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Mooen namemmne o6ubruomexe 3acnosean nHa big data mexnonozujama

Ancmpaxkm:

Ilpeomem ucmpasxcusarna 0oKmopcke oucepmayuje je paszeoj mooera namemue
oubnuomexe sacnhosamoe Ha big data mexnonocujama u cepsucuma. Ilenmpanrnu
ucmpasicueayku npoodorem pasmampau y paoy je paszeoj big data ungpacmpyxmype u
cepsuca namemue OubIUOMeEKe Koju omozyhasajy uHmenuceHmuy npempazy u
npenopyky oubauomeuxoe caopxcaja. Iloceban yum paoa je oa ucnuma mozyhrnocm
unmezpayuje pazeujeHoe Mooeida ca NAMEMmHUM O0OPA30BHUM OKPYICEFUMA V YUbY
VHanpehera Kkearumema 06pa306HoO2 npoyecd.

Y ookmopckoj oucepmayuju je npeocmaemen Molen namemue OubIUOMEKe KAO
unmezpannoe Oena 00pa306HOe cucmema Koju Modce 0a nobosbula Keaiumem u
C8e0OYX6AMHOCM HACMAGHUX pecypca u noseha momusayujy y npoyecy yuerd
npenopyuusarbem caopcaja 00 unmepeca. Mooen onucan y pady omocyhasa npumeny
big data cucmema 3a amanuzy, obpady u 6usyaruzayujy NOOAmMaKa NPUKynbeHux u3
PAa3IuuUmux u360pa u 00yxeama ruxosy unmezpayujy y namemmy oubauomexy. Lumn
passeoja namemuux oubiuomexa je da ce yHanpeoe OubIUOMeEYKU NOCIO8HU NPOYecU u
0a ce KOPUCHUYUMA Npydce UHOBAMUSHU Cepeucu 3a npempacy u Kopuuiherse
caopacaja.

YV Ooucepmayuju ce pasmampajy pasnuuume nepcnekmuee umniemenmayuje big data
peuwiera 3a namemue bubIUOMEKe KAO 0e0 KOHMUHYUPAHO2 00pa30eHoe npoyeca, ca
noceOHUM (POKycoM Ha uHmezpayujy mpaouyuoHaiHux cucmema u big data
mexuonocuja. Iloped HasedeHux KoOMNOHeHama cucmema, Mooel o0byxeama
UHppacmpykmypy u uHmespayujy cucmema npenopyke KoiabopamusHoz uimpuparea
u36opa paznuyumux nooamaxa ca big data mexuonozujama.

Mooen je esanyupan Kpoz mecmuparbe U Meperme PelesaHmHux napamemapa
nepghopmancu Koju ymuyy Ha eqoukxacnocm npeosiodcenos mooela.

Kuwyune peuu: big data, cucmemu npenopyxa, amanuza nooamaka, ckiaouwumerse
nodamaka, namemue 6GubIUOMeKe, eNeKMPOHCKO NOCI08AIE, eLeKMPOHCKO 00pa308arbe

Hayuna oonacm: Ungopmayuonu cucmemu u mexmonozuje

Yowca nayuna oonacm: Enexmponcko nocrosarve



Smart library model based on big data technologies

Abstract:

The subject of this doctoral dissertation research is the development of a smart library
model based on big data technologies and services. The central research problem
discussed in the thesis is the development of big data infrastructure and smart library
services that enable intelligent searches and recommendations from the library content.
A particular focus of the paper is an examination of the possibility of integrating the
developed model into a smart educational environment in order to improve the quality
of the educational process.

The thesis presents a model of the smart library as an integral part of the educational
system that would improve quality level and comprehesivness of learning resources and
increase the motivation of its users through content-aware recommendations. The model
described in the thesis considers the possibilities of applying a big data system for the
collection, analysis, processing and visualization of data from multiple sources, and the
integration of data into the smart library. The goal of developing a smart library is to
improve the library s business process and to offer users innovative methods to search
and content use.

The thesis discusses the perspective of the implementation of a big data solution for
smart libraries as a part of a continuous learning process, with the aim of improving the
results of library operations by integrating traditional systems with big data technology.
In addition to the above system components, the model includes the infrastructure and
integration of a recommender system for collaborative filtering by incorporating
multiple sources of differential data with big data technologies.

Within the evaluation of the model, testing and measurement of the relevant
performance parameters which influence the efficiency of the proposed model were
carried out.

Keywords: big data, recommender systems, data analysis, data storage, smart libraries,
e-business, e-education

Scientific field: Information systems and technologies

Narrow scientific field: E-business
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1. VYBox

1.1. JAE®WHUCAIE NPEIMETA HCTPAKUBAIHA

[IpenmeT ucTpakuBama JOKTOPCKE JUCEPTAIHje j€ Pa3BOj MOjea TaMeTHe OMOIHOTeKe
3acHOBaHOI Ha Dbig data TtexHomorwjama. LleHTpamHM HCTpPaXWBAYKH MPOOIEM
pasmarpaH y AucepTanuju je pa3oj big data mHdpacTpykType M cepBHCa MaMeTHE
O6ubanoTexke koju oMoryhapajy HMHTENUIEHTHY MpeTpary U Npernopyky OuOIHOTEdKor
caapxkaja. [loceban nmip pasa je Aa wcnuTa MOTYhHOCT HMHTErpanyje pa3BHjeHOT
MozieJa ca MaMETHHM OOpa30BHHM OKpYXKelmuMa y IMJby yHampehema KBanutera
00pa3oBHOT Tporeca.

[lamerHa OuOMHMOTEKAa je HOBU MOHAENT OHOIMOTEKE ONMpPEMJbEHE WHTEIUTCHTHUM
ypehajuma kao mTO Cy ceH30pH, Kamepe, ypehaju 3a mpemo3HaBame JUIa U TOBOPA,
RFID TaroBu u uuraum, u apyru (Radenkovié et al., 2017). llusb pa3Boja mamMeTHHX
O6ubaroTeKa je Ma ce yHarpene OMOIMOTEUKH MOCIOBHH MPOIECH U J]a C€ KOPUCHUIIUMA
Ipy)Ke WHOBAaTHBHHU CEPBHCH 3a MpeTpary u kopuinheme caapkaja (Shiwei, 2012; Liu
and Shen, 2018). CaBpemeHr OHMOIMOTEYKH CHCTEMH OOYXBaTajy BEJHMKE KOJMYHUHE
MITAMITAHUX, MYJITUMEINjaTHUX ¥ JUTHTAIN30BAHUX MaTepHjasia u3 pa3InuuTHX U3BOpa
(Hey et al., 2009; Bekkerman et al., 2011; Rubin, 2017). Cknaguiiremne, aHaIUTHYKA
o0Opaja U BU3yaIm3almja cy KOMILUICKCHH U HEe MOTY ce e()MKacHO 00aBJbaTy MPUMEHOM
TpaauIMOHAIHUX Oubnroreuknx uHpopmannonux cuctema (Eliot and Rose, 2009;
Ahrens et al., 2011). Bpojua ucTpakuBama ykasyjy Ha mpoOieMe TPUIMKOM 00paje
BEJIMKMX KOJIMYMHA CJOKCHHUX THUIIOBA I[oJaraka W Mpeiyiaxy mnpuMmeny big data
TEXHOJIOTHja 3a peliaBame oBux mpobiema (Cukier and Mayer-Schoenberger, 2013;
Horstmann and Brase, 2016; Bhat, 2018).

Y caBpemenoj aureparypu, big data mpeacraBiba BakHY TEXHOJOIIKY W HAydHO-
uctpaxkupauky obnact (Panetta, 2016). bpojue HayuHO-UCTpakuBauke MHCTUTYLH]E U
KOMIIAHHWj€ Yy jaBHOM M TPUBATHOM CEKTOPY pa3BHjajy HHOBaTMBHE MOJENE 3a
CKJIaJIUIITEHhE, MPETpary U aHalu3y BEIMKHX KoimdyuHa nojgaraka (Fey et al., 2008;
Boyd and Crawford, 2012). ITpumapuu 3agamum big data texHoaoruja cy: CKIaIUIITeHE
nojiaTaka KOjU C€ BEIUKOM Op3MHOM TEHEpHIy KpO3 ITUHAMHUYKY WHTEPAKIIHU]y
KOPUCHHKA; OMOTYNHTH NIPETpary 1 aHajau3y pasIuuuTHX (popMaTa HEKOMIATHOWITHHX H
HCKOH3UCTCHTHHUX CTPYKTYypa TojaTaka; i OMOTYNHTH MOAPIIKY 3a JOHOIICHE OIyKa y
peasinom Bpemeny (Laney, 2001; Buyya et al., 2016).

Benuku 6poj HaydHUX pajoBa M HAYYHO-UCTPAKUBAYKUX Tpojekara 0aBH ce pa3BojeM
big data uadpacTpykType U cepBrca y pa3IHUMTHM JOMEHMMa TociaoBama (Chen and
Chao, 2008; Romero et al., 2009; Lu et al., 2011; Santos et al., 2014; Sun et al., 2014;
He et al., 2014; Burnap et al., 2014, Raghupathi and Raghupathi, 2014; Thaduri et al.,
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2015; Yao et al., 2015; Duan and Xiong, 2015; Ismail and Al-Feel, 2015; Chandio et al.,
2015; Saboo et al., 2016; De Meo et al., 2017; Khan et al., 2015; Yi et al., 2017; Khan et
al., 2017; Amato et al., 2017; Rodrigues et al., 2018). Melyrum, aHanu3za Hay4He
JUTEpaType yKasyje Ha HeJOoCTaTak CBEOOYXBATHOT MCTPaXKHBama y 0071aCTH MPUMEHE
big data cepsuca y mamerHum OubOmuorekama. Takohe, mMamu Opoj HCTpaKUBamba
pa3marpa OBO MUTakE U3 MEPCIEKTHBE 00pa3oBHe uHCTUTYLH]E (Simovié, 2018).

bubnuoreukn cucremMu OOpa30BHMX HMHCTHTYLHja Cy crneuupuuHu jep Tpeba 1a
MpEACTaBJbajy CaCTaBHH JIEO 0OPa30BHOT Tpolieca U Ja Oymny MHTErpHCaHU ca JPYTHM
o0Opa3oBHUM cepBucuMa. Ilpumapuu mw/b mnpuMeHe Dbig data texHomormja y
OMOJIMOTEYKOM IIOCIIOBalbY OOPa30BHUX MHCTHTYLHMja j€ MOTYRhHOCT CTBapama
MaMETHOT OMOJIMOTEUKOT €KOCHCTEMA 32 YIIPaBJbahe BEIMKUM KOJIWYMHAMA M0/1aTaKa U3
pasNIMYUTUX H3BOpa, KAa0 M HUXOBO CaKyllJbame, IIOBE3UBAEkE, WHTETPUCAIE,
CKJIQMIITEhE, aHATM3UPAbEe U BU3yanu3oBame. OcuM nogaraka o 6nbnmoreykoj rpahu,
O0uOaMOTEUKH HMH(OPMALMOHM CHUCTEMHU OOpPa30BHMX HHCTUTYLIMja Tpeba Ja cajapike
JOBOJbHO HMH(pOpMaIMja O CTyICHTHMa Kako OM ce aJeKBaTHO OATOBOPHJIO HA YIIHUT
CTYACHTA U MPETOpyUYnia peJeBaHTHA JIUTEeparypa.

CucteMH TMpenopyke ce y BEIMKO] MEpu MOTy YHampeauTw mnpumenoM big data
KOHIIENITA W 3ay3uMajy MECTO IIMPOKO MPHMEHEHHX allaTa y pa3HUM objacTuma
enekTpoHckor mociosama (Philip Chen and Zhang, 2014). Iuss cuctema npemnopyke je
na cMmamu mnpeontepeheme uHbpopmanuja (enrn. Information Overload) Ttako mTo
M3BJIaYd peicBaHTaH caapykaj u3 Benuke konnunHe noxaraka (Toffler, 1970; Grisé, and
Gallupe, 1999; Eppler and Mengis, 2004). [Ipema TexHHKamMa ¥ aJIrOPUTMHAMA KOjH CE€
KOPHCTE MPHU MPOLICHH KOPUCHOCTH CaJipKaja, OCHOBHU CHCTEMH TPETIOpPYKe ce Jesie Ha:
cucTeMe mpernopyke Oasupane Ha canapikajy (erri. Content Based Recommendations);
cucreMe KkojaboparuBHor ¢unrpupama (enri. Collaborative Filtering); u xuGpumane
cucreme mnpenopyka (enrn. Hybrid Recommender Systems) (Herlocker et al., 2000;
Adomavicius and Tuzhilin, 2005). OBu cucremu mpeasuhajy HHBO HHTEPECOBarbA
KOPUCHUKA UM KOPUCHOCTHU ofipeheHor cajipikaja M paHTupajy ux npema npeasuheHum
Bpennoctuma (Bernardes et al., 2014). Cucremu 6a3upaHu Ha cajpkajy ce 3aCHHUBAjy
Ha MPETHNOCTaBLUM Ja he KOPHCHOCT cajpkaja OMTH CIMYHA OHOj KOjy je KOPHCHUK Y
NPOILIOCTH OUPao, JOK CE KO KOJAOOPAaTHBHOT (PUITPUpPama, KOPUCHOCT NpeaBuha Ha
OCHOBY TPOIICHE caapiKaja, IMyTeM KYIOBHHE WJIM OICHWBamka, O CTpPaHE IPYrux
kopucHuka cuctema (Lu et al., 2015). KomOuHanujom OBHX ajlropurama CTBapa ce
XHOPUIHU CHUCTEM Npernopyka KOjU H3padyyHaBa M OLEHY KOPHUCHUKA M (DyHKIH]jY
cagpxkaja (Lin, 2014). Cucremu mnpenopyke MMajy BEJIUKU ITOTEHIMjaj MPUMEHE Y
OuOMMOTeYKMM HMH(POPMAIIMOHMM CHUCTEMHMa ¥ MOTY Ja JOmpuHecy O0oJbeM
pasyMeBamy moTpeda CTy[aeHaTa npeajiarameM caapxkaja oq uarepeca (Simovié, 2018).
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1.2. IIM/bEBHU UCTPAKHUBAIbA

[lpumapHu 1MJb JOKTOPCKE IHCepTalMje je pa3Boj M eBalyaldja Mojeja IaMeTHe
oubnmoreke 3acHoBaHor Ha big data texmomormjama. lucepramuja oOyxBaTa
pelleBaHTHA TEOPHjCKa U MMPAKTHYHA pelickha y AoMeHy big data rexnomoruja u cucrema
Ipernopyke y nameTHuMm Oubnmorexkama. llpemnokeHun monen mameTHe OMOIHOTEKE
MHTETpHIIE BUILEC W3BOpa pa3IMYMTUX Moaataka y big data TexHomomku okBup. Y
00pa30BHOM KOHTEKCTY, MHTETpalyja moaaraka ooyxsatuhe pa3imauTe U3Bope: MoaaTKe
U3 CHCTEMa 3a YIpPaBJbale YUCHCM; EBUJICHIIUjE CepBepa CJIEKTPOHCKE MPOIABHHUIIE
KIbHUTA; TIOJATKe O KOpUINEewhy KbUTra U3 ONOIHOTEKe; MOAaTKe MPUKYIIJHEHE ca CEH30pa
y MaMEeTHOM OOpa30BHOM OKpYXKEHY; M TOJAaTKe ca JAPYIITBEHUX Mpexa. Pesynraru
eBaslyallje cHucTeMa IMpuka3ahe eKOHOMCKe W TEXHHYKEe MapaMmerpe mneppopMaHCH
pa3BHjeHOr Mojena, Kao M o00pa3oBHe mapaMmerpe mnephopMaHCH 3a TPOLECHY
3aJI0BOJBCTBA CTYACHATA U yTHUIlaja MPUMEHE Pa3BHjCHOT CHCTEMA Ha UCXOJIE YUCHa.

1.3. IIOJA3HE XMIIOTE3E

I'maBHa xunotes3a y paay riacu:

Pa3BojeM u MMIUIEMEHTALMjOM MOjeia MaMeTHe OMOIMOTEKe 3acHOBaHOr Ha big data
TEXHOJIOTHjaMa TMPWIAroheHoT 3a MPUMEHY y OOpa3oBHMM WHCTHTYyIHjamMa moryhe je
YHanpeauTH 00pa30BHU MPOLEC U MOOOJBIIATH CBEYKYITHE PE3YNITATe yueHha.

Ha ocHoBy nedunmcaHor mpeameTa UCTpaKUBamba W OCHOBHE XHUIIOTE3E, MOTY Ce
n31BOjUTH ciienehe moceOHe Xumnorese:

X1. Moryhe je pa3BUTH M NPUMEHHTH MOJE] MMaMETHe OMOIHOTEKe 3acHOBaH Ha Dig
data TexHosorujama.

X2. Ilpumena big data cucrema mpenopyke y maMeTHHM OMOIHOTEKamMa JIOIPUHOCH
yHanpehewy OUOIMOTEUKOT OCI0BakA.

X3. Big data cepBricu mameTHe OHOTHOTEKE MOTY C€ HHTEIPUCATH Y 0OPa30BHU MPOIIEC
y by yHampehema kBaauTeTa 00pa3oBHOT MpoIieca.

Jabum nepuHNCameM HaBeIEHUX MOCEOHUX XUIOTe3a, MOTy JAa ce (OopMyIHIIy
cienehe mojenuHavYHe XUITOTE3E:

X1.1. Moryhe je paszsutu big data cucrem mpenopyke nametrHe OuOIMOTEKE, MOCEOHO
MOTO/IaH 33 IPUMEHY Y 00pa30BHUM HHCTHTYIIHjaMa.
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X1.2. Tlpumenom big data TexHomoruja u cepBuca, Moryhe je HMHTCTPHCATH BHIIE
M3BOpa PA3IMYUTUX TOJIaTaKa Y MaMETHH OUOIMOTEUYKH HH(POPMAIIMOHH CUCTEM.

X2.1. Moryhe je peanu3oBaTu eBayalnjy Mojeia maMeTHe OuOanoTeke nmpuMeHoM big
data ananurtuke.

X2.2. Tlpumena big data texuonoruja y yHanpehemwy nnbopmannone uHGpacTpykType
00pa30BHE MHCTUTYIIH]E JOMPHUHOCH OOJHEM ITOCIIOBHOM PE3YATATY.

X3.1. KopucHuiu cy 3a10BOJbHH KBAJIUTETOM MPEMNOPYUCHOT calipikaja MyTeM CHCTEeMa
MpENnopyKe maMeTHe ONOINOTEKE.

X3.2. IIcuxonomKy, EKOHOMCKH W TEXHOJIOIIKM AaCIEKTH Cy PEJIEBAaHTHH Yy IPOLEHU
nepdopmaHcu Mojenia maMeTHe OubroTeke mpumerom big data texxosoruja.

1.4. METOIE UCTPAKUBAIA

Op ommTeHaydHHX METO/Ia KopuilheHa je MeToJa aHajlu3e M CHUHTe3e mnocrojehmx
HaydHUX pe3yirara, MOACIUPAKC, aHAJIUTUYKO-ACAYKTHBHA W CTATUCTHYKA MCETOAA.
MeTonamMa aHanu3e M CHHTE3¢ Cy AaHalM3HpPaHE TEOPUjCKE OCHOBE MaMETHUX
oubnuoreka, big data texnonoruja u cucrema npenopyke. Moaenupame ce KOPUCTHIO
3a u3pajy Mojena mameTHe OuONMMOTeKe 3acHoBaHOr Ha big data TexHomormjama, 3a
Mmozenupame big data uadpactpykrype u cepBruca. AHATUTUIKO-ACIYKTHBHE METONIE CY
kopuinhieHe 3a aHaiau3y Mojaraka o mmoctojehuM pememnMa, OPUCTYIAMA, H O
TEXHOJIOTHjaMa 3a pa3Boj CO(TBEpCKHX KOMIIOHEHaTa. Mepeme peeBaHTHUX
napaMeTapa neppopMaHCH CUCTeMa, M aHaiu3a JOOHMjeHHX pe3yirara cy o0aBJbEHH
momohy crarucTrukux MeTonaa u big data ananuruke.

VY excrepuMeHTaTHOM ey paja je W3BpIICHA eBajyallfja pa3BUjEHOr MOjela.
JloOujenu pe3yaTaru cy MOTBPAWIN TIABHY U MTOCEOHE XUITOTEe3¢ UCTPAKUBAHA.

HctpaxkuBame ce Moxke KiIacu(PUKoBaTH Kao MYITHIUCUUIUIMHAPHO jep oOyxBaTa
METONIOJIOTH]Y, WH(GOPMATHKY, padyyHApCTBO, CTAaTHUCTHKY W TICUXOJIOTH]Y. Pesynmrarn
UCTpaXXMBamba Cy TPEACTABIbEHH TEKCTYallHO, ONHMCUBAKEM M TPaQUUKd KpO3 BHIIE
CJIMKa, AMjarpaMa u Tabelia ca yrmopeaHuM pe3ylTaTuMa.

1.5. CTPYKTYPA Y OPTAHM3AIINJA PAJIA

VYBOAHO MOITaB/b€ ONUCYj€ MPEIMET HCTPaKMBama, LIMJbEBE HCTPAXKHUBAHA, MOJTA3HE
XHUIOTE3€, METO/IC UCTPAKUBAKA, CTPYKTYPY H OpraHU3alldjy paja.
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VY napyrom mornaBiby Cy aHalM3MpaHa IocTojeha pemiema M OCBPT Ha JIUTEPATypy
OMOIMOTEUKOr TOCIOBaka TPAJAULMOHAIHUX M JUTHTANIHUX OMOIMOTEKa W cucTeMa
npernopyka y big data oxpyxemy. Y oBOM moriaBipy je Takoh)e aHaIM3MpaH yTHUIA]
HOBUX TEXHOJIOTHJa Yy HaAOorpagmu Oubinoreuke HHQPACTPYKTYpe U U3rPAIHU
MaMEeTHOT OMOIMOTEUKOT MH(POPMALIMOHOT CHCTEMa; Kao M WACHTHU(HKALM]ja HAYMHA 32
pelaBambe M3a30Ba CTBOPEHUX Op3uM HH(POPMALMOHUM pa3BOjeM M TEXHOJOLIKUM
IIpoMeHaMa.

Tpehe mornassbe onucyje TEXHOIOTH]E MPUMEHEHE 3a pa3Boj Mozena. OBO MOTIIaBJbE e
nojieJbeHo y JBa moTnoriarsba: big data m cucremu mpenopyka. [IpBo motmorsaBibe
onucyje big data xounent, uHppacTpyKTypy U cepBuce. Y APYroM IMOTIONIABbY Cy
OMMCaHW CHCTEMH TIperopyka. [Ipuka3aHa je peajm3alja CHCTEMa M HM3BpILICHA je
KOMITapaTHBHA aHanu3a mnpuMeHoM Mahout okBupa kopuiihemeM CKyma TMomaraka
CBH/ICHIIMjE CEpPBEPa CIICKTPOHCKE MPOJABHHUIIC KIbHUTA.

YerBpTo mnormnaBibe oOyxBaTa pa3Boj NPEIVIOKEHOT MoJella NaMeTHe OubInoTeke
3acHOBaHOT Ha big data rtexHomormjama. [Ipukazana je apXWUTEKTypa CHUCTEMa M
npojexToBame big data pemiema. Pa3Bujen je Mogen nameTHe OHOIMOTEKE 3aCHOBAH Ha
big data TexHomormjaMma W TpUKa3aHa je apXUTEKTypa CHCTeMa Koja omoryhasa
HMHTErpaldjy BHUIIE HW3BOpa pa3IMUMTHX Imomaraka y big data exocucrem koju je
1moce0HO TOTo/IaH 3a MPUMEHY Y 00pa30BHUM WHCTUTYIIHjama.

IIpumeHna pa3BHujeHOT Mojela, €Balyalldja pelliekha U aHaIU3a MOCTUTHYTHX pe3yaTara
j€ U3BpILIEHA Y MIETOM IOTJIaBJIbY.

3akbydyak oOyxBaTa IHperie]] HaydHUX M CTPYyYHMX [JONPHHOCA JUCepTanuje |
JIpYIITBEHE MMIUIMKAIMje, TUIAHOBE 3a Jajba HCTpakuBamka U IpHUKa3 peepeHTHE
JUTEpaType.

V mpuiory je iaT Cucak CBHX CIHMKa U Tabela, Kao U OJaTHUX CIIHKA.
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2. AHAJIM3A IOCTOJERUX PEIIEHA U OCBPT HA JINTEPATYPY

Jenan on mpBUX 3a0enekeHMX TOKyIIaja MPUKYIUbamka IoJaTaka je OMO CpeluHOM
tpeher Beka mpe HOBe epe Kaza je Pinakes opranusoBao karanor 6ubiaroreke HaBogehu
uMeHa ayTtopa o abenearom peay (Weinberger, 2007; Teets and Goldner, 2013). Tokom
BpeMeHa, MH(oOpMalije Cy ce y Karajio3uma OMOIMOTEKa CEelIeKTOBaje M COpTHpaje
NpBEeHCTBEHO 3a Gu3muky npumeny u ¢usnuku ceer (Eliot and Rose, 2009). 3nayajna
nHoBanyja ce porogmna 2010. rommHe kanma je Hemauka HanmoHanmHa OMONIHMOTEKA
o0jaBusia Karajor OMOJIMOTEKE KOJU MOBE3yje PaJoBE Pa3IMYUTUX ayTopa M3 HMCTUX
obmactu (Svensson and Jahns, 2010). Bpurancka Oubmuorexka je 2011. romune
IpeJCcTaBuia MOJaTKe HalMOHajHe OWOIMOTEeKe Kao MOoBe3aHe IMojaTke, omucyjyhu
Mozen cTBapH of MHTepeca (eHri. Things of Interest) rme je Ha3uB KmbHre moBe3aH ca
spymuma, forahajuma u mectuma (Hodder, 2013; Teets and Goldner, 2013). IIpema
MzjaBu Statement on Libraries and Development kojy je o6jaBuina MehyHapoana
benepanuja 6ubIMOTEKApPCKUX yapykewa u nHctutynuja (International Federation of
Library Associations and Institutions — IFLA): “bubnuomexa je jeouno mecmo y
MHO2UM 3ajeOHUyama y Kojuma /byou mozy npucmynumu ungopmayujama koje he
nomohu y nobomwary mwuUxosoe 00pa308ara, Ppa3eujary  HOBUX — BEUMUHA,
NPOHANAddCcerY NOCi06d, epalery NOCI08HUX Npojekamd, OOHOULer) 30PA6CHEEHUX
00nyKka u pewasarpy numarsa sxcusomue cpeoune.” (IFLA, 2013; Cao et al., 2018).

VY OGubnuoreukoMm mocioBamy, jour on Ranganathan-osux The Five Laws of Library
Science, ocTaBiba ce MUTambE MPUMEHE HOBUX TEXHOJIOTH]ja Paad MOOOJbIAa YCIIyTe
KOpPHCHHMIIMMA U YKYIHOT jgonpuHoca Hayiu (Ranganathan, 1931). Toffler (1971) je y
cBojoj kmu3u Future Shock mocraBuo teopujy ma he mpeontepeheme uHpOpMaruja
(errn. Information Overload) noBectn 10 KOHQUIMKTA y JOHOIIEHY omiryka. [Ipema
ayropuma: Meier (1963); Lipowski (1975); Vollmann (1991); Hunt and Newman (1997);
Grisé and Gallupe (1999); Wurman (2001); Hansen and Haas (2001); Eppler and
Mengis (2004); Srinivasan (2016), nmara je kmacudukanuja mpeontepehema
uHpOpMalnMja Koje je MACHTH(HKOBaJa aKageMcKa 3ajeJHHUIA. IPEKOMEPHO
npeontepeheme KoMyHHKanuja; npeontepeheme nHPpoOpMaluja 1001jeHIX 0O CEH30pa;
KOTHUTHBHO mpeontepeheme; mnpeontepeheme 3Hamba y MEAWLIWHH, CHHIPOM
uHdopmarmoHor 3acuhema; mpeontepeheme wuHMOpPMaIMja y OKBHPY CEKTOpa
npoeCUOHATHAX CEPBHCA, OJ MOCIOBHUX KOHCYITAIMja 10 MOCIOBHHUX CacTaHaKa U
CIL.

KymynaruBao mnoBehamwe o0MMa momaraka W3 pasIHuUTHX HM3BOpa, PEIAIMOHUX U
HEepENalMOHUX JIOBOIU 10 TpolieMa TMpykama e(QuKacHe OMOIUOTeUKe yCIyre
KopucHHUIIMMA. bubnumoreke ce cyodaBajy ca cBe BehuM m3azoBuMa Kako Ou Owie y
cTamy Ja 3a710B0Jbe cBe Behe morpede cBojux kopucuuka (Cao et al., 2018). M3a3oBu ce
U3pOKCHH Yy TMpUMapHa TPH JAOMEHAa Kpo3: Op3e MNpoMeHe Yy TMPOjeKTOBalmY U
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peann3anuju HOBUX WH(POPMALMOHUX CHUCTEMa; HOBE MPUCTYIE aHAIM3H WHTCH3MBHHUX
nojiataka; u pasHoBpcHocTH notpeba kopuchuka (Cao et al., 2018).

IIpema Pybuny (2017), oOpa3oBHEe HMHCTHTYLHjE CYy y MEPUOAY TPaH3UIMje Kada je y
NUTaky HaYMH Ha KOjU MpYKajy cBoje Ombnuoreuke yciyre. HoBe merone nocrase
cajapkaja oMmoryhapajy eJEKTpPOHCKAM OHOJMOTEKaMa Ja 3aMEHE TpaJUullMOHAIIHE
npenopyke oubnnorexapa. Metozne npenopyka Tpeda na ce mpuiarojae Kako Ou mMormie
Jla OArOBOpE Ha KOHTHHYHpPAHO MOOOJbIIaBakeé HOBUX TEXHOJIOTHMja KoOje HyJe
MOryhHOCT HOBUX OOJHMKa HCIOpyke wHbopMamuja. Y CKIagy ca THM, TPUPOJIA H
CTPYKTypa Karajiora o0pa3oBHHX OnOIMOTEKa Tpeba ga ce MPOMEHU KaKo OW MOHYIMIH
caapxkaj ox Beher nHTEepeca y CKIaay ca 10jaBOM HOBHUX €KOHOMCKHX Mmojena (Simovid,
2018). OBu 3axTeBHM YCJIOBM 4YHMHE NaMETHY OHOIMOTEKY HEM30CTaBHUM JEJIOM
CaBpeMEHOI' OHMOJIMOTEYKOr IOCIOBHOI cHcTeMa OOpa30BHE WHCTUTYIHje, Kao U
CacCTaBHOT JieJla KOHTUHYUPAHOT TpoIieca yueHma.

2.1. TPAIMIMOHAJHE U JUTUTAJHE BUBJIUOTEKE

TpanuoHaTHO KOH(PUTYpHCAaHW CUCTEMH 3a CKIAJAMINTCHE W aHAIW3y IoJaTraka
crpeyaBajy OMOIMOTEKE Ja MOCTUTHY KOHKYPEHTCKY MPEeIHOCT. AKajgeMcke OubanoTexe
Cy M3ryOWJie MOHOIIOJN HaJ TpyXamkeM HHpOpMaluja jep Cy KOPUCHUIIM MPENLId Ha
onnaju Hayyne wus3Bope (Chambers, 2013). TpamuinuonanHu OHOIMOTECUYKH CHCTECMH
HEMajy CIIOCOOHOCT 32 YIpaBJbakhe BEJIMKOM KOJHMUMHOM TI0/IaTaKa, CIIMKa, ayTuo-BUICO
W CEH30pPCKUX 3amKca, Kao W JPYruX CIOKEHUX TUIIOBA IMOJaraka KOjU CE BEIUKOM
Op3WHOM TEHEpUIIy U3 pa3IuuuTHX n3Bopa. CTpyKTypHpaHU cUCTeMH 0a3a mojaTaka
KOjU CKJIaJuIITe BeJIMKY BehuHy nH(opMaIyja HUCY NPUKIIAJHU 32 aHATUTHUYKY 00pary
W CyodeHH cy ca mpobOinemuMa kamarureta ckianuiira (Bekkerman et al.,, 2011).
Bpennu nomanu y TMM cucTeMHMa KOjU MOTY HOCUTH BakHe MH(popMaluje, U Koju cy
CaKyIJb€HH M YCKJIATUINTEHH IO BUCOKO] IICHW KOINTama, UTHOPHUIILY C€ M KOHAYHO
Opumry 300r orpanudeHor ckimamuinHor npoctopa (Worlton, 1971). IMoremkohe ce
Takohe Halaze y MPUKYIUbamy, ICJbCHY, BU3yaJIH3alHMjH U TYyrOPOYHOM UYyBaBY
nomaraka (Ahrens et al., 2011; Hey et al., 2009; Horstmann and Brase, 2016; Bhat,
2018). Ocum Tora, y TpaJAWIMOHAIIHUM CHCTEMHUMa OHWOIMOTEUKOT TOCIOBamkba,
MIPENopyKe 1ajy OMOIMOTEKapd Ha OCHOBY HHHUXOBOT HMCKYCTBa, (DM3MYKUX KapTHUIA
KOPHCHHKA U yCKJIaauITeHux noparaka (Simovié, 2018). bubnaunoreukn karaao3u Tpeda
JIa caapke JOBOJbHO MH(opManuja o OuOIMOTeYKoj Tpahi W KOPUCHUUKUM
npedepeHnjaMma Kako OM MOIIM J1a Ofpejie MOTEHIMjaJHO MJeallaH pe3yaTar U jJa
aJIeKBaTHO OAroBOpe 3axTeBuMa kopucHuka (Horstmann and Brase, 2016).

3a pasnuKy O TpaJAWIMOHATHHX, HPEINOpyKe KOje Cce MPUMEHY]y Y CHCTEMUMa
JTUTUTATHUX OMONIHOTEKa, KOPUCHUIIMMA Tpeba J1a MOMOTHY y TIPOHAJIAXEHhy U 01a0upy
noTpeOHNX wuH(pOpMamMja W M3BOpAa 3aCHOBAHWX HAa 3HAKY W3 BEJIHMKE KOIHMYMHE
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noctynuux mnonaraka (Porcel and Herrera-Viedma, 2010). Ayropu (Balabanovi¢ and
Shoham, 1997) cy mnpencraBuiu aurutanHy Oubnauoreky Fab, VYauBepsurera
Crandopa, koja mpuMemyje XUOPHIHA CUCTEM MPETOPYKe y KOMOMHAIIM]U aJropuTaMa
0asupaHux Ha KojabopaTuBHOM (GUITpHpamy U Ha caapkajy. Mooney and Roy (2000)
Cy pa3sBWIM CHCTEM IMPENOpyKe KibUra ca alrOpUTMOM MAIIMHCKOI y4ema 3a
kateropuszaiujy Tekcra. Naive Bayesian kimacudukatop TEKCTa je EKCTPaxoBao
uHpOpMalMje Kako OM HampaBUO KAapPAKTEPHCTUKE KIbHMra Ca IMJbEM MpPOHAJIAKEHA
peneBaHTHOT caap:kaja. Renda and Straccia (2005) cy npeaIoKuiIn mepcoHaIn30BaHy
yenyry aurutainHe ouommoreke nox HasuBom CYCLADES. CYCLADES-oB anropuram
Ce ocilama Ha INepcoHANIM30BaHe HWH(OpPMANMje KOPHUCHHKA U OpraHu3ainje y
MHTErpHCaHOM OKpyxewy. Ha ocHoBy Porcel-oBor ucrpaxusama 2009. rogune, koju je
pa3BUO XUOPUJHM CHCTEM IMPEIOpPyKe 3a Tpeiaramkbe HCTPAKUBAYKUX pecypca
YHUBEP3UTETCKUX nurutamHux Oubmmorexka (UDL) pamu pykoBama (GIIeKCHOMIHUM
nHpopManjama 1nomohy JIMHIBUCTHUKMX O3HaKa CTBapameM pelangja ca
npedepeHnrjaMa KopucHuka, Serrano-Guerrero je 2009. roguHe MPeaCTaBUO CHCTEM
npenopyke koju je uarerpucao GoogleWave rexnonorujy ca UDL-om.

JIoK OB pa3MaTpaHM CUCTEMHU AMTUTAIHUX OMOIMOTEKa YIIIaBHOM KOpHUCTE XHOpHIHE
MPUCTYIIE KOJU TPENopydyjy caapxkaj KoMOuHyjyhu TeXHHMKE KoimabopaTUBHOT
bunTpupama ca cucremuMa 0asupaHux Ha caapxkajy (Lu et al., 2015), caBpemenu
O6ubnmoreukn WHPOPMALMOHN CUCTEMHU Tpeba Ja Mpyxke yBHI y mojarke kopuctehu
pa3IMuuTe TEXHUKE Kao 1mTo je big data ananuTrka U3 CBUX TUIOBA U U3BOPA MO/IaTaKa,
Tpeba na omoryhe MOCIOBHY aHAaIUTHKy M 00paay y3 mnoBehame Kkamamurera 3a
JOCTaBJbak€ 3HAYajHUX HH(DOpMalMja W caapikaja oJ HMHTepeca IyTeM CcHCTeMa
npenopyke. TakaB cucteM Tpeda n1a omoryhu cBeoOyxBaTHY JOTMCTHUKY U aHAJIUTUUKY
wiatpopMy ca ONMPEMJBCHHM ajlaTiMa W pelIeHhUMa KOJH Cy Y CTamy Ja 3a10BOJbE
norpede COPUCTULMPAHUX M 3aXT€BE MOJAEPHHUX, MaMETHUX OHOIMOTEUKUX
uHpopmanuonux cuctema (Simovic, 2018).

2.2. CHUCTEMM IPEIIOPYKA V BIG DATA OKPYKE®HY

Cuctemu mpernopyka npuMeHom big data texHomoruja mmajy moTeHuWjan aa Oymy
3HauajHO yHampeheHW WHTErpamnujoM BUIIECTPYKHX HM3BOpa Pa3IMUMTHX IIOJaTaKa y
nametHu big data exocucrem (Simovi¢, 2018). Cuctemu mpenopyka Hajase IpUMEHY Y
pa3IMYUTAM JOMEHHMA IOCIIOBakba M MMAjy 3ajeJHHUYKY OCOOMHY KOja je mperno3Hara
Kao BakaH W3BOp HMH(pOpMaIMja Koje Ce KOPHUCHUIMMA HyAC IYyTeM OlCHHBamba
caap:kaja U 00jaBJbMBam-a KOMEHTApa IpeMa BHX0BOM MuUllbemy (Lin, 2014). Lee et al.
(2015) cy npemmoxwau morpedy 3a HOBHM TexXHHKama big data amamutuke paau
CMamemha TPUCTPACHOCTH Yy BpPEAHOBaWkY (QHUIMOBA, IOCTaBbajyhn mHTama o
MOY3/IaHOCTH OICHUBakba Kao HENPHCTPACHOT HMHAMKaTopa KBaiureTa. Takohe cy
OTKPWJIX J]a paHHje BPEIHOBAE Ol CTPAaHE OHJIAjH 3ajE€HUIIC KaO BEIUKE MPEKE JbYIH
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HacynpotT npujaresba (eHrn. Crowd versus Ffriends) moxke umati pa3iuuuT yTuiaj Ha
Oynyhe onene kopucuuka. Gao et al. (2018) cy uctpakuBanu yTuIaj KyITYpOIOIIKUX
(axTOopa KOPHCHUKA MPHUIMKOM OHJIAjH OLCHUBamka XoTena. EMIupujcku cy OTKpHin 1a
KOPHCHHIIM KOJH JI0JIa3e W3 3€Majha ca BEJIMKOM ylasbeHOIhy aajy HIKe OIleHe
XOTEJIMMa MyTeM OHJIAjH YIUTHHUKA.

VY big data oxpyxemy, cUCTeMH Hpenopyka ce MIMPOKO NPUMEHYjy 3a Ipeasarame
KOHTaKaTa WM akKTHBHOCTH Ha IuiatdopMama apymreHux mpexa (Wu et al., 2014); na
moboJbllajy IuMJbaHe oriace pekimamae uHaycrtpuje (Buyya et al., 2016); kao u 3a
Tpeno3HaBame MpedepeHIirja KOPUCHUKA Y KOHTEKCTY KYyITYpHUX Jorahaja Ha OCHOBY
aHanu3e ApymTBeHUX mpexa (Milovanovic et al., 2019). IIpaktuyna npuMeHa cucTeMa
IPENopyKe MOXKE Pa3BUTH HOBE MApKETUHILIKE CTpaTerdje HHTErpalijoM TpPEeHYTHE
CUTyallje KOpUCHUKa U BbUxoBe Oynyhe morpebe, Hynehu KOHTEKCTyalHO pejleBaHTHE
counjanuzoBane npernopyke (Shen et al., 2013). Lu et al. (2015) cy npeacraBuiu pa3Boj
cUcTeMa TMpEeropyKa W TPYMUCAINA HUXOBY INMPHMEHY y OCaM IJIaBHUX KaTeropuja:
e-ymnpaBa; e-TI0CJIOBamke; €-TProBHHA, €-OMONMOTEKa, e-Typu3aM; YCIyre e-pecypca;
aKTHUBHOCTH €-TpyIa; U e-00pa3zoBame.

VY e-obpazoBamy, on panux 2000-ux, cuctemMu mpemnopyka nocrajy cBe nomynapauju. Ha
OCHOBY pa3Boja TPAANUIMOHATHUX CHUCTEMa €-00pa3oBama M BUILE Of] IETHACCT TOANHA
WCTPaXMBAaYKHUX CTyIHja Ha OBY TEMY, pa3BHjeHa Cy MHOTa NMPAKTUYHA U MPUMEHIbUBA
peliema cucTemMa Ipernopyka 3a e-oopasosame (Simovic, 2018). OBu cuctemu nmajy 3a
Wb J1a IOMOTHY CTy/IEeHTHMa J1a u3abepy KypceBe U npoHal)y Marepujaje 3a yueme 3a
Koje cy 3amHTepecoBanu. Zaiane (2002) je mpemioxuo usrpaamby cohTBEPCKOT areHTa
KOJU KOPUCTH TE€XHHMKE pydapema IMoJaraka KOju je 3aCHOBaH Ha aJropuTMy MpaBuiia
NPUIPYKUBaka 32 HM3TPaliby MoJela KOjU NpPEACTaBJba IMOHANIalke KOpPHCHHKA. Lu
(2004) je mpennoXHO MEPCOHATU30BaHY MPEMOPYKY y €-00pa3oBamby U IMPEACTABHO
CHCTEM KOJU KOPUCTH padyHApCKU MOAEN 3a HWIeHTU(UKAIM]y NpedepeHLuja ydema
CTyleHaTa KOju ce KOMOWHYyje ca MpaBWiIMMa NMPHIPYKHBama MPHIUKOM TeHepHCcama
nperopyke. Chen and Chao (2008) cy pasBuwix CHCTEM KOjU MPHIPYXKYje
TpaJUIMOHATHE HACJIOBE KIbMra OHJIAJH JUCKYCHOHHM (OpymMHMa M JPYIITBEHUM
Mpexkama. Ha ocHOBY mpedepeHIrja KOpUCHUKA, WIAHOBU J00Hjajy TIOPYKe U3 OHJIAjH
3ajeIHUIIe KOja YK/by4yje JIMHKOBE Ka JIPYTUM OHJIajH pecypcuma. Romero et al. (2009)
Cy TPEIIOKHIA CHCTEM IPENopyKe y €-00pa30oBamy KOJU KOPHCTH TEXHHKE OHJIAJH
pyAapema IMojaTaka Kako OW Tpemnopydywiv JIMHKOBE Ka JPYTUM pecypcuMa y
00pa30BHOM CHCTEMY 3a yuerme Ha nasbuHy. Capuano et al. (2014) cy pa3suiu cuctem
Ipernopyke y e-o0pa3oBamy 3aCHOBaH Ha XUOpUAHUM anroputMuma. OBaj cHucTEM
Ipernopyyyje ILHbEBE ydeHha TI'eHEPHCABEM Ipernopyke Kpo3 HCKYCTBa M moTpede
CTyZleHaTa TOKOM OOpa30BHOT IMKIyca. XHOPHIHH aJTOpPUTaM TeHEPHIIE IPETOPYKY
KpO3 TpH KOpaka: Malupame, MpoleHa KOPUCHOCTH M IUJHEBH BUIIET HHBOA YUCHa.
[Mpommpeme e-00pa3oBHOT cucTema mpemiokwm cy Santos et al. (2014) myrtem
MIPOjEeKTOBama MEPCOHATM30BaHUX Ipenopyka. OBa cTyauja Mmokasyje Jia je M3rpajmba
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MEPCOHAIM30BAHOT CUCTEMa €-00pa3oBama Mpolec Koju Tpeda Jaa oAroBopu norpedama
CTyJeHaTa TOKOM YHTAaBOT JKMBOTHOI IMKIyca e-ydewa. De Meo et al. (2017) cy
dopmupann kiace e-o0pa3oBama BPEJHOBAEEM IIOBEpEH-a W BEINTHHA CTYyJACHATa
MpeyIarakbeM Mojiesia KOJH j€ MMao 3a IHJb YCIIOCTaBJhalkhe W €BOJIYIIM]Y YacoBa 3a
e-y4eme Ha TeMeJby HHpOopMaIrja JOCTYIMHUX ca IPYIITBEHUX MPEXKa.

Heke on peneBaHTHHX HayYHO-HCTPAKUBAUKUX CTyIUja KOje Cy TOBE3alie CHUCTEME
npenopyka ca big data anammtukom yxipyuyjy (Khan et al., 2017): mocnoBny
anamutuky (Duan and Xiong, 2015); kaumarcke npomene (Lu et al., 2011); ananutuky
kiaujeHara 6ankapckux ycayra (Sun et al., 2014); mametre rpagose (Khan et al., 2015);
aHAJIMTUKY IpyluTBeHMX Mmpexka (Burnap et al., 2014); 3apaBcTBeHY aHAIUTHUKY
(Raghupathi and Raghupathi, 2014); anaiuTHKy cucTeMa yIpaBibamba MXKEJIC3HUIIOM
(Thaduri et al., 2015); u untenurentau tparcrnopt (Chandio et al., 2015) (Simovic,
2018). Taxohe, Saboo et al. (2016) cy npemTOKUIM BPEMEHCKH MPOMEHIBHB MOJIEI
edekaTa 3a pyKoBame CIOXKCHHMM IMOBE3aHMM mojaiuMa ca big data anamurtukom 3a
peasiokalMjy pecypca y MapKeTHHIIKMM cTpaTterdjama. He et al. (2014) cy
NpeACTaBIIN CHCTEM IPENopyKe Ha IPYIITBEHUM MpexaMa 3acHoBaH Ha Hadoop-y ca
IIUJbEM TEeHEpHCcama Npernopyke 0a3upaHe Ha CIMYHOCTH KOPHUCHHUKA Ha JPYIITBECHHM
Mpekama pajad IpoHajJakema MpHjaresba U caapxkaja. Ismail and Al-Feel (2015) cy
npeanoxuan Hadoop cucrem mpenopyke 3a HaydyHO-HCTpakMBauke pajaoBe. Mcre
rogure, Yao et al. (2015) cy pasBuiu big data exocucrem 3acHoBan nHa Hadoop
cepBucUMa paau Op)ke oOpaje mojataka y 3JAPAaBCTBCHHM CIyx0aMa U KIMHHYKUM
uctpaxkuBawuma. Wang (2016) je mnpojekToBa0 M pealn30Ba0 MPEKHU CHUCTEM
npenopyke 3acHoBan Ha Hadoop maardopmu. Yi et al. (2017) cy npencraBuim MeTomy
npernopyke Oubimuoreuke Tpalje Koja je 3acHOBaHA HA ACOIMjaTHUBHUM TNIPAaBHIIMMA
KoMOWMHOBaHUM ca  Artificial bee colony anropuTMOM paaud  TeHEpUCamba
NePCOHAIM30BAHUX IIPEIOpyKa HAcjIoBa KIUTa KOpUCTEhM HCTOpHjCKE TOAATKE O
BUXOBUM 3ajMoBMMa y OuOmmorern. Amato et al. (2017) cy mpeacTtaBuin cucteM
MYJATHMEIHjaTHIX Tpenopyka 3a apymrsere mpexe HazBane SOS. NoSQL uHTerpanuja
penaimone 0asze mojmataka ca Hadoop exocucremom je 6uo mpojexkar Rodrigues et al.
(2018). Luss oBor mpojekTa je OMo UMIIEMEHTAIMja MOJIea eIEKTPOHCKE TPTOBHHE U
cUCTEeMa 3a yIpaBJbamkhe TPAHCAKIIMOHUM TOJallMMa ca TAaMETHUX KapTHIla pajau o0paje
BEJIMKKMX CKYITOBA IMoJjaTaKa MPUMEHOM pa3inuutux big data cepsuca.

