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MPEIJIEJ JOKTOPCKE JUCEPTALIMJE (OVERVIEW OF THE PHD THESIS):

[Iperien HOKTOpCKE qHCepTaLHje:

JlokTopcka aucepTanyja je HamrcaHa Ha €HTJIIECKOM je3HKY, ca KIbYYHOM JJOKYMEHTAIIHjCKOM HH(OpMaInjoM
NMCAHOM Ha CPIICKOM U EHIVIECKOM je3MKY, Ka0 M KPAaTKHM allCTPaKTOM ITMCAHUM Ha CPIICKOM U EHIJIECKOM
JE3UKy W TIPOAYKEHHUM alCTPaKTOM IIHMCAaHUM Ha CPICKOM je3uKy, hupmmmunum mmcMmoM. Jluceprarmja
caapxu ykynHo 124 (mymepucane) crpanuile, 7 Tabema, 43 ciuke u 2 npwiora. [Ipuiosu cy: kparka
ounorpaduja kKaHAMIATa HA jEIHO] CTPAHUIIM, U MPOIYKEHH arCTPaKT Ha CPIICKOM je3uky Ha 16 crpanuna.
Caspikaj TOKTOpCKe aucepranuje je pacropeher y 8 usapojeHux mnoriaesba:

1.

VBox (ctp. 1 — 14): V yBoAHOM TIOTJIaBJbY j€ JAaT KpaTak Mperjiejl TeMe W UCTPAKHBama y 00IacTH ,
neduHMCcaHe Cy XUIOTe3e JOKTOPCKOI UCTPaKMBaWka M JaT je ONCeXaH Iperyie/l pelieBaHTHUX H3BOpa
MoJiaTaka Kao U KpaTak Mperiie/l OpraHu3alyje 1o norjiaBbuMa i HaydHU JIOMPHHOC.

Hayka o Mpexama y uctpaxkuBambuMa Jbyjcke nomyiamuje (ctp. 15 — 31): ¥V gpyrom morjaBiby je aat
NperJie/l CTamkba y 00J1aCTH U pejieBaHTHe JuTepaTtype. V3Bopu nurepaType Cy pejeBaHTHHU 3a TEMy H
HaBEJICHU W3BOPH JPYTUX ayTopa Cy aJeKBaTHO IMTUpaHHW. [lpernen oOnacTu je maT Kpo3 TpH
HOTIIOTIIaBJba KOja OIMUCYjy UCTPaXKHBaWkE JHHAMHKE JbYJICKE IOIyJaluje, Teopujy rpadoBa U OCHOBY
HayKe 0 Mpexama, II0CeOHO Cy U3BOjeHHU Tpad ailrOPUTMHU M aJITOPUTMH 3a KIIaCTEPHU3ALIN]y.
Juctpubyunpana aHanutHka mogaraka (ctp. 33 — 43): V tpehem mornaBiby Cy OIMUCaHe HAIpeIHe METOIE
IUCTpUOYHpaHOT TIpolecuparma mojgaraka y3 kopumhewme Big Data texnonormje Apache Spark m
Hadoop.

Mpexke KOHEKTHBHOCTH Kpo3 Bpeme (ctp. 45 — 53): V d4eTBpTOM MOIIaB/by ONHCAH je€ Ppa3Boj
€BOJIyTUBHHX MpEXa IMOBE3aHOCTH KPO3 MPU3MY aHAJIUTUKE TEJICKOM rojaraka. [Iprkasanu cy u onucaHu
EKCIIEPUMEHTAJIHU PE3YJITaTH.

Jletexnnja 3ajeHUIIA Yy TEIEKOM Mpekama KOHEKTHBHOCTH (cTp. 55 - 64) : V meTom mormasipy je
NPE/ICTaB/bCH TEOPHJCKH KOHIICTIT KJIacTepu3alldje HaJ TEeJICKOM IojaliMa KOHEKTHBHHCTH, Kao H
SKCIIEPUMCHTAJIHA pE3yJITaTd M Ppe3yJITaTH BE3aHU 33 ePHKACHOCT MpOIeCHpama Yy pa3inuuTUM




XapJIBEPCKUM OKPYKEHHMA.

JluHaMuKa JbyICKE MOMyJalije Kpo3 MPHU3My TEJIeKOM KOHEKTHBHOCTH (cTp. 65 — 93): ¥V mecrom
MOTJIaBJby TPENCTaBJbEHH Cy U ONHCAaHW pe3yiTaTH HWCTPaKWBamba BE3aHO 3a eBallyaldjy H
KBaHTH(HKANN]y MWHAMHKE JbYACKE IMOMmyJanuje KopuinhemeM TMofaTraka O TEJIeKOM HWHTepakiifjama
JbYyIM W CEMaHTHUIN IPOCTOpa. 3a CBPXY MCTpakWBama NPUMEH-CHU Cy KOHIIENTH U3 TeopHje Tpadosa,
CTaTHCTHKE, reorpa)cke aHaiu3e MpocTopa, MalInHCKOT yuema u Big Data ananuruke.

Mpexe MobmnHocTH y ypOanum mpoctopuma (ctp. 95 — 110): V cenmom moriaBiby MmpeacTaBJbeHa je
MIPUMEHA METOJIONIOTH]€ Pa3BHjeHE Y TOKY IOKTOPCKOT UCTPaXMBarma HaJl HOBIM CETOM T0JaTaka Koju je
Be3aH 3a MOOWJIHOCT KOPHCHHUKA Y YPOaHOM IIPOCTOPY CaKyIJbeHUM Kpo3 TuiaTdopmy ,, Foursquare “.
3akspyunu (ctp. 111 — 113): V ocMoM NOTrJIaBiby NPEACTABILCHU CY 3aKJbyUlld BE3aHU 3a PE3yJiTare
HCTPaXXMBamba, OIMCaHa je MOTyhHOCT ITpakTHYHE MPUMEHE METOJI0JIOTHje, HAy4YHH JOTPHHOC pe3yJiTaTa
W JaTH Cy mpenno3u 3a Oynayha mcTpaxuBama. Pesynraty jacHO mokasyjy 1a je MeTosonorujy moryhe
OPUMEHHUTH HaJl NOAallMMa U3 PasInuUTHX M3BOPA KOjU MMajy CTPYKTYPY MpeXe W IpU TOME TYMauuTH
pe3yJiTare Ha Ha4YWH npuiaroheH ceMaHTHIH OoaTaka i IPOCTOopa.

VY mucepranuju je HaBeneHo 140 u3BOpa nMTEpaType KOjU Ce OJHOCE HA HAy4yHE PajioBe, KEUTE, TCXHHUKY
JnokymeHTanujy u BeO m3Bope (ctp. 115 — 124). Tlpunor A: Kparka Ouorpaduja xaHaugata Ha jemHO]
crpanuny. [Ipumor b: IlpomykeHH armcTpakT Ha CPIICKOM je3WKY MpEACTaBJba KpaTak Iperie] JOKTOPCKE
JIcepTaIyje ca U3BOjeHUM KJbY9IHUM pe3ylTaTuMa.

