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IMpenmer: TTogo6uoct Teme u kamuaara Mpana Crojxosuha MacTtep HHIKEBEPa €IEKTPOTEXHNAKE
1 pagyHapCTBa 3a U3pagy JOKTOPCKE AUCepTannje

Omnyxkom Hacrtasno-nayunor Beha Enextporexuuuxor ¢ayirera 6p. 5056/11-1 ox 20.06.2017.
roJIMHE, UMEHOBAaHH CMO 3a wianose KomwucHje 3a oueHy Mmoj0oOHOCTH Teme M KaHauaara Vsana
CrojxoBnha mMacTep HHKEmEpa ENEKTPOTEXHIKE H pauyyHapCTBa 3a H3pady JOKTOPCKE JHcepTaumje
W HaydyHe 3aCHOBAHOCTH TeMe H3MereHor Haciosa "[IpuMeHa (QyHKIMOHANTHMX HOPMH 3a
peryiapusanijy paHrupama Haj TEMIOPATHHM MoJalHuMa’ uijd jé Ha3sHB Ha EHIJIECKOM JE3HKY
"Functional Norm Regularization for Margin-Based Ranking on Temporal Data". Hacnos je
IPOMEEH U3 TIPBOOUTHO TpeptokeHor "CTpyKTypupaHH MPUCTYI aHalu3W  KOMIJICKCHUX
OVUOMETHIIMHCKUX CHCeTeMa M cUTHana'.

Ha ocnoBy maTepujana npuioxeror y3 3axres kanmiaara, Komucuja nojnocu crenehu

MIBEIWTAJ

1. Mopanu o kawuaary

1.1. buorpadcku nogauu

Uean Crojkosuh je pohen 11.04.1987. romune y beorpany. onmmrtuna CaBeku Benai. (JCHOBHE
cryauje je 3appuino Ha Enexrporexamacom (axyirery, emep Curnann n CHcremu, ca npoceqHoN
ouenom 8.31. Junnomupao je 2010. roauHe, yernewHo OAOPaHUBIIM JUIVIOMCKH pajl Ha Temy:
“Cumynarop pobora SCARA xondurypauuje” xox mpogecopa Bespra THorkowaxa. Macrep
cTyamje je 3aBpino Ha uctoM cmepy 2011, onOpannBiny MacTep pai: ~“Ynpapibare 1 HaBUTALH]a
MOOMITHHX poboTa y HEmo3HaToM okpykermy” Kkoi mpodecopa Kesbka Hyposuha. Jlokropeke
cryauje je ynucao 2011/2012. roanHe Ha Moaylly Ynpapbame cUCTEMHUMa W 00pajia curuana u
HonoXkno je cpe penure npexsubene HactaBuum mIaHOM W IPOrpaMoM MOAYJIA ca MPOCEHHOM
omeHom 10. V jecemem cemectpy 2014. rogmue ymucyje Jokropeke crymje Ha Ojicexy 3a
Pauynapcke Hayxe u Wndopmaruky, npu Koseyy 3a Hayxy w Texwonorujy, na Temiu
Vausepsurery y @unanendmin, Cjemumene Amepuuxe [pxase. Jloxropeke cryamje Mpana
Crojxopuha na Beorpajckom Yuuep3nteTy u Ha Temiur YHUBEP3HTETY ¢y KOOP/HHHMCAHE
YIOBOPOM O AYANHHM HOKTOPCKHM cTyarjama usmely nsa ynusepsurera (Op. 68-3670/2-2014).

Oy janyapa 2012, 1o asrycra 2014. rojune je 610 3anocnen kao ucipaxnsat v Jiabopatopiji sa
poboruky, npa Mucruryty Muxajio Ilymun y Beorpany. O ¢pebpyapa 2014. je samociien Kao

nerpakusay y Llentpy sa Amanusy [lomataka v buomennipineky Vadopmaruky npu Temmn
Vuupepsurery y Qunagenpuim.




1.2. Creyeno HaAYYHOUCTPAKHBAYKO UCKYCTBO

Ha joxTopckum CTyadjamMa Ha MOAyidy 3a YipaBbame Cucremmma u Obpapy Curaaia mpH
Estextporexnuuxom (axyirery Yaupepsutera y beorpany Kauauaar je noioxuo cnenehe Hermure:

- AyromaTcko Boheme objexara y mpoctopy (9 ECIIb) ouena 10 (necer)
- AyronomHu pobotekn cructemi 6e3 spyacke nocaze (9 ECIb) otena 10 (necer)
- Knacudukanmja u ectumanja curnaia (9 ECIb) ouena 10 (necer)
- Crreugjammn podoreku cncremu (9 ECIIDB) orena 10 (necer)
- Bewrrauka natenureniyja (9 ECITb) ouena 10 (necer)
- Enrnecxu jesuk (6 ECITh) ouena 10 (necer)
- OnTuManHy ¥ agantuBau croxactuaku cuctemu (9 ECIID) ouena 10 (mecer)
- MurenurenTnn poborceku cucremu (9 ECIID) ouena 10 (mecer)
- Teopuja poborckux cucrema (9 ECIIbB) ouena 10 (necer)
- Cnioskenn mysrru-aredT cuctemu (9 ECTIB) ouena 10 (necer)

[opes reruTa, KanauaaT je 06aBruo i /Ba CTyHjcKa HCTPaKUBAYKa Pajia v je/laH HayaHo-CTPyyHu
paji, lTo je npeABuheHo MITaHOM JOKTOPCKHX CTYyAuja.

Hayuno-HeTpaXHBaUKO HCKYCTBO je CTEKao YUeCTROBAEM Ha NPojekTy MuHHCTapeTBa 3a HayKy ¢
rexnonoky pazroj (MHTP) Penybuuke Cpbuje. Ipojexar "MetpaiuBarbe 0 pa3poj amOujeHTajino
WHTEIIMIeHTHUX CEPBUCHUX poboTa aHTponoMOppHUX KapakrepucTuka' je peanns3oBaH Yy
Jlabopatopujun 3a Poboruky Wuernryra Muxajno Ilynmm, rpe je  xamjapjgar pajuo  Ha
HCTpaKUBamkUMa Y 06JIACTH HABUTAIH]E M YITPAB/harha KPETarheM Mallix OECnIoTHUX JIeTeluna ca
rporesiepumMa, Kao u MOOHIIHUX pobOTa ca TOUKOBHMA.

YV Lentpy 3a Anamnsy lonaraka u buomemmnpncky Mudopmaruxy na Temmi YHuBepsuTery y
Gunanendujn je ydaecTBOBaO Ha npojekTma (unaHcupanny o crpane Defense Advanced
Research Projects Agency (DARPA):

I, “Graph-theoretic Research on Algorithms and the Phenomenology of Social networks
(GRAPHS)" AFOSR award number I'A 9550-12-1-0406,

2. “Dialysis-Like Therapeutics (DLT)" SSC Pacific grant No. 66001-11-1-4183
“Technologies for Host Resilience (THoR) " under Contract No. W9 INF-16-C-0050

(o2

Y okBupy THX fpojekaTa je capajuBao ca PEHOMHPAHUM CTPpydrbaiiuma M3  [PECTIIKHIX
MHCTUTYLHM}a ¥ CTEKAO HCKYCTBO pajia y 00/acTima MalltHHCKOT yyerba, BeiTauKke UHTEJIMTEHITI]e
¥ aHaJTM3e MoJaTaKa, NPETeNHO Ha alTHKaLjaMa u3 OMOMEIHIIMHCKOT JOMEeHa.

