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Hayunom Behy UncruTyTa 3a dusuxy y Beorpaay

Ipeamer: Mumbewe pykoBoauouna aabopatopuje o u3oopy Jlapje I[BerkoBuh y 3Bame
HCTPAXKHBAY CAPAAHUK

Hapja Llsetkoeuh je sanocnena y JlaGoparopuju 3a npumeny pavyHapa y HayLu, Y OKBHUPY
Haupnonanuor uenTpa usyseTHux BpeHOCTH 3a M3yuaBame KOMIUIEKCHHX CHCTEMa MucturyTa 3a
usuxy y beorpany. V ucrpakusaukom pany 6aBu ce TeMama BE3aHHM 3a CTPYKTYpY U TUHAMHKY
COLIMjAJIHMX MpeXka, Ka0 1 KOJIEKTHBHUX (peHOMeHa Ha muma. C 003UpOM J1a HCITYH-aBa yCIIOBE Y
cknajy ca IIpaBHIHMKOM O CTMLAKY HCTPAKUBAYKMX M HAYUHHX 3Barba Munncrapera Hayke,
TEXHOJIOIIKOr pasBoja W WHOBAlMja, carjacaH caM ca MOKPEeTameM MOCTYIKa 3a usdop Jlapje
[BeTkoBMN y 3Batbe HCTpaskuBau capajHUK.

3a cacras komucuje 3a usbop [apje Llgerkosuh y 3Bame VCTPaXXMBay CapajHUK MpeaiaxeM
cnenehe konere:

(1) p Mapuja Murposuh JlaHky 0B, BULIM HAYYHH CapaiHHK, HucrutyT 3a pusuky y Beorpany,
(2) np Ceerucnas Mujatosuh, gouent @usnukor pakynrera Yuusepsurera y Beorpany,
(3) ap Antyn banax, Hayuuu caBeTHuk, MHCTUTYT 3a busuky y beorpany.

ap AHTYH Banax
Hay4YHHU CaBETHHMK
PykoBoaunau JlaGoparopuje 3a npumeny pauyHapa y Hayuu



Buorpacbcm nogaun KaHaungaTknmbe

Hapja LieeTkoBuh je poheHa 30.06.1995. rogmHe y MNapahwuHy, rge je 3aBpLuMna OCHOBHY U Cpeaky
wkony. Wkoncke 2014/2015. rogmnHe ynucyje dusmnukn dakyntet YHmBepsauTteta y beorpagy, cmep
MpumerseHa u komnjytepcka cdusmka. OcHOBHe akagemcke ctyamje 3aBpwaa 2019. rognHe ca
npoce4yHom oueHom 9,16/10,00.

NoguHe 2019. ynucyje mactep cTyauje Ha cMmepy Teopujcka U ekcnepumeHTanHa dusuka, Koje
3aBpwaa 2020.roguHe ca npoceyHom oueHom 10,00/10,00. Mactep pag nog Hasusom “Statistical
physics of epidemics: Models on complex networks” (“Ctatnctnuka cpusmka envgemmja: Mogenu Ha
KOoMnnekcHnm wmpexama”) opbpanuna je 30.09.2020. roguHe, noa pykosogcteBoMm ap Mapuje
MwuTtposuh OaHkynos.

Lkoncke 2020/2021. ynucyje poktopcke ctyavje Ha dusnukom dakyntety y beorpagy, u3 yxe
Hay4yHa obnactu: dwmsmka KOHAEH30BaHe maTtepuje M cTatucTuuka busmka, nog MEHTOPCTBOM Ap
Mapwje Mutposuh [1aHKynoB 1 CBOj Aarbu Hay4YHO UCTpaXKuBadku pag HacTaerba y Jlabopatopumjm 3a
NpyMMeHy padvyHapa y Hayuu, NHcTuTyTa 3a pmauky y beorpagy. YyecTByje Ha npojekty Platform for
Remote development of Autonomous Driving algorithms in realistic environment - READ,
dmHaHcmpaHoMm oa cTpaHe PoHAa 3a MHOBeLMOHY denartHocT Penybnuke Cpbuje, y okBMpy nosmsa
Capagtbe Hayke 1 npuupeae.