Overview of the PhD thesis:

PhD thesis is written in English language, with key documentation and short abstract written both in English
and Serbian language, while extended abstract is written in Serbian language, in Cyrillic letter. The thesis
contains overall 124 pages, 7 tables, 43 figures, and 2 appendices. Appendices are short biography of the
candidate (1 page) and extended abstract in Serbian language (16 pages). Main content of the PhD thesis is
organized in 8 Chapters:

1. Introduction (pp. 1 — 14): This Chapter contains a short overview of the topic and related research. In
this Chapter the main hypotheses are defined and a detailed overview of the data sources is presented.
Also, thesis structure and contribution are presented in this Chapter.

2. Network science for studying human dynamics (pp. 15 - 31): The second Chapter contains related
literature overview. Selected literature is important for the topic and sources from other authors are
adequately cited. The overview is organized in 3 subsections which describe human dynamics
research, graph theory and Network Science, graph algorithms and clustering algorithms.

3. Distributed data analysis (pp. 33 —43): In the third Chapter, the advanced technologies for distributed
and large scale data processing Apache Spark and Hadoop are presented.

4. Evolving connectivity networks (pp. 45 — 53): In this Chapter the time evolving connectivity
networks derived from telecom data are presented with the discussion of experimental results.

5. Community detection in telecom connectivity networks (pp. 55 — 64): In this Chapter, clustering of
telecom connectivity networks is presented with experimental results and results from performance
testing in different processing environments.

6. Human dynamics evaluated through telecom connectivity networks (pp. 65 — 93): In this Chapter are
presented the results related to human dynamics evaluated through telecom connectivity and spatial
semantics. Diverse methods are applied such as graph theory, statistics, geographical analysis,
Machine Learning and Big Data analysis.

7. Mobility networks in urban spaces (pp. 95 — 110): In this Chapter is presented the application of
methodology developed with regard to telecom data over new data set that contains users mobility in
urban spaces collected through Foursquare platform.

8. Conclusions (pp. 111 — 113): In this Chapter the main conclusions from the research are presented,




the means of methodology usage are described, scientific contribution of the results is discussed and
suggestions for future research are provided. The results clearly show that methodology could be used
with data from different sources if they have the network structure, and that the results can be further
explained in the context of spatial semantics.

PhD thesis contains 140 references among which there are books, technical reports, scientific papers, and
other web sources (pp. 115 — 124). Appendix A: Short biography of the candidate. Appendix B: Extended
abstract in Serbian language that contains short summary of the main results and key findings from the
research.

V  BPEJHOBAIE MNOJEJIMHUX JEJIOBA JOKTOPCKE JUCEPTALUJE (ASSESSMENT OF
SPECIFIC PARTS OF THE PHD THESIS):

Komucuja cmarpa 1a je HacioB JOKTOpcke aucepranmje ,,IlIpumena Big Data ananuTeke 3a MCTpaXuBame
MPOCTOPHO-BPEMEHCKE IMHAMHUKE Jbynacke momynamuje”, ,,Big Data analysis applied in space-time human
dynamics research* jacHo neduHucaH U npuKasyje CyITHHY npodieMaTuke oOpal)eHe y TOKY HCTpaKUBamba.

VY npBOM HOIaB/bY AAT je KpaTak yBOJA y 00JacT MCTpaKMBama JHHAMUKE JbYJCKe romyianuje. Omicanu cy
pelieBaHTHU M3BOpH TMojaraka. Takohe, y OBOM Jeny HaBelleH je MpeAMEeT HCTpaXHBama AucepTaluje,
MOCTaBJbEHU Cy IWBEBH W JAeduHHCcaHe cy xumnoTee. Ha camom Kpajy mornaBjba JAaT je OMUC HAYyYHOT
JOTIPUHOCA ¥ OTIFICAaHa je CTPYKTypa came IrcepTalmje.

Y npyrom mornaiby AaT je MpHKa3 OCHOBHHX KOHIIETIaTa HAyKe 0 MpekaMa M Teopuje rpadosa ca moceOHHM
HarjJackoM Ha aJITOPUTME HaJ rpadoBHMa M arOPUTME 3a KJIacTepHu3anujy rpadoBa Koju cy KopuiheHH y TOKY
HCTpaKuBama. Takole, mperien peleBaHTHE JUTEpaAType y OONACTH AWHAMUKE JbYICKE IOMyJaluje je aaT y
JIPyTOM TIOTJIaBJbY, JIUTEpATypa je 100po omadpaHa u aeKBAaTHO IIUTHPAHA.

[locebHO 3HAYajHO 3a OBy HOMCEpTalHWjy je ITO ce 0aBM TUHAMUKOM JBbYJACKE IMOMYyJaluje Kpo3 MPU3IMY
JUTUTAJIHUX IOAAaTaKa, Kao IITO Cy moaanr O TCICKOM I/IHTepaKL[I/IjaMa " noJanu ca APYUWTBCHUX MpPEkKa, HITO
npeJicTaBiba ocedaH JOIMPHHOC HAYIM Kao M 00JIaCTH UCTPaXKHBamka JHHAMUKE JbYACKE IMOIYJIalHje jep TakaB
MPUCTYT HHjEe paHWje MpUMEHUBaH. TakBHW MOJAIM Cy 3aXTEBHH 3a aHANM3y W HHTEpIpeTanujy 300T cBoje
BCJIMYMHE W KOMIUICKCHOCTH Ma je 3a HUXOBY yHOTpeOy HEOnXoJHO mpuMeHuTH HampenHe Big Data
TEXHOJIOTHj€ LITO je Y OBOM HCTpakMBamy W ypaheHO M mpeicTaBiba 1moceOaH JONPHHOC HAYIH M OOJACTH.
Herasban onuc kopumthennx Big Data Texaonoruja je nat y pehem noriassby.

Komucuja 3akbyuyje aa cy noriasba YBoa, Hayka o Mpe:kama y HCTpaKMBakbHMa JbYJACKe MOMyJIanuje
u JlucTpubydpaHa aHAJIMTHKA NoaaTaka (MpBo, APYro u Tpehe morjap/be) KOHIENTYATHO U CAAPKAjHO
oarosapajyha 3a nedununcany remy ucrpaxupama. Ilornaemba caapike JeTa/bHO HaBeIECHY PeICBAHTHY
JUTepaTypy y MCTpakmBaukoj oOgactu. Kpo3 mpBa Tpm mnoraaB/ba [JaT je ONIIMPAH YBOA Yy
HCTPaKUBaM-e, Je(pUHNCAHE CY XUIIOTe3e, AT je mperien 00JacTH U 3HAYAJHUX TEOPUjCKUX KOHUENATa u
TeXHOJIOTHje Koja je MPUMemheHa y eKCIIePUMEeHTATTHOM J1eJly HCTPAKUBambA.

