YHUBEP3UTET Y BEOI'PALY
daxyJ/aTeT OPraHu3aMOHUX HaAyKa

HACTABHO-HAYYHOM BERY

IIpeamet: Pedepar o ypalheHoj 1oKTOpCKO] nucepTanuju Kauauaatkumwe Tujane Byjuunh

Onmnykom Op. 3/19-4 ox 21.02.2018. roamue, MMeHOBaHH CMO 3a uwiaHoBe Kommucuje 3a
Mperiesl, olieHy M OoA0paHy TOKTOPCKE aucepTalje KaHauaaTkume Tujane Byjuumh mon
HACJIOBOM

»CO®TBEPCKHU AJIAT 3A HCIIUTUBAIBE AJITOPUTAMA CTPYKTYPHE
PEI'PECUJE BABUPAHE HA GCRF MOJEJIY*

[Tocne mpernena nocrasibeHe [ucepranuje u apyrux mnparehux marepujaja U pa3roBopa ca
KaHIuaaTkumboM, Komuchja je caunamia cieachu

PE®OEPAT

1. ¥YBOJA

1.1. Xponoiaoruja ogoOpaBama M U3paje IUCEPTaILn]e

Kannunarkuma Tujana Byjuumh je nokropcke cryauje Ha DakynTeTy OpraHU3alMOHUX
Hayka, YHuBep3utTera y beorpamy, Ha ctymujckom mporpamy Mubopmanmonu cucreMu u
KBaHTUTATHBHU MEHAIMEHT, n300pHO mojapydje CodTBepcko mHxkemepcTBo ynucana 2015,
roguHe. [lonoxmuina je cBe ucnure npeasuleHe MIaHoOM U IPOrpaMoM.

W3pana npucTynHOT paja KaHIHIATKUbE, 1Mo Ha3uBOM ,,COPTBEpCKH allaT 3a MCIUTHBAKE
ajropuTama CTpykTypHe perpecuje 6a3upane Ha GCRF moneny®, omoOpeHa je Ha ceqHUIN
HacraBHo-HayuHor Beha akyirera opraHu3aliOHHX Hayka, omiaykom Op. 3/81-3 on
28.06.2017. rogune. 3a MeHTOpa je uMeHoBaH np Bmaman Jesenwuh, pen. mpod. dakynrera
opranu3anonux Hayka. Kangunatkuma je nana 26.09.2017. ronune onbpaHuiia NpUCTYITHA
pan.

Omnykom Op. 3/132-9 ox 11.10.2017. rommue, Ha HacraBHo-HayyHom Behy ®akynrera
OpraHu3allMOHUX Hayka, ycBojeH je M3Bemtaj Kommucuje 3a oueHy HayyHe 3aCHOBAHOCTHU
npUjaBJbeHe JOKTOpcke nucepranuje Kanmunatkume, nmoa HazueoM ,,CoTBEpckH ajar 3a
UCIHUTHBAKkE aJIropuTamMa CTpyKTypHe perpecuje 6asupane Ha GCRF monemy*.

Behe HayuHux 001acTH TEXHHUYKHX Hayka YHHBep3uTera y beorpamy majio je cariiacHOCT Ha
MpeJJIor HaBeJCHe TeMe JIOKTOpcke nucepranvje Kanmmnatkume, omrykom Op. 61206-
4366/2-17 ox 30.10.2017. ronuse.



Ha cegnunu HacraBHO-HayuHor Beha ®akynTera OpraHU3allMOHUX HayKa, OIJIYKOM Op
3/163-10 ox 08.11.2017. roaune, om00peHa je wu3paga JAOKTOPCKE IUCEpTalnje
Kannunatkume noa HazuBoM ,,COPTBEpCKH anaT 3a MCIHTHUBAKE aIrOpUTaMa CTPYKTYypHE
perpecuje 6azupane Ha GCRF monmemy™.

Menrop, npod. ap Bnanan [eseyuh je 14.02.2018. ronune nogneo HacraBHo- HayyHoM Behy
dakynTeTa OpraHM3allMOHUX Hayka M3Bemitaj Ja je 3aBpIIeHa u3paja JIOKTOPCKE
auceprauyje KaHaunatkume Tujane Byjuumh mnox HasuBom ,,CodTBepcku amat 3a
UCIIUTHBAKE allTOPUTaMa CTPYKTypHE perpecuje 6a3upane Ha GCRF moxeny*. Ha cemnunu
oBor Beha, omrykom Op. 3/19-4 on 21.02.2018. ronuHe, MMEHOBaHA je KOMHCHja 33 OLCHY U
0JI0paHy 3aBpIleHE JTOKTOpCKe aucepraiuje Kanaumarkume.

1.2. Hayuna obGuact aucepraruje

Jlokropcka aucepranuja mnojx HasuBoM ,,CopTBEpCKM ajaT 3a UCIHUTUBAkE ajlropuTama
CTpyKTypHe perpecuje 6asupane Ha GCRF moneny* npunaaa Hay4HO] 00JIaCTH TEXHUYKHUX
HayKa — OpraHu3aloHe HayKe, yK0j HaydyHOj o0mactu CopTBEPCKO HHKESHEPCTBO.

Kao mentop, umenoBan je mpod. np Bmaman [leBeuuh, penoBuu mnpodecop Pakynrera
OpraHmM3alloHuX Hayka, YHuBep3urera y beorpany. Ilpod. np Bnanan Jleseyuh je o6jaBuo
BEeIMKKM Opoj HAyYHHX paJoBa KOjU Tra KBalu(uKyjy 3a MEHTOpa H3paje HAOKTOPCKE
nucepranyje Kanaunatkume Tujane Byjuuuh, on Kojux cy peneBaHTHHU:

e Devedzi¢, V. & Jovanovi¢, J. (2015). Developing Open Badges: a comprehensive
approach, Educational Technology Research & Development, 63 (4), 603-620, DOI:
10.1007/s11423-015-9388-3, ISSN: 1042-1629 (Print), ISSN: 1556-6501 (Online), IF:
0.725.

