnih podatkov lahko dostopamo na
podrocju molekularne biologije in kje na spletu je
moc te podatke dobiti,

poznal osnovno matematicne pristope in racunske
tehnike za modeliranje zaporedij,

poznal tehnke za filogenetsko analizo, analizo
genskih izrazov in primerjavo genomou,

znal analizirati podatke s podrocja molekularne
biologije z snovanjem in uporabe knjiznic v
programskem jeziku Python,

lahko prepoznal priloznosti, ki jih uporaba racunskih
postopkouv nudi na podrocju znanosti o Zivljenju.

Metode poucevanja in ucenja:

Predavanja s podporo avdio-vizualne opreme,
sprotni razvoj programskih reSitev, laboratorijske
vaje v racunalniski ucilnici z ustrezno programsko
opremo. Delo posamezno in v skupinah. Velik
poudarek na prakti¢nem delu (npr. razvoj skript za
pregledovanje in analizo podatkouv) in reSevanju
prakti¢nih problemov.

with computational methods and tools that can be
used in bioinformatics, and with publically available
data bases in molecular biology. The course will start
with introduction to molecular biology and
genomics, which will allow students of computer
science to apply mathematical, statistical and
computational techniques to problems from
evolution of living organisms, interactions of genes
and biological processes, interactions between
genome and phenotypes and diseases, and similar.

Intended learning outcomes:

After successfull completion of the course, the
students should be able to:

understand essential koncepts from molecular
biology and evolution,

know how and where to access the molecular
biology data,

understand computational techniques for sequence
analysis,

understand techniques for phylogeny analysis,
analysis of gene expression data, and comparison of
genomes,

know how to access and analyze molecular biology
data by scripting in Python and using Python
libraries for bioinformatics,

recognize advantages that computational methods
and algorithms may provide in the area of life
sciences.

Learning and teaching methods:

Combined lecturing with simultaneous use of the
blackboard and computer projection (coding,
visualization of models, results). Lab work in
computer-equipped lecture rooms. Individual and
work in team. Emphasis on practical problem
solving.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v
skladu s Statutom UL).

Ocenjevalna lestvica:

Reference nosilca/Lecturer's references:

Grading: 6-10 pass, 5 fail (according to the
rules of University of Ljubljana).

Grading system:



Stajdohar M, Rosengarten RD, Kokosar J, Jeran L, Blenkus D, Shaulsky G, Zupan B (2017) dictyExpress: a web-
based platform for sequence data management and analytics in Dictyostelium and beyond, BMC
Bioinformatics. 2017 Jun 2;18(1):291.

Zitnik M, Zupan B (2016) Jumping across biomedical contexts using compressive data fusion, Bioinformatics
15;32(12):i90-i100.

Zitnik M, Nam EA, Dinh C, Kuspa A, Shaulsky G, Zupan B (2015) Gene prioritization by compressive data
fusion and chaining, PLoS Computational Biology 11(10):e1004552.

Staric A, Demsar J, Zupan B (2015) Concurrent software architectures for exploratory data analysis. WIREs
Data Mining and Knowledge Discovery 5(4):165-180.

Zitnik M, Zupan B (2015) Data fusion by matrix factorization. IEEE Transactions on Pattern Analysis and
Machine Intelligence 37(1):41-53.

Celotna bibliografija je dostopna na SICRISu:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=7764.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=7764

UVOD V PODATKOVNE VEDE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar Vaje
/Lectures /Seminar /Tutorials
45 30

Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predmet predstavlja uvod in pregled tem, ki so
pomembne za podatkouvne vede. Predavatelji in
gostje iz industrije in raziskovalnih ustanov bodo
Studentom predstavili te teme.

Delo s podatki. Pridobivanje. Procesiranje.
Hranjenje. Povzemanije. Ciséenje.

Analiza podatkouv. Napovedovanje. Grucenje.
Statisticno sklepanje.

Poslouni in druZbeni vidiki. Zasebnost. Varnost.
Etika. Licenciranje. Intelektualna lastnina.