YerBpTO MOTAaBJbE OMHKCYj€ Pa3BOj TEIEKOM Mpeka KOHEKTHBHOCTH KpO3 BpeMe. JacHO je MpHKazaHo, Y
HYMEPHYKUM PEe3yJITaTHMa Kao M y reorpad)ckoM MpHKazy Ha Marama, Ja IIOCTOjH W3paKeHa HepUOANYHOCT Y
(dbopmupamy Mpexa KOHEKTUBHOCTH Y 3aBHCHOCTH O] THIA JaHa. Takolje, moka3aHo je Kpo3 eKCIiepUMEHTAITHE
pesyaTare a ce cBojcTBa rpadoBa KOjH c€ 0JJHOCE Ha MPEXY KOHEKTUBHOCTH MOTY KOPUCTHTH Kao MOKa3aTeJbH
HEKuX JApYyrux gorahaja y mpocTopy Koju Cy MHIYKOBaHHM JbYACKOM TUHAMHUKOM. JellaH Jeo pe3yiraTta KOjH Cy
OIMCaHM Y YETBPTOM MOTJIaBIbY je 00jaBibeH y KOH(DEPEHIIN]jCKOM 300pHUKY panosa [4].

Y neToMm mornasiby Ccy JeTajbHO 00jalllleHH TEOPHjCKH KOHIICTITH KilacTepHu3alyje rpadoBa v CrieiupUIHOCTH
KOHKPETHOI' aJrOPUTMa KOjU je NPUMEHHMBAaH y HUCTPaXHBamy INPEICTaBJLEHOM Yy aucepTauuju, Louvain
anropuraM. Merona kinacrepusanuje rpada je IpUMEeHeHa HaJll TEINeKOM MPEeKOM KOHEKTHBHOCTH Ja Ou ce
JETEKTOBAJIE 3ajeTHHLIC ca CHAKHOM YHYTpAIIHOM IT0Be3aHoIINy, ITO MpeICcTaBiba oce0aH Norie ] Ha JbYACKY
JMHAMHKY jep Ha Taj HAUWH AETEKTOBAHH KJIACTEPH MPEACTaBIbajy NPOCTOPHE LEiHHE (HOpMHUpaHE O JbYACKUX




nHTepaknuja. Takohe, MeTo/oNMOrHja OMMCAaHa y TETOM IIOTJaBjby MMa BEJHMK IPaKTHYaH 3Ha4daj jep cy
kopumihene Hampeane merone 3a Big Data amanutuky y padyHapckuM ekcriepuMeHTnma. Jleo pesynrara
OIMCaHMX y METOM TIOTJIaBJby OBE JHcepTaluje je 00jaBibeH y KoH(epeHInjcKkoM 300pHUKY pajoBa [3].

LlecTto mornaBbe ONHCYje AMHAMUKY JbYJCKE IIOMyJIAlMjeé MOCMAaTpaHy Kpo3 MHpU3MYy TEIeKOM MpekKe
KOHEKTHBHOCTH. Y IIIECTOM MOTJIaBJbY MPUKA3aHU Cy PE3YyJTaTH CTy/IHje KOja 00jeubyje IEeTOKyaH TeOpHjCKU
U eKCIIEPUMEHTANIHU pajJ Y OKBHUPY IOKTOpcke nuceprauuje. OBa cTyamja oOyxBaTa aHATU3y JIOKATHHX U
ro0aHuX cBojcTaBa rpadoBa, yTUIaj THIA JOKalWje Ha AMHAMHKY JbyJICKE MOMyaluje U MeToJie ehpUKaCHOT
IpoLeCHpama BEIUKUX TojaTaka. [lopen Tora, JONATHO je TPOIIMPEH OKBHP METONOJOTHje MPHUMEHOM
MAaIIMHCKOT y4yema y eKCIepUMEHTHMa, KOpUIINEH je perpecuoHu Mojen aa Ou ce mpeasuhana cBojcTBa rpada
Ha OCHOBY IPOCTOPHUX OCOOHMHA JIOKalje Koje cy aeduHHcaHe Kiacama ymorpebe 3emspumuTa. OBakaB
NPUCTYNl Y UCTPaXHBamky IHHAMHKE JbY/ACKE IIONyJalHje IMpPeACTaB/ba MHOBAIM]y W HAyYHH JONPHHOC Y
obOjactn caMm TO cebW, a eKCIePUMEHTATHH pe3ydTaTH MOTBP)Yjy BaJMAHOCT NPHMEHE METOIOJOTHjE U
TEXHOJIOTHje y Tpakcu. Pe3ynraTu mpuKa3aHU y ILECTOM IOTNIaBiby Cy 00jaBJbeHH y Me)yHapOAHOM HAyYHOM
vacomnucy [1] u uutupanu cy Beh 17 myra 10 caza.

VY cenMoM MorIaBjby ONMCAHU Cy PE3yJITaTH BE3aHO 32 MCTPAKUBAMGE jOII jEHOT BAKHOI ACTEKTa JbYACKE
JMHAMHUKE, a TO je MOOMITHOCT. 32 OBY aHAJIM3y YNOTPeOJbeHU Cy MOJAIN ca IPYIITBEHE Mpexe ,, Foursquare
3a JIECET CBETCKUX T'paJioBa y MEpPHOAY O]l JIBE T'OJMHE. Y OBOj CTYyIHWjU je KpeTame KOpHCHHKa u3Mely aBe
JIOKAIMje IMocMaTpaHo Kao TpaHa y Tpady, AOK Cy 4YBOpoBH Tpada Jokamuje Koje cy mnocehene. bpoj
MOOWITHOCTH M3Mel)y NIBe JoKaluje TpeacTaBba TeXUHCKH KoedumujeHT rpane. Hax rpadosuma moOmmHOCTH
MPUMEHCH je METOJ KIIacTepu3allije Kako OU ce NETEKTOBAJIe KOje CTPYKTYpe Yy Tpaay ce IPYIHINY 3ajeTHO U
MOJ KOjUM ycioBHMa. Pesynratm kimacrepusanyje cy aHaJM3HPAHH y KOHTEKCTY CEMAaHTHUKH jeIMHCTBEHHX
MPOCTOPHUX IIEJINHA.

Komucuja omemyje na cy nmoriaB/ba Mpeske KOHEKTHBHOCTH Kpo3 Bpeme, Jlereknmja 3ajenHnna y
TeJIEKOM MpeskaMa noBe3aHocTH, JJunaMmuka jpyacke nomyJiamnuje Kpo3 npu3smMy TeJleKOM KOHEKTHBHOCTH,
MooOuiiHe Mpexe y ypOaHHM NPOCTOPHMA (4ETBPTO, IETO, IIECTO U CEJAMO IOIIABJ/bE) jaCHO U NPerJie/iHO
HAINMCAHA, /12 je CTPYKTYPa TeKCTa J00p0 KOHIUIMPAHA U A Cy pe3yJTaTH MCTPaKMBakha OPUTHHAJIHM,
NpUMEHBLUBH Y NMPAKCH W peieBaHTHH y o0nactu. Kanpupartkuma OiamBepa Mynauh je cryamosno m
00jeKkTUBHO, KopucTehH HampegHe TeXHOJIOrHje 32 AQHAJMTHKY BeJMKHMX MOJATaKa, AeTabHO
aHAJIM3MPaJIa I0JATKe H HHTEepPNpeTHpPaJia pe3yaTrare y oqrosapajyhem konTekcry.