e Dimitrijevi¢, S., Jovanovi¢, J. & Devedzi¢, V. (2015). A Comparative Study of
Software Tools for User Story Management, Information and Software Technology,
57, 352-368, DOI: 10.1016/j.infsof.2014.05.012, ISSN: 0950-5849, IF: 2.694.

e Jovanovi¢, J. & Devedzi¢, V. (2015). Open Badges: Novel Means to Motivate,
Scaffold and Recognize Learning, Technology, Knowledge and Learning, 20 (1), 115-
122, DOI: 10.1007/s10758-014-9232-6, ISSN: 2211-1662 (Print), ISSN: 2211-1670
(Online), IF: 0.64.

e Radenkovi¢, S., Devedzi¢, V., Jovanovic, J. & Jeremi¢, Z. (2014). Content and
knowledge provision service — a way to build intellectual capital in learning
organizations, Knowledge Management Research & Practice, 12 (3), 297-3019, DOI:
10.1057/kmrp.2013.55, ISSN: 1477-8238 (Print), ISSN: 1477-8246 (Online),
IF:1.013.

e Krcadinac, U., Pasquier, P., Jovanovic, J. & Devedzi¢, V. (2013). Synesketch: An
Open Source Library for Sentence-based Emotion Recognition, IEEE Transactions on
Affective Computing, 4 (3), 312-325, DOI: 10.1109/T-AFFC.2013.18, ISSN: 1949-
3045, IF: 3.149.

e Sevarac, Z., Devedzi¢, V. & Jovanovié, J. (2012). Adaptive Neuro-Fuzzy Pedagogical
Recommender, Expert Systems With Applications, 39 (10), 9797-9806, DOI:
10.1016/j.eswa.2012.02.174, ISSN: 0957-4174, IF: 3.928.



e Devedzi¢, V. & Milenkovi¢, S.R. (2011). Teaching Agile Software Development: A
Case Study, IEEE Transactions on Education, 54 (2), 273-278, DOI:
10.1109/TE.2010.2052104, ISSN: 0018-9359, IF: 1.727.

e Duric, D., Devedzi¢, V. & Gasevi¢, D. (2007). Adopting Software Engineering
Trends in Al, IEEE Intelligent Systems, 22 (1), 59-66, DOI: 10.1109/M1S.2007.2,
ISSN: 1541-1672, IF: 2.374.

e Devedzi¢, V. & Harrer, A. (2005). Software Patterns in ITS Architectures,
International Journal of Artificial Intelligence in Education, 15 (2), 63-94, ISSN:
1560-4306.

e Devedzi¢, V. (2004). Education and The Semantic Web, International Journal of
Artificial Intelligence in Education, 14, 39-65, ISSN: 1560-4306.

e Devedzié¢, V. (2004). Web Intelligence and Artificial Intelligence in Education,
Educational Technology & Society, 7 (4), 29-39, ISSN: 11763647.

1.3. bBuorpadcku nmogany o KaHAMIATKUELN

Tujana Byjuuuh pohena je 20. oktoOpa 1990. ronune y Hukiuhy, rie je 3aBpiinuia OCHOBHY
mkony ,,Parko XKapuh* u rumuasujy ,,Crojan LlepoBuh* ca ognmunum ycrexoM. OCHOBHE U
CHEIHjAIMCTUUKE CcTyauje 3aBpiinia je Ha Pakynrery 3a HMHPOpPMAIMOHE TEXHOJIOTHjE
VYuusep3utera ,,Memutepan y [loaropunu. Jumnomupana je 2013. rogumHe Ha cmepy
CodTBepcko MHXKEHEPCTBO, OJOPAaHOM AMUIIJIOMCKOr paja Ha TeMy ,,MojenoBame 1mojaraka
3aCHOBAHO Ha BPEMEHCKH 0azupaHuM mogarnuma momohy Datomic NoSQL-a“. Maructpupaia
je 2015. ronune Ha dakynTeTy OpraHu3allMOHUX Hayka YHuBep3uTera y beorpany, Ha
cryaujckoM nporpamy CoTBepcKO MHKEHEPCTBO U pauyHapcke Hayke, moayn CodTeepcko
UHXEHEPCTBO, 00paHOM Te3e Ha TeMy ,,Kopumheme HEypoHCKHX Mpexa 3a npeaBuhame
ynoTpeOJbUBOCTH MojaTaka“. MeHTop 3a 3aBpILHU paJ Ha OCHOBHMM U MacTep CTyaujaMa
o6uo je ap. paran Bypuh. OcHOBHE, creNMjaTMCTUYKE U MAacTep CTYyIHj€ 3aBpIIWiIa je ca
npocearoM oreroM 10,00 (necer, 0/100).
On cenrtemOpa 2013. roguHe pamu kao acucreHT Ha @Dakynarery 3a HHGOpMaIMOHE
TeXHOJIOTHje YHUBep3uTera ,MemuTepaH, Ha MNpeaMeThMa: YBOJ y MPOTPaMUPALE,
[Iporpamupame 1, Ilporpamupame 2, Crtpykrype mnomataka u amroputmMu u XML
TeXHOJIOTHje. Y TOKy paaa Ha (akylITeTy aKTHBHO j€ Y4YeCTBOBaja y BEIMKOM Opojy
€BPOIICKUX MpojeKaTa Ha KojuMa ce 0aBuiia pa3BojeM MOOUITHUX, BeO U JECKTOM arljIMKalyja.
Hoxropcke cryauje Ha dakynrery opraHu3allMoHUX Hayka ymucaia je 2015 romune, Ha
CTyaujckoM mporpamy WH(popManMoHH CHUCTEMH M KBAaHTUTATMBHH MEHAlIMEHT, M300pHO
nonpydje Codraepcko nnxemepcTo. [lonoxuna je cienehe ucnure:

1. Tlpukynspame cOPTBEPCKUX 3aXTeBa — olieHa 9 (1eBeT)

2. TlpojextoBame codpTBepa — ogabpaHa noriassba — oueHa 10 (mecer)

3. CodrBepcku mporec U oapxaBame codTBepa — omabpaHa morjiaBba — oreHa 10
(mecer)
Bemrauka unrenureniyja - onena 10 (gecer)
VYmpasssame copTBEpCKUM TpojekTuMa - orieHa 10 (aecer)
KanuteT codTBepa - onena 10 (necer)
Anartu u MeToJie COPTBEPCKOT HHXKEHepcTBa - oieHa 10 (zecer)
Tectupame codtBepa- orena 10 (necer)
KoHnctpykiuja codTBepa - orieHa 9 (neBer)
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Kanmunatkuma je qana 26.09.2017. ogOpaHuia NpUCTYIHA paj 3a U3paay JUcepTaidje Mo
Ha3uBOM ,,Co()TBEPCKH ajaTr 3a UCIIMTHBAKE aropuTamMa CTpyKTypHeE perpecuje 6asupane Ha
GCRF monemy*.