Dobre prakse (orodja). Programiranje, standardi
programske kode (Python). Upravljanje z razlicicami
(git, Github). Ponovljivost (Jupyter). Stavljenje
(LaTeX). Javni repozitoriji (ArXiv, Zenodo).

Temeljna literatura in viri/Readings:

Studijska smer
Podatkouvne vede (smer)

Predavanja/Lectures:

Uvod v podatkouvne vede
Introduction to data science

Letnik Semestri Izbirnost
1. letnik 1.semester = obvezni
0129331
63565
Klinicne vaje  Druge oblike Samostojno  ECTS
/Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
105 6

Slavko Zitnik, Tomaz Curk

obvezni predmet/compulsory course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

The course is an introductory overview of topics
relevant to data science. The following topics will be
presented to students through lectures by faculty
members and guest lecturers from industry and
research institutions:

Working with data. Getting. Processing. Storing.
Cleaning. Summarizing. Visualizing.

Analytics. Prediction. Clustering. Statistical
inference.

Business and social aspects. Privacy. Security.
Ethics. Licensing. Intellectual property.

Best practices (tools). Programming, coding
standards (Python). Versioning (Github).
Reproducibility (Jupyter). Typsetting (LaTeX). Public
repositories (ArXiv, Zenodo).




e Zitnik S, Strumbelj E (2021) Introduction to data science handbook, https://fri-
datascience.github.io/course_ids/handbook (online, yearly updated)

e Perez-Riverol Y, Gatto L, Wang R, Sachsenberg T, Uszkoreit J, Leprevost FdV, et al. (2016) Ten Simple
Rules for Taking Advantage of Git and GitHub. PLoS Comput Biol 12(7): e1004947.

e Sandve GK, Nekrutenko A, Taylor J, Hovig E (2013) Ten Simple Rules for Reproducible Computational

Research. PLoS Comput Biol 9(10): e1003285.

e Osborne IJM, Bernabeu MO, Bruna M, Calderhead B, Cooper J, Dalchau N, et al. (2014) Ten Simple Rules
for Effective Computational Research. PLoS Comput Biol 10(3): e1003506.

e Zook M, Barocas S, boyd d, Crawford K, Keller E, Gangadharan SP, et al. (2017) Ten simple rules for
responsible big data research. PLoS Comput Biol 13(3): e1005399.

e Hart EM, Barmby P, LeBauer D, Michonneau F, Mount S, Mulrooney P, et al. (2016) Ten Simple Rules for
Digital Data Storage. PLoS Comput Biol 12(10): e1005097.

Cilji in kompetence:

Student se bo pri predmetu seznanil z vsemi glavnimi
vidiki podatkounih ved. Student se bo naucil
uporabljati programska orodja, upravljati s podatki,
predstavitve podatkou in analize podatkouv. Student
bo spoznal tudi druge prakticne, eticne, varnostne in
zasebnostne vidike dela v podatkounih vedah.

Cilj predmeta je Studentu omogociti stik z dobrimi
praksami iz industrije in raziskav. V predavanja bodo
vkljuceni gosti iz podjetij in raziskovalnih ustanou.
Namen tega je, da Studentje spoznajo vec uciteljev in
potencialnih mentorjev iz razli¢nih podrocij, primeri
iz prakse pa studenta motivirajo za studij.

Predvideni studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozni:

e Upravljatis podatki.

e [zbrati primerno vizualizacijo za podatke.

e Uporabiti osnovna programska orodja, ki se
uporabljajo v podatkouvnih vedah.

e Uporabiti osnovne modele strojnega ucenja in
statistike.

e Pripraviti zgledno porocilo.

e Prepoznati potencialne teZave pri varnosti, etiki
in zasebnosti pri delu s podatki.

e [zbrati ustrezno licenco za avtorska dela in
programsko opremo.

e Uporabiti dobre prakse podatkouvnih ved.

Metode poucevanja in ucenja:
Predavanja, domace naloge, diskusije.

Nacini ocenjevanja:

Sprotno preverjanje (domace naloge). Dve
prakticni preverjanji znanja v razredu z vso
literaturo in dostopom do Interneta. Trije
projekti s porocili. Ocene: 6-10 pozitivno, 5
negativno (v skladu s Statutom UL).