Y ocMOM mornaBiby Cy HPEACTaB/bEHU 3aKJbYULM M3 LEJIOKYITHE CTYAMjE KOja je U3BEACHA Y TOKY AOKTOPCKOT
uctpaxusama. [lorBphene cy xumorese koje cy AeduHHCAHE y YBOJHOM JIENy Te€3€ M IMPOAUCKYTOBAHU CY
TNIABHU 3aKJbY4llM BE3aHO 32 UCTPaKWBame. Y JOKTOPCKO] AWCEPTAlHUjU je MPEICTaBJbeH HOBU NPUCTYH Y
UCTpaXHMBaby TUHAMHKE JbYICKE TOMYJIAIHje 1 HOBU KOHIIETT ,,JMHAMUYHOCTH * KOJU je BUILIC BUPTYEITHU HETO
¢u3nuku. 3a MoJelioBamke JbYACKUX WHTEpakiyja kopuiihieHa je Teopuja rpadoBa U HampeaHE TEXHOJIOTH|E
aHaJMTHKE BENMKUX TojaTtaka. [IpeicraBibeHa je METOAOJIOTHja KOja KOPUCTH Tpad aHAIMTUKY, MAIIWHCKO
yuemhe W HayKy O Iojanuma Jia Ou ce M3BYKIJIO HOBO 3HAaWE M3 Pa3IMUYUTHX M3BOpa I0/IaTaKka KOjH OIHUCY]Y
JbYJICKY TUHAMHUKY .

Komucuja 3akibydyje nAa cy OCTBapeHH IUIAHMPAHM LHM/beBH HCTPAKUBAKHA Y OKBHPY HOKTOPCKe
AucepTanMje, 1a Cy NOCTUTHYTH 3HA4YajHH HAYYHH pe3yJTaTH y 00JacTH, Ka0 M A je 3aK/bY4YaK pajaa
jacHo HammcaH.

Hakon mornaeiba 3aksby4ak cCleAd TOTNIaBJbE KOje CaapXH CBY LUTHPaHy JHTEpaTypy. Y OKBHpPY Leie
nucepranyje HaBeneHo je 140 u3Bopa apyrux ayropa.

Komucuja cmaTpa na je aureparypa nuTHpaHa Ha oaroBapajyhu nauun, 1a je nzoop aureparype 106ap u
Ja HaBe/leHe pedepeHIie NPeICTAB/bAjy 3HAYAjHE HAYYHE JONPUHOCE Yy 00JIACTH.

English translation:




The Committee agrees that the title of the PhD thesis ,Ilpumena Big Data aHanuTHKe 32 HCTPaKHBAHbE
MPOCTOPHO-BPEMEHCKE IMHAMHUKE JbyJACKe momyiamuje”, ,,Big Data analysis applied in space-time human
dynamics research™ is well defined and aligned with the core problem that was addressed in this research.

In the first chapter, a brief introduction to the field of human dynamics research is given. Relevant data sources
are described. Also in this part, the main topic of the PhD research is explained, goals are set and hypotheses are
defined. At the very end of the chapter, a description of the scientific contribution is given and the structure of
the dissertation itself is described.

The second chapter presents the basic concepts of Network Science and graph theory with a special emphasis on
graph algorithms and clustering algorithms that were used during the research. Also, an overview of the relevant
literature in the field of human dynamics is given in the second chapter, the literature is well selected and
adequately cited.

It is particularly important for this dissertation that it explores the human population dynamics through the prism
of digital data, such as data about telecom interactions and data from social networks, which represents a special
contribution to science and human dynamics research because such approach has not been applied before. Such
data are demanding for analysis and interpretation due to their size and complexity, so for their use it is
necessary to apply advanced Big Data technologies, which was done in this research and represents a special
scientific contribution. A detailed description of the Big Data technologies used in this research is given in the
third chapter.

The Committee concludes that the chapters Introduction, Network Science for studying human dynamics
and Distributed data analytics (chapters one, two and three) are conceptually and content-appropriate for
the defined research topic. The chapters contain cited relevant literature in the research area. Through
the first three chapters, a comprehensive introduction to the research is given, hypotheses are defined, an
overview of the field and significant theoretical concepts and technology applied in the experimental part
of the research is given.

The fourth chapter describes the development and evolution of telecom connectivity networks over time. It is
clearly presented in the numerical results and in the geographical maps, that there is a pronounced periodicity in
the formation of connectivity networks depending on the type of day. Also, it was shown through experimental
results that the properties of the graphs related to the connectivity network can be used as indicators of some
other events in space that are induced by human dynamics. A part of the results described in the fourth chapter
was published in the conference proceedings [4].

In the fifth chapter, the concepts of clustering and specially the Louvain clustering algorithm are explained in
detail. The graph clustering method was applied over the telecom connectivity network to detect communities
with strong internal connectivity, which represents a special scientific contribution because the clusters detected
in this way are spatial entities formed by human interactions. Also, the methodology described in the fifth
chapter has great practical importance because advanced methods for Big Data analytics were used in the
experiments. A part of the results described in the fifth chapter was published in the conference proceedings [3].

The sixth chapter describes the human dynamics observed through the prism of the telecom connectivity
network. In this chapter are presented the combined results of the entire theoretical and experimental research
work done within the doctoral study. This study includes the analysis of local and global properties of graphs,
the influence of location type on human dynamics, and methods of efficient processing of large-scale data. In
addition, the methodology was further expanded by utilizing machine learning in the experiments. The
regression model was used to predict the properties of the graphs based on the spatial properties of the location
defined by the land use classes. Such an approach in the research of human dynamics represents an innovation
and a scientific contribution itself, and the experimental results confirm the validity of applying the methodology




and technology in practice. The results presented in the sixth chapter were published in a scientific journal [1]
and have been cited 17 times so far.

The seventh chapter describes the results related to the research of another important aspect of human dynamics,
which is mobility. For this analysis, data from the social network "Foursquare" was used for ten worldwide cities
over a period of two years. In this study, the user's movement between two locations is viewed as a branch in the
graph, while the nodes of the graph are the locations visited. The number of movements between two locations
represents the weight coefficient of the branch. Clustering was applied to the mobility graphs to detect which
structures in the city cluster together and under what conditions. The clustering results were analyzed in the
context of semantically unique spatial units.

The Committee agrees that the chapters Evolving connectivity networks, Community detection in telecom
connectivity networks, Human dynamics evaluated through telecom connectivity networks, Mobility
networks in urban areas (fourth, fifth, sixth and seventh chapters) are clearly and well written, that the
structure of the text is well conceived and that the research results are original, applicable in practice and
relevant in the field. Candidate Olivera Muli¢ studiously and objectively, using advanced technologies for
Big Data analytics, analyzed the data in detail and interpreted the results in the appropriate context.

