Yuusepautet y beorpaay
EnexTpoTeXHUUKH paKyaTeT

HACTABHO-HAYYHOM BEhY

IIpenvet: Pedepar o ypaheHoj mOKTOpCKoj AucepTaliiju KaHauaara Joane Bynera-Pagonunh

OmnykoM 962/3 6p. on 28.4.2016. ronuHe, IMEHOBAaHH CMO 3a WiaHoBe Komucuje 3a mperien,
OlleHy M 0JI0paHy JOKTOpCKe AucepTaluje kaHauaara Jopane Bysnera-Pagonunh noa HacioBoM

,»Y TIPaBJbathe MPEXKHHUM YCIyraMa H pecypcuMa y elepaTHBHUM MPEKHHM OKpYy>KemhHMa™

[Tocie mperiena gocTaB/beHe AMCEpTallje M ApYrUX OpaTehux MarepHjajla M pasroBopa ca
Kanpunatom, Komucuja je caunnmna cnenehu

PEDPEPAT

1. YBOJ

1.1. XpoHoJioruja oio0paBama U U3paJie JUCEepTaIlH]e

JoBana Bynera-Panonunh je 20.9.2010. rogune cTekia 3Bale MarucTpa eJIeKTPOTEeXHHUKHX HayKa
3a obmact CodTBepckH CHCTeMH OJOpaHOM MarucTrapckor paaa ,.Pa3Boj GoiaHMUKOr
UHGOPAMIHOHOT CHCTeMa TMPHMEHOM BHIIECJIOjHE apXUTeKType“ Ha EJIeKTpoTeXHHYKOM
bakynrery Yuupepzuteta y beorpany. IlpujaBuna je Temy 3a uM3pagy JOKTOpPCKe IHCEpTaLldje
28.5.2015. Komucwuja 3a ctyamje Tpeher cTeneHa pa3MaTpaia je Ipeylor TeMe 3a U3paay JOKTOpCKe
nauceprandje U npemtor Komuchje o oreHu noJo0HOCTH TeMe M KaHauaaTa ynyTuiaa HactaBHo —
HaydHOM Behy Ha ycBajame roguHe 4.6.2015. roaune. HactaBHo-HaydHO Behe mMeHoBaio je
KoMmucwujy 3a oneHy yciaoBa W NpHUXBaTame TeMe JoKTopcke aucepranyje (Ommyka 6p. 962/1 o
30.6.2015.). HacraBHo-HayuHo Behe je ycBojwio HM3pemta) Komucuje 3a oneHy yciaoBa H
IpUXBaTalkhe TeMe JOKTopcke muceptainyje (Omimyka 6p 962/2) 10.7.2015. rogune. Behe Hayunux
00JIaCTH TEXHHYKHX HayKa Jajo jeé CarjlaCHOCT Ha NpeaJIor TeMe JOKTopcke aucepTtaruje (Opoj
omnyke 61206-3773/2-15 ox 15.9.2015. roqune) ,,Y IpaB/balhe MPEIKHUM yCJIyraMa U pecypcuMa y
(denepaTUBHUM MPEXKHHUM OKpYXKeHHMa™.

Kanpunatkuma je mpefajia JOKTOPCKy ypaheHy aucepTanujy Ha mperieq U oueny 7.4.2016.
roaune, a 12.4.2016. rogune Komwucuja 3a cTyamje Tpeher crenmeHa MOTBpPIWIA j€ HCIYHESHOCT
noTpeOHUX YCIIOBa 3a MOJHOUEHe mpeaiora HacraBHo-HayuHoM Behy EnexTpoTrexHHYKor
dakynrera 3a popmupame Komucuje 3a mperies U omeHy JAOKTopcke aucepranuje. HacrtaBHO-
HayuHo Behe @akynarera mMeHOBalo je KomucHjy 3a mperiieq U oneHy JOKTOPCKE AHMCEpTallHje
(6poj omtyke 962/3 on 28.4.2016. roguHe) y cacTaBy KOjH je HaBe/IeH HA Kpajy OBOT M3BELITAja.



1.2. Havunua obiacT aucepTaliiyje

OBa mokTOpcKa AMcepTalfja Hpumnaga obigacTH TeXHMUKMX Hayka — EjexTpoTexHHKa, a yxKa
Hay4Ha obnacT je PauyHapcka TexHHKa U HHpopMaTHKa 3a Kojy je EnexTpoTexHHukH (akynrer y
Beorpagy maruuan. 3a meHropa je oapehen ap 3opan Josanomuh, penoHu mpogecop. OH je
uzabpaHs 3a pefoBHOT npogecopa 3a obnact Pauynapcka TeXHHKA U HHQOPMATHKA U HETOB HAYYHO
UCTPAXXHUBAYKH PaJl M HETOBH yOJIMKOBAHH PaJIOBH I'a KBAUTH(HKY]Y 32 MCHTOpa U3 Te 00JIaCTH.