BaxHo je HamoMmMeHyTH aa je jenHa on mpuMeHa big data amanuTuke Koja je Mambe
UCTpaXXMBaHa, CHUCTEM IMIPENoOpyKe NamMeTHe OuOIMoTeKe 0Opa3oBHE HWHCTUTYIH]E.
VMiieMeHTalMja pas3inuuTHX CKYIMOBa IMOJaTaka W EHUXOBHUX H3BOpa y pealid3allujn
Mojenia maMeTHe OuONMOTeKe 3acHOBaHOT Ha Dig data TexHomormjama Moke HMaTH
KOPHUCTH, KaKo 32 00pa30BHY HHCTUTYIIH]Y, TAKO U 3a MOTpede cTyaeHara y KOHTUHYYMY
y4ema.
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2.3. TIAMETHE BUBJIUOTEKE

Kao HoBM Monen Oubinoreke, mamMeTHa OMOIMOTEKa 3ay3uMa MECTO MPEICTaBHIUKA HOBE
uneje u npakce. [lametHa OMOIMOTEKa HE CTBapa caMO HOBY BPEIHOCT KOja MOMAaKe
KODHCHHIIMMa Y TpOHAJaKeHky MEPCOHAIM30BAHOr cajpxkaja, Beh moOoJsbIiaBa
oubmroTeuke omnepanuje uHTerpamjom big data texumomormja (Liu and Shen, 2018).
[I[pumena HOBHX TEXHOJOTHja y HAAOTPaAmH OUOIMOTeUKe HHPPACTPYKTYpE H
peann3anuju maMeTHOT ONOIMOTEYKOT HHPOPMALIMOHOT CUCTEMa HIICHTH(HKYje HaunHe
3a pemiaBambe H3a30Ba Op30r HMH(DOPMAIMOHOT pa3BOja U TEXHOJOMIKMX IPOMEHA.
[Nametnu OubIMOTEYKHM HMH(GOPMAIMOHM CHCTEMH Tpeba 1a oOyxBaTe WHTETpaLujy
BEJIMKUX KOJMMYMHA INTAMIIAHWX, MYATHMEIWjalHUX W JUTUTATHUX Marepujana
pa3IMYUTHX TUIOBA M PA3IMYUTUX pecypca. [IpuMeHa cucremMa 3a ayTOMaTH3aIlH]jy
MOCIIOBHUX TIpolleca W ymoTpeda IOCIOBHE HMHTEIWTCHIUjE y CTBapamy MaMETHHX
OKpykema 00e30ehyje KOpUCHUIIMMAa WHOBATUBHU CEPBHC 3a MPETpary U KopuIIhewme
cazapxkaja (Zimmerman and Chang, 2018). Ilpumepa paau, 2004. ronune, 6uOIMOTEKE,
My3eju U yHuepsutetd y OtaBu, y Kanagm, ocHOBanuM cy KOATHLU]y HAMEMHUX
oubnuomexa (Wang, 2011) xopucrehn jeAMHCTBEH MpeTpa)kMBau 3a MPYXKamke OHJIAjH
ycayra kopuihema e-u3Bopa ca jeaHor mecta. Kwox et al. (2008) oOjammaBajy na
TpaauIOHaIHE OMOIMOTEUKE Olepalje 3aXTeBajy BEJUKEe KOJUYMHE JbYICKOT Haropa
U BpeMeHa 3a o0aBJbame€ 3aJaTaka ympaBibamkba HHBEHTapoMm, HaBoiaehu na RFID
TEXHOJIOTH]€ MOTY Jla YHAIpe/e U Mmo0oJblajy nepdopmanHce OMOIUOTEYKUX MTOCTOBHUX
mporieca, MoceOHO y MPOIECY PEeTUCTpaIje KEbHra, 33 y)KHBamba U KOHTPOJIE 3ainXa.
Shiwei (2012) je omnmcao Tpu mIaBHe (QYHKIMjEe MaMETHE OUOIHOTEKE KpPO3:
MHTEPKOHEKIM]Y pa3IMYUTHX H3BOpa, MHTETPAllMjy pa3HOBPCHHUX IoJaraka M
MePCOHAIN30BAHOCT JOCTYITHOT CaJipiKaja.

Y npomupermy ayTOMaTH30BaHMX OHONHMOTEUYKMX yCIyra, H3Tpajikba MaMeTHE
OubmMoTeke oOyxBaTa MHTETPANH]y alUIMKalMja MaMETHUX TeleOoHa Y IBUXOB CHUCTEM
KopucTehH TeKCT U (PyHKIH]je eTEKTPOHCKE TOIITE 32 KOMYHUKAIM]y Ca KOPHCHUIIUMA U
o0jaBJbUBakbEC BUJICO 3aIlKca, KAKO OM KOPUCHUIIMMA Ha JaJbUHY OMOTYhWIM MPHUCTYII
pasmmuutuM yeryrama (Zimmerman and Chang, 2018). Brian et al. (2014) cy
npumeHuau 10T U MOOMIHE TEXHOJOTHjE€ 3a YIpaBibalkbe OMOIMOTEUYKOM TpahoM u
KOMYHHUKAIFjOM ca MaMEeTHUM Tese(hoHOM KopuCHHKA. KOpHUCTHIIN Cy JIOKaJTHU CHCTEM
no3unuonupama (ennt. Local Positioning System — LPS) u yrpaljene o3Hake (€HII
Near Field Communication — NFC tags) Ha kmurama ja 6u 06e30eauin KOMyHUKAIIN]Y
cepBepa OmnOIMOTEKEe ca MOOMITHUM TellepoHOM KopucHuKa. [IpumapHu 1usb je 6uo na
ce TMPOjEeKTyje U peaju3yje CHUCTeM KOJU je y MOTyhHOCTH Ja y peajqHOM BpeMeHY
MPOBEPU Ja JIM j€ KiWUra JOCTyNHA y OMONIMOTEnH, U YKOJIHKO jecTe, Ja KOPUCHHKA
yCMepH Ka HheHOj Ta4yHoj Jiokauuju Ha nonuim. Jerkov et al. (2015) cy cmarpanu na je
naMeTHa OuOnMoTeka 6pokep sHarwa (eHr1. Knowledge Broker) xoju mnpoHanasu
KBaTM(UKOBAHE HW3BOPE KPUTHYKOT 3HaWka 3a pellaBame CHenuPUIHUX MpodieMa
Zimmerman and Chang, 2018). IlpeacraBwiu cy uHOPACTPYKTYpPy Koja TOpEn
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OMOIMOTEYKOT TPOCTOpPa M MeECTa, IMOBe3yje IMaMeTHe OHWOIMOTeKe ca I[MaMeTHUM
rpajoBUMa.

MelhytuMm, IOCTOjH MaJI0 TEOPHJCKOT MCTPAKMBAKka O MAMETHUM OMOIMOTeKamMa — IITa
Mpe/iCTaB/ba MaMeTHY OWOIMOTEKY M KaKO C€ OHa pasliuKyje O JPYIHMX THUIIOBa
oubmmoreka (Cao et al., 2018). Konuenryanuzamuja maMetHe OUOIHOTEKE MOXKE a
MMOMOTHE HCTpaXKMBauMMa M TMpaKTUYapuMa Jia TOCTUTHY KOHCEH3YC O TOME KaKo
mo0OoJpIIaTH  TOCJIOBakEe TMocTojehnx OMOMMOTeKa; Kako YCIIOCTABUTH OCHOBHE
KOMIIOHEHTE IMaMeTHEe OMOIMOTEKe; W KaKO OATOBOPUTH 3aXTEBHHUM TEXHOJIOMIKHUM
M33a30BMMa W KOPHCHHYKHM TMoTpebama. TemespbHa KOHIIENTyajau3anudja omoryhasa
Oynyha ucTpakuBama y pa3Bojy MaMETHUX OHONIMOTEYKUX WH(POPMAIMOHHX CHCTEMA.
[TocToju HM3 KOHIIETITyaTHUX BapHjaHTH HACTAIUX 3aMEHOM TEpPMHUHA IMaMETHO ca

APYTUM TEPMHUHHMMA Kao LITO CY AUTUTAIHO, MHTSIMICHTHO U KomOuHOoBaHo (Cao et al.,
2018).

[lameTna Oubnuorexa Tpeba ma Oyne ycmepeHa U (okycupaHa Ha KOPUCHHKE U
npuiaroleHa BUXOBUM morpebdama. Jla Ou ce TO MOCTUINIO, TEPMHUH MAMETHO Y JIaTOM
KOHTEKCTY 3Hauu Ja 6ubimoreka Tpeba faa Oyae y cTamy Ja 10 ayToMaTu3My Ipeno3Ha
noTpebe KOpUCHUKA M Ja 00e30e1u pecypce MW yciayre kKako Om ce Te moTrpede
3amoBospmiie. Ca japyre crpaHe, TEpPMHH IIaMETHO Yy TEXHOJOIIKOM KOHTEKCTY
mojipa3yMeBa ayTOMaTrcKe padyHapcKe MPHUHIMIE, Kao ITO Cy CaMOKOH(UTypalyja,
camo3samTuTa U camoontuMusanuja (Spangler et al., 2010).

VY mnpakcu, 6ubnuoreka Mansotto Yuusepsurera y Yukary, KOpHCTWIA je MaMETHY
TEXHOJIOTH]Y 3a YCIOCTaBJbake POOOTCKOT TMOA3EMHOT CHCTEMa 3a YIPaBIJbarbe
6ubanoreukoM rpahom. IIpumemeHa TeXHOIOTHja je 3aCHOBaHAa Ha ayTOMAaTH30BaHUM
poboTHMa KOjH Cy OWJIH y CTamy Jla YIPaBibajy CKIQJAHUIITEM O 3,5 MUJIMOHA KIHbUTa Y
1/7 om ykymHOT MpOCTOpa TOTPEOHOT Y KOHBEHIIMOHAIHWUM CKIIAUINTAMA IITO j€
pE3yATOBAIO BEJIMKOM YIITEAOM HPOCTOpa 3a CKJIaJuIITeHhe U 00e30equiio
ayromarusanujy mporeca paga (Thompson and Works, 2012; Kalee, 2012; Cao et al.,
2018).

Hoge texnomoruje kao mto cy big data, pauynapctso y oonaky u 10T, npuMemnyjy ce y
CBAaKOJHEBHOM >KHBOTY JbYIH U pa3Marpajy ce y Buiie HayuyHux nucuumuimaa (Nolin and
Olson, 2016). [TameTHe kyhe, mameTHe 3rpajie U Apyra MamMeTHa OKPYKema Kao IITO Cy
aepoapoMH, OOJHHIIE WM YHUBEP3UTETCKH KAMIIOBH, OINPEMJbEHH Cy MHOIITBOM
MOOMJIHUX TepMHHAaa, yrpaljenux ypehaja, moBesanux cenzopa u akryaropa (Klein and
Kaefer, 2008). 36or Tora ce MOXe M3BECTH 3aK/bydak ga ce mocrojeha mamerHa
TEXHOJOTHja MOXE NPUMEHHTH Y HW3Tpadibd MaMETHUX OHONIMOTEeKa M CTBapama
cuctema koju 6u OMo y MOTyhHOCTH Ja y MOTIIYHOCTH carjiiefa morpede KOpUCHHKA,
oMmoryhu maMeTHO yrpaBJbamke U M000JbIa e(hPUKACHOCT paja.
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VY rtabemu 1 cy mnpukazaHe neduHMIMje MaMeTHE OWONMOTEKe WACHTU(DHUKOBAHE Y
Hay4HO-HCTpaxkuBaukoj suteparypu (Cao et al., 2018). Ose pedununmje ce
(hokycupajy Ha TEXHOJOTH]Y U3Tpadmbe NMaMeTHEe OMOIMOTEKE M TMoja3Ha Cy Tayka 3a
WCTpaXMBamka Koja MOTy OWTH BOIWYM Ka FHUXOBO] pealu3aldju U CMEpPHUIE Ka
oynyhem yHanpehemy nocrojehux periema.

Tabena 1. Jlecpunuyuje namemne dbubauomexe

Hayune crynuje  Jlepunumnuja

Aittola et al., [TameTHa OMOIHOTEKA TIPYKa yCIyre MOOMIHE OHOIHOTEKE KOja

2003 HUje OrpaHrYeHa MPOCTOPOM, U KOja IOMake KOPUCHHUIIMMA J1a
npoHal)y Kiure u cpojHe nHpopmanuje.

Miller et al., [TameTHa OnbIMOTEKa NpUMEbYj€ allIMKalKje KBaJUTEeTHE

2004 WHXEHEPCKE MpaKce ca [IMJbEM CMambHUBamba BEpoBaTHONE

rpemraka u noBehama KOPUCHHYKE CIIOCOOHOCTH 32
UICHTU(PUKOBAKE U UCIIPABIbALE TPEIIaka, KaJa i YKOJIHUKO Ce
JIOTOJIe.

Yan, 2010 [TameTHa OMONMHOTEKA je MOIeN TaMETHH]Er HauYMHA HHTEPAKIIN]e
KOPUCHUKA M OMOIMOTEUKHX CUCTeMa KOPUCTEh HOBY TeHEpaIH]y
nH(GOPMaLIMOHUX TEXHOJIOTH]ja, Kako O ce moOoJbllaja jacHOCT,
(IIeKCUOMITHOCT M MPUIIAroIJbUBOCT NAMETHHX YCIIyTa U
yIpaBibama.

Wang, 2011 [TameTHa OubNMMOTEKA peann3yje acolujaruje u3mMehy Kmbnra;
KIHUTA U JbYIH; YN U KEbUTa Yy OMIIO KOj€ BpeMe B Ha OUJIo
KojeMm MecTy. /lurnranuzanuja, yMpekaBame ¥ HHTSITUTCHIHja Cy
MH(POPMALIMOHE U TEXHUYKE OCHOBE TaMeTHEe OMOIHOTEKE.
[TameTHa OubMMOTEKa je OpHjEeHTHCAaHA IpeMa Jbyiuma 1
OJIPYKUBHM Pa3BOjeM, ca IIMJbEM 33]J0BOJbaBamba cBe Behnx
noTpeba yuTanarma 3a uHpopmaijama.

En, 2012 [TameTHa OMOIMOTEKA je HATPETHHU)H PA3BOj XUOPUTHE
o6ubnuoteke u nururanne oudnmoreke. Y 10T okpyxemy, mameTHa
OMOIMOTEKA Ce OCIamha Ha TEXHOJIOTH]Y pauyHapCTBa y 00JIaKy H
WHTEUTCHTHE HHPPACTPYKTYPE; OCTBApY]je acolujaiuje usmehy
KIbUTA, KIbUTA U JbY/IH, ¥ JbYIIU U JbYIIH, IPYXajyhu HHTETUreHTHE
ycIyre KOPUCHUIMMA.

Li and Dong, [TameTHa OUOIMOTEKA CE OMHOCH HA GUCHPEHOCH 3TPATIC
2016; Caoetal., OubnHOTEKE KPO3 MHTErPAIIH]y OMIPEME 3a U3TPaby, pauyHapCKe
2018 Mpexe, KOMyHUKAITMOHE TEXHOJIOTH]E U HAJ30p CEH30pa.

Hayuyna uctpaxkuBama Monesia MaMEeTHHX OMOMHMOTEKa Ce 3aCHUBAJy Ha TEPCICKTHUBU
jenHe TUMeH3Hje, Kao mTo je TexHuuka aumensuja (Yan, 2010; Wei, 2012); aumensuja
yeayra (Xiaoxia et al., 2011; Chen and Zhang, 2016); numensuja oOpas3ariia/y3opaka
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(En, 2012); unu nma ce 3acHUBAjy Ha BHIIeIUMEH3MOHAIHOM npuctymy (Wang, 2011).
[Tpumepa pamu, oudnuoreka Chongqing IMekuHmkor YHHBep3uTeTa je 3aCHOBaHA Ha
nepcrekTrBr cuctema (Xiaoxia et al., 2011), mok je Taipei 6ubaHOTEKa 3aCHOBaHA Ha
nepcrektuBu cepsuca (Liu, 2015; Cao et al., 2018). bubGnunorexka YHuuBep3uTera
Nanjing ce 3acHMBa Ha TEXHUYKO] IMEPCIICKTUBH, aJIi UTHOPUILE KOPUCHHYKO UCKYCTBO
(Kuilin and Bo, 2015) xoje je CKJIOHO KOHTHHYMPaHUM M JWHAMUYKHM IpOMEHaMa
TOKOM BpeMeHa Kopuiihema cucrema.

VY cknamy ca HaBeAEHUM, MOTPEOHO je pa3MmaTpame 00jeIMIeHUX KOHIENaTa CHCTeMa
MaMETHUX OMOTMOTEKA IPHITUKOM U3TPaJEhe CKYIa 3ajeTHUYKIX BUIICIAMEH3HOHATHIX
KOMITOHEHTH. Ha OCHOBY aHayiM3e HayYyHE-UCTPaKHUBAYKe JUTEpaType O IMaMETHUM
OubnanoTekamMa W TpUMepa MPAKTUYHHUX peIlIeHa, Kao IITO HABEACHO, Pa3IU4UuTH
TEPMUHU CE€ MOTY KaTeropu30BaTH y TPU AUMEH3Hje: TEXHOIOTH]a, CEPBUCH/YCIYTe, U
kopucHui (mpukazano y tabenu 2) (Cao et al., 2018). OBe koHIeNTya HE BapHjaHTE
cy MehycoOHO MmoBe3aHe ca 3HaYajHUM TpeKIanameM AeOUHHIN]a U KOMIIEKCHOCTH
IUXOBE TIPUMCHE.
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Tabena 2. Kamezopusayuja konyenmyainux perayuja Oumensuja u oepunuyuja namemue oubiuomexe

JumeHnsuja Konuenrt Hedununuja Hayune ctynuje

Texnomoruja JluruTanHa OubIHOTEKA JluruTanHa OUOIHOTEKA je OpraHu3alija Koja Nikolaidou et al., 2005;
npyxka pecypce. thena cBpxa je cakyrbame, Kovacevic et al., 2010;
U3TPailba, IPUCTYII, OTKPUBAKE, IPEHOC U Diekema, 2012; Lagzian et al.,

OJIp’KaBam-e BEJMKOr Opoja nururanHux panosa; u 2013
na 006e30e1u U3APKIBUBOCT KOJIEKIIH]€ TOKOM
BpEMEHa TaKoO Jla € MOXKE JIAKO U EKOHOMHUYIHO

KOPUCTHTH.
Hnrenurentaa 6ubnuoreka WMHTenUreHTHH OMOIHOTEYKN CUCTEMA Bailey, 1991; Wahono, 2000;
oMoryhaBajy KOpUCHHIIMMA /12 IPEy3MY Dent, 2007

uH(popMalrje Ha OCHOBY OHOT'a IITO MHCJIE, a HE
Ha OCHOBY OHoOra mTo kaxxy. OMoryhaBajy
OubMoTeKaMa Ja MoCTaHy HHTePaKTUBHU]E,
Ta4HH]€ U KOPHUCHU]E.
XubpuaHa 6ubnuoreka [IprMeHOM pa3IMYUTUX TEXHOJIOTHja y u3rpanmwu  Rusbridge, 1998; Pinfield et

OMOIMOTEYKNX HHPOPMAIIMOHUX CUCTEMA, al., 1998; Cao et al., 2018
XuOpHIHa OMOIMOTEKa KOMOWHY]€ TPEAHOCTH
TPaJAMIIUOHATHUX U JUTHTATHIX OUOIHOTEKA;
€JIEKTPOHCKH M IITAMIIaHH PECypCH
KOET3UCTUPAjy, CTBapajyhu CI0KEHO OKPYXKEHme
KOj€ KOPHUCHHUIMMA TIPY’Ka YCITyTe.

Cepsucu / Yenyre KombunoBana 6ubnmmoreka KomOunoBana 6ubnmnoTeka je Bell and Shank, 2004; Sinclair,
001MK OubIMoTEeKe 3acHOBaHe Ha MIHTEpHETY U 2009; Bogorin et al., 2013
HOBUM TexHojorujama. Ca pokycom ycMepeHUM
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Kopucuuim

CenpucyTtHa (€HTJIL.
Ubiquitous) 6ubanoreka

MobwuiHa oubnuoreka

Ha KOPHCHUYKE 1oTpede, KoMOMHOBaHa
o6ubnmoreka omoryhasa yciyre ynpaBibarmba
pecypcuma rojiaTaka U CUTYallMOHUX 3Hamba.
CenpucyTHa OMONIHOTEKA j& TUTUTaTHA
OuOaMOTEKA I71e KOPUCHULIM MOTY ITyTEM
UHPOPMALMOHUX ypehaja mpucTynuTu
uHpopMalrjama Koje uM Tpedajy Ouso rae u
owio kana. [{use cBenpucyTHe OUOIMOTEKE je 1a
KOPUCHHUIIUMA 00€30e11 MHTEPAKTUBHE
nH(pOpPMaTUBHE pecypce U YCIyre.

MobGuiiHa 6ubInoTeKa ce OIHOCH Ha YCIyTy Koja
omoryhaBa npuctyn 6UOIMOTEUKUM pecypcuma
noMohy nameTHux TesnedoHa u Ipyre ornpeme 3a
MoOuHY npucTyn. [IpojexkToBame MOOHITHE
OoubaMoTEKE ce ocaama Ha MOOUITHE MIaTgopme
KOje€ Cy OpHjeHTHCAHE MMpeMa 3aXTeBUMa
KopucHUKa. OfpaxaBa IPUHIUI KOJH je
(oKycHpaH Ha KOPUCHHKE Y ITPOLIECY
MIPOjeKTOBaka OMOIMOTEUYKHUX CEpPBHUCA.

Kaske, 2004; Bae et al., 2007;
Caoetal., 2018

Huang and Wang, 2011; Wei
and Yang, 2017
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Hampenna TexHolloruja je OCHOBa M IpeMuca nametrHe OuOnuoreke kojy uune big data,
TEXHOJIOTHja HWHTEJUTEHTHE o0paje MojaTaka, padyyHapcTBO y OO0NaKy, BUpPTyaJIH3aluja,
pynapeme mojaraka, Bemradka uarenaurennyja u 10T (Cao et al., 2018). Tim Berners-Lee je
2009. roauHe peIoKUO TIPBU KOpak MoBe3nBama nonaraka (euri. Linked Data) y o6muky y
KOjeM MX MalllMHE MOTY IPUPOIHO Pa3yMETH WM MPETBOPUTH y pasyMJbuBy dopmy (Bizer et
al., 2009). bubnuoreukn MHGOPMALMOHN CHCTEMH TPUMEHbY]jy TEXHUKE pyAapema rmojaraka
Kako OW MoMOIIH M yTHIaiu y poHomemy omayka (Cullen, 2005). Cox and Jantti (2012), cy
NpUAPYKUIH OubanoTeuke momatke Yuusepsureta Wollongong ca nmemorpadckum u
aKaJeMCKUM Io/lalliMa Kako O TMpHKa3ajdd Kopesalujy Kopuimhema Oubiamoredke rpabe.
bubnnoreuko pyrapeme TNonaraka y W3rpajlkd CHCTEMa Ipernopyka 3a OHOIMOTEeuKe
Mmarepujane pesynrar je uctpaxkuBamwa Chen and Chen, 2007; Tsai and Chen, 2008;
Kovacevic et al., 2010. Meroae pymapema momaraka MOTY POHM3BECTH IOjeAMHAYHE M
MepCOHAIHE yCIyre KOPHCHHUIIMMA Tako INTO TpyXkajy oarosapajyhe wuHbopmanuje u
aCHCTHpPajy y IOHOIICKY omtyka. OcuM Tora, METOJe PyAapema MOTY MMOBE3aTH Pa3IHYuTe

HACIIOBE U cajpkaje cTBapajyhu Oorartuje nHAMBUAYalHE pecypce 3a kopucHuke (Renaud et
al., 2016; Cao et al., 2018).

Ca nmpyre ctpane, |0T ce mmpoko mpuMemyje y 3ApaBCTBY; JIaHIly CHAOJeBamba; JIOTUCTHIIH;
TPAHCIIOPTY; aHAJIM3M MOTYhUX Mokapa; ayTOMaTH3alWju 3Tpaja W WHTEITUTeHTHUX Kyha;
naMeTHUM Mpe)kaMma; MaMeTHUM I'paJIoBUMa; U yripaBibamwy eHeprujoM (Fang et al., 2014; Xu
et al., 2014; Wang et al., 2014; Da Xu et al., 2014; Rashid et al., 2016; Chen, 2017; Civerchia
et al., 2017; Kim, 2017; Lai et al., 2017; Liu et al., 2017; Bi et al., 2018; Xu et al., 2018;
Wang et al., 2018; Davidovic et al., 2018). 10T amnukanuje cy ce U3 JOMEHa IPUBPEIHOT
CEKTOpa M 3IpaBCTBAa MPOIIUpWIEC M Ha oOpa3oBame. DaKyITeTH W YHUBEP3UTETH aKTUBHO
rpajie maMeTHa OKpyXema 3acHoBaHa Ha 10T TexXHOIOrHju Kako OM OCUTYpajl UHTETPALU]jy U
JeJbehe JUTUTATHUX pecypca, YIpaBjbamke OUOIHMOTEKOM, OKpPYXEHEM Yy HacTaBH,
HACTaBHMM HMHCTPYMEHTHMa M OIPEMOM, YKJbydyjyhu wuneHTH(HKalMjy HACTaBHUKA W
crynenara (Wang, 2014; Zhao, 2013; Zong et al., 2014). Wojcik (2016) naBoau ma 6u l0T
TEXHOJIOTHja MOTJIa UMAaTH TOTEHIHjall 1a € KOPUCTU y OMOIMOTEYKUM yCiayrama CIUIHO
KaKo ce MpHUMjemyje y KOMEPILHjaTHOM CEeKTOpY M Ja he JOHeTH HU3 3HauajHUX MpOMeEHa 3a
oubmmorexe (Du and Liu, 2014; Sun, 2014), nperBapajyhu ux y mamerne (Xu, 2014). Li
(2013) uctnue na ce MHOre OMOIMOTEYKE YCIyre MOTY peanu3oBaTH MpuMmeHoM 0T
TEXHOJIOTHja, cTBapajyhu uHBEeHTap mnamMeTHUM. CXOAHO TOME, €-pecypcd M JUTUTaJIHE
OuOJIMOTEKe MOCTajy CBE BaKHHU]M KaHa 3a qo0ujambe Tpaxkenux wHbopmarmja (Hu and
Zhang, 2016). Ilpumena lOT TexHomoruja y OHONIMOTEUYKOM IMOCIOBalkY je MpUKa3aHa y
MHOTHUM HaydyHHM HCTpakuBambuma. Andersen je 2002. roxuue nedunucao omHoc uzmely
KOMYHHUKAI[HOHUX TEXHOJOTHja M KOHIIENTa OpraHu3aluje 3Hama y oubmnorekama. Liu and
Sheng (2011) cy uctpaxuau pa3BojHH mpaBainl MHTEpHET CTBapH y OOJACTH YIIpaBbamba
oubnmorexkama u mporpama npomorje. Ma et al. (2011) cy mpencraBwin HWHTETPUCAHH
CHCTEM YIpaBJbama Ca BUIIECIOJHOM apXUTEKTypoM 3acHoBaHOM Ha |0T-y 3a ympaBibame
CTYyOMjCKUM IpocTopujama y Oubnmorekama. Sun et al. (2014) cy npumenwnu l0T
TEXHOJIOTH]y 32 OTKpUBaWe, WICHTU(UKAIM]y ¥ aHAIN3y TOHAIllaka KOPUCHHKA Yy IUIbY
nmoOoJpllIaha OUOMMOTEUKE yCayre, yIpaBlbamha pecypcuMa W TIOCTH3ama ONTHMAaJIHE
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koHpurypanuje. Yao and Song (2014) cy npemioxunu 0T HHTETUICHTHH CUCTEM KOHTPOJIE
3a ymteny eHepruje cBeria y OuOnmorekama. \Wei et al. (2014) pasmarpajy momen
WHTEJIUTCHTHOT OMOJMOTEYKOr CHUCTEMa 3a YIpaBbalkhe HH(pOpMalMjamMa 3aCHOBAaHOT Ha
pauyHapctBy y obmaky u 10T texnomormju. Ma (2015) ucrtuue na je wHDOpMAIMOHO-
KOMYHUKAaIlMOHa WHQpacTpyKTypa 3acHoBaHa Ha |0T-y Baxkna 3a Oubnmoreuke
uHpopmarmone cucreMe U eukacan MeToq 3a mobosblame pama oudarnoreke. Cheng et al.
(2016) mpencraBspajy KIMjEeHTCKH copTBep 3a MoOmiHe ypehaje kako O6u ce moOosbirana
e(UKACHOCT MpEeTpaXHBama KIbUTA, YIPaBJbake pPECypcuMa, M cadyBajga MaTepHjajHa
CpeAcTBa.

Kao xopak name, Cox et al. (2018) HaBoze HEM30EKHOCT YTHIIAja BEIITAYKE WHTCITUTCHIIH]C
(enrn. Artificial Intelligence — Al) y Oyayhoj u3rpaamu naMeTHHX OMOIMOTEUKUX CHCTEMA.
Fernandez (2016) mnpommpyje NpUMEHY BEINTAUYKEe HWHTEIUICHIMjE y OHOIHOTEUKHUM
CHUCTEMHMa TIOCTaBJbajyhul MUTame, Ha Koje cucTteMe yommre Hehe yrumaru Al TexHooruja.
Arlitsch and Newell (2017) naBoxe na he Al TpanchopmucaTi 6HOIMOTEUKE YCIIyTe 3ayBeK,
KOHTUHYUPAHO MOIM(UKOBATH MOTpeOHE BEIUTHHE M ajlaTe 3a OICIY)XHBabEe KOPUCHHKA,
HCTOBPEMEHO MeHajyhu AMHAMUKY pa3BOja HAIllUX 3aj€AHULIA.

Wnak, uctpakuBauu ¥ HaydHUIIM MOTBPIYjy 1@ oOpasail mpoMeHa ocTaje HejacaH — CTaBOBH,
pa3yMeBame U OYCKUBAA Y aKaJIEMCKOM OMOTMOTEYKOM CEKTOPY Cy TYMAa4eHU Ha Pa3InInTe
nauute (Cox et al., 2018). To je mpaBail koju MOBE3yje ayroMaTH3aiujy mpoieca, HTepHeT
cTBapu, 00paay mojaraka, poOOTHKY, U MOAPIIKY y omryduBamy. Smith (2016) nedunuie
OKBHp BEIITaYKe HMHTEIUICHIIMje KOju ce cactoju ox: big data texnomoruja, MarmmHCKOr
ydewa, aHaJUTHKE W BU3yanu3aidje. Belnraduka WHTETWreHuuja ce rpaaud Ha big data
texHonorujama (Cox et al., 2018) jep koMOMHAIMja BETMKKX CKY[OBA Pa3JIMUUTHX MOJaTaKa
ca pauyHapCcKOM CHarom crtBapa mnoreHiujan 3a HoBe Al HuBoe. Crnemuduune obmactu
pa3Boja ce OJHOCE Ha CIOCOOHOCT NMaMETHMX CHUCTeMa Jia 1oloJblajy o0paay mojparaka
TOKOM CBOT pajia HE3aBUCHO O EKCIUTUIIUTHOT MIPOTpaMHpamba.

Kao mTo je mpuka3zaHo, aHaiM3a HaydHO-HUCTPAKMBAUKE JIUTEPAType yKasyje Ha HEAOCTaTaK
HUCTpOKUBaKka Yy pa3Bojy Momena maMeTHe OuOmMoTeke 3acHoBaHor Ha big data
TEXHOJOrMjamMa Koju oMoryhaBa ayroMaTH3alujy MOCIOBHHUX IpoIeca MPUMEHOM CHCTeMa
npenopyke KOju je TOCeOHO TMOoroJaH 3a TNpPUMEHY Y OOpa3oBHUM HWHCTUTYLHjama.
OcTBapuBame OBUX 3aXTEeBHHX yciaoBa omoryhaBa OuOnmorexkama Ja JIOCTUTHY
KOHKYPEHTCKY TIPEIHOCT, IPYIITBEHY OArOBOPHOCT M Jia OCTBape CBOjy MpUMapHY

JIPYLITBEHY YJIOTY.
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3. TEXHOJIOIMJE IPUMEIEHE 3A PA3BOJ MOJIEJIA

3.1. BIGDATA

International Data Corporation — IDC je y cBojoj cTynuju mpoueHmwia na he ykymaH pact
noctynaux uHGopMaruja 2020. rogune usnocutd 40ZB u mpensuba ga he tpxkumre big
data texnonoruja pactu mo roxuimoj cromu ox 23,1% (Edjlali et al., 2012; Grover et al.,
2018). Ha Op3uHy TreHepucama pa3IMYMTUX I[OJaraka y JCAMHUIM BpPEMEHA YTUUY
UCTPaKMBAYKO-HAYYHE WHCTUTYIIM]E, TPUBATHA U JPXKABHU CEKTOP, MHTETPAIMjOM CBE BHUIIIC
ypehaja y cBoje mocioBHe mporece (Boyd and Crawford, 2012; Cukier and Mayer-
Schoenberger, 2013; Panetta, 2016).

TpanuuuonanHo, MomalM Cy CaKyIUb€HH W IEHTPAIM30BAaHH Yy CKIATUINTY ITOJaTaKa
opraHusaiidje Ha jemHoMm cepBepy U usrpahenu cy Ha SMP texnomoruju (enri. Symmetric
Multi Processing). Ca SMP TexHoOr1joM, IpOLIMPHBAkhE KalauTeTa Ou 3HAYMIIO TOAABahE
jader xapjBepa 3a CKIQJIHMINTCHE U 3aTuM BpahaT momarke u3 mperxomnHe Oase. To je 6wmio
HEOIXOIHO jep Ou 06asa mpemalnnBaia A03BOJBCHH KalalMTET jep HHje CKajgaOuiiHa, a HeMa
HauMHAa 3a HAKHATHO JOJaBambe HWHKPEMEHTAJIHE CHare Ipolecopa win omMoryhaBame
CHHXpOHM3alMje Kemia jesrapa Buiie mporecopa (Microsoft, 2016). Kaxa cy xonuuune
nosiaraka Behe, BUXOBe KOMIUIEKCHE pernandje 3axTeBajy Bumedasny obpany (Pal, 2016).
TpanuuoHaIHU CHCTEMH 32 YIpaBJbake MOJIalMMa Cy MPOjEeKTOBAaHU TAKO Ja CKIIAJIUIITE
ncTopujcke nHpOpMaIije 1 KOPUCHUYKE Padhe KPO3 EBHICHIIN]E CEPBEPA ca MPETIIOCTABKOM
na he Ta momarmu OWTH cadyBaHM caja, a aHAJIM3UpaHW KacHuje. Mmak, kako Op3uHa
YCKIQAMINTEHUX TI0/laTaKa pacTe, KOPUCT ON HUXOBE 00paze ce BHUILECTpPyKo mnoBehasa
(Microsoft, 2016).

Kako je cBe BuIlIe MOCIOBHUX aKTUBHOCTH JIUTHTAIN30BaHO, OPraHU3AIMje KOPUCTE TOIaTKE
y peajHOM BPEMEHY Ja IIPOMEHe, U3Tpajie WM ONITUMHU3Y]Y CBOj€ MOCIOBamke, Kao U 1a 00aBe
(¢uHaHCHjCKE TPAHCAKILMjE U aHTAXY]y C€ Y TUHAMUYKUM AorahajuMa Kao mro je Oep3aHcKo
nocioBame (Andersen et al., 2003). TpaauirioHa IHU CUCTEMH HUCY HAMPAB/LEHH J1a TIOIPIKE
IBUXOBY 00paZly y peallHOM BPEMEHYy IITO JOBOAU A0 CMamema nepdopmaHcH u kpahum
BPEMEHOM OCTBapHBama BPEIHOCTU. TpaguIMOHAIHU TMPHUCTYN CKIAJAWINTCHY W aHAIU3U
HHJ€ TPOjEeKTOBAH Ja YIpPaB/ba BEJIMKOM KOJIMYMHOM, THIIOBMMa M Op3MHOM TeHEepHcarmba
noxaraka (Lin and Dyer, 2010).

M3BaH TpaaMIMOHAIHIX M3BOpA TPAHCAKIIMOHUX CHCTEMa TOCIOBHUX CO(TBEpa U HUXOBUX
aryIMKalyja, HOBH TUIIOBHU TOJIaTaKa ONpeesbyjy OpraHU3aldje 3a HOBH NPHCTYI HHHXOBO]
aHaJM3|, 00paan, CKIAININTEHY U OTKPUBAKY YBUJIA Y 3HAKE W3 HH(POpMAIIFja Koje moaaIu
Hoce. Takohe, omamame TPOIIKOBA €JIEMEHATa pavdyHAPCTBA: CKIAIUINITCHA, MEMOpH]E,
IPOITYCHOT OTicera MpeXe M CJI, 3Ha4M Ja he WHTEH3MBaH CKyIl Pa3HOBPCHOCTH MOjaTaKa
nocraru ekoHoMmcku ucruatuB (Hashem et al., 2015). KomOnHanuja HOBUX M3BOpa U THITOBA
nojaraka ca MpUCTYIIa4yHOM OMPEMOM OTBapajy HOBO 100a eNIEKTPOHCKOT MOCIOBabha (CHI.
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Data Science, eScience) y k0joj IOCTOjH BeJIMKa KOJMYMHA JUTHTAIHUX HH(OpMaLKja Koje ce
THUYY OWJIO KOje TeMe O]l MOCJIOBHOT WHTepeca. E-npomaBHuIle, APyHITBEHE MPEXE, TaMETHH
tenedonn, IHTEpHET cTBapH ca MOIPIIKOM 3a TaJbMHCKH Ha30p, moxanu ca GPS ypehaja 3a
onpehuBame JOKalje, €-TPaHCAKIMje M OCTalie EJIEKTPOHCKE KOMYHHUKAIIM]je MPOU3BOIE
BEJIMKE KOJIMYMHE I0JaTaKa CBOJUM JIHEBHHMM, yoOudajeHuM aktuBHOcTHMa (Microsoft,
2016). OB pa3HOBPCHHU TUIIOBH MOJaTaka Ce HE MOTY JIAKO YKIIOMUTH y MOCJIOBHE OIepariuje
KOMITaHWja ¥ He Mory Outu mcruiatuBu 3a ETL mpomece (et Extracted, Transformed,
Loaded) y pemanmonum cucreMuma 3a ympasibarbe momaiuma (Golfarelli and Rizzi, 2009).
MacuBHH CKYNOBH Pa3HOBPCHHX IOJaTaka CIOKEHHX CTPYKTypa MpeCcTaBbajy moTenikohe
3a CKIQIMIITEHhE, aHAIM3y W BH3yalH3alldjy pe3yiTrara 3a Jajbe IOCIIOBHE aKTUBHOCTH.
JIOCTYITHY MOJAIM CY YECTO HECTPYKTYpUPAaHU, HEOPraHM30BaHH y 0a3aMa U BeJIMKH, Hocehu
nH(popMaIje o 3Ha4Yaja Koje uekajy na Oyay aHaiausupaHe u ymnorpedspeHe. Kommanuje
pearyjy Ha pactyhie HECTPYKTypHUpaHe MOJATKe INTO MX MPUMOpaBa Ja yCBOje W CaBIAajy
3Hamba HOBUX TEXHOJOTHja M Jla aJanTHpajy CcBOje HH(]OpMaIMOHE CHUCTEME ca HOBOM
uHdpacTpykrypom noroanoM 3a big data ananutuxy (Sagiroglu and Sinanc, 2013).

Monepun nHQOpMAaLMOHM CHCTEeMU Tpeba na omoryhe ympaBibame, 0Opany M aHAIH3Y
BEJIMKMX CKYIOBa IoJaTaka pa3JIMYuTHX THUMOBa ca MHoro Behom Mmoryhnomhy mcmopyke
uHpopmalrja of 3Ha4aja y peasHoM BpeMeHy. Big data ananuTHka je 1oHeNna CTpore yciaoBe
U TEXHUKe 3a o0pany Imojaraka, IO ayToMarusMy cTBapajyhm big data napamurmy
HEe3a00MIa3HUM JIEJIOM TIOCIIOBHHX ITPOIIeca.

Big data nedunuiie mpojekToBame M peanu3aldjy CKajaOWIHe W ToJepaTHE Ha TPEIIKe
(errn. Fault Tolerant) uadpacTpykrype cucTeMa CIIOCOOHOI 3a MapalieIHO MPOIECCHPAIbE,
CKJIAIUIITEhC W BU3YaIN3allMjy BEJIMKUX KOJIWYMHA PA3IMYUTHX IOJaTaka Koju ce CTBapajy
BEJIMKOM OpP3MHOM U3 pa3IuduTHX u3Bopa (Simovicé, 2018).

3.1.1. BIG DATAKOHUEIITH

Laney (2001) je medunHECao0 OCHOBHE HM3a30BE KOj¢ CTBApajy BEIUKE KOJIWYHHE JOCTYITHUX
nojiaraka kpo3 Tpu auMensuje (ennt. Volume, Velocity, Variety):

= \olume — kako yKyIHy BEJIMYMHY U aKyMYJIaTHBHY 3allPEMHUHY CKyIa IOJaTaka Koju
je W3BaH KamamuTeTra MocTojeher cucrema 3a ynpaBJbamke pEAMOHMM Oa3zaMma
rojiataka, 0opaanuTu;

= \elocity — kako YyCKJIQIWIITHTH MOAATKE KOjU CE BEIMKOM OpP3WHOM T'€HEpHIIY Kpo3
JUHAMHUYKY HHTEPAKIIM]y KOPUCHUKA; U

= Variety — kako aHanmu3Wpatd pazimudTe (opMare HEKOMIATHOWIHHX U
HEKOH3UCTEHTHHX CTPYKTYpa Mojaraka.

Iaptaep je 2012. rogune npomupuo big data gedunuiujy u o0jaBuo na wHOOPMAIIMOHH
CUCTEMH 3aXTeBajy HOBE o0OJiMke oOpame kako Ou omoryhmiam Oosbe JOHOIICHE OITyKa,
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OTKpHBam€¢ yBUJA Y 3HAWHE W ONTHUMH3AIIM]y MocioBHUX mporieca (Beyer and Laney, 2012).
IBM je nomao jomr jeman big data arpuOyt koju ce 0JHOCH Ha MCTHHHTOCT MOJaTaKa (CHI.
Veracity) (Erl et al., 2016). Zikopoulos and Eaton (2011) cy o6jacauim pasiior uza HoBor big
data arpubyra mpemcraBibajyhul TUMEH3HM]Y TaYHOCTH Kao OATOBOpP Ha KBAJIUTET H3BOpa
nojiataka y cyouemy ca big data unuiujarusama. [Ipema HaydHUM HUCTpaKUBarbHMa, TOCTOjH
Buine ox aecet big data arpubyra big data xonmemnara (Markus, 2015).

N

Click stream; CeH3opu 1 ApywTBeHe Mpexxe; B|g Data
Bukw v 6nor RFID ypehaju Ayavo v Bugeo

EBuaeHuumje norosa
GPS koopauHaTe
RSS nogauu
Mogaum e-ynpase
CRM/ERP | Be6 esugenuvije BpemeHcku nogaum
AuruTanHu mapKeTuHr Tekcr, cavka, BUAeO
Cuctemu npenopyke

Mo6unHo Konabopauuja Be6 2.0
OrnalaBatwe e-TproBuHa

Ynpas/batbe KOHTaKTUMa,
MHBEHTapOoM, yroBOpUMa;
W E L g EV B

KomnneKcHocT noaaTtaka

Cnuxa 1. Komnaexcnocm big data konyenma y mooepnom enekmponckom nociosarwy
(aoanmuparno npema: Microsoft, 2016)

Big data xonrentu cy 6asupaHu Ha JOMHUHAIM]H HOBUX MOjeIa HHPOPMAIIMOHUX CTPYKTYypa,
HOBUX M3BOpa Tojataka, # Ha MoryhHomhy uWHTerpamuje HepelaluoHuX U
HECTPYKTYpUPAHUX TOJaTaKka U3 €KCTEPHUX W3BOpA ca MHTEPHHUM ITOCIOBHUM aHATUTHIYKAM
cucremMuma (mpukasaHo Ha ciuim 1). Ilpumena big data konmenTa MoXe OCTBapHTH
BPEIHOCT Y IIMPOKOM CIIEKTPY pa3Boja HOBUX Mojena big data madpacrpykrypa kako HOBU
M3BOPH MMOJIaTaKa MCHajy HAYMH U3BPIIIaBama MOCIOBHUX Mpoleca. [IpuMepu HOBUX Mojela
big data konmenara ykybydyjy ONTHMHU3ALHU]y HHPOPMAIHOHE HHOPACTPYKTYpE, aHAIU3Y
JIPYIITBEHUX MpeXka, ONTUMHU3ANNjy TpOTOKa caoOpahaja, onTuMu3anmjy BeO aruidkammja,
UHTErpanyjy uH(popManuja o JOKalMju, aHaau3y (QIyKTyaluje, IPUPOAHO HCTPAXKHBAE
pecypca, BPEMEHCKY NPOTHO3Y, 3IPaBCTBEHY 3alITUTY, OTKPUBAIE MPEBapa, UCTPAKUBAILC
NPUPOJHHUX KpeTarma, aHaju3y OrJiallaBakba, MOHHUTOPHUHT Y pEalHOM BPEMEHY H Jp
(Microsoft, 2016).
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3.1.2. BIG DATAUH®PACTPYKTYPA

Ca BenmukuM U Op3uM pacToM AOCTYHMHHMX HH(pOpMaiuja, KaCTOMH30BaHa MH(pACTPyKTypa
Google cepruca je mocturia rpanuie ckamabwinoctu (Olson, 2010). J/IBe KOMIIOHEHTE Cy
Oue KJbyYHE Y IPOjEeKTOBaY HOBE HH(PACTPYKType 3a mpolecupame mojaraka (Dean and
Ghemawat, 2008):

= Google cucrem pnatoreka (enrn. GFS — Google File System) — moy3mano wu
CKaJIAOMJTHO CKIIQIMINTE TeHEPUCAHKMX MojaTaka ca o0e30ehuBameM TONEepaHTHOCTH
Ha rpemke (enrin. Fault Tolerant); u

= MapReduce — cucteM 3a TpollecHpame IMojaraka Koju omoryhaBa jeibeme H
napajelHo 00aBJbame 3a/1aTaka Ha BEJTMKOM Opojy cepBepa.

Doug Cutting peanusyje mpojekar orBopenor koOma Apache Hadoop, 3acHoBan Ha
undpactpykrypu Google-a, koju ce Takohe cacroju ox aBe KibydHe kommnoneHte (Olson,
2010):

» nuctpubympano ckiaauire (enri. Hadoop Distributed File System — HDFS), u

*  ucTpuOYHMpaHH CHCTeM 3a o0pamy 3acHoBaH Ha Google pememy 3a mapaneiHo
nporecupame mogataka (euri. Distributed Processing System — MapReduce).

[Monmanu ce uyBajy Ha HDFS-y xoju 00e30ehyje ckanaOuiiHO, MpUiIaroJbuBO U OTIHOPHO HA
rpemike ckiagumuTe. lIpuinkoMm ckiaauiiTema, AaToTeke ce pasrpalyjy mo OsokoBHMA
BenuunuHe of 64MB unu 128MB, u cBaku 050K je KOomMpaH Ha BUIIE O] jEHOT cepBepa
(oouuno 3) y knactepy (White, 2012).

Osa perunkanuja omoryhasa (Olson, 2010):

"  OTHOPHOCT M TOJIEPAHTHOCT Ha T'pelIKe — IJe TYOUTaK jeJHOT JHCKa, pauyyHapa WiIH
cepBepa Hehe YHUIITUTH AaTOTEKY, U

= nepdopmaHce — rae Ouio Koju OJOK MOXKE J1a ce MPOYHMTa ca jeTHOT WU BHIIE
cepBepa nmputom mobosbiiasajyhu nporok mojgataka (euri. Data Flow).

HDFS ctBapa BuIie peruimka CBakor 0JIOKa TOoJaTaka ¥ JUCTPUOYUpA WX HaA JPYre YBOPOBE
IMpoM Kiactepa omoryhasajyhu nmoysnan u 6p3 npuctyn (prKa3aHo Ha CIHIH 2).
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HADOOP guctpubyupanu dajn cuctem
[vcTpubynpaHo, noy3AaHo 1 cKanabunHo cknaguwTe

HDFS npenama fonasHe gaToTeke y 610K0BE M CKABAMWITH UX Y KNAcTepy

CKYN PENNWKA BNIOKOBA

Cnuxa 2. Ungppacmpyxkmypa oucmpubyupanoe cknaouwma — HDFS (aoanmupano npema:
Olson, 2010)

HDFS o6e30elyje qocTymHOCT mojaTaka Tako INTO KOHTUHYHUPAHO TMpaTH paj cepBepa y
KJacTtepy M OJIOKOBMMa KOjUMa CEpBEpU yNpaBibajy. MHAWBUIYaTHH OJOKOBH IOJIICKY
MpoBepH U KOHTpodu pana. Kama ce Onok mpouwmra, yTrBplyje ce HCIpaBHOCT (da 1 je
BPEIIHOCT KOja je 3abenekeHa, UCIpaBHa). YKOIHMKO je 010k omreheH, 6MBa 0OHOBJbEH ca
JEIHUM OJ HErOBHX pPEIUIMKA, a YKOJHMKO CEpBEp WJIM JUCK OTKaXe, CBU TOAAIM KOje
CKJIQMIITH PEIUIMIMPAjy c€ Ha APYTM YBOP MJIM HA JPYre YBOPOBE Y KJIACTEPy W3 YHTaBE
konekuuje perunka (Olson, 2010). Kao pesynrar, HDFS netektyje u komreH3yje rpeike Ha
cepBepy WM MpobiieMe Ha JUCKOBMMa Ha JPYrHM YBOpOBHMA y Kiactepy 00e30ehyjyhu
MOY3AaHO CKJIQHIITE.