Ho capa, Oapja LiseTkoBuh nma 2 peueHanpaHe HayyHe nybnukauuje.



I'Iperne,q Hay4He aKTUBHOCTU KaHAUWOATKUHEe

Y pocapawreM pagy [Oapja LiBeTkoBuh 6aBuna ce mM3yyaBameM KOMIMIIEKCHUX Mpexa - CTpyKTypa
cacTaBibEHMX O YBOPOBa M Be3a M3Mehy wux, a Koje Kao TakBe MOry npeicTaBrbaTyi BENVKN 6poj u
pasnuuuTe BpCTe cucTeMa - o OMOMOLLKMX, MPEKO CoLMjariHuX, A0 TEXHOMOLWIKMX U caobpahajHux.
36or moryhHoCTM fa ce Ha UCTW HadvH MpeacTaBe pasfMyUTU KOMMIIEKCHM cucTeMu, hopmManmaam
KOMMMNEKCHNX Mpexa npeacTaBiba HeonxodaH anat y wu3ydaBaky CTPYKTYpe W JUMHaMUKe
KOMMMEKCHNX CUCTEMA, KaKO TEOPUjCKN Tako U HYMEPUYKU.

[MmaBHM Oeo ucTpaxuBadkor paga KaHauvaaTkukwbe 6aBu ce nsyyasarwem rpad HeypanHux mpexa -
METOAE MaLLMHCKOr y4Yela pa3BUjeHUX 3a “yyewe”’ Ha nogauuma npenctaBfbEHMM KOMMIEKCHUM
Mpexxama. 360r cBOje KOMMIIEKCHE W Heeyknuacke CTYPKType, Kao M 3aBUCHOCTU u3MeRy HMXOBUX
KOMMOHeHaTa, KOMMIIEKCHE MpeXe YuMHe TpaguuMoHanHe MeTode  MAaLlMHCKOT  y4yeHa
HEeNnpUMEHSbMBMM Ha buMa. [pad HeypanHe Mpexe page Ha NpuMHUMY nNpeHolwewa nopyka'": ako je
CBakM 4YBOp MNpeacTaBibeH HEKMM MOYETHUM BEKTOPOM OCOOWMHA, Y Mpouecy yvewa CBaku 4YBOP
cakyn/ba nHdopmMaLmje of CBOjUx cycea M NMOTOM axypupa COMCTBEHO CTakse, LUTO Ha Kpajy 4OBOAM
0O BEKTOpPCKE penpeseHTauumje 3a CBakuM YBOp Koja caja MMMIMUUTHO caapxu nHdopmauujy o
CTPYKTYypu Mmpexe. OBe Kpajie BEKTOPCKe pernpeseHTaumje YBopoBa ce KopucTe 3a npeasuhane Ha
cBUM HuBouma (Npegsufawa Ha HMBOY YBOPOBA, BE3a MK Lenux mpexa). Kao n octanu mogenu m
MeTode MaLUMHCKOT y4eHa, U rpadd HeypanHe Mpexe nmajy npobnem nHtepnpetabunHoctu (npobnem
“‘upHe kyTmnje”). Y cBpxy peluaBara Tor npobnema passujeHe cy MeTode T3B. “00jalluBe BeluTadke
WHTEnureHumje”, Koje ce NpuMMemyjy Ha UCTPEeHWpaHMM MOLEeNnuMa, anu 1M nogauMma Ha kojuma cy
TPEHVpaHW, a Kao pe3ynTtaTt Aajy nHdopmaumjy 0 BaXXHOCTU YBOPOBA, Be3a, NOACTPYKTYpa Mpexe unm
ocobuHa, 3a npegukuvjy mogena. MefyTum, HM OBe TEXHUKE HMCY MOTMYHO Moy3daHe, WTO nocTtaje
cBe Behu npobnem kako ce rpad HeyparHe Mpexe CBe BULle KOopucTe y obrnactuma of KpUTUYHE
BaXXHOCTW (HMNp. MeOQMUUHA, KPUMMHANIMCTUKA) rae cy pasymeBare MoZerna, U MOBEPEHE Yy UCTU U
Herose npeaukuuje, of KibyyHor 3Hadaja. 36or Tor pasnora, a v 360r Tora LITO Ce U came Mory
cMaTpaTu KOMMMEKCHUM CUCTEMMMA, je u3yyaBake WHTeprnpeTabunHocTn rpad HeypanHux mpexa,
YHYTpaLWHNX MexaHu3ama HMXOBOI pada U HUXOBUX nocrneguua UCTUX NocTano jedHO O rMaBHUX
UCTpaXmBadkux nuTawa y oBOj obrnactu. Takohe, kaHAWAaTKMHa MpoyvaBa M MPUMEHY pPasHMX
MeTo4a MAaLUMHCKOr y4yewa, yKibydyjyhm un rpacd HeypanHe mpexe, 3a npegsuhame uUanykmx
0cobuMHa Mornekyna v HhUXoBY 3aBUCHOCT Of TOMOSOLLKMX CBOjCTaBa.