Delez/Weight
100,00 %

Objectives and competences:

The student will get to know all major aspects of
data science. The student will learn how to use
software tools, manage data, present data and
analyze data. The student will also be introduces to
other practical, ethical, security and privacy aspects
of working in data science.

The goal of the course is to enable the sutend contact
with good practices from industry and research.
Guests from industry and research institutions will be
included in the lectures. The purpose of this is for the
students to meet several lectures and potential
advisors from different fields, while the practical
examples will motivate the student for study.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Manage data.

e Choose the appropriate visualization.

e Use fundamental programming tools for data
science.

e Use fundamental models of machine learning
and statistics.

e Prepare an exemplary report.

e Recognize potential security, privacy, and ethical
issues when working with data.

e Choose an appropriate license for works and
software.

e Apply good data science practices

Learning and teaching methods:
Lectures, homework, discussions.

Assessment:

Continuing (homework). Two hands-on in-
class exams with access to all literature and
access to the Internet. Three projects with
reports. Grading: 6-10 pass, 5 fail (according
to the rules of University of Ljubljana).



Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

DEMSAR, Janez, CURK, TomaZ, ERJAVEC, Ales, GORUP, Crtomir, HOCEVAR, Tomaz MILUTINOVIC,
Mitar, MOZINA, Martin, POLAINAR, Matija, TOPLAK, Marko, STARIC, Anze, STAIDOHAR, Miha, UMEK,
Lan, ZAGAR, Lan, ZBONTAR, Jure, ZITNIK, Marinka, ZUPAN, BlaZ. Orange : data mining toolbox in
Python. Journal of machine learning research, ISSN 1532-4435. [Print ed.], Aug. 2013, vol. 14, str. 2349-
2353.[COBISS.SI-ID 10118740]

CURK, Tomaz, DEM§AR, Janez, XU, Qikai, LEBAN, Gregor, PETROVIé, Uros, BRATKO, lvan, SHAULSKY,
Gad, ZUPAN, Blaz. Microarray data mining with visual programming. Bioinformatics, ISSN 1367-4803.
[Print ed.], 2005, vol. 21, no. 3, str. 396-398, ilustr. [COBISS.SI-ID 4563284]

ZITNIK, Slavko, BLAGUS, Neli, BAJEC, Marko. Target-level sentiment analysis for news articles.
Knowledge-based systems. [Print ed.]. Aug. 2022, vol. 249, str. 1-14, ilustr. ISSN 0950-7051,
10.1016/j.knosys.2022.108939. [COBISS.SI-ID 106573827]

DEMSAR, Janez, ZUPAN, BlaZ, LEBAN, Gregor, CURK, TomaZ. Orange : from experimental machine
learning to interactive data mining. V: BOULICAUT, Jean-Francgois (ur.). Knowledge discovery in
databases : PKDD 2004 : proceedings, (Lecture notes in computer science, ISSN 0302-9743, Lecture notes
in artificial intelligence, 3202). Berlin; Heidelberg; New York: Springer. cop. 2004, str. [5637]-539, ilustr.
[COBISS.SI-ID 4413268]

CURK, Tomaz, ROT, Gregor, ZUPAN, BlaZ. SNPsyn : detection and exploration of SNP-SNP interactions.
Nucleic acids research, ISSN 0305-1048, 2071, vol. 39, suppl. 2, str. 444-449, ilustr. [COBISS.SI-ID 8352596].

Celotna bibliografija je dostopna na SICRISu:
https://bib.cobiss.net/bibliographies/si/webBiblio/bib201_20220614_154058_34156.html
https://bib.cobiss.net/bibliographies/si/webBiblio/bib201_20220614_154236_23399.html|


https://dx.doi.org/10.1016/j.knosys.2022.108939
https://plus.si.cobiss.net/opac7/bib/106573827?lang=sl