Cama HDFS wundpactpykTypa HUje TOBOJbHA Ja OW ce CTBOpHMO ojrorapajyhu HHBO
anmanranyje uHppactpykrype big data exocucrema. OO3MpoOM 1@ je SKCIOHEHIIUJaTHU pacT
YKYIIHEe KOJIMYMHE T[OJaTaka [IOBEO [0 MHOTMX BHTAJHHMX H3a30Ba Yy EJICKTPOHCKOM
[0CJI0Bamby, moctojehu cucreMu Cy mocrajan HeaJaeKBaTHH 3a mBHX0BY 00pamy (Olson, 2010).
Jla 6u 1o mpesasuirao, Google je mpencraBro HOBM Mojen nporpamupama — MapReduce
(mpuka3aHo Ha ciuny 3), APYrYy TJaBHY KOMIIOHEHTY 3a MapajelHO M IUCTPUOYHpaHO
nporiecupambe nogaraka (Dean and Ghemawat, 2008).
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MapReduce copTBepcky OKBMP
Anchaxuuia 3afaTaxka aHann3ie u ona,qe nogaTtaka Be/IMKKMX pasmepa

Mpouecyupa Benrke NOCNOBE NapanenHo NPexo Hoaosa KoMBuHYjyhiu peayntate

¥

Mpukynmwa pesynTare HakoH aHanu3e 4eN0Ba pennuuMpaHe AaToTexe

Cnuka 3. Ungppacmpyxmypa MapReduce cogpmeepckoe oxeupa (adanmuparno npema. Olson,
2010)

MapReduce ekcrutoatuine TUCTPHOYUpAHy apXUTEKTYPy CKIAIHUINTA Paay MPUIArOAJbUBOT,
CKaJTA0WITHOT, TOY3J]aHOT U TapaJieTHO-OPHjCHTUCAHOT AJITOPUTMA 3a TPOILECUPAHE ATHX
3ajaraka. OBa KOMOHWHaIMja je KOHCOJHUIAIlMja CBUX THIIOBA IIOJaTaka M TOYy3JaHa
miarpopma 3a 4yyBame IMOJaTaka Koja HCIOpydyje AucTpuOympano wu3BpiinaBame (Olson,
2010; Lin and Dyer, 2010; White, 2012).

Vnasuu nogaru 3a MapReduce mporecupame ce 00MYHO Tpey3uMajy OJ1 JaTOTeKa Koje Cy
yuutane y HDFS. Jlatroteke u3 HDFS ce paBHOMepHO pacmopel)yjy Ha cBe 4BOpoBe Y
knacrepy (Wang et al.,, 2013). MapReduce oOyxBaTta amcTpakiijy Koja C€ 30BE€ Yia3Ha
mogena (eurs. Input Split) m koja omoryhaBa nma cBaku OOk Oyae MOJAC/bEH Ha
WMHIUBHyaHe, TOjeMHAYHe 3amuce (mpukazaHo Ha ciuuim 4). [lpe Hero mro mnovHe
W3BpIIABAKE 3aJIaTOr I0Ca, pas[Bajambe yIa3HUX I0JaTaka 3a KOHQHUrypucaHu Opoj
3aJlaTaka ce u3padyHaBa Kako OM ce TOCTUIVIa TMOAjeHaKa JTUCTpUOyluja pagHOT
ontepehema. ¥V da3u manupama, yiaa3Ha JaTOTEKa j€ MoieJheHa Ha HE3aBUCHE YiIa3He MOeIe
(errt. Input Split) roe cBaka moaena caapyku mojeauHavyHu 3amaTak Mmamepa (Map) koju
onucyje MapReduce mocao. 3amaiu Manupama ce 3aTUM J0/eJbY]y YBOPOBUMA Y KJacTepy
Ha OCHOBY (pM3WYKE JIOKAIMje yJIa3HHX JaToTeka. Hekonmko 3amaTaka Mamvpama ce MOTy
JOJICIIUTH TIO0jeTAHAYHOM YBOPY KOjH HACTOjU Jla M3BPIIM INTO BUINE 3a/aTaKa MapaJieTHO
(Olson, 2010; White, 2012; Wang et al., 2013).
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Ha kpajy ¢dasze mocna mamepa (Map) pesynratu ce cakymbajy u peayiupajy (Reduce).
MapReduce mporiec ocurypasa ja mojaiu Oyay COpTHpaHH M IOCTaBJbEHH PEAYKTOPY TAKO
Jla ce M3JIa3M CBUX MaIepa MpHUKYIybajy U mpociel)yjy mporecy coprupama (enrit. Shuffle and
Sort). Coptupan u3ia3 ce 3aTUM NPEHOCH Ha €0 peAyKiuje 3a oOpamy. Pesynratu cy
ynucyjy Hazan y HDFS (White, 2012).
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Cnuxa 4. MapReduce — Input Split / Shuffle and Sort

IpojexToBame u peanusanujy big data undpactpykrype npare tpu kapakrepuctuke (Olson,
2010):

* Benuku cCHCTEMU 3a yrpaBibame MoJalMa Cy Apyraudje usrpaljenu ganac. YMecro
BEJIMKUX, I[CHTPAIM30BAHUX CEpBEpa, OpraHu3aiuje mokpehy Kolekluje yrpagHux
CKJIaUIITa HAa CEepBEpHMA, OJ] KOjUX CBAaKM MMa BUIIE MpOIecopa W JTUCKOBE
kananuteta m3paxkeHnnx y TB. Crapuje, IeHTpalu30BaHE WU JCJbEHE AarlIUKaIuje
CHIOpo ¥ ¢1a00 pajie y TAKBUM YCIOBHMA.

* Pa3HOBPCHOCT M KOMIUIEKCHOCT pAacIOJIOKUBUX TIOAaTaka je Op30 mopacia.
VnpaBjpame pelandoHMM 0Oa3zaMa NoJaraka M CTPYKTYpHUpPaHH CHCTEMH HEMajy
MoryhHOCT 00pajie BEIMKUX U KOMIIEKCHUX TUIOBA MojaaTaka. OBa KOMILJIEKCHOCT je
1 KBAJIMTATUBHEC U KBAHTUTATUBHC IMTPHUPOAC. Kommnekcuan noganu HE MOry OHTH JIaKO
uckopuinhenn y 0azama CTpyKTYpHpaHHX pefoBa M KosioHa. [lomamu oBe BpcTe cy
BEJIMKH, a Op3uHa KojoM ce reHepuiry pacrte. HoBe TexHonoruje 3a o0pajy mojaraka
Tpeba ma Oydy cnocoOHE 3a Hu3/Bajalbeé BPEIHOCTH CKPUBEHUX Y BEIUKUM U
Pa3TMYUTUM TIOAAIMA.

34



» Big data wundpacTpykTypa Tpeba 1ga omoryhm aHaIMTHKy KOMOMHOBaHmEM
CTPYKTYpUPAaHUX U HECTPYKTYpHUpaHUX I[ojJaTaka, W Ja o6e30equ yBua y
nH(popMaIrje U3 pa3IMIuTUX U3BOPA.

IMpumena big data rtexnomorwja y peanuzanuju uHbOpMaHoOHe HHPPACTPYKTYpE HMa
JI0Ka3aHe BPEIHOCTH Yy pa3HHUM oO0JIacTUMa IOclioBama. baHke M ocurypamajyha npymrsa
KOpHUCTE alropuTMe 3a npaheme NoHamama KiIMjeHaTa Ha OCHOBY MCTOpHjE TpaHCaKIHja
paIu OTKpUBamba CyMIBbUBUX aKTHBHOCTH; KOMIIaHHUj€ KOje ce OaBe eNeKTPOHCKOM TPrOBHHOM
“Majy MOTYRHOCT Aa mo0oJbIajy TAYHOCT CBOJUX CHCTEMa 3a MPEMOpyYMBaAE-E MPOHU3BOIA
KOMOMHYjyhH TpaHCakIMOHE TOJAaTKE ca eBHJACHIMjaMa AaKTHBHOCTH KOPHCHHKA
TeHEepHCaHUM Ha BeO cepBepy WM IPYTUM MpexXHUM ypehajuma.

VY eHeprerckoM cekTopy, kommnanuja Tennessee Valley Authority — TVA je usrpamuna cuctem
NPUKYIUbakha W aHamu3e mojaraka moxa HasuoMm Open Phasor Data Collector — OpenPDC
Koju je 3acHoBaH Ha big data madpactpykrypu. OpenPDC npatu konumuwmHy moiasehux
noJlaTaka oJi CeH30pa BE3aHHX 3a CHCTEM IPOU3BOJLE eleKTpudHe eHepruje. OBU CEH30DH,
pacriopeh)eHn OKO eJNEeKTpUYHEe Mpexe, MpaTe M H3BEIITaBajy (YHKIMOHAIHOCT U CTaTyC
cBakor reHeparopa. IlaxspnBo mpaheme u Op3 oaroBop Ha Moryhe mpoMeHe Ha MPEKHU
oMoryhaBa eKOCHCTEMY Jla CMamd WIH CIpPeYd KBapoBe, Kao M Ja 0o0Jbe yIpaBiba
pacronokuBuM Kamarutetuma. Madpactpykrypa big data exocucrema OpenPDC je 6una y
CTamy Ja CMamH ONEPATUBHE TPOIIKOBE KOMIIAHUje M Ja 00e30enu APYIITBEHO OJrOBOPHO
MOCIIOBalkEe ca IMJbeM O0Jbe KOHTpOJIE CTaKJIeHe OalmTe, €eMHCHOHHX TacoBa U APYrHX
exosomkux pusuka (Olson, 2010; Yu et al., 2013).

Komnanuje koje passujajy Hadoop cepsuce u anare u 3Ha4ajHU FHETOBH JAUCTPUOYTEPH Ha
TP)KHUINTY KOje HyJAe W YCIyre TEXHHUKE MOAPIIKE Kpo3 Hagorpaamy Hadoop moayna cy:
Hortonworks, Cloudera, Amazon Elastic MR, Microsoft, IBM, Pentaho, Fico, Jaspersoft,
Apache Bigtop, Cascading u npyru.

3.1.3. BIG DATAUH®PACTPYKTYPA MICROSOFT

Microsoft je ca SQL cepsepom 2016 oOyxBatmo big data pemema uH(bpacTpykType 3a
nokanao u Cloud okpyxeme kako Ou omoryhwo NpuKymbarmbe W 00pamy pelalMOHUX H
Hepenaironux noxataka. Cloud okpykeme Kao CKyl MpeXHHUX CEepBHCa TMPYXKa CKaTaOuIIHe,
MIEPCOHAIN30BaHe, pauyHapcKe HHPpacTpykType Ha 3axteB (eHria. On Demand), kojuma ce
MOXe TMPHUCTYIHTH Ha jeHOCTaBaH M mpojaopaH HaumH (Ranjan et al., 2010; Buyya and
Ranjan, 2010). KonnenrtyanHo, KOPHCHHUIIM 3aXT€Bajy padyHapcKy ImiatgopMmy win
uHpopMaIMOHy HMHQPACTPYKTYypy 3a U3BpIIABamke H3payyHaBama WM IIOKpeTama
arrkanuja yaytap mux. Cloud omoryhaBa kopucHHIMMA yciayre MPUCTYIa XapiBepy,
coTBepy, pecypcuMa mojiaTaka, U MHTerpucaHoj riardpopmu kao ceppucy (enri. Platform
as a Service). MapReduce mapamurmMa W meroBa WH(pACTPyKTypa je MNperno3Hara Kao
perpe3eHTaTHBHA TEXHUKA KOoja oMoryhaBa TeXHOJIOTHjy padyHapcTBa y obiaky (enri. Cloud
Computing) (Wang et al., 2013).
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Big data nudpacrpykrypa Microsoft-oBor cepepckor pemema 2016 kpo3 HHTErpaimjy ca
Cloud oxpyxemem omoryhaBa ga ce u30opoMm mpaBor pacnopehuBama onrtepehema Mory
JOACTHUTH 3aJalll M yJI0Te y CHCTEMY I/Ie je/lHa BeIW4YHnHa, OMIIO /1a je IPOCTOp MM 1aTOTeKa,
MOXe OojroBapaTd jAepuHUCAHMM HHUBoMMa mnpuctyna. OOyxBaTta TNPOJEeKTOBAHE
BUIIECTPYKUX CKIQAMINTA — MPEKO HM3pajJe aIuldKalyja Koje 3aXTeBajy BEIUKE KOJIUYHHE
Pa3sHOBPCHHX MOZaTaka (CTPYKTYpUpPAHHX, HOIYCTPYKTYPUPAHUX U HECTPYKTYPHUPAHUX) IO
pPa3IMUUTHX HHBOA TPHCTYNa KOPHCHHKA KOjU TE allIMKalWje MOTY HMCTOBPEMEHO Ja
kopucte. Madpactpykrypy kapakrepumie (Microsoft, 2016):

= PolyBase texnosoruja koja o0e30ehyje mobujambe TpakeHOr OArOBOpa Ha OCHOBY
jemnnor T-SQL ymura (enra. Transact-SQL) npeko perannoHuX U HepelIalnuoHux 0asa
nonataka, SQL cepsepa u Apache Hadoop oxsupa (DeWitt et al., 2013);

» Tlompmka 3a peliemha CKIAIUIITEHAa CTPYKTYPUPAHUX U HECTPYKTYPHPAHUX
mojaTaka, CHMETPHYHO MynTumnponecupame (enri. Symmetric Multiprocessing —
SMP), u obumHO mapanenHo nporecupame (enrn. Massively Parallel Processing —
MPP) (Fan and Huang, 2013; Hashem et al., 2015);

»  XuOpuaHO CKIaIuIITeHe mogataka ca Stretch DB monynowm;

= Tloaprka 3a MOBE3UBakE BUIIIC U3BOPA MOIATAKA;

» [logpmika 3a MPOTOK HECTPYKTYPUPAHUX TTO/IaTaKa,

= JSON nopapmika (eurs. Java Script Object Notation);

*  Vuanpehenu npumapuu cepsuc (enri. Master Data Services — MDS);

= JloOoJsplIame OIICPpaTUBHUX HepCI)OpMaHCI/I IMPUMCHOM HHJIECKCA 3aCHOBAaHUX Ha
kostonu (erri. Columnstore indexes);

= SQL cepBepcku cepBHC 3a aHAIHM3Y, ca €PUKACHUM TapajCIIHUM MPOICCUPABEM U
yrpaBsbambeM MeMopHjckuM moaaiuma (enri. SQL Server Analysis Services — SSAS);

* Hurerpammja R je3uka koja omoryhaBa aHanmu3y moJaTaka yHyTap JIOKaJlHE,
penanyoHe 0ase 1mojaTaka;

* Msrpaama cepBEepCKHX pPa3BOjHHMX ajara 3a: Mojeje NPHUMEHJbUBE Yy IOCIOBHO]
untenureniuju (exrin. Business Intelligence — Bl Models); mozaene ananuse (eHri.
Analysis Services Models); u cepsepcke Monerne u3BemTaBama (eHria. SQL Server
Reporting Services — SSRS);

*  CrnocoOHOCT MyOJIMKOBamka M3BEIITaja ONTHMHU30BAaHUX 3a MoOwiIHE ypehaje (eHr.
Mobile Report Publisher).

PolyBase texnosorujy kapakrepuiine MOTyNHOCT MOBE3MBamba TPAIAUIMOHAIHOT CKJIaIUIITa
nojgaTaka ca Hadoop okpykemeM M TOCTaB/bakbe yIUTAa HaJ PEIAllMOHUM U HEpeJallMOHUM
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nojanuma ynyrap Hadoop okBupa, Koju MOXe Jia MoJIpKK 00a, pPeallioHd ¥ HepelIaluoHU
nojarak mapanendo (DeWitt et al., 2013).

PolyBase je mampaBsen y mabGopatopuju Jim Gray Systems Labs kojy je Boamo David
DeWitt, mpodecop Yuusepsutera y Buckoncuny na ®@akynrtery pauyHapckux Hayka. DeWitt
je To3HaT MO pEBOJYIMOHAPHUM HUCTPaXMBAKBMMa MapajelHuX 0a3za Tojaraka,
MHTEPOIepadMIIHOCTH HE3aBUCHUX 0a3a, 00jeKTHO OpUjeHTHCAaHOT nporpamupama 1 XML-a.

PolyBase moap:kaBa Bume tpehux crpana (emrs. Multiple Third Party) Hadoop
nuctpubymmje, ykbyayjyhu Linux, Clouderu u Hortonvorks miardopmy. PolyBase Takxohe
NOJIpKaBa U MHTErpalnjy mocioBHe uHTenureHnuje ca Microsoft Office armukanumjama, SQL
W3BEITABAlE Ca CEpBepa, M CEPBHCE 3a HAMpENHE aHATUTHKE 4YuMe ce o0e3behyje
MoryhHocT 3a1aBama ynuta TpehumM ctpanama Hadoop ekocrcTeMa mpeko CpoJHUX aaTa 3a
nociaoBHy uaTenurenimjy (Microsoft, 2016):

» IzBpmasa T-SQL ynwure Hax noganuma cMerrrenum y Hadoop ekocucremy;
»  IzBpmasa T-SQL ynwurte Hax noganumMa cMernrrenum Ha Azure Blob ckmaaumy;,

» II3BpmaBa yHoc nmomataka y Hadoop exocucrem, Azure Blob cknamuiure wnu Azure
Data Lake 6e3 nogatHux arumkanuja u anata 3a 3aceone ETL npouece;

= lI3BpmaBa KM3BO3 IOoJaTaka W3 Hadoop exocucrtema, Azure Blob cxiagumra wim
Azure Data Lake-a;

» HUurerpumre nocrojehe Microsoft amare 3a MocioBHY WHTEIMIEHIIM]Y, U MTPUMEHbY]E
anate Tpehe crpane kommnatubmine ca SQL cepsepom 2016.

PolyBase cepBuc mpebanuBama W u3MelTama mnogataka (eursi. PolyBase Data Movement
Service — DMS) paau ca HDInsight u HDFS Be3om 3a napaienny u AucTpuOyupany oopany
M TIPOIECUpPAEe KOMIUICKCHUX HEPENAMOHUX YNHTa, MmoOospinaBajyhu mepdopmance u
omoryhaBajyhu oOpaay mojaraka Ha MECTY H-HXOBOT IIOCTOjama YHYTap CKiIaaumTa, 0e3
notpebe 3a ETL mpomecuma. OmoryhaBa KOMOWHOBamE€ pENAIMOHUX M HEpENalluOHHX
TUIIOBA TIOJIaTaKa, Kao M 3ajJjaBarme YIUTa HaJl CKCTEPHUM TOJallMMa KOji Ce Hajla3e yHyTap
Hadoop exocucrema mau Azure Blob ckmamumira (mpukasano na ciaurm 5) (DeWitt et al.,
2013; Microsoft, 2016).

Data Lake u HDInsight

KopucHuk

‘ VYnut

PolyBase
@hadaap
m Pesyntatu €

Azure Blob cknaguwre
e

Cnuka 5. Ungppacmpyxmypa PolyBase mexnonocuje (aoanmupano npema: Microsoft, 2016)

|
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AHanu3a CTPYKTYpHpPaHUX W HECTPYKTYPHUPAHMX I10JaTaKa je TEIIKO MPUMEHIbHBA YKOIHKO
HE TOCTOjM HAYMH 3a MPEHOC MojaTaka u3Mel)y pas3nuuuTux TUoBa ckiaamumTa. PolyBase
pelliaBa MMOBE3MBaE EKCTEPHUX IoJaTaka Koju cy decto cmemrend Ha Cloud-y, u yayrap
cepBepa. YIHUTH HaJl €KCTEPHUM IOJaliMa MOTY Jla KOPHCTE MUCTY CHHTAKCY Kao M YIIHTH
HaJl pelalMoHMM Oasama TmojaTaka. APXHTEKTypa CHCTEMa MOXE Ja TOAPKH H3rpaiby
XHOPHIHUX pellema Koja WCIOPy4yjy YBHA Yy TOJATKE HE3aBHCHO OJ Tora TAe CYy
cxinaguimrenu (DeWitt et al., 2013).

HNudpactpykTypa je oNTHMHU30BaHa 3a MapajeiaHy 00paay yHyTap BHUIIE cepBepa YUME MOKE
na ce 00e30enu Benuka Op3uHa pana. CepBepu MOTY Jia TIOJIPIKE BEJIIMKH OpPOj MPOIIECOPCKUX
jesrapa ca BEKTOPCKMM HMHCTPYKIMjama; MOTY Jla MMajy MeMopHjy uspaxenHy y TB u na
oMoryhe BHCOKE yna3HO/M3NIa3HE MPOMYCHE OICEre ca JIOKAJIHUM CKIQJMIITEM HE
HapymaBajyhu \HUX0BY KOH3UCTeHTHOCT yHyTap Cloud-a.

Azure ckmamumrte Ha Cloud-y yckmalyje wmcry MPP  apxurektypy mo3BosbaBajyhu
KOMOWHOBame CKaJIupamba CHAre M eJacTHIHOCT oOiaka. ElacTHYHOCT Kao HCTaKHyTa
KapaKTEepUCTHKa CHCTEMa MMa CIOCOOHOCT 3a Op30 aHrakoBame M ociobahame pecypca y
3aBUCHOCTH O] 3aXTeBa WM obOuMa 3amator mocia. TakaB Just in Time cucrem Mmoxe aa
ocTBapH Benmke ymreae opranusanuju (Microsoft, 2016; Tejada, 2017).

Big data undpactpykrypa u unterpaiuja cepsepa ca Cloud okpykemem ce ocTBapyje myrem
cienehux cepsuca u big data texunomoruja (Microsoft, 2016):

= Azure SQL Data Warehouse;
= Azure Data Lake;
= Azure HDInsight;
= Advanced Analytics & Power BI.
VY okBupy Microsoft-ose big data uadpactpykrype nocroje tpu cepsuca (Microsoft, 2016):

I.  Azure HDInsight — Yopasssa Hadoop knactepuma u omoryhasa Hadoop cepruce Ha
Cloud-y (Chauhan et al., 2014). PemaBa muTama y KOHTEKCTY HCTOBPEMEHOT
NPUCTYNa Pa3HOBPCHHUM MOJAIMMa; CKaIMpama pecypca ca poOyCHHM ajatuma |
cepBucuMa Kopuctehu TexHosoruje 3a Jesbemhe JO0OMJeHHX YyBHJA IIHPOM
opranusaije u reorpadekux gokanuja (Tejada, 2017).

[l.  Azure Data Lake Analytics — [IuctpuOyupanu cepBUC 3a aHaIU3y MOAATaKa KOjU je
m3rpahien Ha Apache YARN mnarpopmu. He 3axTeBa mNpojeKTOBame 3aXTEBHOT
xapaBepa. Ynutuma ce TpaHchopMuUIly M H3BIade BpPEIHOCHE HHPOpMANHjE W3
nojaTaka nmpu aHaJu3u, 00paau u Buzyanunsanuju. CepBuc 3a aHau3y MojaTaka Koju
MOJKE J]a U3BPILH 33JaTH T0ca0 OMIIO KOje BEJIMYHHE MO/ICHIIaBAKbEM H IIOCTABIHAEM
notpeOHe KoHpurypauuje pecypca. llogpxaBa akTHBHM IUpeKTOpujyM Ha Azure
Cloud-y u ckamabWaHOCT AMCTpUOyHpaHOr mporpamckor jesuka 7-SQL  koju
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epukacHo aHanu3upa nojarke npexko SQL cepsepa na Azure miatdopmu, Azure SQL
6a3u momaraka u Azure ckimagumty (Ramakrishnan et al., 2017; Klein, 2017).

1. Azure Data Lake — OmoryhaBa uHcTaHiy 0a3e mojaraka y KOjoj c€ MOTY cadyBaTH
nmojany OWIO Koje Benu4uHe Oe3 W3BpIIaBama IMPOMEHA YHYTap aruiuKaiyje.
[IpojekToBaH je 3a MpoIecHpame MoJaTaka BHCOKHUX Mep(HOpMaHCH U AHAIUTHUKY
HDFS anmnukanuja. [lonamu Mory OUTH reHepucaHy y peajJHOM BPEMEHY ca CeH30pa,
loT ypehaja wnm cajToBa 3a eNeKTpPOHCKY mpoaajy 0e3 (QHUKCHUX OrpaHHYCHa
BennunHe (OMI0 Ja je KOPMCHUYKHM HAJOT WIIM TOJaTak), M103BOJhaBajynu MPHCTYII
HajBUILIET HUBOA PA3IMYUTUM ToAanuMa 0e3 HKUXOBOT IOMepama WU H3MEIITamka
ananmutuke. [IpegHOCT 3aapikaBama MojaTaka Ha MECTY Il ce Hajla3e 3Ha4yM Ja u3a
yCIIOCTaBJbEHE Be3e HHje moTpebaH mnonaTHu pas3Boj cucrema (Microsoft, 2016;
Chauhan et al., 2014; Tejada, 2017; Ramakrishnan et al., 2017; Klein, 2017).

IMpumenom big data texnonoruja u peanusanujom big data uadpacrpykrype, Microsoft je y
capaamu ca Intelom u3Bprimo 3Havajan ekcriepuMeHT. EKOCHCTEM ca CKIIaJuIITeM O] jeTHOT
Hoja y kiactepy BenmmuuHe 100TB, ca wetupu npouecopa Intel Xeon E7 na SQL cepsepy
2016, 6uo je y cTamy JAa yuuTa W Hpurpemu 3a obpany cinoxeny TPC-H memy (enri.
Composite Query-per-Hour Performance Metric) 3a 1.6TB/h. Bpeme uspauyHaBama je 6110
5.3 cekyHIH 3a U3BpIIaBame cIoKeHor ynuTa y 6a3u Benmunne 100TB (Microsoft, 2016).

Naxo u MapReduce u PolyBase TexHoJIOrHje U3BPIIIaBajy YIIUTE 3a MapajieiIHO MPOIECHPArhe
nojgataka o06e30ehyjyhu ckamabunny oOpany penanuoHux Tabena ca HECTPYKTYpPHpPaHUM
noganuma yayrap HDFS-a, oBa aBa cuctema uMajy pasnuuute npucryne. Hadoop kopuctu
MapReduce kao ocHOBHH Mpoliec 3a obaBibarme MapanenHor mporecupama (Dean and
Ghemawat, 2008), mok ca apyre crpane PolyBase apxurekTypa mapajieiHo HpOleCHpame
u3BpiaBa npuMmeHoM SQL cepsepa 2016 (Microsoft, 2016). MapReduce npumemnyje HDFS
npuiukoM Shuffle and Sort mpoueca, mok PolyBase kopuctu Data Movement Service 3a
npepacrojiely Iojataka MpeKo HOAOBa yHyTap KiacTepa padyHapa, ¥ 3a YHOC U H3BO3
nogataka y/u3 HDFS cknagumra (DeWitt et al., 2013).

3.1.4. BIG DATA CEPBUCH

ExcnioHeHIMjamaH pacT yKyIHE KOJHYMHE JOCTYITHHX MOJaTaka pa3IMdUTUX THIIOBA W
pa3IMYMTHX M3BOpa je YTUIA0 Ha cTBapame big data mapagurme. Hadoop je xoncomumoBana
wiaropma Koja ca mpatehum pa3BojHHM cepBHCHMA pelraBa ImpoOieM aHaiau3e U odpaze
BEJIMKKX CKYIoOBa mojartaka. HezaBucHe penannone 0ase mojaTaka Koje MoCToje Ha TPXKHUIITY
W JaHac, octahe y ynotpeOu y roJiHaMa Koje J10Jia3e ca 3aJIaTKOM Jla peliaBajy npooyiemMe 3a
Koje cy HamemeHn. Hadoop ux gomymyje U KOMIUIEMEHTapaH je ca mocTojehinM cuctemMumMa
00e30ehyjyhu HOBM mpucTynm o0paau W aHAIU3U THAE C€ CTPYKTYpUPAHH TOJAlM ca
CJIOKEHUM, HECTpYKTypupanum, mory komounoBatu (Olson, 2010; White, 2012).
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Hadoop moxe na caapku pa3jid4uTe CEpBUCE YMjOM CE MMILIEMEHTAIMjoM mephopMaHce
cucreMa mnobosbiaBajy. KomOunyjyhu cepBuce ca muxoBuM cnenuduyHuM (QyHKIUjama,
peanusyje ce epukacaH €eKOCHUCTEM.

Cepsucy 3a npucTyn nogauuma

Cepancm 3d CKnaguiiTee nogataka

VA

Cepsucy 3a uHTEpaKuUujy,
ynpae/matbe U U3BpLIaBate

Hadoop Common
MapReduce

Cepsucy 3a cepujanu3aumjy nogaraxa

Cepeucy 3a uHTErpauyjy nogataka
CepBuCK 32 MOHUTOPUHT U AAMUHUCTPALM]Y

s |

CepBucy 33 MALIMHCKO y4ere

Cnuka 6. Big data cepsucu — Texnonowxu oxeup Hadoop exocucmema

Y uentpy ce Hamasu jesrpo cucrema Hadoop Common — codTBepckd OKBHP 3a
aucTpuOyupany obpaay Benukux ckymoBa nomataka YARN (enrs. Yet Another Resource
Negotiator). IIpe nobujama 3sannuror umena, YARN ce nHedopmanto 38ao MapReduce?2 wiu
NextGen MapReduce. Mehyrum, yBeacH je HOBH MPHUCTYI KOjU j€ OIBOJHO YIIPaBJbaHbe
pecypcuma Kkiaactepa u pacnopehuBame nociosa o1 MapReduce-oBe KOMITIOHEHTE 3a 00paxy
nojaraka, oMmoryhasajyhn Hadoop ekocucremy na moapaBa pa3jiMuuTe TUIOBE 00pajie H
mMpH crekrap amukanuja. Ha mpumep, Hadoop knactepu mory na nokpehy HHTepakTHBHE
yIUTe, aHAJMTHKY M 00paay MojaTaka y peaqHOM BpeMeHy ucroBpemeHo ca MapReduce
nociosuma (Vavilapalli et al., 2013).

TexHOIOMWKH OKBUp canpsku cienche cepsuce (Simovié and Cirovié, 2016):

= Cepsucu 3a npuctyn nogarnuma. (1) Pig — cepBuc 3a aHaTHM3Upamke BEIUKUX CKYITOBA
nojiataka KOju C€ CacTOjH OJ MPOrPaMCKOr je3WKa BHCOKOT HHMBOA IMOTOIHOT 3a
o0aBJbamkbe aHaNW3e TMojAaTaka 3ajeqHO ca HH(PPACTPYKTypOM 3a BpPEIHOBAHE
nporpama. Mcrakayra ocoouna Pig cepBuca je CTpyKTypa IMOJI0KHA ITapaieIn3aiujiu
Koja omoryhaBa ynpaBJbambe BEJIMKHM CKyMoBHMa mojataka. CKpPHIIT-je3UK BUCOKOT
HUBOa oMmoryhaBa mpey3uMame, yduTaBame, TpaHchopmucame U Quiarpupame
nojaraka, kao mto je Pig Latin — kommajnep xoju npousBoau cekeniie MapReduce
3ajaTtka koje mpociehyje wimactepy; (2) Hive — ympaBba ynuTtuMa W BETHKHM
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CKYIIOBMMa IOJAaTaka CMEUITEHUX Yy AUCTpUOyHpaHoMm ckianumry. CKiIaguiTe ce
OZIHOCH Ha (PM3MYKY JIOKALHU]y AUPEKTOPHUjyMa UITH JaTOTeKa KOju Cy Ha3HayeHu Hive
ynutuma. Hive o0e30ehyje MexaHH3aM NpOjeKTOBama CTPYKTYpe Haja IoJalnuMa
kopuctehu jesuk cimuan SQL-y — HiveQL. HcroBpemeno, jesuk omoryhasa
MapReduce nporpamupame Kaga je HeedukacHO 1a ce oapelheHa JIOTHKA H3pa3u
HiveQL-om (White, 2012).

CepBucH 3a CKJIaMINTEH¢ Topataka. Hadoop je mpojektoBaH 3a o0pagy u
MPOIIECUPAakhEe BEIMKUX CKyNoBa IMojaTaka. MehyTuMm, YKOIHMKO je TmoTpeOHa
npeTpara, mpey3umMame u 00pajia crelu@UYHUX MojaTaka y pealHoM BpPEMEHY, TO
00e30ehyjy cepsucu HBase u Cassandra (Dede et al., 2013). L{wsb cepBuca je
CKJIaJIUIITEHC BEOMa BEIIMKUX Tabena, Kao MTO Cy IMpuUMepa paju, BHIIC MUIAOHA
pemoBa X MuIMOHHM KojoHa. Kao mTo Bigtable yckmahyje ckmagumteme
aucTpubOynpanuM noganuma godujenux ox Google FS-a (Chang et al., 2008), Apache
HBase o6e30ehjyje Bigtable momyr cmocoonoctn Google-a. Tepmuu NOSQL cy
omoryhmnu Hadoop cepBucu, nepunumyhun Hadoop exocucreM ¢uieKCHOMIHUM U
CKaJaOWITHUM.

CepBuicH 3a HHTEPAKIH]y, yupaBibae U u3BpiiaBame. (1) HCatalog na menaygment
ciojy Hadoop exocuctema omoryhaBa mporiecupame ¥ 00paay IojaTaka MOMoOhy
cepuca MapReduce, Pig u Hive, ka0 u nakiie 4WTame IOJaTaka ca MpPEKe.
HCatalog ancrpakTtHO mpuKkasyje mperien penanuoHe Oasze mojaraka y Hadoop
IUCTPUOYHPAHOM CHCTEMY JaTOTeKa M OCHIypaBa dYyBame IMoJaTaka OO KOT
dopmara (Pal, 2016); (2) Lucene — omoryhaBa npeTpakuBarbe 1eI0r TEKCTa, IPOBEPY
IpaBoluca, Kao M HalpeaHe aHaiu3e Tekcrta MmoryhHoctuma API anropurama
yrpahenux y tokene; (3) Hama — ocurypaBa u3pauyHaBame BHCOKHX nepdopmaHcu
3a M3BpIIaBame anropurama kao mro je Matrix u Graph. Hama o6e36ehyje BSP —
Bulk Synchronous Parallel momen mnpocinehuBama mopyka ¥ KOJEKTHBHE
komynukaimje (Kajdanowicz et al., 2012); (4) Crunch - Oubnuoreke Koje
oMoryhaBajy OKBHp 3a MHUCame, TECTUpame U MoKperambe MapReduce mporeca.
[lpy:)xa TyHy KOHTpPOJIY HaJX. MalHpameM, pPEIyKOBambeM, COPTHPAHmEM,
KOMOMHOBamWbEM, U IIOMaXKe y U3BplIaBamy arperanyje nonataka (White, 2012).

CepBucu 3a cepujanusaijy momaraka (White, 2012) — metox koju omoryhasa
npey3uMame TMojaTaka W3 alviMKainuje W Koju o00e30ehyje mporec mpeBohema
CTpYKType TmojaTaka y (opMar KOju ce MOKe MOXPaHUTH Ha JUCKY; HAKHAJIHO
pa3MEHHUTH ca JAPYroM aIuIMKalidjoM U PEKOHCTPYUCATH Y HOj pasyMJbUB (opmaT
(anp. JSON, XML wmu npyru ¢opmar). (1) Avro — renepuuku Hadoop cepuc 3a
cepujanm3anyjy © pasMmeHy momartaka; (2) Thrift — cepBuc 3a kpeupame
bnekcubmnux mema 3a pag ca Hadoop momaruma. HamemeH je 3a BUIlEje3ndHy
koMmmaTuomtHOCcT. KoMOUHyje codTBep ca M3BOPHHM KOJOM U TPagdl yCIyry Koja
pamu edukacno ca C++, Java, Python, PHP, Ruby, Perl, C#, JavaScript u npyrum
je3urmma.
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Cepsucu 3a mammHacko yuewe (Landset et al., 2015). Drill u Mahout — u3Bpmasajy
MHTEPaKTHBHY aHAJU3y YI'HeXAeHuX noaaraka. [logpxasajy pasnuunte NOSQL Gasze
mojaTaka M CHUCTeMe JaToTeka, ykbyuyjyhu HBase, MongoDB, HDFS, MapR,
Amazon S3 u apyre. Jenan ynut Moxe J1a IPUAPYXKH MOJATKE U3 BUIIE HE3aBUCHUX
0a3a (Zomaya and Sakr, 2017). Ha mpumep, MOXe Ja c€ HPUAPYNKH KOJCKIH]a
npoduna xopucHuka MongoDB ca AMpeKkTOpujyMOM CEpBEpPCKUX €BHACHIIMjA Y
Hadoop ekocucremy.

Cepsucu 3a uHTerpaIyjy noaaraka. (1) Sqoop — cepsuc kKoju 06e30eljyje nuTerpanujy
Hadoop-a ca npyrum penammonum cucremuma. Ha nmpumep, MapReduce pesynrar He
Mopa aa ce cmect ynyrap HDFS-a u na ce oopaau Pig mim Hive ynutuma, Beh ce
MOKe JMPEKTHO MPOCIEeAUTH Yy penanuoHe cucrteme. Takohe, 06e36ehyje Tpanchep
mojgaTaka u3 penanuonnx cuctema y HDFS (Aravinth et al., 2015); (2) Flume —
€BUJICHIINOHNW CEPBEPCKH TMPOIECOPU KOJU Y pEaTHOM BpeMeHy 00aBibajy
unTerpanujy ca Hadoop exocucremom. JluctpuOynpaH, moys3aaH U JOCTYIIaH CEPBHUC
3a e(hMKacCHO MPUKYIUbAE, arperalujy U Tpancdep BEIMKHX €BHICHIMja CepBepa y
HDFS (Hoffman, 2013); (3) Chukwa — cepBuc 3a mnpuKyIJbame IMOAaTaka U 3a
npaheme BEIMKUX AUCTPUOYMpPAHUX CHCTeMa. YKJbydyje (rekcuOwian amar 3a
npuKasuBame, npalielke W aHaIM3UMpame pesyirata paau u3bopa cepBuca 3a
uckopumheme NpUKybeHux mojaataka (Boulon et al., 2008; Zikopoulos and Eaton,
2011).

CepBricu 3a MOHUTOPHHT 1 agmuHHCTpanyjy. (1) Ambari — omoryhasa uncTananujy,
ynpassbambe 1 MmoauTopunr Hadoop cepsuca y kiaacrepy (Wadkar and Siddalingaiah,
2014); (2) Zookeeper — cepBuC 3a KOOpOWHAIM]Y AMCTPUOYHPAHUX AILTMKAIIH]a.
CuHxXpoHHU3yje U IEHTpalu3yje CepBHCce MOKpeHyTe yHyTtap kiactepa (Hunt et al.,
2010); (3) Oozie — mpatu Tok pana mehycoono HezaBucHux Hadoop cepsuca (Islam et
al., 2012).
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Cnuka 1. Ancmpaxmnu npuxas Hadoop cepeuca

Hbase
(cknapgmwTe nogaraxa)

l

=  Cepruc Storm. Omoryhasa gucTpuOyupaHy oOpajay Mojgataka y pealHOM BpEeMEHY
(enrn. Streaming). Storm ce mMoe KOPHCTHTH ca OMIIO KOJUM HPOrPAaMCKHUM jE3UKOM U
omMoryhaBa aHANWTHUKy Yy pEalHOM BpPEMEHY, OHIAJH MAIIHHCKO YyYCHEe U
KOHTHHYHPAHO HM3pavyHaBame. MiMa Op3 OA3MB M MOXE Ja pajud Ha MPEKO MUIHOH
topku (enr1. Tuples) koje mnpencraBsbajy Moien mnoparaka y Storm cepsucy.
PeanusoBan Storm kiacrep unne cienehu usoposu (Leibiusky et al., 2012):

1. Master Node — Nimbus, koju je oaroBopan 3a AMCTPHOYHparme IMOIATaKa,
JI0/Ie/bUBAILE 3a/1aTaka U MOHUTOPHHT H3pavyyHABamba,

2. ZooKeeper uBopoBH, KOjU KOOPIAMHUPA]Y paj KiacTepa; u

3. Supervisor yBopoBH, Koju 00aBIbajy KoMmyHuKanujy ca Master Node-om mpeko
ZooKeeper-a; mokpehy u race 3agarke gonesbeHe o crpane Master Node-a.

e R

Cnuxa 8. Yeoposu cepsuca Storm xiacmepa

Pan ce nenerupa Ha pa3nuyuTe BPCTE KOMIIOHEHTH KOj€ CY OJTOBOPHE 3a CBaKy crenupuuHy
o0pajy mojaraka y peajlHoM BpeMeHY. Yiia3HH TOK (eHrI. Stream) cepsuca Storm kiactepa
obpalyje mpBa kommoHeHTa (eHII. Spout) koja meduuuine u3Bop wuHbOpMammja. Spout
npocielyje momarke kommnoHeHTH Bolt koja mpucturie momatke gajbe TpaHCHOPMHIIEC H
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nporecupa. Jla O6u ce omoryhuno wu3padyHaBame y peasHOM BpeMeHy JeduHuily ce
TOIOJIOTHje — TpadoBU H3pauyHaBama IJI€ CBAKM YBOP Y TOIOJOTHjH CaAp>KU JIOTHKY 3a
oOpany, u Be3e nzMely uBopoBa npukasyjyhu Tok npociehupama.

)

~

| Bolt

)I H H

Cnuxa 9. Tononoeuja Storm cepsuca y kniacmepy

Bolt moxe na arcopOyje 6uito kKoju Opoj yTasHUX TOKOBa M J1a M3BPIIHM BUXOBY 00pary. Bolt-
OB MOTY JAa uMajy Bulle (QyHKIMja: QUIATpUpame TOPKU; arperanujy TOKOBAa U
NpUIPYKUBakE TOKOBA; KOMyHUKAIMjy ca Oa3aMa mojaraka u ap. Spout u Bolt kommonenTe
cy AeduHKMCaHE Yy TOMOJOTHjHM KAao HAjBHUINM HUBO arcCTpakiyje cepBuca StOrm kiacrepa
(Leibiusky et al., 2012). Storm cepguc je 6p3 u omoryhasa oOpay BUIlE O] MIJIHOH 3aIica y
CEKYyH/IM Ha JeTHOM YBOpY y KJIaCTepy.

3.1.5. BIG DATA AHAJIUTUKA

[Morenmmjan big data TexHosoruja je 3HavajaH y JUTHTAIHUM TpaHChopMalrjaMa; BOJIH Ka
yHarpehermy KoMyHHKanuje u3Mmel)y ydecHMKa M uMa CTpaTeIIKd 3Hayaj 3a OjadyaBambe
KaJpOBCKOI TMOTEHLHWjajla, MOJEPHU3ALM]y Jp)KaBe U YyOp3aHH NPUBPEIHU pPa3Boj.
MHTerpannja BeNUMKMX CKyIOBa TIIOaTaka ca HOBHUM TEXHOJOTHjaMa M TEXHHKaMa
BU3yalM3alije MOKE M3/BOJUTU 3HAHE M CTBOPUTH MOTYNHOCT 3a peliaBame IJ100aTHUX
n3azoBa koje Hamehy HoBe wuH(popmaimone texHosnoruje (Simovi¢, 2017). CrnocoOGHOCT
cucTeMa 3a NMpPUMEHY HOBHX TexHojoruja big data ananutuke nma moTeHNMjal CMambHBamba
npeontepehema MHGOpManuja pe3yaTupajyhi HOBUM HayYHO-MCTPAKUBAUYKUM pelleHhUMa
(Bertot and Choi, 2013).

OcuM uumeHHIle Aa ce MH(POPMAIMOHO-KOMYHUKAIMOHE TEXHOJIOTHjE EKCIOHEHIIH]aTHO
pa3Bujajy, npumena big data TexHonoruja y oTKprBamy HOBHX 3Harbha j€ Ba)kaH €JICMEHT 3a
eduKacaH NMPUBATHH U JIPKABHU CEKTOP. Y TOM PEIOCieay, MOCTOje CIIOKEHHU 3aXTCBH 3a
NPOjeKTOBalbe W  HMIUIEMEHTANM]y CHCTEMa MAIIMHCKOT y4elma y  MOJCPHHM
uHdopMmarmonum cucremumMa. Y big data aHamuTHIM, MAIIMHCKO y4YeHE Kao BaKHO IMOJbE
pauyHapCKUX HayKa MMa 3a IUJb MPOjeKTOBAbE alropuTama Koju oMoryhapajy padyHapuMa
Ja pa3BHjajy IMOHAIIAkEe Ha OCHOBY mocTojehmx momaraka kKako OW W3BPIIMIN MPOTHO3E
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oynyhux ucxona u tpergosa (Chen and Zhang, 2014). I'1aBHa KapaKTepUCTHKA MAIIMHCKOT
yuerma je pa3Boj Mojela KOju MOXKE OTKPHTH oOpaciie MojaTaka W ayTOMAaTCKU JIOHETH
untenurentae omiyke (Murphy, 2012).

Y nmnpakthuHOj TpuMmeHH Dig data aHanuTMke wu3BpHICHA je TpeauKiuja gorabaja
kopurthessem  Microsoft Azure Machine Learning crymuja. AHaIuTHuYKa pelicba,
O6ubyIMoTeKe U aNrOpPUTMH KOJU Cy CIPEMHHM 3a YHOTpeOy, 00paay U aHalu3y cy 00jeIumheHn
Cortana ranepujom (Barga et al.,, 2015) u mory ce npumenutn y Microsoft Machine
Learning crtyaujy. Azure ML mutarpopma o06e30eljyje anar 3a Momaenupame MPEIUKTHBHE
aHAJIMTHKE W Y TOTIYHOCTH TPY)Xa ONEPAaTUBAH CEPBHC y UCIOPYYMBAEKY MPOTHOCTUYKHX
MoJiena.

VY30pak Koju je MpUMEHEH y M3pauyHaBamwy je U3 JOCTyIHe OMOIMOTeKe rmojaraka Koja je
uaterpucana y Microsoft Azure Machine Learning cryaujy. bubnuoreke mnogaTaka
CaunkbaBajy CIpeMHE aIrOpuTME 3a YIOTpeOy KOju MOTy Jla c€ MPUMEHE Y U3paJid Mojiena 3a
M3padyHaBamke M MAIIMHCKO y4Yeme. Y30pak MojaTaka ce 3acHHBa, M3Mel)y ocraior, Ha
neMorpa)CKuM KapakTepUCTHKaMa, CTapoCHO] 100U, oy, 00pa3oBamy, 3aHUMAaky U IPYTO,
a y Kpajib0j KOJIOHH Ha TOJUIIBEM MTPUXO1Y UCTIUTAaHHKA.

Ha canmm 10 cy npukazane undopmanuje caapxkane y y3opky. Kopumthen ckynm mojartaka
uma 32561 penosa pacnopehenux y 15 kosnoHa on kojux je y 15-TOj KOJOHM IpHUKa3zaH
roauiimy npuxon (eHra. Income). M3BpmieHn excriepuMeHT Tpeba Jia TMOKake TavyHOCT
MPUMEHEHOT aJITOPUTMa M MOJIeNla M3padyHaBamkba MAIIMHCKOT yuera Ha OCHOBY MOJaTaka
u3 poctymnHe 6ubnuoreke ML ctyauja.

Eksperiment - Predikcija prihoda » Adult Census Income Binary Classification dataset » dataset

32561 15

Cnuxa 10. Buzyanuzayuja xopuwhenoe ckyna nooamaxka
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ExcriepumeHT je u3BplieH Ha cienehu HauuH:

= U3BpuieHa je moxena cKyma mojaTaka Ha naBa nena. [IpBu geo ox 70% je moxen
o0yke, oK je apyru neo ox 30% Moen 3a TeCTUPaAE;

* 3a MHTEPKOHEKIM]y Mojeida oOyke je wu3abpan amroputam Two-Class Boosted
Decision Tree (7y, 2005);

= Auroputam oOydaBa cebe ma Ou Morao Ja TpeIBUAM MPHUXOA 3aCHOBAH Ha
uHbopMallijaMa IPUMEHEHOT CKYIIa M0/1aTaKa;

=  Mojen 00yke U3BpIIaBa U3padyHaBambe Ha IPUMEHEHOM CKYITy [0aTaKa;
= Kpeupas je Mmojen pe3yaraTa 1 MOJICI €BaTyallyje;

=  VYpaherne cy mehycobHe Be3e Mojena oO0yke ca 3ajeTHHYKUM ToJlaiuMa (auropuram,
M0JIeJbEHH MOJAIM U MOJICIT pe3yJITaTa);

= Ha xpajy je W3BpIICHO KOHAYHO W3pauyyHAaBaWke M KPEHPAH je MOJEN eBalyalluje
MAIIMHCKOT yuema (MprKa3aHo Ha ciaunu 11);

= Ca ycmemrHo W3BPIICHAM H3PAavyyHABA-EM, MOJE] MAIIHHCKOT YyY€ha IMPOIIHPYje
CKYII TI0JlaTaka U J10/1aje JIBe KOJIOHe Mojeny pesynrata (et Score Model). To cy:
(1) mocturnyre o3Hake — mpukazaHo y koioHu 16 (enri. Scored Labels) u (2)
NOCTUTHYTE BepoBaTHOhe — npuka3zano y kononu 17 (enri. Scored Probabilities).

= [IpommpeHu cKym rmojaraka o U3BPIICHOM H3pavdyHaBamy j€ MpuKa3zaH Ha Iy 12.