1.3. Buorpadcku mogany o KaHIUIATY

Jopana Byneta-Pamomuuh je pohena 27.7.1976. romune beorpany. MareMaTuuky TUMHa3Hjy
»Bepko Brnaxosuh™ je zaBpmmma 1995. rogune, EnexrporexHuuku Qaxynrer YHHBep3UTeTa y
Beorpany je ymucana mkoscke 1995./96. ronunue, 3agpmmuia ra 2003. roguHe ca NpPOCEYHOM
ornleHoM TokoM cryauja 9.10 u omeHoM 10 Ha AMIIIOMCKOM pafgy ,,OKpyXeHme 3a MOJICIOBaHE
yrpaBibamba nociaosuma“. Illkoncke 2003./04. roguHe je ymucanda HNOCTAMIUIOMCKE CTyAHje Ha
EnextporexuuukoM ¢axyaTeTy, NOJOKMIA CBe HCIIUTE ca npoceuHoM oneHoM 10 u 2010. rogune
CTeKJIa 3Balbe¢ MAarucIpa eJCKTPOTSXHHUKHX Hayka 3a obmacT CoTBEpCKH CHCTEMH OJOpaHOM
Marucrapckor paga ,Pa3poj OomHHYKOr HHGPOPMAIIMOHOT CHCTEMa IIPUMEHOM BHIIECIIOjJHE
apXUTEKType" Mo MeHTOpcTBOM Ipodecopa ap 3opana Jopanopuha. Ctunennucta Qonjgaiyje 3a
pa3Boj HAYYHOT U YMETHHYKOT NMoAMJIaTKa MHUHHCTapCcTBa Hayke je MOCTaja IOYETKOM MIKOJICKE
1996./97. roaune, a crunenaucta QoHalMje 3a cTyquje Hayka U yMeTHOCTH CpIicke akajieMuje
HayKa U YMETHOCTH HEKOJIMKO Mecelld HakoH Tora. Ha Jlan YHusepsutera y beorpamy 2000.
roguHe je ngobmma Harpamy beorpagcke GaHke Kao HajGOJbH CTYJEHT UETBpTE TOJMHE
Enextporexauukor daxynrera. McTe rogune je ToOHIa U jJeJHOKPATHY CTHIICHH]Y ,,3a TSHEPAIH]Y
Koja obehaBa“ KpasseBcke HopBemke ambacaje.

On jamyapa 2004. roguHe 10 JaHac je 3amocjieHa y PadyHapckoM LEHTpY YHHBEp3HTETa Yy
beorpaay (PIIYDB) xao umxemep 3a uHpopMaTHUKy nojApimKy. Kao wiaH ekune 3a uHOpMaIMoHe
CHCTEMe, YUeCTBOBAJIA j€ Y U3paJiH BHIle NpojekaTa U3 o01acTH HHpopMaIMoHux cucteMa U Web
pasBoja.

VYyectBoBaia je Ha JBa @OII7 mpojekra, nBa X2020 mpojexra, asa TEMIIYC mpojexta, jenHom
JQYTOPOYHOM TpojekTy MHHHCTapcTBa 3a HayKy, TEXHOJOTH]Y M Pa3BOj H jeJHOM IyrOpOYHOM
npojekTy MuHHCTapCcTBa 3ApaBIba.

KoayTrop je jemmor pama y MehyHapoJHOM 4YacomHCy, YeTHpH pajga Ha MehyHapomaHum
KoH(pepeHIIHjaMa | jeTHOT paJia Y YaCOMHUCY HAI[HOHAIHOT 3HA1aja.

2. OIINC JUCEPTAIIMJE

Jlokropcka muceptandja Jopane Bynera-Pagouunh namucana je Ha 170 ctpana. Ha mouetky ce
HaJjla3e HAcJIOBHA CTpaHA, KpaTaK pe3MMe Ha CPIICKOM H SHIVIECKOM je3HKy H cajpikaj. CaM TekcT
pana caapxu 8 morjiaBjba W mperies kopumheHe nutepaType. IlornaBiba cy opraHuzoBaHa y
cineaehem pemocneny: Yeoa, MeaepaTHBHA MpeKHA OKpykeHwa, MpexHe yciayre U pecypcH y
deiepaTHBHUM MpEXXHHM OKpYKeHHMa, AyToMaTH3allHja TpyXKamka yciayre y jJabaBo CIpPerHyToj
denepanuju, AyroMaTH3anuja KoHQHUrypalldje U aKTHBaIlHje BHUIIeJOMeHCKe ycimyre, CucreM 3a
KOHTpOJYy Tpapa NpHUCTyma ¢elepaTHBHUM pecypcuMa, AeMmoHcTpanuja npumeHe ECAPBACF
wiathopme, U 3akipydak. Y cacTaBy AMCEpTallHje HAIa3H ce NPUJIOT Y KOM Cy NpHKazaHH nparehu
MaTepHjaii HaCTaJll TOKOM M3paJie Te3e Kao MITO Cy YIIYTCTBA 3a MHCTAJIAIU]Y U KOH(UTypaljy U
cnuyno. Ha xpajy nucepTaiyje cy 6uorpaduja ayropke u oOape3He U3jaBe.



2.2. Kparak npukas noje IMHAYHHX MOTJIaBba

VBOAHO IIOIJIaB/be JOKTOPCKE AUCEpTalldje Aaje OmHC MpobiieMa yIpaBjbarkbha BHIIECAOMEHCKHAM
CepBUCHMA, MPETJIe]] MPUCTYIA NPpobieMy YIpaBJbakha BHIIEJOMEHCKAM CEpPBHCHMA U PECYpCHMA Y
HAY4YHO] JIATEPATYPH M OIKC HAYYHHUX JONPHHOCA JOKTOPCKE JUCEPTAIlH]e.