Criucak 00jaBJbEHUX pasioBa:

1. PanmoBu o0jaBibeHM y HAy4YHUM yaconucuma Mehynapoanor 3nauaja (M21)
1.1 Vujici¢, T., Glass, J., Zhou, F. & Obradovi¢, Z. (2017). Gaussian
Conditional Random Fields Extended for Directed Graphs, Machine Learning,
106 (9-10), 1271-1288, DOI: 10.1007/s10994-016-5611-7, ISSN: 0885-6125
(Print), ISSN: 1573-0565 (Online), IF2016: 1.848.

2. PagnoBu caommreHu Ha ckyny MelyHapoaHor 3Havaja (M33)

2.1 Sc’epanovié, S., Vuji¢ié, T., Radunovi¢, P., Zupanc, K. & Bosni¢, Z. (2015).
Geostep  —platform  for mobile game-based learning, International
Electrotechnical and Computer Science IEEE Conference, ISSN: 1581-4572.

2.2 Sc’epanovié, S., Vuji¢i¢, T., Matijevi¢, T. & Radunovi¢, P. (2015). Game based
mobile learning — application development and evaluation, Conference on
eLearning, ISBN: 978-86-89755-07-7.

2.3 Sc’epanovié, S., Vuji¢i¢, T., Radunovi¢, P., Antovi¢, . & Vlaji¢, S. (2016).
Challenges in design of games for mobile learning, International Technology,
Education and Development Conference, ISBN: 978-84-608-5617-7, ISSN: 2340-
1079.

2.4 Vujicié, T., Séepanovié, S. & Jovanovié, J. (2016). Requirements Engineering in
Culturally and Technologically Diverse Settings, Mediterranean Conference on
Embedded Computing, DOI: 10.1109/MECO0.2016.7525693, ISBN: 978-1-5090-
2222-9.

2.5 Vuji¢ié, T., Matijevi¢, T., Sevarac, Z., Ljucovi¢, J. & Balota, A. (2016).
Comparative Analysis of Methods for Determining Number of Hidden Neurons in
Artificial Neural Network, Central European Conference on Information and
Intelligent Systems, ISSN: 1847-2001 (Print), ISSN: 1848-2295 (Online).

2.6 Matijevi¢, T., Vuji¢i¢, T., Ljucovié, J., Radunovi¢, P. & Balota, A. (2016).
Performance Analysis of Girvan-Newman Algorithm on Different Types of
Random Graphs, Central European Conference on Information and Intelligent
Systems, ISSN: 1847-2001 (Print), ISSN: 1848-2295 (Online).

2.7 Ljucovi¢, J., Vujicié, T., Matijevi¢, T., Tomovi¢, S. & géepanovic’, S. (2016).
Comparative analysis of classic clustering algorithms and Girvan-Newman
algorithm for finding communities in social networks, Enterprise Research
Innovation Conference, ISSN: 1849-7950.

2.8 Balota, A., Grebovi¢, S., Vuji¢ié¢, T. & Radunovi¢, P. (2017). Connection links
and transport of atmospheric discharges registered data, Mediterranean
Conference on Embedded Computing, DOI: 10.1109/MECO0.2017.7977153,
ISBN: 978-1-5090-6741-1, ISSN: 2377-5475.

2.9 Radunovi¢, P., Vuji¢i¢, T. & Balota, A. (2017). Web Application for Lightning
Activity Monitoring System (LAMS), Iberian Conference on Information Systems
and Technologies, ISBN: 978-989-98434-7-9.



2.10 Zarié, N., S¢epanovi¢, S., Vuji¢i¢, T., Ljucovi¢, J. & Davcev, D. (2017). The
Model for Gamification of E-learning in Higher Education Based on Learning
Styles, ICT Innovations, DOI: 10.1007/978-3-319-67597-8, ISSN: 1865-0929,
ISBN: 978-3-319-67596-1.

2.11 Séepanovié, S., Loshkovska, S., Balota, A., Radunovi¢, P., KneZevi¢, I.,
Vujici¢, T., Petrusi¢, D. & Antovi¢, . (2017). Case Studies of Dynamic SOA
Services for The Healthcare Systems in Montenegro and Macedonia, ICT
Innovations Web proceedings, ISSN: 1865-0937.

3. PanoBu caomiTeHu Ha CKyIy HallMOHATHOT 3Ha4aja (M63)

3.1 Vujici¢, T., Radunovi¢, P., Karaniki¢, M. & Knezevi¢, I. (2011) Elektronske
ulaznice bazirane na QR kodu, Medunarodni naucno-strucni skup StES (Students
Encountering Science), ISBN: 999388062-0.

3.2 Vuji¢i¢, T., Struji¢, Dz & Sendelj, R. (2012) Prednosti kori$¢éenja Hibernate
frameworka u odnosu na JDBC u Java EE aplikacijama, XVII naucno strucni skup
Informacione tehnologije, ISBN: 978-86-7664-102-4.

3.3 Radunovi¢, P., Vuji¢i¢, T., Karaniki¢, M. & Knezevi¢, |. (2012). Simulacioni
model three-state algoritma, XVII naucno strucni skup Informacione tehnologije,
ISBN: 978-86-7664-102-4.

3.4 Vuji¢i¢, T., Radunovi¢, P. & Knezevi¢, . (2014). Komparativna analiza NOSQL
i SQL baza podataka, na primjeru Datomic-a | MSSQL-a, XIX naucno strucni
skup Informacione tehnologije, ISBN: 978-86-85775-15-4.

