UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet: Aktualno raziskovalno podrocje 1
Course title: Topical research themes 1
Studijski programi in stopnja Studijska smer Letnik Semestri
Racunalnistvo in informatika, druga stopnja, magistrski = Racunalnistvo in informatika (smer) Zimski
Univerzitetna koda predmeta/University course code: 63545
Predavanja Seminar Vaje Klinicne vaje Druge oblike Samostojno ECTS
Studija delo

45 10 40 85 6
Nosilec predmeta/Lecturer: Matej Kristan
Vrsta predmeta/Course type: izbirni/elective
Jeziki/Languages: Predavanja/Lectures: Slovenscina, Anglescina

Vaje/Tutorial: Slovenscina, Angles¢ina

Pogoji za vkljucitev v delo oz. za opravljanje studijskih Prerequisites:
obveznosti:
Vsebina: Content (Syllabus outline):
Predmet izvajajo (mlajsi) ucitelji, ki bodo pokrivali The course is lectured by (younger) professors who
novosti iz prakticno usmerjenega raziskovalnega dela. present novelties from practically oriented research
Predstavili bodo tehnoloske preboje ali uporabne work. Currently uncovered topics interesting due to
reSitve s podrocja prakti¢nega racunalnistva in recent technological breakthroughs or their applicative
informatike, ki Se niso vklju¢ene v vsebine obstojecih value are presented. The lecturer and specific contents
predmetov. of the course are determined annually according to the
Podrobna vsebina in predavatelj se doloci vsako leto propositions, programme needs, and latest research

posebej glede na predloge, potrebe programa in zadnje | trends.
raziskovalne smernice v svetu.

Temeljna literatura in viri/Readings:

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: Objectives and competences:

Cilj predmeta je prenesti raziskovalne novosti v u¢ni The goal of the course is a transfer of recent research
program in Studentom omogociti, da spoznajo zadnje results into the curriculum. Students will be introduced
tehnoloske dosezke in prakti¢ne implementacije novih to novel technological breakthroughs as well as practical
metod in tehnologij na podrocju rac¢unalnistva in implementations of new methods and technologies in
informatike. the field of computer and information science.

Predvideni studijski rezultati: Intended learning outcomes:




Po zaklju¢ku predmeta bo Student:

- Poznal nove prakti¢ne raziskovalne prijeme, ki v
obstoje¢em predmetniku Se niso zajeta.

- Znal uporabiti najnovejse pristope in tehnike z

izbranega podrocja racunalnistva in informatike v praksi.

- Razumel primernosti izbranih pristopov s podrocja
racunalnistva in informatike za reSevanje prakti¢nih
primerov v poslovnih okoljih.

- Znal reSevati kompleksne probleme in razvijati

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.

kompleksne sisteme. - Know how to solve complex problems, and design

complex systems.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

Learning and teaching methods:
Lectures, lab work.

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

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

Delez/Weight

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

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

Reference nosilca/Lecturer’s references:

CEHOVIN, Luka, KRISTAN, Matej, LEONARDIS, Ale$. 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, MANDELIC, Rok, KOVACIC, Stanislav, 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 10896980]

KRISTAN, Matej, LEONARDIS, Ale$, 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, Ale$, 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]

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/ijgm/search basic.aspx?lang=slv&opdescr=search&opt=2&subopt=1&codel=cmn&code
2=auto&search term=30155.



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
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

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Aktualno raziskovalno podrocje 2
Topical research themes 2

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

45 10 20

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 izvajajo (mlajsi) ucitelji, ki bodo pokrivali
novosti iz teoreticno usmerjenega raziskovalnega dela.
Predstavili bodo nove ideje, metodoloske preboje ali
nove usmeritve na podrocju teoreti¢nega racunalnistva
in informatike, ki Se niso vklju¢ene 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:

Studijska smer

Predavanja/Lectures:

Letnik Semestri

Racunalnistvo in informatika (smer) Letni
63546
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

izbirni predmet/elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Content (Syllabus outline):

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. Vitanyi, 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 u¢ni
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:

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:




Po zaklju¢ku predmeta bo Student:

- Poznal nove prakti¢ne raziskovalne prijeme, ki v
obstoje¢em predmetniku Se niso zajeta.

- Znal uporabiti najnovejse pristope in tehnike z

izbranega podrocja racunalnistva in informatike v praksi.

- Razumel primernosti izbranih pristopov s podrocja
racunalnistva in informatike za reSevanje prakti¢nih
primerov v poslovnih okoljih.

- Znal reSevati kompleksne probleme in razvijati

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.

kompleksne sisteme. - Know how to solve complex problems, and design

complex systems.

Metode poucevanja in ucenja:
Predavanja, laboratorijske vaje

Learning and teaching methods:
Lectures, lab work.

