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

Prerequisits:

Vpis v prvi letnik studija.

Enrolment in the first year of studies.

Vsebina:

Content (Syllabus outline):

Predmet je posveCen matematiCnemu
pristopu pri Studiju in razumevanju velikih
omrezij. Sestavljen je iz vec delov:

I. Osnovno o grafih: osnovne grafovske
invariante, usmerjeni grafi, spekter grafa,
verjetnostna metoda. Grafovski algoritmi.

Il. Splosno o omrezjih: socialna omrezjq,
racunalniska omrezja, bioloska omezja,
analiza omrezja.

.  Mere sredisCnosti: stopnja tocCke,
sredisCnost Estrade, blizinska sredisCnost,
ekscentricnost, grafleti, sredisCnost
lastnega vektorja, Katzova srediScnost,
Vmesnostna srediscnost in njene razlicice.

The course is dedicated to mathematical
approach to the study and understanding
of large networks. It is comprised of several
parts:

|. Graph basics: basic graph invariants,
directed graphs, graph spectra,
probabilistic method. Graph algorithms.

ll. General about networks: social networks,
computer networks, biological networks,
network analysis.

lll. Centrality measures: vertex degree,
Estrada centrality, closeness centrality,
eccentricity, graphlets, eigenvalue

centrality, Katz centrality. Betweenness




Googlov PageRank. Grafovski algoritmi za
njihovo raCunanje.

IV. Modeli in lastnosti velikih omreZi:
verjetnostni model Erdos-a in Renyi-a ter
pragovne funkcije, velika komponentaq,
eksponentni slucajni grafi, razne
deterministicne konstrukcije malih svetov,
njinov premer in povprecna razdalja v
omrezjih, stopnicasto-prosta omrezja in
distribucija stopen;, sebi-podobna omrezja,
socialna omrezja, web graf in njegova
oblika metuljcka.

V. Dodatna uporaba spekira grafov in
verjetnostne metode pri omrezjih.

centrality and its variations. Google's
PageRank. Graph algorithms for evaluating
some of these cenfralities.

IV. Models and properties of large networks:
the probabilistic Erdos-Reny and treshold
functions, the giant component,
exponential random graphs, various
deterministic constructions of small worlds,
their diameter and average distance
networks, scale-free networks and degree
distributions, self-similar networks, Web
graph and its bow-tie shape.

V. Additional applications of spectra and
probabilistic methods in networks.

Temeljni literatura in viri / Readings:

¢ M. Newman, Networks: An Introduction, Oxford University Press, New York, 2010.
e Ernesto Estrada, The Sfructure of Complex Networks: Theory and Applications,

Oxford University Press, New York, 2011.

e M. van Steen, Graph theory and complex networks: an introduction, 2010.
e U.Brandes, T. Erlebach (eds.), Network Analysis - Methodological Foundations,

LNCS 3418, Springer, 2005.

e L.daF.CostaF. A. Rodrigues G. Travieso, P. R. Villas Boas, Characterization of
Complex Networks: A Survey of measurements, 2006.
¢ CohenR. and Havlin S., Complex Networks: Structure, Robustness and Function,

Cambridge, 2010.

e Prosto dostopna literatura, Moodle / Literature freely available online, Moodle

Cilji in kompetence:

Objectives and competences:

Ucna enota prispeva k razvoju naslednjih
splosnih in predmetno-specificnih
kompetenc:

e sposobnost identificiranja danega
raziskovalnega problema, njegove
analize ter moznih resitev

e ustvarjanje novega znanja, ki
pomeni relevanten prispevek k
razvoju znanosti

e sposobnost obvladanja standardnih
metod, postopkov in procesov
raziskovalnega dela na razli¢nih
znanstvenih podrocjih

e sposobnost za reSevanje konkretnih
raziskovalnih problemov na
posameznih podrocjih druzbenih in
ostalih ved

e razvoj vescin in spretnosti v uporabi
znanja na raziskovalnem podrocju
doktorske disertacije

e sposobnost inovativne uporabe in

Learning unit contributes to the
development of the following general and
subject-specific competences:

e the ability to identify, analyze and
construct solution for a given
research problem

e the creation of new knowledge and
contribution to the development of
science

e mastery of standard methods,
approaches and processes of
scientific research in various scientific
fields

e skills and abilities for solving concrete
research problems in various fields of
social and other sciences

e development of skills and abilities in
usage of knowledge in doctoral
research

e ability of innovative combined usage
of various research methodologies




kombiniranja raznih raziskovalnih
metod

Predvideni studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

Student/3tudentka:

e seseznanis teoretskimi osnovamiin s
prakticnimi vidiki sodobne teorije
omrezij,

e se seznani z algoritmi za modeliranje
velikih socialnih in informacijskih
omrefzij, predvsem v kontekstu
uporabe v realisticnih primerih,

e se seznani z metodami teoreticnega
racunalnistva in analize ter
nacrtovanja algoritmov na primeru
velikih omrezij,

e se seznani z metodami statisticne
fizike v kontekstu teorije omrefij,

e spozna racunsko zahtevne metode
za analizo malih omrezij, ter hitrejse
metode za analizo vedjih omrezij.

Knowledge and understanding:

The student:

e becomes familiar with theoretical
basics and with practical
perspectives of modern network
analysis,

e learns methods and algorithms for
analysis and modeling of large social
and information networks, and learns
how to use the existing tools and
software packages,

e isinformed with teoretical bases and
practical views of statistical methods
in the field of large network analysis,

e isinformed with methods of
theoretical and statistical physics in
the context of large networks,

e isinformed with algorithms and
methods appropriate for analysis of
small vs large networks.

Metode poucevanja in uéenja:

Learning and teaching methods:

e Predavanja z aktivno udelezbo
Studentov (razlaga, diskusija,
vprasanja, primeri, resevanje
problemov).

e Vaje (prakticno izvajanje
predstavljenih metod, reSevanje
nalog).

¢ Individualno delo studentov
(samostojen Studij literature,
izdelava seminarske naloge in njena
ustna predstavitev, programiranje).

e Lectures with active participation of
students (explanation, discussion,
questions, examples, problem
solving).

e Exercises (practical implementation
of the presented methods, problem
solving).

e Individual work of students (study of
literature, seminar work and its oral
presentation, programming).




Nacini ocenjevanja:

Delez (v %) /

Weight (in %) Assessment:

Nacin (pisni izpit, ustno izprasevanje,

naloge, projekt):

e Seminarska naloga
e Domace naloge
e Ustniizpit

33
33
34

Type (examination, oral, coursework,
project):

e Seminar
e Homework
e Oral exam