3.5 Radunovi¢, P., Vuji¢i¢, T. & Knezevi¢, |. (2014). Poredenje funkcionalnog i
imperativnog pristupa programiranju, XIX naucno strucni skup Informacione
tehnologije, ISBN: 978-86-85775-15-4.

3.6 Vuji¢i¢, T., Radunovié, P., Antovi¢, |. & Vlaji¢, S. (2016). Upotreba neuronskih
mreza za predvidanje upotrebljivosti podataka, YUINFO, ISBN: 978-86-85525-
17-9.

3.7 Ljucovi¢, J., Matijevi¢, T., Vuji€¢i¢, T. & Tomovi¢, S. (2016). Analysis of social
network random model and comparison to real collaboration network,
International Conference of Information Technology and Development of
Education, ISBN: 978-86-7672-285-3.

2. OIIUC JMCEPTALIMJE

2.1. Caapxaj mucepranuje

JlokTopcka aucepTanuja kanauaaTkumwe Tujane Byjuuuh cagpxu 110 crpana, pa3BpcTaHux y
7 nornaeiba. Jucepranuja caapxu 47 cauka u 14 taGena. Y nonucy kopuitheHe aureparype
KaHJIMJaTKuba je HaBena 45 pedepeHTHUX jeauHuLa. Paj je cTpykTyupaH Ha cineaehu HauuH:
YBon

[Ipernen obnactu

Yemepenun GCRF

Codteepcku anatr GCRF GUI TOOL

JaBa 6nbmmorexa GCRFsS

[Tpumepu npumene

Huckycuja

NooakrwnE



8. 3axspydax

2.2. Kparak mpukas nojeAMHa4YHuX II0IJIaBJba

Y yBOIHOM JeNly paja JaT je Omuc MmpoOiemMa KOju ce pa3MaTpa W Iuba HCTPAKUBAbA.
OCHOBHH TpeIMET HCTPaKMBaWka JIOKTOPCKOT paja Cy MOJEIHU CTPYKTYypHE perpecuje
0asupanu Ha Gaussian Conditional Random Fields (GCRF) mozeny. Y oBOM moriaBiby cy
HaBEJICHE XMIIOTEe3¢ Ka0 W HAaydyHE METOJIe MCTpakuBama. Kao moja3zHe XUIoTre3e HaBeleHE
cy:

e [locrojeha mpommpewa GCRF monena ce He MOTy IPUMEHHUTH Ha ycMepeHe rpadose.

o Ilpemmoxeno mpommperse GCRF wMomena 3a ycmepene rtpadoe omoryhasa
npenusaurje mnpensuhame ox crangapaHor GCRF momena um  TpaguimoHamHHMX
HECTPYKTYPHUX MPEIUKTOPA.

e CodTBepcku amar MojeAHOCTaBbyje TpeHupame u Tectupambe GCRF monena u
HETOBHX TPOIIMPEHha HA PA3IMUYUTUM CETOBUMA T10JaTaKa.

e CodtBepcku amaT Koju Hyau umiuieMeHtauujy crangapaHor GCRF wmonena u
HETOBUX MPOIIMPEHAa MOTY KOPHCTUTH KAaKO M EKCHEPTH Yy O0JacTH MaIluHCKOT
yuema, Tako u nodetHunu kojuma GCRF monen moxxe momohu na nol)y 10 sKeJbeHuxX
nH(popmManyja.

VY npyrom moryaBiby AaT j€ Mperyiel] peleBaHTHUX OO0JIACTH 3a PEaIn30BaHO HCTPAKUBAME:
MAIIMHCKOT y4ema, CTpykTypHe perpecuje, GCRF monena u merosux mpommpemna.

Y 1pehem mnornasiky je omucano mpomuperse GCRF wmomema 3a ycmepene rpadose
(DirGCRF). TIlpe3enToBaH je MaTeMaTH4YKH MOJEJT, HEroBa HUMIUICMEHTAIMja, Kao |
TeCTHpame NepPopMaHCH Mojela Ha CHHTETHUYKMM M peallHuM mojanuMa. PesynraTtu
tectupama jgokazanu cy na DiIrGCRF nmaje taunmja npeasuhana on cranmapaHor GCRF
Mozena ox 5 10 19% 3a peanne cetoBe mojaraka o y npoceky 30% 3a CHHTETUYKE CETOBE
nojiaTaka. YKOJIMKO je y HEKOM CeTy MojaTaka yTHIaj CTpyKType (Tpada) jauu o yTuiaja
HECTPYKTYpHOT HpEIUKTOpa (HOpP. HEYPOHCKMX Mpexa), J0jla3d 4YaKk U AYIUIMpama
MPEeLU3HOCTH y oJHocy Ha ctanaapaau GCRF.

Y  4eTBpTOM NOIVIaB/bY j€ MpPEACTaB/beH COPTBEPCKU ajlaT KOJU HYAM HMMIUIEMEHTALU]y
craunapaHor GCRF wmonena u meroBux mnpommupema. GCRF GUI TOOL je codteep
OTBOpEHOT Koja koju uHrerpume paznnuute GCRF mozene u omoryhaBa BUXOBY IPUMEHY
Ha CETOBE MoJlaTaka M3 pa3nuyuTux obnactu. IlpencraBibeHe Cy cBe (YHKIHMOHATHOCTH
ayata, ’eroB JWM3ajH U HAUWH MUMIUIEMEHTAIHje, Ka0 U HauWH ynoTpebe anara 3a TPeHHpaAmhE
Pa3NIMYUTUX MOJIENIa Ha PAa3IMUUTUM ceToBMMa moaaraka. C 003upoM /1a je BeoMa BaXHO Ja
GCRF GUI TOOL oyane nmak W jegHocTaBaH 3a KOPHWINNCHE 3a €KCIEpTe W TOYETHHKE,
U3BplIEHa je eBalyaluja codTBepa ca pazIUUUTUM TpylaMa KopucHUKa. Pesynratu
eBajyanyje TMOoKa3aJl Cy Ja Ccy o0e rpyrne KOpPHCHHKa BeOoMa 3a70BOJbHE CO(PTBEpPOM, a
HBUXOBU MIPEJIO3U U CYTreCTHj€ Cy BeoMa IMTOMOTJIN PHJINKOM IUTaHupama Oyayher pas3Boja.