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

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

Delez/Weight

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

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

Reference nosilca/Lecturer's references:

CEHOVIN, Luka, KRISTAN, Matej, LEONARDIS, Ale$. 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, MANDELIC, Rok, KOVACIC, Stanislav, 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 10896980]

KRISTAN, Matej, LEONARDIS, Ale$, 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, Ale§, 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]

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/ijgm/search basic.aspx?lang=slv&opdescr=search&opt=2&subopt=1&codel=cmn&code
2=auto&search term=30155



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
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

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Algoritmi
Algorithms

Studijski programi in stopnja

Racunalnistvo in informatika, druga stopnja, magistrski

Univerzitetna koda predmeta/University course code:

Predavanja Seminar

45 20

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Studijska smer Letnik Semestri

Racunalnistvo in informatika (smer) Letni
63508
Vaje Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
10 105 6

Tomaz Dobravec

obvezni predmet/co

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje studijskih
obveznosti:
Osnovno znanje algoritmov in podatkovnih struktur.

Vsebina:

Vsebina predmeta:

Racunska zahtevnost za algoritme tipa deli in vladaj.
Randomizirani algoritmi in verjetnostna analiza
algoritmov.

Amortizirana analiza algoritmov.

Iskanje v ve¢dimenzionalnih prostorih: k-d drevesa, R
drevesa, lokalno obcutljivo razprsevanje.

Sortiranje s predpostavkami: s Stetjem, korensko
urejanje, sektorsko urejanje.

Iskanje s predpostavkami: drevesa van Emde Boats.
Razprsene tabele: funkcije razprsevanja, univerzalno
razprsevanje, popolno razprsevanje, Bloomovi filtri.
Hevristicne metode resevanja problemov: lokalne
metode.

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 prvi stopniji $e niso osvojili osnovnih
algoritmov in podatkovnih struktur, bodo pod
mentorstvom izvajalcev v obliki seminarjev in domacih
nalog sproti obdelali S$e manjkajoc¢e predznanje.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Basic knowledge of algorithms and data structures.

Content (Syllabus outline):

The topics:

Computational complexity for divide and conquer
algorithms.

Randomized algorithms and probabilistic analysis.
Amortized analysis of algorithms.

Searching in multidimensional spaces: k-d trees, R-trees
and locality-sensitive hashing.

Sorting with assumptions: counting sort, radix sort,
bucket sort.

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

Heuristic programming: local methods.
Metaheuristics for optimization.

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

Multithreaded and distributed algorithms.

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 algoritmov in si razsirili orodjarno znanih
algoritmov in tehnik za njihov razvoj.

Splosne kompetence:

sposobnost kriti¢nega 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 algoritmov tipa deli in vladaj,

randomizacija algoritmov

verjetnostna analiza algoritmov,

amortizirana analiza algoritmov,

poznavanje razredov formalnih jezikov in zapis
regularnih izrazov ter kontekstno neodvisnih gramatik,
poznavanje vloge predpostavk pri razvoju ucinkovitih
algoritmov,

ucinkovito iskanje prostorskih podatkov,

uporaba razprsenih tabel, sestava razprsevalne 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, metodo
rojev, diferencialno evolucijo in kolonijo mravelj,
uporaba tehnik racunske geometrije in poznavanje
ucinkovitih algoritmov za konveksno ovojnico,

analiza vecnitnih algoritmov, paralelna pohitritev,
spreminjanje enonitnih v vec¢nitne 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 algoritmov in jih znal
implementirati v izbranem programskem jeziku,

- sposoben izkazati algoritmi¢ni nacin razmisljanja in
reSevanja problemov,

- sposoben samostojno razviti nov algoritem za izbrane
probleme,

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

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,



- znal raziskati problem, doloditi 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 $ibkim obstoje¢im znanjem bodo manjkajoce
znanje pridobili z dodatnimi individualnimi seminarskimi
nalogami in programerskimi projekti.

- 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.

Koncno preverjanje: pisni in ustni izpit.
Ocene: 6-10 pozitivno, 5 negativno (v skladu s
Statutom UL).

Reference nosilca/Lecturer’s references:

50,00 %

Final: written and oral exam.
Grading: 6-10 pass, 5 fail (according to the
Statutes of University of Ljubljana).

KLOBOVES, Klemen, MIHELIC, Jurij, BULIC, Patricio DOBRAVEC, Tomaz. FPGA-Based SIC/XE Processor and
Supporting Toolchain. International Journal of Engineering Education, 2017, vol. 33, no. 6(A), pp. 1927-1939

MIHELIC, Jurij, DOBRAVEC, Toma?. SicSim: a simulator of the educational SIC/XE computer for a system-software
course. Computer applications in engineering education, ISSN 1061-3773, 2015, vol. 23, no. 1, pp. 137-146
CESNOVAR, Rok, RISOJEVIC, Vladimir, BABIC, Zdenka, DOBRAVEC, Tomaz, BULIC, Patricio. A GPU implementation of
a structural-similarity-based aerial-image classification. The journal of supercomputing, ISSN 0920-8542, 2013, vol.
65, no. 2, pp. 978-996

BULIC, Patricio, DOBRAVEC, Tomaz. An approximate method for filtering out data dependencies with a sufficiently
large distance between memory references. The journal of supercomputing, ISSN 0920-8542, 2011, vol. 56, no. 2,
pp. 226-244

DOBRAVEC, Toma?, ROBIC, Borut. Restricted shortest paths in 2-circulant graphs. Comput. commun.. [Print ed.],
March 2009, vol. 32, no. 4, str. 685-690



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Analiza omrezij
Network analysis

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

45 20 10

Nosilec predmeta/Lecturer: Lovro Subelj

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

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

Vsebina:

Uvod v analizo omreiij. Grafi. Omrezja.