Microsoft Azure Machine Learning Studio milsimovich-Free- Workspa. - @ 88 ©

< Eksperiment - Predikcija prihoda Properties  Project )

experiment items o 4 Experiment Properties

i : TART TIME 4/19/201...
4 gig Saved Datasets L
END TIME 4/19/201...
: 4 Samples TA Finished
S

Adult Census Income Binary . A
=F) y None
L 4

Adult Census Income ...
Airport Codes Dataset 4 Summary

G IO [Z] Two-Class Boosted Decision...

Bike Rental UCI datas... * v
B spiit
Split Data
8ill Gates RGB Image SEn .

Blood donation data
Book Reviews from A... 4 Description

Breast cancer data v $
[&] Train Model
-

®
Breast Cancer Info \
CRM Appetency Labe...

Breast Cancer Features

CRM Chumn Labels Sh... Minf Map - [Z] score Mogel
CRM Dataset Shared - I ?
CRM Upselling Labels.. - / S p
DR Eva\uat; Model
Flight Delays Data =
Flight on-time perfor... = 0O ® [ = &
o new SeR A > 4 =

Cnuxa 11. Konauno uspauynasarse u kpeupare mMooena esanyayuje MauluHcKoe yuersa
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education-  marital- capital- capital-

num status gain loss

Cnuka 12. Buzyanusayuja npowupenoz cKkyna nooamaxa

Amnanuza pesynrarta NpoIIUPEHOr CKyIa MojaTaka U I0JaTHX KoJIoHa je cienaeha:

VY mpBOj A0/1aTOj KOJIOHHW, MOCTHUTHYTE O3HAKE TOKa3yjy MpeaBUlEHY BPEIHOCT 3a
CBaKoOr McrUTaHWKa. KojoHA MOCTHTHYTE O3HAKe Ce 3aCHMBA HAa KOJOHH MOCTUTHYTE
BepoBaTHohe. AKO je BpeIHOCT Y KOJOHHU MOCTUTHYTe BepoBaTHohe Beha on mpara,
oHa ce npeasuha kao nmo3utuBHa (> 50K ox romummer npuxoaa). Y CympoTHOM ce
npeasuha kao HeratuBHa (<= 50K o rogummer npuxosa);

Y apyroj nonatroj KOJOHH, TIOCTUTHYT€ BepoBaTHohe, BpEAHOCTH IOKa3yjy
BEpOBAaTHONY Jla MCIIMTAHUK MPHIaga MO3UTUBHO] KiacH. IlITo 3Haum ma ako je mpBu
Opoj y xomonu, mpumepa pagu 0.038015, moctoju 0.038015 BepoBaTHOha na mpBU
WCMIUTAHUK MpUMaga mo3uTuBHoj kiacu Ha ROC kpuBwm.
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ROC

. .

. Scored dataset |j:‘ Score Model
kg

[I—E Evaluate Model J
- ~

tive Rate

T

True Positive  False Nagative Accuracy Precision Threshold u
1588 697 0.865 0.750 0.5 0.923

Falsz Positive  Trus Negative Recall F15core

530 6244 0.695 0.721

Positive Label  Negative Label

>50K <=50K

Score Bin Positive Examples Negative Examples Fraction Above Threshold Accuracy F1Score Precision Recall Negative Precision Negative Recall Cumulative AUC

Cnuka 13. Pesynmamu esanyayuje excnepumenma big data ananumuxe

VY aHanM3M M eBalyaldju eKCIIepUMeHTa u3BeaeHor kopuihewmeM ML ctynuja npukaszana je
ROC kpusa (enrm. Receiver Operating Characteristic Curve). ROC kpuBa wumyctpyje
CIIOCOOHOCT cucTemMa OMHapHOT Kiacu(uKaTopa Kao mpar AUCKpUMUHanuje (IpUKa3aHo Ha
cimii 13) ¥ mpencTaBiba OJJHOC TAYHUX MO3UTUBHUX pE3yNTaTa Kao BEpOBAaTHONY JETEKIHje
(enrn. True Positive — TP) u HeTauHUX MO3WUTHBHUX pe3yJiTara Kao JIAXKHU ajgapM (SHIL
False Positive — FP). ¥ usBenenom ekcriepumenty big data ananuTrke, TauHe MO3UTHBHE
BpEHOCTH U BepoBaTHoha JeTeKIWje, TMOKa3ajlu Cy KBaJUTETHE pe3yiTare jep je
cersutuBHOCT y ROC mpocTopy Beoma BUCOKa.

AUC kpuBa (enr1. Area Under the Curve) je ca apyre cTpaHe npuKasaja HOPMaTH30Barbe
pe3ynTara, MOBPIIMHY UCIION KPUBE, U MPEICTaBJba BepoBaTHONY /a he mpojekToBaHM MOel
HACYMHYHO PaHTHpaTy u3abpaHe MO3UTHBHE WHCTAHIIE Koje cy Behe o HacyMHYHO ofabpaHe
HETaTHBHE WHCTAHIIC MO/ MPETIIOCTABKOM — MO3UTUBHU OICET MCIPE/] HETaTHBHOT, TAC je y
M3BPILIEHOM €KCIIEpUMEHTY BpeaHoCT o 0.923 — ckopo ujeanan pe3yaTar.
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Takohe, y wu3BemeHoM ekcnepumeHTy big data ananuTHke najba aHaiu3a ejleMeHara
N00MjeHnx pe3ynTara o0yxBarta:

= Taunocr (erri. Accuracy), Koja MepH KBaJHTET MojIeIa KiacH(pHKaIrje Kao mporeHar
MO3UTUBHUX pPe3yTaTa y YKyITHUM ciydajeBuma, je 0,865, mTo je 61u3y uaearHor;

= TlpernmsHoct (erri. Precision), koja je yaeo yKyImHO MO3WTHBHUX pe3yaTara, je 0.750,
1 BEOMa je BHUCOKA,;

= Omno3suB (enrn. Recall), koju je 1e0 cBUX MO3UTHBHUX pe3ynTara, u u3Hocu 0.695;

= d-3ammc (ennt. F-score), koju ce u3padyHaBa Kao MOHIACPUCAHH MTPOCEK MPENU3HOCTH
1 OIO3MBA, IIITO je y pe3yiarary esanyanuje 0,721 (uneanna Bpeanoct d-3anuca = 1).

[Tocroje Moryha orpanudema Kkoja ce€ OJHOCE HAa aHAJIW3y pe3ylTara H3BEICHOT
excriepuMmenta big data ananuruke:

1. Ckyn nmojaraka Koju je kopuuiheH 3a MpUMEHY MPEeIUKTUBHOT aHAJUTHYKOT pellemha
Jj€ jaBHO JOCTYIaH, MHTETPUCAH j€ Y TIPEACTAaBJbEHH OKBHP M J1aje BHCOKE pe3yiTaTe.
Kopumhewe ¢(u3nukn NpuKyIJbeHUX MojaTaka OW Pe3yATOBAJIO 3HATHO HIDKUAM
BPEIHOCTUMA;

2. un3abpaHu alropuTaMm Koju je MpUMEHEH y n3pauyHaBamy Hehe mohu ga oOpaau Behe
CKYIOBE Tofaraka jep meron omoryhaBa ydeme W OOYKy Tako IITO JAPYro crtabio
WCTpaBJba rpemnike npBor, Tpehe crabno mcmpaBiba rpelike MPBOT U IPYTOT H TaKO
naJbe.

VY ToM penocieny, ako je KOJIMYMHA W Pa3HOBPCHOCT CKyIa IojaTaka Koju je CIpeMaH 3a
obOpany Beha, mocroje Behe MoryhHoCcTH 3a mpoHala3ak CKpPUBEHHMX YBHUOA Yy oOpacie
(Simovi¢, 2017).

3.2. CHUCTEMMU NPENOPYKA

Cucremu mpenopyka AedUHUILY CKYI caJpkaja KOjU 3a aKTUBHOI KOPHUCHUKA MOTY OWUTH
MOTEHITMjaJTHO KOPUCHU U KOjU C€ Hajla3e y MOAPYY]y HEroBOT HHTEpeca. Y OAHOCY Ha HaYMH
TeHepHcama, CUCTEM KOPHUCHUKY MOXKE TTOHYIUTH J€IHY WU BUIIE npenopyka. Jla 6u 6uo y
MOTyhHOCTH J1a OApeAHM pelieBaHTHY TIPENOpyKy, CHCTEM Tpeba [a yBa)kaBa BHIIE
KpUTEpHjyMa 3a MPEACTaB/babe KOPHUCHOCTH calipikaja 0a3upaHUX Ha MPOIIMPEHOM CKYITY
mojiataka 0 KOPMCHUKY U CTaBKama CUcTeMa Koju ce mpernopydyjy (Adomavicius and Tuzhilin,
2005; Simovi¢, 2014; Bernardes et al., 2014; Davidovi¢ et al., 2018).

OO03upoM Ha TEXHUKE M AJITOPUTME KOjU C€ NMPHMEHY]Y, OCHOBHU CHCTEMH IpETopyKa ce
mory nogenutu Ha (Adomavicius and Tuzhilin, 2005; Lu et al., 2015; Ricci et al., 2011):

= cucTeMe mpenopyka 6asupane Ha caapxkajy (enri. Content Based Recommendations);
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= cucreMe konaboparuBHor puntpupama (ennt. Collaborative Filtering);

= xubpugHe cucteme npenopyka (enrin. Hybrid Recommender Systems).

3.2.1. CHCTEMMU BA3HUPAHU HA CAJPKAJY

Kox cucrema npenopyka 0a3upaHux Ha caapikajy, IPUCTYI C€ 3aCHHBA Ha MPETIIOCTABIIHN J1a
he xKopHCHOCT TIPOM3BOAA OUTH CIMYHUX KapPaKTCPUCTHUKA OHMMA KOje jeé KOPUCHUK OWpao y
mponutocTi. Ha 0CHOBY MPETXOAHO OIEHEHOT MM 01a0paHor cajpiKaja, CUCTEM HACTOJU J1a
npeaBuan npedepeHirje KOpUCHUKa Ociiamajyhr ce Ha ayToMaTH30BaHA MpaBWiia Koja ce
kopucte npu obpaau. Cucremu 0a3upaHu Ha cajaprkajy oMoryhaBajy ma ce oapene mpaBuia

KOja Cy 4YeCTO 3aCHOBaHAa Ha JeMOrpa)CKUM WIH APYIHMM KapaKTepUCTHKamMa KOPHCHUKA
(Pazzani, 1999; Lu et al., 2015).

[lpunukoM reHepucama MNpemnopyke, npedepeHiyje KOpUcHHKa ce YTBphyjy Ha 0asu
KapaKTepUCTHKa calapxkaja Koje je omabpao wiM oreHuo. Tu momamu ce ynopebhyjy ca
KapaKTepuCTHKaMa OCTaJuX CTaBKH W W3/[Bajajy CaAprKaju KOjU C€ MO KapaKTEepHCTHKama y
HajBeho] Mepu moaymapajy ca mpedepeHnrjama KopucHuka. CBe akifje KOPUCHUKA KOje
CUCTEM TIpero3Haje Ccy mojesbeHe y aABe kareropuje: (1) excrummmmrHe U (2) UMIUIMIIUTHE
(mpukazano Ha ciunm 14). EkCrumMiuTHe Cy WHTEpakifje KOPHUCHHKA M CHUCTEMa y BE3U
KOPHCHOCTH cajprkaja IyTeM OICHhHBamka, KOMCHTapHucama WIM [acama; JO0K Cy
WUMIUTMIIITHE, WHTEpaKIMje KOPHCHUKA ca CHCTEMOM ITyTeM aHalli3e aKiHja MW KOPHUCHUX
panmu, clickstream ananuse, kynoBune u npahema (Schafer et al., 1999; Lops et al., 2011).

Mpedepenuuje

! ! l ! l l
T T
|

l i l % |

Cnuka 14. Ocnosnu mooen npegepenyuja KOpUCHuKa

OreHa npezicTaBiba Mepy KOjOM C€ MCKasyje WM MpeaBul)a KOJIUKO je 3a IHMJbaHOT KOPHCHUKA
onpehenu canpikaj peneBantad. Jla Om TO Omio Moryhe, cBakM ce KOPHUCHHUK OTIHCYje
MOJIEJIOM KOjU MOXeE J1a CaJpKH, KAKO OCHOBHE TOJIaTKE O CAMOM KOPHUCHHUKY U TIONATKE O
HETOBUM IIWJbEBHMA, TAKO U HeroBe mpedepeHuuje yommre. Takohe, caapixkaju ce omnucyjy
CKYIIOM KAapaKTePUCTHKA W CTPYKTYPHpPAaHUM aTpuOyTuMa KOjH TPEACTaBIbajy MOJEI
npousBojaa (Burke, 2002; Koren and Bell, 2015).
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[IpBu KOpak y mpoliecy reHepHcama Mpernopyke je u3rpaama Mojena KopucHuka. [lorpednu
MOJIAIM C€ TIPUTOM MPHUKYIJbajy Ol KOPUCHUKA (HIp. MYTEM YIUTHUKA) MM C€ ayTOMATCKH
onpehyjy Ha 0a3u MHTEpaKIMje KOPUCHUKA ca cucteMoM. Y cienehoj das3u, momamu ce u3
Mozena ymopelyjy ca KapakTepuUCTHKaMa OCTaJMX IPOW3BOJAAa M TOAAlMMa O OCTaJHM
KOPHCHHUIIMMA CHCTeMa Kako Ou ce ojpenuia pejieBantHa npernopyka (Burke, 2002; Koren
and Bell, 2015; Ricci et al., 2011).

Kon cuctema mpenopyka 0a3upaHuX Ha CaApikajy, KOPUCHHK OLCHYje MPOHM3BOIE YMME CE
Kpeupa MoJleJl KOPUCHHKA Yy OJHOCY Ha arpuOyTe OICHEHHX MPOM3BOAA W BHCHHE JaTHX
otieHa (IpuKa3aHo Ha ciuiy 15).

Atpubytu i  OueHe
l npou3soaa | KopuCHMKa
__ ATpubyT ]

SRS TERE catew

—3| __.Atpubyr2 |
Kopuchuk (User) [emmed  Pejurr (Ratings) Kl  Mpou3sop (Item)
ATpn6YTH KOPUCHMKA II ATpubyTi npoussoga II
(User Attributes) (Item Attributes)

Cnuka 15. Cucmem npenopyke b6asupan na caopaicajy

Mozen kopucHHKA je mpuKka3aH Kpo3 Tabeny Bekropa peudn (enrin. Keyword Vector). Caku
MIPOU3BOJ] KM CBOjY MO3HUITH]Y Y BEKTOPCKOM IpocTopy. [To3uinjy nedurmIe BEKTOp KOjU ce
peduiekTyje Kpo3 OIuC, KIJbYUHE peud W aTpulyTe, Ha MO3UIHUjy y TOM mpocTtopy. KopucHuk
ce ommcyje MozaenoM mnpedepeHirja koju Takohe mpumaga mpoctopy Bekropa. Iloknmaname

nu3Mel)y npedepeninnja KOpucHUKA U MOCMATPaHOT MPOU3BOAA je Mepa ONM3MHE TUX BEKTOpa
(Salton et al., 1975; Simovi¢, 2014).

VY omHOCY Ha HAYMH MPHKa3a MPEMOpyICHUX CapiKaja, KOPUCHUKY Ce MOXKE TOHYIUTH jeTHa
WIM BHIIEe Tpernopyka (HOp. mpernopyke mopehaHe npema BucHHU oreHe). Heku of
nocrojehux cucrema npenopyka KOpHCTH jelaH KPUTEPHUjyM 3a MpelCTaB/bakbe KOPUCHOCTH
MPOM3BOAAa JOK C€ y HOBHJUM HCTPaXMBAKUMa YKa3zyje Ha Ba)XHOCT YyBa)kaBama BHIIE
KpuTepujyma Kako O ce ompeawsie pejeBaHTHHje mpenopyke. I[IpuTom ce mnpenopyka
TeHEpHIe Ha TeMeJby MPOIIUPEHOT CKyla MojaTaka O KOPHCHUKY M TPOHM3BOAMMA KOjH CE
npenopyuyjy (Lops et al., 2011).

JenHo on orpaHumuema cucTeMa Npenopyka Oa3sMpaHUX Ha CaApkKajy je OorpaHuueHa
MOryhHOCT ayToOMarcke aHaJlu3e cajprkaja. YCHELHOCT pajia CUCTeMa Mpenopyka 0a3upaHux
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Ha caJprkajy 3aBUCH OJ JOCTYIHUX IOJaTaKa KOjUMa Ce€ OIHUCYj]y MPOU3BOIH, TAaKO 1A je W3
TOI pas3jiora MNOTpeOHO OMOryhuTH ayTOMarCKo OIMCHBAaKkE IMPOMU3BOAA WIHM HUXOBE
KapaKTePUCTUKE MPHUIPYKUTH PydHO. AYTOMATCKO JI0/IeJbUBAh¢ KapaKTEPUCTHKA TPOU3BOIA
Jj€ Y HEKHM Clly4ajeBUMa CJIOKEHO, HIIP. KOJ OMHCa MYITUMEIUJAIHOT cajpxkaja, 0K je
pyuHu onuc BpeMeHCKH 3axTeBan (Schafer et al., 1999; Burke, 2002).

Orpannyerme cucTeMa IMpernopyka 0asupaHux Ha caapikajy je u xuagan ctapt (eari. Cold
Start) (Schein et al., 2002; Guo et al., 2014). 36or HaunHa paga cucTeMa, MOTPEOHO je aa
KOPHCHHUK OIEHH JIOBOJHHO CaJIpKaja Kako OM CHCTEM MMao pelIeBaHTHE MOJATKe H MOTao Ja
rerepuiie oarosapajyhe npenopyke. Takolhe, HegocTaTak cucTema mpernopyka 0azupaHux Ha
cajpkajy je Taj INTO TPEMopydYeHH Ccajapxkaj 4YecTo HHUje pasHOBpCTaH. 300T HauWHA
onpehuBama KOPUCHOCTH MPOU3BOJIA, INe ce ynopelyjy KapakTepucTHKE MpOW3BOAa ca
po¢UIOM KOPUCHHKA U TIPETIOPYKE CajprKaja 3a Koje je Ta BPESIHOCT MaKCHMaJTHa UK BeoMa
BHCOKa, oraha ce ga ce KOPUCHUKY HHKaJa He MPENopydyjy MPOU3BOAN KOJU CE€ PA3IIUKY]y
10 caJipkajy o OHOra INTO je KOPUCHHK mperienao panuje (eunt. Sparsity) (Adomavicius,
and Tuzhilin, 2005; Ricci et al., 2011; Guo et al., 2014).

3.2.2. CHUCTEMM KOJABOPATUBHOI ®UJITPUPAIHA

Cuctemu konaGopaTUBHOT (GUITpHUpama HAcTOje Ja MpeIBUAE KOPUCHOCT IMpPOM3BOJA Ha
OCHOBY BPEJHOBama TOT NMPOM3BOAA OJf CTPaHE OCTAIMX KOpHCHMKA cuctema. Kox cucrema
KOJIaOOpaTUBHOT (PUITPHpama, OLEHE KOje Cy KOPUCHMIM TOAEIIIN MPOU3BOANMA KOPUCTE
ce Kao alpoOKCMMaTHBHA MPE3CHTAllMja BbUXOBUX HHTEpeca U norpebda (Simovic, 2014).

3a pasznuKy on Mpernopyka Ha OCHOBY cajpikaja, MoJAed KOPHCHHKA C€ Kpeupa Ha OCHOBY
JOCTYIHUX IOJaTaKa o Mpou3BoauMa Koje je onenuno. Ouene ce gabe ynopelyjy ca olieHama
KOje Cy JOAEJbEHE OJ] CTPAHE OCTaJuX KOPHUCHHKAa CHCTeMa paau ojapehuBama HajOIMKer
CKyIa mpou3Bona ox uHTepeca. [locmarpanoMm kopucHHKY he melyy mponsBoauMa Koje jorrn
HUje OLIEHHO OWUTH MPENOpPYYCHU OHHU KOj€ CY BHCOKO OLICHWJIM HEeMY CIMYHH KOPHCHUIIH.
[Tpuctynu komabopaTuBHOT (GUITpUpama C€ Pa3luKyjy YIpaBo MO HAuYMHY Ha KOjU ce
oapehyje cmmunoct u3mely kopucuuka (Herlocker et al., 2004).
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ul 2|3 O|etx

l 1 5
u 512 >
I u2 4 3
Mogen KopucHuKa 7

Kopuchmk (User) [mmed  Pejunr (Ratings) Kl Mpoussog (Item)
ATpuby TV KOPUCHUKA II AtpubyTyn npon3soga II
(User Attributes) (Item Attributes)

Cnuxa 16. Cucmem xonabopamusnoz uimpuparsa

Kao miro je mpuka3ano Ha cnuiu 16, 3a kopucHuka Ul cuctem Tpeba /1a 14 MPEenopyKy Tako

mro he mpoueHuTH TpaxkeHH MpousBox i1 w3 nucre HenmoTnmyHux moparaka (enri. Missing
Value) (Kagie et al., 2011).

Cucremu koabopaTuBHOT (uiITpHpama ce kiacu(uKyjy y ABa OCHOBHa mpucTtymna (Sarwar
et al., 2001; Herlocker et al., 2004):

= KkomaboparuBHO GuATpHpame mpema kopucHunuma (exrt. User Based);
= komaboparuBHO (GUITpHUparke mpema rnpoussoguma (enri. Item Based).

Kox xomabGoparuBHOr ¢uiTpupama IpeMa KOPHUCHHIIMMA, BPEIHOBAEC NPOHM3BOAA CE
yrnopehjyje ca BpegHOBamEM OCTalMX KOPHCHHKA CUCTeMa Kako OW ce opeawia rpyra
cimyanx  kopuchHuka (exrt. Neighborhood) (Sarwar et al., 2001). IIpemopyuyjy ce
MPOU3BOJM KOj€ Cy IPYrd KOPHCHHIIM OICHWJIM HAjBHINMNM oOlleHama. Ha Taj HauuH ce
MOCMaTpaHOM KOPUCHHUKY TIPENopydyjy calpkaju Koje mpedepupajy meMy CIUYHU
KOPHCHUITH.

Ca npyre cTpase, Koa KoaabOpaTUBHOT (QUITpUpama MpeMa MPOU3BOANMA, 3a caapikaje Koje
j€ TmocMaTpaHu KOPHUCHHUK Mperienao, KyMUO HIM OLICHHO, IpPOHAjla3e ce U IPernopydyjy
cnuuHU caapxkaju. [IpunukoM onpehuBama ciuyHOCTH caapikaja yrnopelyje ce BpeaHOBambE
[MOCMaTPaHOT KOPHUCHHKA Ca BpeIHOBameM ocTtanux kopucHuka cucrema (Herlocker et al.,
2004). [lwbpaHOM KOPHCHHUKY C€ TMpPEropydyjy Caapxaju KOju Cy OCTall KOPUCHHIIU
PUOIMHKHO BPEIHOBAIIH.

VY o6a HaBeJeHa ciydaja, CKyIl cajapskaja 3a MPErnopykKy je OrpaHUueH Ha OHE MPOU3BOE KOje
Cy OLICHWIM OCTajlu KopHUCHULM. CHCTeMM KolaOopaTUBHOT (hUiATpUpama pellaBajy HEke
pobieMe youeHe KOoj cucTeMa Ipenopyka 6asupane Ha cajnpixkajy. [Ipernopyke cy HezaBUCHE
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y OJHOCY Ha CajipKaj jep Ce MPUIMKOM TE€HEepHCama MPErnopyka KOPUCTE OIEHE OCTaIHX
KOPHCHHKA, a HE KapaKTEepPUCTUKE caapxkaja Koju ce npenopyuyjy (Adomavicius, and Tuzhilin,
2005; Ricci et al., 2011). TakaB HauuH paga omoryhaBa Ja ce KOPHUCHHKY IIpEropyde
MIPOU3BO/IM KOJU C€ Caap KajHO Pa3NIMKY]y O OHOTa IIITO j€ KOPUCHUK MPErvieao paHHuje.

MehytuM, cucteMu mpenopyka Koa KOJUX C€ MPUMEHY]y caMO TEXHHKE KoIabopaTUBHOT
¢untpupama Takohe umajy onpehene Hemocrarke. JemaH o muX je mpoOieM maior O6poja
oreHa (enri. Sparsity) koju je HapoOYMTO MPUCYTAH KOJ CHUCTEMa Ca BEJIMKHM OpojeM
npou3Boga koje je moryhe mpemopyumtu (Guo et al., 2014). Kako ycmemHOCT crucTtema
KOJIaOOPaTUBHOT (PUIITPHpama 3aBUCH O yropehuBama MPON3Boa KOjU Cy BPEIHOBAHU O
CTpaHe KOPUCHHKA, MPOOJIeM ce jaBJba Kaja je moctyman manu Opoj ornera (Koren and Bell,
2015). IIpousBoau Koju Cy BPEIHOBAHU Of CTpaHE MaJor Opoja KOPUCHHMKA TOTOBO HMKAIa
Hehe OMTH MpenopydeHH, HE3aBUCHO OJ] BUCHHE JaThX olleHa. Takole, ako ce CKyn cajapxkaja
HEKOT TPOM3BOZA YECTO MEHa, paHuje JoieJbeHe OleHe Hehe KOPUCTUTH HOBHUM
KOpUCHHUIIMMa jep THU mpous3BoAu Hehe Outu 00yxBaheHM alropuTMOM 3a TEHEpUCAE

npenopyke.

U xon konabopaTuBHOT (GUITPUpaa Ce jaBiba MPOOIEM XJIaJHOT CTapTa 3a HOBE KOPHCHUKE.
VYKOJIMKO Ha TIOUETKY HMHTEPAaKIMje ca CHCTEMOM HeMa OICHEHHUX cajpikaja O CTpaHe
KOPHUCHHKA, HUje MoTyhe reHepucaru ofarorapajyhe mpenopyke. Mctu ce mpobiem jaBiba u 'y
CIIy4ajy HOBOT cajpkaja y cuctemy. CBe IIOK HOBU CaJpkaj HE OLEHU JOBOJbAaH OpOj
KOpHCHHKa, cicTeM ra Hehe npenopyanBaru. Taj mpobnem je moceOHO U3pa)eH KoJl CHCTeMa
I7ie MOCTOjU CTajaH YHOC HoBor canapxaja (Schein et al., 2002). Kako ce kox koabopaTHBHOT
bwiTpupama 3Hame CHCTEMa O TMPOM3BOJAMMA 3acCHHBA HA TOME INTAa KOPUCHHIIU
npedepupajy, Mpenopyke 3aBrce y MOTIYHOCTH OJf TOTa KOje cajipikaje KOPUCHHIIH OICHY]Y,
IITO PE3YITUPa NPENOPYYMBABEM CAMO OLICHCHUX M BPEJIHOBAHUX MPOM3BOJAA OJI CTPaHE
kopucHuka cuctema (Ricci et al., 2011).

KopucHuim 4nja ce MHTEpecoBama pa3iuKyjy Y OZHOCY Ha OCTalle yYeCHHUKE, W 3a Koje je
TEeKO HahW CIMYHOCTH, HE MOTY O] CHCTEMa Mpernopyka KojJaOOopaTUBHOT (GuiTpupama
odyekuBaru n100pe pesynrare. KomabopaTuBHO puiaTpHpame ce MOKa3ajlo YCHEIIHO 3a OHE
KOPHCHHUKE KOJU C€ MOTY CBPCTAaTH y IpyIly HajOMMKUX KOPHCHUKA, IOK 33 OCTaJle KOPUCHHKE
Huje Moryhe mnoHyauTu oarosapajyhe mnpemopyke. Y3 HaBeA€HO, HOCTOJU M MpoOiemM
pasHoBpcHOcTH canpkaja (ennt. Diversity) (Shani and Gunawardana, 2011). Kako ce xox
KomabopaTuBHOT (UITpUpama MO TMPOU3BOIMMA, 3HAKHE CHUCTEMa 3aCHMBA HA TOME INTa
KopucHUIIM Tpedepupajy, Tpernopyke 3aBHce Yy NOTIHYHOCTH O Tora Koje caapiKaje
KOPHCHHUITM OLEHY]Y, IITO PE3yITHPa MPENOPYYMBAKBEM CaMO HAJIIOMYIapHHUjUX CcaapiKaja
(Burke et al., 2015).

Jenan on Hemocraraka kojaboparuBHOT (unrpupama je ¢uexkcuomanoct (Beliakov et al.,
2011). Behuna cucteMa mojap:kaBa FeHEPHCAE MPEMOPYKE 3aBUCHO OJf BPEIHOBaba IMpemMa
JEIHOM KPHUTEpHjyMy, aJld HE U MPETopyKe Ha OCHOBY BHIE KpuTepujyma. Takohe, y Behunu
cilydajeBa MPOW3BOIM C€ Iperopydyjy mojeauHnuMa amu He u rpynama (McCarthy et al.,
2006; Masthoff, 2011). Ipobnem je m ckamadbminoct (Shani and Gunawardana, 2011).
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[Tpunukom kopuiihema METO/E MOMYT AJrOpUTMa 3a MPOHAJAKEHE HAjOMMKUX MPOU3BOJA,
CHCTeM ce He npuiarohasa nosehamwy 6poja KOPUCHHKA.

KomaGoparuBao ¢unrpupame naje Tpu NpeaHOCTH GUIATpHpama WHGOpMAIFja MPUITHKOM
reHepHcama TMPENopyKe y OJHOCY Ha cucTeMe OasupaHe Ha caapikajy: (a) ¢uirpuparbe
NPOM3BOJIA YUjH CA/IPKaj] HUje aHAIM3UPAH ayTOMaTU30BaHUM Ipoiiecuma; (0) Gpunrpupame
MPOM3BOJIa HA OCHOBY KBaJUTETa; U (B) MOTYNHOCT CIIy4ajHOT OTKpruha KOPUCHOT MPOU3BOIA
y TEHEPHCAHO] MPETopylX Koja MOXe OWTH Mpenopyka Ol MHTepeca 3a KOPHCHHUKA a Koja y
caap:kajy HHje omucaHa odyekmBaHuM Kouienrtom (enrt. Serendipitous) (Herlocker et al.,
2004).

MoryhHocT koima®opaTUBHOT (UITpPHpama y pPEJIeBaHTHHjEM IPETOpyYHBamy je BelUKa.
MebhyTtum, y n0oCcTH3amy MYHOT MOTEHIMjana MOTPeOHO Ja ce KOMOHMHYje ca TEXHOJIOTHjOM
cucTeMa Tpernopyke OasmpaHoM Ha canpkajy. KomaboparuBHo (uitpupame camo 1mo cedu
oCTBapyje 100po npeasuhame OHUX MPOU3BOA KOJU Cy 3a KOPHCHHUKA O MHTEpeca, ajau He U
32 TpOHANTAXEHe CHenu@UIHOT KOHTEKCTa Yy HH(popMammoHoM cuctemy. [Ipobiem
ayTOMaTH30BaHOT KojabopaTruBHOTr (uiTpupama uHpopMmanuja je mpensubhame Koauko he
KOPHCHUKY OJI'OBapaTd OHaj HIPOM3BOJ Ca KOJUM HHje YIO3HAT, a KOjU HMa CKYII
npedepennmja octaaux kopucHuka cuctema (Ricci et al., 2011).

Kon konmaboparuBHOr Quitpupama, 3a npeasubhame cucteM Oeleku YKYIHO BpPEIHOBAE
MOCMaTpaHOT MPOM3BOJA, YKIbYUYjyhu M Momen KopucHHKa. AKTHBaH KOPUCHHUK omoryhasa
cUcTeMy J1a Kpo3 u3abpaH MpoM3BOA J00Mj€ JIUCTY MPEMOPYUEHHUX Y MPOCTOPY KOJHU MOXKeE
o6utu ¢opmynucaH Kao MaTpulla KOPUCHUKAa M NPOM3BOAA, IJIe CBaka henuja NpencTaBiba
BpEIHOBam-¢ KOpHCHHUKa 3a crenuduuan npoussox (Herlocker et al., 1999) (mojeasocTraBsbeH
NpUKa3 MaTPUIIC je MpHKa3aH Ha caunu 17).

Ma'rpuua [i] i2|i3 iJ]
ul 512 |5 |4
u2 2! |5 3
u3 21214 |2
ud 3 |4 |3 T

S L/

Cnuxa 17. Mampuya kopucruka u npouszeooda

KonaGoparuBHo untpupame ce penpe3eHTyje Kpo3 npeasuhame Henoctojehux BpeaHoCTH y
marpuid. Hrmp, cucrem tpeba nma omoryhu KOpUCHHKY U4 TIpenuKIMjy 3a Mpou3Box i4,
OTHOCHO Tpeba ja m3padyHa BpemaHocT npasHe hemuje. Kox xomaGopatuBHOr untpupama,
MarpHIa Moke OUTH M3y3eTHO peTka (eHr. Sparsity) 003upom aa je CBakH KOPUCHHK OLIEHHO
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MaJld TMpoIeHaT of yKymHor Opoja mpomsBona (Sarwar et al., 2001; Guo et al., 2014). V
KosabopaTuBHOM ~ (GHUIATPHpalky, MeETox yrmopehuBamba CIMYHOCTH KOPHCHHKA (CHI.
Neighborhood) (Herlocker et al., 1999) uma 3a 1usb ynopelhjuBame CIMYHOCTH KOPUCHHUKA Y
OJIHOCY Ha BPEHOBAHE MIPOU3BO/IA MPUIINKOM TpeIBHlarba:

n
p — Zu:lrufi
a,i

| n (1)

P je npenBubame 3a KOpHCHUKAa @ W TPOU3BOA i, KOje C€ MOXE HM3pauyyHaTH CYMHUPAHEM
BpE/HOBaWma CKylma N KOPHCHHMKA 3a HCTH IocMmarpaHd mpousBox i. CBU mocMmarpaHu
KOPHUCHHIIM CKYTIa CY OI[CHWJIM TIPOU3BO/I | 32 MOCMATPaHOT KOPUCHUKA &, KOME je TIPEIUKIIH]ja
P namemeHa (npukazano y mar. ¢opmynu 1). Mehytum, ako KOPUCHHMK & HHjE OLICHHO
HPOU3BOJL, HUjE YKJbYUEH Y CyMUpAmhE BpeJHOBamba CKyTa M.

[Tepconanuzanujy he cucrem obGaButu Oosbe (Mar. dopmyna 2), kaga npeaukuujy P 3a
KOPHUCHHKA & M MPOU3BOJ I, y CKyIy N KOPUCHHUKA U CBHX MPOU3BO/A I, HE TIOCMATPA jeIHAKO,
Beh CyMH N KOPUCHHMKA W PEJTHHTY KOPHCHHKA U 3a MOCMAaTPaHU MPOU3BOJ | 10[aje TCIKUHY
nepcoHanu3aiuje koja ce peduekryje kpo3 goroBop (enri. Agreement) kopucHHKa a |

KopucHHKa U (@, ,) Y OTHOCY Ha CyMY THX KOPHCHUKA U T€XKUHE HUXOBE IMEPCOHATH3ALIN]C.

n
*
DTN
pai -

L 2O @

WNHTYynTHBHO, aKo je TeuHa nepcoHanu3aiuje uzpaxena kpo3 0 wiu 1, otHOCHO 3aBUCHA O]

omsune xopucHuka (enrn. Neighbourhood), uspas (@, ) he Bpatutu pesynrare xoju he

MPUKA3aTH KOJIMKO j€ KOPHCHUKA YKJBYYCHO Yy MPEIUKIM]Y WU3padyHaBama Mpoceka (CHI.
Average) KOpMCHHKA CIIMYHKX MpedepeHIrja y OAHOCY Ha aKTHBHOT KOPHCHHUKA.

MehyrumM, TexuHa TepcoHanM3aIyje He Mopa OuTH BpenHoBaHa kpo3 O mimu 1, Beh moxe
outu on 0 mo 1, rae je BpemHocT 1 HajOoOJbe TOKIIANAkE, TOK OCTAJIe BPEIHOCTH KOj€ CY
ommke 0 mMame ydecTBYjy (WM yommiTe HE YYECTBYjy) Y I€HEpHCamy NpPOCEKa aKTHBHOT
KOPHCHUKA.

Hauuu na ce nmpuvkoM m3padyHaBama mo0oJsblia npemnopyka (Mar. hopmyna 3) je ma cuctem
MIPENo3Ha J]a BPEHOBAaWkE HUj€ Ha MCTO] CKaJIU!

DI (T
n

pa,i =Tla+
3

[peasubarbe 3a mocMaTrpaHoOr KOPUCHHUKA @ 3a IPOM3BOJ |, YaK HaKO HEMa JOEJbEHY TEKUHY
nepcoHanm3anyje omhe cyma KOpUCHHKA CHUCTeMa o1 U J0 N, BPEIHOBAWmE KOje JIO/ICIbYje
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KOPUCHUK U 3a MPOM3BOJ I, MHHYC MPOCEYHA BPEAHOCT KOPHCHHKA U, 4eMy je mojaara
nesujanmja (enrn. Deviation) mpoceka KOpUCHUKA a.

Kama ce momajy texwuue (enmrt. Weights), myrem IlupconoBe kopemanuje 3a mopeheme
CIIMYHOCTH YKJbYYMBAaKE€M CBUX KODUCHHUKA, W3padyHaBambe (UHAIHE TNpeAUKIHje
MpeICTaBJba TSKMHA MTPOCEKA JIeBUjalIH]e:

] —
- (r,-r)*e

Zu:l a)a,U (4)

Kana cy BpeaHOCTH TIepcoHanU3alMje Joare, MPeAUKINjy 32 KOPUCHHUKA & 33 MMOCMaTpaHH
MPOM3BOJ |, CUCTEM H3pauyHaBa TaKO IITO YIOPEAH KAKO Cy CBHU KOPUCHHIIM CHCTEMa
BPETHOBAJIM IMOCMAaTpPaHW IMPOW3BOJ KOPHCHUKA & Y OIHOCY Ha TMPOU3BOJIE KOj€ Cy CBH

Pai =

KOPUCHUIIM OIICHWJIM, W KOJHMKO HX CHUCTEM BpeAHYje KpO3 TEXKHHY IepCOHaIn3aluje
[IOCMaTpaHOT KOPUCHHUKA Y OIHOCY Ha OCTajle KOPUCHUKE CUCTEMA.

KoMOunyjyhu Te eneMeHTe y OHOCY Ha TEXHHY TEepCOHAIM3AIN]e J00Hjajy ce 00jenumbeHe
BPEIHOCTH TSXKUHE TICPCOHAIM3AIM]Ee CBUX KOPUCHUKA CHCTEMa U KOPHCHOCTH MPOU3BOJIA O]
uHTepeca. Jlobujenu pesynraru ce yrnopelyjy ca mpocekoM MmocMaTpaHOT KOPUCHHKA HAKOH
yera CUCTEM IeHEPUIIIE TPETIOPYKY.

Mebhyrum, mpukazaHa ¢opMmylTa HHje MaTeMaTHYKd MpPeLu3Ha jep Tpesa3d J03BOJbEHE
rpanune (errn. Out of Range). Hrmp, ykonuko cucteMm panrmpa mpousBoxae ox 1 go 5*; a
MIPOCEK MOCMaTPaHOT KOpUCHHKA je 4,5* u Tpaku mpenopyky HajuomylapHHUjer Mpou3Boa
KOjH je olemeH BHCOKO (HIp. ca 4 wim 5*) ox cTpaHe KOPHUCHHMKA YHjH je MPOceK 2 miu 3%
MpeMKIIMja CUCTeMa 3a oCMaTpaHu pou3Boa he Outu =7 ox 5*.

dunanHo npensuhame (Mar. popmyna 5) ce u3BpIIaBa MyTeM U3padyyHaBama KoePHUIIUjeHTA
[MupconoBe xkopenanuje y3umajyhu y o003up TeXMHY Npoceka JAeBHjaldja CIUYHUX
kopuchuka (enr1. Pearson Correlation Coefficient):

_ Ziril(ra,i _r_a)*(ru,i _E)

*
Ga GU

a,

(%)

N3pa3 notBplhyje mpermnocraBky 1a cucteM Tpeba ma 18 Behe BpeIHOCTH MPOHM3BOANMA KOjH
CY BHCOKO OIICEEHH, HAPOUUTO AKO C€ CIakKy ca eKCTPEMHUM MPOU3BOIMMA, OJHOCHO OHUM
IIPOM3BOIMMA KOjH CY OIICEKeHH BeoMa HuCcKkuM orieHama (Herlocker et al., 1999).
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3.2.3. X"UBPUJHU CUCTEMH

XuOpUIHU CUCTEMH KOMOMHY]y ajrOpuTME 3acCHOBaHE Ha cajpxkajy U KoiaaOOopaTHBHOM
bunTpupamy U HaCTOj€ J1a MPEBIaaajy MOTEIIKOhe U OrpaHHuYeHa M0jeUHAYHUX TPUCTYTIA.
XubpuaHU CcHCTEMH Yy3MMajy y OO3Mp KapakTEepUCTHUKE caApiaja Kao U BpPEIHOBAE
cajpkaja oI CTpaHe KOpUCHMKA. [IpucTynMm uMIUIEMEHTAalUWju 3aBHCE O HayMHA
KOMOMHOBaWba pa3IMUUTHX aJropuTaMa 3a reHepucame npenopyka. Heke oq moryhnoctu cy
Jla ce Ha OCHOBY ofipel)eHOT KpuTepHjyMa MpUMEYyje BUIIIe TEXHUKA y HEeKouKo (a3a. [a ce
MIPUMEHOM jeHEe TEXHUKE JTI00HMje MOIE KOjJH CIIY)KH Kao yia3 3a ciefehy TeXHHUKyY, uitu Ja ce
3aje[HO MPE3CHTYjy Mpernopyke ao0ujeHe Ha OCHOBY pasnuuutux Texuuka (Burke, 2002;

Ricci et al.,, 2011). Mertone koMOMHOBama TEXHUKA y XHOpHIHUM cuctemuma cy (Burke,
2002):

=  XuOpugHO reHepucame. [ eHeprucane mpenopyke NPUMEHOM PAa3IUYUTHX CUCTEMA Cy
Mpe/ICTaBJbeHEe aKTUBHOM KOPHCHHMKY jelHa J0 Jpyre Kpo3 KOMOWHOBAaHE JHCTE.
Jlucte cy 0/1BOj€HE U HE TEHEPHUIITY CE€ Y JeHY.

*  XuOpugHo npeknaname. [IpencraBiba XUOpUAHO reHEpUCamE MPENOPYKE HA OCHOBY
TPEHYTHOT TIperviesia IPOU3Bo/ia Off CTPAHE aKTUBHOI KOPHCHHMKA HA OCHOBY YHaIIpe.l
neduHUCaHOT KPUTEpHjyMa 0 U300y JIMCTE MPOM3BO/IA 32 MIPETOPYIHBALE.

= Jloxe/beHa TeXHHA MEpPCOHAIM3AIMje OCMaTpaHor Mojiena KopucHuka. Ilpeacrasspa
KOMOWHAIIM]y BHIIE KOMIIOHEHTH 3a TEHEpHCame INPETOpyKe Koja ce HYMEPUYKH
KoMOMHYyje. 3a oLlel-eHe MPOU3BOJIE, PE3YNITAaTH ce JInHeapHo yrnopelyjy ca Monenuma
KOPHCHHUKA CHCTEMA.

=  XwubpugHo moOosbiname. [IpeacTaBiba KOMOMHAIIM]Y BUIIE TEXHUKA 32 T€HEPHUCAHHE
npernopyke. JeTHOM TEXHHKOM Ce€ HW3padyHaBa CKyI KapaKTepUCTHKA IMPOW3BOAA Y
CHUCTEMY W aXypHUpajy c€ MOJENH, JIOK Ce ca APYroM TEXHUKOM H3padyHaBajy
cUYHOCTH M3Mel)y KOpUCHHKA crcTeMa U yropel)yjy BHXOBe OICHE.

= KomOunamuja Buiie xubpugHux cucrema. llpeacraBiba reHepucame Hpenopyke H3
Pa3IMUUTUX W3BOPA KOj€ C€ 3aTHM Kao ylla3HE BPETHOCTH KOMOMHY]Y ca aJrTOPUTMOM
KOJU T€HEepUIIe JeTUHCTBEHY IEPCOHAIN30BaHY MPEHIOPYKY.

Jlepunncame mepcoHaNM3anrje y KOHTEKCTy CHUCTeMa IMPEropyKe je TMpolec KOjuM ce
HacToju mro je Moryhe GoJsbe MpuiIaromuTH oApeleHy NpenopyKy akTHBHOM KOPHCHUKY.
PesynTar paga XHOpUAHOT CHUCTEMa Cy MPETOpYyKe 3a Yhje TEHEPUCAE Ce aHATM3HPA]y KaKo
MOJIallk O KOPUCHUIIUMA TAKO U CaJPKajHu KOJU Ce IIPEropydy]jy.
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3.2.4. TIEPCOHAJIM3ALIMJA CUCTEMA MPEIIOPYKA

Cucremu mnpemnopyka neQHUHHINY CKYI caapikaja MepcoHaIn3yjyhu HCKYCTBO KOpPHUCHHUKA
(HIp. MPOM3BOJIE 3a KYMOBUHY, (HUIMOBE 32 IIeJakhe, TEKCTOBE 3a UNTamkE, Jby/e 3a npaheme,
u np.). [lepconanuzanuja y cucteMuMa mpenopyke mnpeacTaBiba ClIOCOOHOCT MpuiiarohaBama
U MIpeTopyvrBama caapikaja y CKiIany ca KOpUCHUYKUM npedepenunjama. [lepconanuzamnuja
ce MOXe MocMmarpaTH Kao mpeaBuhame mpobriema, rae cucreM Tpeba Ja MpenBHId HUBO
MHTEpECOBama WM KOPUCHOCTH onpeheHe kareropuje caapixaja, BeO CTpaHUIC WIHA APYTHX
eleMeHara M Ja MX paHrupa mpema mpeasuljenum Bpeanoctuma (Schafer et al., 1999).
CriocoOHOCT TepcoHaNmM3aIyje y TeHepHcamy TpPErnopyke, W Heropa MoryhHocT ma
MPUJIAroId CajpiKaj U J1a MPenopydH aJeKBaTHE MPOU3BOJIE, MOApa3yMeBa Jla CHCTEM MOXKE
Ja 3aKJby4H INTa KOPUCHUK TPakKd Ha OCHOBY MPETXOJHUX HTEpaluja Kao U TPEHYTHE
WHTEpaKIIMje ca aKTUBHUM KOpUCHUKOM. OCHOBHH 3aJ]aTaK MEPCOHATU3AIIN]E j€ peaBulame
HUBOA MHTEPECOBamka KOPHCHUKA, KOPUCHOCT onpeheHor caapikaja, 1 KOHAYHO PAHTHPAE Y
CKiIagy ca HajBI/IIHI/IM HHTCPCCHUM BpPCAHOCTHMMA IPOU3BOJAa WM YCIYre 3a AaKTHBHOT
kopucHuka (Schafer et al., 2001; Lu et al., 2015).

Y OCHOBH ce MEepcOHaNM3alMja CHCTEeMa MOXKE TpPHKa3aTh Kao Malupame KOPHCHUKA U
NPOU3BOJIA y CKYIy MHTEPECHUX BpeIHOCTH. [lepcoHanm3anuja kao GyHKIHMja npeaBularma
NPOM3HJIA3H U3 YMEHCHUIIC J]a Malupame HHUje NePUHUCAHO Y LEIOM JTOMEHY JOCTYITHOCTH
cazapiaja, Te CaMHM THUM 3aXTeBa O]l CUCTEMa MPOLICHY BPEIHOCTH HHTEPECOBAha aKTHBHOT
KOpHUCHUKA 3a TmojenuHu caapikaj (Schafer et al., 1999; Schafer et al., 2001; Balabanovi¢ and
Shoham, 1997).

CucteMHu mpernopyka TEHEpUINy CaApkaj pasIMYuToOr HHBOA INepcoHanm3anuje. Hupo
NepcoHanm3anmje o0yxBaTa HEKOIHMKO (akTopa YyKJbYdyjyhH W Ta4HOCT M KOPHUCHOCT
npenopyke. O6a Mepema, U TaAYHOCT M KOPUCHOCT, KOja YKJbY4yjy (akTope Kao IITO je
cilydajaH y3opak Moryhe BpeIHOCTH MPOM3BO/a, ¢y BaxkHa. CHCTEM KOjU MpEropydyje camo
HajIpoAaBaHuje MPOU3BOJIE UMa Mamy NPEIHU3HOCT OJ CHCTEMa IPEropyKe KOju MOXeE Jaa
npoHalje ¥ mpenopyyn BUIE MPOU3BOJA O MHTepeca oapeheHoM kopucHuKy. CindHOCT ce
HE MOXE YBHJCTH KOJ| CHUCTEMa MpPEHOpyKe KOjU Mpernopydyje ylaajbeHe, pa3uuuTe
MPOM3BO/IC, IITO j& HEPETKO JTAJIEKO OJ] HHTEPECHE BPEIHOCTH KOPUCHHUKY.