VY meToMm moriaBjby OmMKcaHa je UMIUIEMEHTaIMja u yrnorpeda JaBa OMOIMOTEKE KOja CaapKu
ocHoBHe Kimace 3a GCRF xonImente u nMIUIeMEeHTaIN]y HEKUX KOHKPETHUX Mojena. Jlath cy
JeTajbi UMIIEMEHTAIM]e OBe OMOIHMOTEKe, MPEACTaB/bEH j€ HAaUMH ynoTtpede OubInoTeKe, u
00jaImbeHo je KaKo MOYKe OMTH IPOITUPHUPEHA.



VY mecToM moriaBiby natu cy npumepu npumene ycmepenor GCRF monena, codreepckor
anata GCRF GUI TOOL u JaBa 6ubnuoreke GCRFS, kao u MmoryhHOCT mpuMeHe y HacTaBH.

VY cenMoM MoOrfaBsby MPEICTaB/bEHA j€ aHAIM3a MPEAHOCTH U ¢1a00CTH, Kao | IUIaH 32 JaJbU
pa3Boj.

Y ocMoM MorIIaBjby Jara Ccy 3aKJby4Ha pazMmarpama auceprainuje. Jlat je ocBpT Ha KJby4HE
pesyJnraTe U IONPHHOCE JOKTOPCKE AMCEpPTAlUje, Ka0 U OCBPT Ha MOJIA3HE XUIIOTE3€ O] KOjUX
je cBaka morBpleHa.

3. OLEHA JUCEPTALMJE

3.1. CaBpeMEHOCT ¥ OPUTHHAIHOCT

Jloktopcka aucepranuja nojx HasuBoM ,,CopTBEpCKM ajaT 3a UCIHUTUBAWmE ajlropuTama
CTpyKTypHe perpecuje 6azupane na GCRF moxeny*, kannunatkumwe Tujane Byjuuuh, 6aBu
ce BeOMa aKTyeJTHOM O0JIacTH BeIlTauke HHTEIUTEHIIMje, KOoja je joll yBEK HEIOBOJHHO
UCTpa)kKeHa M TeK Tpeba Ja JOCTUTHE CBOj€ Haj3HAYajHHje pe3ynrare, YIpKoc Tome mTo Beh
[I0OCTOj€ MHOTHM HHTEJIMI'€HTH CHCTEMH KOju (YHKUMOHMIIY BeoMma 1o0po. Ha ocHoBy
Iperyiefia JIMTepaType U akTyeJIHUX MCTpPaKMBaHA youeHa je MmoTpeda ja ce Kpeupa Mojel
CTPYKTYpHE perpecuje Koju ce MOXe IPUMEHHTH Ha ycMepeHe rpadoBe, KOju Cy 4eCTH Y
peamHUM MpobieMuMa (ApPYIITBEHE Mpexe, MPOCTOpHE reorpacke Mpexe, TPaHCIOPTHE
MpeXe, KOMYHHMKAI[MOHE Mpeke). Pe3ynTatm peann3oBaHOT HCTPaKMBama IPEICTaBIbajy
OPUTHHAIHU  JIONPUHOC KAaHIWJATKHIE O0JaCTH MAIIMHCKOT y4emha H  TpYyKajy
UCTpAXHWBAaYMMa W3 pA3IMUUTHX JOMEHa MOTYhHOCT Ja TpHMEHE CaBpEeMEHE METOe
BELITauKe MHTEJIUIEHIMje KaKo Ou JOIUIM /10 JKeJbeHUX MH(]OpMalMja U HalpeTKa y CBOJUM
obnacTuma.

3.2. Ocsprt Ha pedepeHTHY ¥ KOpUIIhEeHY JUTEPATYDPY

Jluteparypa KOjy je KaHAWJAATKHba KOPUCTUJIA TIPUIIMKOM THCalkba JTOKTOPCKE TUcepTaluje,
caapxku 45 pedepenun, xKoje o0yxBarajy KiHre, €JIEKTPOHCKE pEecypce M HaydHE PajioBe
o0jaBjbeHE Yy YacomucuMa M Ha KoHgepeHuujama. CBe pedepeHue koje cy kopuuiheHe y
u3paau I[I/IcepTaI_II/IjC Cy U3 CTpaHHUX HU3BOpa W HaA CHIJICCKOM jCSI/IKy. KoMmmneran cmmcak
JUTeparype Jat je y AUCepTalUjH, a OBJE Cy HaBeleHe pedepeHIe o MmoceOHOr 3Havyaja 3a
u3pajay oBe TOKTOPCKE AcepTalluje:

1. Radosavljevi¢, V., Vuceti¢, S., & Obradovié, Z. (2010). Continuous conditional random
fields for regression in remote sensing, 19th European Conference on Artificial
Intelligence , 809-814.

2. Radosavljevi¢, V., Vuceti¢, S., & Obradovi¢, Z. (2014). Neural Gaussian conditional
random fields, Joint European conference on machine learning and knowledge
discovery in databases, 614-629.

3. Wytock, M., & Kolter, J. Z. (2013). Sparse Gaussian conditional random fields:
Algorithms, theory, and application to energy forecasting, International conference on
machine learning, 1265-1273.



4. Gligorijevi¢, D., Stojanovi¢, J., & Obradovi¢, Z. (2015). Improving confidence while
predicting trends in temporal disease networks, 4th Workshop on Data Mining for
Medicine and Healthcare, 2015 SIAM International Conference on Data Mining, 1-10.

5. Khorram, S., Bahmaninezhad, F., & Sameti, H. (2014). Speech synthesis based on
Gaussian conditional random fields, International Symposium on Artificial Intelligence
and Signal Processing, 427, 183-193. DOI:10.1007/978-3-319-10849-0_19.