Polozaj vozlis¢. Spektralne in razdaljnostne mere
srediscnosti vozlis¢. Koeficienti nakopicenosti. Algoritmi
analize povezav.

Pomembnost povezav. Mere vmesne sredis¢nosti
povezav. Vpetost in topolosko prekrivanje.

Podobnost vozlis¢. Lokalna in globalna podobnost
vozlis¢. Strukturna in regularna ekvivalenca. Blo¢ni
modeli.

Fragmenti vozlis¢. Egocentri¢na analiza. Motivi in grafki
omrezij. Konveksni podgrafi. Porazdelitve orbit vozlisc.
Razbitje grafov. Bisekcija grafov. Spektralna analiza.
Hierarhi¢no razvrséanje. Jedrno-obrobna zgradba.
Razvricanje omrezij. Optimizacija modularnosti.
Odkrivanje skupnosti. Odkrivanje vlog. Blo¢no
modeliranje.

Modeliranje omrezij. Erdos-Renyi. Watts-Strogatz.
Price, Barabasi-Albert in konfiguracijski modeli.
Abstrakcija omrezij. Strukturna primerjava omrezij.
Algoritmi postavitve omrezij. Prikazi omreZij.
Rudarjenje omrezij. Klasifikacija in rangiranje vozlis¢ z
uporabo ekvivalence in poloZaja. Napovedovanje
povezav z uporabo podobnosti.

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

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

Studijska smer Letnik Semestri
Podatkovne vede (smer) 2. letnik = Letni
63545B
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Content (Syllabus outline):

Introduction to network analysis. Graphs. Networks.
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. Block models.
Node fragments. Egonets analysis. Network motifs and
graphlets. Convex subgraphs. Node orbit distributions.
Graph partitioning. Graph bisection. Spectral analysis.
Hierarchical clustering. Core-periphery structure.
Network clustering. Modularity optimization.
Community detection. Role discovery. Blockmodeling.
Network modeling. Erdos-Renyi. Watts-Strogatz. Price,
Barabasi-Albert and configuration models.

Network abstraction. Structural network comparison.
Network layout algorithms. Network visualization.
Network mining. Node classification and ranking by
equivalence and position. Link prediction by similarity.
Selected applications of network analysis. Fraud
detection. Software engineering. Information science.




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

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

e Easley, D. & Kleinberg, J., Networks, Crowds, and Markets (Cambridge University Press, 2010).

e de Nooy, W., Mrvar, A. & Batagelj, V., Exploratory Social Network Analysis (Cambridge University Press, 2011).
e Estrada, E. & Knight, P.A., A First Course in Network Theory (Oxford University Press, 2015).

Cilji in kompetence:

Predmet je namenjen seznanitvi Studentov s
teoreti¢nimi osnovami omreZne znanosti in analize
omrezij ter vidiki uporabe analize omrezij pri reSevanju
prakti¢nih problemov.

Predvideni Studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili Studentje

zmozni:

e Uporabiti pristope omreZne znanosti k podatkovni
analitiki.

e QOceniti uporabo razliénih metod in tehnik
modeliranja.

e  Izbrati ustrezno tehniko za dani problem in
podatke.

o Interpretirati rezultate analize omrezij.

e Prepoznati potencialne tezave.

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

Nacini ocenjevanja:

Sprotno preverjanje (domace naloge, izzivi,
projekt)

Konéno preverjanje (ustni izpit) Ocene: 6-10
pozitivno, 5 negativno

Reference nosilca/Lecturer’s references:

Delez/Weight
67,00 %

33,00 %

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:

After successfully completing the course, students

should be able to:

e Apply the network science approach to data
analysis.

e Evaluate different types of methods and models.

e Choose the correct approach for the problem at
hand.

e Interpret network analysis results

e Identify potential issues.

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

Assessment:
Continuing (homeworks, challenges, project)

Final (oral exam) Grading: 6-10 pass, 5 fail

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

databases. Sci. Rep. 4, 6496 (2014).

e Subelj, L., Zitnik, S., Blagus, N. &Bajec, M. Node mixing and group structure of complex software networks.

Advs. Complex Syst. 17, 1450022 (2014).

e Subelj, L., Van Eck, N. J. & Waltman, L. Clustering scientific publications based on citation relations. PLoS ONE

11, e0154404 (2016).

e Marg, T. & Subelj, L. Convexity in complex networks. Netw. Sci., 1-28 (2018).



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Analiza omrezij
Network analysis

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

45 20 10

Nosilec predmeta/Lecturer: Lovro Subelj

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

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

Vsebina:

Uvod v analizo omreiij. Grafi. Omrezja.

Polozaj vozlis¢. Spektralne in razdaljnostne mere
srediscnosti vozlis¢. Koeficienti nakopicenosti. Algoritmi
analize povezav.

Pomembnost povezav. Mere vmesne sredis¢nosti
povezav. Vpetost in topolosko prekrivanje.