Jlpyro mornasibe yBomu AebuHHIHjy denepannje M KiacHpuKanMjy (eIepaTHBHHX MPEKHHX
oKpyXema. IIpHkazaHe Cy WM [Be Pa3IHYATO OPTaHH30BaHE (eepallHje y eBPOICKO] aKaIeMCKO]
Cpe/IHHH.

Tpehe nornassbe objanmimaBa MpexHE YCIyTe H pecypce y (elepaTHBHMM MPEXHHM OKpYXeHhUMA.
OnucaHH Cy HPHCTYIIH YIPaB/balkhy BHIICJOMEHCKHM yCIyraMa M JaTa j€ aHaju3a HOCIOBHHX
npoleca y gelepaTHBHAM MPEKHHM OKpyxkermHMa. Ha ocHOBY NeKoMIIO3HIMje Npoleca NpyKamba
BHINEJOMEHCKE YCIIyre HASHTHGHKOBaHE Cy K/byUHEe HOpPYKEe 3a YIPaBJbabe BHIIECIOMEHCKHM
ycayrama. O HauMHa pealW3alidje OBMX IOpPYKa 3aBHCH CTeNleH ayTOMAaTH3alMje MNpYyXamba
BHIIEIOMEHCKMX MpEXKHHMX yCJAyra. Y OBOM IIOIJIaBJbY jé YOUeH K/bYYHH KOH(IIMKT: YKOJHKO
JOMEHH 3ajipXke MOTIYHY KOHTPOJY HaJ CBOJUM peCypCHMa, y ONIITEM Clydajy MOTIyHA
ayTOMaTH3allHja OIEPATHBHHX AKTHBHOCTH IPH YIpPaBJbalby BHIIEJAOMEHCKMM yCIyramMa HHje
moryha jep ce KOMaHIe U3 yIaJbeHHX JIOMEHA KOje TeXe /J]a YIpaBjbajy peCypchMa y 1aTOM JIOMEeHY
CMaTpajy yIrpoKaBamkeM ayTOHOMHjE JOMEHa.

Y 4eTBpTOM MOIJABJbY je IpPHUKA3aH OPUTHHAIHH CHCTEM 3a ayToMaTu3alhjy Mehymomencke
uHTepakuuje kopumhemem Trouble ticket cHcTeMa, KOjH NPECTaBIba jE[IHO PEIICH-E, a YJe[HO U
HajBMIIM MOTYhH CTelleH ayTOMarH3allfjé BHIISHOMEHCKHX MpEXHHX YCIyra, a yKJbydyje H
HHTepBEHIH]Y JbYACKHX oreparepa. ONUcaHa je apXUTEKTypa CHCTeMa, HeHTH(HKOBaHe MOTpeOHe
dynxunonannoctd Trouble ticket cuctema, nepHHHCAH MOJEN MojaTaka (GeepaTUBHOT THKETa H
pasMOTpeHH MOTYhH HAuYMHHM KOMYHHKAIljeé KOMIIOHGHATa YHyTap JOMEHa M HHTEPKOHEKIHje
Trouble ticket cucrema y ®enepatusuu Trouble ticket cuctem (OTTC). Ha kpajy moriasiba cy
JIaTH UMIUIEMEHTAI[MOHHU JIeTaJbU H IIPUMED.

V meToM TNOMIaBby jé ONMCAH KOHIENT JEeleHTPAIM30BAHOI JHCTPHOYHpPAHOT CHCTEMA KOjH
omoryhapa IOTIIyHyY ayTOMaTH3allHjy YCIOCTaBJ/batha BHIIEAOMEHCKe yciyre, Ge3 yuemha jbynu y
JaHIly, y CIIeI[HjaJHEM CJIy4ajeBUMa Ka/Jia je CeMaHTHKa yCJIyTe jacHa M Npelus3Ho nedunucana. Ha
OCHOBY aHAIM3€ MPOIEca YCHOCTABI/balba BHIISAOMEHCKE IyTale, Pa3MEHe CIOCOOHOCTH [OMEHA
Jla Y4ecTBYjy Y MHCTaHI[M BHINEJOMEHCKE YCIyre M KOHTpOJIe NpaBa IPHCTYNA PECYPCHMA KOje
JIOMEeH MOXe YCTynuTH (eaepanuju (heIepaTHBHHM pecypcHMMa) HACHTHOHKOBAHE Cy KJby4HE
OIepaTHBHE AKTHBHOCTH MOTPeOHE 3a ayTOMaTH3allHjy YCIOCTAaBJbama BHINEIOMEHCKE YCIyre.
OrameHe crocoGHOCTH AOMEHA Ce KOPUCTE y MPOIECy JU3ajHa HHCTAHLE BHIIEIOMEHCKE YCIIyTe.
JleuHKCcaH je MUHHMAJIHH MOJIEN TofaTaKka MoTpebaH fa OM ce ONMHCaIH BHIIEOMEHCKA YCIyTa,
desepaTHBHH peCypCH M CKYNl OTpaHHYeHa KOjeé JOMEH IIOCTaBjba MpeMa JPYrHM YYeCHHIHMA
denepanuje. JleTeKTOBaHH CY OCHOBHH TEXHOJIOIIKH TPEYCJIOBH 32 PEajIU3allhjy OBAKBOT CHCTEMA
KOjH CY OTIMCaHH Y HapeHHUM IIOTJIaBJbUMa