6. Glass, J., Ghalwash, M., Vukic¢evi¢, M., & Obradovi¢, Z. (2016). Extending the
modelling capacity of gaussian conditional random fields while learning faster, Thirtieth
AAAI Conference on Artificial Intelligence (AAAI-16), 1596-1602.

7. Stojanovié, J., J. M., Gligorijevi¢, D., & Obradovi¢, Z. (2015). Semi-supervised
learning for structured regression on partially observed attributed graphs, SIAM
International Conference on Data Mining, 217-225.

8. Gligorijevi¢, D., Stojanovi¢, J., & Obradovié¢, Z. (2016). Uncertainty propagation in
long-term structured regression on evolving networks, Thirtieth AAAI Conference on
Artificial Intelligence (AAAI-16), 1603-1610.

9. Han, C., Zhang, S., Ghalwash, M., Vuceti¢, S., & Obradovi¢, Z. (2016). Joint learning
of representation and structure for sparse regression on graphs, SIAM International
Conference on Data Mining, 846-854.

10. Michell, L., & Amos, A. (1997). Girls, pecking order and smoking, Social Science &
Medicine, 44 (12), 1861-1869, DOI:10.1016/S0277-9536(96)00295-X.

3.3. Omnuc ¥ aASKBaTHOCT MPUMELECHNX HAYYHUX METOJIa

VY npBoj (a3u uctpaxkuBame ce 0a3upano Ha aHAIU3U TEOPHJCKUX KOHIIETaTa, MaTeMaTHUYKUX
MoJiesia U TocTojehux NMpakTUYHUX pellema y HaBeaeHo] obnactu. Kopumthene cy merone
NPUKYIUbaka, JENyKIHje, aHaiu3e U ynopehuBama. Y TOKy aHaiM3e KaHAMJATKUBba je
HauIUla Ha npobieM Koju Huje Omio moryhe pemmrtu mocrojehuM MeTofama CTPYKTYpHE
perpecuje. Crneneha ¢asza ucrtpakuBamwa Omia je noceheHa ¢opmynucamy npobiema M
yHanpeheHy nocrojehux marematnukux mojena. HakoH neduHucama HOBOT MOJENa OH je
UMIUIEMEHTHpPaH y JaBa mporpaMcKor je3uKy 1 ycieauia je (paza ekCrepuMeHTaIHOT paja, Tj.
TeCTHpama MoOjieja IPBO HaJ BEITAUYKM T'€HEpUCAaHUM MOJalKMa, a 3aTUM M HaJl pealHuM
CeTOBUMa I0/1aTaKa. Y TOKY TeCTUpama MOJeN je ynopeheH ca peeBaHTHUM KOHKYPEHTCKUM
MmojenuMma. C 003upoM J1a je MoJen a0 BeoMa J00pe pe3yiraTe Ha CeTOBMMA MojaTaka u3
pPa3IMUUTUX HAyYHUX OOJIACTH KaHAWIATKHIba je JOIUIa Ha HAejy Na pa3Buje coTBepcKH
anaT Koju he omoryhutu mupy npuMeHy Kako HOBOT MOJeNa, Tak0 M OCTaIMX YecTO
KOpUIITNEHNX MoJiela CTPYKTYpHE perpecuje. AjaT je pa3BHjeH Yy CKJIaly ca CaBPEMEHUM
MeTofamMa CO(PTBEPCKOT HHKEHEPCTBA, KOj€ C€ MPUMEHY]y TPHIMKOM pa3Boja codTrepa
OTBOPEHOT Koja. M3BplilieHa je ekcriepuMeHTallHa eBalyalija yrnoTpeOJbUBOCTH COPTBEPCKOT
ajata ca KOpPUCHULIMMa Pa3IMuUTUX Npoduia, y Kojoj ¢y KopulIheHH YNUTHHULHU KOJU Cy
KpeHupaHHu y CKJIaJy ca CaBpeMEHUM Ipernopykama. JaBa Oubianoreka je u3pahena y ckimagy ca
MPUHIMIIUMA O00JeKTHO-OPJEHTHCAHOT MpOrpamMHpama, HMa HHTYHUTHBaH IMPOTPaMCKU
untepdejc (API), dnexcubunna je u nako mpouupua. IIporpaMcku Koz je OTBOpEH M
nocrynad Ha GitHub-y. Pesynratu ucrpakuBama npe3eHTOBAHU Cy TEKCTYalHO U Tpaduyk,
KopulihemeM cliika, Tabena, 1ujarpama u JieJioBa MporpaMcKor Koja.

Hakon ananmse JOKTOpCKE IUCEPTaIHje, MOXKE C€ 3aKJbYUUTH Ja MPUMEHEHE HAyuyHE METOIE
OJIrOBapajy TeMHU JUcepTayje u CIIPOBEICHOM UCTpaXUBaY.



3.4. IIpuMEHLMBOCT OCTBAPEHHUX PE3YIITaTa

VY cTBapHHM NpUMEpHMa, MHOTH O0jeKTH Cy MOBE3aHU ca ycMepeHuM Bezama. CTaHaapIHH
GCRF mopen ce He MOKe AUPEKTHO MPUMEHUTH Ha TakBe rpadose, a Tpancopmaimja rpada
U3 YCMEPEHOT Y HEyCMEpEeHHU JJOBOM JI0 ryOuTKa npernusHoctd. Ctora je nmpomupeme GCRF
Mmojena 3a ycmepene rpadose (DirGCRF) Beoma 3HauajaH Hampegak 3a CBe 00JacTH y
KOjUMa je MOTpeOHO MPUMEHUTH METOJE CTPYKTypHE perpecuje Ha rpadoBe y KojuMa Cy
Ba)XHU cMepoBH Besa. [Ipumepn TakBux rpadoBa Cy Mpexe NMpHjaTesbCTBa, APYIITBEHE MPEXKE
(Facebook, Twitter, Instagram, GitHu6), KOMyHHUKAallHOHE MpPEXKE, TPAHCIIOPTHE MPEKE
(myTeBwH, KeJIC3HUYKE Be3e, aBUO Be3e), IpocTopHe / reorpadceke Mpexe... Y CBUM HaBEICHUM
nmpuMepruMa jeTHOCMepHe Bese ¢y decte. 3aBasbyjyhu coprBepy GCRF GUI TOOL monenu
CTPYKTYpHE perpecuje IMocTajy IOCTYIHU HMCTPAXHBAUYUMa U3 Pa3IHUUTHX OOJIACTH, KOjU
MOTy Jla KOPHUCTE CaBpeMeHe MeToje npernsubhana Oe3 mo3HaBama o0nacTu W morpede 3a
nporpamupameM. C Apyre cTpaHe, UCTPaXKUBAaYH KOjU UMajy UCKYCTBa y JaBa IporpamMmupamy
Mory jaa kopucte JaBa oubnunoreky GCRFS u Tako Ha OpXM M jeJHOCTABHUJU HAYMH Yy CBOM
Koy Kopucte Mmeroje 0asupane Ha GCRF mMojesy ¥ UMILUIEMEHTHPA]y BEroBa MpoIpemha.