In the eighth Chapter are presented the conclusions from the entire study which was carried out during the
doctoral research. The hypotheses defined in the introductory part of the thesis were confirmed and the main
conclusions related to the research were discussed. In the PhD thesis are presented a new approach to the
research of human dynamics and a new concept of dynamics that is more virtual than physical. Graph Theory
and advanced Big Data technologies were used to model human interactions. Unique methodology is presented,
that uses graph analytics, Machine Learning, and Data Science to extract new knowledge from diverse data
sources related to human dynamics.

The Committee concludes that the planned goals of the research within the doctoral dissertation have
been achieved, that significant scientific results have been accomplished, and that the conclusion of the
work is clearly written.

After concluding chapter there is an unnumbered chapter containing all cited literature. Within the entire
dissertation, 140 sources of other authors are listed.

The Committee agrees that literature is cited in an appropriate manner, that the selection of literature is
good and that the cited references represent significant scientific contributions in the field.

VI CHUCAK HAYUHUX U CTPYUYHUX PATOBA KOJU CY OBJAB/bEHU WJIU TIPUXBAREHU 3A
OBJAB/bUBAILE HA OCHOBY PE3YJITATA UCTPAKUBAIbA YV OKBUPY PAJIA HA
JOKTOPCKOJ TUCEPTALIUIU

(LIST OF PUBLISHED OR ACCEPTED FOR PUBLISHING PAPERS THAT ARE RESULT OF THE
PHD RESEARCH):

1. Novovié, O., Brdar, S., Mesaros, M., Crnojevi¢, V., & N. Papadopoulos, A. (2020). Uncovering the
relationship between human connectivity dynamics and land use. ISPRS International Journal of
Geo-Information, 9(3), 140. (M22)

2. Novovié, O., Gruji¢, N., Brdar, S., Govedarica, M., & Crnojevi¢, V. (2020). Clustering foursquare
mobility networks to explore urban spaces. In Trends and Innovations in Information Systems and
Technologies: Volume 3 8 (pp. 544-553). Springer International Publishing. (M33)




3. Truica, C. O., Novovié, O., Brdar, S., & Papadopoulos, A. N. (2018). Community detection in who-
calls-whom social networks. In Big Data Analytics and Knowledge Discovery: 20th International
Conference, DaWaK 2018, Regensburg, Germany, September 3-6, 2018, Proceedings 20 (pp. 19-
33). Springer International Publishing. (M33)

4. Novovié, O., Brdar, S., & Crnojevi¢, V. (2017, April). Evolving connectivity graphs in mobile
phone data. In NetMob, The main conference on the scientific analysis of mobile phone datasets (pp.
73-75). (M33)

5. Brdar, S., Novovié¢, O., Gruji¢, N., Gonzélez—Vélez, H., Truica, C. O., Benkner, S., ... &
Papadopoulos, A. (2019). Big data processing, analysis and applications in mobile cellular
networks. High-Performance Modelling and Simulation for Big Data Applications: Selected Results
of the COST Action IC1406 cHiPSet, 163-185. (M14)

Vil

3AK/bYYIIN OJJHOCHO PE3YJITATH HCTPAKUBAIbBA
(CONCLUSIONS AND RESULTS OF THE RESEARCH):

Ha ocHOBy pe3ynTara HCTpakuBama, NMPHIMKOM KOjeT Cy PEalM30BaHH ITOCTABJHEHM LWJBEBH M 3a1alld Y3
NpUMEHY HaydHe METOIOJIOTHje M KOopHIIheleM MHOTrOOpOojHEe HaydHE JINTepaType U3 MYJITHANCIUIUTHHAPHIX
HCTpaXKMBarmba BE3aHUX 3a AMHAMHKY JbYACKE MOMyJaldje, aHATUTHKY BEJHMKHX I0JaTaka, aHaJUTHUKy HaJ
rpadoBrMa, ajlropuTME M padyHapcKe TEXHOJOTHje, M3BEJCHH Cy 3aKJby4Ulld KOjU TOTBplYjy WHHIHjATHO
neduHMcane xumorese. Kpatko hemo ce ocBpHYTH Ha KOHKpPETHE XHUIIOTE3€ M 00pa3I0KUTH Ha KOjU HAYWH CY
notBphene.

1.

OOpaciy noHaIama Be3aHuX 32 JbYJICKY JHHAMHKY Cy CHAXKHO MOBE3aHU Ca BPEMEHOM W TUIIOM JIaHa,
Ka0 M caThMa y TOKY JlaHa U PaJIHUM, OJTH. HEpaJHUM JaHUMa — Y OKBHPY OBE JHCEpTaIlje TOCMAaTPaH!
cy oOpaciiy y TUHAMHIM JbYJICKE MOIMyJIallije 3aBUCHO O] 00a JaHa, THIA JiaHa, CaTH ca M0jadyaHoM
aKTUBHOINNY, paJHUX U HEpPaJHUX CaTH y TOKY JaHa, HONHHUX caTH, BUKEH/a U mpasHuka. Ha ocHOBY
aHaNMM3UpaHUX [OJIaTaKa TeHEPaTHW 3aKJbydak je Jia je NUHAMHUKA JhYJACKE MOMyJalHje CHAXKHO
yCIIOBJbEHA BpeMeHOM. HauuH Ha koju cy GopMupaHe Mpexe KOHEKTHBHOCTH U3 TejIekoM caoOpahaja
M3Pa3WTO CE PA3IMKYjy Y MOjEAMHUM BPEMEHCKUM HHTEPBAJINMA.

OOpacuit 'y JbYACKOj IUHAMHUIM Ccy reorpadcku aedUHHCAHU W TPYMUCAHH YHYTap HPOCTOPHHUX
JEJMHUIIA ca CIMYHOM CEMAHTHKOM JIOKAIlMje — KPO3 pasjM4yuTe padyHapcKe Orje[e Haj MoJaruMa
3aKJbY4YCHO je a Cy MpPOCTOPHE JIOKAaIMje Ca pPa3jM4uTOM CEMAaHTHKOM MOBE3aHE Ca Pa3IHIUTHM
obOnuIMa JhyJCKe NWHAMUKE W TIOHANaka W Ja Cy CTBapaie pPa3iiMuuTe ,,JUTMTATHE OTHUCKE™ Yy
MoJIallMMa Ha jacaH ¥ HeJIBOCMHUCIICH HAYKH.