Tlera 2017. romune je noxahao npaxcy y Yahoo! Research Labs. wa nosuuunju Data Scientis!
NpaKTHKAHTA, TJIE j€ PajJMo Ha PasBHjakby CTATMCTHUKHMX MOJE’Ma 3a 0Opajy BENHKe KojudnHe

XCTePOreHruX Iojaraka ca BUILIC H3BOPa, Y LHHIbY HL[GHTM(&)HKEIHH}G [pHIIMKa 3a arjiaKaiy]y
PEKOMEHAEP CUCTEMA.

Wpan Crojkosuh je KoayTop TpH 10T1aBIka y Monorpadujama mehynaposor 3pagaja. 11eT pagoBa
06jaBILEHNX y JKypHATHMA ca HMIAKT (aKTOPoOM, JICBET pajoBa MPE3EHTOBAINX Ha MehyyHapoaHum

KoHdeperijara 1 Tpy paja rpezenToana a Jlomahny KoHhepeHimjama.




IMornas/be y MoHorpaduju HHTepHAMOHATHOr 3Ha4Yaja (M14)

L.

S

Zivanovic M., Stojkovie L.: Self-organization in Motion of a Sel of Living Individuals. -
WenlJun Zhang (Ed.), Self-Organization: Theories and Methods, pp. 171-194, Nova Science
Publishers Inc., 2013. ISBN: 978-1-62618-865-5

Rodic A., Stojkovie L.: Building of Open-Struciure Wheel-Based Mobile Robotic Platform. -
Maki K. Habib, J. Paulo Davim (Eds.), Interdisciplinary Mechatronics: Engineering Science
and Research Development, pp. 385-421, ISTE Ltd and John-Wiley & Sons Inc.. 2013.
ISBN: 978-1-84821-418-7

Rodic A., Mester G., Stojkovic I.. Qualitative FEvaluation of [Flight  Coniroller
Performances for Autonomous Quadrotors, - Endre Pap (Ed.), Intelligent Systems: Models
and Applications, Topics in Intelligent Engineering and Informatics Vol. 3, pp. 115-134,
Springer Berlin Heidelberg, 2013. ISBN: 978-3-642-33958-5

Pan y Bpxysckom mehynapoanom daconmcy (M21)

1.

w2

Spasojevic S., Ilic T., Stojkovic L., Potkonjak V., Rodic A., Santos-Victor I.: Quantitative
assessment of the arm/hand movements in Parkinson’s disease using a wireless armband
dewce - Frontiers in Neurology, Vol. 8 (388), pp. 1-15, Frontiers Media SA, 2017. DOL

3389/fheur.2017.00388 ISSN: 1664-2295 (online)
2016 impact factor 3.552 (84/259 in Neurosciences)

Stojkovie I., Ghalwash MF., Cao XH., Obradovic Z.. Effectiveness of Multiple Blood-
Cleansing Interventions in Sepsis, (,hama/e;zzed in Rats, - Scientific Reports, Vol. 6
(24719), pp. 1-11, Nature Publishing Group, 2016. DOI: 10.1038/srep24719 ISSN: 2045~
2322 (online) 2016 impact factor 4.259 (10/63 in Multidisciplinary Sciences)

Cao XH., Stejkovie l., Obradovic Z.. A robust data scaling algorithm (o improve
classification accuracies in biomedical data, - BMC Bioinformatics, Vol. 17 (359), pp. I-
10, BioMed Central, 2016. DOI: 10.1186/s12859-016-1236-x  ISSN: 1471-2105 (online)

2016 impact factor 2.448 (10/57 in Computational Biology)

Ghalwash MF., Cao XI., Stejkevie L., Obradovic Z.: Structured feature selection using
coordinate desceni optimization, - BMC Bioinformatics, Vol. 3'7 (158), pp. I-14. BioMed
Central, 2016. DOI: 10.1186/s12859-016-0954-4 ISSN: 1471-2105 (online)

2016 impact factor 2.448 (1 (}/57 in Computational Biology)

Pan y yaconuey mehynapomnor 3uauaja sepuduxopanor nocebnom opiaywom (M24)

I

Stojkovie L. Katic D.: Formation Control of Robotized Aerial Vehicles Based on
Consensus-Based Algorithms, - FME Transactions, Vol. 45 (4), pp. 559-564. Faculty of
Mechanical Engineering Belgrade, 2017. DO1:10.5937/fmet1704559S  ISSN: 2406-128X

{online)

Caonmrene ca MeljyHapogHOr cKyNa mTamMnano y veaunu (M33)

1.

Stojkovie L, Ghalwash MF., Obradovic Z.: Ranking Based Multitask Learning of Scoring
Functions, - Ploc, European Lonielenge on Machine Learning and Principles and Practice of
Knowledge Discovery in Databases, Skopje, Macedonia, September 2017

Paviovski M., Zhou F., Stejkevic L., Kocarev Lj.. Obradovic Z.. Adaptive Skip-Train
Structured Regiesslon /m Temporal /\/e/woi ks, - Proc. European Conference on Machine
Learning and Principles and Practice of Knowledge Discovery in Databases. Skopje.
Macedonia, September 2017

[
e



9.

Stojkovie 1., Jelisavcic V., Milutinovic V., Obradovic Z.: Fasi sparse Gaussian Markov
Random Fields learning based on Cholesky factorization, - Proc. 26th International Joint
Conference on Artificial Intelligence (IJCAI), Melbourne, Australia, August 2017

Stojkovic I., Obradovic Z.: Predicting Sepsis Biomarker Progression under Therapy. -
Proc. 30th IEEE International Symposium on Computer-Based Medical Systems,
Thessaloniki, Greece, June, 2017

Stojkovic 1., Jelisaveic V., Milutinovic V., Obradovic Z.: Distance Based Modeling of
Interactions in Structured Regression, - Proc. 25th International Joint Conference on
Artificial Intelligence [JCAI-16, New York City, NY, USA, July 2016

Cao XH., Stojkovic 1., Obradovic Z.: Predicting sepsis severily from limited temporal
observations, - Proc. 17th Discovery Science, Bled, Slovenia, October 2014

Rodic A., Stojkovie I.. Dynamic Inversion Control of Quadrotor with Complemeniary
Fuzzy Logic Compensator, - Proc. 11th Symposium on Neural Network Applications in
Electrical Engineering NEUREL, Belgrade, Serbia, September 2012

Rodic A., Stojkovie L. Integrated Control of Quadrotor Flight Dynamics with
Complementary Compensator of System Uncertainties, - Proc. International Micro Air
Vehicle Conference and Flight Competition — IMAV 2012, Braunschweig, Germany. July
2012

Miloradovic B., Popic S., Stojkevie I.. Development of Inielligeni Behaviour Using
Decision Making Methods Based on ANN, - Proc. 12th International Scientific-Professional
Symposium INFOTEH, Jahorina, Bosnia, February 2013

Caonmiremme ¢a CKYNa HANKOHAJIHOT 3HAYaja wramnade y neannu (M63)

I

o

[ )