JIok je mepcoHanM3alMja KOHTUHYYM BHILIE TUMEH3Hja, KOPHUCHO j€ HICHTU(UKOBATU
3ajeqHuuke HuBoe. Kama cucremu npenopyke o6e30ene HAEHTHYHE MPENOpyKEe CBAKOM
aKTUBHOM KOPHCHHUKY, CHCTEM je KJIacHU(UKOBaH Kao HemepcoHann3zoBaH. Crenuduune u
TayHO oJpeheHe mpemnopyke MOry ce 3acHMBaTH Ha PYYHO] CENEKIHJH, CTAaTUCTUYKO]
CyMapu3alvju WK APYrUM TeXHUKama. YecTH mpuMepu CHUCTeMa MpEnopyka y MpakcH Cy
HernepcoHanu3oBaHu. HajnmponaBanuju  mpou3BoAM, UW300pH  aJMUHHCTpaTopa MM
MoJiepaTopa, MpoceyaH pPEeJTUHI U HEPUITPUPAHU KOMEHTAapH Kylala, CBH IpPEeACTaBIbajy
UCTE WIKM HAaCyMHMIIe N3abpaHe MPEenopyKe CBAKOM KOPUCHHUKY CHCTEMA.

Cucremu mpemnopyke Koju KopucTe Tekyhe ynasHe mapaMeTpe KOPHCHHKAa Kako Ou
NPUIArOMIM TIPENOPYKY OJ HWHTepeca, MPeACTaBibajy Kpatkopouny (eHri. Ephemeral)
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nepcoHanuzanujy. MelhyTuMm, TH CHUCTEeMH TMIpelICTaBjba)y KOpaK BHILE y OJHOCY Ha
HEeINepCOHAIN30BaHe cHUCTeMe jep 00e30el)yjy mpemnopyke Koje OoAroBapajy HaBUTALUjU U
CEeNeKIMjU Kymma Kpo3 cucteM. CHCTeM NpenopyKe ca BUIIUM HHBOOM KPaTKOPOYHE
nepcoHanm3amyje 0u OMo OHAj KOjU KOPUCTH IENy MPETPaKHWBAYKY CECHjy WU CaIpiKaj
KOpIIEe 32 Ky[TOBHHY aKTUBHOT KYIIIIa KaKo OU IPenopy4yro aJeKBaTHE MPOU3BOJIE.

Jlyboko mepconanuzoBanu (euri. Deep Personalization) (Schafer et al., 2001) cucremu
IpenopykKa TeHepHIly Apyraduje JUCTe 3a PasIHudTe KYIIEe YaK U Kaja OHM IIIe/ajy UCTe
MIPOM3BOJIE Y OKBUPY jeTHOT cucTteMa. OBH CUCTEMHU KOPUCTE KOpenaiujy usmely KopucHHUKa
U TIPETIOpyKe 3acCHOBaHE HAa ocoOmHama kopuctehu npenHoctu nocrojehux npedepernuja u
kopenainujy wusmel)y mpomsBoma. Jlyboka mnepcoHaim3anmja uMa 3a Wb Ja pa3BHje
IYTOpOYHY Be3y ca KyIIMMa IITO Pe3yATHPa KPeAUOMIMTETOM. 3aCHOBaHA je Ha MCTOPHjH
00aB/bEHUX KYMOBMHA Kpo3 TpedepeHiyje, HaBUTAIMjy W JpPyrux IapaMerapa.
Kopumhemem komabopaTtuBHMX MoryhHOCTH, mopeaw ce ucTopHja oapeheHor kymma ca
HUCTOPHjOM OCTAIMX KyIala y CHCTEMY M TEHEpHIIy ce IMEPCOHATU30BAHE CYrecTHje M
npenukiyje. Jlyoboka nepconanusanuja rpagid CUCTEM yIpaBibakbha OJJHOCUMA ca KJIMjeHTUMa
TOKOM BpEMEHa, OCTaBbajyhu HCTOpH]y O00aB/EHHUX KYIOBHHA pa3BUjEHOM, IPUTOM
06e36ehyjyhu nobospmame Oynyhux mpenopyka. 3a pas3iuKy OJ cHcTeMa KOjU 3aXTeBajy
PYYHO aXypupame, ITyOOKO MEPCOHATM30BAHM CHCTEM Ca OCOOMHaMa ydema y TOKY paja
MOXE Jl1a KOPUCTH KOpelanujy u3Mel)y KOpHCHUKa CHCTeMa M Ja aHaJlu30M aTpuoyTta
unentudukyje mpousBoe oa uarepeca (Schafer et al., 2001).

Ca mpujaBoM KOpHCHHKAa Ha cucteM (mpukasaHo Ha ciuiy 18), ynmasHe wHbopMalje ce
oOpalyyjy pamu axypupama MOJella U TEHepHcama IEePCOHAIM30BAHUX MPErnopykKa.
ATuMKanyje Koje He KOpPHUCTE Yia3He WHOopMaldje O IHJbAHOM KOPHUCHUKY MOTY Jia
MPOM3BEAY CaMO HENepCOHAIM30BaHe npenopyke. KomOuHOBame U Jo1aBamke BUIIE THIIOBA
yla3HUX TapaMerapa oMoryhaBa cHUCTeMy Ja MPUIArOAM IMPENOpyKe HAa OCHOBY TPEHYTHE
aKTUBHOCTH U AYropoyHe npedepeHiiyje KOpUCHUKA.

Mogen KopucHuKa I - SUAERSHUEROA N
npeTpare npou3eoga
Kopuchuk (User) (o d  Pejrunr (Ratings) Rammmml  Mpoussos (Item)

EKcnanumutHe n
ATpunbyTn KOpUCHMKA II UMNANLUTHE aKumje ATpubyTn nponsBsoga II
(User Attributes) KOpUCHUKa (Item Attributes)

[emorpadcke [ledpuHucanm kpo3
KapaKTepucTuke Karteropuje
KOpUCHUKA KaTanora

Cnuxa 18. Mooden kopuchuxa y nepconanuz08aHom cucmemy
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[lepcoHann3oBaHu CUCTEMH HE 3aMEibY]y KOPUCHHMKA Ha BeOy HUTH 00aBE3HO JOHOCE OJUTYKE,
Beh je mHXOBa ylora Ja NpUKyIe, OpraHu3yjy U MpeacTaBe KOPUCHUKY CKYI pelleBaHTHUX
nH(popmarrja u omoryhe HHTEPECHHU CalipKaj].

3.2.5. MHTEJUIEHTHU ATEHTH Y CACTEMHUMA ITPEIIOPYKA

VHTenMreHTHN areHTH cy copTBEpPCKa pellieha MIPOjeKTOBAHA 1a CAMOCTAIHO WIIA HA OCHOBY
3axTeBa KOpHUCHUKa o0aBibajy ojpehene akmuje Ha BeOy. AreHTu umajy MoryhHoct
¢unTpupama nadopmanuja, oopaje u MoBe3nBama JOCTYITHUX MOAaTaKa.

WHTenureHTHH areHTH ce ouInKyjy cieaehum ocoomunama (Wooldridge and Jennings, 1995;
Simovi¢, 2014):

*  Vyeme — CIOCOOHOCT areHara Jia TOKOM CBOT pajia MPHUKYIUbajy HOBA 3HAMbA.

* AYTOHOMHOCT — CIIOCOOHOCT areHara Ja y CBOM paJy CaMOCTaJlHO 00aBbajy
IIOCTaBJbEHE 3aJIaTKE.

= JHTepakiyja — CIOCOOHOCT areHaTta Jga KOMYHUIIUPA]y Ca OKPYKEHEM.

= [lepconanuzamuja — CHOCOOHOCT areHaTa Ja ce mpuiarohaBajy KOPUCHUYKUM
norpedama y TOKy paja.

= JloBepsbMBOCT M MOOMIIHOCT — CHOCOOHOCT areHaTta Ja ce Kpehy Kpo3 pazianuure
wiatdopme 06e36el)yjyhu BHCOK HUBO MOBEPJFUBOCTH IMO/IaTaKA.

VY uuby ocTBapuBama HHUXOBE OCHOBHE (YHKIIM]€, WHTEJIMIEHTHH areHTH Yy CHCTEMHMa
npenopyke Tpeba Aa MpoleHe M Aa NpeABHAC KOjU je MPOM3BOA 3a KOPHCHHUKA BpEIaH
npenopyynBama. Jla 6u To Morao na ypaau, areHt tpeba na Oyae crmocobaH Aa ymopeau
KapaKTepUCTHUKE ofpeheHuX Mpou3BOAa U Taja Ja JOHEce OJUTYKY KOju MpousBoj he OutH

MPEenopyYeH.

[penukmmja jeHOT HEMEPCOHATM30BAHOT ANTOPHUTMA 32 MPETOPYYUBAEKE KOjU KOPUCHHKY
Jlaje TMPETopyKy caMmo HajJIIONYJIApHUjUX ¥ HajOOJbe PaHTUPAHHUX MPOW3BOAA HUjE MPEIU3aH
jep cy oacyTHe MHore noTpedHe HH(popManrje 0 KOPUCHUKY, OlleHaMa APYrHMX KOPUCHHKA,
BUXOBE Ipenopyke, W HHPOpMalUje O YKYyHHOM Opojy KOpPHCHUKAa CHUCTEMa KOjU Cy
paHrupaau mocMatpanu mpousBox (Simovi¢, 2014). Y HemepcoHAIN30BAHOM CHCTEMY
npenopyke (mpukaszano Ha ciuii 19) HUCY KpenpaHH HU aTpHOyTH HH MOJIEIH KOPHUCHHKA.
CucteM mpwuKasyje MpoCeyHy OLIEHY MPOW3BO/A M3 MAaTpHUIle YKYMHOT Opoja JaTux OIeHa
KOPHCHHKA CHUCTEMA.
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'
M| | = 4|4

Kopuchuk (User)  |ommmmerd  PejTunr (Ratings) (— B 2
1

Cnuka 19. Henepconanuzoeanu cucmem npenopyke

OBako cyrecTHBHa Mpenopyka Moke Outu edukacHa jep mozaepartop pacmopehyje camapikaj
panu moBehama Tpojaje MoCTaBibajyhu KOMILIEMEHTApHE MPOU3BOJEC HEMOCPEIHO OIu3y.
TakBe mpenopyke 3axTeBajy Maj0 YCMEpPEHOT Halopa jep Ky paje eBaidyalujy |
00e306ehyjy HuBO KpeaudmImTeTa.

AyTOMaTCKH CHCTEMHU 3a TIEPCOHAIIN3AIIN]Y C€ PA3JINKY]y y MPUMEHH METoja KOje Ce KOPUCTE
3a KpeWpame Mojeja KOPHCHHKA 0K C€ y JOMEHY aJrOPUTAaMCKOI MPHUCTyHa KOPUCTH
npeaBubhame. Mory 1a TMOCTOje pa3jMYMTH BHIOBH IlOMaramba KOPHCHHKY. (a) momoh
npuiIkKoM aeduHucama ynura 3a mnperpary; (0) pemeduHHCcame KOPHCHUYKOr yruta; (B)
nepcoHanu3aimja nperpare; (r) mopeheme pasmUUUTUX MPOM3BOIA WK (JI) IPYyruxX cepBHCca
Ha 6a3u onpehenux kpurepujyma (Ricci et al., 2011).

[lpukyrmibeHn ToOAalM TMOTEHLHUjaIHO KpHjy BakHe MH(pOpMalMje Koje Mory mnomohu y
pa3yMeBaWmy paHHUjUX AKTUBHOCTH WM Y ONTUMH3AIMjH KOPHCHUYKE aKTHBHOCTH Y
oynyhnoctu. ['taBHM npo0iieM y BeIMKUM Oa3zaMa IojaTaka je MpoHaIaKehe oAarosapajyhux
y30paka, IpaBala KpeTama 1 aHOMaJlija To/laTaka, Kao M U3pajia KBaHTUTaTHBHUX MOJENa 13
1587)'8

3.2.6. PEAJIM3ALIMJA CUCTEMA IIPEIIOPYKE

Peann30BaH CHUCTEM I'eHEpHIIE MPENOPYKY MPUMEHOM KOJabOpaTHBHOT (HITPHUparba, KOjH
ce Moke ¢opmanHo 3amucaTh Ha cieaehwm maumn (Sarwar et al., 2001; Adomavicius and
Tuzhilin, 2005; Cantador et al., 2008; Simovi¢, 2014):

ako je U=(uj, Uy...,uy) CKyn KopucHUKa cucteMa, Heka je |=(iy, lp,...,in) CKym CBHX
npousBoja (eHri. Items) koju ce mory mpemnopyuutH, a R mornyHo ypeheHu ckym rae je
g:Ux[—R ¢ynkuuja xopucnoctu (enri. Utility Function). Bpexnocr dynxuumje g(uj, ix)
HpeacTaB/ba KOPUCHOCT MPOM3BOJA Ik 3a KopucHMKa Uj. L[uib cucrema je ma 3a cBakor

= max,u; . . .
kopucHuka Uje U oxpenu mpoussox |’ € | 3a koju je BpenHOCT QyHKIMje § MaKCHMAIIHA:

Yu; eU,i™" =argmax g(u;,i) (6)

i€l
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KopucHoct mpousBojga ce dYecTo BpedHyje OpojuyaHOM OILIGHOM Kojy he oxmpemnutu cam
KopucHUK wiu he ce oHa m3pauyHatu. OlleHa MPUTOM HE Mopa OUTHU BPEIHOCT KOjy je
onpeheHn KOPUCHUK JIOAENTMO TPOU3BOAY, Beh ce Moke H3pa3suTH W OpojeM mperiena
pou3Bo/Ia, OpojeM KyIJbeHUX npumepaka u ci1. OreHa npeacTaBiba MEPY KOjoOM ce HCKazyje
u npeaBuha KOIMKO je 3a KopucHuKa oapehenu caapikaj penesanrtad. Jla 6u To 6uno moryhe,
CBaKU ce KOpHCHHK Uj€ U ommcyje MOAEIOM KOjH MOXKE YKJbYYMBaTH OCHOBHE IOAATKE O
KOPHUCHHKY, HheroBuM mpedepeHnujama u cii. Takohe, cBaku mpousBox Ixe | ce ommcyje
CKYITOM KapaKTePUCTHKA.

Mebhyrum, y Behunu cinydajeBa ¢pynkuuja g Huje nedunucana Ha nenom ckyny Uxl, Beh camo
Ha BHETOBOM MOJACKyMy. MHUIMjanHO, OICHA je MO3HaTa caMoO 3a OHE IMPOU3BOJE Koje CY
KOPUCHUIIM TPETXOIHO OLCHWJIM, JOK C€ 3a HENO3HaTe BPEJAHOCTH OHAa 3acHUBA Ha
npeasubhamy. [Ipema Tome, jegan of MUbeBa CUCTEMA MPEMOPYKE je IITO TAaYHU]€ MPEIBUICTH
BPEIHOCTH 3a HEOlLlEHheHEe Mpou3Bojie. HakoH npenBul)ama BpeqHOCTH 3a CBe ypelheHe napose
ckyna Uxl, mpenopyka 3a onpehenor xopucHmka ce oxapehyje mpema mar. dpopmymu 6. Y
3aBUCHOCTU Off HauWHA TMpEe3eHTalMje NPENopydYeHUX cajpixaja, KOPHUCHHUKY CE€ MOXKe
MOHYIUTH jelHa WM BUILE TIpernopyka (Ha mpumep, JucTa o1 N mpenopyka nopehanux npema
BHCHHH OIIEHE).

Hauna Ha Xoju cHCTEM 3a TpENopydydBame IMPOU3BOJA METOJIOM KOIaOOPaTHBHOT
¢dbunTpupama HACTOjU MPEIBUICTH KOPUCHOCT IMOjEMHOT MPOU3BO/IA 32 AKTUBHOT KOPUCHUKA
ce Oasupa Ha OCHOBY BpEIHOBama IMPOU3BOJA O CTpPaHE OCTAIUX KOPHCHUKA CHCTEMA.
Bpennoct dynkimje g(uj,ix) KojoM ce mpencTaBba KOPHCHOCT NPOU3BoJa ik € | 3a KopucHUKa
Uje U ce y ToM ciy4ajy mpouemyje W 3aCHMBAa Ha IMO3HAaTHM BpexHoctuma ((Us,ix) 3a
MPOM3BOI Ik TIPH YeMY je KOPUCHUK Us € U cimvan KopucHUKY Uy € U.

Jledbunuine ce Mmoaen koprcHuka, y o3Haiu CollaborativeUserProfile(un,) kao Bextop umje cy
KOMITOHEHTE OIIEHE KOj€ je KOPHCHHUK JIOEINO JOCTYITHUM ITPOU3BOANMA Y CUCTEMY:

CollaborativeUserProfile(Un)=rm=(rm1.fmz, ... ,Fmn) €R"

Onene koje cy oapeheHOM MpoOW3BOAY IOMEHTMIIM OCTajld KOPHUCHHUIIM TPENCTaBIbaJy CE
BekTopoM Ratings(in):

Ratings(in)=rn=(r1nf2p. ... /) RV

V ciydajy a KOPUCHUK U HUje OLEHHO CaApiKaj Ij 3a KOMIIOHEHTY Iijy 00a rope HaBeJcHa
BEKTOpa BPEIU BPEAHOCT I j=@. BpenHOCT KOpHCHOCTH MPOoU3Bo/a in€ | 3a KoprucHUKa Uy e U
onpehyje ce QyHkmmjom SCOre Koja mpu H3padyyHaBamky KOMOWHYje KOMIIOHEHTE Mojesa
KOPUCHHUKA Uy U OLIEHE 34 iy

g(um,in)=score(CollaborativeUserProfile(uy,),Ratings(i,)) e R

KomabopatusHo Quntpupame ymopelyje U3BpIIEHY CBaKy KYNMOBHHY OCTBAapeHOI KYIIIIA,
paHrupa TPOHM3BOAC MO CIUYHOCTH, M KOMOWHAIMjOM CIIMYHHMX [POU3BOJIA TCHEPHILE
MPENOPYKY. AJTOpUTaM TE€HEpHUIlle Tabely CIMYHOCTH Kako OW YTBPAHO MPOM3BOJA KOjU je
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HAjIPUKIIAHUJU KOPUCHUKY Ha OCHOBY HETOBOT 3aaror ynura. HaunH Ha Koju ajropuram
u3payyHaBa CIMYHOCTH H3Mel)y MmocMmarpaHor MpoM3BoJa Ca CBUM JAPYIHMM IPOU3BOIUMA

CJIEKTPOHCKOI' KaTajiora je uckazan y cienehem nceymno k0my (Linden et al., 2003; Simovié,
2014):

For each item in product catalog, I;
For each customer C who purchased I,
For each item I, purchased by
customer C
Record that a customer purchased I,
and I,
For each item I,
Compute the similarity between I; and I,

Moryhe je wu3pauyHaBame CIMYHOCTH H3Mel)y nBa Tpou3Boma Ha pa3IMYUTe HAYMHE.
Yoouuajen meron je xocuuyc (ennt. Cosine Similarity) mspauyHaBama Ie CBaKM BEKTOP
KOPECIIOHMpa ca MPOU3BOIOM a HE Ca KYIILEM, JIOK BEeKTOp M-AuMeH3Hje KOPEeCHOHAUpa ca
KYIILIEM KOju je 00aBHO KYIIOBUHY OCMAaTpPaHOT IPOU3BO/A.

Kana je pey 0 eneKTpOHCKUM NpOIaBHHIIAMA BEJIWKUX CKIAMIITA MOJIaTaKa, OBaKaB HAYMH
U3pauyHaBama 3a TCHEpUCamke Tadele CIMYHUX IPOU3BOJA 3aXTeBa BpeMe ca clydajeM
O(N*M). Mehytum, y npaxcu je 6mmke caydajy O(NM) jep MHOTH Ky UMajy Mamu Gpoj
OCTBApCHUX KYIOBHHA.

AnroputamM 3a KolabopaTHBHO (QUITpUpame MpHKasyje Kymnma ca N-IuMeH3nOHAIHUM
BEKTOpOM mpousBonaa, rae je N Opoj mpomsBoma eJIEKTPOHCKOT Karayiora. KoMmoHeHTe
BEKTOpa Cy MO3UTHBHE 32 00aBJbEHE KYIIOBUHE WJIM TIO3UTUBHO OLICE-CHE, JIOK CYy HETaTHBHE
KOMIIOHEHTE€ BEKTOpa HETaTHBHO oOllemkeHe. KommeHsamujoMm, paau HajOoJse TMpojaje
NPOM3BOJa EJEKTPOHCKOT  Karajora, ajropuraM yMHOXaBa KOMIIOHEHTE BEKTOpa
uHBepTyjyhu QpexBeHnunjy (MHBepTYje OpOj Kymnara Koju cy KYIHIH WIA OLIEHIIN TPOU3BOJ)
cTBapajyhu Mame MO3HaTe MPOM3BOJIE BUIIE peieBaHTHUM. CKOpO 3a CBe KyIle, MPUINKOM
oabupa MpOU3BO/IA 32 KYIOBHUHY, ITPUKa3 MPENopyka KOpUIThemeM OBOT BEKTOpa je perax.
AlropuTaM TEHEpHWIe TMPernopyKy Oa3WpaHy Ha CcaMO HEKOIMKO Kymana CIUYHUX
npedepeHIrja y OHOCY Ha TTOCMAaTPAHOT KOPUCHUKA.

Hpe(bepeHuI/Ije " CJIMYHOCTH JIBa KYIILA, Au B, CUCTEM MOKEC MCPUTHU HA PA3JIMIUTC HAYHUHC.
[IpuMereH MeToq je u3padyHaBame KocuHyca yria mamely nBa Bektopa (Mar. dopmyna 7)
(Linden et al., 2003; Simovi¢, 2014):

similarity(ﬂ,g) = cos(ﬂ,ﬁ) :% (7)

Cucrem mpenopydyje MpoU3BOAe HAa OCHOBY CIMYHOCTH KOPUITNEHEM Pa3IHUUTHX METOJA.
YobuuajeHa TeXHHKA TeHEpHCama MPENOPyKe je paHTUPame CBAKOT MPOU3BO/IA €IEKTPOHCKOT
KaTaJiora Ha OCHOBY TOT'a KOJIUKO j€ KyTala KyImuJIO UCTH TPOU3BO/I.
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Axo je O(MN), rae je M Opoj octBapeHux Kynama ¥ N Opoj mpousBoma y eleKTPOHCKOM
KaTayory, cucreM uctpaxyje M kynama no N mpowusBozaa 3a cBakor kymnuna. Mehyrum, u3
pasJiora IITO je MpoceyaH BEKTOpP KyIIa U3y3eTHO PeAak, nepdopmManca anropuTMa cucreMa
texu onmzuau O(M+N).

Amnanu3za cBakor octBapeHor kymia je npuommkaa O(M), a ue O(MN). Pasnor Tome je 1miro
BEKTOp CKOpPO CBakOI' KyIlla CaJpKd Manu Opoj mpomsBoma 0e3 003upa Ha BEIHYHHY
nojaraka y e-karanory. Melytum, moctoju manu Opoj Kymnaua Koju ¢y 00aBUIU KyHNOBHHY
WK OLIEHWJIM MaJIH MIPOIICHAT Mpon3Boa u3 Karanora 3axteBajyhu O(N) Bpeme usBpiiiaBama,
TaKo ja je ¢puHamHa neppopmanca aaropurma npudamkaa O(M+N).

KOI[ CJIICKTPOHCKUX MMPOAaBHHULIA KOje CKJIAIUIITC BCIMKC KOJIMUMUHE MMOJdaTaKa, HIIp. MUJIMOH U
BUIIE KyTala W WCTO TOJHMKO WJIM BHIIE MPOW3BOAA Y KATalory, MPHUKa3aHU ajIropuTam
cucteMa OM ce cycpeo ca MoTemkohama kKao MmTo je Op3MHAa OYEKMBAHMX KaJKyJaluja U
n3padyHaBama, CKAIMPamka U YKYITHUX NephopMaHCH CUCTEMA.

Moryhe je npenuMuuHO pemnieme MpoljemMa CKalupamka CMambUBakbeM — KOJTWYHMHE
YCKIQAMINTEHUX T[0JaTaka yKOJIMKO je ©a3a mnpeonTepeheHa, mTO BaXKM 3a BEIUKE
€JIGKTPOHCKE TMPOJABHULIE Ca MHJIMOHCKUM 3amucuMa. M ce MOXXe CMamUTH CIydajHUM
y30pKOM Kymana u3 0ase, ogbanuBameM Kymnala Koju Cy M3BPIIWIN Mamu Opoj KyIOBHHA,
nok ce N Moxe CMamHUTH ondalMBamkeM WM BEOMa IMOMYIAPHUX WM HEMOITyJIapHUX
npou3Boga. Kopumiheme TexHHMKa 3a cMamHBame, kao mTo je clustering, pesynryje
yMamuBameM enemeHara M u N Benukum ¢axropom.

Mehytum, nonyheno pememe npodiiema 1 MOMEHYTE TEXHHUKE 32 CMambHBambe 0aze yTuuy Ha
KBAJIUTET CHCTEMa MPETNopyKke Ha MHOTO HaYWHA. AJTOPUTAaM HCTPaxyje caMO Majd y30paK
Kylala Tako Ja IOCMaTpaHOM KOPHUCHHMKY cucTeM Hehe maTu mpemnopyke caapikaja of
uHTEepeca. AKO anropuTaM ondaly WK HajIoNylapHUje WK HETomyJapHe MPOU3BOJE, OHH
ce Bume Hehe MojaB/PUBATH Kao NpPENoOpyke, a KyHIM KOjU Cy 00aBMJIM KYHNOBHMHE THX
npousBona Hehe 100UTH aieKBaTHE MPETIOPYKE jep je TeHeprucaHa JINCTa yMambeHa.

Peanm3oBaH cucteM mpenopyke ca MpUKa3oM reHeprCcaHe JUCTe MPUINKOM U300pa jKeJbeHOT
MIPOM3BO/IA 3 KYITOBUHY je TprKa3aH Ha ciuiy 20.
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Cnuka 20. Peanuzosan cucmem npenopyke ca npuxkaszom eeHepucame iucme

3.2.7. KOMIIAPATUBHA AHAJIU3A CUCTEMA IIPENIOPYKA

VY xoMIapaTHBHO] aHAIM3U CHUCTEMa IPENopyKe KoJabopaTUBHOr (DUIITpUpama 3a CHCTEME
¢uitpanyuje 6a3upaHe Ha KOPUCHMLIMMA U cucTeMe (uiTpaurje 6a3upaHe Ha MPOU3BOAMMA
kopuitheH je copteep orBopeHor kOma Apache Mahout, npoucrekao kao cepBHC MPOjeKTa

Hadoop.

Benmuke Oubnmmoteke Hadoop exocucrema omoryhaBajy mucTpuOyupaHy oOpaay u
MPOLIECUPakhEe BEJIMKE 3ampeMHuHe Mojaaraka ooOpalyjyhu ux mpeko kiactepa padyHapa

kopuctehu mnporpamepcke Mopeine. bubianoreke cy NpojeKTOBaHE TaKo Jla JETEKTY]y H

peiaBajy Moryhe rperike Ha arIuKaluoOHOM CII0jy pay JOCTYITHOCTH CEpBHUCA.

Apache Mahout omoryhaBa CBOjUM KOMITOHEHTaMa H3rpajiby M KOHCTPYHCAmhe CHCTEMa

npernopyke u3bopoM oxaromapajyhux amropurama. CodTep campxku Moayie ca cienachum

KJbyuHuM arnctpakiyjama (Owen and Owen, 2012; Bagchi, 2015):
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= Mogen nogaraka (euri. Data Model);

= CraunvHocTH KopucHHKa y cuctemy (enri. User Similarity);
= CramuHocTH npou3Boja y cucremy (euri. Item Similarity);
= Cucrem npenopyke (erri. Recommender System).

[Hws npojexkta Apache Mahout je wusrpaama OKpyKema 3a Kpewpame CKajgaOuiHe,
NPWIArO/IJbUBE aIUTMKAIMje MAalIMHCKOT ydema. Mahout 6ubnmorexe omoryhaBajy omcexHe
aHaJM3e M eBalyalldje MPUIAroJJbUBUX alropurama MammuHckor yuema (Holmes, 2012).
Mopen MalIMHCKOT Y4Y€mha j€ TNPUMEHEH y aHallM3du W eBallyalldju KoJaOOpaTHBHOT
¢untpupama. 3a pa3Boj U UMIUIEMEHTAIM]y MOJENa 32 MAIIMHCKO YY€HEe HEONXOIHO je
YTBPAUTH KPUTEPHjyMe NPUKYIUbama mojaataka. Ckyn nmoparaka tpeda fa caapkKu moTpeOHe
uHpopMalrje Koje MOTy JONpUHEeTH Behoj TAYHOCTH U3paudyHaBama. APXUTEKTypa cHcTeMa
MAaIIMHCKOT yuema Tpeba na o0yxBaTH M3BOpE MOJaTaKa, aluIMKAIKje U ajlaTe 3a MAIIUHCKO
yueme Kao M MEXaHHW3aM 3a HHTerpaljy ca nmocrojehum cucremom (Simovié, 2017).

3a aHanu3y KoJlabopaTuBHOT (GUIATPHpaka KOPUIITNEH je METOJT M3padyHaBama Koeduiujenrta
[MupcoHoBe Kopenamyje — Mepa CTENeHa JIMHeapHe penanuje Koja MocToju u3Mely aBe
Bapujabie (mprka3aHo Ha mat. popmynu 5). [IupcoHOB KoeUIMjEeHT Kopemanuje je u3Be1eH
U3 MOjeJia JHHEeapHe perpecHje Koja MovrBa Ha MPETIIOCTaBIM Ja, HE3aBUCHO O] MMOJaTaKa
penamuja Mopa OWTH JIMHEAapHA, CBE TPEIIKe MOpajy OWTH HE3aBHCHE, U KOHCTAHTHY
BapHjalljy 3a CBaKO MOJEIIaBake HE3aBUCHUX Bapujabmu. Kama Te mpermocTaBke HUCY
3ag0BoJbeHE, [IMpCOHOB KoedUIMjeHT Kopenanuje He IMoKasyje HWHAMKAlWje TadHOCTH Y
uspauyHaBamwy (Herlocker et al., 1999).

VY ananu3u KojabopaTUBHOT (uiITpUpama Mo KopucHuimma (n1eo pedepeHTHOr KOma je
npuKaszaH Ha ciuiy 21) kopuiitheHa je eBuICHIIja cepBepa eIEKTPOHCKE MPOIaBHUIIC KEbUTa
koja caapxu ~3900 BpennoBama; ~450 xopucHuka m ~1495 mpousBoga Koju cy y3eTH 3a
U3payyHaBame.

VY aHanu3M cucTeMa BaykaH YMHHIIALL je TOKPUBEHOCT. [IOKpHBEHOCT je MPOICHAT O] YKYITHOT
Opoja mpousBoa 3a Koju he cuctem mpenopyke 06e30enutu npenpuhame. OCHOBHO MEPEHE
MMOKPUBCHOCTH j€ TMPOICHAT JOCTYIHUX TPOM3BOJA 3a MpeaBuhame. 3ajeTHUYKE
KapaKTePUCTHKE CHCTEMa KOj€ MOTY Jia CMamhe MOKPUBEHOCT Cy Malle TUMEH3H]e CIIMYHOCTU
KOPHCHMKAa U IUXOBO Y30PKOBaWme€ paau IMpoHajaxema Omuckoctu. [lokpuBeHOCT
moJipa3yMeBa MpOICHAT CBUX KOPHUCHHMKA CHCTEMa 3a Koje ce mpeaBubame Tpaxu (Simovid,
2018).

ExcnepuMeHTa HN pe3ynaTaTd aHaIM3€ MMajy BHCOKY IOKPHBEHOCT KoOja M3HOCH OKo 95%.
MakcumainHa MoKpuBeHOCT HHje o0e30ehena m3 cienchux pasmora: (a) mocroje oapeheHu
npous3Boau 0Oe3 BpeaHOBama (KyrubeHu/orewmenu); (0) Manmu Opoj KOpPUCHHKA KOjH je
BpenHoBao ojpehenn mpowmsBom; (1) Majia CIMYHOCT MOjEAMHHX KOPHUCHHKA CHCTEMa
(Simovié, 2018).
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package rs.prodavnicaknjiga.FiltriranjePoKorisnicima;

import java.io.File;
import java.util.list;

import org.apache.mahout.cf.taste.impl.model.file.FileDataModel;

import org.apache.mahout.cf.taste.impl.neighborhood.ThresholdUserNeighborhood;
import org.apache.mahout.cf.taste.impl.recommender.GenericUserBasedRecommender;
import org.apache.mahout.cf.taste.impl.similarity.PearsonCorrelationSimilarity;
import org.apache.mahout.cf.taste.model.DataModel;

import org.apache.mahout.cf.taste.neighborhood.UserNeighborhood;

import org.apache.mahout.cf.taste.recommender.RecommendedItem;

import org.apache.mahout.cf.taste.recommender.UserBasedRecommender;

import org.apache.mahout.cf.taste.similarity.UserSimilarity;

/** www.prodavnicaknjiga.rs
public class App

public static void main( String[] args ) throws Exception
1
DataModel model = new FileDataModel(new File(“Podaci/logfile.csv"));
UserSimilarity similarity = new PearsonCorrelationSimilarity(model);
UserNeighborhood neighborhood = new ThresholdUserNeighborhood(®@.1, similarity, model);
UserBasedRecommender recommender =
new GenericUserBasedRecommender(model, neighborhood, similarity);
(List<RecommendedItem> recommendations = recommender.recommend(350, 3);]
tor (RecommendedItem recommendation : recommendations) {
System.out.println(recommendation);

}

Cnuxa 21. Konabopamugno ¢hunmpuparse no Kopuchuyuma — 0eo pegepeHmuoz Kkooa
Jlunuja kOna (upBeHu OKBUp Ha ciuim 21):
List<Recommendedltem> recommendations = recommender.recommend(350, 3);

TeHEpHIIE TPENnopyke 3a aKTHBHOT KOPHCHHKA CHCTEMa 3a MOCMaTpaHW IIPOM3BOJ ca
mmppom 350. CucteM NPUITMKOM TeHEpUCakha JINCTE y3UMa Y pa3MaTpame CBE KOPHUCHUKE U
CBa BpEIHOBaWmA I[IOCMATPAaHOT TPOM3BOJA; Kpeupa TpYIMy KOPHUCHUKA CIHYHHX
MHTEpEeCOBamka a W3JIa3HU pe3yiTaT oAroBapa npedepeHurjama nocMaTpaHor KOpUCHHUKA ca
IPYIOM HajOJIMKUX Y CUCTEMY.

N3pauynaBame ce 6a3upa Ha MPETIOCTABIM J1a he KOPUCHUKY KOjU je m3adpao MpOM3BOJ ca
mmdpom 350 oxroeapatv NpPOM3BOAM KOJjU CY OCTaJM KOPUCHHUIM CHCTEMa BPEIHOBAIIN
HajBUIINM OlleHaMa (KyMUJIA/OLEHUIIN).

Pesynrat nzpauyHaBama je npuka3aH Ha CIULH 22.

RecommendedItem[item:1302, value:5.0]
RecommendedItem[item:1367, value:5.0]
RecommendedItem[item:1237, value:4.7962523]

Cnuxa 22. I'enepucana npenopyka KoaabopamusHo2 uimpuparsa no KOpucHuyuma (npeéa
Konona: npoussoo 350, Opyea korona: npenopyuen npouszeoo0, mpeha Konouna: pejmune
npou3600a 00 CMpane 0CMaIux KOPUCHUKA y cucmemy npu yemy je 5.0 najsuwia oyena)
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3a cnenehe u3padyHaBame KonmabopaTHBHOr (uiTpupama Oa3upaHor Ha MPOM3BOIUMA
kopuurheHa je ucTa eBUIeHIMja cepBepa eJIeKTPOHCKE TPOAABHULIE KEHHTa.

Jleo pedepentHor k6aa KosaOOpaTUBHOT (GUITpUpAka IO MPOU3BOAUMA Yy CHCTEMY
MPETopyKe je MpUKazaH Ha CIumu 23.

Pesynrar n3padynaBama je npukasaH Ha Ciuy 24.
VY u3pauyHaBamwy, InHHja KOa (IpBEHH OKBHP HA cIHLU 23):
List<Recommendedltem>recommendations = recommender.mostSimilarltems(itemld, 3);

NpaBd METJby KPO3 EJIEKTPOHCKH KaTajor, MOpead KapaKTEpUCTHKE CBUX MPOU3BOJA Y
CUCTEMY ¥ T€HEpHIIIEC MPEMOPYKY 3a TPH HAjOIMKa MTPOU3BOJIA IIPeMa CaapiKajy.

package rs.prodavnicaknjiga.FiltriranjePoProizvodima;

import java.io.File;
import java.io.IOException;
import java.util.list;

import org.apache.mahout.cf.taste.common.TasteException;

import org.apache.mahout.cf.taste.impl.common.LongPrimitiveIterator;

import org.apache.mahout.cf.taste.impl.model.file.FileDataModel;

import org.apache.mahout.cf.taste.impl.recommender.GenericItemBasedRecommender;
import org.apache.mahout.cf.taste.model.DataModel;

import org.apache.mahout.cf.taste.recommender.RecommendedItem;

import org.apache.mahout.cf.taste.similarity.ItemSimilarity;

public class FiltriranjePoProizvodima {

public static void main(String[] args) {
try {

DataModel dm = new FileDataModel(new File("Podaci/logfile.csv"));
GenericItemBasedRecommender recommender = new GenericItemBasedRecommender(dm, sim);
int x=1;
for(LongPrimitiveIterator items = dm.getItemIDs(); items.hasNext();) {
long itemId = items.nextLong();
(List<RecommendedItem>recommendations = recommender.mostSimilarItems(itemId, 3 );)
for(RecommendedItem recommendation : recommendations) {

}

System.out.println(itemId + "," + recommendation.getItemID() + "," + recommendation.getValue());

Cnuxa 23. Konabopamusno ¢purmpuparee no npousgoouma — 0eo peghepenmnoe k6oa

349,908,0.21428572
349,898,0.1891892
350,752,0.21212122
350,351,0.19687843
358,355,0.1884058
351,350,0.19687843
351,349,0.18604651
351,908,0.1764706

Cnuxa 24. I'enepucana npenopyka Konabopamueno2 Guimpuparea no npoussoouma
(8peonocmu noxnanarwa u caiuuHOCm NPOU3BO0A y CUCMEMY — RPBA KOJIOHA: NPOU3600, Opyed
KONOHA: CAUYaH npouseoo, mpekha konona: epednocm nokianarea npu yemy je 1 najsehe
NOKIanarye)
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VY konaGoparuBHOM (QUATPUpAKY MOCTOjeé MHOTE aHAJM3€ TAYHOCTH MEpema U eBajlyalluje
cucrema. CyIITHHCKH ce Jiefie y B TVIaBHE Kareropuje: 1) craTucTHyka Mepema TauHOCTH
(emrn. Statistical Accuracy Metrics) u 2) Ta4yHOCT CHUCTEMa y JOHOIICHY O[TyKa (CHIL
Decision Support Accuracy Metrics) (Melville et al., 2002; Herlocker et al., 1999).

[IpBa kareropuja Mepema MpoIECHYyje U U3padyyHaBa TAYHOCT KOJIAOOpaTUBHOT (hUITpUpahA
ynopehyjyhu Hymepudke BpeAHOCTH MPEIUKIIHjEe Yy OJHOCY Ha BPEAHOBAIE MPOM3BOMAA O]
CTpaHE OCTaJlMX KOpPHCHUKa cuctema. JIpyra kareropuja u3padyHaBa e(UKACHOCT
npeaBuhama, OAHOCHO KOJHMKO TMpeABuhame ompesesbyje KOPUCHUKAa J1a Oupa BHCOKO
paHrupaHe MpOU3BOIE U3 MPEIOPYKE.

CrarucThuka mpoleHa TaYHOCTH CHUCTeMa Ha MPUMEHEHOM CKYIly IojiaTaka KopHIIhemeM
Mahout oxBupa, uzBpiiena je cineaehom auHEjoM KOa (3e7€HN OKBUP Ha ciuiy 25):

org.apache.mahout.cf taste.eval. Recommender Evaluator

3a eBadyalMjy cHUCTEMa IMPENOpPyKe, CIMYHOCTH M TPOIEHE CTAaTUCTHUYKE TAuHOCTH je
kopuitheH MeToJ M3pauyHaBama KoedunmjeHTa [lupcoHoBe Kopenamuje KojiadopaTHBHOT
¢unTpHupama 1o KOpUCHUIIUMA (TUIaBU OKBHUP Ha CJIUIH 25):

org.apache.mahout.cf taste.impl.similarity.PearsonCorrelationSimilarity;

ca MOICIOM H3pavYyHaBamka aAllCOJYTHC IHPOCCHHE PA3JINYUTOCTU (I_IpBeHI/I OKBUD Ha CJIMIU
25):

RecommenderEvaluator evaluator = new AverageAbsoluteDifferenceRecommender
Evaluator();

o uzabpanor 6poja kopucHuka ox N/10 (xkytu okBup Ha ciunu 25) 1o N/50 (3eaeHu OKBUP
Ha ciuiy 26) o1 YKYITHOT Opoja KOPHCHHKA y CUCTEMY Y3€THX 3a TPOIICHY.
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aluacijaSistemaFiltriranjaPoKorisnicima.java &3

package rs.prodavnicaknjiga.FiltriranjePoKorisnicima;

import java.io.File;
import java.io.IOException;

import org.apache.mahout.cf.taste.common.TasteException;
import org.apache.mahout.cf.taste.eval.RecommenderBuilder;
import org.apache.mahout.cf.taste.eval.RecommenderEvaluator;
import org.apache.mahout.cf.taste.impl.eval.AverageAbsoluteDifferenceRecommenderEvaluator;
import org.apache.mahout.cf.taste.impl.model.file.FileDataModel;

import org.apache.mahout.cf.taste. 1mpl neighborhood. ThresholdUserNelghborhood

i h h 1 d

org.apache.mahout.cf.taste.impl.similarity. PearsonCorre1at10n51m11ar1ty,
import org.apache.mahout.cf.taste.model.DataModel;

import org.apache.mahout.cf.taste.neighborhood.UserNeighborhcod;

import org.apache.mahout.cf.taste.recommender.Recommender;

import org.apache.mahout.cf.taste.similarity.UserSimilarity;

public class EvaluacijaSistemaFiltriranjaPoKorisnicima {

public static void main(String[] args) throws Exception {

m = Fi Fi "p. file.csv"));
RecommenderEvaluator evaluator = new AverageAbsoluteleferenceRecommenderEvaluator()J
RecommenderBuilder builder = new MyRecommenderBuilder();
double result = evaluator.evaluate(builder, null, model, 0.9, 1.0);
System.out.println(result);

Cnuxa 25. Esanyayuja cucmema b6azupanoz na puimpuparsy no KOpUCHUYUMAa — 0eo
pegepenmuoe ko60a 3a n/10 00 yKynnoe 6poja KOpuchuxa cucmema

public class EvaluacijaSistemaFiltriranjaPoKorisnicima {

public static void main(String[] args) throws Exception {
DataModel model = new FileDataModel(new File("Podaci/logfile.csv"));
RecommenderEvaluator evaluator = new AverageAbsoluteDifferenceRecommenderEvaluator();
RecommenderBuilder builder = new MyRecommenderBuilder();
[double result = evaluator.evaluate(builder, null, model, @.5, 1.6);]
System.out.println(result);

Cnuxa 26. Esanyayuja cucmema 6azupanoe Ha Guiampuparsy no KOpUCHUYUMA — 0eo
peghepenmnoe k60a 3a n/50 00 yKynuoe 6poja KOpucHuka cucmema
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Average Absolute Difference

0.815

0.805
0.8
0.795
0.79
0.785

Average Absolute Difference

0.78

Average Absolute Difference

0.815

0.805
0.8
0.795
0.79
0.785

Average Absolute Difference

0.78

n/30 korisnika sistema

Cnuxa 27. Buzyanuzayuja oodujenux pezyimama uspadyHasarsa

72



ExciepuMeHTamHM pe3yaTarT eBalyalldje CUCTeMa KoJIaOOpaTHUBHOI (QUATpUpama o
KOPHCHHIIMMA je TOKa3ao jJa ce ca moBehameM Opoja KOpHUCHHMKA Yy CHUCTEMY TauyHOCT
npenopyke cmamyje u ykonuko je AbsoluteDifference mpukas mamu, yTOIHKO je TauHOCT
cucrema Beha (mpukasaHo Ha CIUIH 27).

[Toctoje moryha orpanu4ema Koja ce OJJHOCE Ha OBY KOMIIApaTHBHY aHanu3y. [IpBo, ckym
nojaTaka Koju je KOopHIINeH 3a NMPUMEHY pellerma 3a aHaiausy npeaBuhama je jeaH CKyIl
KOjU je MHTErPUCAH Y NPEACTaBIbeHU OKBHP. J[pyro, y lujby yCICUIHE aHAIW3€e M YBUJAA Y
3Hamke Kako OW ce W3JBOjuIa BPEAHOCT, OpraHu3amuje Tpeda 1ga WMIUIEMEHTHPA)y
oarosapajyhu big data oxBup Koju Moke J1a 0Opajy BHUIIIEC HE3aBHCHUX M3BOPA PA3TUUUTHX
nmojaraka. ¥ TOM peqociieny, ako je Beha konmunHa U pa3HOBPCHOCT CKYIIa MOIaTaka KojH je
NpUIpeMIbEeH 3a 00paay, mocroje Behe MoryhHocTH 3a mpoHana3ak CKpPUBCHHX yBUAA Y
obpacuie. Mehytum, nome wuaeHTH(OUKOBAHW YIIa3HW TMOJanyd pe3yiaroBahe JOmmMM
KBaJIUTETOM 0€3 003upa KOJIMKO je ucnpasHo big data pememe (Simovié, 2018).

Jla OW MOCTUIIIM KOHKYPEHTCKY mpeaHocT y big data oxpyxemy, opranusanuje Tpeda aa
npojektyjy big data okBup ca cepBucuMMa M MOAyIMMa OJ 3Hayaja Koju he nompuHETH
3a/I0BOJbCTBY KOPUCHHKA M JYTOPOYHOM MoBepemy. MHDpacTpyKTypa TakBOI cCHCTEMa MMa
CIIOCOOHOCT [1a ynpaBiba M PENAllMOHMM M HEpENAllMOHUM CTPYKTypama MojaTaka u Ja
U3BpIIaBa 00paay y pealHoM BpeMeHY KOpHUIINeheM CTPUMUHT ajlaTa U MOJYJIa 33 HHTCPHY
MHTEPONEepadMIIHOCT Ca CIOJBHUM U3BOpHMa. McTo Tako, MMa CIIOCOOHOCT 3a aHalu3y

npeaBulaba U HHTEPAKTHBHO UCTPAXKHMBAE 00jeIMEHUX MMOaTaka U3 PA3InIUTHX H3BOpa
(Simovi¢, 2017).
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4. MOJEJ NAMETHE BUBJIMOTEKE 3ACHOBAH HA BIG DATA
TEXHOJIOT'HJAMA

Mopnen nmamerHe Oubnmoreke Tpeba na oOyxBatu umHTerpauujy big data Texuomoruja u
CHCTEeMa MPENnopyKe Y IUJbY U3rPaIhe CUCTEMa KOjU MOXKE MPEMOPYIUTH MEPCOHATH30BAHH
caapikaj ca nmoehaHoM mpenusHouy aHaau30M KOPUCHHUYKHX WHTEpeca MPUKYIJBCHUX W3
BHIIIE U3BOPA, KA0 M KAPAKTEPUCTUKE CAIpXKaja U3 Pa3IMUUTHX BPCTa MMOJIaTaKa.

Ogaj nporec Tpeda ja moBeha KBamUTET ClieHapHja MPETIOPYKE jep mocMarpa ogHoc u3Mmelhy
OoubnuoTeke U 00pazoBama Kao Hepas3aBojHE jeaHe o Apyre (Simovié, 2018).