VELEPODATKI

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet: Velepodatki
Course title: Big data
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja Studijska smer Letnik Semestri Izbirnost
Racunalnistvo in informatika, druga Podatkouvne vede (smer) 2. letnik 2.semester | izbirni
stopnja, magistrski
Racunalnistvo in informatika, druga Racunalnistvo in 2.semester | izbirni
stopnja, magistrski informatika (smer)
Univerzitetna koda predmeta/University course code: 0127836
Koda ucne enote na ¢lanici/UL Member course code: 63560

Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS

/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 30 105 6

Nosilec predmeta/Lecturer: MatjaZ Kukar

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Uvod v velepodatke. Znacilnosti velepodatkov,.
Velepodatki in podatkovna znanost. Relacijske
podatkoune baze in velepodatki. Porazdeljeni
podatkouni sistemi. Hadoop ekosistem.
Upravljanje z velepodatki. Podatkovni modeli za
strukturirane in delno strukturirane podatke.
Nerelacijski (NoSQL) podatkouvni modeli. Podatkouni
modeli in sistemi za upravljanje z velepodatki.
Obdelava velepodatkouv. Pouprasevanje in
pridobivanje podatkov. Paradigme za obdelavo
velepodatkouv. Procesni cevouvodi in agregatorji.
Osnouni gradniki in vzorci pisanja algoritmov.
Hadoop in Spark.

Analitika velepodatkov. Orodja za podatkovno
analitika. Osnovna statistika. Grucenje. Asociacije.

Predavanja/Lectures:

strokouni izbirni predmet /specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Introduction to big data. Characteristics of big
data. Big data and data science. Relational
databases and big data. Distributed data systems.
Hadoop ecosystem.

Big data management. Structured and semi-
structured data models. Non-relational (NoSQL)
data models. Data models and database systems for
big data. Domain-specific languages for big data.
Monitoring big data systems.

Big data processing. Querying and retrieval.
Paradigms for computing with data. Processing
pipelines and aggregators. Basic algorithmic
building blocks and patterns. Hadoop. Spark.

Data analytics with big data. Data analytics tools.
Basic statistics. Clustering. Associations. Predictive
modeling. Spark machine learning library MLib.




Napovedno modeliranje. Knjiznica orodij za strojno
ucenje Spark MLib.

Velepodatki in analiza grafov. NoSQL grafne baze
za delo z velepodatki. Neo4j grafna baza.
Pouprasevanje po grafih z jezikom CYPHER.
Osnouvna analiza grafov z Neo4j in CYPHER.
Prakticni vidiki analize velepodatkouv. Obdelava
heterogenih podatkov. Obdelava podatkounih
tokov.

Temeljna literatura in viri/Readings:

Big data and graph analytics. NoSQL graph
databases for big data. Neo4j graph database.
Graph querying with CYPHER. Basic graph analytics
with Neo4j and CYPHER.

Practical aspects of big data analytics. Processing
heterogeneous data. Processing data streams.

e R.Buyya, R. N. Calheiros, A. V. Dastjerdi, Big Data: Principles and Paradigms. Morgan Kaufmann, 2016.

e 0. Mendelevitch, C. Stella, D. Eadline. Practical Data Science with Hadoop and Spark: Designing and
Building Effective Analytics at Scale (1st ed.). Addison-Wesley, 2016

e F. Kane. Hands-on data science and Python machine learning : perform data mining and machine
learning efficiently using Python and Spark. Packt Publishing, 2077.

J. Baton, R. Van Bruggen. Learning Neo4j, 2nd edition, Packt Publishing, 2017.

Izbrani clanki in spletni viri. / Selected papers and online resources.

Cilji in kompetence:

Predmet Studente seznani s koncepti in prakticnimi
pristopi modernih orodij za porazdeljeno
procesiranje velepodatkou. Studenti bodo tako
teoreticno kot prakticno pripravljeni za samostojno
uporabo orodij za delo z velepodatki.

Predvideni studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili

Studentje zmozni:

e ugotoviti, ali dani problem sodi med velepodatke

e formalizirati problem z uporabo primernega
podatkovnega modela

e izbrati primerna orodja za obravnavo danega
problema

e kriticno oceniti zahtevane racunske vire za
trenutno in bodoce obremenitve

e uporabljati orodja za strojno ocinje na
velepodatkih (npr. MLib)

e implementirati lastne algoritme za strojno
ucenje

Metode poucevanja in ucenja:
Predavanja, vaje, domace naloge, projekt,
individualno delo.