Jbynacka nuHaAMHMKa W WHTEPAKIMje, TPEACTaB/beHe KPO3 KOHEKTMBHOCT W MOOHITHOCT MpEXKE MOTY Ce
JaJjbe aHajau3uparu noMmohy Teopuje rpadoBa W KiacTepH3allMje 3a U3/IBajabe KOPUCHUX CBOjCTaBa Ha
HUBOY T'PaJ0Ba U HETOBUX LEIHMHA — Y OKBUPY JUCEPTAIlMje j¢ HA WHOBATHBAH HAYMH MPECTABILEHO
KaKo Ce Mpexe JbYJICKMX HHTepakiyja 3a0ejeKeHHMX Kpo3 TejaekoM caobpahaj Mory eguKacHO
MOJIeJIOBaTH y3 NoMoh Teopuje rpacdoBa, jep yNpaBO TakBa CTPYKTypa, CTPyKTypa rpacda HajooJbe
OJIrOBapa peasHoj MPEKH JbYACKUX UHTepakiuja. OHO MITO je KapaKTEPUCTHYHO 3a Ty MPEXY je Ja je
OHa MPOCTOPHO Je(HHUCAHA 1A CE CAMUM THM CBE IITO Ce KBAaHTH(HUKYje KPO3 aHaIu3y rpadoBa MOKe
¥ Manupatd y reorpadckoM mpoctopy. ITokasaHo je ja ce NpUMEHOM METOje KiacTepu3allje Hajl
TeNnekoM rpaoBUMa KOHEKTHBHOCTH JIOJIa3W 10 MPOCTOPHUX IIEJMHA KOjeé MMajy OCOOHMHY CHa)xHE
YHYTpAIIlFhe MOBE3aHOCTH & CAMUM TUM M U3PAXKCH KAMalUTeT 3a MPOTOK nHpopMaIja.

Hauwn kopummhema u (YyHKIHOHAIHOCT JIOKAlMjeé CHAXHO YTWYy Ha TnpeiBuhame CBojcTaBa
KOHEKTHBHOCTH M MOOHMJIHOCTH KOja Cy Yy KOpeNalijH ca JbyJICKOM JHHAMHKOM — Y OKBHPY
HCTPaXKMBaha OIMCAHOT Y JOKTOPCKO] JAucepTanuju neduHucaHa cy Tpu MehycoOHO MoBe3aHa




koHrenTa. CeMaHTHKA JIOKalldje, TUHAMHKA JhYJICKE TIOIMyJaIije W CBOjCTBA Mpeke OXH. Tpadoba.
[lokazaHo je ma cemMaHTHKa JOKalHje YCIOBJhaBa AWHAMUKY JbYICKE IMOMyJalyje Koja Ce MOXe
MOJICJIOBATH IIyTeM Mpeke KoHekTHBHOCTU. Kopumhemem Teopuje rpadoBa KBaHTH(UKOBaHA Cy
CBOjCTBa MpeKe KOHEKTHBHOCTH, @ CAMHUM TUM H JTMHAMHKE JbYJICKE Iomyanuje. ExcriepuMenTanHto je
MOKa3aHo J1a € CEMaHTHKa MIPOCTOPHE JOKallje MOKe KOPUCTUTH 3a TpeaBulame cBOjcTaBa Mpexke, a
WMIUTUIMTHO ¥ JUHAMUKE JbYACKE TIOMyJIaluje.

5. TexHomoruje aHATUTHKE BEJIMKUX MOJATaKa MOTY Ce KOPUCTHTH 3a JU3ajHUPAamE U pa3Boj ehUKACHHUX
TOKOBa 00pajie mojaTaka — y OKBHPY OBE AWCEpTalHje je MOKA3HO Ja MOCTOjU Beimka morpeba 3a
MPUMEHOM HAIIPEJHUX TEXHOJIOTHja 3a aHAIMTHKY IOAATaKka, jep Cy KOPHUCHUYKU T'eHEpUCaHH MOoJann
KojuMa je AedrHIcaHa IMHAMUKA JbYJICKE TIOMyJalyje BEJIUKH 10 0OMMY U KOMIUICKCHU MO CTPYKTYPH.
Kpo3 pauynapcke orneme je moka3aHO KOje Cy NMPEIHOCTH Kopuinhema HalmpeaHHUX TEXHOJOTHja U
KBaHTH()HUKOBaHA je BUX0Ba e(hUKaCHOCT KPO3 IMOCceOHE Oresie 3a Meperme MepPOpPMaHCH.

KoMucuja no3uTuBHO onemyje nepHUCAHE XUIIOTE3e, Pe3yJITaTe H 3aK/byUKe HCTPAKUBAhA.

English translation:

Based on the research results, it is concluded that the initially defined hypotheses are confirmed. The research is
conducted regarding well established scientific methodology, using large body of literature from
multidisciplinary research related to graph analysis, human dynamics, data mining, Big Data analytics, Data
Science, Computer Sciences and many more. We would briefly provide an overview of the hypothesis and their
conclusions.

1. Patterns in human dynamics and behavior are strongly correlated with daytime and day type,
distinguishing between hours within a day, but also between working days and non-working days.
Within this dissertation, patterns in human dynamics were observed depending on the time of day, type
of day, hours with increased activity, working and non-working hours during the day, night hours,
weekends, and holidays. Based on the analyzed data, the general conclusion is that human dynamics is
strongly conditioned by time. The way in which connectivity networks were formed differs significantly
in certain time intervals.

2. Patterns in human dynamics are geographically mapped and clustered within spatial units with similar
location semantic — through various computer experiments, it was concluded that spatial locations with
different semantics are associated with different forms of human dynamics and behavior and that they
created different "digital footprints" in the data in a clear and unambiguous way.

3. Human dynamics and interactions, represented through connectivity and mobility networks, can be
further analyzed by means of graph theory and clustering to extract informative properties at the level of
cities and its units — within the dissertation, it was presented in an innovative way how the networks of
human interactions evaluated through telecom traffic can be effectively modeled with the help of Graph
Theory, because exactly such a structure, the structure of the graph, best suits the real network of human
interactions. What is characteristic of that network is that it is spatially defined, so everything that is
quantified through graph analysis can also be mapped in geographic space. It has been shown that the
application of the clustering method over telecom connectivity graphs leads to spatial entities that have
the characteristic of strong internal connectivity and, therefore, a pronounced capacity for information
flow.

4. Land use type and location functions strongly impact the prediction of connectivity and mobility
properties that are correlated with human dynamics — within the scope of the research, three interrelated
concepts were defined. Location semantics, human population dynamics and network properties,
respectively graphs. It is shown that the semantics of the location conditions the human dynamics, which
can be "registered” through the network of connectivity. Using Graph Theory, the properties of the
connectivity network and thus the dynamics of the human population were quantified. It has been




experimentally demonstrated that spatial location semantics can be used to predict network properties,
and implicitly, human population dynamics.

5. Big data technologies need to be utilized for designing more efficient data processing workflows —
within this dissertation, it is shown that there is a great need for the application of advanced technologies
for data analytics, because the user-generated data that defines the dynamics of the human population is
large in volume and complex in structure. The advantages of using advanced technologies were
demonstrated through computer experiments and their effectiveness was quantified through special
experiments to measure performance.

The Committee positively evaluates the defined hypotheses, results, and conclusions of the research.