Cosic A., Katic D., Stojkovie L.: An Approach to Localization of Mobile Robots Based on
FExtended Kalman Filter, - The 57th ETRAN Conference, Zlatibor. Serbia. June 2013, [SBN
978-86-80509-68-6

Rodic A., Mester G., Stojkovic L. Navigation and Control of Indoor Mobile Robots in
Unknown Environments, - The 56th ETRAN Conference, Zlatibor, Serbia. June 2012, ISBN
978-86-80509-67-9

Stojkovic L., Rodic A., Stevanovic 1.: Comparison of Different Flight Conirol Technigues

Jor Autonomous Quadrotors, - The 56th ETRAN Conference, Zlatibor, Serbia, June 2012,

ISBN 978-86-80509-67-9

Jana 12.07.2017. rogune ofpkana je japHa ycMena oadpana Teme JOKTOPCKe JucepTanmje npes
KOMUCH]OM KOJY CY YHHHJIN:

- ap Kemxo Dyposuh, penosrur rmpodecop Eiexrporexmuukor (akyirera Yhusepsurera y
Beorpany (npejiceIHUK KOMUCH]E),

- ap Mupjana lomosuh, penosuu npodecop y mnewszuju  EiexTporexuuukor axynrera
YHuBepsutTera y Beorpany (wran KoMmuchje Koju nuje sanocnen na ET®-y)

vy
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- 1p Mo Byjucnh, jouent Eiexrporexanukor gakyirera Yuusepsurera y beorpasy.

Komiicuja je kapauiata Ha jaBioj yeMenoj oa0pany Olernnia OneHoM 3al0B0ILHO.




1.3. Ouena noJiobHOCTH KAKHIAAATA 32 DAJL HA IPEJUIOKEHO| TEMU

Komucrja je pazMoTpuiia CBE TPETXOAHO HaBeJeHe pesysTare Jocafalilmber paja KaHJuaara.
Kanmumar je Kpo3 IOJIOKEHE HCIHUTEe Ha JIOKTOPCKHM CTyJIHjama, Kpo3 OCTBapeHo ydemhe y
HAYYHHUM TIPOjEeKTHMA, CTPYUYHOM YyCaBplIaBamby Y HHOCTPAHCTBY. ycHemHy oA0paHy Teme
JIOKTOPCKeE JmcepTraiyje, M objaBheHe HaydHe pajloBe TTOKa3ao Ja je€ CTeKao HEONXOAHO MCKYCTBO
3a caMoCTallal Hay4HO-HCTpakuBauku paj. KoMmucuja cMarpa Ja je KaHauaaT crocoba Ja TOKOM
u3paje MOKTOPCKE AMCEpTallhje OCTBApW pesyirate Koju he OHTH BepH(pHUKOBaAHM Ol CTpaHe
melynaponne nayune sajegnnie. Komucuja koncraryje na kanapaat Mean CrojkoBrh nerymasa
cBe ToTpebHE yClIoBe Ma MPHCTYIMH HM3pagy JOKTOPCKE JMCEpTaldje 110J{ HABEIEHOM TEMOM.
Komucuja KoHCTaTYje da ¢y NpejioyeHa HCTpakuBarmba CyBUIIE MIMPOKa U Jia j& HEONXOHO [a ce
¥ JlaJbeM UCTPaXKHUBAy KaHMJaT KOHUIEHTPHIIE Ha NpodiieM MOJEIHpaha y3pPOHO-IIOCIeIHIHIX
Be3a y OuononikuM cucremuma. Taxohe, KoMECHja KOHCTATYje Jla J€ PaJlHU Ha3uB TEeME [PEeBHIIE
YOIILITEH, U CTOra MpeTaxe Ja ce Ha3uB TeMe NnpoMeHy u3 "'CTpYyKTYpUPAHH NPUCTYI AHANH3HT
KOMIIJIEKCHNX OMOMeIMIMHCKIX cucTeMa H curana'’ y "'Iipuvena QyHKUHOHATHUX HOPMHU
3a perynapu3aiijy paHrupama Haj TeMmopainum mojganmma'’. Ipeiioxend HasuB Te3e Ha
enrneckoMm je "Functional Norm Regularization for Margin-Based Ranking on Temporal Data".

2. llpeamer, uu/b # 3HAYA] HCTPAKHBAKLA

KoMrurekciiu cHcTeMH Cy CHCTEMH Koju ce cactoje oy Beher Opoja jenoBa koju mehycobro
MHTEPAryjy, ¥ THME MPOY3POKY]Y TIOOATHO (KOJEKTHRHO) MTOHAIIAKE YMje KApaKTEPUCTHKE HUCY
OuMITIEHE U3 TO3HABamba HadnwHa (PYHKIMOHMCAFA HETOBHX JiejioBa [1]. 1. KapakrephcTHKe
TAKBOI' CUCTEMA HHUCY MCTOBPEMEHO M KapaKTEePUCTHKE FETOBUX JIENIOBA, BEN rocieania mIxoBUX
mehycobrux uHTepakiyja Ha rirobarHoM HuBoy. Mako cy npaBuna unreparoBaiba HMHUITANA YECTO
BpJIO j€I10CTABHA, KOMILIEKCHH CHCTEMK HCITOJbaBajy BEOMa MHTEPEcaHTHA I1OHALIAKka (CBOjCTRA),
M OTO Yy OJACYCTBY LEHTPANM30BAHOT KOHTpOJEpa KOju yrpaBalba M CHHXPOHM3Yje HOHAlame

HOjCAMHAYHEX JCHoBa Y LUJbY NOCTH3amba )KEJLCHOT TTOHalamkha.

Benmikn 6poj cuctema 13 OHoMeIMIMHCKOT JoMena (o/1 hestje, npexo oprama, opragusma, na jio
HUBOA MTOTTYJIANN]E) HCTOABA KAPAKTEPUCTHKE KOMILIEKCHHX CHCTEMA M MOXKE CE IHOCMATPATH Kao
rakap. Pasymunti mareMatrdakd  popMmaiiniMu ¢y KopuinheHu 3a rpoydaBambe KOMIIEKCHUX
cucTeMa Tj. Ja Ce MOJeNUpajy HATEpPaKi(Mje W HUXOBE IMOCHEINIE, Ko Ha IIPUMEP: CUCTeMH
jeqHaulMHa W cHeTeMH AudepeHuMjasHux jenaunna [2]. rpadosu u mMpexe [3]. cumynaunje
sacHOBaHe Ha arenTuma |4]. Yecto ¢y npapmiia MHTepaKije MojeJIHHaYHuX JIenoBa Hemo3Hara u
KaKo cucreM (PYHKLUMOHHUIIE je MOTPeOHO 3aKibyUMTH HA OCHOBY ONCEPBALIH]A FETOBOI fTOHAIIAA.
Ilponanaxeme obpasana rnoHamiamha Ha OCHOBY NMPHKYIJBCHUX [10JaTaka j€ HEHTPaiHK npodriem
BHIIE OoONacTH y pauyHapckum Haykama: [lpermosnaBama oOmka (Pattern Recognition) [5].
Mammuckor yuema (Machine Learning) [6], Anamme nogataxa (Data Mining) [7]. xao n
Upentuduxauuje cucrema (System Identification) [8]. OTkpusenu o0pasim Mory fa cyrepHiy
KPYIHjaJiHe YMHUOIE cucTeMa (reHe OroBopHe 3a ojpehene GolecTn), HATEPaKIMje (KOJH 1EKOBH
3ajenno rosehaBajy epexar), MeXaHH3Me KOjH JIOBOJE 10 oapeleHor monamama (MOTHBH MPEiKe
[9]). Tlomenyra orkpuha mame (okycHpajy MCTPaKHMBae U BOAE /0 aKidja W yIpaBibadkux
MOJIATHKA KOj€ MOTY J1a JIOBEJLY CHCTEM ¥ JKE/BEHO CTarbe (11a IpuMep 13 D0JIECHOT ¥ 3PaBo).