Objectives and competences:

The course aims at familiarizing the student with
concepts and practices of modern distributed big
data tools. The course prepares students for
competent use of big data tools in theory and
practice.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Determine whether the problem at hand is a big
data problem.

e Formalize the problem using a suitable data
model.

e Select appropriate big data tools and
frameworks.

e Critically assess required computing resources
for current and future loads.

e Use big data machine learning frameworks
(MLib).

e Implement custom learning algorithms.

Learning and teaching methods:
Lectures, tutorials, homework, project, individual
work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, projects)
projekti)

Koncno preverjanje (pisni izpit) Ocene: 5 50,00 % Final (written exam) Grading: 5 (fail), 6-10

(negativno), 6-10 (pozitivno) (v skladu s
Statutom UL).

(pass) (according to the rules of University
of Ljubljana).



Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

e GUNCAR, Gregor, KUKAR, MatjaZ, NOTAR, Mateja, BRVAR, Miran, CERNELC, Peter, NOTAR, Manca,
NOTAR, Marko. An application of machine learning to haematological diagnosis. Scientific reports, 2018,
8(1), 411.

e PETELIN, Boris, KONONENKO, Igor, MALACIC, Vlado, KUKAR, Matjaz. Dynamic fuzzy paths and cycles
in multi-level directed graphs. Engineering applications of artificial intelligence, 2014, vol. 37, str. 194-
206.

e PETELIN, Boris, KONONENKO, Igor, MALACIC, Viado, KUKAR, Matjaz. Multi-level association rules and
directed graphs for spatial data analysis. Expert systems with applications, 2013, vol. 40, issue 12, str.
4957-4970.

e KONONENKO, Igor, KUKAR, Matjaz. Machine learning and data mining: introduction to principles and
algorithms. Chichester: Horwood Publishing, 2007.



VISOKO ZMOGLJIVO RACUNANIJE

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Racunalnistvo in informatika, druga

Studijska smer
Podatkouvne vede (smer)

Racunalnistvo in

Visoko zmogljivo racunanje
High performance computing

Letnik Semestri Izbirnost
2. letnik 2. semester | izbirni
2. semester | izbirni

stopnja, magistrski

informatika (smer)

Univerzitetna koda predmeta/University course code: 0127827
Koda ucne enote na ¢lanici/UL Member course code: 63543
Predavanja Seminar Vaje Klinicne vaje  Druge oblike Samostojno  ECTS
/Lectures /Seminar /Tutorials /Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
45 10 20 105 6

Nosilec predmeta/Lecturer: Uros Lotric

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Vzporedno in porazdeljeno racunanje. Vzporedne
arhitekture. Dostop do pomnilnika. Zrnjavost.
Topologije.

Sodobne vzporedne arhitekture. Vecprocesorski
sistemi. Vecracunalniski sistemi. Graficne kartice.
Koprocesoriji. Vezja FGPA, heterogeni sistemi.
Vzporedni programski jeziki in okolja. OpenMP.
MPI. OpenCL. MapReduce.

Paralelni algoritmi. Analiza in programiranje.
Podatkouni in funkcijski paralelizem. Cevovod.
Raztegljivost. Nacini programiranja. Strategije.
Analiza pohitritev. Implementacija tipicnih
algoritmov. Izbira primerne arhitekture.
Zmogljivost paralelnih sistemov. Uravnavanje
obremenitve. Razporejanje opravil. Stroski

Predavanja/Lectures:

strokouni izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Parallel and distributed computing. Quantifying
parallelisation architectures. Memory access.
Granularity. Topologies.

Modern parallel architectures. Shared-memory
systems. Distributed-memory systems. Graphics
processing units. Modern coprocessors. FPGA circuits.
Heterogeneous systems.