Ocrarak UCTpaXumnBadkor paga KaHaAungaTknbe YMHU n3dydaBalkbe€ COLMO-EKOHOMCKMX cuctema u
KONEKTUBHUX cbeHomeHa Yy buma. KOHerTHO, KaHOWOaTKnHba ndyvaBsa ANHAMUKY KOJNIEKTUBHE MaXXH-€
y COLI,VIjJ'laHVIM 3aje,u,HV|L|,ama. (DOKYCI/IpaHa je Ha D,e(*)MHI/IcaH:e KBaHTUTATUBHUX Mepa 3a Mepere
KONEKTUBHE MNaXHe Yy COLI,I/IjaJ'IHI/IM cucreMmmma, Kao U Ha pasymMmeBark€ JUHAaMUKE KONEKTUBHE NaXHe
M KaKo OHa 3aBUCU O MpeXe KOMIMMEKCHUX cou,wjanwa I/IHTepaKLI,Mja.

360r npupoge CBOr UCTpaxuBaka, KaHauaaTkukwba ce 6aBM M HaykoM O nogaumma, ca nocebHUm
OKYCOM Ha MPUCTPACHOCT Y NogaLMMa 1 Kako NUcTa yTuye Ha anropuTMe MaLLUMHCKOT yYeHsa.



Cnucak o6jaBrbeHux pagoBa KaHAUAATKUHE

CaonwTewa ca MefjyHapoaHOr cKkyna wtamnaHa y ussoay (M34):

1.

A. Vranic, D.Cvetkovic (2022),”"How good is your algorithm: the significance of data diversity”,

2022 IEEE Zooming Innovation in Consumer Technologies Conference (ZINC), Novi Sad,
Serbia

D.Cvetkovic, M.Mitrovic Dankulov (2023), “Classification of complex networks with graph
neural networks: importance of network properties and limitations™, The 21st Symposium on
Condensed Matter Physics - SFKM 2023 (pp. 78) , Belgrade, Serbia



Peny6mixa Cpbuja

>\ YHuBep3urer y beorpany

<) Dusnuxu pakynrer
J.5p.2020/8003

Hatym: 27.09.2023. ronune

161 3akoHa 0 omuITeM yrpaBHOM TIOCTYTIKY U CITy’KOeHe eBHIEHLMjE U3aje ce

YBEPEILE

IIBerkoBuh (3opan) Japja. Gp. ungexca 2020/8003, pohena 30.06.1995. roamme, Tlapahnm,
Penybninka CpGuja, ynucana wxoncke 2022/2023. rogute, y cratycy: GpuHaHcHpare U3 GyleTa; THII
CTYAHWja: JOKTOpCKE aKaaeMcKe CTYauje; CTYaujeku rporpam: dusmka.