3ajartak npoHanaKemha obpasaia i3 moJaTaKa je oTexan Kaja je KoJIHdrHa TOCTYIHEX 1ojlataKa 3a
: : ca xum Bpojen papujabnu [10],

~f ey Aol TIT ]
ca BCHHKH M OBa piuL

obyuaBatbe Majia, a To j¢ 10cebHO IPHMETIX
LITO je 4ecTo clydaj y OGHOMEMIHHK rje je Opoj ¥ pasHOBPCHOCT OHOMapKepa BEoMa n3paKer.
Jeqan o HauwHa 3a MoGOJBLIAKE TeHepaM3aluje v THM CIyuajeBUMa je yKIbYUHBabe J10JaTHux
[PETIIOCTABKE O TI0CTOjaby peryjapHoctn y obpaciuma nonawarsa [11]. Lib oBor HeTpaxiBarba

iﬁf pa'iBO_i MOJena 1 fnpeTnocTaBKu crenyjainoe 3a )/I}O'{‘pﬁfiy Y HABEJICHMM YCJI0BHUMA.
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[1] Wolfram, S.: 4 new kind of science. Vol. 5. Champaign: Wolfram media, 2002.

[2] Boccara, N.: Modeling complex sysiems. Springer Science & Business Media, 2010.

[3] Barabasi, AL.: Network science. Cambridge University Press, 2016.

[4] Wilensky, U., Rand, W.: An Introduction to Ageni-Based Modeling. The MIT Press, 2015.
[5] Christopher MB.: Pattern recognition and machine learning. Springer, 2006.

[6] Mitchell, TM.: Machine learning. WCB, 1997.

[7] Jiawei, H., Pei, J., Kamber M.: Data mining: concepts and iechniques. Elsevier, 2011.

[8] Ljung L.: System identification. John Wiley & Sons Inc, 1999.

[9] Alon U.: Network motifs: theory and experimental approaches. - Nature Reviews Genetics.
2007 Jun, Vol 8(6):450-61.

[10] Biihlmann, P., and Van De Geer S.: Statistics for high-dimensional data: methods, theory and
applications. Springer Science & Business Media, 2011.

[11] Jianhui, C. et al: 4 convex formulation for learning shared siructures from muliiple tasks. —
Proc. 26th Annual International Conference on Machine Learning. ACM, 2009.

3. Honazne xunorese

Merpaxusame he ce sacnnBaru Ha ciesiehuM 1iperiiocraBkama:
e [Tlomataka 1OTPEOHUX 3a YyHEE WMMA HEHOBOJLHO 33 HOY3IAHY  MIAEHTHQUKALL]Y
(excTpakiujy) obpasaia oj1 uHTEpeca
e Cucrem ce cacToju o Bemukor Opoja wmaTeparyjyhux —umHMmana,  wro  quHg
uiaentndukanyjy obpazana roHamamba W o 3aKbyuuBarmbe O Kay3adHuM  MexXann3iMuMa
TELIKUM HpobJeMumMa (JIPACTHYHO Pacte MpocTop XUoresa)
e KpanTuduraiyja kapakTepucTiKa o)1 MHTepeca Hije J0BOJLHO Noy3ana jia 61 ce npobiem

(popmymicao  kao perpecsja W Kiacuukaudja.  Beh  HoCTOjM  mpHCTYI camo
nHdopmannjama 0 KoMrapaTHBHIM peliaiijava iimely nprvepa (jean je ehu on npyror)
e JlojarHe nperrnoctaBKe HA OCHOBY JIOMEHCKOT 3Hama O 1pupoju npobrema cykapajy
npoctop Moryhnx xumnoresa n omoryhasajy yuerme 13 Marmer 6poja nojaraxa
¥

e Miamely umHmpona (Henopa) cucrema [10CTOJE 3aBHCHOCTH U peryiiapHocti v obpasiyy
noHamgama  koje  Mory  6utm  uckopuuiheHe 3a  mobosbiname  (yHanpehere)
reHepain3alnoHuX MOryAHOCTH Mosena

4. Hayune MeTole HETPAKHBAHA

HerpaxuBadku paji y OKBHpY H3pajie agcepranuje kaHauwgara Ouhe OaszupaH Ha TpeHYTHHM
Opakcama y obnacruMa MalIMHCKOD yudera M Ipeno3HaBama obimka [12]. Mojenupame H
(Gopmynanuja npobsema he ce 3acHUBATH Ha TapaMeTapCKUM MaTeMaTHUKHM Mojenuma |13].
ITpobnemu he 6utn GopMynrcanu kKao cynepBu3oBano yuemwe [14], [15]. Jeana ox noreHiujanuux
eexTUBHIX MeTojsa Koja he Owru xopunrthena Ja yK/by4W TIPETITOCTABKE O PEryJapHoOCTH Y
obOpaciiuMa rowaniama je yrorpeda cTykrypupade perynapuzaimje |16]. Koy Bumme mMes3nonmx
iipobiieva je €ecTo KOopHcHA # IPETHoCTaBKa ja Hucy Oaill CBE [IPOMEIbHBE pEiieBaHTHE 33
pobnem, crora he 1 mMeToje 3a celekumjy obesiexja noreHImjaiiHo 6uty pazmarpase | 17]. [18].
IMapamerpu pesynryjyher moaena xoju objejnuibyje 00jeKTHBE NpeaUKLMje M CTPYKTYPaIHKX
[IPETIIOCTABKK CE TUITMUHO OITHME3Y]Y TAKO Jia HAJBUIIE 0JIr0Bapajy rojanuMa. 3a onTUMH3am]y
kpuTepujyvcke Qyukimje xopucruhe ce agroputvmu Gasupany Ha KonpexcHoj [19] u-nin
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HekBekcHo] ontummsaunju  [20]. Tlomaum he 3axreBard HPUKNQIHO TPENPOLECHPABE U
TparchopMmanjy npe ynorpede 3a putopame mozena [21]. [Mpu ouenu kBanuteTa rnepdopmaHcu
MojielNia M pe3ynTata kopuctuhe ce TpaJuioHaIHe CTaTHCTHYKE MeTo/ie U MeTpuke [22], [23].

[12] Aggarwal, CC.: Data mining: the textbook. Springer, 2015.

[13] Walter, E., Proznato L.: Identification of parametric models from experimental data. Vol. .
Berlin: Springer, 1997.

[14] James G., Witten D., Hastie T., Tibshirani R.: An introduction to statistical learning. New
York: Springer; 2013 Feb 11.

[15] Yu, H., and Sungchul K.: Svm rutorial—classification, regression and ranking. - Handbook of
Natural computing. Springer Berlin Heidelberg, 2012. 479-506.