Heomnxoman IpeAyclioB ayTOMAaTH3alHje YCIOCTaBJbalba BHINSIOMEHCKE YCIyre jé CHCTEM 32
KOHTpOJIy IIpaBa IPUCTyIA KOji oMoryhapa rpaHy/lapHy clelM(HKalMjy NpaBWia, OTpaHHYCHA U
yCcJIoBa MOJ KOJjHM pecypc Moke OHTH KopumheH 3a YCIOCTaB/balbe BHIIEJOMEHCKE MPEXHe
yeayre. Takap cucTeM craja y peanusanyjy Policy-Based Management napaJiurMe, 1 je y mecTtoMm
TIOTJ1aBJby JaTa KOMIIapaTHBHA aHau3a nocrojehux Policy-Based Management cuctema. Takobe, y
HCTOM TIOTJIaBJbY j€ JaT Mperjiei OCHOBHHUX KOHIENIaTa H Mojiefla KOjH C& KOPHUCTE y CHCTEMHMA 3a
KOHTpOJTy IIpaBa NpPHCTyNa M, HA OCHOBY KOMIIAPaTHBHE aHAJHM3e, 3aK/byUeHO Ja j& HajoIIITHjH
Attribute Based Access Control (ABAC) Model n na ce CBH OCTaIM MOIY HMMILUIEMEHTHPATH
oxropapajyhuM m3GopoMm cemanTHKe aTpuOyrta. [labe je mokasaHo fAa je Policy Based Access
Control Model cnenmjanman cinydaj ABAC wmonena y KoM je cHenu@HIMpaHa CEMaHTHKA
KopuniheHux aTpudyTa.

V mecToM MOIJIaB/bY je JOJAaTHO MpeUIoKeHa OpUruHanHa Environmental Context-Aware Policy-
Based Access Control Framework ECAPBACF mnatdopma 3a KOHTPOJy IIpaBa IpPHCTYyIa
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denepaTHBHUM pecypcHMa KOjH je jeJaH OJ HAay4HHX AONpHHOCAa AucepTanuje. Ilpema Hamem
cazHawy ECAPBACEF je jenunu framework KOHTpOJIy TipaBa MPUCTyIA JH3AJHUPAH 32 YIIPABbabe
(denepaTHBHUM pecypcHUMa KOJH TOpeJ CTATHUKU JAe(PHHHUCAHHX OrpaHHYema y3uMa y oO3up H
KOHTEKCT OllepalnHje, Tj. CTame OKpYXKema. 3a pa3uKy OJl OIHCAHHX je3HKa W PagHHUX OKBHDA,
ECAPBACF omoryhasa noGujame ayTopu3sanije 3a CBE pacloIOXHUBE pecypce jeIHAM YIIUTOM. Y3
10, ECAPBACF ce MoXe UMIUIEMEHTHPATH Ha MPOU3BOJLHOM jE€3HKY 32 OIHC TOJIHCA. 3a pasjIuKy
OJ1 IpyTHX CHCTeMa 3aCHOBAaHHUX Ha FI4 anreOpu KojHu IpeasiaXy XeypHUCTHKE H ONTHMH3aIHje 3a
no6osbmame neppopmancu, ECAPBACF mosnmce cy Au3ajHUpaHe Tako Ja c¢ MMIUTHIIUTHO H30ETHY
KOMIUIEKCHH QJITOPUTMH MOTpeOHU 3a onpehuBame wuHTerpucane mnoiuce. ECAPBACF 3a
OpraHu3allfjy MpaBUja 3a KOHTPOJY IpaBa NMpPUCTyNa KopHcTH Attribute Based Access Control
Model mto omoryhaBa xopumheme MeTa-MoAena NpH cnenudukanuju nonuca. Ilpukaszana je
MmateMaTHuka 3acHoBaHocT ECAPBACF mnnardopme kopumheweM Fine Grained Integration
Algebre (FIA), npumep umiuiementanuje ECAPBACF framework-a xopumhemweMm eXtensible
Access Control Markup Language (XACML) jesuka 3a crieruuKaIyjy mojiuca U AaT MeTa-MOJe
XACML ECAPBACF monuce. Y mTOTNIaBbYy Cy NpHKAa3aHH W OCHOBHH KoHIenTH FI4 anreGpe
notpebHu fa 6u ce nepunucao ECAPBACF. 1llecTo moriaBibe CaipK U aHAJIH3Y KOMIUICKCHOCTH
AITOPUTMA 32 TeHEpHCalhe HHTErpUCaHe IMoJIuce Koja oapelhyje ckpaheHy TOIMOJIOTH)Y Ha OCHOBY
Koje ce oJipehyje Tomoaoruja BUMIEJOMEHCKOT CepBUCa KOja MoKasyje Jja aJifOpUTaM UMa JIMHEApHY
CJIOXEHOCT, NITO I'a YAHH NIPUMCHJbHBHM Y PCAJTHUM OKPYKCHHMA.