Monen nametrHe OuOIMOTeKe 3acHOBaH Ha big data TexHomormjama Tpeba na o0e30enu
YEeTUPH KJbYUHE KapaKTEPUCTHUKE (MTPUKa3aHO Ha Ciui 28):

=  CcKaAJA0MJIHY M eJacTH4YHY HHEpacTpyKTypy. TpamuimoHaHO KOH(MUTYpHUCAHH
CHUCTEMH W peJaluoHe 0a3e ImojaTaka Haja3e ce Ha jeIHOM CepBepy M MOTy Ja
CKaMpajy JoJaBambeM Behe MpolecopcKke cHare, BUIIE MEMOpPHjE M BUILE EKCTEPHUX
cxianumra. Kao jeman o OCHOBHHX MPUHITUIIA aHATN3E U CKJIAUIITEHha TI0aTaka y
big data oxpyxemy, Moaen mamerHe OHONMOTEKe KOjU je 3acHoBaH Ha big data
TEeXHOJIOTHjama Tpeba ga o6e30enu:

a) CKaJaOWIHOCT BHCOKOT HHUBOA Ca OJIMKaMa MapajeHor MPoIeCHparmba, Majaor
Kallllbelha M CHAroM exacTu4Hor nosehama Oase; u

b) wm3rpammy apxurekType KiacTepa ca MapaJelHAM  OMOPaBKOM |
peruMKanujoM uH(popManuja, MUHUMU3Hpajyhu BepoBaTHOhy KBapa HOJIOBA
padyHapa KOju caapike TUCTpUOyHupaHe MoIaTKe;

"  HHTErPalHjy CJI0KEHUX U PAa3HOBPCHHUX MOJATaKA. APXUTEKTypa MOJeja aMeTHe
6ubnmmoTteke Tpeda na omoryhu:

a) mpoHalaXeHe, npey3uMae, MpoLiecupame u CKJIQ/IUIITEHHC
CTPYKTYPUPAHHUX, HECTPYKTYPHPAHUX W MACOBHHX mojartaka o0e30ehyjyhu
BHUXO0BY KOXCPCHTHOCT, TAYHOCT U IMMOY3JaHOCT; U

b) mokperame mMOCIOBa KOjU CE€ MOTY HW3BOIUTH 0€3 HMHTEpakiMje Kpajmer
KOPHCHHKA,;

"  HHTeponepadMJIHOCT He3aBHMCHUX M3Bopa. Exocucrem mozena tpeba ma Oyze
ceenpucyrad (enri. Ubiquitous) u ma ykjbydd HHTErpaIfjy M IIOBE3MBAm-€ BHIIC
pa3IMYUTHX M3BOpa HE3aBUCHHMX IMOJaTaka, alUIMKaTHBHUX mpoleca u big data
TEXHOJIOIIKUX CUCTEMa, MpuToM 00e30ehyjyhu:

d) TaMETHO OKPYKEHeE 3a pa3MeHy HH(pOpMAaIHja U Koiabopaiujy; u
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b) cnoxeny ananu3y melycoOHO MOBE3aHMX MOCIOBA KaKO OW MPYKUIU HOBE
YBHUJIEC 32 OJUIYKE U aKivje Koje mo00JbIlIaBajy MOCIOBHE UCXOJE M MCKYCTBO
Kpajimher KOPUCHUKA;

"  u3Bajam-€ BPEIHOCTH KOMOWHOBaHm-€M Pa3iMYMTHX THIOBA mojaaraka. Big data
TeXHoJorhje Tpeba Ja U3[BOjé M CTBOpPE HOBa 3Hama jadajyhu IoCTymHOCT
uHpOpMalMja aHAJIM30M OO0jeIMIEHUX MojaTaka. bubanoreukn HHPOPMATMOHU
CHCTEM, Ka0 CaCTaBHHU J1€0 MH(POPMALMOHOT cucTeMa 00pa30BHE MHCTUTYLIM]E, U Kao
TEXHOJIOIIKA W WHTEJEKTyaJlHa WH(PPACTPyKTypa, Tpeba aa omoryhu NpHKyIIbame
nojaTaka, MPUCTYN HH(pOpMAIMjaMa W TMPOU3BOAKY 3HAmba Ca IHMJBEM CTBapama
KYJITYpHE U Hay4YHE BPEJHOCTH 3a 3ajeJHHIlY Ka0 OCHOBHE IIPEMUCE CBOT MOCTOjamba.

Ynasuum nogaum

v Ynpaemate nogauuma —l Batch ofpaga
Knacte ;
P T 2 Mpouecnpatbe Streaming oBpaga

i ¥ é : :
. . . VnpaB/ate pecypcuma —J’_i
Ckanabunto b emdmmm - 0 CknaguwTere NoSOQL nogaum
TonepaHTHO Ha rpewke
MNapanenHo npouecupate 5 -J
WHrerpaumja nogataxa Penauuoxy moaenm

W3pBajatbe BpeaHoCTH

——> WHrerpauwja nogataka

......... » VHTepakuuja nogaTaka

Crnuxa 28. Kwvyune kapakmepucmuke mMooena namemue oubdiuomexe 3acHosanoe Ha big data
mexHoao2ujama

4.1. ITPOJEKTOBAIE APXUTEKTYPE MOJIEJA ITAMETHE BUBJIMOTEKE
3ACHOBAHOI HA BIG DATA TEXHOJIOTHJAMA

Kao jenan o ocHOBHEX (hOKyca mamMeTHe OMOIMOTEKe je MHTerpaluja pa3induTuX MoaTaka
U3 BUILE Pa3IMYUTUX U3BOPA U NpYyXKamke Mpuiaro)eHuX Npenopyka KOPUCHHKY ca IUJbEM
peanu3anuje mperusHujer 1 epukacHujer cucTeMa npenopyke (Mpuka3aHo Ha ciaumu 29).

WuTepaknuja u3mel)y pasHOBpCHUX MoOJaTaka MHTETPUCAHMX M3 BHILIE H3BOPA MPUIMKOM
reHeprcama NEPCOHAIM30BAHUX MPENopyKa je MpeAcTaB/beHa Ha MHOBATMBAaH HA4YMH Y3
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MpHUCTyNadaH CUCTEM KOjH MOCTIKE HajBehy HHTeponepabmiIHOCT.

VY mpemiokeHoM MOJeNy MOAAlM C€ CAKylJbajy M MHTETPUINy y MaMeTHY OHOIMOTEKy W3
BHIIIE H3BOpa. APXHUTEKTypa CHUCTEMa MaMeTHe Oubnumoreke o0e30elyje uHTErpamujy u
WHTEPaKIH]jy MoAaTaka MPUKYIJbCHUX :

* 3 HHOOPMAIMOHOT CUCTEeMa 00pa30BHE MHCTHTYIM]jE — €BHJICHIUjE O TCHEPUCAHUM
MoOJIelMMa CTyJeHaTa, Kao KOPHUCHHUKA KOJU yKJbydyjy Oupane mpeamere y Tekyhoj
IIKOJICKO] TOJMHHU U TIOJIOKEHE MpeMEeTe ca MPOCEYHOM OLIEHOM M3 IMPETXOAHUX
TOJIMHA CTY/AH]ja;

= ca cepBepa eICKTPOHCKE MPOJABHUIIC KEbUTa 00Pa30BHE HHCTUTYIH]E — CBUJICHIIN]E O
npedepeHnjamMa CTyJieHaTa W JAPYTruX KOPHCHHKA, KOje YKJbY4Y]y KYIUbEHY U
OLICHCHY CTPYUYHY JIUTEPATYPY;

= ca LMS Moodle miarpopme — nrbpopMaimje Koje CTyICHTH pa3Memyjy usmely cebde
Y HacTaBHHMKa TyTeM (opyMa 3a BECTH, YKJbyudyjyhu omabpaHe KypceBe CTyaeHara
TOKOM IIMKITyCa yUeHa;

" ca JpYIITBEHUX MeAMja — apxXHBHpaHe IOpYyKE ca JpYIITBEHUX MeIuja Koje
U3pakaBajy MUILJbEH-E CTY/IEHATa Y BUy OLIEHE KBAIUTETA KEBUT'€ UM ayTopa IpeMa
Cy0jeKTMBHOM MUIbEHY U 33J0BOJbCTBY CTYJECHTA Ka0 KOPHUCHUKA;

= ca loT ypehaja — koju 00e30elyjy ympaBibamke TMPOIECOM 3aTyKUBamka U
ayTOMAaTCKOM KOHTPOJIOM JOCTYIMHOCTH KEIbUTa y BHIY MH(OpMaIija o JoKamujama
HITAMIAHUX U3/1aba KIbUra y OMOIHOTEIH.

OBu mojauu ce MpUKYIUbajy, oOpalyjy u aHammsupajy y big data exocucremy paam
peanuzaiyje U BU3yaiau3alyje KOHAYHOT cajprkaja — MepCOHaIN30BaHe MPETOpyKe caipkaja
on Beher nHTEpEeca HA OCHOBY KOPUCHUYKHUX MOTpeda.

WHdopmaumonu cuctem EnekTpoHCKa NpogaBHULA [ipywTBeHe Mpexe
06pa3oBHe MHCTUTYLMjE KHbira
POA v, J' A /

CucTem 3a ynpae/barbe Y4erem [ 4 naMETH d — loT ypehaiju
LU Hloodle e 6ubnuoTeka
Y
\I, —> lIWTerpauvja nogataka

......... » WHTepakumja nogartaka
Cucrem npenopyke

Cruxa 29. bnox oujacpam apxumekmype cucmema namemue oubauomexe
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4.1.1. CTPYKTYPA MOJIEJIA IAMETHE BUBJIHOTEKE

CTtpykTypa TpeIUIoKEHOI MojeNna maMeTHe Oubnmoreke 3acHoBaHor Ha big data
TeXHoJorHjamMa, ca Mel)ycoOHMM Be3ama wu3Mel)y KOMIIOHEHaTa M TIOTKOMIIOHEHaTa je
npuka3asa Ha ciunu 30.

[IpBa kOMIOHEHTa je CHCTeM IlaMeTHe OHMOJHMOTeKe Yy OKBHpPY Koje Ccy TpeaBuheHe
IMOTKOMIIOHCHTC, OOK Apyra KOMIIOHCHTA 06YXBaTa I/IHTGFpaHI/ij rmogaTraka W3 BHIIC
Pa3IMYUTHX W3BOPA KOjH C€ MHTETPHINY y AMETHU €KOCHUCTEM, M HaJ KOjUMa CE€ M3BpIIIaBa
o0paja, mpolrecupame, aHaln3a, BU3yalin3alyja, CKIaIUIITEeHhe 1 MHTEPaKIUja, ca KOHAYHUM
IUJbEM U3/IBajarba BPEIHOCTH Y BUJy CHCTEMa IMpernopyke oj Beher mHTEpeca 3a KOpUCHHUKA
U3 IPUKYIUBCHUX W YCKIIAJUIITEHUX TI0JaTaKa.

Mopen nmameTHe OMOIHMOTEKE YNHE cienehie KOMITOHEHTE:

KomnonenTa 1 — K1: Cucrem namerne 6umdaunoreke. OBa komroHeHTa oOyxsara cienehe
MMOTKOMITOHEHTE:

IMK1a: XapaBepcku cucreMn — Tpeda 1a omoryhe usrpagmy HHGPACTPYKType Koja
je crocoOHa Ja Jjouupa, MPUKYNMA M YCKIAIUIITH MOTpeOHe momaTke o0e30elyjyhu
BUXOBY KOXEPEHTHOCT.

IIK16: CodTrBepcku cepBucH — Tpeda na omoryhe obpasy, aHanu3y, Mpolecupame,
BU3yalIU3alldjy, HHTETPAlljy W HMHTEPAKIM]Y NPUKYIJbEHUX U YCKIATUIITCHUX
nojiaTaka.

IIK1B: Amiukanuje cucrema — Tpeba nga omoryhe wu3aBajamke BPEIHOCTH U
uHpOpManMje ON 3Hayaja M3 MPHUKYIJBEHHX NOJaTaka paad TEeHepHcama JIUCTEe
npernopyka oj Beher mHTepeca 3a MocMaTpaHOT KOPUCHUKA TTAMETHOT OMOIMOTEYKOT
UH(OPMAIIMOHOT CHCTEMA.

Komnonenra 2 - K2: Exkcrepna KoMmoHeHTa Yy OKBHpPY Koje je mpenaBuheHa
IIOTKOMIIOHCHTA.

IIK2: W3Bopu moaaraka. OBa KOMIIOHCHTa OOyxBaTa HWHTETPAIH]y Pa3IUIATHX
mojataka W3 BHIIE PA3IMUYUTUX H3BOpa KOJH caapke HHPopMaIje Koje HOoce
KapaKTepUCTHUKE OJ] 3Ha4aja pajii TeHepucama Mpenopyke caapxkaja.
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KomnoHeHTe mogena nameTHe 6ubanoTeKe 3aCHOBAHOr Ha blg data TQXHonormama

K1: Cuctem nameTHe bubnmoteke K2 EKcTepHa KomMnoHeHTa

......................................................

8 K1a: Xapuaepcuvl cuctemu (@ NK16: Cod)raepcrm cepsucv [l MK1g: Annuuaume cuctema MK2: U3Bopu nogaraka 5

~——> WHTerpauwvja nogaraka

----------- > liHTepakuuja nogaraka

Cauxa 30. Komnonenme mooena namemue bubauomexe sacHosarnoe na big data
mexHoI02ujama — npuKaz cmpykmype mooena ca melycoonum perayujama

4.1.2. TIPOJEKTOBAKE XAPABEPCKOI' CHCTEMA MMAMETHE BUBJIMOTEKE

[IpojexToBame NPEATIOKEHOT XapIBEPCKOT CHUCTEMa j€ TMOACTAKHYTO 3ala)kambuma y
ontepehemy mocTojehux TpaguIMOHATHUX WHPOPMAIMOHUX CHCTEMa OOpa30BHUX
MHCTUTYLIMja U TEXHOJIOIIKMM OKpPYKEHhEeM, TPEHYTHHM U OYEKHMBAaHUM, Koja Tpeba na
oflpakaBajy M3pa3UT OAMAK OJ paHMJUX TPAJULUOHAIHUX H300pa Yy MPOJEeKTOBabY
MH(pOPMaALIMOHUX UHPPACTPYKTYypa OOPa30BHUX MHCTUTYIIH]A.

[IpBo, KBapOBM KOMIIOHEHaTa Cy HOpMa, a He m3y3erak. CHCTEMH JaroTeka MOTY Ja ce
cacToje Of1 HEKOJIMKO CTOTHHA padyyHapa MpeABU)eHHX 3a yIpaBibamkbe CKIAJAULITEM MoAaTaka
Y KOjU Cy HampaBJHEHH O]l MOBOJHHUX / jeDTUHUX XapABEPCKUX KOMIIOHEHTH YUjU KBAJIHUTET
MPAKTUYHO HE TapaHTyje HUXOBY MOY3/1aHOCT, HUTH OMOpaBKa OJf KBapoBa HU Yy j€AHOM
TpeHyTKy. IlpobGiemu ce takohe maeHTH(UKYjy 300r Tpemiaka y ONEpaTuBHOM CHUCTEMY,
arTMKaIMjaMa, JbYACKHX Tpellaka, Kao U KBapoBa JUCKOBA, MEMOpPHje U APYTUX XapABEPCKUX
nenoBa. M3 TUX pasiiora, KOHCTAHTHO M KOHTHHYHPAHO HaJINEame CUCTEMa, 0JIarOBpeMEHO
OTKpUBaWEe Tpellaka, TolepaHiuja Ha rpemike (enri. Fault tolerance) m ayromarcku
oTopaBak Mopajy OUTH Hen30ekaH cacTaBHU JCO CHCTEMA.

Jlpyro, ckymnoBu moxpataka y big data oxpyxemy Cy mpema TpaaullHOHATHAM CTaHaapanMa,
orpoMHd. CBakH Of CKyNOBa BEJIMKHUX IOJaTaka CaydibaBa MHOIITBO JIATOTEKa O]l KOjUX
CBaKa JIaTOTeKa CaJp>KK MHOTO o0jeKara ariuKaluja, Hiop. Kao mTo ¢y Be6 gokymeHnTH. Kana
ce 3a LWJb 3aJiaje YCIELIHO ylpaBibambe Op3opacTyhuM HabopoM MHpOpMaLUja U3paXKEHUX Y
TepabajTuMa KOjH CaJpike MIIHjapJe 00jekarta, MPETIOCTABKEe TPATUIIMOHAIHUX MPUCTYIA Y
MIPOjeKTOBakbY WH(MOPMAIIMOHUX CTPYKTYpPa, YKYITHA BEJTHMYMHA OJOKOBa IMO/aTaka U yna3zHo /
W3JIA3HU TTapaMeTpH IU3ajHa, MOpajy OUTH pEeBUIUPAHH.
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VY ckiamy ca HaBeIEHUM, MPOjJEKTOBAE XapABEpCKE HHQPPACTPYKTYype CHUCTEMa IaMeTHE
o6ubnnoreke Tpeda na Oyme BoheH, Kako M3a30BUMa, TaKo M MOTyYhHOCTHUMA!

= KOHTHHYWPAHOT HaJIJe/lalba ca CIIOCOOHOIINY JEeTEKTOBamka rperiaKa, ToJiepaHiyje u
OTIOpaBKa Ha IPEIIKe Ha PYTHHCKO] OCHOBH;

" CKIAOUMIOTCHA BCIIMKC KOJIMYHWHE Pa3sIMYATUX I10QaTaKa,
- C(I)I/IKE[CHOF yiipaBJbakba YCKIAAUIITCHUM IMOAAallMa,

" BHUCOKUX MeppopMaHCH KIUjEHTCKE aIUIMKaIfje, MPOjeKTOBaHE MPeKo yiaa3Ho /
W3JIa3HUX, 10 U3[IBOjCHUX U JIOIMPAHUX BPEITHOCTH;

" UMIUICMCHTalWje W KOH}Urypanuje no0po AcPUHHCAHMX HOJOBA padyHapa H
cepBepa KiacTtepa KOju HCTOBPEMEHO MPHJIPYXKY]Yy NAaTOTEKe, pelyJaHTHO dyBajyhu
IUXOBE PETLINKE;

"  JICHEHTpANIM3alldje CcepBepa JeNeTHpameM HaJUIGKHOCTH HOIOBAa  KiacTepa,
anynupajyhu ycko rpio npumapaor Master Node-a.

XapABEpCKUA CHCTEM TPEIJIOKEHOT MOjeNia maMeTHe OMOIMOTEeKEe Ce CacTOju M3 TPH IJIaBHE
KaTeropHje XapABEpCKUX yJora y UMIUIEMEHTalUjU U KoHuUrypauuju kiacrepa: (1) kiujenr,
(2) Master Node u (3) Slave Node-oBwu.

Krnacrep umuu jeman npumapau Master Node u BHIIECTpyKH HOI CEpBEpH 3a 00aBJbarbe
3aaTUX TOCIIOBa KOjUMa MOXKe MPUCTYNUTH BHIIe KivjeHara. CepBepu y KiacTepy pane
3ajeHO Kako O 00e30eIMiIi BUCOKY TOCTYITHOCT, IMOY3aHOCT M CKaJlaOWIIHOCT Yy IMOTJICIY
MpyXKama ycliyra KJIMjeHTUMa ca KOHTUHYHPAHUM HaATIeNamheM TUCTPUOYHPAHUX perInKa U
MeTaroanMa O CcadyBaHUM JaToTekama. AKO jeJaH pauyHap / cepBep He ycme y
W3BpIlIaBamky 3a7aTUX IOCIOBA, PECYypCH ce AMCTpuOyHMpajy u3Mmel)y ocrtaimx MammHa y
KJ1acTepy.

3ajamy 3a M3BPIIABAE MOTY OWTH MOKPEHYTH, KaKO y KJIACTEpy Ca jeIHHM HOMOM (EHIII.
Single Node Cluster), Tako u y myntunon kiactepy (enri. Multinode Cluster). Knacrep ca
JEIHUM HOMOM WIIM Tceyao-nucTpubyupanu kinactep (exri. Pseudo-distributed Cluster) je
oHaj y kojeM cBu HomoBu momyT Name Node-a, Data Node-a, Job Tracker-a, u Task Tracker-a
pazie Ha jeIHOj MallliHU.

Y mpojexToBamy MPENJIOKCHOT CHCTEMa ITAMETHE OHMOIIMOTeKE MPUMEHEH j€ MYITHHOJ

KJIacTep KOjU je Y CBOjOj OCHOBM KOH(UTrypucaH Ha cieiehu HauuH (MpHKa3aHO HA CIUIHU
31):

= Master Node u Slave Node-oBu paje Ha pa3IHYNTHM MalllHAMA,
= Master Node mokpehe Name Node u Job Tracker;

= Slave Node mokpehe Data Node-ose y knactepy u Task Tracker;
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= (Csaxu Slave Node no6wuja unctpykuuje ox Master Node-a;

= Master Node u3BpiiaBa Be KJby4dHe (QYHKIHOHATIHE KAPAKTEPUCTHKE Koje neuHuIILy
knacrep: (1) uyBa momatke mpeko HDFS (enrn. Hadoop Distributed File System)
cnoja codrBepckor okBHpa; W (2) WU3BpIIaBa MmapajeliHa W3padyyHaBama U3
TUCTprOynpaHux nojaTaka npeko MapReduce cioja codrBepckor okBupa (JieTasbaH
ornuc HDFS u MapReduce npoueca y npejioxxeHoM MOJieTy naMmeTHe OHOiIHoTeKe je
HpeNCTaBJbeH y clienehem nornaeipy);

= Name Node naariena u koopauHUpa GYHKIH]jY CKIaauIITeHa mogaraka Ha HDFS-y;

= Job Tracker maarmesa u KoopAMHHpA MapajeiiHy o0Opaay IojaTaka MPUMEHOM
MapReduce mporeca;

= TaskTracker wu3BprmaBa 3axteBe / 3amaTke y 3aBucHoctd oxa (enri. Slave to)
JobTracker-a;

= Data Node-oBu y kiactepy M3BpIlaBajy 3axTeBe / 3a7aTKe Yy 3aBUCHOCTH O] (CHIJL.
Slave to) Name Node-a.

Master / Slave apxutektypa

— : MyNTUHOA KnacTepa -
Master Node Slave Node

_—
Job Tracker MapReduce Task Tracker
Grmmmmann =

——3> 3axtes/3agatak
........ > Oarosop / Pesyntar

Cnuxa 31. Apxumexmypa npednodicenoe xap0gepckoz cucmema namemue oubuomere —
Master / Slave myamunoo kiacmep — Ocnoena kongpueypayuja cucmema

MehytuMm, nako nceyno-aucTpuOyupaHu KiacTep, Ie UCTH HOJ Jielyje Kao jedaH macTep,
MOXK€ 3HAUajHO TOJeTHOCTABUTH KOH(MUTypannjy HHOPACTPYKTYpE, Y U3BpIIaBalky 3a/JaTraKa
YUTamka U MHCAakha MOXE TOCTaTH YCKO TpJIO jep KIIMjeHTH TOTOBO HHKAJa HE YHTajy M HE
ynucyjy noxparke npexko Master Node-a, Beh on mera Tpaxke mH(OpMalUjy KOju CepBEpU
uMajy peruinke OJOKOBa KOjU YMHE JTUCTPUOYHMpaHy NaToTeKy. YMECTO Tora, XapBepcka
apXxuTeKTypa Tpeba a Oyae koH(pUryprcaHa Tako Ja KIHjeHT u3Bpiuasa ynut Master Node-y
0 TIPOCTOPY UMEHA JTATOTEKE M WHAEKCY CBUX PETUTUKa TUCTPUOYyHPaHUX OJIOKOBA MOATAKA.
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Y mpojekToBamby XapABEpCKE apXHUTEKType CHUCTeMa IaMeTHE OWOIHOTeKe, MYITHHOL
KJacTep je KOH(pUIypucaH Tako Ja mpuMapHH 3amarak Master Node-a unHM Haamiename u
yIpaBJbambe ca TPU KIbyYHE BPCTE METAIOaTaKa:

® [POCTOPOM MMEHA JATOTEKAa M TUCTPUOYHpaHUX OJIOKOBA;
"  ManmupaHuM OJIOKOBHMA TIOJJaTaKa KOjU YUHE TUCTPUOYHUPaHy JaTOTEKY;
"  JIOKAIlMjOM PEeIUTUKa JUCTPUOYHpPaHUX OJIOKOBA MOJaTaKa.

Jlerasban npuka3 npojexkroBane Master / Slave apxutekrype MyITHHO[ KJTacTepa je mpuKa3aH
Ha CITUIM 32 ¥ OMKCAaH J€ Y HACTaBKy TEKCTa.

Name Node Master cepsepa ympaBiba W HajIiie[a OIEpalldje HU3BPIICHE HA KIAacTepy M
peryiuiie nprucTym AaToTekama ojl cTpaHe kinujeHTta. [IpuinkoM mokperama cuctema, Master
Node no6uja nadopmanuje onx Name Node-a o jnokanuju peruimka IMCTpUOyHpaHux OJIOKOBA
nmojaraka, ykbyuyjyhu mupopmanuje xoje Data Node-oBu moxpamyjy O peliMkama JaTor
0Jioka, HAKOH yera he Mohw 1a KOHTPOJMIIE CBE TMO3HMIIMje OJIOKOBA IOJaTaKa JaTOTEKe
naarnenajyhu craryc Name Node-a. Takohe, BaXHO je HAOMEHYTH, Ja HPUIHKOM
KoH}urypanuje kimacrepa, ymora Master Node-y o KOHTHHYMpaHOM 4YyBamy I[OJaTaka O
JOKAIMju CBUX pEIUIUKAa MOKe OWUTH JoJeJbeHa, MEhyTUM y TOM Ciy4ajy IOjaBUO O ce
npobiiem cunxponusanuje Master Node-a ca Name Node-om kama ce wosu Data Node-osu
MPUIPYXKY]Y KiIacTepy, HocTojehu HamyiTajy, Memajy UMe WM IOHOBO Mokpehy. Y kiacrepy
ca BHIIIC CTOTHHA pauyHapa M cepBepa oBakBu jorahaju cy decra nojaBa (Ghemawat et al.,
2003).

Name Node — OnprxaBa xujepapxujy IpocTopa UMEHa U MeTaroaaTke (aji cucteMa Kao IITo
Cy Jokanuje OnokoBa Tmofaraka (TpH peIIMKEe CBakor OJloka y KiacTepy ca
KOH(pUTrypalmoHuM dfs.replication mapameTpoM), Iie yoOuWdajeHa BeIWYMHA jEIHOT
6moka u3Hocu 64 merabajta. Kao u y ¢dajn cucremy 3a jenaH IuCK, AaTOoTEKe Cy Y KiacTepy
pa3nBojeHe Ha OJIOKOBE KOjU CE€ UyBajy Kao HE3aBHUCHE jeJAMHHIE. AICTpakifje OJ0KoBa
nojiaTaka 3a AUCTpUOyHpanu (ajil CUCTEM JIOHOCH MHOTe npeaHocTH. [Ipumepa panu, ako je
JaToTeKa Koja je crpemMHa 3a o0paay Beha o OMiI0 Kojer MmojenHAvYHOr TUCKa Ha CEepBEpY, a
MIPUTOM HE MOCTOje crienupuyHe AUPEKTUBE Ja ce OJOKOBH YyBajy Ha MCTOM JHUCKY, jeJlaH
0JIOK MOKe OMTH cadyBaH M yIHUCaH Ha OWJI0 KOju IHUCK Y Kiactepy. [lakme, 6uno 6u moryhe,
aJu Takohe u HeyoOuUajeHo, Jja ce MOXPaHH IIeJia jeIHa AaTOTeKa y KJIacTepy padyHapa, a Ja
Cy CBM pEIUTMIPaHH OJIOKOBHU MOMYHWIIN CBE AMCKOBE. J[pyro, cMamyje ce moTpeda KiujeHTa
na xomyHurmpa ca Master Node-om jep unTame M Mucame Ha UCTOM OJIOKY 3axXTeBa CaMo
jenan mouetHu 3axTeB Master Node-a 3a uadopmaliije o TOKaluju peruiika 0JI0KoBa.

Name Node je cpenumimu neo HDFS cucrema garoreka. UyBa cTabio IUPEKTOPHjyMa CBHX
natoteka y ¢aja cUCTeMy M TpaTH TJe C€ MPEeKo KiacTepa 4dyBajy MOJald JAaTOTeKa, He
noxpamyjyhu came mogarke o TUM Jnatorekama. KiMjeHTCKe aruiukalje KOMyHHIMPajy ca
Name Node-om kama rox jkeie JIOUMpPATH JNATOTEKy HJIHM j€ KONHUPATH, TMPEMECTHTH WIH
u3bpucari. Name Node oarosapa Ha ycreiiHe 3axteBe Bpahajyhu mucty peneBantHux Data
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Node cepsepa y kojuma cy momaunu moxpameHu U oapehyje manmpame OiokoBa Ha Data
Node-osuma (Usama et al., 2017). O63upom aa je Name Node jeauHcTBeHa Tauka Moryhux
kBapoBa 3a HDFS kiactep; y koM citydajy 6u daja cucrem 6umo uckpyden, Secondary Name
Node u3BpIIaBa KOHTPOJIHE ONEpaIije ¥ MOHUTOPHHI KOHTPOJIHHUX Tadaka. YyBa mocienmby
KOHTPOJIHY TauKy Yy AMPEKTOpUjyMy Koja je CTPYKTypHUpaHa Ha HCTH HAa4uH Kao H
mupekropujymy mnpuMapaor Name Node-a. Tlokpehe ce Ha apyroj MamMHHA y OTHOCY Ha
npumapau Name Node jep cy meMopwjcke moTpebde UCTOT peociiena Kao u mpumapaor Name
Node-a. Secondary Name Node ypeljyje naroreke gHEBHHMKA 3aap:kaBajyhn BEIUYHHY
ypehuBama yHyTap JUpPEKTHBAa OrpaHuuera. HamMe, moyerak MOHHUTOpHHTA W HaATIIENama
KOHTPOJIHE TaYKe KOHTPOJIUIITY J1Ba KJby4HA KOH(UTYpaIlMOHa ITapamMeTpa:

®* dfs.namenode.checkpoint.period — BpemMe Koje ojapelyje MaKCHMaJIHO
Kallllbelhe u3Mel)y JBe y3acTOmHEe KOHTPOJIHE Tauyke, KOje je MOApa3syMeBaHO
MOCTaBJbEHO Ha 1 cart, u

* dfs.namenode.checkpoint.txns — Opoj HEO3HauYE€HUX TpaHcakuuja Ha Name
Node-y, koju je moapa3yMeBaHO MOCTaB/bEH Ha | MUIIHOH, ITO hie MpUMOpaTu XUTHY
KOHTPOJIHY Ta4yKy, YaK M aKO NIEPHO/I KOHTPOJIHE TauKe HUje TIOCTUTHYT.

Data Node — uyBa nogarke Ha HDFS crnojy cuctema. Y mpojekroBamy XapBEpCKOI cUCTEMa
nametHe OuOnMoTeke, QyHKIMOHaNaH ¢ajn cucteM uma Buime of jexnor Data Node-a ca
IUCTpUOYUpaHUM peIuldKaMa IoflaTaka KOMHMPaHMM IMPEeKO HUX, MpUTOM 00e30elyjyhu
TOJISPAHTHOCT Ha TpelIKe rie HeucmpaBHocT pana jeanor Data Node-a nehe ynumruTh
JAaTOTeKy HUTH YCIIOPHTH WJIM 3ayCTaBUTH pPaj cucTeMa. [IpmimkoMm mokperama CUCTeMa,
Data Node ce mose3yje ca Name Node-om u mpuma qupekTuBe Koje ra ynyhyjy Ha:

"  perumMuupame 0J0KOBa IaTOTEKE HA JPYyre HOJOBE Y KIIACTepy;

* wMmehycoOny komynukarmjy Data Node-oBa npuinkoM Kormuparma nojaTaka;

"  U3BpIIABAbE 3aXTEBA YUTama / TUCamkba Off CTPaHE KIIMjeHTa;

*  YyBamke MeTanojaTaka 0J0KOBa M FbMXOBO CKIATUINTEHE Y JIOKAUTHOM (Daji1 CUCTEMY;
= cname m3BemTaja Name Node-y o craTycy cBux mocrojehux 0710K0Ba;

" JIeJbeHbE MMO/IaTaka M MeTaroAaTaka KiujeHTy.

KimjenTcke ammmkanuje Mory KoMyHuIpary nupektao ca Data Node-om, nakon mro Name
Node naBese nmokaijy 6jg0koBa mojaraka. KiiMjeHT mpe eKCropToBama TPaKeHUX OArOBOpa
y arutukaimjy, Master Node-y majpe 3axTeB 3a HHAEKCE perutnke 6iokoBa jgaroreke. Master
Node naje omrosop oxrosapajyhum 6JI0KOM U JIOKarujoM perutuka. KiujeHt Oenexu / kermpa
nobujeny wmHpopMaiujy kopucrehu mMe maroreke M HMHICKC OJIOKa Kao HETOBOT KJby4a,
00e36ehyjyhu HenorpeOHe Oyayhe nntepakimje u3mely kinjenta u Master Node-a.
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Cnuxa 32. Jlemaman npuxas npojekmosate Master / Slave apxumexmype myamunoo
Kaiacmepa

Cmuyno Ttome, MapReduce omepamnuje koje cy u3BpiieHe Ha uHCTaHi Task Tracker-a
KoMyHHIIUpajy aupektHo ca Data Node-om 3a mpuctyn nmarorekama. [lpumepa pamau, Task
Tracker ce mMoxe pacropequTH Ha MCTHM CepBepHMa Ha KojuMa ce Haja3e mHcTanie Data
Node-a, Tako na ce MapReduce omnepanuje u3zBone y oim3unu nogaraka. Caku Task Tracker
je KoH(pUrypucaH ca ceToM Ipas3HUX ciotoBa (cial, cn2, cn3,..., cin), mro ykasyje Ha Opoj
3aJaTaka Koje MOXKe NMPHXBAaTUTH, HakoH dyera Job Tracker Tpaxkum mpasaH CJIOT Ha HUCTOM
cepBepy Ha kKojem ce Hajasum Data Node koju cagpxku momarke. Task Tracker mparu
MOKpEeHyTe Tpolece, npey3uMajyhn nsnasue kogose. Kaga ce mporiec 3aBpIiy, yCHEITHO HITH
He, Task Tracker obasemraBa Job Tracker. Task Tracker miasbe mopyke 0 HCIpPaBHOCTH CBOT
panga, oOMYHO CBakMX HeKonuko MuHyTa, JOb Tracker-y. OBe mopyke oOaBemiraBajy Job
Tracker o 6pojy JOCTymHUX CI0TOBa, Tako ja je Job Tracker KOHTHHYHPAHO y TOKY Ca JaTHM
3aJ]alMMa y KJIacTepy M IIaHOM M3BpIlaBama IMOCIOBa KOjH Cy JIeIerHpaHy.

Job Tracker y exocucremy komyHuuupa ca Name Node-om kako O oApeauo JOKaIujy
61okoBa nogaraka. OroBopaH je 3a u30op ceprepa koju nokpehy odbpany noparaka, Kao 1 3a
TUTAHUPAEe 3a/laTaka Ha JIEJbeHOM KiacTepy. HakoH INTO KIIMjEHTCKAa aluTMKaldja JOCTaBU
3amarak Job Tracker-y, Job Tracker mommpa nomose Task Tracker-a ca pacmomoxuBum
CJIOTOBMMA M 3ajaje MocioBe uzabpanom Hoay. McmpaBHoct pama Task Tracker momosa ce
npare, U ako jeJlaH Of1 cepBepa koju je ykibyueH y MapReduce oGpaay paau criopo y OQHOCY
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Ha Jpyre Koju cy oOpamy 3aBpimiu, JOb Tracker mokpehe apyry HHCTaHIly TOT HCTOT
3ajlaTka Ha JPYroM CepBepy y KiacTepy Tako Ja mpeontepehieHdn YBOpoBH y Kiaactepy Hehe
3ayctaButd HuTH ycrmoputd MapReduce mocao (Olson, 2010; White, 2012, Wang et al.,
2013). Kama je mocao 3aBpmieH, Job Tracker axypupa cBoj craryc W AucTpHOyHpa
uHpOpMaLIFje KIHjEHTCKO] alTMKauju (MpUKa3aHo Ha ciuiu 33).

Master Slave

Knunjent

Job Tracker

P A
- l :

Name Node

——> 3axres /3agatak
- == Monutopuur / Hagrnegate

........ » Oarosop / Pesyntat

Cnuxa 33. Ynpasmwarwe onepayujama Master / Slave mynmunoo knacmepa

4.1.3. CO®TBEPCKH CEPBUCH ITPOJEKTOBAHOI MO/IEJIA IAMETHE BUBJIUOTEKE

3a MpojeKToBame M peanu3alujy Co(OTBEPCKUX CepBHCAa Mojeia NaMeTHe OuOimoTexe,
n3zabpana je rturarpopma Apache Hadoop Hortonvorks. Apache Hadoop je mmpoko
npuxBaheHa u jeqHa on HajmoBoJbHHUjUX Dig data codrBepckux ruaTGopMu Koja MmojprKaBa
IUCTPUOYHUpPaHO TpolecCHpame M padyHapcky mnapaaurmy MapReduce koja omoryhapa
napasenHy o0pajay BeIuKe KOJHMYMHE XeTePOreHHX MojiaTaKa.

MapReduce je mporpaMcku Mozel 3a 00paay U TeHepHCabe BETMKUX CKYIOBa MMojaTaka Koju
ce MOTY NPHUJIArOANTH MIMNPOKOM CIEKTPY 3a]aTaka.

KopucHuim pedunuily mnporpaMcka u3padyHaBama TMpeko (QYHKIUje Manupama |
penyuupama nojgaraka koju ayromarcku (Dean and Ghemawat, 2008):

"  WU3BpIIABajy NapajeiaHy oOpady Ha BEIMKHM KJacTeprMa cepBepa / padyHapa;
"  YIpaBJbajy KBAPOBMMA HA MALIMHAMA; U

84



"  UIAHUPAjy U 3aKa3yjy UHTEP-MAIIMHCKY KOMYHUKALU]y paau eukacHor Kopuinhema
MpexKe, cepBepa U AUCKOBa.

[Iporpamepu cmatpajy aa je CHUCTEM jeIHOCTaBaH 3a ymoTpeOy. Bumie on mecer xusbana
MapReduce nporpama MHTEpHO je MMIUIEMEeHTHpaHo Ha G0ogle-y u mpocedHo ce OKO CTo
xuwbasa MapReduce mocnoBa wu3BpmaBa Ha Go00gle-oBuM KilacTepuMma CBakd JIaH,
obpahyjyhu ykymHO BHIe o7 IBajeceT neradajra mogataka qHeBHo (Dean and Ghemawat,
2008). Hadoop exocucrem, ca umimiementupanum MapReduce u HDFS codrteepckum
CepBHCHMa Ce CMaTpajy Haje(hUKaCHUjUM OKBHPOM 3a yIpaBibarbe Beaukum moganuma (Khan
etal., 2017).

[Mapanenny oOpaay BHIIECTPYKHX IIOJaTaka, IOJEJBECHUX TO OJOKOBHMa Yy KIacTepy
pauyHapa m3Bpmasa MapReduce codrepcku oxBup. MapReduce o6e36elyje mapanenny
obpaay CKyIoBa ImojaTaka Koje ce jaerie u pacrnopelyyjy y kmactepy. Master Node noxespyje
3agatke Slave Node-y u 3atum mpukymsba pesynrare (Simovié, 2018). OBako nedunncaH
MoJies MMa JiBa raBHa kopaka (Dean and Ghemawat, 2008) (nprka3ano Ha ciunu 34):

1) Map — manupame pacriopeheHor mocia u
2) Reduce — penykoBame U IPUKYIJbAKE PE3YIITATA.

Codprepcku MapReduce cepBuc TpojeKTOBaHOT MoOjeNa, W3pavyyHABambC H3BPIIABA TAKO
IITO y3UMa CKYN yJa3HHX MapoBa Je(HUHUCAHUX Kao Kiby4d / BpeaHocT (enri. key / value), u
MPOU3BOJIM CKYIT M3JIa3HHUX MapoBa AeduHucaHnX Takohe Kao Kibyd / BpeaHocT. Mamupame
y3uMa yJIa3HU Map HAKOH Yera MPOW3BOAM CKym mocpennux (eHri. Intermediate) maposa;
IPYNHUIIE FHUXOBE BPEIHOCTH KOje Cy IMOBE3aHe Ca HCTUM MOCPEAHUM KibyueM K;
u mipocielyje ux QyHKIUjH peayKOBamba.

PenykoBame ca cBOjoM (PYHKIHjOM Yy CHUCTEMY, Ipey3MMa MOCpPEeIHU KJbyd K ca yKyImHUM
CKYIIOM BPEIHOCTU TOT KJby4a, HAKOH Yera WX O0jeluibyje paau reHepucama Mamer CKyIa
BPEIHOCTH Ha W3Na3y. YobOwuajeHo je Aa he OuTu moOHWjeHa jeHAa WM HUjeAHA HW3J1a3HA
BPEIHOCT HAKOH (PYHKIIHj€ pEAYyKOBambA.

[Tocpenne BpemHOCTH ce mpeko urepaTtopa (eHri. lterator), koju he 3a cBaku 3amgaTH mocao,
MOHOBUTH TMOCTYNaK wu3padyHaBama kao Shuffle & Sort cexsenme mema MapReduce
codTBepckor okBHpa, mpociehyjy penykimonoj ¢ynkuuju. OBako aedunucan MapReduce
nporiec omoryhaBa oOpaay jucTe BpEJHOCTH KOje Cy IpeBelHKe Ja OM ce YKJIOomwie y
memopujy. Ilpumepa paau, ykonuko pasmarpamo npoOieM Opoja yKYIHOI I0jaBJbHBamba
jenHe peuyu WM jenHe (pase y BEIMKOM CKYIy IOJaTaka WIM BEJIMKO] 30upuu BeO
JTOKyMeHarta, rceyao ko ca MapReduce cecrjom koju periraBa aat npo0jieM je MprKa3aH Ha
ciuiu 34.
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INFO : Session is already open
INFO

INFO : Status: Running (Executing on YARN cluster with App id application_1497469085515_0002)

INFO ::Map 1: 0/1 ::Map 2: 0/1 :: Reducer 3: 0/1
INFO :Map 1: ©/1  :iMap 2: @(+1)/1i: Reducer 3: /1 :
INFO ::Map 1: ©(+1)/1::Map 2: ©(+1)/1:: Reducer 3: @/1 INFO: : Map 1: ©(+1)/1 Map 2: ©(+1)/1 Reducer 3: /1
INFO :Map 1: 1/1  ::Map 2: ©(+1)/1:: Reducer 3: /1 :
INFO ::Map 1: 1/1 iiMap 2: 1/1 i: Reducer 3: 0(+1)/1
INFO :Map 1: 1/1 “iMap 2: 1/1  :: Reducer 3: 1/1
......... e iaed e Sty
v 4
lpouec peayuupatba
lpouec manupata POLIEC peAyUp
: reduce (String key, Iterator values):
map (String key, String value): |  sessees 3, // klju&: traZena re& u dokumentu
// klju&: naziv dokumenta A // vrednost: broj pojavljivanja rec&i
// vrednost: sadrZaj dokumenta int result 0;
for each word elab in value: for each v in values:
EmitIntermediate (elab, "1"); result += Parselnt(v);
Emit (AsString(result));
map (kl, vl1) - list(k2, v2) _ reduce (k2, list(v2)) - list(v2)

Cnuka 34. Ilceyoo k60 y 3a0amoj MapReduce cecuju (amantupano npema: Dean and
Ghemawat, 2008)

OyHKIMja Manupama y MpUKa3aHoOM IpUMepy €MHUTYje CBaKy ped ca MpHIPYKEHUM OpojeM
M0jaBJbUBakba T€ PEUYM; JOK (yHKIMja peayKuuje, cymMHpa YKymaH Opoj I0jaBJbHBamba
emuToBaHe peur. MapReduce cnenndukaimja o0jekTa ce ¢ UMCHUMA YJIa3HHX M U3JTa3HUX
JaTOTeKa W ONIHOHMM IapaMeTpyMa IoJellaBama MWCINCYje, HAKOH dYera ce I03uBa
¢yHkuuja xoja ce mpocnehyje o0jekry cnenmdukanuje. Haume, nutepaTtop mpeacTaBibeH y
nceyno kOIy, y mpolecy peayuupama, o0yxBaTa MmocTynak u3padyHaBama npeko Shuffle /
Sort cexeenue MapReduce codTBepckor cepBHca NPOJEKTOBAHOI MOjENa MaMETHE
oubmmoreke. Jletasban mpuka3 cekBeHin MapReduce codTBepckor OkBHpa Kao
nporpaMaObmWIHOT HHTEepdejca 3a NPHUCTYN BHIIECTPYKAM PEIUTMIHMPAHUM  TOJaluMa
nuctpubynpanux mpeko Data Node-oBa y kiactepy je npukasan Ha ciauim 35.
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Faculty of Organizational Sciences Candidate 1
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University of Belgrade Ky " 1 Faculty 1 Elab 2
Faculty of Organizational Sciences
Aleksandar Simovic PhD Candidate | I Aleksandar Simovic PhD Candidate }_. ::W“ i ! Aleksandar 1 f i 2 :;eulty ;
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(input) -> map(kxl, vl) => list(k2, v2) -> shuffle/sort -> reduce(k2, list(v2)) =-> list(k3, v3) -> (output) Departmant 1
Shuffle & Sort
University (University, 1) (University, 1) (University, 1) Aleksandar, 1
of (of, 1) (of, (1, 1]) (of, 2) Belgrade, 2
Belgrade (Belgrade, 1) (Belgrade, (1, 1]) (Belgrade, 2) Candidate, 1
Faculty (Faculty, 1) (Faculty, 1) (Faculty, 1) Department, 1
of (of, 1) Elab, 2
Organizational (Organizational, 1) (Organizational, 1) (Organizational, 1) Faculty, 1
Sciences (Sciences, 1) (Sciences, 1) (Sciences, 1) of, 2
Alek 4 (Alek: dar, 1) (Aleksandar, 1) (Aleksandar, 1) Organizational, 1
Simovic (Simoviec, 1) (Simovie, 1) (Simovie, 1) PhD, 3
PhD (PhD, 1) (PhD, [1, 1, 1)) (PhD, 3) Sciences, 1
Candidate (Candidate, 1) (Candidate, 1) (Candidate, 1) Simovie, 1
PhD (PhD, 1) Studies, 2
Studies (Studies, 1) (Studies, (1, 1)) (Studies, 2) University, 1
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Department (Department, 1) (Department, 1) (Department, 1)
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Belgrade (Belgrade, 1)
PhD (PRD, 1)
Studies (Studies, 1)

Cnuka 35. MapReduce Shuffle & Sort npoyec
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[Mpumenom ¢yukiroHaaHor MapReduce nporpamMckor okBHpa, CTPYKTYpa IMoaTaka je CMEIITeHa y
MEMOPH]y YUMe Cy H30erHyTe YecTe CHHXPOHHU3AIH]e TIPolieca U 3ay3UMare pecypca.

JIOCTYIIHOCT TojaTaka y maMeTHoM OubimoredkoM mojeny obe3delyje HDFS xontunynpanum
Ha/AIJIeJakbeM YBOpOBa y KiacTepy M OJOKOBMMa KOjUMa 3aqyKEHHM UYBOPOBH ympaBibajy. CBuU
OJIOKOBHU TOJJICKY TpoBepama U KoHTpoiama. Kana je Onok mpouwrtaH, yrBphyje ce mcmpaBHOCT
(6e3 003upa 1a M je CHUMJbEHA BPEIHOCT TauHa). AKO je 0110k omteheH, OnBa 3aMEHEH jJETHUM O]1
BETOBUX peruinkKa u3 apyror kinacrep kiona (Olson, 2010; White, 2012).

[pojexToBann HDF cucrem ca moryhnoctuma perumkanyje omoryhasa:
"  TOJIEpAHIIM]y Ha TPELIKe — I/ie TYOUTaK jeJHOT YBOopa Hehe YHUIITUTH 1aTOTEKY; U

* nepdopmaHce — rie ce OmIo Koju OJIOK MOXKe YHTAaTH ca jeJHOT WM BUIIE YBOPOBA Y3
Mo0OO0JBIIIaKkE MPOTOKA T01aTaKa.

[Tomamm ce uyBajy mpexo HDFS-a koju omoryhaBa ckamaOWiIHO CKIIaIMINTEHE U TOJIEPAHTHOCT HA
rpemike. HDF cuctem oTkpuBa u HajokHal)yje Tpemnike y KiacTepy pas3iBajajyhu pona3He JaToTeke
y OmokoBe, yyBajyhu ux mpeko kjacrtepa pauyHapa. JlaToreke cy mojesbeHe y OJIOKOBE U CBaKU
onok ce kommpa Ha Bume Data Node-oa. HDFS ympasba mera mogamuma ¢ajn cucrema u
ManupameM MojaTaka [eJIor Kiactepa koje uyBa y memopuju Name Node-a kao fsImage (aj,
Yrja KOMHja Ce Kao MOJpIKa, MO MpaBWIly, HA CBAaKW caT 4yBa U axypupa Ha Secondary Name
Node-y.

Kapakrepuctuuna ocobmna HDF cuctema je eBuACHTHpame IMO3WIMja CBUX Tojaraka y (ajr
cucTeMy myTeM (IpuKa3aHo Ha ciuiy 36):

" OpeacTase IPOCTOpa HMECHA JATOTCKE WK BHIIC JAaTOTCKA,

* qpahema CBUX IUCTPUOYMpAHHMX pEIUIMKA TOJaTaka ylIa3HHX JAaTOTEKa YCKJIATUIITCHHX
npeko Data Node cepsepa y knactepy;

" ManMpama WICHTUPHUKAIMOHNX O03HAKa PEIUTHIIUPAHUX OJIOKOBA MOJIATaKa;

= oOe30ehuBama T0BOJHHOT Opoja YKYITHUX PEIINKA JUCTPUOYHUPAHUX IMOATAKA;

"  MapKHpama MPHOPUTETa HEAOBOJFHUX PEIUIMKA MOJaTaKa;

"  HCNUTHBaKA UCIPABHOCTH OJ0KOBa mojaraka kojuma Data Node cepsepu yrpaBibajy;

» cnama u3Bemraja Name Node cepsepy o ucrpaBaocTH paga Data Node cepsepa y kinactepy
Ha CBaKe TPH CEKYHJIC;

" MapKHpama U yKiamama Beher Opoja peruinka nuctpuOyupanux mopataka ca Data Node
cepaepa.
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Cnuxa 36. HDF'S npoyec npojexmosanoz mooena namemue oubauomexe

Big data texHosomku OKBHp ca MOAYJIMMa M CEpBHCHMMa OJi 3Hadaja 3a IpojekToBame big data
peliema naMeTHe OMOINOTEKe je MpUKa3aH Ha ciuiu 37.
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BIG DATA

Hecrpyxrybwpanu nogauu EBuaeHuMje norosa

Flume Chuckwa
MHTerpauviia nogaraka :

Pig Hive

HADOOP (MapReduce) C0¢TBepCKM50KBMp .....................................................