Ha OCHOBY HAaBCJICHOT, SaKJ'by‘ije CC Ia Cy pe3yjiTaTu OBC I[I/IcepTaLII/Ije IIPpUMCHJbUBH 34
Jajba TeOpI/IjCKa HUCTpaXXUBakha U IPAKTUYHY [IPUMCHY.

3.5. O1reHa JIOCTUTHYTUX CIIOCOOHOCTH KaHAMIATKUELE 3a CAMOCTAIHHU HAay4YHH paj

TokoM u3paze NOKTOpCKe AMcepTanuje, KaHauaarkumwa Tujana Byjuumh noxazana je na
noceayje morpebHa CTpydHa, TEOPHjCKa W MPAKTUYHA 3HaWa MOTpeOHa 3a CaMOCTAIHH
Hay4HM pajd. BHCOK HMBO CaMOCTAJHOCTH Y HAyYHO-MCTPAKUBAUYKOM pagy y o00JacTH
UCTpaXMBamka IMOKa3ajla je Kpo3 KBAJUTET HayyHMX MNyOnukanuja M Kpo3 yuemhe Ha
IpojeKTUMa, TIJle je HMala MpUIUKYy Ja pellaBa peajHe HCTpaxuBauke mpolieme.
CrpoBezieHO HCTpaXKUBambe MOTBphyje 11a je criocoOHa Aa CaMOCTalIHO MPOJeKTyje U CIpOBee
Hay4YHO HCTpakuBame. VcTpaxkuBame je BepH(PHUKOBAHO 00jaBJbUBAKEM HAyYHOr paja y
UCTaKHYTOM Mel)yHapoJHOM 4acomucy.

V3eBmM y 003Up LEJNOKYITHU TOK HMCTPaKHBamkba M OCTBAPEHE pe3ysiTaTe y J0caJallbeM
Hay4YHO-MCTpakuBaukoM pany, Komucuja cmarpa na kanaugatkumba TujaHa Byjuuuh
nocezyje moTpeOdHoO 3Hame, BEIITHHE U HCKYCTBO 3a CAMOCTAaJIaH HAyYyHH pal.

4. OCTBAPEHU HAYYHH JOIMPUHOC

4.1. IIpukas ocTBapeHHUX HAYYHUX JOIPUHOCA

TokoM pajsia Ha 0BOj AucepTaLUju MOTBplEHE Cy CBE MMOCTAB/LEHE XUIIOTE3E.
JlonpuHOC JrcepTalyje oriieia ce y Mpeaiory OpUTHHAIHOT MOJielia CTPYKTYpHE perpecuje
3a ycMepeHe rpadoBe W pa3Bojy codTBEPCKOT IMaKeTa 3a MPUMEHY aJlfOpUTaMa CTPYKTYpHE

perpecuje 6azupanux Ha GCRF moneny.

KoHkpeTHu pe3ynTatu, IPOUCTEKIIN U3 UCTPAKUBAa Y TOKTOPCKO] AUCEPTALHUjH, CY:



e HoBu maremaTnuku mojaen koju omoryhasa npommpeme GCRF monena 3a ycmepene
rpagoe

e mmnemenrtanuja HoBor GCRF mozena 3a yemepene rpagose

ecparyaniija HoBor GCRF wMopema 3a ycmepene rpadoBe Koja je TOTBpauia
NPEIU3HOCT KPEHPAHOT MOJIelIa

o Armukaimja GCRF GUI TOOL koja unterpuiie pazmuuute Bpere GCRF monena

¢ EBanyanuja ammmkamuje GCRF GUI TOOL ca kopucHunmMa, Koja je moTBpania jaa je
aTuTMKAaIlyja Jiaka 3a Kopulheme 3a KOPUCHUKE Pa3InIUTHX Mpoduia U pa3IndauTux
3Hama U3 00JIACTH MAITMHCKOT yUeHha

¢ HoBa JaBa 6mbnuoteka 3a metoje 6azupane Ha GCRF moneny

4.2. KpuTruka aganm3a pe3yarara UCTpaKHBambha

CarneaBameM IOCTaB/bEHUX XUIIOTE3a, IIMJbEBA HUCTPAKMBamkba M OCTBAPEHUX peE3yJITara,
KOHCTaTyjeMo Ja je KaHaugaTkuma Tujana Byjuumh ycmemHo oaroBopmia Ha cBa
pelieBaHTHA THTamka 3a pelaBambe MpodiemMa AeQUHUCAHOT UCTPaXKHBama. Y TOKY HM3paje
JFcepTalyje MpoydeHa je U aHaJ3upaHa JIUTepaTypa U3 00JIaCTH BeIITauKe HHTEIUTCHIIN]E,
ca aKIEHTOM Ha MAIlMHCKOM Y4Yely M MeTojJaMa CTpYKTypHe perpecuje. HakoH youaBama
HAYYHOT IpoOJieMa, MPHUIPEMJbEHE Cy MOJa3He XUIOTe3e W MPEAJIor penlema. Pememe je
peajin30BaHO, TECTUPAHO U €BAIYHPAHO, Ca IIUJBEM Ja ce MOTBpJE MoiasHe xumnorese. Cae
MIOCTaBJbEHE XMIIOTE3€ Cy MOTBpheHe Kpo3 TeopHujcKa pa3MaTpama U EKCIEPUMEHTATHUM
nyreMm. McrpaxkuBame je BepHU(PHKOBAaHO 00jaBJPHUBAKEM HAYYHOT paja y HCTAKHYTOM
Mel)yHapOoJAHOM YacoIlMCy, OCTBapeH je 3HayajaH IONPUHOC M JOOHjeHa Cy ca3Hama Koja Cy
pelieBaHTHA 32 HAYYHY M CTPYUYHY 3aj€THUILY Y OBOj 00JIaCTH.