Parallel languages and programming
environments. OpenMP. MPI. OpenCL. MapReduce.
Parallel algorithms. Analysis and programming.
Data and functional parallelism. Pipeline. Scalability.
Programming strategies. Performance analyis.
Implementation of standard scientific algorithmes.
Choosing the appropriate architecture.



komunikacije. Vpliv predpomnilnika. Prostorska in
casouna lokalnost. Energijska ucinkovitost.
Uporaba nacionalne infrastrukture za visoko
zmogljivo racunanje.

Izbrane napredne in aktualne teme s podrocja
visoko zmogljivega racunanja.

Temeljna literatura in viri/Readings:

Parallel performance. Load balancing. Scheduling.
Communication overhead. Cache effects. Spatial
and temporal locality. Energy efficiency.

Using the national high performance computing
infrastructure.

Selected advanced and current topics in high
performance computing.

e Introduction to High Performance Scientific Computing, by V. Eijkhout et al. (Creative Commons, 2015)
e P.S. Pacheco. An Introduction to Parallel Programming, 2nd Edition, Morgan Kaufman, 2071.

e M.J.Quinn. Parallel Programing in C with MPI and OpenMP. Mc Graw Hill, 2003.

e B.R. Gaster et. al. Heterogeneous computing with OpenCL. Morgan Kaufmann, 2013.

e G. Couloris et al. Distributed Systems: Concepts and Design. Pearson, 2012.

Cilji in kompetence:

Pridobiti teoreticno in prakticno znanje s podrocij
vzporednih in porazdeljenih sistemov, paralelnega
programiranja in procesiranja, ki je potrebno za
ucinkovitejse izvjanje izbranega problema z uporabo
moderne strojne opreme in ustreznih orodij.
ZmoZnost ucinkovite paralelizacije problema s
podrocja znanosti in tehnike, vkljucujoc analizo
problema, izbiro primerne strojne opreme in pravega
programskega pristopa.

Pridobiti znanje za delo na nacionalni infrastrukturi
za visoko zmogljivo racunanje.

Predvideni Studijski rezultati:

Po uspesno zakljucenem predmetu naj bi bili

Studentje zmozZni:

e Zasnouati programe za moderne paralelne
racunalniske arhitekture.

e Izbrati primerno strojno opremo za pohitritev
izbranega algoritma.

e Narediti preformancno analizo programske
kode.

e [dentificirati dele programske kode, ki jih je
smiselno pohitriti.

e Uporabiti nacionalno infrastrukturo za visoko
zmogljivo raunanje.

e Povezatiteorijo vzporednih in porazdeljenih
sistemouv s prakso.

Metode poucevanja in ucenja:
Predavanja, vaje, domace naloge, projekt.

Objectives and competences:

To get the theoretical and practical knowledge from
the areas of parallel and distributed systems, parallel
programming and processing, needed to excel the
computation of the problem at hand using modern
computing platforms and tools.

Parallelize problems from science and engineering by
structuring the problem, choosing the appropriate
hardware and programming concept to generate an
effcient solution.

Gain knowledge to work with national high
performance infrastructure.

Intended learning outcomes:

After successfully completing the course, students

should be able to:

e Design programs for modern parallel
architectures.

e Choose the appropriate hardware to speed up a
particular algorithm.

e Perform performance analysis of computer code.

e Identify parts of the code that can be sped up.

e Use the national high performance computing
architecture.

e Connect the theory and practice of parallel and
distributed systems.

Learning and teaching methods:
Lectures, tutorials, homework, project.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge in 50,00 % Continuing (homework, project work)
projektno delo)

Koncno preverjanje (ustni izpit) 50,00 % Final (oral exam)



Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

e SILVA, Catarina, LOTRIC, Uros, RIBEIRO, Bernardete, DOBNIKAR, Andrej. Distributed text classification
with an ensemble kernel-based learning approach. IEEE trans. syst. man cybern., Part C Appl. rev., May
2010, vol. 40, 287-297

e LOTRIC, Uros, BULIC, Patricio. Applicability of approximate multipliers in hardware neural networks.
Neurocomputing, 2012, vol. 96, 57-65

e CANKAR, Matija, ARTAC, Matej, STERK, Marjan, LOTRIC, Uros, SLIVNIK, Bostjan. Co-allocation with
collective requests in grid systems. Journal for universal computer science, 2013, vol. 96, 282-300

e SLUGA, Davor, CURK, TomaZ, ZUPAN, Blaz, LOTRIC, Uros. Heterogeneous computing architecture for
fast detection of SNP-SNP interactions. BMC bioinformatics, 2014, vol. 15, 1-16

e LOTRIC, Uros, BULIC, Patricio. Logarithmic arithmetic for low-power adaptive control systems. Circuits
Systems and Signal Processing, 2017, vol. 36, 3564-3584