[16] Zhou, J., Jianhui C., Jieping Y.: MALSAR: Multi-task learning via structural regularization.
Arizona State University 21, 2011.

[17] Guyon, 1., Elisseeff A.: An introduction to variable and feature selection. - Journal of machine
learning research 3.Mar 2003: 1157-1182.

[18] Hastie, T., Tibshirani R., Wainwright M.: Statistical learning with sparsity. CRC press, 2015.
[19] Boyd, S., Vandenberghe L.: Convex optimization. Cambridge university press, 2004,

[20] Pardalos, P., et al.: Nonconvex Optimization and Its Applications. Vol. 1. Kluwer Academic
Publishers, 1994.

[21] Kotsiantis, SB., Kanellopoulos D., and Pintelas PE.: Data preprocessing for supervised
leaning. - International Journal ot Computer Science 1.2 (2006): 111-117.

[22] Kohavi, R.: A study of cross-validation and bootstrap for accuracy estimation and model
selection. — Proc. 14th International Joint Conference on Artificial Intelligence (IJCAT), 1995.

[23] Fawcett, T.: An introduction to ROC analysis. - Pattern recognition letters 27.8 2006: 861-874.

5. OuexuBaHH HAYYIHU JONPHHOC

Ouexyje ce J1a HCTPaKUBare Y IIPEIKEHOM CMEpyY Pesyiryje y:

o HoBe napamerapcke MpeKTHBHE MOJIENE, 3aCHOBANE HA CYIEPBH3OBAHUM [10/(AKMMA, Ca
yranpehenunm  peirKTHBHUM  TiephopMancaMa,  H-HiIM  0Y31aHHj UM (puﬁycmmmn
CTAOMITHH]MM ) OTKPUBEHHM 0Opactuma.

e Taxofje, ouexyje ce ja Mojenu 6yay npaheHu, HOBUM H-HITH YHAITPE)EHUM ajiropUTMHMA 34
ILUXOBO 00yuaBame, Koju MOTY Ja yue H3 maiber Opoja rmojaraka, WM Koju ¢y Opiku-
epuKacHuju.

o Konauno, oyekyje ce Ja amipKaija pa3BHJEHHMX MOJENa W ajropHTaMa Ha peajHnM
nofauMa JIoBee A0 HOBHX YBUMIA O (DYHKUMOHHCAY NPOyUaBaHOr cucTema (1mpodiema)
OJ1 HUHTEepeca.

6. Mlnan ueTpaskuBamba U CTPYKTYPa paja

I1nan ucTpaXxuBarba y OKBUPY MPEOKeHe TeMe caipiu caejehe kopake:

e [lpernen nurepaType ca METOAOJOIIKOI acreKkra pajd CTHHama yBHIA Y OrpaHnvctha
TPEeHYTHHX [PHCTYMA, W TIpoctopa 3a yHampeheme ucrtux. llpernei jmreparype ca
JIOMEHCKOT | alUTMKALHOHOT aclieKTa ca [H/beM ImeHTH(])MKaume IpeTiocTaBky Koje Ou
MOTJIE Ja yHaipeae (popMyliatijy npobiema yu-niiy

o Tlpeamarame HOBHX MOJENa, 3aCHOBAHMX HA pPaHije HABEIEHMM XunoresaMa o
CTPYKTYPATHUM PETYJIApHOCTHMA, i PA3BOj allrOPUTaMa 3a BHXOBO 00y TaBarbe.

o Tectupame MOJETA K alropuTaMa Ha CHHTETHUKM MOJAHMMA, reHEepHCatnM 1O
nperocTaBkaMa  Xunoresa yrpahenux y mozene, sa WHHALM]ATHY BIMIALN]Y. KAao ¥ 3a

[ 3nie
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MOTEHIMJaTHO yCMEpaBame Ka eBeHTyallHo] Mouaupukaimin w yaanpehemy mojena u
anropurama.

e Arummkanyja Ha peajHuM MojanuMa Koja IoApazyMeBa mpoHasaxeme ojropapajyhe Oase
nojaTaka W3 OMOMEAMIMHCKOT JIOMEHa, 3aTUM IIpelipolecupame u odpaja, U KOHATHO
aruiuKalyja pasBHjeHUX Mojiefa Ha OHOMeJMUMHCKe Tojarke u (uHalHA aHalu3a u

MHTEpIIpeTanuja T0O0ujeHnx pesyJiraTa.

7. Jakmpy4dak H npejior

Ha ocHoBy cmera msnoxenor, Komucuja xoncraryje na kawmunat Meaw CrojkoBuh mcrymasa
norpedHe ycnoBe J1a MOXKe TTPUCTYTHTH H3PaJil JOKTOPCKE JTUcepTaiyje, Mo/ H3MEHEeHUM PaJHUM
nacioBoM "llpuMeHa GpyHKIHOHAIHUX HOPMHU 3a PETyNapH3alif]y paHrupama Haj TeMIOPaIHUM
nojlanMa”, KOjH je IpOMEmeH U3 HPOBOOUTHO TpeutoskeHor "CTpYKTYpUpaH IIPHCTYIT aHATH3H
KOMITJIEKCHHX OMOMETHIIMHCKIX crcTeMa 1 curaana’. Komucuja ogobpasa nucame Jucepralyje Ha
eHrieckoMm je3uky ca HacymoBoMm "Functional Norm Regularization for Margin-Based Ranking on
Temporal Data".

VYoxa HayuyHa obnacT rpejioeHe TeMe je MallnHCKO YUeH€ U aHalln3a nojaraxa. 3a MEHTOpE Ce
npemtaxy jap bpanko Kosaueswh, penoBHu npodecop EnexrporexHuukor Qaxyirera
Vuuepsurera y beorpany, u ap 3opan O6panosuh, L.H. Carnell Professor at College of Science
and Technology, Temple University, USA.

Crora xomucuja npepiaxe Hacrapno-mayanom Behy Esexrporexnnukor daxyrera y beorpauny na
ojobpu Mpany Crojkosuhy uspajy AOKTOPCKE JUCEpTalMje MOJI TOPe HABEIEHWM HACIOBOM HOJI

PYKOBOJCTBOM MeHTopa 1pod. jip bpanka Kosauerwha u npod. jip 3opana Obpagoruha.

Y beorpany, 13.10.2017. ronune

YAAHOBU KOMUWCHUJE

IS TR (S B @ &

ap 3opan O6pagosuh, L.H. Carnell Professor
Temple University, USA - College of Science and Technology

e ot

Vs
Dy
i A

¢

ap bpanko Kopavesnh, peosHn npodecop
YuusepzuteT v beorpany — EnektporexHuuky pakynrer

ap “}KemKo/F)ypoé»ﬁ%’l{gé'ijHn npogecop
YuusepsuteT v beorpajy — Enxexrporexnuuru (axyirer
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Jip Mupjana Horosuh, peioBH# nmpodecop y HeH3HjH,
Vuupepzurer y beorpajy — EIEKTPOTEXHUUKY (haKkyirreT

np Musnoni Byjuguh, jomesT
Yuusepsurer v beorpany — Enexrporexiniii axyirer
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University of Belgrade
School of Electrical Engineering

TO TEACHING-SCIENTIFIC COUNCIL

Subject: The suitability of the thesis topic and candidate Ivan Stojkovi¢, master of science in
electrical engineering and computer science, for the conducting of doctoral dissertation

By the decision of Teaching-scientific council of the School of Electrical Engineering number
5056/11-1 from June, 20th, 2017, we are selected as Committee members for evaluation of the
thesis topic and candidate Ivan Stojkovi¢ for the development of doctoral dissertation and scientific
basis of the thesis topic titled "Functional Norm Regularization for Margin-Based Ranking on
Temporal Data", in Serbian "Primena funkcionalnih normi za regularizaciju rangiranja nad
temporalnim podacima". The above listed title is changed from the originally proposed "Structured
approach to the analysis of complex biomedical signals and systems".