[Ipema Cratyty dakynrera cryauje Tpajy (6poj roauHa): Tpu.
Pox 3a 3aBpiierak cryauja: y ABOCTPYKOM Tpajarmby CTY/IH]a.

OBo ce yBepere MOke yIoTpeOUTH 3a peryJiucame BojHe ofaBese, H3laBambe Bi3e, [IPaBa Ha JeUHjU JI0IaTaK, MOPOIUIHE
MeH3uje, HHBAIMICKOT I0IaTKa, 106Hjatba 3APABCTBEHE KibIDKILIE, TErUTHMALje 3a noBnawheHy BOKHY M CTHIICHAH]E.

Peny6nuka Cpbuja
Yuuep3uret y beorpary

<) Pusnuku paxynrer
J.5p.2020/8003

Harym: 27.09.2023. roauHe

Ha ocnosy unana 161 3axoHa 0 onuTeM ynpaBHOM MOCTYTIKY U CITy)KOeHe eBUACHLMje U3Maje ce

YBEPEILE

lBerkosuh (3opan) Japja, Op. ungexca 2020/8003, pohena 30.06.1995. romune, Ilapahum,
Penybauka CpOuja, ynucana wkoiacke 2022/2023. roaune, y cratycy: GuHaHCHpawe W3 Oylera; TUII
CTyIMja: JOKTOpPCKE aKkalAeMCKe CTYJHje; CTYaujcKku mporpam: dusnka.

[Tpema CratyTy hakynrera ctyauje Tpajy (6poj roauHa): Tpu.
Pok 3a 3aBpiuierak cTyauja: y IBOCTpYKOM Tpajamy CTYIH]ja.

OBo ce yBepere Moke yNoTpeduTH 3a peryucame BojHe odaBese, U3aBame BU3e, NpaBa Ha Je4nj| 101aTaK, opoaJuuHe
NeH3uje, MHBAJIMACKOT J0AATKa, 1001jaba 3ApaBCTBEHE KibIKHULE, JIErMTUManmje 3a nopnawhery BOXibY U CTUTIEHAH]E.

OgnaurheHo nune dakysrera




YHupepsurer y beorpany
Dusnuku dakynrer

bpoj nnnekca: 2014/3001
bpoj: 2222019

Hatym: 19.09.2019.

Ha ocnoBy unana 161 3akona O ONIITEM YNpPaBHOM MOCTYIIKY ("Cnyx6enu nucr CPJ", 6p.

33/97, 31/2001 u "CnyxGenn rnacunx PC", 6p. 30/2010) u ciyxOene CBUACHLM]e, YHUBEp3UTET y
Beorpany - ®usuyxy akynrer, usnaje

YBEPEHWE

Hapja Leeiikogul

uve jegnoi poguiiiesna 3opan, JMPFI 3006995728213, pohena 30.06.1995.
Peityonuca Cpéuja, yuucana uixoncke 2014/15. wogune, gana 11.07.2019. logune saspuiuna je
ocHosHe aragevicke ciyguje na cutygujckom apoipamy [pumerena u Komtjyiuepcka usuxa, y

wpajarey og ueitiupu 1ogune, obuma 240 (geecitia weupgeceur) ECITE 6ogosa, ca upoceyrnom oyenom
9,16 (geseiii u 16/100).

logune, Ilapahun,

Ha ochory naBenenor M371aje joj ce 0BO yBepeme o CTEYEHOM BHUCOKOM 0
HasuBy AHNIOMMpann ¢usnuaap.

OpazoBamy u CTPYYHOM
Hexan

. Ap MBaH Benua
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VYuusepsuret y beorpany
Ouznuku paxyarer

Bpoj unnexca: 2019/7002
Bpoj: 2432020

Iarym: 06.10.2020.