Celotna bibliografija: / Full bibliograpy:

http://sicris.izum.si/search/rsr.aspx?lang=slv&id=9241.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=9241

ZAZNAVANIE V KOGNITIVNIH SISTEMIH

UCNINACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:
Clanica nosilka/UL Member: UL FRI

Studijski programi in stopnja
Racunalnistvo in informatika, druga
stopnja, magistrski

Racunalnistvo in matematika, druga
stopnja, magistrski

Univerzitetna koda predmeta/University course code:
Koda ucne enote na ¢lanici/UL Member course code:

Predavanja Seminar Vaje
/Lectures /Seminar /Tutorials
45 30

Nosilec predmeta/Lecturer:
Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Vsebina:

Predavanja:

- Racunske teorije zaznavanja

- Kognitivne arhitekture zaznavanja

- Ucenje, razpoznavanje, kategorizacija in
abstrakcija vizualnih entitet

- Aktivni vid

- Racunske teorije pozornostnih mehanizmou
- Vizualni kontekst

- Racunske teorije zaznavanja prostora in
prostorskih relacij

Vaje:

Studenti se na vajah spoznajo z dodatnimi vidiki
racunskih modelov zaznavanja in z njihovo
prakticno implementacijo v okviru razvoja
senzorskih ali robotskih sistemouv. Pod vodstvom

Studijska smer Letnik
Racunalnistvo in
informatika (smer)
Ni ¢lenitve (Studijski
program)

Klinicne vaje

Ales Leonardis

Predavanja/Lectures:
Vaje/Tutorial:

Zaznavanje v kognitivnih sistemih
Perception in cognitive systems

Semestri Izbirnost
1. semester | izbirni

1. letnik, 1. semester | izbirni
2. letnik

0075156
63513

Druge oblike Samostojno  ECTS

/Clinical Studija delo
tutorials /Other forms  /Individual
of study student work
105 6

Strokouno izbirni predmet/specialist elective course

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Content (Syllabus outline):

Lectures:

- Computational theories of perception

- Cognitive architectures of perception

- Learning, recognition, categorization and
abstractions of visual entities

- Active vision

- Computational theories of attentional mechanisms
- Visual context

- Computational theories of spatial perception

Exercises:

Practical implementation of computational models
related to perception and cognition. Under
supervision, development of software and hardware
solutions for object recognition and categorisation,
robot localisation, and active vision.




mentorja razvijejo programske in strojne resitve s
podrocja razpoznavanja in kategorizacije objektov,
robotske lokalizacije in aktivnega vida.

Temeljna literatura in viri/Readings:

1. Object Categorization: Computer and Human Vision Perspectives, S. J. Dickinskon, A. Leonardis, B. Schiele,
M. J. Tarr, (Eds.), Cambridge University Press, 2009, (ISBN-13: 9780521887380).
2. A. Pinz, Object Categorization, Foundations and Trends® in Computer Graphics and Vision, 1(4), pp. 255-

353,2006, (ISBN: 1-933019-13-1).

Dostopna tudi: http://www.emt.tugraz.at/system/files/CGV003-journal.pdf

3.S. Thrun, W. Burgard, D. Fox, Probabilistic Robotics: Intelligent Robotics and Autonomous Agents, (ISBN-

10: 0262201623).

Cilji in kompetence:

Cilj predmeta je Studente racunalnistva in
informatike nauciti osnov zaznavanja v kognitivnih
sistemih, kar vkljuCuje nekatere izbrane teorije
racunskega zaznavanja, racunalnisko modeliranje
zaznavnih procesou ter uporabo teh modelov pri
izgradnji aktivnih kognitivnih robotskih sistemov.