Based on the material enclosed with the candidate request, the Committee submits the following

REPORT

i. Candidate information

I.1. Biographical data

Tvan Stojkovi¢ was born on April 11", 1987. in Belgrade, municipality Savski Venac. He completed
his undergraduate studies at the School of Electrical Engineering, Department of Signals and
Systems, with an average grade of 8.31. He graduated in 2010, successfully defending his thesis on
the topic: "Simulator of the SCARA Configuration Robot", guided by Professor Veljko Potkonjak.
At the same department, he completed the Master studies in 2011, defending master thesis: "Control
and Navigation of Mobile Robots in an Unknown Environment” under the supervision of Professor
Zeliko Purovié. He enrolled into doctoral studies in year 2011/2012 on the module for Control
systems and signal processing, and passed all the exams stipulated by the Curriculum and module
program with average grade of 10. In the fall of 2014, he enrolled in doctoral studies at the
Department for Computer and Information Sciences, at the College of Science and Technology. at
Temple University. Doctoral studies of Ivan Stojkovi¢ at Belgrade University and at Temple
University are coordinated by a dual doctoral studies agreement between the two universities
(number 68-3670/2-2014).

From January 2012 to August 2014, he was employed as a researcher at the Laboratory for Robotics
at the Mihajlo Pupin Institute in Belgrade. Since February 2014, he has been engaged as a
researcher at the Center for Data Analytics and Biomedical Informatics at Temple University in

Philadelphia.




1.2. Acquired scientific-research experience

During the doctoral studies at module for Control systems and Signal processing, School of
Electrical Engineering at University of Belgrade, candidate passed the following exams:

- Automatic guidance of objects in space (9 ECTS) grade 10 (ten)
- Autonomous robotic systems (9 ECTS) grade 10 (ten)
- Signals estimation and classification (9 ECTS) grade 10 (ten)
- Special-purpose robotic systems (9 ECTS) grade 10 (ten)
- Artificial intelligence (9 ECTS) grade 10 (ten)
- English language (6 ECTS) grade 10 (ten)
- Optimal and adaptive stochastic systems (9 ECTS) grade 10 (ten)
- Intelligent robotic systems (9 ECTS) grade 10 (ten)
- Theory of robotic systems (9 ECTS) grade 10 (ten)
- Multi-agent systems (9 ECTS) grade 10 (ten)

Additionally, candidate completed two study-research tasks and one scientific-specialized work, as
stipulated by the doctoral studies curriculum.

He gained scientific research experience through enrolment in the project granted by Serbian
ministry of education and science "Ambientaly intelligent service robots of anthropomorphic
characteristics”. conducted at the Robotics laboratory of Mihajlo Pupin [nstitute, where the
candidate worked in the area of control and navigation of small drones with propellers. and wheeled
mobile robots.

At the Center for Data Analytics and Biomedical Informatics at Temple University in Philadelphia,
he was enrolled in the projects funded by the Defense Advanced Research Projects Agency
(DARPA):

L. “Graph-theoretic Research on Algorithms and the Phenomenology of Social nenworks
(GRAPHS) " AFOSR award number FA 9550-12-1-0406,

2. “Dialysis-Like Therapeutics (DLT)" SSC Pacific grant No. 66001-11-1-4183
3. “Technologies for Host Resilience (THOR) " under Contract No. W9IINF-16-C-0050

Through the mentioned projects, candidate has collaborated with number of renowned experts from
prestigious institutions, and gained knowledge and experience in machine learning, data mining and
artificial intelligence, mostly in the biomedical applications.

In summer of 2017, he interned at Yahoo! Research Labs, on a position of Data Science intern.
where he worked on developing statistical models and analyzing heterogeneous data from multiple
sources. in order to identify the opportunities for the application of the recommender systems.

aners. three chapters in monographic collections and
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fvan Stojkovic is co-author of five journ
twelve papers presented at international and domestic conferences.




Chapters in the monographic books of international importance (M14)

1.

|

Zivanovic M., Stojkevic L.: Self-organization in Motion of a Set of Living Individuals, -
WenJun Zhang (Ed.), Self-Organization: Theories and Methods, pp. 171-194, Nova Science
Publishers Inc., 2013. ISBN: 978-1-62618-865-5

Rodic A., Stejkovic L: Building of Open-Structure Wheel-Based Mobile Robotic Platform, -
Maki K. Habib, J. Paulo Davim (Eds.), Interdisciplinary Mechatronics: Engineering Science
and Research Development, pp. 385-421, ISTE Ltd and John-Wiley & Sons Inc., 2013.
ISBN: 978-1-84821-418-7

Rodic A., Mester G., Stejkovic L: Qualitative Evaluation of Flight Coniroller
Performances for Autonomous Quadrotors, - Endre Pap (Ed.), Intelligent Systems: Models
and Applications, Topics in Intelligent Engineering and Informatics Vol. 3, pp. 115-134,
Springer Berlin Heidelberg, 2013. ISBN: 978-3-642-33958-5

Papers published in the leading international journals (M21)

1.

(o

Spasojevic S., llic T., Stojkovie 1., Potkonjak V., Rodic A., Santos-Victor J.: Quantitative
assessment of the arm/hand movements in Parkinson’s disease using a wireless armband
device, - Frontiers in Neurology, Vol. 8 (388), pp. 1-15, Frontiers Media SA, 2017. DOL:
10.3389/fneur.2017.00388 ISSN: 1664-2295 (online)

2016 impact factor 3.552 (84/259 in Neurosciences)

Stejkovic 1., Ghalwash MF., Cao XI1., Obradovic Z.: Effectiveness of Multiple Blood-
Cleansing Interventions in Sepsis, Characterized in Rais, - Scientific Reports, Vol. 6
(24719), pp. 1-11, Nature Publishing Group, 2016. DO 10.1038/srep24719  ISSN: 2045-
2322 (online) 2016 impact factor 4.259 (10/63 in Multidisciplinary Sciences)

Cao XH., Stojkovic L, Obradovic Z.: A robust data scaling algorithm (o improve
classification accuracies in biomedical data, - BMC Bioinformatics, Vol. 17 (359), pp. I-
10, BioMed Central, 2016. DOIL: 10.1186/s12859-016-1236-x  ISSN: 1471-2105 (online)

2016 impact factor 2.448 (10/57 in Computational Biology)

Ghalwash MF.. Cao XI1., Stojkovic L., Obradovic Z.: Structured feature selection using
coordinate descent optimization, - BMC Bioinformatics, Vol. 17 (158), pp. 1-14, BioMed
Central, 2016. DOI: 10.1186/s12859-016-0954-4 [SSN: 1471-2105 (online)

2016 impact factor 2.448 (10/57 in Computational Biology)

Papers published in journals of international interest verified with special decision (M24)

1.