VIl  OHEHA HAYMHA ITPUKA3A U TYMAUYEA PE3YJIITATA HCTPAXKUBAIBA
(ASSESSMENT OF THE PRESENTATION AND EXPLANATION OF THE RESULTS):

Kanaunarkuma Onuepa Mynuh je Ha jacaH u oaroBapajyhu HauMH M3JI0KWIIA, IPOTYMAadWiIa U MpeJCTaBrIa
pe3yaTarte CHpOBEOCHOT HCTpaXHBamka Kpo3 JAeTajbaH TMpHKa3 MpPUMEHEe TEOPUjCKUX KOHIermaTa W
eKCIIEpUMEHTATHUX pe3yiaraTa. Ha OCHOBY pesynirara cy HM3BEACHH 3aK/bY4lM KOJU OATrOBapajy IMpeaMETy
CTyIHje U IpYXKajy OAroBOpe Ha MOCTaBJbEHE IIIJbEBE UCTpaXkuBama. CTPyKTypa paja MOKJamna ce ca IIaHOM U
neUHUCAaHUM LIWJbEBUMA y MpHjaBu TeMe. HaBeneHa nmureparypa kopuiiheHa y pagy je caBpeMeHa, OOMMHa U
pelieBaHTHA 32 TeMy HCTpaXHBama. Pe3ynTaTté cy Hay4yHO ONpaBIAaHH U TOJAPKaHU OpPOjHHM JINTEPATYPUHHM
n3BopuMa. Ha ocHOBY HaunMHa NpHKa3WBamba W TyMauema I0JaTaka, MOXKe Ce KOHCTaTOBATH Ja Paj CaIpiKu
OpUTHHAJHE HAyYHE pe3yNiTaTe KOju 33J0BOJhaBajy 3aXTeBE HUBOA IOKTOPCKE IUCEpTAIlHje.

English translation:

The PhD candidate Olivera Muli¢ presented, explained, and discussed the results of the research in a good maner
regarding theory and practical experiments. Based on the results, conclusions were drawn that correspond to the
subject of the study and provide answers to the research objectives. The structure of the paper matches the plan
and defined objectives. The cited literature used in the paper is modern, extensive and relevant to the topic of the
research. The results are scientifically justified and supported by numerous literature sources. Based on the way
the data is presented and interpreted, it can be concluded that the research work contains original scientific
results that meet the requirements of the doctoral dissertation level.




IX KOHAYHA OLEHA JOKTOPCKE JUCEPTAIINJE
(FINAL NOTE ABOUT PHD THESIS):

1. /la nu je aucepTanyja HalMcaHa y CKiIaay ca 00pas3lioKeHheM HaBEeJCHUM y NpUjaBH TeMe?
Is dissertation well aligned with the description in the topic submission?

Kowmmucuja cmarpa na je aucepranuja kKanaunatkumke OnuBepe Mynuh Hamicana y CKIIaay ca Mpemio3nuMa u
o0pa3noxemuMa U3JI0KECHUM Y TIPHjaBU TEME.

English translation:
The Committee agrees that the dissertation of candidate Olivera Muli¢ was written in accordance with the
proposals and explanations presented in the topic submission.

2. Jla 1 nucepTanmja camp>kKu cBe OUTHE eJIeMEHTe?
Does dissertation contain all necessary elements?

Komucuja omnemyje na auceprandja caapXd CBe OWTHE €JIEMEHTe OpPWUTHHATHOT HAaydHOT paja. jacHO
neduHUCaHy TeMy HWCTpaXHWBamka, OAroBapajylly MeTONOJIOTH]y y3 YIOTpeOy HalpemIHWX TEXHOIOTHja 3a
AHAUTHKY BEJMKUX TOJaTaka, mperie] nocrojehe nurepatype y MyITHAUCHUIUIMHAPDHUM OOJacTUMa Koje
0o0yxBarajy JMHAMUKY JbYJICKE IMONYyJalKje, FTeOHayKe U reorpad)cke aHanm3e, pauyHapCcKe Hayke, MoceOHe
o0JlacTi y HayIy O MoJaliMa 1 HayIH o Mpekama. Takole, pe3ynrati cy mpencTaB/beHH Ha jacaH HaYMH U
HBUXOBO 3HAUCHE U 3Ha4a] Cy IPOJUCKYTOBAaHH Y CKIIAly Ca 3aXTEBUMa HAyYHOT Paja.

English translation:

The Committee positively assesses the dissertation and concludes that it contains all the essential elements of
an original scientific work: a clearly defined research topic, an appropriate methodology with the use of
advanced Big Data analytics technologies, a review of existing literature in multidisciplinary areas that
include human dynamics, Geosciences and geographic analysis, Computer Sciences, special areas in Data
Science and Network Science. Also, the results are presented in a clear way and their meaning and importance
are discussed in accordance with the requirements of scientific work.

3. Ilo uemy je aAucepralja OPUTrHHAIAH JOIMPUHOC HAYIH?
According to what is the dissertation original scientific contribution?

'maBHM HOTPUHOC OBE AMCEpTAIMje CAcTOjUu ce M3 JBe LenuHe. [IpBa menwHa ce oAHOCH Ha MOTYHHOCTH
NpUMEHE aHaJIM3€e MoJaTaKa U3 U3BOpa KOjH 10 Caja HUCY pa3MaTpaHu y UCTPAKHUBAKBLUMa JHHAMHKE JbYICKE
HomyJammje, Kao ITO Cy TeJIEKOMYyHHUKAIIMOHHU IMOJAlH U MoJaly ca JPYIITBeHUX Mpeka. Jpyra nemina ce
OJTHOCH Ha TEXHHYKH JICO BE3aH 3a aHAIM3y BEJIMKUX U KOMIUICKCHHX To/laTaka npiuMeHoMm mMetona Big Data
TEXHOJIOTHja ¥ airopuTama 3a aHanmu3dy rpadoBa W MammHCKOr yuema. OBe JBe IeNWHE 3ajeTHO
Mpe/ICTaBJbajy BeoMa 3HAdajaH JONMPHHOC HAYIH, C OO3UPOM Ja y JIHTEpPAaTypyd Koja je UCIHUTaHa HUje
nponaljeH cBeoOyxBaTaH MPHUMEpP KOjHU JIEMOHCTpPHpA CHMYJITaHy yrmoTpeOy HOBHX W3BOpa Mojaraka Kao W
NPUMEHY HanpeIHuX co(pTBEpPCKHUX TEXHOJIOTHja M allrOpuUTaMa 3a aHaIn3y BeJlMKuX mojartaka. Crora, oBa
CTyAMja Jlaje HOBM YBHJ M HOBA Ca3Hama Be3aHa 3a JTUHAMUKY JbYJCKE MOIyJaluje U MpelcTaBiba nodap
OCHOB 32 JlaJha UCTPAKUBAKA Y TO] O0JACTH U Jpyra CIIMYHA MYJITHIUCIMIUIMHAPHA UCTpaKUBama. Takohe,
JIOOWjeHH pe3ysiTaTH y OBO] CTYIWjU TMPEACTaBJbajy MPBO JCTaJbHO HMCTPAKHBAIE Y O0JIACTH JUHAMHUKE
JbyJICKE TOIyJIalKje y KOME C€ KOPUCTE HAIllPEIHM ajaTH 3a MPOLECUParbe BEIUKUX KOJMYMHA MOJIaTaKa Kao
U alTOpPUTMHU U3 TeOpHje rpadoBa U MAIIMHCKOT yUeHa.