Predvideni Studijski rezultati:

Student naj bi po uspesno opravljenem predmetu:

- Poznal in razumel racunske modele zaznavanja ter

njihove implementacije v umetnih kognitivnih

sistemih.

- Znal snovati prakticne resitve s podrocja umetnega

zaznavanja v kognitivnih sistemih.

e Znalsnovatiin implementirati prakticne reSitve s
podrocja umetnega zaznavanja v kognitivnih
sistemih, npr. v avtonomnih robotih, nadzornih
sistemih, inteligentnih okoljih ali mobilnem
racunalnistuu.

- Poznal sirse raziskovalno podrocje umetnega in

naravnega zaznavanja ter kognitivnih sistemov.

- Bil sposoben samostojnega in multidisciplinarnega

raziskovanja na osnovi strokoune literature in

eksperimentalnega dela. Sposobnost programiranja
senzorskih ali robotskih sistemouv.

Metode poucevanja in ucenja:

Predavanja s podporo avdio-vizualne opreme.
Laboratorijske vaje v primerno opremljenem
laboratorijskem prostoru. Delo posamezno in v
skupinah. Prakticno delo in vrednotenje produktov.

Objectives and competences:

The objective of the course is to teach the students
basic competences in the area of artificial perception
in cognitive systems, including selected
computational theories of perception,
computational models of perceptual processes, and
application of these models for designing active
cognitive robotic systems.

Intended learning outcomes:

After successfully completing the course, the
students will be able to:

-understand computational models of perception
and their implementation in artificial cognitive
systems,

- understand design principles for practical problems
in the area of artificial perception in cognitive
systems,

- design and implement practical solutions in the
area of machine perception in cognitive systems, e.g.,
in autonomous robots, control systems, intelligent
environments or mobile computing,

- understand wider research area of artificial and
natural perception and cognitive systems,

- perform research based on professional literature
and experimental work and program sensorial and
robot systems.

Learning and teaching methods:

Lectures with slides. Exercises in appropriately
equipped laboratories. Individual work and work in
small groups.

Nacini ocenjevanja: Delez/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral, coursework,
naloge, projekt): project):

Sprotno preverjanje (domace naloge, 50,00 % Continuing (homework, midterm exames,
kolokuviji in projektno delo) project work)

Koncno preverjanje (pisni in ustni izpit) 50,00 % Final (written and oral exam)


http://www.emt.tugraz.at/system/files/CGV003-journal.pdf

Ocene: 6-10 pozitivno, 5 negativno (v Grading: 6-10 pass, 5 fail (according to the
skladu s Statutom UL). rules of University of Ljubljana).

Ocenjevalna lestvica: Grading system:

Reference nosilca/Lecturer's references:

1. A. Leonardis, A. Gupta, and R. Bajcsy, »Segmentation of range images as the search for geometric
parametric models«, International Journal of Computer Vision, 14, pages 253-277, 1995.

2. A. Leonardis, A. Jaklic, and F. Solina, »Superquadrics for segmentation and modelling range data«, IEEE
Transactions on Pattern Analysis and Machine Intelligence, 19, pages 1289-1295, 1997.

3. A. Leonardis and H. Bischof, »Robust recognition using eigenimages«, Computer Vision and Image
Understanding, 78, no. 1, pages 99-118, 2000.

4. M. Jogan, E. Zagar, A. Leonardis. »Karhunen-Loéve expansion of a set of rotated templates«. IEEE trans.
image process., July 2003, vol. 12, no. 7, str. 817-825.

5. S. Fidler, D. Skocaj, A. Leonardis. » Combining reconstructive and discriminative subspace methods for
robust classification and regression by subsampling«. IEEE trans. pattern anal. mach. intell.. Mar. 2006, vol.
28, no. 3, str. 337-350.

Celotna bibliografija je dostopna na SICRISu: http://sicris.izum.si/search/rsr.aspx?lang=slv&id=5591.



http://sicris.izum.si/search/rsr.aspx?lang=slv&amp;id=5591