Stojkovic L., Katic D.. Formation Control of Robotized Aerial Vehicles Based on
Consensus-Based Algorithms, - FME Transactions, Vol. 45 (4), pp. 559-564. Faculty of
Mechanical Engineering Belgrade, 2017. DOI:10.5937/fmet17045595 ISSN: 2406-128X

(online)

Papers in the proceedings of international conferences (M33)

[

Stojkovic 1., Ghalwash MF., Obradovic Z.: Ranking Based Multiiask Learning of Scoring
Functions, - Proc. European Conference on Machine Learning and Principles and Practice of
Knowledge Discovery in Databases, Skopje. Macedonia, September 2017

Pavlovski M.. Zhou F., Stojkovic 1., Kocarev Lj. Obradovic Z. Adaprive Skip-Train
Structured Regression for Temporal Neiworks, - Proc. European Conference on Machine
Learning and Principles and Practice of Knowledge Discovery in Databases, Skopje.
Macedonia, September 2017




| OS]

Stojkovie 1., Jelisavcic V., Milutinovic V., Obradovic Z.: Fast sparse Gaussian Markov
Random Fields learning based on Cholesky factorization, - Proc. 26th International Joint
Conference on Artificial Intelligence (IJCAI), Melbourne, Australia, August 2017

Stojkovic L., Obradovic Z.. Predicting Sepsis Biomarker Progression under Therapy, -
Proc. 30th IEEE International Symposium on Computer-Based Medical Systems,
Thessaloniki, Greece, June, 2017

Stojkovie 1., Jelisavcic V., Milutinovic V., Obradovic Z.: Distance Based Modeling of
Interactions in Structured Regression, - Proc. 25th International Joint Conference on
Artificial Intelligence [JCAI-16, New York City, NY, USA, July 2016

Cao XH., Stojkovic 1., Obradovic Z.: Predicting sepsis severity from limiied temporal
observations, - Proc. 17th Discovery Science, Bled, Slovenia, October 2014

Rodic A., Stojkovie L: Dynamic Inversion Control of Quadrotor with Complementary
Fuzzy Logic Compensator, - Proc. 11th Symposium on Neural Network Applications in
Electrical Engineering NEUREL, Belgrade, Serbia, September 2012

Rodic A., Stojkovic L. Integrated Control of Quadrotor Flight Dynamics with
Complementary Compensator of System Uncertainties, - Proc. International Micro Air
Vehicle Conference and Flight Competition — IMAV 2012, Braunschweig, Germany, July
2012

Miloradovic B., Popic S., Stojkovie I.: Development of Intelligeni Behaviour Using
Decision Making Methods Based on ANN, - Proc. 12th International Scientific-Professional
Symposium INFOTEH, Jahorina, Bosnia, February 2013

Papers in the proceedings of national conferences (M63)

1.

[

Cosic A., Katic D., Stejkovie L: An Approach io Localization of Mobile Robots Based on
Extended Kalman Filter, - The 57th ETRAN Conference, Zlatibor, Serbia, June 2013, ISBN
978-86-80509-68-6
Rodic A., Mester G., Stojkevic 1. Navigation and Control of Indoor Mobile Robols in
Unlmown Environments., - The 56th ETRAN Conference, Zlatibor, Serbia, June 2012, ISBN
978-86-80509-67-9

Stojkovic I., Rodic A., Stevanovic 1.: Comparison of Different Flight Control Technigues

for Autonomous Quadrotors, - The 56th ETRAN Conference, Zlatibor, Serbia. June 2012,

ISBN 978-86-80509-67-9

The candidate has publicly orally defended the proposed doctoral thesis topic on July 120 2017, in
front of the committee coomposed of:

- dr Zeljko Purovi¢, full professor at School of Electrical Engineering, University of Belgrade
(committee chair),

- dr Mirjana Popovi¢, retired professor at School of Electrical Engineering, University of Belgrade
(committee member outside of the ETF)

and

- dr Milo$ Vujisi¢, assistant professor at School of Flectrical Engineering, University of Belgrade.

Commitee concluded that the public oral defense of the candidate was satislactory.




1.3. Evaluation of the candidate suitability for work on the proposed thesis topic

The Committee considered all the previously mentioned achievements of the candidate. Through all
the exams completed, and participation in research projects, international professional training,
satisfactory defense of the thesis topic, and published research papers. the candidate showed that he
is ready to conduct the independent scientific research. The Committee considers that the candidate
is capable of achieving the results that will be verified by the international scientific community
during the development of the doctoral dissertation. The Committee concludes that the candidate
Ivan Stojkovié meets all the necessary conditions to start the doctoral dissertation on the above
subject. The Committee concludes that the proposed research is too wide and it is necessary that in
the further research the candidate concentrates on the problem of modeling the causative-
consequent connections in biological systems. Also, the Committee notes that the working title of
the topic is too general, and therefore suggests that the title of the topic be changed from
“"Structured approach to analysis of complex biomedical signals and systems' into
"Functional Norm Regularization for Margin-Based Ranking on Temporal Data". Proposed
thesis title in Serbian language is "Primena funkcionalnih normi za regularizaciju rangiranja nad
temporalnim podacima".

2. Topic, goal and the importance of the proposed research direction

Complex systems are systems consisting of a large number of interacting parts, and thus cause
global (collective) behavior whose characteristics are not obvious from the knowledge of the
functioning of its parts [1], i.e. the characteristics of such a system are not at the same time the
characteristics of its parts, but the consequence of their interactions at the global level. Although the
rules of interacting factors are often very simple, complex systems exhibit very interesting
behaviors, in the absence of a centralized controller that manages and synchronizes the behavior ot
individual parts in order to achieve the desired behavior.

A large number of systems from a biomedical domain (from a cell. through an organ. an organism.
up to a population level) exhibits the characteristics of complex systems and can be viewed as such.
Different mathematical formalisms have been used to study complex systems, ie. to model
interactions and their consequences, such as: equation systems and differential equation systems [2],
graphs and networks [3]. agent-based simulations [4]. Often, the rules of interaction of individual
parts are unknown and how the system works, it must be concluded on the basis of the observations
of its behavior. Finding patterns of behavior based on collected data is a central problem in several
areas of computer science: Pattern Recognition [5], Machine Learning [6]. Data Mining [7]. and
System Identification [8]. Learned patterns can suggest the crucial system factors (the genes
responsible for certain diseases), interactions (which drugs together increase the effect).
mechanisms that lead to certain behavior (network motifs [9]). These findings further focus the
research, and lead to actions and control policies that can bring the system to the desired state (for
example, from sick to healthy).

The task of finding patterns from data is difficult when the amount of available training data is
small, and this is particularly noticeable in problems with a large number of variables | 10], which is
often the case in biomedicine where the number and diversity of biomarkers is very pronounced.
One of the ways to improve generalization in these cases is to include additional assumptions about
the existence of regularity in behavior patterns [11]. The aim of this research is to develop models
and assumptions especially for use in the specified conditions.

[1] Wolfram, S.: 4 new kind of science. Yol. 5. Champaign: Wolfram media, 2002.

[2] Boccara, N.: Modeling complex systems. Springer Science & Business Media, 2010.




[3] Barabasi, AL.: Network science. Cambridge University Press, 2010.