Podobnost vozlis¢. Lokalna in globalna podobnost
vozlis¢. Strukturna in regularna ekvivalenca. Blo¢ni
modeli.

Fragmenti vozlis¢. Egocentri¢na analiza. Motivi in grafki
omrezij. Konveksni podgrafi. Porazdelitve orbit vozlisc.
Razbitje grafov. Bisekcija grafov. Spektralna analiza.
Hierarhi¢no razvrséanje. Jedrno-obrobna zgradba.
Razvricanje omrezij. Optimizacija modularnosti.
Odkrivanje skupnosti. Odkrivanje vlog. Blo¢no
modeliranje.

Modeliranje omrezij. Erdos-Renyi. Watts-Strogatz.
Price, Barabasi-Albert in konfiguracijski modeli.
Abstrakcija omrezij. Strukturna primerjava omrezij.
Algoritmi postavitve omrezij. Prikazi omreZij.
Rudarjenje omrezij. Klasifikacija in rangiranje vozlis¢ z
uporabo ekvivalence in poloZaja. Napovedovanje
povezav z uporabo podobnosti.

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

Temeljna literatura in viri/Readings:

Studijska smer

Predavanja/Lectures:

Letnik Semestri

Racunalnistvo in informatika (smer) Letni
63545B
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Content (Syllabus outline):

Introduction to network analysis. Graphs. Networks.
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. Block models.
Node fragments. Egonets analysis. Network motifs and
graphlets. Convex subgraphs. Node orbit distributions.
Graph partitioning. Graph bisection. Spectral analysis.
Hierarchical clustering. Core-periphery structure.
Network clustering. Modularity optimization.
Community detection. Role discovery. Blockmodeling.
Network modeling. Erdos-Renyi. Watts-Strogatz. Price,
Barabasi-Albert and configuration models.

Network abstraction. Structural network comparison.
Network layout algorithms. Network visualization.
Network mining. Node classification and ranking by
equivalence and position. Link prediction by similarity.
Selected applications of network analysis. Fraud
detection. Software engineering. Information science.




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

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

e Easley, D. & Kleinberg, J., Networks, Crowds, and Markets (Cambridge University Press, 2010).

e de Nooy, W., Mrvar, A. & Batagelj, V., Exploratory Social Network Analysis (Cambridge University Press, 2011).
e Estrada, E. & Knight, P.A., A First Course in Network Theory (Oxford University Press, 2015).

Cilji in kompetence:

Predmet je namenjen seznanitvi Studentov s
teoreti¢nimi osnovami omreZne znanosti in analize
omrezij ter vidiki uporabe analize omrezij pri reSevanju
prakti¢nih problemov.

Predvideni Studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili Studentje

zmozni:

e Uporabiti pristope omreZne znanosti k podatkovni
analitiki.

e QOceniti uporabo razliénih metod in tehnik
modeliranja.

e Izbrati ustrezno tehniko za dani problem in
podatke.

o Interpretirati rezultate analize omrezij.

e Prepoznati potencialne tezave.

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

Nacini ocenjevanja:

Sprotno preverjanje (domace naloge, izzivi,
projekt)

Konéno preverjanje (ustni izpit) Ocene: 6-10
pozitivno, 5 negativno

Reference nosilca/Lecturer’s references:

Delez/Weight
67,00 %

33,00 %

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:

After successfully completing the course, students

should be able to:

e Apply the network science approach to data
analysis.

e Evaluate different types of methods and models.

e Choose the correct approach for the problem at
hand.

e Interpret network analysis results

e Identify potential issues.

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

Assessment:
Continuing (homeworks, challenges, project)

Final (oral exam) Grading: 6-10 pass, 5 fail

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

databases. Sci. Rep. 4, 6496 (2014).

e Subelj, L., Zitnik, S., Blagus, N. &Bajec, M. Node mixing and group structure of complex software networks.

Advs. Complex Syst. 17, 1450022 (2014).

e Subelj, L., Van Eck, N. J. & Waltman, L. Clustering scientific publications based on citation relations. PLoS ONE

11, e0154404 (2016).

e Marg, T. & Subelj, L. Convexity in complex networks. Netw. Sci., 1-28 (2018).



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet: Aproksimacijski in naklju¢nostni algoritmi
Course title: Approximation and randomized algorithms

Studijski programi in stopnja

Studijska smer

Letnik Semestri

Racunalnistvo in informatika, druga stopnja, magistrski  Racunalnistvo in informatika (smer) Zimski
Univerzitetna koda predmeta/University course code: 63557
Predavanja Seminar Vaje Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
45 30 105 6
Nosilec predmeta/Lecturer: Borut Robic
Vrsta predmeta/Course type: strokovni izbirni predmet/specialist elective course
Jeziki/Languages: Predavanja/Lectures: Slovenscina
Vaje/Tutorial: Slovensdina

Pogoji za vkljucitev v delo oz. za opravljanje studijskih

obveznosti:

Vsebina:
Predmet bo vseboval naslednje vsebine:
Uvod

e Racunska zahtevnost odlocitvenih in optimizacijskih

problemov
e NP-polniin NP-tezki problemi
e Hevristic¢ni 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 algoritmov
e PoZreSna metoda
e Osredotocanje na podporobleme
e Zaporedno razdeljevanje
e Dinamicno programiranje
Naklju¢nostno resevanje NP-tezkih probl.
e Las Vegas in Monte Carlo algoritmi
e Razredi RP, co-RP, ZPP, PP, BPP
Razvoj naklju¢nostnih algoritmov
¢ Nakljuéno vzorcenje
e  Zagotavljanje obilice pri¢
¢ Nakljuéno preurejanje vhoda
e Zgoscanje

Prerequisites:

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

Introduction
e  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 The class APX
e Gap technique
e  Approximation schemes
e The classes PTAS and FPTAS
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 The classes RP, co-RP, ZPP, PP, BPP
. The design of randomized algorithm
e Random sampling
e  Establishing abundance of witnesses
e Random reordering



¢ Enakomerno porazdeljevanje bremen

Temeljna literatura in viri/Readings:

¢ Hashing
e Load balancing

B. Robi¢, 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 teoreti¢nem nivoju in prek prakti¢nih
primerov osvojili znanja za priblizno in naklju¢nostno
reSevanje prakticnih problemov, ki so v razumnem casu
drugace neobvladljivi.

Predvideni studijski rezultati:

Znanje in razumevanje:

Student bo po opravljenem predmetu:

-- razumel razloge za aproksimacijski in/ali
naklju¢nostni pristop k resevanju nekaterih, predvsem
NP-tezkih racunskih problemov;

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

-- razumel prakti¢ne razloge za aproks. ali naklj.
racunanje suboptimalnih resitev problemov;

-- razumel osnovne pojme o aproks. in naklj. algoritmih;
-- razumel razne pristope za dolo¢anje kakovosti
suboptimalnih resitev ter omejitve teh pristopov;

-- razumel razrede zahtevnosti odloCitvenih in
optimizacijskih problemov 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. algoritmov

-- usposobljen za samostojno iskanje in razumevanje
novih raziskovalnih rezultatov s podrocij
aproksimacijsega in naklju¢nostnega resevanja
racunskih problemov.

Metode poucevanja in ucenja:
Predavanja, domace naloge, seminarski nacin dela pri
vajah.

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

Delez/Weight

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;

-- be able to follow and understand the new research
results in the area of approximation and randomized
algorithms.

Learning and teaching methods:
Lectures, homeworks, and exercise groups.

Assessment:
Type (examination, coursework, project):

Sprotno preverjanje (domace naloge, prakticno 50,00 % Continuing (homework, practical work)
delo)
Koncno preverjanje (pisni izpit) 50,00 % Final (written exam)

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

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



Reference nosilca/Lecturer's references:

1.
2.

B.Robi¢, The Foundations of Computability Theory, Spinger, 2015. (ISBN 978-3662448076)

M.BezenSek, B.Robi¢, A survey of parallel and distributed algorithms for the Steiner tree problem. Int. J. Par.
Program., 42:287-319, 2013.

J.Miheli¢, A.Mahjoub, C.Rapine, B.Robi¢, Two-stage flexible-choice problems under uncertainty. Eur. J. Oper.
Res. 201(2):399-403, 2010.

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

R.Trobec, M.Sterk, B.Robi¢, Computational complexity and parallelization of the meshless local Petrov-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



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Bayesova statistika
Bayesian statistics

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje
45 30
Nosilec predmeta/Lecturer: Erik Strumbelj

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. Markovske
verige. Monte Carlo. Metoda sprejema in zavrnitve.
Vzorcevalnik Gibbs. Metropolis-Hastings.

Statisti¢ni modeli. GLM. Hierarhi¢cno modleiranje.
Modeli diskretne izbire. Modeliranje ¢asovnih vrst.
Modeliranje z meSanicami porazdelitev. Gaussovi
procesi.

Statistika v praksi. Izbira apriorne porazdelitve. Izbira
modela. Ocenjevanje modelov. Interpretacija modelov.
Porocanje o rezultatih statisti¢nih analiz.

NaprednejSe racunske metode. Hamiltonski Monte
Carlo. Laplaceova aproksimacija. Variacijski Bayes.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

Studijska smer Letnik Semestri
Podatkovne vede (smer) 2. letnik = Zimski
63563
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

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:

Objectives and competences:




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

Predvideni studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili Studentje

zmozni:

e Rediti tipi€ne naloge statistike.

e lzbrati primeren model za statisti¢no analizo.

e Interpretirati rezultate statisti¢nih modelov.

e Argumentirati izbrane metode in tehnike.

e  Pripraviti zgledno statisti¢cno porocilo.

e Uporabiti primerne metode MCMC.

e  Zasnovati nove razli¢ice standardnih statisti¢nih
modelov.

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

Nacini ocenjevanja:

Sprotno preverjanje (domace naloge, projekt)
Koncno preverjanje (ustni izpit) Ocene: 6-10
pozitivno, 5 negativno (v skladu s Statutom UL).