CenMo moriaBibe JgoHOocH AeMoHCTpanujy mnpumeHe ECAPBACF mnargpopMme Ha TpUMEPY
KOH(pHUTypalyje W aKTHBaIlMje BHIIEJTOMEHCKE MyTame y MpexaMa ca copTBepCKH JeHHHUCAHHUM
HaYUHOM ympaBibawa (Software Defined Network (SDN)) Tako mTO je pealtu3oBaH MPOTOTHII
CHCTEMa 32 YCIIOCTaBJbahe BHIICTOMEHCKE ITyTamhe.

OcMo morjaBjbe je 3aKkjbydak y KOM Cy CYMHPAaHH pe3yATaTH U TpHKa3zaHe CMEpHHIlEC 3a Jajbe
HCTpaKUBame Koje OU ce TeMeJbUIIO Ha pe3yJITaTHMa OBe JOKTOPCKE AUCEepTallHje.

3. OIIEHA JTUCEPTAITHJE

3.1. CaBpeMEHOCT U OPUTHHATHOCT

Oga oxTOpcKa AucepTanyja ce 6aBu MOACpHUM KOHIIETITHMA YIIPaBJbakha MPEXKHUM yCIIyrama Koje
IpyXa BHIIe PA3IMUHTHX CHTUTETa (JOMeHa) 3ajeNHHUKH. OOnacT ympaBibamba padyyHAPCKHM
MpexKaMa ca T0jaBUM HOBHX TEXHOJIOTHja YIIpaBJbalkha MPEKHHM eJIEMEHTHMA M (PyHKIMjaMa Kao
mrTo cy codTBepcku Aepunucane mpexe (SDN) u Bupryenmzanuja Mpexnux ¢yakiuja (NFV)
noOHja Ha HOBOM 3HAUajy y MOCHCAHBHX HEKOJHMKO TOAMHA. YTIPaBJbakhe MPEKHHUM CEpBHCHMA
npectaje Ja Oyne ynpaBjbame CKYNOM IOjeAHMHAYHHUX ypehaja, a cBe BHIIE Ipeia3u y obiact
JM3ajHa aIlIMKaIfja Koje yIpaBibajy ycJIyramMa Kao HenuHoM. Takole, cama obiacT peanmusanuje
CepBHUCa y BHIIE JJOMEHA je y MOCIe/Ilhe BpeMe BpJIo aKTyeJIHa IITo TOBOpPH M HelasHa (MapT 2016)
CTaHAapAM3anMja ekcTeH3uje npotokoma BGP (BGP-LS - RFC 7752) koja omoryhara
CUTHAIM3AI[MOHY pa3MeHy HHpoOpMalldja O CTalkbHUMa MpPEXKHHX JIMHKOBa y H3Mely cycegHHx
ayTOHOMHHX CHCTeMa, YHME Ce CTBapajy MpeAyCJIOBH 3a BHINEIOMEHCKO YCIIOCTAaBJbame MyTamba.
IlpennoxxeHa pemema 3a ylnpaBjbamhe BHIICAOMCHCKHM CepBHCHMa Cy oOpaljeHa W TecTHpaHa Y
JETHOM peajTHOM BHIIEIOMECKOM OKpYXKeHY KakBa je Mpexxa Geant, a pe3yJITaTH Cy IPUMEHJBUBH U
Ha IIHPH CKYI MpEXKHHUX TEXHOJIOTHja, IIpe CBera y o0JIACTH BHPTYeJIH3AIHje MPEKHHUX (YHKITHja
IJIe IPYKAOIIH MOJeJUHAX BUPTYSITH30BaHHX MpexKHHUX QYHKI[Hja MOTY ia Oynay U Hajuemhe jecy y
PaTHYUTHUM JIOMEHUMA.

3.2. OcepT Ha pedhepeHTHY ¥ KOpHUITheHy JIUTepaTypy
Y pany je kopumheno 134 pedepeHnM H3 pefieBaHTHHX 4YacolMca M KIbHTa H3 00JIacTH
padyHapCKHX Mpe’ka, padyHapcke TeXHUKe, MH(pOpPMAaTHKe M MaTeMaTHKe. Y CIHCKY pajoBa




Hajlaze ce M PajJioBH y KOjHMa je KaHIUIAaTKHIa KOayTop, a KOJH CaJpike pe3yJTaTe ONHUCaHE Y
JTUCEPTALH]H.

3.3. Onuc ¥ aIcKBaTHOCT NIPUMEHEHUX HAVIHHUX METOIA

KanauTaTKumba je W3BpIIWIa MoApOOHY KOMIIApATHBHY aHAJIN3Y NMOCTojehuX NPHCTYIa yIpaBibaba
BHIIEJOMEHCKHM yCJIyraMa H pecypcuMa y (elepaTHBHHM MpEXHHM OKDYXKEHhHMa, Kao H
IPUCTYNIA U MOJieJIa 32 KOHTPOJIy HpaBy NpHcTyna. MaeHTH(HKOBAHM Cy HeJOCTalM MocTojehux
pellela M KAaHJIMTATKHIbA j€ ONKCATA ONIITe pelllelhe H NPHMEHOM aTHIHHUX METOM0JIOTHjA
pealuszoBaja IPOTOTHIIOBE CHCTEMa KOjH oMmoryhapajy MaKCHMajiaH CTeIleH ayToMaTH3allhje Y
ONUCAHMM CJIydYajeBUMa. IIpOTOTHUIIOBH CY YCIICITHO TE€CTHPAHH Y PEAJHOM MPEXKHOM OKPYXKEIY.
Hmajyhu oBo y BHAY, MOXe Ce 3aKJbYUMTH Ja cy KopHmheHe aJeKBaTHE METOJE IPHMEPEHE
MOCTABJbEHUM ITMJbEBHMA.