[4] Wilensky, U., Rand, W.: An Introduction to Ageni-Based Modeling. The MIT Press, 2015.
[5] Christopher MB.: Pattern recognition and machine learning. Springer, 2006.

[6] Mitchell, TM.: Machine learning. WCB, 1997.

[7] Jiawei, H., Pei, J., Kamber M.: Data mining: concepts and techniques. Elsevier, 2011.

[8] Ljung L.: Svstem identification. John Wiley & Sons Inc, 1999.

[9] Alon U.: Network motifs: theory and experimental approaches. - Nature Reviews Genetics.
2007 Jun, Vol 8(6):450-61.

[10] Bithlmann, P., and Van De Geer S.: Statistics for high-dimensional data: methods. theory and
applications. Springer Science & Business Media, 2011.

[11] Jianhui, C. et al: 4 convex formulation for learning shared structures fiom multiple iasks. —
Proc. 26th Annual International Conference on Machine Learning. ACM, 2009.

3. Initial hypotheses

Research will be grounded in the following assumptions:

e The data needed for learning is insufficient for the reliable identification (extraction) of
patterns of interest

e The system consists of a large number of interacting factors, which makes the identification
of behavior patterns and the conclusion of causal mechanisms a very difficult problems (the
hypothesis space is growing dramatically)

o The quantification of the characteristics of interest is not sufficiently reliable to formulate
the problem as regression or classification, but there is access only to information on
comparative relations between the examples (one is greater than the other)

o  Additional assumptions based on domain knowledge about the nature of the problem narrow
the space of possible hypotheses and allow learning {rom a smaller number ol data examples

e Between the factors of the system there are dependencies and regularities in a behavioral
patterns that can be used to improve (enhance) the generalization possibilities of the model

4. Scientific research methods

Research work in the preparation of candidates' dissertation will be based on the current practices in
the areas of machine learning and pattern recognition [12]. Modeling and problem formulation will
be based on parametric mathematical models [13]. Problems will be formulated as supervised
learning [14], [15]. One of the potential effective methods that will be used to incorporate
assumptions about the regularity in behavior patterns is the use of functional regularization [16]. In
multi-dimensional problems, it is often useful to assume that not all the observed variables are
indeed relevant to the problem, therefore, methods for feature selection will be potentially
considered [17], [18]. The parameters of the resulting model that combine the prediction objectives
and structural assumptions are typically optimized to best suit the data. For the optimization of the
criterion function, algorithms based on convex [19] and / or non-exclusive optimization |20] will be
used. The data will require appropriate preprocessing and transformation before use for fitting the
model [21]. In assessing the quality of the performance of the models and the results, traditional
statistical methods and metrics will be used [22], [23].




[12] Aggarwal, CC.: Data mining: the textbook. Springer, 2015.

[13] Walter, E., Proznato L.: Identification of parametric models from experimental data. Vol 1.
Berlin: Springer, 1997.

[14] James G., Witten D., Hastie T., Tibshirani R.: An introduction (o statistical learning. New
York: Springer; 2013 Feb 11.

[15] Yu, H., and Sungchul K.: Svm tutorial-—classification, regression and ranking. - Handbook of
Natural computing. Springer Berlin Heidelberg, 2012. 479-506.

[16] Zhou, J., Jianhui C., Jieping Y.: MALSAR: Multi-task learning via structural regularization.
Arizona State University 21, 2011.

[17] Guyon, 1., Elisseeff A.: An introduction to variable and feature selection. - Journal of machine
learning research 3.Mar 2003: 1157-1182.

[18] Hastie, T., Tibshirani R., Wainwright M.: Statistical learning with sparsity. CRC press, 2015.
[19] Boyd, S., Vandenberghe L.: Convex optimization. Cambridge university press, 2004.

[20] Pardalos, P., et al.: Nonconvex Optimization and Its Applications. Vol. 1. Kluwer Academic
Publishers, 1994,

[21] Kotsiantis, SB., Kanellopoulos D., and Pintelas PE.: Data preprocessing for supervised
leaning. - International Journal of Computer Science 1.2 (2006): 111-117.

[22] Kohavi, R.: 4 study of cross-validation and bootstrap for accuracy estimation and model
selection. — Proc. 14th International Joint Conference on Artificial Intelligence (IJCAT), 1995.

[23] Fawcett, T.: An introduction to ROC analysis. - Pattern recognition letters 27.8 2006: 861-874.

5. Expected scientific contribution

It is expected that the research in the proposed direction will result into:

o New parametric predictive models based on supervised data, with improved predictive
performance, and-or more reliable (more robust/stable) detected patterns.

o 1t is also expected that models will be equipped with new and / or improved algorithms for
their training, which can learn from a smaller number of data. or which are faster/efficient.

o Finally, it is expected that the application of the developed models and algorithms on real
data will lead to a new insights on the functioning of the studied system (problem) of
mterest.

6. Research plan and work structure

The research plan within the proposed topic will consist from the following steps:

e A review of the literature from a methodological point of view, to gain insights mto the
constraints of the current approaches, and to identify the space for potential improvement. A
review of literature from the domain and application aspect in order to identify assumptions
that could advance the formulation of the problem and / or approach for its solution.

e Propose new models based on the previously stated hypotheses on structural regularities,
and develop algorithms for their training.

o Testing models and algorithms on a synthetic data generated under the hypotheses assumed
in models, for initial validation, as well as for potentially directing to eventual modification
and improvement of models and algorithms.

e Application on a real data sets that involves finding an appropriate database from a
biomedical domain, then preprocessing and model fitting, and finally applying the
developed models to biomedical data sets and final analysis and interpretation of the results
obtained.
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7. Conclusion and the proposal

On the basis of everything expressed above, the Committee concludes that the candidate Ivan
Stojkovi¢ meets the necessary requirements for starting the doctoral dissertation under the modified
title "Functional Norm Regularization for Margin-Based Ranking on Temporal Data", which has
been changed from the previously proposed "Structured approach to the analysis of complex
biomedical signals and systems". The Committee approves the writing of a dissertation in English
language. The proposed thesis topic in Serbian language is "Primena funkcionalih normi za
regularizaciju rangiranja nad temporalnim podacima".

The proposed topic belongs to the scientific areas of machine learning and data analysis. The
proposed supervisors are dr. Branko Kovacevic, full professor at School of Electrical Engineering,
University of Belgrade, and dr. Zoran Obradovié, L.H. Carnell Professor at College of Science and
Technology, Temple University, USA.

Therefore, the Committee proposes to the Teaching-Scientific Council of the Faculty of Electrical
Engineering in Belgrade to approve Ivan Stojkovi¢ for conducting the doctoral dissertation with the
above proposed title, under the guidance of mentors, prof. dr. Branko Kovacevi¢ and prof. dr. Zoran
Obradovic.

Belgrade, October, 13 2017.

COMMITTEE MEMBERS
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dr Zoran Obradovic, [..H. Carnell Professor
Temple University, USA — College of Science and Technology

dr Branko Kovacevic, full professor

University of Belgrade — School of Electrical Engineering
e

A P oA
dr Zelfko Phredi@ full professor
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dr Mirjsana Popovi¢. retired professor
University of Belgrade — Schootl of Electrical Engineering
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~ dr Milo$ Vujisi¢, assistant professor
University of Belgrade — School of Electrical Iingineering