Reference nosilca/Lecturer's references:

Delez/Weight
50,00 %
50,00 %

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.
* Interpret statistical results.

e Justify their modelling choices.

e Prepare a exemplary statistical report.

e Use appropriate MCMC methods.

e Design new variants of standard statistical models.

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

Assessment:

Continuing (homework, project)

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

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 Cednovar, R. & Strumbelj, E. (2017). Bayesian Lasso and multinomial logistic regression on GPU. PloS one, 12(6),

e0180343.

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 Pober?nik, 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.

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



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Bayesova statistika
Bayesian statistics

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje
45 30
Nosilec predmeta/Lecturer: Erik Strumbelj

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. Markovske
verige. Monte Carlo. Metoda sprejema in zavrnitve.
Vzorcevalnik Gibbs. Metropolis-Hastings.

Statisti¢ni modeli. GLM. Hierarhi¢cno modleiranje.
Modeli diskretne izbire. Modeliranje ¢asovnih vrst.
Modeliranje z meSanicami porazdelitev. Gaussovi
procesi.

Statistika v praksi. Izbira apriorne porazdelitve. Izbira
modela. Ocenjevanje modelov. Interpretacija modelov.
Porocanje o rezultatih statisti¢nih analiz.

NaprednejSe racunske metode. Hamiltonski Monte
Carlo. Laplaceova aproksimacija. Variacijski Bayes.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

Studijska smer Letnik Semestri
Podatkovne vede (smer) 2. letnik = Zimski
63563
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

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:

Objectives and competences:




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

Predvideni studijski rezultati:

Po uspesno zaklju¢enem predmetu naj bi bili Studentje

zmozni:

e Rediti tipi€ne naloge statistike.

e lzbrati primeren model za statisti¢no analizo.

e Interpretirati rezultate statisti¢nih modelov.

e Argumentirati izbrane metode in tehnike.

e  Pripraviti zgledno statisti¢cno porocilo.

e Uporabiti primerne metode MCMC.

e  Zasnovati nove razli¢ice standardnih statisti¢nih
modelov.

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

Nacini ocenjevanja:

Sprotno preverjanje (domace naloge, projekt)
Koncno preverjanje (ustni izpit) Ocene: 6-10
pozitivno, 5 negativno (v skladu s Statutom UL).

Reference nosilca/Lecturer's references:

Delez/Weight
50,00 %
50,00 %

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.
* Interpret statistical results.

e Justify their modelling choices.

e Prepare a exemplary statistical report.

e Use appropriate MCMC methods.

e Design new variants of standard statistical models.

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

Assessment:

Continuing (homework, project)

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

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 Cednovar, R. & Strumbelj, E. (2017). Bayesian Lasso and multinomial logistic regression on GPU. PloS one, 12(6),

e0180343.

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 Pober?nik, 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.

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



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Brezzi¢na senzorska omreZja
Wireless Sensor networks

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje
45 10 20
Nosilec predmeta/Lecturer: Nikolaj Zimic

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

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

Vsebina:

Poglavja predavanj:

Zgradba omreZnega prikljucka (senzorja)
Arhitektura senzorskega omrezja

Fizi¢ni nivo

Poimenovanje in naslavljanje

Casovna sinhronizacija

Doloc¢anje pozicije v prostoru

Topologija omrezja

Usmerjevalni protokoli

. Podatkovno in vsebinsko usmerjena omrezja
10. Transportni protokoli

CRNOU A WN R

Temeljna literatura in viri/Readings:

Studijska smer

Predavanja/Lectures:

Letnik Semestri

Racunalnistvo in informatika (smer) Letni
63511
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet/specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Content (Syllabus outline):
Basic topics:

Single — node architecture
Network architecture
Physical layer

Naming and addressing
Time synchronization
Localization and positioning
Network topology

Routing protocols

. Data centric and content — based networks
10. Transport layer

©CoNOU AWM

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

0470519231

2. Waltenegus Dargie, Christian Poellabauer , Fundamentals of Wireless Sensor Networks: Theory and Practice,

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

1. Ibrahiem M. M. El Emary, S. Ramakrishnan, "Wireless Sensor Networks: From Theory to Applications", CRC

Press, 2013, ISBN-10: 1466518103

Cilji in kompetence:

Cilj predmeta je Studentom racunalnistva in informatike
predstaviti senzorska omreZzja. Poudarek je na
posebnostih senzorskih omrezij, ki se od obicajnih

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).




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 ¢asovne sinhronizacije,

dolociti pozicijo senzorja v prostoru,

zasnovati enostavno topologijo senzorskega omreija,
uporabiti ustrezen usmerjevalni protokol,

izbrati ustrezen transportni protokol,

razlikovati med podatkovno in vsebinsko usmerjenimi
omreiji.

Uporaba: Uporaba senzorskih omreZij pri raznih pogojih
uporabe (v industriji, pri zajemanju podatkov na Sirokem
podrocju, vdomu, ...).

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.

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

Delez/Weight

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.