4.3. Bepudukanuja HaydHHUX JONPUHOCA

Hayuynu nonpuHOC JOKTOpCKE aucepTanuje 1noja Ha3uBoM ,,COPTBEPCKHU anaT 3a UCIIUTHBAHbE
airoputama CTpykTypHe perpecuje 6asupane Ha GCRF mopeny*, kanaunatkume Tujane
Byjuuuh, BepudukosaH je cinegehom myOnukanujom Koja je pe3yaTaT UCTpaKUBamba Yy OKBUPY
JOKTOPCKE JAUCepTalHje:

Pap o0jaB/ben y HayuHOM 4aconucy mel)ynapoanor 3nagaja (M21):

e Vuji¢i¢, T., Glass, J., Zhou, F. & Obradovi¢, Z. (2017). Gaussian Conditional Random
Fields Extended for Directed Graphs, Machine Learning, 106 (9-10), 1271-1288,
Springer (Categories: Computer Science, Artificial Intelligence), DOI: 10.1007/s10994-
016-5611-7, ISSN: 0885-6125 (Print), ISSN: 1573-0565 (Online), IF2016: 1.848.

5. 3AK/bYYAK U IPEJIOI"

Ha ocHOBy mperiena JOKTOpcke Jucepranuje Mmoja HasuBoM ,,CodTBepcku amatr 3a
UCIHUTUBAKE aIropurama CTpyKTypHe perpecuje Oasupane Ha GCRF  moneny®,
kanaunatkumbe Tujane Byjuumh, Kommcuja 3a oneHy m on0paHy JOKTOpCKE IucepTaluje
KOHCTaTyje Ja je ypaleHa JOKTOpcKa aucepTalyja HalkcaHa IpeMa CBUM CTaHJapuMa y
HAyYHO-MCTPAKUBAUYKOM pady, Kao M Ja HUCIyHhaBa CBE YCIOBe IpeaBuleHe 3aKOHOM O



BUCOKOM o0Opa3oBamy, crangapauma u Craryrom @akynrera OpraHu3alliOHUX Hayka,
Yuusep3utera y beorpaay. Ha ocHOBY pe3ynTaTta W 3ak/bydaka MPHUKa3aHUX Yy JIOKTOPCKO]
JHCcepTalju, Kao ¥ YUICHHULIE J1a j& aHaIM3upaHa mpodieMaTuka BeoMa aktyenHa, Komucuja
KOHCTaTyje Ja je KaHaunaTkuma Tujana Byjuumh ycnemHo 3aBpmimia JOKTOPCKY
aMcepTauyjy 'y CKiIaay ca npeABH)eHHMM TNpeAMETOM U IOCTaBJbEHUM IUJHEBHMA
HCTPAKUBAKA .

Kangunatkuma je Jonuia [0 OpPUTHMHAIHHUX pe3yiaTara Koju Cy BEpUPHUKOBAHU Yy
Meh)yHapoJHOM Yaconucy ¥ MIMPOKO Cy MPUMEHJbUBHU Y 00JAaCTH BEIITA4YKE MHTEIUTCHIIM]C.
[IpemioskeHn Mozen je NPUMEHJBMB Ha pa3MyUTe HCTpakuBauke obmactu. Jlokropcka
aucepranyja moj HasuBoM ,,COPTBEPCKM anarT 3a HCIHUTUBAKE AITOpPHUTaMa CTPYKTYpHE
perpecuje 6aszupane Ha GCRF momeny™ mpencTtaBiba caBpeMEH W OpPUTHHAJAH JOMPUHOC
Hay4YHOM Ca3Hamy U3 001acTi CopTBEpCKOT MHKSHEPCTBA.

HcTpaxuBame je BaIMAMpaHo Kpo3 objaBibuBame paja y yaconucy Ha SCle nuctu. O63upom
Ha TpUKa3aHe pe3yniraTre, aKkTyeIHOCT M MYITHAMCIMIUIMHAPHOCT oOpaljeHmx Ttema, oBa
JUcepTalnyja 3aJ0BOJbaBa HajBHILE KPUTEPHjyMe M KBaIU(UKYyje KaHIUIATKUBKY TujaHy
Byjuunh 3a Hay4HO-MCTpaXMBAYKH P/,

Ha ocnoBy HaBenenor, Komucuja mnpemiaxe HacraBHo-HayuyHom Behy Pakynrera
OpraHu3alMOHUX HayKa, J1a ce JOKTOpCKa JucepTanuja noja Ha3uBoM ,,CopTBepCcKH ajaT 3a
HCNINTHBaEe AJIrOpuTaMa CTPYKTypHe perpecuje 6azupane Ha GCRF wmopemy™
kanaunaTkumbe Tujane Byjuunh, npuxsaTy, U3710%KH Ha YBUJ JABHOCTU U YIIYTH HA KOHAYHO
ycBajame Behy HayuyHuX 0071aCcTH TEXHUUKUX Hayka Y HuUBep3uTeTra y beorpany.

VY Beorpany, 02.04.2018. rogune

YJIAHOBU KOMUCHJE

IIpod. np Bnanan Jlesenuh, penosuu npodecop - MEHTOp
VYuusepsutera y beorpany, ®akynrer opraHu3anoHUX HayKa

[Tpod. np Besbko Jepemuh, Banpennu mpodecop
VYuusepsutera y beorpany, @akynrer opraHn3aMoHNX HayKa

[Tpod. np 3opuna CranumupoBuh, BaHpeaHu mpodecop
VYuuBep3uteta y beorpany, MaremaTinuku gaxyntet