HADOOP (Distributed File System - HDFS) auctpubympaHo cknaguiure

CknaguwTe u WHTepakuuja u Cepujanusauuja u
eBuAeHUM|e noaaTaka BU3yanusaumja MaLUMHCKO y4ere

HCatalog
Spark

Lucene

Zookeeper Ambari Ozzie
KoopavHauuja Vnpasmatbe Tok paga

Cnuxa 37. Big data mexnonowku oxeup mooena namemue oubiuomexe

Hadoop cucrem caapxu pasimyute MoayJde Koju o00e30elyjy pasmumuute mnepdopmance u
omMoryhaBajy aTIMHHUCTPATOpHMa, IPOrpaMepruMa 1 aHaIuTHYapuMa rnpuiaroheH u eukacan pa.
CBaku Moy’ MMa CBOjy crienuduuHy (yHKIH]y, a BUIIE MOJyJa CE€ MOXKE IpyNHCcaTH y rnoceOHe
Kateropuje. TUMMYHO TPyNUCAHkE MOJIYNa KOje je MPUMEHEHO Y MPOjeKTOBABY Mojielia TTaMeTHE
oubnmoTexke je:

* MOy’ 3a 00paay U MPHUCTYI MOAALUMA;
* 3ayBo3 noxataka y Hadoop ¢ajn cucrem;
" 33 CKJIJUIITEHE 0JaTaKa;

" 33 MHTerpauujy rnojaaTaka,
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" 33 MPOIECHpame, aHAIN3Y M BU3YalHu3allH]jy M01aTaKa;
"  MOAYJI 32 MOHUTOPHHT M aJIMUHUCTPALIN]Y TI0JaTaKa; u
= 006pamy nmojataka y peanHoM Bpemeny (Simovié and Cirovié, 2016).

VY npojeKToBaHOM MOjely, CHCTeM MaMeTHe Oubinuoreke oOpal)yje U eJIeKTPOHCKA M3Jama KibHUra
KOja Ccy JOCTYITHA CTY/ICHTHMa 32 Tpey3uMame Ha OCHOBY M3a0paHuX MpeaMeTa TOKOM CTyaupama.
CucteM u3BpIIaBa aHAJIN3Y KJbYUYHUX peud y e-yOsMKalijama U reHepulle TeKCTyallHy J1aTOTeKy
CBUX KJBYYHHUX PEUM 32 JIaTy KIUTY, HAKOH 4era ce UcTa npocielyje TucTpuOynpaHoM CKIIQJIHIITY
HDFS-y. Tama cucrtem mnpenopyke Ipe TEHEpHCama JHCTe Yy3UMa Yy pa3Marpame Kako
KapaKTepUCTHUKE cajpXaja Ha OCHOBY u3a0paHe €-KI\bUIre, TaK0 M KapaKTEPUCTHKE CBHUX
e-nmyONuKalja y CUcTemy.

[ToueTHH yna3 je KOHBEpPTOBamke Kibkra y txt ekcrensujy. Pdf maroreke ce mpebaityjy y Tekcryanne
natoreke. KoHBepTOoBame jeaHE KIbUTE HHjE 3aXTeBHO, Me)yTHM YKOJHMKO je€ TMOTpPeOHO
KOHBEPTOBATH BEJIMKU CKYIN Mojaraka (KiUra y e-u3jamy) MOTpeOaH je CUCTeM KOjH TO MOXKe
M3BECTH Y CMAaEHOM U 0/iroBapajyheM BpeMEeHCKOM MEepHO.Y.

Tceyro k01 3a KoHBepTOBame Pdf naToTeke y txt natorexy je cnenehu (Simovié and Cirovié, 2016):

Protokol:
konvertovanje pdf-a u txt datoteku

Create a pdf

pNum: number of pages in the document

for page=1 to pNum
text:pdfTextExtractor.getTextFromPage (instance of pdfReader, page);
write the text to the text file

end for

Cnenehu xopak je TeHepucame YKYIMHOT Opoja KJIbYYHUX pedH JCPUHHCAH 32 CBAKy CJICKTPOHCKY
KIbUT'Yy y BEJIIMKOM CKyIly mojaraka. MapReduce mceyno k0nm 3a reHepucame IaTOTEKE YKYITHOT
Opoja peun y e-myOIMKaIyju je IprUKa3aH y HACTaBKY:

Protokol:
Map

For each book in bookset

{
T=tokenize (book) ;
For each token in T

{
WordCount [token]++;

}
sendToReduceStep (WordCount) ;
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Protokol:
Reduce

For each WordCount received from MapStep

{
Add (totalWordCount, WordCount) ;

I'eHepurcaHa TEKCTyaJIHA JATOTEKAa YKYITHOT Opoja pedH y eJICKTPOHCKO] MyOJIMKAIMjH KOPUCTHU CE 3a
W3/IBajalbe CBUX KJbYUYHUX peud 3a jaary Kmury. Jla Ou ce To ypammio, mpar Kbyd / BPEIHOCT
<key, value> map ce y3uMa W BpPEIHOCTH ce (QUITPUPAjy W H3/Bajajy Ce KJbYdHE pEud W3
renepucane garoreke. [Iceymo k0 je cnenehu:

Protokol:
Generisanje kljucnih reci - WordCount Hadoop

Set String: WordCount file generated from Hadoop
if(string is not Null)
Stringl=string split ("\t");
end if
if(stringl[0O] is not Null)
if (stringl[1l]>threshold value)
map.put (stringl [O], Double.parseDouble(stringl[l]));
end if
end if
for (Map.Entry<String, Double>entry : map.entrySet())
write (getKey ()):
end for

MapReduce mporpamupame y OuONIMOTEYKOM ekocucteMy Bpinu Hive cepruc koju omoryhasa
3aJaBamkbe M W3BPIIABAIEC YIMUTA NPEKO BEIMKHX CKYIOBa IOJaTaka W IpyXa MeXaHH3aM 3a
NPOjeKINjy CTPYKType nojartaka. McrakHyTa KapakTepUCTHKa OBOT CepBHUCA je CTPYKTypa Koja je
ycMepeHa Ka ayToMaTcKoj Hapaliesin3aliju Koja oMoryhaBa yrpaBibambe BEIHKHM ITOJAIlMA Y
exocuctemy (Thusoo et al., 2009; George, 2011).

Hive cepsuc ce oriena cieaehnm kapakTepucTHKama:

" OJIAKIIaBa YUTamE, HCAkhE U YIPaBJbakhe BEIUKUM CKYNOBHMA IOJAaTaKa KOjU Ce Hajas3e y
AUCTPUOYHUPAHOM CKJIAIULITY;

"  CTPYKTypa c€ MOXeE MPOjeKTOBATH HaJ MOJAIMa KOJU Cy YCKJIaUIITeHHU;

" ajaT KOMaHJIHE JMHHUje U ynpaBibauku mporpam JDBC (enrn. Java Database Connectivity)
JOCTYITHHU Cy 3a TIOBE3UBAhe KOPUCHHUKA,

* mpeBoxu SQL ynute y MapReduce 3agatke u u3BpiiaBa ux Ha Ki1acTepy;

= pasnaxe SQL ynuTe y Manepe U peayKTope W MpoHaNa3u HaYMH HBHXOBOI CHajama Koju he
OWTH U3BPIICH Ha KIIacTepy;
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npuMemyje cuaTakcy ciandny SQL-y — HiveQL;

CcKalabuinan je, MNPOAYKTHBAH, OIITHMHN30BAaH M HWHTCPAKTHBAH — MOXKC 3aJaBaTH YIHUTC
MIPEKO IEJIOoT KJIacTepa pauyyHapa y ogHocy Ha Tpanuiuonanine RDBM cucreme;

Moske npumeHuT OLAP (enrin. Online Analytical Processing) opjeHTHCaHE yIUTe KOjU CY
JIaKIIH 32 THcamke y oHocy Ha MapReduce ymure y JaBw;

Huje npukiagan 3a OLTP (eurit. Online Transactional Processing) ymure;,

TEHEPHIIE pellalfje U3 OOMYHUX TEKCTYyaJIHHX JaToTeka (HeMa OJIBOjJeHHX Talesa, CTpaHuX
KJby4ueBa U CI1.);

TCHEpHIlie Marepe W pPeAyKTope Tako Ja Hema TpaHcakimja, record-level axypupama,
ybanuBama, Oprcama u Cli;

NPWIMYHO je ciuvaH ca HekuM MySQL excTeH3Wjama, Kao ITO Cy HpuKasu (EHIJ. VIEWS),
re je Moryhe cCMEecTHUTH pe3yiTare yrnura y UCTe, ITOo oMoryhaBa na ux cieaehu ynutu
KopucTe Kao Tabemy. Mel)yTum, HE Kao INITO Cy MaTepUjaTM30BaHH MPHKa3H y Oazama
nojiaTtaka jep ce y \uma cKiaaumre komnuje, Hive cepBuc je TOrHYKU KOHCTPYKTOP MpHKa3a
jep Hehe CKIaAuIITUTH KOTH]y JaTUX MO/aTKa,

omoryhaBa crnenudukanyjy HadyMHa Kako C€ CTPYKTypUpaHU IMOAaIM 4YyBajy, JAeie |
MapTULIMOHUIITY;

Shema On Read paznukyje Hive cepBuc o penanuonux 0asza mojmataka. Y pejaliMOHHM
cucTeMHuMa ce AeuHHIIe eMa TIpe Hero ImTo ce mojaarak yuura — Shema On Write. Hive
CepBUC pajau MOTIYHO Apyrauuje. Y3umMa HECTPYKTYpUpaHE MOJATKE U NMpUMEYje LIeMy
Hax wuMa. [lomany cy yunTaHu W yCKiIaauIuTeHH 0e3 MKakBe CTPYKType W MHpopmanmja
KOj€ TH TIOJalH HOCE:

CREATE TABLE ratings (
userID INT,
bookID INT,
rating INT,
time INT)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY '\t'
STORED AS TEXTFILE;
LOAD DATA LOCAL INPATH 'S${env:HOME}/putanja do fajla'
OVERWRITE INTO TABLE ratings;

LOAD DATA — HAauyWH HM3MEIITama IOoJaTKa W3 aucTpuOyupanor dajn cucrema y Hive
CepBuc;

LOAD DATA LOCAL — HAuyMH KONHpama MojaTKa W3 JOoKamHor (ajia cuctema y Hive
CepBuc;

yiipaBJbakbeC MoganrMa y OJHOCY Ha IPUMCHY CKCTCPHUX Tabena:
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CREATE EXTERNAL TABLE IF NOT EXISTS ratings (
userID INT,
bookID INT,
rating INT,
time INT)
ROW FORMAT DELIMITED FIELDS TERMINATED BY '\t'
LOCATION 'putanja do fajla';

= Hive cepBuc oxapxkaBa metastore u geduHHIE CTPYKTYPY HaJ HECTPYKTYPHPAHUM
nojanuMa Koju ce uyBajy y HDFS-y;

"  CTPYKTypa M IlleMa Ce FeHEpHIIe Kajia ce MoIaTaK MPounTa;

= Hive cepBuc ce nmpuMemyje IpeKo:
= Ambari cepBuca (npuka3aHo Ha ciauKaMa y npwiory oa Al-A2);
» wuHTepdejca komanaHe aunauje (eura. Command line interface — CLI);
= Hue cepBuca;

= Apache Thrift cepBuca 6e3 ynotpedbe OLTP (enri. Online Transactional Processing)
YIIUTA; U

= Qozie cepsuca.

[MpumemeHn cOYTBEPCKU CEPBUCH MPOjEKTOBAHOT MOjIEIa MaMeTHe OMOIMOTeKe mpuKkazanu y big
data TexHONOIMIKOM OKBUpY Ha ciMiy 37 Cy JAeTajbHO omucanu y mornasiby 3.1.4. Big data
CEepBHCH.

[IpoBepa ycnemHor nokperama U KoOHpUrypaiuje NnpuMemheHNX cepBuca je MpUKa3aHa Ha cIuKaMa
y npuiory o A3-Al0.

4.1.4. AINIMKAIIMJE CUCTEMA MIAMETHE BUBJIUOTEKE

Amukanyjama cucremMa rnaMetrHe OMOJIMOTEeKe MMajy MPUCTYN KOPUCHULM (IPUKAa3aHO Ha CIHIM
38) ca geduHMCAaHMM HUBOOM TIPHUCTYIIA MHTETPHCAHUM KOMIIOHEHTAMa M MOTY C€ MOJCIUTH Y
cnenehe rpyne: (1) agmuauctpatop; (2) moaeparop; (3) bubnuorekap; u (4) CTyIeHTH.
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MameTHa
onbnnoTeKa

AAMVIHMCTpaTop EMBnMoreKap

Cnuka 38. Kopucnuuku npucmyn cucmemy namemue oubauomexe

Jerasban mpuKa3 MpUCTyNa KOPUCHHUKA alUIMKaldjaMa KOMIIOHEHaTa CHUCTeMa ca IoceOHO
Jne(UHUCaHUM HUBOOM IPUCTYIAa MHTEIPUCAHMM KOMIIOHEHTaMa CHCTeMa IaMeTHe OMOIHoTeKe U
MelyycoOHMM pernalyjama UHTeTpalyje U HHTepakiyje rnojataka je npuKasad Ha ciauim 39.

WHTErPUCAHE KOMMOHEHTE
CWNCTEMA MAMETHE BUB/IMOTEKE

Hadoop knacrep ey

’,,»/’7 padyHapa/cepeepa |l
i

e

LMS Moodle .

/

/,a MogepaTop

;, HOPMCHMU,M EHﬁﬂHOTEKap

=3 KopWCHUYKK NpUcTyn
seeeenened WHTErpaLmja nogataka

—-===2 J|HTepakuuja nogaTaka

Cnuxa 39. IIlpucmyn KopucHuka uHmezpucanum KOMNOHeHmama cucmema namemHe oubnuomexe
ca mehycobnum penayujama unmezpayuje u uHmepaxyuje nooamaxda
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Kopucunuku aujarpamu (enri. Use Case) mpuctyma amiukangjama CUCTEMa M HWHTETPUCAHUM
KOMITOHEHTaMa CHCTeMa mamMeTHe OnOInoTeKe cy npuka3zanu Ha caukama 40, 41 u 42.

MAMETHA BUB/INOTEKA

EIIEKTPOHCKa NnpoAaBHULA Kibira Mpetpara
77 o
- CTYAEHTCKU NpucTyn - #e:‘.‘?—{'.‘ KaTanora Kkura
2420
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=0
I:m

C
TYAGHTY Ek.
[

PeructpoBanun

W360p HaumHa
1cnopyke

EneKTpoHcKa NpoAaBHULA Kibura
- AMUHUCTPATOPCKM NPUCTYN -

AyTopu3auuja

npucryna

AaMUH naHen 4 VYnpaematwe <<include
e-npoaaBHuLie %

AgmuHucTpaTop

25 59
— ’ Ynpaematbe ynpaemare (NI Frontend
'_ 6a30M nogaTaka ENey cagpajem MeHayMeHT
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5 26,
. %eo A
Mogepatop B Amypupate
OHNajH KaTanora
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(&
*00,
Y
i ~

© Vnpaematwe
cKnaguwTem

Cnuka 40. Kopucnuuxu oujacpam (enen. Use Case) npucmyna aniukayuja cucmema namemHe
oubnuomexe — Enexmponcka npooasHuya Kiuea
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MAMETHA BUB/TMOTEKA

NHdopmaumoHm cuctem Monosxenm
06pa3oBHe MHCTUTYLM]e npeameTy

AyTeHTUOMKaUM]a b Mpegmetny
KOpPUCHMKA : 7 Tekyhoj rognHun
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npuctyna 7.9 npopunuma

Vnpaemawe 3 Ynpae/mbatbe
6a3om nogataka 4 npeameTuva

Asypupare
cagpaja

bubanoTeukn VIH¢0pMaU,MOHI'.1 cicTem AyTOpM3aLAOHH
0bpa3oBHe MHCTUTYLM]e cepsep
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&
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53

Cratuuka UM °y YHoC HoBe
ajpeca mpesxe RN nauTeparype

59

Bubnnotexap KV Awypuparbe
CTakba

Cauxa 41. Kopucnuuku oujacpam (enen. Use Case) npucmyna aniukayuja cucmema namemmue
oubnuomexe — Ungopmayuonu u oOubauomeuku uHghopmayuonu cucmem 0opazoeHe uHCMumyyuje
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MAMETHA BUBJ/INOTEKA
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Cnuxa 42. Kopuchuuxu oujacpam (enen. Use Case) npucmyna aniuxkayuja cucmema namemue
oubnuomexe — Hadoop xracmep & LMS Moodle

Annukanuje cucteMa naMmeTHe OMOIMOTeKe YKIbYUyjy HHTETPAIi]y CKYIoBa Mo/iaTaka y eHTPpaTHu
JIe0 eKOoCUCcTeMa KiacTepa padyHapa. OBU pa3IHuUTH CKYIIOBH IOIaTaka Hoce HHpopMarmje o:

"  3a7y)KEHUM KIbHrama cryJeHara u3 oubnmoreke o0pa3oBHE HHCTUTYIIH]E;

" KHBUraMa y eJIEKTPOHCKO] (OPMU KOje CYy PAaCIOIOKUBE CTYACHTHMA 3a [IPEy3UMambe IPEKo
nH(GOPMaILIMOHOT crcTeMa 00pa30BHE UHCTUTYIIH]E;

=  eBHJACHIIMjaMa CEepBEpa EJICKTPOHCKE IPOJABHMIIC KH-HUTa OOpa30BHE HHCTHUTYIH]E KOj€
caapke uHpOpMaImje o npedepeHIjama cTyIeHaTa u Ipyrux KOPUCHUKA,

* u3a0paHMM KypceBMMa CTyJAeHara y Tekyhoj mkojickoj roaumnu myrem LMS Moodle
iatgdopme.

Ca cBakUM HOBUM IPUCTYIIOM PErUCTPOBAHOT KOpUCHUKA (cTyaeHTa) Ha LMS Moodle miatdopmy,
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Hadoop exocuctem ananusupa ciezaehe:

" [ojaTke O aTpulOyTMMa KmHra W3 €BUJCHIMjE 3aaykema W3 OuOimoreke oOpa3oBHE

WHCTHUTYIIH]E;

* pojaTke W3 MH(OPMAIMOHOI CHCTeMa O0pa3oBHE WHCTHUTYIMjE Yy BE3W ca H3a0paHuM

KypceBUMa CTyJieHaTa y TeKyhoj IIKOJICKO] TOANHH;

" JcTOpUje KYyNOBMHA U aTpuOyTe KOPUCHMKA W3 EBUJCHIIMja CepBepa EJIEKTPOHCKE

MIPOJIaBHUIIE KEbUTA 00pa30BHE HHCTHTYIIH]E.

Hakon ananm3se nonataka, Hadoop ekocucrem M3BpIIaBa KOJIa0OPaTHBHO GHITPUPAbE (ONHCAHO Y
nornasby 3.2.2. Cucremu KonabopaTuBHOT (QWITpUpama) HaJl WHTETPUCAHUM CKYIIOM IOJaTaKa
HaKOH uera CTyJIeHT A00Mja Npemnopyky cajpikaja ol Beher umHTepeca, ca JBa pacloJIOKUBa

periema:

1. U36op 1. [la pe3epBulie mnpernopydyeHe Kmure y OuOImorenn oOpa3oBHE MHCTHUTYLHjE. Y
TOM cllydajy OuOnmoTekap wu3BpIIaBa pesepBanujy (Oenmexu wIASHTUPUKAIUOHH Opoj

CTyZeHTa) 3a oxpelheHr BPeMEHCKH MEPUOJ 32 3a/1y)KHBAKE; H

2. W360p 2. [la kynu npenopydeHe KbUre MpeKo eIeKTPOHCKE MpoJaBHUIIE KbHUra 00pa3oBHE

WHCTUTYIIH]E.

Ha caunnum 43 je nmpukaszan qujarpam Toka moaena big data ekocrucrema mametHe OHOTHOTEKE.

-k‘ CTYAEHT
-
1

- Bubnvoreka

~

LMS Moodle

ﬂpenopyua

N3N1A3

: oq)nalu TSV RSP POV LY

CKYMOBK MOAATAKA

NHdopmaumonn EnekTpoHcka
ggg cuctem chTMTyume npop,asnwua KibUra
I/I3a6parm Kypceaw ATpMﬁym
e ,ElOCTynHe KibUre 3a ﬂepconanwaosane
npeysumame npedepeHumje

pe3epsauuja KYMOBWHA

VﬂAB WIAB VﬂAB

- [ -
BT T
| e =
|’ HDFS n MapReduce

Cnuxa 43. Jlujacpam moxa mooena big data exocucmema namemue obubnuomexe
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4.2. HHTEIPALIMJA IOJATAKA Y EKOCUCTEM

4.2.1. TIOTALIM W3 TH®OPMAIIMOHOT CUCTEMA OBPA3OBHE MHCTUTYIINJE

WHTerpucan cKyn mogataka U3 WHGOPMALMOHOT CUCTeMa 00pa30BHE MHCTUTYIIHM]E 3a TPH T'OJMHE
cryauja caapxku 160 kypcesa, cenaM CTyaujcKux mporpama u ~2250 cTyneHara, ca yKyImHO MPEKO
10 mMumona 3amuca. CBaku CTYAEHT ca CBOT Hajora 3a OHJIajH NPHCTYI CTYACHTCKOM CEPBHUCY
MOXe TIpey3eTH oa S5 no 15 kmura y eneKTpoHCKOM (GopMaTy y 3aBHUCHOCTH OJI OJa0paHHuX
npeaMeTa U JOCTYITHE JTUTepaType.

4.2.2. BABJIMOTEYKH CKYII HOJATAKA

bubnuoteuku ckyn momataka canapxku 470571 xopucHuka u 3955 HacioBa kmura. EBmaenmmja
cepBepa eNEKTPOHCKE MPOJaBHUIE KIhHra 00pa30BHE YCTAaHOBE Koja je kopuinheHa caap:xku ~3900
eBastyanyja, ~450 xopucHuka u ~1495 craBku koje cy y3ere 3a oOpaay. Y aHaJIU3U MUHTETPHCAHUX
CKYITIOBa MoJaTaka paju muxoBe o0Opaje, Baxkan Qakrop je mokpuseHocT (Sarvar et. al., 2000).
[ToxpuBeHOCT je neuHUCaHA KAaO YKYIIaH MPOIEHAT JTOCTYITHUX CTaBKU (IIPOM3BOJA €-KaTajora) 3a
Koje he cuctem reHepucatu Mpenopyke.

4.2.3. TIogAum CA LMS MOODLE NJIAT® OPME

CBak¥u CTYJICHT Ce TIpHjaBJbyje Ha KypceBe Koje je n3adbpao y Tekyhoj mkoickoj roguau myrem LMS
Moodle matdopme, mro moxe 6uth usmely 10 u 12 kypcera. LMS Moodle miardopma caapxu
cienehe nHpopmanmje: Tpu TOAMHE OCHOBHUX cTyaMja (7 CTYyIMjCKUX HpOrpama), jeHy TOJUHY
CMELMjaTMCTUUKUX CcTyauja (6 CTYAMjCKHX Mporpama) U JiBe ronHe MacTep cryauja (3 cTyamjcka
nporpama) — mto je ykynHo 440 kypcesa, ~3750 crynenata, ~900 HacTaBHUKA U TIpeKo 15 cToTHHA
3armca JTHEBHO.

4.2.4. JINCTA TABEJIA YUUTAHUX CKYIIOBA IMIOJATAKA

HaBenenu ckymoBu mojmataka cy yuuranu y HCatalog u cnpemuu cy 3a gasmsy oOpaay Ha Cliojy
yIpaBibamba eKOoCUCTeMOM (mpukazaHo Ha ciui 44). Tlomanm ce kacHWje AUCTPUOYUpajy |
npeHoce y HBase momynm — cepBuc koju omoryhaBa mpeTpakuBame, MPEy3UMame M aHAIHU3Y
nojaTaka.

100



HCatalog: Table List

smart_library |v|

4 Table Name

Cnuka 44. HCatalog — rucma yuumanux mabena

4.2.5. UHTETPAIINJA IOJATAKA APYIITBEHUX METAJA

Merto/ onricaH y OBOM IOTJIaBJbY CE€ OJTHOCH HA MPUKYIIJbAkhe U arperanyjy nojaraka ca cajToBa 3a
JpYIITBEHO YMpekaBame U oOe30ehuBame anaTa 3a HUCIMTHBAKE W aHAINW3Y TUX HMH(popmanuja.
Arperanyja mojaTaka APYIITBEHHX Mpexka Tpeba na omoryhm aHammsy CTPYKTYpHpaHHX H
HECTPYKTYPUPAHHX TI0/IaTaKa M3 pa3IMYuTHX KaHaia apymTBenux meauja (Gandomi and Haider,
2015). JIpymTBeH: MEIUjH Cy IMUPOK MOjaM KOju 00yxBaTa OHJIAjH IUIaTPopMe KOje KOPUCHHUITUMA
omoryhaBajy KpeWpame U pa3MeHy caapikaja. [[pylmTBeHM MeIHMju c€ MOTY CBpPCTaTH y ciejehe
tunose: apymrBeHe mpexke (amp. Facebook u LinkedlIn); 6morosu (ump. Blogger u WordPress);
mMukpo6sorou (Hip. Twitter u Tumblr); apymreene Bectu (amnp. Digg u Reddit); nemwerme Bumeo u
dorto canpxkaja (amp. Instagram u YouTube); Bukm minarpopme (mmp. Wikipedia u Wikihow);
cajToBH 3a muTama W oarosope (mmp. Yahoo! Answers u Ask.cOm); W cTpaHMIle 3a TMpeEryiea
canpkaja (anp. Yelp u TripAdvisor) (Barbier and Liu, 2011; Gundecha and Liu, 2012; Gandomi
and Haider, 2015).

Ha cnmumm 45 je mpuka3zaH METOJl 3a arperainujy mojaTaka U aHAIMTUKY TEKCTa MPUKYIUBCHHUX Ca
APYIITBEHUX Meauja. AHaIUTHKA TeKcTa (eHrI. Text mining) ce oJHOCH Ha TEXHHMKE KOje M3BJIaye
uHpOpMaIHje U3 TEKCTyaJHMX TojaTaka. [locToBH ca ApPYIMITBEHHWX Mpeka, €-MOpyKe, OJIOTOBH,
OHJajH (OpyMH, OATOBOPH Ha TIOCTaBJbEHE aHKETE, €BUACHIMjE IO3WBHUX IIEHTapa, CBE CY
MpUMEpH TEKCTyaTHHX M0JIaTaka Koje KOMIIAaHWje M OpraHu3aluje MOTY Jla CKIQJWIINTE W Ja ca
BUMa MAaHUITYJIHUITY. AHAJTUTHKA TEKCTAa YKIJbYUYyje CTATUCTUYKY aHAIHU3Y, PAYyHCKY JIMHTBUCTUKY
M MAIMHCKO Yy4ewe, W omoryhaBa KoMmMIaHHjamMa Ja KOHBEPTY]y BEIUKE KOJIMYUHE JbYACKOT
TCHEPHCAHOT TEKCTa Y CMHUCJICHE pe3uMee, KOjU IMOJAp)KaBajy JIOHOIICHE OJTyKa 3aCHOBAHUX Ha
noka3uMa. Ha mpumep, aHaTMTHKAa TEKCTa C€ MOXKEe KOPUCTHTH 3a mpenBub)ame IIeHa akiuja Ha

Oep3u Ha OCHOBY mH(popMalMja Koje cy aHanusupane u3 (uHancujckux Bectu (Chung, 2014;
Gandomi and Haider, 2015).

Kao mto je npukazaHo Ha ciuiy 45, IpBU aHAIMTUYKHU Ipoliec kKoju ce u3Bpiasa Ha C/IM-y (ckp.

Cepsep pymtBennx Meauja), cakyrba MoaTKe ca IPYLIITBEHUX MEAMja M3 Pa3IMUUTUX H3BOPA.

W3Bopu Mory yk/byddBaTH JApYIITBeHE Menuje kao mro cy Facebook wmu LinkedIn, wmm

mukpoOor Twitter. Ipouec Moxe GuUATpUpPATH MPUKYIJBEHE MOAATKE MO KIbYYHO] PEUH, KJbYYHO]

¢bpa3u UM KOPUCHUYKOM HACHTU(PHUKAIIMOHOM Opojy Kako OM ce CMambHO 00MM YKJbYYEHHX U3BOpa
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npymrBenux menuja (Feng et al., 2016). IIporiec 6u mMorao na ¢GuITpHpa MOCTOBE HAa OCHOBY
onpehennx tema, Ha pumep ,,big data”, ,,eekTpoHCKO MOCIoBame™, ,,eIEKTPOHCKO 00pa3oBame*,
U CJL.

Monyn 3a NpUKyIJbamke IMoJlaTaka y OKBUPY aHanuTHukor npoueca CJ/IM-a usBpmaBa oOpany
uHpOpMalKja Koja yKJbydyje aHaIu3y APYIITBEHUX MeAHja Kako OM ce U3BYKJIM €HTUTETU Kao ILTO
cy BeO Jokaluje, MMeHa KOpUcHUKA, |D KopHuCcHUKa, 03HaKe U KapaKTEepUCTHKE TeMa M MOCToBa. Y
MOyl 3a aHaJIN3y CEHTUMEHTa JIETEKTYje CE 33JI0BOJFCTBO KOPHCHHKA Y IPYIITBEHUM MEAHMjUMa
TaKO IITO CE MPENO3Ha]y TO3UTUBHE M HETaTUBHE PEYH M CTABOBH KOPHMCHHKA Ha OCHOBY M3a0paHe
teme. Kopenanuja usmel)y 3a10B0/bcTBa KOPUCHUKA U KJbYYHE PEUM MOXKE J1a BapHpa Y 3aBUCHOCTH
0J1 U3BOpA JIPYIITBEHUX MEH]a.

=0
N
WHTEPHET F'
m
E.O
[ApywreenHu .
meaujn KopucHuuum
1 1T

MOAyll 3a NpUKyn/bakbe NogaTtaka

MOAy!I 3a dHanu3y CeHTUMEHTa

Mogyn 3a KaTeropusauujy nogaraka

Mogayn 3a Kateropusaumjy KOpUCH1Ka

ApxuBupatbe nogaTaka

v

WHAEKCUPAHU
no,

€ CAM BA3A MOJATAKA cam

— -

Cauxa 45. Memoo 3a azpecayujy nooamaxka u aHaiumuxy mekcma NpuKyn/wbeHux ca OpyumeeHux
Meouja

[Ipouec koju ce U3BpIIaBa y MOJYJY 33 aHAIM3Y CEHTUMEHTA, MPUKYIJba M apXUBUpPA MOpPYKE ca
JIPYIITBEHUX Me/AHja KOje M3pakaBajy MUIbEHE KOpPHCHHUKA. Y cienehoj MHCTaHIM M3BpIlaBamba
3a/laTaka Ha aHaJUTHUYKOM CepBepy APYIITBEHUX MeAHja, MpOoIec KOju Ce OJBHja Y MOIYIY 3a
KaTeropu3alnjy, aHaIu3upa JAPYIITBEHE Meuje Kako OM KaTeropucao MEIH] MO j€HO] WIJIM BHIIIE
teMa. Ha mpumep, mporiec Moke yKJbYYUTH HACIIOB KEGUTE, HME ayTopa, OICHY KBaJMTETA peMa
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Cy0jeKTHBHOM 3aJ]0BOJHCTBY U MUIIJbEHY KOPUCHUKA (HIIP. ,,J00ap®, ,JIOII™ WM ,,HejacaH) U CII.
TakBe Teme Mory OWTH yHampen nepUHHCAHE, WIA TPOIEC MOKE TUHAMUYKH OJPETUTH TEeMe
KOHCOJIMJIOBabEeM TOpYyKa APYIITBEHHX MeEAHja O]l BHIIE KOpHCHHUKa. Ilpomec Moxke ma oapenu
oapeheHe Teme npema NPUOPHUTETY WIHM BaxkHOCTH. Ha mpumep, mporiec Moke Aa 10171 TeMHU Kao
IITO j€ ,,0/TMYHO HAMCaHa KbHUra“ BUIIN IPHOPUTET OJ1 ,,HEjaCHO HAIMCaHa KIbUra“.

Cnenehu 3amarak ananutuke C/IM-a je kaTeropusanuja KopucHuka. [Ipoiiec aHammM3upa cTaBoBe,
MUIIJbEHa U KOMEHTape Ha JAPYIITBEHUM MEIUjUMa Kako OM KaTeroprcao KOPUCHHKE TIOBE3aHe ca
CBaKMM IIOCTOM Ipema JeMorpadckuM ocobOmHama. Kareropuje Mory yKJbYYWTH TOJIUINTE, IIOJI,
TOJMHY CTyaHja, UHTepece (HIp. eIEKTPOHCKO MOCIOBamke, NH(HOPMAIIMOHE TEXHOJIOTH]E U CJI.) UITN
JIOKAIlMjy KOPUCHHMKA (HIIp. OINIITHHA, Tpaj, pervja, apkasa). I[Ipomec Moxke aa oapeau TakBe
nH(popmanyje u3 mojmaraka o mMpoduiay KOPHCHUKA WJIM U3 cajJpikaja TOCTOBA Ha JAPYIITBEHUM
Menujuma. OOpama momaTaka y OBOM MOJYIY 3a KaTeropusalivjy KOPHUCHHKA JOJATHO YKIJbYdyje
onpehuBame yTuIllaja MojeIMHAYHUX KOPHCHUKA YHYTap mHXoBe aemorpadcke rpymne. Ilogamu ca
ApYIITBEHUX Meauja ce 3aruM apxuBupajy. Ca BHCOKOM THpenu3Houihy cHuCTeM apXuBUpa
KOPUCHHUUKE Npoduiie U JpyIITBEHE Be3e KOPUCHHUKA ITOBE3aHUX ca APYIITBEHUM MeIUjuMa.

Hakon apxuBupama MojaTaka, aHaJIUTHYKH Mpolec Koju ce m3BpmaBa Ha C/AM-y, uHaekcupa
apXUBHpaHE APYIITBEHE MEIH]je MOMOhy jeTHOT UK BHIIIE CBOjcTaBa. IIporiec nHaeKcupa mojaaTke
Kako Ou oMoryhno epukacHO NMpOHATAKEHE APYIITBEHUX MEHja MpeMa CBOJCTBUMA KOja MOTY
YKJbYUUTH, Ha TIPUMEP, KIbYUHE peuH, KJbyuHe (pase, 3aJ0BOJbCTBA KOPUCHUKA, WK AeMorpadcke
noaatke kopuchuka (Feng et al., 2016).

[logamm ca npymTBEHHMX MeAMja, KOjU Cy Ha OBaKaB METOJ MPHUKYIUbCHH, aHAIU3HPAHHU,
apXUBUPAHU W WHACKCUPAHU, MOTY OWTH WMCKOPHINNCHH y MMaMeTHO] OMOJHMOTEeIM W yTUIATH HA
KOPHCHHKE Ha BHIIE HaunHA. Ha mpuMep, ako ce U3 MHIESKCUPAHMX T0/1aTaka U3BYKY HHQOpMaIje
0 KOpPHCHHMKY ca ofpeheHuMm wuaeHTHDUKAIIMOHUM OpojeM ca TO3UTHBHHM MHUIUBEHEM O
onpeheHOM HAcJIOBY MPOYMTAHE KIBUTE KOja je Y KOpealuju ca ayTopoM UCTE, CPOJHA TeMa Apyre
KIbUTE UCTOT ayTropa Tpeba OuTh oOyxBaheHa mpemopyKkoMm cajpikaja MMyTeM CHCTeMa MPErnopyke
naMeTHe OUOTHOTEKeE.

4.2.6. TIPUMEHA 10T TEXHOJIOTHJA Y MOJEJY IAMETHE BUBJIMOTEKE

[TameTHO ympaBibamke MPOIECOM 3aJyKHWBamka M KOHTPOJIM JOCTYITHOCTH KHbWTa H3BpIIaBa ce
npumeHoM |0T Texnonmoruja. RFID wu yrpalhene enekrpoHCke O3HaKe Ha KIbUTaMa, Kao
OECKOHTaKTHa M ayTOMAaTHU30BaHAa TEXHOJIOTHja HWICHTU(UKAIM]Ee, Yy TNPEATIOKEHOM CUCTEMY
oMmoryhaBa ayroMaTtcko HIeHTH(PUKOBamkE oOjekaTa (KmbHra) myreM CUTHala paauo GpeKBeHIy]e,
00e306ehyjyhu npaheme u axxypupame mojaTaka y peaJTHoM BpeMeEHY.

WiFi TtexHonoruja moBe3yje MoOmiHe ypehaje cTyaeHaTta ca IOCTaB/bCHUM TEPMHUHAIUMA Ha
nonuiama y oubimotenn. Bucoko ¢pexkBenTHH curHan obe3oehyje pamujyc ox ~300 merapa u
npomnycHUM oricerom oj ~37.5Mb/s.

[Ipennoxenun Mmoaen nametHe 6udbnuoreke npumemyje RFID TexHonorujy 3a npemno3HaBame KibUTa
U 3a ynTambe uHdpopmaimja ca yrpaherux oznaka. WiFi-RFID uurau npountane nHpopmaimje ca
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o3Haka mpocnelyje 6azu nogataka 0T cepBepy myTem OexMYHE Mpeke, Kao IITO C€ U pa3MeHa
nmogaTtaka m3Mmelhy moOwnHuX ypehaja KOpHUCHHUKA W cepBepa o00aBjba, Ca ITUJbEM IIOCTHU3ama
(GyHKIMOHANHE TIpeTpare Kiura, yIpaBibama 3aluXaMa U aXypHpama YCKIaIUIITeHUX ToAaTaKa
(mpukasaHo Ha ciui 46).

VY mpennoxenom 10T cuctremy cBaku RFID umtau je 3amyxkeH 3a oxpeheHu orcer Kmura Ha
nonumama Oubnumoreke. DyHKIMja TpeTrpare Kmura ce obaBiba IyTeM MOOMIHOT Yypehaja
KOpPHCHHMKA NPHUMEHOM TMpOjeKTOBaHe arjukauuje 3a MoOwiHe ypehaje. CTymeHT WM ApYyru
KOPUCHHUK OMOIMOTEUKUX yCIyra, YHOCH YIUT 3a IpeTpary kKao mTo je: HacyioB kwure, MCBH 6poj
KIbUTE WIH ayTop/u. YIHT ce Jajbe MPEeHOoCH myTeM Oexuune Mpexe 10T cepepy xoju oOpahyje
3aXT€B M IlaJb€ OJIrOBOP KOPUCHHUKY Ja JM je TpakeHa KibUIa JIOCTYNHA 3a INpey3UMame M
3aIy’)KHBambe, U YKOJIUKO JeCTe, TJe je IheHa TayHa JIOKallhja Ha TOJIUIK y OMOIHMOTEN 00pa3oBHE
ycraHoBe. Kako Ou Ouna MHTYMTHBHMja, MOOWJIHA aIuUIMKal{ja Ha CTpaHM KJIHJEHTa MOXe Ja
TeHEpHIIE MaITy IIyTeM CIIMKE BOAMYA Ka MO3UIMjH TPAKEHE KIbUTE.

BA3ANOJATAKA
loT CEPBEPA

( i {
NMONULE CA KFbUTAMA Y BUBINOTELLN g%g

| ] 1 m
loT
i EPBEP
i I ——r R I RN\ WL peHoc .
o Wl ))» nogaraka
& n 1
03HAKE HA YUTAY HA
KHbUTAMA | nonuun
- > =
..... et

W36op
Kibure

OuutaBsatse
03HaKe

Anapm @ E‘& | Y S ——— . ........................... ((((ﬁ

Vna3 / W3na3 MpeHoc nogataka Moﬁvmrm
ypehaju

Cnuka 46. /Jujacpam moka npenoca nooamaka o 10KAyujama wmamnanux uzoarwa Kued y
oubuomeyu

Kana crynent nponale TpakeHy KEHBHUTY U JKEIHM Ja je 3aayXu y OMOIHOTenM WM Ja je BpaTu
TOKOM TNpeABH)EHOr poKa 3a 3a1yKuBame, KiUry npuiocu RFID unTtauy cmemreHoM Ha mOIMLIU
panu ounTaBama nHpOpMaIHja Ha OCHOBY OeckoHTakTHHX RFID kapakrepucTika U eIeKTpOHCKUX
o3Haka. Bucoko-¢pexsentnu, nacuBau RFID uuTau npocnelyyje uadopmanuje koje cy noxpameHe
y e-o3Hakama 0a3u mogartaka 0T cepBepa, koju mpuMeHom Storm momyrna Hadoop ekocucrema
aXypHupa MoJIaTKe y pealHOM BPEMEHY O HOBOM CTamy 3ajiMXa U 00aBJba 3ayKUBakE CTYJCHTA 32
Ipey3eTe KbUre, WK pa3lyxkyje CTyleHTa YKOJIHUKO Cy Kibure BpaheHe.
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V ¢yukuuju curyproctd, RFID cucrem nerekimje ce mocraBba Ha BpaTa ynasa / uW3iasza u3
OoubmoTeke kako 6u mpoBepuo ciezaehe:

" Ja JIK CE CTYJICHT MPHjaBHO MPUIIMKOM yiacka y oubiroreky ca cBojom RFID xapTumom u

* 51a gu cy uHpoOpMalMje ca O3HaKa Ha KmbHMrama axypupaHe Ha |0T cepBepy HpHIMKOM
npeysuMama (3aayKuBama) KmBUTra y OuOIMOTenM — Kao MOTBpAa Ja JU je CTYIEHT
npeys3eTy Kmury ountao Ha nacuBHoM RFID ypehajy Ha nmonuuu. Ykonuko unpopmanmje
nucy m3memene, RFID cucrem ca ynasa / usiasa, majse MOPyKy yIo3operma CTYACHTY, Kao
U 3aI0ClIeHOM y OnbimoTeny, 1a Kibure HuCy ountane myreM RFID tepmunana va momumm
oubnuorexe.

Ca npyre ctpase, kaga ce Kmure Bpahajy y OuOIMOTEKy, HAaKOH IpHjaBe CTYyJEHTa Ha yiasy,
3amociieHn 'y OubmuoTenu y cucteMy no0uja wHpOpManHje O H3HAJMJBCHUM KIbUTaMa |
BPEMEHCKHM POKOBHMMA 3a 3aJy)KHBarme. Paj TAYHOCTH W MCTOBETHOCTH MH(OpMAaIfja, CUCTEM
nameTHe 6ubimoteke ynopehyje monatke ca RFID kaptune crynenta, RFID o3naka Ha KmHrama ca
6a3oMm monataka |0T cepsepa. CucreM Jerekuuje Ha yia3y je onpemibeH, kako RFID tepmunanom,
Tao u anapMoM. Anapm he ce akTUBHpATH y /1Ba Cily4daja:

1. ykonuko He moctoju 3anuc ca RFID ypehaja Ha monuim o n3HajMIbEHUM KEbUTaMa, U

2. YKOJMKO C€ 3alHC He IOKJama ca 3allicoM EBHJICHIMOHE 0a3e IojaTaka — YnMe ce
epukacHo Moxe n3oehu ry0peme Kibura.

4.3. MEPEWBE IEP@OPMAHCH MOJEJIA

EBanyanuja cucreMa je crpoBe/eHa Ha JBa HauyWHA. 3a MPBY eBajiyalujy, big data ananutuka je
kopuitheHa 3a yTBphUBame Ja JM Cy HajpeleBaHTHHje KmHUre (KmHUre Koje Cy HajBUIle
npenopyuuBane cryaentuma nmyreM LMS Moodle mmardopme) mpumeHoMm cuctema mpernopyke
nameTHe OWOJIMOTEKe Koja je 3acHoBaHa Ha big data Texwomorujama yemihe W3HajMIbHUBaHE W3
OoubMoTeKke 00pa30BHE MHCTUTYIIN]E Y OJTHOCY HAa UCTH MEPUOJ MPETXOIHE TOIUHE.

3a apyry eBaiyalujy cucrema, u3abpaH je YIHUTHHK Ka0 aKTUBHOCT 3a MPOLICHY MOJeja MaMeTHE
oubnuoTeke 3acHoBaHOT Ha big data TexHonorujama. YNUTHHK je KOPHUIITNEH Ja YTBPIHU Ja JIH je
npernopyka Koja je 3acHoBaHa Ha Hadoop ekocucTeMy ca HHTETPHUCAHUM BHUILECTPYKHUM TOAAIAMa
NPUKYIJBCHUX U3 BHIIE U3BOpA MPUKIIATHH]jA 33 CTYACHTE, HA OCHOBY BUXOBHX YTHCAKa, y OJHOCY
Ha CHUCTEM IMPENOPYKe eICKTPOHCKE MPOIABHUIIE KEbUTra 00pa30BHE HHCTUTYIIH]E.
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5. IIPUMEHA PA3BUJEHOI MOJEJIA

5.1. IIJIAH IPUMEHE PA3BUJEHOT MO/IEJIA

[Tnan mpuMeHe pasBHjeHOr Mojeida oOyxBara big data TexHomomkM OKBHp ca MOAyIAMa MU
CepBHCHMA O] 3Hayaja 3a IMOKpEeTame, TeCTUpame W eBanmyanujy big data momena mamerHe
oubmmoreke. HaBeneHW CKyIOBH TOjaTaka Cy INPUKYIUBCHH W3 YETHPH HE3aBHCHA H3BOpa M
yuntanu y HCatalog panu nasbe ananmse u ibbUX0BE 00pajie Ha CII0jy yIpaBbamba KOCHCTEMOM.

VY HacTaBKy je mpukazaH mporiiec big data aHamuThke Hal WHTEIPHCAHUM CKYIIOM IOjaTaka |
M3BPIIICHA j€ eBaTyallrja perieha.

5.2. HMILUIEMEHTAIIAJA PEIIEILA

[IpBU ynuT KOjH je W3BpILIEH HaJ MojalnyuMa namMeTHe Oubauoreke (MpHKa3aH UCIOJ) UMa 3a LUJb
Jla TIPUKaXe KOPUCHHUKE OMOIMOTEKE KOjU Cy M3HAJMWIHM oapeheHe Kmure y JaTOM BPEMEHCKOM
nepuoay 2017. roguue, U Aa NPUNIPEMHU CKYTI TI0JIaTaKa 3a Jajby o0pany:

SELECT debit.person_id,book.title,

COUNT ((debit.person_id) OVER (PARTITION BY debit.person_id ORDER BY debit.person_id
ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING)

FROM debit JOIN book ON (debit.book_id=book.row)

WHERE debit.taking date>'2017-01-01" AND debit.return_date<'2017-06-14";

[MperpaxkuBarme, W300p W MPUKA3 HAJIPHUKIATHUJUX CTAaBKH W3 YKYITHOT Cajp)kKaja IMaMeTHE
oubnuoTeke cy u3BpieHH y ciaeaehux mect kopaka (Simovié, 2018):

Kopax 1: Pesynrar u3BpuieHOr ymuTa MpHKasyje HacjaoBe KiHra M uiaeHtudukanuonu opoj (I1D)
KOPHCHHUKA KOjH je 3aIyXXHO HajBHIIE KIHra y oape)eHOM BpeMEHCKOM MepHoay (TPHKa3aHO y
tabenu 3).

Tabena 3. Hoenmugurayuonu 6poj KOpUCHUKA U HACTOBU KIbUed

ID xopucHuka  HaciioBu KmuTa N3HAJMJBEHUX M3 OMOIHOTEKE

376583 [Icuxomomku yciioBu TpaHchepa yuema

376583 ®DoTOHAIIOHCKA ITOCTPOjCHha: TNIAHUPAHHE

376583 ConapHe TeXHOJIOTH]je: TOIUIOTHU U (POTOCTEKTPUUHU CUCTEMH
376583 ®dusnka: MEXaHUKa YBPCTUX
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Kopak 2: MOHHUTOpDHMHT W yIpaBJbamkbe SKOCHCTEMOM u3BpiiaBa Ambari cepsuc koju omoryhasa
HHCTaMpame u npaheme Hadoop cepsuca y kiactepy padyHapa.

Wurerpucan Moy uzBpmasa (White, 2012):
"  KOOpAUHALIM]Y AUCTPUOYHPAHUX aAIIHKAIIN]a;
" CHHXPOHM3ALHWjY U IEHTPAIHU3ALH]y CEPBHCA Y KIIaCTepy; U
»  MoHUTOpUHT MelycobHo HezaBucHux Hadoop mocioga.

PesynraT u3BpleHor U3padyHaBama Ha OCHOBY 3aaaTor ymurta u3 Ambari cepBuca je mpukasaH Ha
ciunu 47.