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

Sprotno preverjanje (domace naloge, kolokviji, 50,00 % Continuing (homework, midterm exams, project
projektno in seminarsko delo) work or seminar paper)
Koncno preverjanje (pisni izpit) 50,00 % Final (written exam)

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

Reference nosilca/Lecturer's references:

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

VASYLCHENKOVA, Anastasiia, MRAZ, Miha, ZIMIC, Nikolaj, MOSKON, Miha. Classical mechanics approach applied to
analysis of genetic oscillators. IEEE/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, Ale$, 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 BAIJEC, 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



UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Digitalna forenzika
Digital forensic

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

45 30

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,
amerisSka perspektiva

e preiskovalni proces in rekonstrukcija

¢ modus operandi, motivi in tehnologija

e digitalni dokazi na sodi$cu

Racunalniki:

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

e forenzi¢na znanost in racunalniki: avtorizacija,
razpoznava, dokumentiranje, zbiranje in ohranjanje,
preiskava in analiziranje, rekonstrukcija

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

e forenzi¢na 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 podatkov iz racunalnika,
register, zabelezke (log), sledi datotek, omrezno
dostopanje, programi

Predavanja/Lectures:

Studijska smer Letnik Semestri

Racunalnistvo in informatika (smer) Letni
63530
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

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

¢ 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 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
0S, Windows CE, RIM Blackberry, mobile phones

Networks:

e basics: layers and their services with protocols




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 podatkov;
filtriranje in zdruZevanje podatkov

e digitalni dokazi na fizi¢ni in povezavni plasti

e digitalni dokazi na omrezZni in prednosti plasti

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

Preiskovanje racunalniskega kriminala:

e vdori in rekonstrukcija

e spolni zlo€ini

e nadlegovanje

e digitalni dokazi kot alibi

Temeljna literatura in viri/Readings:

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 osnovnih pojmov
forenzike;

e sposoben opredeliti v podrobnosti delovanja
racunalniskih sistemov;

¢ znal povezovati obe podrocji.

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

Nacini ocenjevanja:

Nacin (pisni izpit, ustno izprasSevanje, naloge,
projekt):

Sprotno preverjanje (domace naloge, kolokviji
in projektno delo)

Koncno preverjanje (pisni in ustni izpit)
Ocene: 6-10 pozitivno, 5 negativno (v skladu s
Statutom UL).

Reference nosilca/Lecturer's references:

50,00 %

50,00 %

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.

Delez/Weight Assessment:

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).

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]



2. 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]

3. 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]

4. 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]

5. 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

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Diskretna matematika
Discrete Mathematics

Studijski programi in stopnja

Racunalnistvo in informatika, druga stopnja, magistrski

Univerzitetna koda predmeta/University course code:

Nosilec predmeta/Lecturer:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje studijskih

Predavanja

Seminar Vaje

45 30

Gasper Fijavz

Vaje/Tutorial:

obveznosti:

Vsebina:
Povezanost grafov in dekompozicije, bloki, 3-povezane
komponente, povecanje povezanosti.

1.

s

© 0N

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

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

Posebni razredi grafov, lastnosti, razpoznavanje,
optimizacija.

Problemi na usmerjenih grafih.

Grafovski minorji, problem disjunktnih poti.
Racunska geometrija: algoritmi pometanja.
Osnovni problemi z mnogokotniki.

Triangulacije mnogokotnikov.

10 Voronoievi diagrami in Delaunayeve triangulacije.

Temeljna literatura in viri/Readings:
M. de Berg, O. Cheong, M. van Kreveld, M. Overmars,Computational Geometry: Algorithms and Applications,

1.

Pw

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

Predavanja/Lectures:

Studijska smer

Racunalnistvo in informatika (smer) Letni
63532
Klinicne vaje Druge oblike Samostojno
Studija delo
105 6

strokovni izbirni predmet/specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

Prerequisites:

Content (Syllabus outline):

1.

©® o

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.

10 Voronoi diagrams, Delaunay triangulations.

G. Valiente, Algorithms on trees and graphs, Springer Verlag, 2002.
G. FijavZ, Discrete mathematics, Ljubljana, 2014, http://matematika.fri.uni-lj.si/dm/dm.pdf.

Cilji in kompetence:

Objectives and competences:

Letnik Semestri

ECTS


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

MozZnost definiranja, razumevanja in reSevanja
kreativnih strokovnih nalog iz podro¢ja ra¢unalnistva in
informatike.

Zmoznost strokovne komunikacije v materinem in tujem
jeziku.

Cilj predmeta je poglobiti znanje iz teorije grafov 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 zaklju¢ku predmeta bo Student:

- uporabljal algoritme za izra¢un pretokov 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 problemov v posebnih razredih grafov,

- poznal in razumel nekaj dinamic¢nih 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 ¢asovno nezahtevne in sluZijo
za utrjevanje snovi. Delno pa so lahko domace naloge
tudi manjsi projekti, ki jih Studentje izdelajo v majhnih
skupinah in so ¢asovno bolj zahtevne.

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

Delez/Weight

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.

Major 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.

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

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

Reference nosilca/Lecturer's references:

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

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, Rudiger (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. FUAVZ, 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

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Funkcijsko programiranje
Functional programming

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

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 jezikov 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, enostavni in sestavljeni podatkovni tipi,
opcije, lastni tipi) in osvajanje naslednjih pojmov:
ujemanje vzorcev,

funkcije visjega reda, currying,

delo z moduli.