3.4. IIpuMeHIEUBOCT OCTBAPEHHUX PE3YJITATA

Pemasame mpoGieMa QelepaTUBHOT yIpaB/baibha YCIyraMa H IPOHATAKEHE MEXaHH3aMa KOjHMa
ce Moxke JiohH [0 ayroMaTu3alje Mpolleca yIpaBjbamba ycIyraMa y CIEIHjalHHM CiIydajeBHMa
CTBapa MPOCTOP 3a pealH3allHjy MHOTHX HOBHX YyCJIyra Ha VHTepHeTy, jeJHOCTaBHH]y H
NOY3JaHH]y capajiby PasjHYMTHX €HTHTETa M BHIIM KBAIHTET YCIyra NPYKEHHX IOCPEICTBOM
Hureprera. Kao mTo je HaBefeHO y MoryaBjby 3.1, pesynraru Cy NPHUMEHJbHBA M Ha MIUPHU CKYTI
MpEKHHX TEXHOJIOTHja, TIpe CBera y 001IacTH BUPTyeIH3alije MPeXXHHX (QyHKIH]ja I/ie IpYXKaolH
I0jeJHHUX BHPTYEIH30BAHUX MPSKHHX (YHKIMja MOry jJa Oyay M Hajuemhe jeCy y pasiHYMTHM
nomennMa. Takohe, momro je mpoGimeM ¢eaepaTHBHOT ynpapJbama reHepatnuM T ycayrama y
BHIIEJOMEHCKOM OKPYKEHY Y KOjeM pa3IHUHTH SHTHTETH HMajy pa3jIMuuTa IpaBa IPHCTYIA
pecypcuma dect, redepaiuu ECAPBACF framework omoryhasa pememe npo6ieMa deepaTuBHOT
yIpaBJbatha © Y MHOTHM JPYTUM 06acTUMA.

3.5. Ouena JIOCTHTHYTHX CTOCOOHOCTH KaH/M/IaTa 32 CAMOCTAJIHH HAYYHH PaJl

KanaupaTkuma je Kpo3 HCTpaKMBalhe M paJ Ha CBOjO] AMCEPTAHjH CTeKJIa H TEOPHjCKO H
NPaKTHYHO MCKyCTBO. Jla OM MoIJja /a Jla ONHCaHe Ipeyiore pelielha M JM3ajHHPa H Peallu3yje
IPOTOTHIIOBE, KaHIWIATKHIbA je Mopaja Ja carjefia pasHe acmlekre mpoOiiema yIpaBjbama
BHUIIEJIOMEHCKMM CEPBHCHMA H PECYpPCHMa, Kao W Jla HallpaBH KPHTHYKH OCBPT Ha mocrojeha
pemema. TOKOM pajia je KaHTUTaTKHIbA II0Ka3aJla BHCOK CTEIIEH CAMOCTATHOCTH.

4. OCTBAPEHH HAYYHHU JOIIPHHOC

4.1. Ilpuka3 ocTBapeHUX HAYYHUX JIOIPHHOCA

Pag fmoHocH cBeOoOYXBATHY aHAIM3y H3a30Ba KOJH IMOCTOjeé TPHJIMKOM  YCIIOCTaBJbakba
BHIIIEZIOMEHCKHX MPEKHHX CEPBHCA H TIOKa3yje KIbyUHA OTPaHUYeHha 32 IPAKTHUHY HMILIEMEHTAIIH]y
(kOH}JIMKT ayTOHOMHja — ayTOMATCKO YIpaBjbame). 3a pasiuky of] mocTojehe JIMTepaType Koja MM
Jaje caMo Tpeasiore apxXxuTeKTypa Oe3 NpakTHUYHE pealu3alldje, HIH NPEAJIOre CHTHAIM3AIMOHHX
IIPOTOKOJIa HUCKOT HHBOA KOJH He y3UMajy y 003Hp IOJIMTHKE JOMEHA, 0Baj Pajl IOHOCH KOHKPETHA U
TMPaKTHYHA PENICHa NPUMEHIBHBA Y MPAKCH. [IpemoskeHn QeepaTHBHH CHCTEM 3a YIPaBJbaHe
tuketrMa (OTTC) je jequHCTBEHA MeTO/1a Koja 0M0ryhaBa HajBUIIK Moryhu creneH aerMaTH:aauH_]e
yIpaBJbarba BUITEJOMEHCKHM yCIyraMa y OIIITeM CIIydajy.