T

Ha ochory unana 161 3akona o omwrem ynpasaom noctynky ("Cimyx6enn nuct CPJ", 6p.
33/97, 31/2001 u "Cnyx6enn rnacuuk PC", 6p. 30/2010) u ciyxxGeHe eBuaeHLM]e, Y HUBEP3UTET Y
Beorpany - ®usnuku Qakynrter, u3aaje

YBEPEDRE

Japja Lleemikoeuh

uve jegnoi poguitierva 3opan, JMBI 3006995728213, pohena 30.06.1995. iogume, Ilapahun,
Peiiyoauxa Cpbuja, yiucana wikoncke 2019/20. ioguwe, gana 30.09.2020. iogune 3aspwiuna je
Macitiep axagemcke cilyguje na ciaygujckom upoipamy Teopujcka u exciiepumenitianna Qusuxa, y
wipajarwy og jegue iogune, oouma 60 (wesgeceiti) ECIIE 6ogosa, ca iipoceurnom oyerom 10,00 (geceiu
u 00/100).

Ha ocHOBY HaBEeJEHOI M3/aje jOj Ce€ OBO YBEpPEHE O CTEYEHOM BHMCOKOM 00pasoBarby M
aKaJeMCKOM Has3uBy mactep ¢usuuap.
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Abstract — Artificial intelligence (AI) algorithms permeate all spheres of human lives to a great extent. Their influence is expected
to only grow in the future. Autonomous driving is no exception and is not possible without AI algorithms. The quality of AI algorithms
closely depends on the data used for their training, testing, and validation. Due to the specific nature of how they are collected, the
data sets used for autonomous driving algorithms often lack diversity. The majority of the data is collected under ideal weather
conditions. The performance of most algorithms during adverse weather conditions is thus unknown. We present an overview of
physics-based algorithms used for transforming images and videos taken during ideal weather conditions into ones with haze, fog,
and rain. We show that performance algorithms for deep object detection and semantic segmentation algorithms decrease with the
increase of weather-induced noise in images and videos. Our survey confirms the need to introduce diverse datasets with well-
controlled noise levels for training, testing, and validation of autonomous driving algorithms.
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Classification of complex networks with graph
neural networks: importance of network
properties and limitations

Darja Cvetkovi¢® and Marija Mitrovi¢ Dankulov*
“ Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade

Abstract. Graph neural networks (GNNs) have emerged as a powerful tool for machine learning
on graph structures, offering great potential for solving a wide range of problems in complex
network theory, physics, and chemistry. However, the interpretability of GNNs remains a
challenge, as they often function as black boxes, making it difficult to understand the underlying
decision-making process. In this work, we delve into the black box of GNNs to investigate their
classification capabilities and how they depend on network structure and explore the
interpretability of their results. We employ multiple GNN models to perform classification tasks
between Erdés-Rényi (ER) and Barabasi—Albert (BA) graphs to initiate our investigation [1].
We use different GNN architectures and hyperparameters to compare these models'
performances and results. During the GNN training process, we utilize network properties as
features and employ GNNExplainer to identify the most influential features driving the
classification between these distinct graph structures.

Building upon these initial insights, we extend our study to explore the behavior of GNN models
in classifying different dk-random graphs. Specifically, we train multiple GNN models with
different architectures and hyperparameters to classify 0k, 1k, and 2k random graph structures
for four existing real-world networks (the Internet, US airport network, human protein
interactions, and techno-social web of trust) [2]. We leverage the knowledge of the differences
between Ok, 1k, and 2k graphs, along with variations in network properties observed in these
structures for different real-world networks, to interpret and analyze the results from
GNNExplainer. Our findings underscore the significance of different network properties in
distinguishing between graph structures (ER/AB and 0k/1k/2k) for different GNN models and
networks. Furthermore, we gain insights into the limitations associated with this approach,
facilitating a comprehensive understanding of the interplay between GNNs, network properties,
and graph structure classification.
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