Hanomena

JlokTopcka aucepranuja je y OuoOnmorenu [IpupoaHo-MareMaTHUKOr (haKyjaTeTa IMpoILIa IpPOBEpY
OpUTHHAITHOCTH TpuMeHoM codTBepa iThenticate 3a JeTeKIUjy CIUYHOCTH KOjJH je TIOKa3ao Ja ,,dHJIEKC
ciyHocTu (Similarity Index) m3nocu 50%. IIpumeHom codrBepa yTBpheHo je na ox 120 u3Bopa ca KojuMa




je yrBpheHo npeknaname, y 96% wn3Bopa je mponaheno mame on 1% momynapHocTu. M3Bopu y KojuMa je
nponaheno Bumie ox 1% momynmapHoctd (M3Bopu 1, 2, 3, 4 U 5 y W3BEMTajy CIUYHOCTH) MPEACTaBIbA]y
Hay4yHE pajoBe Tae je Kanaugatkuma Onueepa Mynuh mnpBH ayTop WM jegaH of ayTopa. AHaiu3a
cimaHOCTH je paheHa Ham kopmycoM on 32 859 peunm W3 MOKTOPCKE AWCEPTAIlMje TMOYEBINH OJ IPYror
noryiaBjba Te3e, mto naje 16 453 peum rne je mponaljeHa MOMyNapHOCT ca JAPYTHMM U3BOpUMAa. BaxkHo je
uctahu Ja ce mperie] JuTeparype y o0aacTu, Kao ¥ MpHUKa3 TEOPHjCKUX OCHOBA Be3aHuX 3a Teopujy rpadosa
u Hayky o Mpekama Hajasu y JpyroM MOrJiaBjby Te3e IIe je AeTeKTOBaHO 87% MOAyAapHOCTH, IITO OCTaBIba
ceera 13% moxymapHOCTH 3a OCTajia TOTJIaBJka T/Ie Cy NPEACTAaBJbEHW PE3yNTaTH W TIAaBHHU AOMPHHOCH
UCTpakuBama. Takohe, o1l yKyIHOT KOpITyca y KoMme je mpoHaljeHa cnu4yHocT, 77% ce OAHOCH Ha pajoBe Tie
je kaumuaatkuma OnuBepa Mynuh npBu ayTop wim jenan o aytopa. Cea uTepaTypa APYrux ayTopa Koja je
kopuIiheHa y TOKY HCTPaXKUBamba je Y Te3H HaBeJIeHA U aJIcKBaTHO ITUTHPAHA.

Ha ocHoBy cBera HaBe/leHOT y M3BelITAjy, KOMHCHja 3aK/bydyje 1a je 0Ba JOKTOPCKA qUcepTanmja
OPMI'MHAJIHO J1€J10 U /1aje MO3UTHBHY OLIEHY 32 IPUKA3 U TyMaueme pe3y/iTaTa HCTPaKUuBambA.

English translation:

The main contribution of this dissertation consists of two parts. The first part refers to the possibilities of
applying the analysis of data from sources that have not been considered so far in human dynamics research,
such as telecommunication data and data from social networks. The second part refers to the technical
objective related to the analysis of large and complex data using the Big Data technologies and algorithms for
graph analysis and Machine Learning. Together, these two parts represent a very significant contribution to
science, given that no comprehensive example was found in the reviewed literature demonstrating the
simultaneous use of new data sources as well as the application of advanced software technologies and
algorithms for the analysis of very large data. Therefore, this study provides new insight and new knowledge
related to human population dynamics and represents a good basis for further research in that area and other
similar multidisciplinary research. Also, the results obtained in this study represent the first detailed research
in the field of human population dynamics using advanced tools for processing large scale data, algorithms
from Graph Theory, and Machine Learning.

Note

The PhD thesis was checked for originality in the library of the Faculty of Science using iThenticate software
for detecting similarities, which showed that the "Similarity Index" is 50%. Using the software, it was
determined that out of 120 sources where an overlap was found, in 96% of the sources less than 1% match
was found. Sources where more than 1% match was found (sources 1,2,3,4 and 5 in the similarity report)
represent scientific papers where candidate Olivera Muli¢ is the first author or one of the authors. Similarity
analysis was performed on a corpus of 32,859 words from the doctoral dissertation starting from the second
chapter of the thesis, which gives 16,453 words where a match with other sources was found. It is important
to point out that the review of the literature in the field, and theoretical foundations related to Graph Theory
and Network Science, is contained in the second chapter of the thesis, where 87% matches was detected,
which leaves only 13% matches for other chapters where the results and main research contributions were
presented. Also, of the total corpus in which similarity was found, 77% refer to papers where candidate
Olivera Muli¢ is the first author or one of the authors. All literature from other authors that was used during
the research is listed and adequately cited in the thesis.

Based on everything stated in the report, the Committee concludes that this doctoral dissertation is an
original work and gives a positive assessment for the presentation and interpretation of research
results.




4. Koju cy HeocTany nucepranyje 1 KakaB je ’bUXOB YTHIA] Ha PEe3yJITaT HCTPaKUBamba?
What are the flows of the dissertation and how do they affect the results of the research?

YBUZOM y IOKTOPCKY IHCEpTaljy M ACTabHUM IpErjeloM CBUX pe3ylTara KOMHUCHja HHjEe yOduia
HEIOCTaTKe KOju OM YyTHLIAIN Ha Pe3yJITaTe UCTPAKUBAA U 3aKJbYUKe paja.

English translation:
Upon inspection of the doctoral dissertation and a detailed review of all results, the Committee did not notice
any deficiencies that would affect the research results and the conclusions of the work.

MPEJIOT (THE PROPOSAL):

Ha ocHOBY HaBeeHOT, KOMHUCH]ja TpeIaxe:
Based on all stated facts, committee proposes:

@;{a Ce IOKTOpPCKA zmcepTalmia IIPpUXBAaTH, 4 KAHIANIATY 0)106[)1/1 0)16[)31—[3;

(to accept the phd thesis and allow candidate to defent the thesis)

0) 1a ce MOKTOpPCKa AKCEepTallfja BpaT KaHAXUAATY Ha Topaay (1a ce TOMyHH OJJHOCHO U3MCHH);
(to return the thesis to the candidate for minor/major edits)

B) Jla ce JOKTOpCKa qucepTanuja oaduje.
(to reject the phd thesis).

MecTto u njatym:
Place and date: Hosu Can, 12.05.2023.

1. I'oBenapuiia qp Mupo, penoBau npodecop

, TIPEJICETHUK

2. Mecapoiu ap Munyuep, Banpeau npodecop

, MEHTOD

3. bpnap ap Cama, BUIIM HAYYHHU CapaJHUK

, MEHTOP

4. Apcenosuh np Jlanuena, BapeHu npodecop

, WIaH

5. Temenauh np /lanujena, Banpeaau npodecop

, WIaH

6. Papadopoulos dr Apostolos N., associate professor

, member