Kpeupanu ECAPBACF framework ce MOXe KOPHCTHTH y MHOTHM OOIacTHMa IJie j€ KJbYYHO
06e36eqUTH KOHTPOJTY TIpaBa MPHCTyIa HaJ AeJbeHUM pecypcoM. [IpeiokeHa apxUTeKTypa CHCTEMa
3a IIPHCTYI PECYPCHMA y YAAJheHHM JOMEHHMA je NPOIIHpHBA H Ha Jipyre mpobieMe, jep je BeoMa
4eCT ClIydaj Ja je 3a npyxame Heke UT ycimyre moTpeOGHO aHra)koBame BHIIE PA3IHYHTHX €HTHTETA
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ca pa3IMYMTHM HHBOMMA TIpaBa MPHCTYNA pecypcuMa. Y CKJIAQy ca THM, OCTaBapeHH Cy cieaehu
HAYYHH JONPUHOCH JOKTOPCKe JUCepTalyje:

1. Jledpunucan je MUHUMAaJIaH MOJIeJI MTOJJaTaKa KOJH j€ HEeOIXoJaH Jja O ce OIUcalH JOMEH,
BHINIEIOMEHCKA YCIIyTa, peCYpCH U CKYII OTpaHHYeHha KOje JOMEH I0CTaBJba IpeMa JApyTruM
yuecHHITUMA deiepalidje, a Koju oMoryhaBajy peajlu3aliijy ayToMaTH30BaHHUX OIepalyja y
BHUINEIOMEHCKOM OKPYXXEIbY.

2. PeanmnzoBan je (YHKI[HOHATHH CHCTEM 3a YIpaB/balkhe BHIICOMEHCKHM YcIyramMa H
pecypcuMa KOjH je yjeqHO M HajBHIIH MOTYhH CTENeH ayToMaTH3aIlfje BHIICTOMEHCKHX
MpEKHHX YCIyra y Ciay4ajy Kaja JOMEHH 3aJp)KaBajy NMOTIYHHM CYBEpeHHTET H Kaja je
JbyJCKO ydemhe y JaHIy He30eKHO;,

3. Jledunucana je MOTIIyHa apXUTEKTypa cUcTeMa U npezuioxkeHa opuruHainHa EIJAIIBAITD
wiathopMa 3a KOHTPOJY MpaBa TpHCTyNa (eepaTHBHHM pecypcHMa 3a ayTOMAaTCKy
KOHHUTYpaIlMjy M aKTHBAIIH]y BHIICIOMEHCKHX MPEXHHX YyCIyra y CiIydajy KaJ CBH
JIOMEHH;

4. PeanmzoBan je (GYHKIIHOHAJAH MpPOTOTHN Koju JeMoHcTpupa mnpumeny FECAPBACF
framework-a Ha TpuMepy ayToMaTH3allfje KOHQHUIypalldje W aKTHBAIlHje BHIIEAOMEHCKE

MyTambe Yy MpekaMa ca copTBepCKH IepHHUCAHUM HAUWHOM yIIpaBibama (Software Defined
Network (SDN)).

4.2. KpuTHuka aHajguza pe3vJraTa HCTpaKHBaiba

OBa nmucepTanja JOHOCH MOTIYHY aHAIM3Yy IpoOieMa ylpaBjbakha BHIICJOMEHCKHM MpPEXHHUM
yciayramMa W Jaje BHUIe HWHOBAaTHBHHX IMpeJJiora 3a IpakTHYHY peajM3aliMjy ayToMaTH3allhje
KJbYUHHX Ipolieca Koja Cy NPUMEHJbHBA 3a pa3jMUUTe BpcTe MPEXKHHX yciayra. llpemioskena
peliema cy y CKJIay ca MOJIEpPHUM TPEHIOBHUMA y 0OJIACTH yIpaBJbamba padyHapCKUM MpexKama, a
NpOIMHpHBA CY M Ha HOBE CKymoBe mpoOieMa jep €y MpPeUIOKEHH MOJSNIH YHUBEP3aJHH.
PeannzoBaHd TPOTOTHIIOBH TMpEACTaB/ba]y BepHHKAIH]y ONHCAHUX peliekha Yy pealHOM
OKpYKEIY.

4.3. Bepudukanuija Hay4HUX JIOIIPHUHOCA

Kareropuja M23:

Vuleti¢, P. V., Vuleta-Radoicié, J. J., Kalogeras, D. (2015). Federated trouble ticket system for
service management support in loosely coupled multi-domain environments. International Journal
of Network Management, 25, pp. 95-112. (IF=0.517) (ISSN 1055-7148) do1:10.1002/nem.1885

Kareropuja M32:

Jovanovi¢, Z., Marovié¢, B., Ilijasi¢, L., Vuleta, J, Radulovi¢, V, "Infrastructure and integration of
multi-media in the HIS of Belgrade Children's University Hospital," in: P. Inchingolo, R. Pozzi
Mucelli (Eds.), Proceedings of the EuroPACS-MIR 2004 In the Enlarged Europe EUT, Trieste,
2004, pp. 83-86.