Osnove funkcijskega jezika Racket in osvajanje
naslednjih pojmov:

takojsSnja in lena evalvacija,

tokovi,

zakasnitev in sproZitev,

gradnja podatkovnih tipov,

funkcije z dinamic¢nim Stevilom argumentov,
izdelava interpreterja.

Primerjava funkcijskega in objektno usmerjega
programiranja.

Vrste tipiziranj (stati¢no/dinami¢no, moc¢no/sibko,
implicitno/eksplicitno) in trdnost/polnost sistema tipov.

Temeljna literatura in viri/Readings:

Studijska smer

Predavanja/Lectures:

Letnik Semestri

Racunalnistvo in informatika (smer) Zimski
63507
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

obvezni predmet/compulsory course

Slovenscina, Anglescina
Slovenscina, Anglescina

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:
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, 2015.
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 prvostopenjski $tudij 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 kriti€nega, analitiCnega in sinteticnega misljenja
pri uporabi in razumevanju delovanja programskih
jezikov kot temeljnih orodij vsakega programerja.

Predvideni studijski rezultati:

Po uspesnem zaklju¢ku 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 podatkovne tipe, zakasnjeno
evalvacijo,

- razlo¢eval med stati¢no/dinamicno,
impliticno/eksplicitno, Sibko/mocno tipiziranimi
programskimi jeziki,

- sposoben nacrtovati lastni 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.

Nacini ocenjevanja:

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

Sprotno preverjanje (seminarske nal.)

Koncno preverjanje (pisni ali ustni izpit)
Ocene: 6-10 pozitivno, 5 negativno (v skladu s
Statutom UL).

Reference nosilca/Lecturer's references:

Delez/Weight

50,00 %
50,00 %

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
empbhasis on individual work.

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

Continuing (homework)

Final (written or oral exam)

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

1. OCEPEK, Uro$, RUGELJ, Joze, BOSNIC, Zoran. Improving matrix factorization recommendations for examples in
cold start. Expert systems with applications, ISSN 0957-4174. [Print ed.], Nov. 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. BERDAIS, Jan, BOSNIC, Zoran. Extending applications using an advanced approach to DLL injection and API
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

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Globoko ucenje
Deep learning

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

Univerzitetna koda predmeta/University course code:

Predavanja Seminar Vaje

45 30

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. Stohastic¢ni gradientni spust. Vzvratno
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. Vzvratno razsirjanje
napake skozi ¢as. RNN. LSTM. GRU. Jezikovni model in
generiranje sekvenc. Podnaslavljanje slik.

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

ucenje.

Aplikacije globokega u€enja. Racunalniski vid.
Prepoznavanje govora. Obdelava naravnega jezika.

Temeljna literatura in viri/Readings:

Predavanja/Lectures:

Studijska smer Letnik Semestri
Podatkovne vede (smer) 2. letnik = Letni
63561
Klinicne vaje Druge oblike Samostojno ECTS
Studija delo
105 6

strokovni izbirni predmet /specialist elective course

Slovenscina, Anglescina
Slovenscina, Anglescina

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.

Beyond supervised learning. Autoencoders. Variational
Autoencoders. Generative Adversarial Networks. Deep
Reinforcement Learning.

Applications of deep learning. Computer vision. Speech
recognition. Natural language processing.

¢ |. 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 Izbrani raziskovalni ¢lanki. / Selected research papers.

Cilji in kompetence:

Cilj predmeta je Studente nauciti temeljnih in
aplikacijskih vidikov globokega ucenja. Pri predmetu se
bodo naucili razumeti teoreti¢ne osnove globokih
arhitektur. Naudili se bodo zasnovati arhitekturo,
nacrtovati nove plasti in prilagoditi funkcionalnost
mreze potrebam dolo¢enega problema. Prav tako se
bodo seznanili s prakti¢nimi implementacijskimi vidiki.
Osvojili bodo sposobnost samostojnega apliciranja
osvojenega znanja za reSevanje razli¢nih problemov, ki
vkljuc€ujejo napredno razpoznavanje vzorcev in podobne
naloge na Sirsih podrocjih strojnega ucenja in
racunalniskega vida.

Predvideni studijski rezultati:

Po uspesnem zaklju¢ku predmeta bodo sStudentje:

e razumeli teoreti¢ne temelje globokega ucenja,

e razumeli podrobnosti o u¢enju globokih nevronskih
mrez,

e poznali najpogostejse pristope globokega ucenja,
primerne za reSevanje problemov z razli¢nih
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 razli¢nih 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)
Koncno preverjanje (pisni ali ustni izpit) Ocene: 50,00 % Final (written or oral exam) Grading: 5 (fail), 6-

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

Reference nosilca/Lecturer's references:

10 (pass) (according to the rules of University of
Ljubljana).

e Racki D, Tomazevic D, Skocaj D (2018) A compact convolutional neural network for textured surface anomaly

detection. V: 2018 IEEE WACV 2018, str. 1331-1339.

e Ursic¢ P, Leonardis A, Skocaj D, Kristan M (2017) Learning part-based spatial models for laser-vision-based room
categorization. The international journal of ro