Kareropuja M33:




Jovanovié, Z., Marovi¢, B., Iljjasi¢, L., Vuleta, J, Bukvi¢, M., "Belgrade Children’s University
Hospital’s Infrastructure, HIS and Grid-Based 3D Visualization," TERENA Networking
Conference 2005 (6 - 9 June 2005, Poznan, Poland, (Rated by participants as the best paper at the
conference), Zbornik radova u elektronskom izdanju, pp- 1-4.
https://inc2005 terena.org/core/getfileOcd3.php?file 1d=551

Mendiola, A., Astorga, J., Jacob, E., Stamos, K., Juszczyk, A., Dombek, K., Vuleta-Radoi¢i¢, J.,
Aznar, J. ¢ 1. (2016). SDN-enabled AutoBAHN. Envisioning future Bandwidth on Demand
services. In TNC16 - Networking Conference (12-16 June 2016, Prague, Czech Republic). Zbornik
radova u elektronskom izdanju, pp. 1-4. https://tnc16.geant.org/getfile/2380

Mendiola, A., Astorga, J., Jacob, E., Stamos, K., Juszczyk, A., Dombek, K., Vuleta-Radoi¢i¢, I.,
Ortiz, J. (2016). Multi-domain Bandwidth on Demand service provisioning using SDN. In IEEE
NetSoft 2016. Seoul, Korea, Zbornik radova u elektronskom izdanju, pp. 1-2.

Kareropuja M34:

Marovi¢, B., Vuleta, J., Partlov, P., Bajceti¢, M., Ninkovi¢, V.: Farmakoloski informacioni sistem
za primenu u pedijatriji i neonatologiji, 8. Symposium of Industrial Electronics “Indel 20107,
November 2010, Banja Luka, pp. 377-382.

Kareropuja M53:

Marovi¢, B., Vuleta, J., Jovanovi¢, Z, Pani¢, B.: e-Hospital, Children's University Hospital in
Belgrade and Heliant Hospital Information System, MD Medical Data, December 2009, Belgrade,
pp. 73-77.

Kareropuja M64:

Jovanovi¢, Z., Marovi¢, B, Iljjasi¢, L., Bukvié, M., Vuleta, J.: Elektronski sistem zakazivanja
pregleda na Univerzitetskoj de¢joj klinici, Dani De¢je klinike, Oktobar 2004, Beograd, pp 1-4.

5. 3AKJbYYAK WU ITIPEJJIOT

Ha ocHOBY 4MIGHHIIA H3JIOKCHHX Yy OBOM H3BemTa)y Kommucmja je zakipydmia Ja JOKTOpCKa
aucepranyje Jopane Bynera-Pamowunh mox HacnoBoMm ,,YmpaBibake MpPEXKHHM yCIyramMa H
pecypcuMa y (eepaTHBHAM MpEXHHM OKpYXKCHHMa“ HCIyHmaBa cBe (GopMalHe U CYIITHHCKE
ycioBe npeauheHe 3aKoHOM 0 BUCOKOM 00pa3oBamy M NpONHCHMa Y HHUBep3uTeTa y beorpany u
EnexTporexHuUKor akynTeTa.

VY pany cy npHKa3aHH MOJCpHH KOHICTITH YIIpaBJbathba MPSIKHHM yCIIyraMa Koje 3ajeTHHYKH TpYKa
BUIIC PA3IMUYUTHX EHTUTeTa (JIOMEHa). AHAIM3UpaH je TpoOiieM YIpaBJbakba BHIIEJOMEHCKOM
YCIYTOM € Kpaja Ha Kpaj M HJISHTHQUKOBaHE Cy KJbYUHE IMpelpeke H TpeaycioBH 3a
ayToMaTH3aIlHjy INpyXama BHIISJOMCHCKHX MpPEXHHX Yyciayra. I[IpWkazaHH Cy OpUTHHAJIHH
CHCTeMH 3a IOCTH3alke MAKCHMAJHOT CTeNeHa ayToMaTH3alldje y Ciydajy Kaja CBH JOMEHH
3a/ipKaBajy MOTIYHH CYBEPEHHTET HaJl CBOJUM pEeCypCHMa H Yy CHCUHjaJIHOM CIIydajy Kajia je
CeMaHTHKa BHIIEJOMEHCKe ycayre noOpo moszHata. Ilpeanoskena je opurunanna FCAPBACF
wiathopMa 3a ympaBibambe (elepaTHBHAM pecypcHMa Koja jeé H JEMOHCTPHpaHA peaTH3aI[HjoM
NPOTOTHIIA 3a AYTOMATCKy KOHGUrypalljy ¥ aKTHBAIM]y BHIIEIOMEHCKE IMyTame y MpekaMa ca
coTBepcku AepUHMCAHIM HAUHHOM yrpaBibama (Sofiware Defined Network (SDN)).



Y cknajy ca Hanpej, usHetM, Komucuja nipefiaxke HactaBHo-HayyHOM Behy EJjieKTpoTeXHHWUKOT
dakynreta a ce JOKTOpCKAa AMCepTaljdja IM0J, HA3WBOM ,, YIIPaB/balbe MPEXHUM yC/Iyrama |
pecypcuma y (QeaepaTBHAM MPEXHUM OKDYXKerHMMa“ KaHauaaTkuibe JoBaHe Bynera-Pagouunh
NPUXBATH, M3/I0KK Ha YBHJ jaBHOCTH M YIIyTH Ha KOHAuyHO ycBajame Behy HayyHux obnmactu
TeXHUUKMX HayKa YHuBep3urera y beorpazny.

beorpag, 05.05.2016.
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