PN Ambari  Sandbox {ies e

Hive Query Saved Queries History UDFs
Database Explorer (4] Query Editor MBBPLUQH anﬂT o
is_skole e Worksheet L
SELECT zaduzenje be,knjiga.naziv,
COUNT (zaduzenje.id | e) OVER (PARTITION BY zaduzenje.id oscbe ORDER BY zaduzenje.id os <>
ROWS BETWEEN UNBOUNDED ECEDING AND UNBOUNDEZD FOLLOWING)
FROM zaduzenje JOIN knjiga ON (zaduzenje. ge=knjiga.red) o
WHERE zaduzenje.datum uzimanja>'2017-01-01' AND zaduzenje.datum vracanja<'2017-06-14';
Databases ‘ %
s ~
= | TEZ
re STRNG ‘ ~
naziv STRING
naziv2 STRING a P R Its (Status: ded! s 2
aitor STRNG uery Process Results (Status: Succeeded) ave results.
godina STRING
kom STRING
Logs Results
povez STRING
isbn STRING
grad STRING previous
TRING
domen ey zaduzenje.id_osobe  knjiga.naziv count_window_0
zaposleni STRING
datum1 STRING 376417 ENexTpiyHe MawmHe: SOMPKa PelweHiX 3aaaTaxka 3
datum2 STRING
88 primerci = 376417 ENEXTPHYHE MALIMHE: RONYHE 3 PEBVHTBTM
red2 STRING
datum_uzimanja STRING 376417 EnexTpuyHe mawmne 3
datum_vracanja STRING
@ zaduzenie = 376558 Termoelektrane 1
red3 STRING
id_osobe BIGINT 376583 Mcuxonowsn ycnosn TpaHcdepa yyerwa 4
id_knjige BIGINT N
S 376583 Fotonaponska postrojenja: planiranje B
Kom BIGINT v citdaaikeh vl
376583 Solarne tehnologie: toplotni i fotoelektricni sistemi -
376583 OUINKE: MEXHWUKE YBPCTHX 4

Cnuka 47. Ilpuxas pezynmama uspauynasarwa y Ambari cepsucy namemune bubiuomexe

Kopak 3: Moxen nametHe 6uOinoTeke MoBe3yje WACHTU(UKAMOHU OpOj CTYAEHTa ca HErOBUM
HAJIOTOM €JIEKTPOHCKE MoIITe U3 cieaehix eKcTepHIX U MHTEPHUX M3BOpA:

*  u3 HH()OPMAIIMOHOT CUCTEeMa 00pa30BHE MHCTUTYIIH]C;

13 OubIMoTeKe 00pa3o0BHE WHCTHUTYIIH]C;

"  eIIEKTPOHCKE MPOJABHHIIE KIbUTa 00pa30BHE HHCTUTYIIH]E; U

LMS Moodle matdopme.
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Kopak 4: Ilyrem OHJNajH CTYICHTCKOT cepBHCa MH()OPMAIMOHOT CUCTeMa 00pa30BHE MHCTHTYIIH]E
kopuctehu CBOje Hajore 3a MPHCTYII, CTYJICHTH MOTY MPEY3eTH KIBUTE Y SIEKTPOHCKOM (opmarty
Ha OCHOBY 0JIa0paHMX IpeaMeTa 3a TeKyhy ¥ MpeTXOHYy IIKOJCKY TOAuHY. EJeKTpOHCKE KIUTE
KOje Ccy JOCTYIIHE 3a Mpey3uMame y Tekyhoj IIKOJICKO] TOJIMHU MO CTYJEHTY MOTY OUTH Y PacloHy
on 5 no 15.

Kopak 5: Peamm3oBan cucTeM TMpenopyke eNeKTPOHCKE TIPOJABHUIE KHHra 0Opa3oBHE
UHCTUTYIIM]jE TIPUMERYje KoaabopatuBHO GuiaTprpame mpema npousBoguma (Linden et al., 2003;
Cantador et al., 2008; Simovi¢, 2014). Ilpu cBakOM HOBOM IpHjaBJbUBakY KOPHCHHUKA, CHCTEM
aHAIM3Mpa HMCTOPUjY KYNOBHHE, aTpuOyTe MPOM3BOJA W TEpCOHAIHE MpedepeHiirje aKTUBHOT
KOPUCHHUKA KaKo OW MPOHAIIA0 CaapiKaj O]l HHTepeca y eIEKTPOHCKOM KaTallory U TeHEPUCaO0 JIUCTY
npenopyka. KomaboparuBHo GuiaTpupame 3aCHOBaHO Ha MPOU3BOIUMA yropehyje cBaky KynmoBUHY
KOpHCHHMKA, PaHTHpa IPOW3BOJE TpeMa CIMYHOCTH, W HHHUXOBHM KOMOWHOBAaWmEM TIEHEpHIIe
npernopyky. CBakoM KOPUCHHKY KOJU j€ W3BPLIMO KYNOBHHY WIM OIEHMO NPOHM3BOJE W3
€JIEKTPOHCKE MPOJaBHUIIE KIbUTa 00pa30BHE MHCTHUTYIIM]E, CUCTEM MPENOpYUyje TPH KIbUTE.

Kopak 6: Ilpunukom HoBe mpHjaBe kopucHuka Ha LMS Moodle mnatdopmy, big data cucrem
Mpenopyke naMmetTHe oudanorexke odpalyje momarke:

=  u3 OMbIMOTEKE 0Opa30BHE UHCTUTYIIH]E;

*  u3 UH()OPMAIIMOHOT CUCTeMa 00pa30BHE HHCTUTYIIH]E;

" 13 eBHJICHIIMja CepBepa EJIEKTPOHCKE MPOJIaBHUIIE KibUTa 00pa30BHE HHCTUTYIIH]E; U
= |LMS cucrema, paau reHepucama Mpenopyke.

Ha cnuim 48 je npukaszaHa reHepucaHa OpEropyKa CTYACHTY ca HCTUM HICHTU(PHKAIHOHUM
opojem kojy Hadoop exocuctem renepurre wa LMS Moodle mnatrdopmu xopuctehu werupu
HE3aBHCHA M3BOPA M YCTUPU MHTEIPUCAHA CKYIIa MOIaTaKa.

Crynent nputom nobuja cieneha nea nzbopa:
(1) na pesepBuiiie mpenopydyeHe KibUre y OMOIHOTEIM 00pa30BHE HHCTUTYIIH]E, WK

(2) na xymu mpenopydeHe KHHIe IYTEM eJIEKTPOHCKE IPOJaBHUIIE KHHra OOpa3oBHE
UHCTUTYLH]E.

AnroputaM HM3payyHaBa CIMYHOCT CTaBKM paju onpehuBama HAjIOrONHUjUX 3a KOPHUCHHUKA Ha
OCHOBY YKYITHOT Opoja CTaBKM YeTHpH He3aBUCHA cucTemMa. HaunmH Ha Koju anropurtam u3payyHaBa
CIIMYHOCT CTaBKH ca CBMM ocTaiuMm yHytap HCatalog-a je mpukasan y cinenehem mceymno kOmy
(amamrrupano mpema: Linden et al., 2003; Simovi¢, 2014; u nagorpaheno npema: Simovié, 2018):
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HCatalog = union ( ProductCatalogl, ProductCatalogZ2,
ProductCatalog3, ProductCatalog4l..])

Where the ProductCatalogl is the library data; the ProductCatalog? is the
IS data of the educational institution; the ProductCatalog3 is the
University online bookstore server logs; the ProductCatalog4 is the LMS
data;

Where the Selected Item is: Item borrowed from the library; or available
for download from the IS of the educational institution; or purchased
Item from the University online bookstore; or the student preferences in
the current school year;

For each Item Il in HCatalog
For each User U who Selected Item Il
For each Item I2 Selected by User U
Record that a user Selected Item Il and Item I2
For each Item I2
Compute the similarity between Item Il and Item I2

Hasurammja =/ C ( IlpenopydeHa JIUTEepaTypa ]

* /

—— !

MouetHa cTpanHa

(' Moja noyetHa cTpasuuya )-}
» CrpaHuye cajra

LMS MOODLE npenopyka 6a3upana Ha HADOOP ekocuctemy

b Moj npogun ond y nPOHa.nax’erbe uHgbopmauuja Ha eeby (2017) — Pezepauwm y bubnuoteun unn Kynu y
NPOAAaBHUUM KHoUra

b Texyhu kypc

P Moju kypceeu .
PesepBauuja npenopyueHe nutepatype
y 6ubauvoTeuy obpasoBHe MHCTUTYLM]E

AMUHHCTpanHja
o | | Odpxueu paseoj (2017) —{ Pezepanwn y Guém:oreu,»)nu@,'ma y NPOAGBHNLM é.'H;Hra)

w AamuHucTpaumja

moayna "Crpanuya”

® Ypeau nogellasara

® [lokanHo AoaersexHe
ynore

® QOsnawhera

® [lposepu
osnawhera

= OQunrepn

® 3anucw o
aKTUBHOCTUMA

f

KynosuHa npenopy4exe nuteparype
Y eN1eKTPOHCKO]j NPOAABHULIM KibUra

> | Enexkmporcko 6axkapcmeo (2016) - Peaepauium y Gubnuoteusn uan Kyni y npoaasHuLy Kisura

® Kpeupare
DeIADRHE KONWIe

Cnuxa 48. Cucmem npenopyke namemue bubiuomexe sacnosan na big data mexnonoeujama,
suzyanuzosan na LMS Moodle nramgpopmu

Tpu HacrmoBa kmura koje big data cucrtem mnpemnopyke mnameTHe OMOJIHOTEKE TIE€HEPHIIE
OCMaTPaHOM KOPHUCHHKY ca UCTHM HIaeHTH(uKannonuM Opojem myrem LMS Moodle matdopme
npumeHoM big data TexHosoruja npukasanu cy y Tabenu 4.
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Tabena 4. Cucmem npenopyke namemue budiuomexe

ID xopuchuka IIpenopydeHH HACTOBH KiHra MPUMEHOM CHCTEMa MPEMOPYKe MaMeTHE
oubnuoteke npumenom big data Texnonoruja

376583 YBoa y npoHanaxeme nHpopmalrja Ha BeOy
376583 OnpXuBH pa3Boj
376583 EnexktpoHcko GaHKapCTBO

5.3. EBAJYVAIWJA PEHIEIbA

VY npBoj eBanyanuju Kopuirhena je big data ananurrka qa 6u ce yrBpauio ciaeaehe:

" KOje KIbUIe Cy Hajuenihe mpenopydymBaHe CTYyACHTHMA MPWIMKOM €Ballyalldje MPOTOTHUIIA
CUCTEMA; U

"  KOJHUKO IyTa Cy MpernopyueHe K\bUre U3HajMIbeHe U3 OMOInoTeke 00pa30BHE MHCTHUTYLIH]E
y 2016. ronunn y ogHocy Ha 2017. roauny.

[wb ananmse je aa ce mpoleHu nmoTenurjan Hadoop exocrucrema npemnopyke nmamMmetTHe OMOIHOTEKe
Koju OM nonmpuHeo NOOOJbIIAKY IOCIOBHOI YYMHKAa OpraHusanuje, nosehamy KOpPUCHHUYKE
yrnoTpede 1 OBEpema y CUCTEM.

Crnenehu ynut mMMa 3a Wb J1a TPUKaKE KOje Cy KIbUTE HajBHIIE MPEMOPYYMBAHE CTYICHTHMA
nyrem LMS Moodle miatdopme 3acnoBane na Hadoop ekocucremy:

SELECT recommender.book_id,book.name,

COUNT(recommender.book_id) OVER (PARTITION BY recommender.person_id ORDER BY
recommender.book_id

ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING)

FROM recommender JOIN book ON (recommender.book_id=book.count);

Pesynratu usspiienor ynura u3 Ambari cepsuca cy npukasanu y npuiory b1 u tadesu 5.

Tabena 5. Kwuee xoje cy najeuwe npenopyuusane cmyoenmuma nymem LMS Moodle nnamgopme
3acnosane na Hadoop exocucmemy

ID kmura Hacnosu kmura Bpoj myra
1016 OCHOBH €NEeKTPOHHKE U TeIEKOMYHHKAIIH]ja 3
844 Xunpayiavka: yBOJl ca IpuMEpHMa yIripaBibarmba 2
1002 MotopHa Bo3nia 1: ONIITH U TEOPUjCKH A0 2
138 Enextpuune mammne: 3a Tpehu paspen 3

CICKTPOTEXHUYKE IKOJIE

1463 KomyraTopau motopu 3
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1497 TepmoenexkTpane 3
103 ®u3uka: MExaHUKa YBPCTUX 6
118 Tpanchopmaropu 6
571 [cuxonomku ycnoBu TpaHcdepa yaema 6

1916 Eneprercku TpanchopMaTopu u reHepaTopu 6

2113 ®DOTOHAMOHCKA MTOCTPOjCHha: TIAHUPAHE 6

2275 ConapHe TeXHOJIOTH]je: TOIJIOTHU U (OTOCIEKTPUIHH 6

CUCTEMHU
7 OcHOBHU pauyHapCKe TEXHHUKE 2
264 MatemaTHUKH IPUPYIHUK 2

Cneneha nBa ynura cy W3BpIICHA 3a JIBa OJIBOjeHAa BpeMeHcKa nepuojaa (3a 2016. u 2017. roauny)
Koja cy 3aTtuM yropehena.

[TpBu ynut oapelyje KOIUKO MyTa Cy MpernopyueHe Kibure u3HajMibeHe u3 Ondimorexke oopa3zoBHe
MHCTUTYIIMjE Y JaTOM BpeMeHCKOM meproay 2016. romune, mpe HEro mTO je MPOTOTHII Mojesa
MaMeTHe OMOJIMOTEKEe aKTHBHUPAH.

SELECT recommender.book_id, book.name,

COUNT(recommender.book_id) OVER (PARTITION BY recommender.book_id ORDER BY
recommender.book_id

ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING)

FROM recommender JOIN book ON (recommender.book_id=book.count)

WHERE recommender.book_id IN ('1016', '844','1002','138','1463','1497','103','118', '571/,
'1916','2113','2275','7",'264")

AND recommender.date_taken>'2016-1-1' AND recommender.date_return<'2017-1-1";

Pesynratu u3BpIieHor ynuTa cy npukasanu y npuiory b2.

Hpyru ynut oapelyyje KOJIMKO MyTa cy NpernopydyeHe KibUre n3HajMJbeHe u3 Oubinoreke oOpa3oBHe
MHCTUTYLIMjE y AaTOM BpeMeHCKOM mepuoay 2017. roguHe, TOKOM TeCTHpama MPOTOTUIA MOjesa
nameTHe 6ubIImoTeKe.

SELECT recommender.book_id, book.name,

COUNT(recommender.book_id) OVER (PARTITION BY recommender.book_id ORDER BY
recommender.book_id ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED
FOLLOWING)

FROM recommender JOIN book ON (recommender.book_id=book.count)

WHERE recommender.book_id IN ('1016', '844','1002','138', '1463','1497','103",'118'", '571",
'1916','2113','2275','7",'264")

AND recommender.date_taken>'2017-1-1' AND recommender.date_return<'2017-12-1";

Pesynratu u3BpIIeHOr ynuTa cy npukasanu y npuwiory b3.

YnopeaHu npukas MpernopydeHrux Kibura u3HajMibeHux u3 ouodmuoreke y 2016. u 2017. rogunu je
npuKa3aH y Tabenu 6.
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Tabena 6. Ynopeonu npukas uznajmmwenux krouea y 2016. y oonocy na 2017. 2o0uny

ID kmura HacnoBu kmura (nmpernopy4eHe W3najmibene u3 W3najmibene u3
KIbUTE CTYIEHTHMA IPUMEHOM oubmumoreke (2016) oubnmorexe
Hadoop exocucrtema) (6poj myTa) (2017) (6poj myra)

1016 OCHOBHM €IEKTPOHUKE U 1 4
TEJIEKOMYHUKAIH]ja

844 Xuapayiuka: yBoJ ca Ipumepuma 1 4
yIpaBJbarba

1002 Motopna Bo3una |: ommtu u 1 1
TEOPH]CKH JIE0

138 Enextpuune mammmne: 3a Tpehu 1 1
pa3pen eneKTpOTEeXHUUKE MIKOJIe

1463 KomyraTtopHu moropu 1 1

1497 TepmoenekTpane 4 4

103 ®du3nka: MeXaHUKa YBPCTUX 1 1

118 Tpaucpopmaropu 1 4

571 [Icuxonomiku yciaoBu TpaHcdepa 1 1
yuema

1916 Eneprercku tpancdopmatopu u 1 25
TeHEPaTOPH

2113 ®doTOHAIIOHCKA MTOCTPOjeHha: 1 9
TUTAHUPAHHE

2275 CounapHe TEXHOJIOTHj€: TOIUIOTHH U 4 2
(OTOENEKTPUYHN CUCTEMHU

7 OCHOBU pauyHapCKe TEXHUKE 4 4

264 MatemMaTHuKH PUPYIHUK 1 1
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UdermugpurkayuoHu 6pojesu (ID) npenopyyeHux Krbu2a

Cnuka 49. Konuxo nyma cy npenopyuene Krouze usnajmmvene uz budauomexe

Kao mrro je mpukasano Ha ciumu 49, y 2016. ronrHN KBUTE KOje Cy y3eTe 3a eBaIyalljy CHCTeMa
cy u3HajMibeHe 23 myTa, y nopehemy ca 2017. roguHOM, Kaja Cy UCTE KIbUTe U3HajMIbeHEe 62 mmyTa,
ITO je mpuOImxHO 269,5% Buie.

Jlpyra eBainyaiyja pelema je CIpoBeicHa MyTeM OHJIAjH YITHHUKA 32 MPOICHY UMIUIEMEHTHPAHOT
MIPOTOTHIIA €KOCUCTEMA. YIHUTHUK je uHTerpucan y LMS Moodle cucrem 3a yrpaBibame ydemeM y
Bucokoj mikomu eneKTpOoTeXHUKE M padyyHapCTBa CTPYKOBHUX cTyauja y beorpamy. YnuTHuk je
kopuitheH Kao MeToja 3a yTIBphuBame Ja JU je mpenopyka 3acHoBana nHa Hadoop-y ca
WHTETPUCAHUM TMOJalliMa W3 BHIIE HW3BOpa MPUKIAJHHUja 3a CTyAeHTe (Ha OCHOBY HHXOBHUX
yTHCaKa) OJ CHCTEeMa MpPErnopyKe EIeKTPOHCKE IMPOJABHUIE KIUTa OOpa3OBHE WHCTUTYLHjE U
MIPUMEHCHOT JEJTHOT CKyIa Tojaraka. Y3opak oOyxBara 220 crtymeHara Tpehe roauHe CTyauja,
cTyaujckor nporpama EnexTpoHcko mocioBame TOKOM 3uMckor cemectpa 2016/17. rogune. CBu
CTY/ICHTH Cy NPHUCTAIH Ja YYECTBY]Y Y UCTPaKMBamby. YIUTHHK CAJAPKH JeceT murama. CBako
nuTame je noapxkano Moodle cucremom 3a ympaBibame yueHmEM: OATOBOPH ca BUIIE W300pa H
tauyHo / HerauHo (eHri. true-false). Jlpa BakHa muTama (YETBPTO M JIECETO) Cy 3acCHOBaHA Ha
JIukepTOVOj ckanu of met Tadaka (enria. Five-point Likert scale). Onaju ynmuTHHK je mpuKa3aH y
Tabenu 7.
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Tabena 1. Onnaju ynumnux 3a RPUKyn/barbe no0amaka 00 cmyoeHama Ha 0CHOBY HUXO0BUX

ymucaxa
Pennu Opoj [Turame
1 Jla 1 u3HajMIbyjeTe Kibure u3 oudaunoreke mkosne? (a) [Ja; (6) He
2 Toxom mikosicke 2016/17. roauHe, KOJMKO KEBUTa CT€ U3HAJMUIIN? 3aBUCH O]1
MPeTXOAHOT muTama: () < 5; (6) > 5
3 Jla 1 na LMS Moodle mrardopmu nobujare npenopyky auteparype? (2) [a; (6) He
4 OuenuTte no6ujeny npenopyky Ha LMS Moodle miardopmu (ykonuko je oaroBop Ha
tpehe nutame: Jla): (2) [lormyno Heoarosapajyha; (6) Jonekie Heoarosapajyha; (B)
Heyrpanna; (r) Jlonekie oaroapajyha; (1) [ornyHo oarosapajyha
5 Ha ocHoBy n3abpanux npeamerta y mkoiickoj 2016/17. roqunu, 1a 11 uMaTe
noHyheHe e-KibHre 3a npey3uMame Ha Balem CTyJIeHTCKOM CepBUCY
uHpopmanmonor cuctema mkosne? (a) Ja; (6) He
6 Konuko Bam je e-kmura 10CTyImHO 3a npey3uMame Ha Barem cTyaeHTCKoM cepBHCy?
3aBucH 0J] MPETXOAHOT MuTama: (a) < 5; (0) > 5
7 Jla nu cTe ce perucTpoBaId M 00ABUIIM KYIIOBUHY Ha €JICKTPOHCKO] MPOIaBHULIH
kmura mkoje? (a) Ha; (6) He
8 Konuko kmHra cte Kynuin He eJIeKTPOHCKO] MPOIaBHUIIM KibUTa MIKoje? 3aBUCH O
MpeTXOAHOT nmuTama: () <5; (6) > 5
9 Ca HOBHMM TIPHCTYIIOM H IIPUjaBOM Ha CHCTEM CJICKTPOHCKE MPOJAABHUIIC KEbHTa, Ja JIN
nobujate npenopyky? (a) a; (6) He
10 Onenute 100HjeHy MPEMOPYKY HA €IEKTPOHCKO] MPOAaBHUIIN KEbHra (YKOIUKO je
oJroBop Ha ceamo nutame: J[a): () [lormyHo Heoarorapajyha; (6) JloHekite
Heoarosapajyha; (8) Heyrpanna; (r) Jlonekie oarosapajyha; (x) [TormyHo
onrosapajyha
5.4, AHAJIN3A IOCTUTHYTHUX PE3YJITATA

[IpBo pa3marpame MOCTHTHYTHX pe3yirata je big data aHanmuTka Koja WIyCTpyje MOTSHIIMjaTHE
KOPUCTH OJ IPUMEHE CHUCTEMa MPEMOpyKe MaMeTHe OMOIMOTeKe ca MHTETPHCAHUM BHIIECTPYKUM

HU3BOpHUMaA PA3JIMYUTUX TTOAATAaKa Y KOHTCKCTY 3aJOBOJbaBaba HOTpe6a CTyACHATa U CKOHOMCKHX

KOPUCTH OpraHM3alldje, W YKYITHUM 3aJI0BOJHCTBOM MPYKEHHX yCiIyra Kpo3 ynpaBibame WT
[POjeKTHMa, YMMe ce IpoMoBHIlne MehycoOHO pasymeBame M ayropouHo mosepeme (Liu et al.,

2017). To motBphyjy pe3yiaTaTH KOjU TOKa3yjy mopact oj HpuOmmkHO 269,5% W3HAjMIbEHUX,
pENIeBaHTHUX KIbUTa KOj€ Cy HajBHILIE NPENOpYyYMBAHE CTYACHTHMAa IyTEM CHUCTEMa MPEHopyKe

naMmeTHe OMOJIHMOTEKe 3acHOBaHOr Ha Dig data TexHomormjama, mpenopydeHUX MyTEeM CHCTEMa 3a
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yrpaibambe yaetemM LMS Moodele Tokom Tectuparma mporotumna Mozena.

Jlpyro pa3MaTpame C€ OJHOCH Ha PETHCTPAlWjy W KYMOBHHY IyTE€M EJIEKTPOHCKE IMPOJaBHHIIC
KibHra 00pa3oBHE MHCTUTYIH]jE. Pesynratu cy mokaszamu aa ce 40% ox yKymHOr Opoja cTyaeHara
KOjU Cy Y4YECTBOBQJIM Yy OHJIQJH YIIUTHUKY HHUCY PETUCTPOBAIM M HHUCY OOABWJIM KYIOBHHY Ha
€JICKTPOHCKO] TPOJABHUIIM KiHra 00pa3oBHEe HWHCTUTYIHje. be3 peructpanmje u o0aBJbCHE
KYITOBHHE, CUCTEM HHje OMO y MOryhHOCTH &1a oapeau KOpUCHHYKE TNMpedepeHirje U cTora HHje
MOTa0 J1a M3rpagd MOJEN KOPHCHHWKA WM Jla TE€HEepHIIe IMPErnopyKy 300T mpolieMa ca XJiaJHhM
craprom (Schein et al., 2002). Ta rpyna cryneHara je UCKJby4eHa M3 KOHAYHHUX pe3yJiTaTa aHalu3e
cucTeMa Ipernopyke naMeTHe OubmoTeke 3acHoBaHe Ha Hadoop ekocuctemy.

Octanu cTyJeHTH, YIECHUIM aHKETHOT YIIUTHHUKA CYy UCIYyHaBaJId YCJIOBE 32 aHAINU3Y U eBajlyalu]y
YIUTHUKA.

VY30pak y aHaIM34 U €Balyallju MOCTUTHYTHX pe3yTaTa yKJbydyje CTYACHTE:

" KOjU Cy UMM TPUCTYI EJICKTPOHCKUM KibHraMa 3a Ipey3UMame ca CBOJUX OHJIAjH
CTYACHTCKUX CEpBHCa MyTeM HH(OPMAIIMOHOT cUcTeMa 00pa30BHE MHCTUTYIIH]C;

" KOju Cy OOaBHIM pETUCTpalMjy ¥ KYHOBHHY Ha EJIEKTPOHCKO] TMPOJABHHUIIM KHH-HTra
00pa3oBHE MHCTUTYIIH]EC; U

" KOjU CYy U3HAJMWJIH KibUTre U3 O1bImnoTeke 00pa3oBHE HHCTUTYIIH]E.

Pesynratu ynutHuka (mpukaszaHu y Tadenu 8) moka3syjy Ja, Ha OCHOBY aHKETUPAHHX YYCCHHKA ca
MCKa30M BUXOBUX YTUCAKa, U Pe3ylTaTHMa aHAJIM3€e aHKeTe, ca YNHUOIIMMA T/IE je:

* X cpenma otieHa (enri. Mean grade), mpukasana y BpeaHocTs o 1 10 5; u
» § cranmapaHo ojcTymname (enrit. Standard deviation),

CUCTEM ITaMCTHC 6I/I6J'[I/IOT€KG, IMPUMCHOM Pa3IMIHUTHX IMOoAaTaKa MHTCTpHCAaHUX W3 BHUIIC U3BOpPA,
reHepuIle oAroBapajyhe npernopyke, Hako MOCTOje MaJie pas3iIuKe:

= 24,6% cryneHata je OLEHWIO JOOHMjeHy IMIpPernopyKy Mojeia IaMeTHe Oubimoreke
3acHoBaHOr Ha big data texmonormjama myrem LMS Moodle mmatdopme y mormyHOCTH
onrosapajyhom, ca cpeamuM orieHoM of1 3,38 1 cTaHIapAHUM ojcTynameM o1 1,25;

= gok je 21,1% cryneHara OLIEHUIIO MIPETNOPYKY €JIEKTPOHCKE MPOJAaBHHULIE KIbUTra 00pa3oBHE
WHCTHUTYIMj€ Y MOTIYHOCTH ojroBapajyhom ca cpeamom oreHoM of 3,17 u cTaHmapaHUM
ojacrynameM ox 1.28.

OaroBopH Ha MHUTaMka Koja Ce TUYY CHCTEMa Mpernopyke, MoKa3yjy Jia CTYJCHTH, YISCHHIM aHKETe,
oJIprKaBajy IpernopyKy cajapikaja MpUMEHOM MojIelia ITaMeTHe OubIHoTeKe 3acHOBaHOr Ha big data
TexHojorujama 1 Hadoop okBupa MHTErpUCAHOT y CHCTEM 3a ynpaBibame yuerem LMS Moodle.
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Tabena 8. leckpunmuena cmamucmuxa (n=132) cmyoenama 6a3upana Ha 0CHOBY FHUXOBUX

YMUCAKa, ca NPUKazom cpeotrvbe oyeHe u CMaHoapOHUM 0OCMYNArbeM, 8€3aHUM 3 NUMAra NoO
peonum bpojem 4 u peonum opojem 10

[Turame [Tornyno J[lonekne Heyr J[onekne Ilormyno X )
ofiroOBapa OJAroBapa pajJHa HEOArOB HEOAroBa
jyha (%) jyha (%) (%)  apajyha  pajyha
(%) (%)
Ornenure 24.6 22.8 26.3 19.3 7.0 3.38 1.25
nooujeny
MPENOPYKYy HA
LMS Moodle
margopmMu
Ouenure 21.1 19.3 24.6 26.3 8.8 3.17 1.28
no0ujeny
MPENnopyKy Ha
€JIEKTPOHCKO]
MIPOJIABHUIIN
KIbUTa
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6. JIUCKYCHJA

W3 mepcnekTvBe IpyIITBa y KOjeM JaHac >KMBHMO M LHBWIM3alMje KOja je 3acHOBaHAa Ha
uHpopManrjama, HOBe HMH(OpPMAIMOHE TeXHoJoruje omoryhaBajy OmOIMOTEKaMa TpaH3HILIU]Y
TpaauuuoHamHe (a3ze ayroMaTH3alnyje OCIOBHUX TpoLieca U U3rpajmby qurutaine oudmmnorexe (Li
et al., 2019). Ouekyje ce na he ce HMHOBauWje HOBHX TEXHOJOTHja yOp3aHO pa3BHjaTH OK
OoubnmoTeke He Oyay CIpeMHE J1a OArOoBOpPE HAa HOBE TEXHOJIONIKE HM3a30BE€ Kao INTO Cy YCIyre
mobmiHor MHTepHera u Bemtauka uHTenureHnuja (Wang, 2017). M3 oBe mepcrekTHBE, BETUKH
nogany u big data ananmuThka he HEMHHOBHO WUMaTh QyOOK YTHIAj] Ha YCIyre Koje Hpykajy
caBpeMeHe JUruTaiHe Oubauoreke. Y CKiIaay ca TUM, Y U3rpadmby (YHKIHOHAIHE U OlepaTUBHE
naMeTHe OMOJIMOTEeKE TpPUKa3aHE y JOKTOPCKO] IWCEpTalldju, NMPUMEHAa HOBHX TEXHOJIOIIKUX
JNOoCTHUTHYha je HEMHWHOBHOCT, W IIOCTENeHO ao00uja cBe Behy Maxmpy HAYyYHO-UCTPAKHUBAUKE
3ajeTHUIIE.

Mehynaponna ¢enepanuja OUOMHMOTEUKHMX YApPYKeHa HM HMHCTHUTYyHHMja (eHri1. International
Federation of Library Associations and Institutions — IFLA) cBpcTaBa BemTauky HMHTEIMICHIIH]Y
Kao jeJlaH OJf YETHPH IJIaBHA TEXHOJIOIIKA TPEHJAa M TBPIAM Jla BellTauka MHTEJIUICHIM]ja UMa TpU
rJIaBHE MMIUIMKAlMje y oJHOCY Ha OyayhHocT pa3Boja OGMOIMOTEUKHUX HMH(OPMALMOHMX CHCTEMa
(IFLA, 2017):

1) mnpernemaun HOBE TeHepalHje KOjH C€ MPOIINPY]y M3HA] MPETPaKHBamka KIbYYHUX PEUH H
ceMaHTUuKe aHanu3e MHTepHeT caapikaja;

2) MHTErpHCaHO MPEMO3HABAKE FOBOPA M AyTOMATU30BAHU BUIICjEe3UYHH MAIIMHCKHU TPEBO Y
peasHOM BPEMEHY; U

3) uaeHtuduUKaIMja yciayra padyyHapcTBa y 00JaKy 3a KOMIUIEKCHE W pasiauuuTe MHTepHeT
cajapxaje.

Crora, o0pa3oBHe MHCTUTYLMje TpeOa Jja yCBOje YTHIIA] KOJU HOBE TEXHOJOIH]j€, MOMYT BEITUKUX
rmojaTaka, MAIIMHCKOT YY€ma W BEIITauKe WHTEIUTCHIM]e, MMajy Ha pa3B0j OMOIMOTEUKHX
nHpOopManMoHUX cucTteMa. Ha 0CHOBY aHanm3e nmTepaType M HaydHUX AOCTHTHYha, Y IUCepTaIuju
je mpeanokKeH Mojen naMmeTHe OuOnmoreke 3acHOBaH Ha big data texnonorwjama ca Oymyhum
CMepHHIIaMa 3a HapeIHy ¢a3y pa3Boja MaMeTHOr OMOJMOTEUKOI CUCTEMA, U Ba)KHOM YJIOIOM KOJy
NEPCOHAIN30BaHe MH(POPMAIIMOHE YCIyre UMajy.

[lojaBoM BenMKUX ToOjaTaka WUACHTU(UKY]Y C€ HOBH IOCIIOBHHU 3aXTEBU KOJU MOTY JOBECTH IO
otkprha HOBHX 3Hama. [IpunaroleHe n mepcoHaTN30BaHE yCIyre KOPUCHHUIIMMA, CKIOHE YEeCTHM
mpoMeHaMa TOKOM BpeMeHa Kopuilhema CHCTeMa, H3/Bajajy BPETHOCT KOja MPHBIAYN TaXBY.
[Totennujan u e(UKACHOCT JOHOIICHA OJTyKa 3aCHOBAHMX Ha MOJalliMa KOHTHHYHpPAHO jaya, a
npodUT O aHaJIM3€ BEIUKUX IMOJaTaka ce ocTBapyje. [loTpaxkma 3a BEJIMKHM MOAAlMa PacTe y
noMeHy aurutanaux oubanoreka (De Mauro et al., 2016). Mehytum, peaaTuBHO Majio CTyauja je
UCTPAXMBAJO IWTUTalHE OWOIMOTEKEe y OJHOCY Ha BelIMKE MojaTke. JemaH on pasmora 3a
HE/JIOCTaTaK OBAaKBUX CTyAMja je Taj IITO TOCTOJU MUILBEHE Ja TPATUIMOHATHH CHCTEMH 3a
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yhpaBjbambe 0a3ama IojaTaka MOTY Ja OJTOBOPE CBAKOJHEBHHMM 3aXTCBMMA 3a CKIIAUINTCHCM
mojiaTaka ¥ BHUXOBOM ITOCIIOBHOM O0OpagoM y IUTHTAIHUM OuOnInoTeukum cuctemuma (Xu et al.,
2017). Tpumepa pamu, Hessman (2013) cmatpa na cy nuctpubyupanu cuctemu HernotpeOHu (Li et
al., 2019). Mebhyrum, BehmHa TpaaMIIMOHATHUX WHPOPMAIMOHHX CHCTEMa HHjEe Yy CTamy Ja
CKJIaauINTH, oOpal)yje W aHamu3upa BelHMKe Mojaatke. Yak W ako C€ TaKBH CHUCTEMH PEIOBHO
axypupajy, Hehe Outn y cramy aa nporecupajy pactyhe KolnduHe rmogaTaka 30or cBe Beher 6poja
KOPUCHHUKA, JOCTYITHOT cajpskaja, BeO JIOKaluja, YKymHOr Opoja moceTusana U oOMMa HUXOBE
ynotpebe, ca yop3anum tpenaom pacra 'y oyayhuoctu (Chen et al., 2015). 36or Tora, kao BaxkHa
0a3a JbYJICKOT 3Hama, ONOIMOTEKE MOCTENIeHO UyBajy cBe Behe kommunue mogataka. He camo na je
BEJIMYMHA, BpPCTa W Op3uWHA CTBapama MojJaTaka Jloceriia BUCOK HUBO, Beh cy WHTerpamnuja u
cBeoOyxBaTHa ymoTpeba CHOJFHUX HM3BOpa BEIHMKHX TOJaTaka MOCTANHM KJbBYYHH 32 TOOOJBIIAHE
HUBOa yciyra y nocrojehum 6ubianorekama. 300r Tora ce o4yekyje Aa namMeTHe OMOIMOTEKe uMajy
CBE BKHH]Y YJIOTY Y aHAJIM3HU BEJIMKUX oJ1aTaka u Kopuirthemwy nadopmaryja.

VY nopehemy ca ApyruM JOMEHHMa, UCTPAXKUBAKE BEIUKUX MOJaTaKa y OJHOCY Ha OMOIMOTEKE je
OrpaHUYEHO. YKYITHA KOHKYPEHTHOCT Y UCTPaKMBaKky j€ YrJIaBHOM Malia; UCTPAKMBAYKU HAIIOPH
Cy MECTUMHYHH; HEJIOCTaje EMITMPUjCKO UCTPAKUBALE; U HEMA JOBOJHHO HArjlacka Ha MPaKTUYHO]
NPUMEHH BEIUKHX Tojataka y OubOmmortekama (Jing, 2014; Li et al., 2019). Ilpumepa paawu,
onpehena mcTpakuBama yka3yjy Ja Cy CHCTEMH IUTHUTAHUX OMOIMOTEKa CACBUM JIOBOJHHH Y
OJTHOCY Ha MH(OPMAIIMOHU CUCTEM M OPTraHU3aLMOHO YIPaBJbakhe KOMIAHU]E, U YECTO HE Y3UMa]y
y 003up nose texnonoruje (Li et al., 2019). Horstmann and Witt (2017) tBpae ma pasno3u Mory
OWUTH TIOBE3aHU Ca OrPAaHMYCHUM OYIIETOM, HAKO j€ TEIIKO YTBPIUTH 1A Jii he mpoMeHe, Kao IITOo Cy
OTaJ[arkbe TPOIIKOBA XapABEPCKUX KOMIIOHEHTH ¥ KOHTUHYHPAHU PACT YIOTPEOHLHUBOCTH cOPTBEpa,
yOnakuTu moTenmkohe Koje Cy YCKO TIOBe3aHe ca W3TPaJkboM CaBpEMEHOr OHOIMOTEUKOT
unpopmanmonor cucrema (Wang et al., 2016). Lee (2013) ananu3upa mnuTama Oe30eqHOCTH
NPOTOKa WH(pOPMAIIHMja U 3aITHTE TPUBATHOCTH JIMYHUX TI0JaTaKa y MPUMEHA HOBHX TEXHOJIOTH]a,
KOj€ HEMUHOBHO TpeOa Jja Majy BeJIMKHU yTHLa] Ha CBEOOYXBaTHHj€ UHTETrpalllje BETUKUX CKYIOBa
nmojaraka W y OMOJMOTeUKHM cucTeMuMa. Hampenak y obiacté OMONIHOTEYKOr TOCIOBama je
peNaTHUBHO CTOp y MOTJey MPUXBaTamba U aCUMHJIAIMje CTPYYHHUX 3HAmba U HOBUX TEXHOJIOTHja. 3a
JIUTUTaIHy OMOMMOTEKy, BeJMKH Opo] HMHGPOpPMAIMOHMX TEXHOJIOTHja Koje ce Op30 pas3Bujajy
nmoomrTpaBa oBaj npobiem. bubnuorexke yak u y ¢azu AUTHTAIM3AlMjE€ TPUXBATA]y CYIITHHCKU
M30JI0BaHE JMTUTAJIHE CTpaTerHje, IITO je JOII je/laH Pa3Jjior 3allTo je pa3Boj OMOIMOTEKa CKJIOH
KOH3epBaTUBHOM mociioBawy (Jianzhong, 2017). TpamunmoHanHO OHONMOTEYKO IMOCIOBAEHE CE
npeBacxogHO (okycwpa Ha TpPAIUIMOHATIHY JHUTEpaTypy, a HE Ha HH(DOPMATHBHH CaJPKaj.
OmnepatuBaH Mozesl OMOIMOTEKAa M JlaJbe OCTaje 3aBUCAH O TPAJAMIIMOHATHOM CHUCTEMY KOjU je
3aCHOBaH Ha KOMepIMjaTHOM oOjaBjbuBamy. BehmHa pururamHux OuOIMOTEKa YriaBHOM Ce
dokycupa Ha JWTUTATU3AlM]y JOKYMEHATa, OpTaHU3aljy M CKIAJUINTEHE JIUTHTATHUX
JIOKyMEHaTa, MpOHAJaKemhe U JOCTaBJbamke JOKyMeHaTa. HecropHo je 1a TpaauioHaliaH MOJeN
uMa BpenHOCT. MehyTum, NpeBeIMKO OrpaHHMYaBame pecypca U yCiIyra JOBOJU Y OINACHOCT
oynyhunoct 6ubmuoreke (Xiaolin, 2011). Ca mupokoM ymoTpeOoM WMHTEpHET TEXHOJOTHjE H
MoOmIHEX ypehaja, OubnaroTeka BUIlle HHjE jeArHA OpraHu3alja nHGopMaIMOHUX cepBuca U 6a3a
3Hawa. TpaaulMOHAJIaH M KOH3E€pBAaTHUBAaH CHUCTEM YIpaB/balkba OMOIMOTEKOM IOCTENEHO cllabu
IEHY OCHOBHY KOHKYPEHTHOCT M BOJAM Ka JlaHKacTepoBOj TUCKYCHJU U ,,Meopuju 0 U3yMuparsy
oubruomere “ (Xianchun and Ming, 2014; Lancaster, 1982).

Nako big data texnomormje, He camo aa omoryhaBajy cpemctBa W MoryhHocT akmuje, Beh
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00e30el)yjy MOTIyHO HOB HAa4yMH 3a MPUOABIbAIE YMIHLCHUIIA 32 JOHOIICHE OUTyKa. YKOIHKO ce
MPUKYIJbEHU TOJAly MPaBWJIHO KOPUCTE M YCHEIIHO aHajdu3upajy, noctoju Beha BepoBaTHOha
CTBapama 3Hama oJ] Behe BpeqHOCTH. 3Hayaj yCleUIHE MPHUMEHE BEIMKUX IOJaTaka M HOBHX
TEXHOJIOTHja OCUTypaBa KOHKYPEHTHOCT OpraHu3aluja, e(pUKacHOCT OJUIyuyMBamba U JOBOJIU JI0
Hen30e)KHUX MPOMEHa y mocioBHUM mporecuma. Li et al. (2019) emmupujcku oTKpuBajy 3Ha4aj
aHaju3e noctojehux OMOJIMOTEUYKUX TMoJaTaKa, Kao MTo cy HHpOpMaIije O TOHaIakhy KOPUCHHUKA
(uctopwja Tperienama, MNPETPaXHBama, Ipey3uMama, 3aayKuBamba M Jp.) ca TNojamuMa
APYIITBEHUX MeEJHja, MITO MOKe MOCTHhU cBeoOyXBaTHY aHajdM3y HaBHKAa YHTamba KOPHCHUKA Y
O6ubnuoTeny, KOPUCHUYKE HHTEPAKIMje Ca CHCTEMOM M ynoTpeOy mpexe. lIpumMeHOM TexHuKa
pyaapemwa mojgataka (enrnm Data mining), u3gaBaun mMory oapeauTH Koje he Kmure o0jaBUTH Y
CKJIQAy ca HCTOpWjOM TIperiefa W Mpey3uMama eJeKTPOHCKMX KIbHra 4YnTajama, ¥ Ja
IUCTpHOYTEpH MOTY KOPHCTUTH OBe HWH(pOpMAIMje 3a ayToMaTcko ojpehuBame IMOHynHa 3a
KYIOBUHY, MIpaBJbee Onbarorpaduja Koje Mpenopydyjy YMTaOld U3 MEPCIEeKTHBE KOPHCHUKA U
OpraHM30Bambe MapKETHHIIKHX aKTUBHOCTHU U3 mepcrekTrBe n3aasada (Li et al., 2019). Ca mojaBom
BEJIMKHMX ToJ]aTaka, cBe Behu Opoj OubmmoTexka KOpUCTH COUCTULMpaHE ajaTe, Kao IITO Cy
aHanm3a nepdopMaHCH ydyema M aHaim3a NneppopMaHCH HAYYHUX HCTpakMBama y nopehemy ca
TpaJMIMOHAIHIUM METOJaMa aHajHu3e IMojaTaka, momyT cratuctuukux meroma (Cox and Jantti,
2012). Xinning (2015) ananu3upa HOpMmatuBe 3a pedopmy OHONIMOTEUKOr MocioBawma y big data
OKpYXXelY y OIHOCY Ha TpH acnekra: (1) usrpaama norpeOHUX pecypca — MpOIIMpUBamHe 00UMa
MHTETPHCAaHNX M3BOpA M MHTEPAKIMje IMoaTaka; (2) mpuMeHa HOBHUX TEXHOJIOIIKUX JOCTUTHyha —
MpUMEHa CEMaHTUYKE aHaJM3€ ca TeXHUWKaMma IMpOoHallaKema olpa3amna mojaraka; u (3) mpyxame
cepBUCa M yciyra — npebaluBame yciyra ca 3ajeJHHYKOT MacHBHOT MOJeNla Ha NPOAaKTHBHUjH,
ayTOMAaTCKH W TEPCOHANM30BaHU Mojen. MelyTuM, aHanu3a Hay4dHe JMATEpaType yKasyje Ha
HeJloCTaTaK MCTpakBama y NMPakTH4HO] npuMeHu big data texHosioruja y m3rpajmy MamMeTHOT
OubaroTeuKor MHGOPMAIMOHOT cUcTeMa CrIocoOHOr 3a big data aHanm3y pasiMuUTUX THUIIOBA
nmojiaTaka M3 BUIIIE HE3aBHCHUX W3BOpA W ayTOMAaTH3allHjy MOCIOBHUX MpoIeca KOjH AOMPHUHOCE
BeheM npoduty opranuzaimje u nosehasajy 3aJ0BOJbCTBO KOPHCHUKA MPETIOPYIUBABEM Ca/ipkaja
OJ1 UHTEpeca.

JlankuHoB u3BewTaj objaBbeH y 'aptHepy (2012) uctuue na: , Big data anarumuxa ce ne c6oou
camo na MapReduce u Hadoop cucmeme. Haxo muoce opeanuzayuje cmampajy o0a cy oee
oucmpubyupane mexnoro2uje obpade nooamaxa jeoumne peneeawmue big data mexuonocuje,
nocmoje armepuamuee ‘. Te anTepHaTuBe ccTeMa 0a3a 1mojartaka 3a napajieiaHy o0paay U aHaJu3y
(amp. Vertica, Teradata, Netezza, SQL Server, Greenplum, ParAccel) cy ckyme, Temike 3a
aJIMUHUCTpAIIM]y, UMajy HEIOCTaTaK TOJIEpaHIMje Ha TpelIKe u Op3uHE 00paje BEIUKUX YITHTA
(Pavlo et.al., 2009; Sakr, 2016). V npakcu, Hadoop kao mpojekar orBopeHor kOma MOCTUTao je
BEJIMKU YCIIEX, ca CBe BehMM MOMEHTOM y HUCTPaKUBAWKY M Pa3BOjy Y 0Opa30BHUM U MOCIOBHUM
nomenuma (Simovi¢, 2018). OBa TexHoJOTHja, ca cepBUCHMA, HHOPACTPYKTYPOM U MOIYJIMMa O]
3HaYaja; BHUXOBUM KOMOWHOBamEM Y CBPXY MPUKYIUbakha, CKIAJUIITCHhAa M aHAIM3EC BEIUKUX
CKyIlOBa TOJIaTaka, MOXKE Jia OMOTyhM Yak ¥ MalluM KOMIIaHWjama Jja TIOCTHTHY KOHKYPEHTCKY
NPEIHOCT y YCAOBHMAa XWIIEPKOHKYpPEHIIMje W CI000aHE TpiKuIHE eKkoHomuje. Hadoop kao
codtBep oTBOpeHOT KOa oMoryhaBa 00pajy BeJIMKe KOJUYMHE MoaTaKka JIako M uciutatuBo (Sakr,
2016). Ca apyre crtpaHe, opraHu3ainuje Tpeba Ja ce MPUIAroje 3aXTeBHMMa HOBOI BpEMEHa; Ja
aHraxyjy KaJiap KOjH je IIKOJOBaH 32 OBAaKBY BPCTY I1OCJIA, ¥ JIa YCIIOCTAaBE IMOCIOBHH MPOIEC KOJH
je y cTamy Ja y MOTIYHOCTH UCKOPUCTH npeanoctu big data anamuruke. Jlome naeHTH(HUKOBAHH
yla3Hu nojaiy aahe HeTauyHe u3ja3He pe3yarare 6e3 003upa Ha kBanuteT big data pemera. Jeman
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O]l IVIABHUX M3a30Ba NMPWINKOM H3Ipalibe NMaMeTHe OMOIMOTEKe je MPOjeKTOBambe U peau3aluja
CHUCTeMa CIOCOOHOI 3a aHauu3y W o0paay MojaTraka KOjU C€ MOTy MapajesiHO IpolecHpaTH
npumenom Hadoop exocuctema. IlpaBuiHa aHanM3a BHINECTPYKHX MOJaTaka W3 Pa3IHYUTHX
M3BOpa MHTETPHCAHUX Yy MaMETHy OMOIMOTEKY HHUje KopHucHa camo 3a nosehame eduxacHocTH
MIOCJIOBHUX TIpolieca OpraHu3aluje U EKOHOMCKe KOpUCTH, Beh je edukacHa M 3a J0OAATHO
MOTHBHCamhe KOPUCHHUKA MPEIIOPYKOM cajapkaja ox uarepeca (Simovic¢, 2018).

JloOujeHn pe3ynTatd TMOKa3yjy [a TpPEeIIOKEHH CHUCTEM TIO3UTUBHO YyTHYE HaA TapameTpe
nepdopmancu 6udnmoreke nmoseharajyhn 6poj W3HajMIBEHUX KEHUTA U TIEPIICTIIH]Y CTyASHATA, IITO
yKa3yje Ha TO Jia je TaKaB CUCTEeM IMOCEOHO MOTro/[aH 3a MPUMEHY Y 00pa30BHUM HHCTUTYIIHjaMa Kao
CacTaBHU JIe0 KOHTHHYUPAHOT IMpolieca ydewa. Kopuctehu mnpemiokeHn CHUCTEM 3a aHAIHU3y
nmojaTaka, OuMONIMOTEKapu W OMOIHOTEUKHM cHUcTeMu Mmory moctuhu big data omeparuje mamertHe
oubnmoTeke 3a monasehe renepamnuje.

6.1. OTIPAHUYEILA

Big data ananuTHka 3axTeBa aHTa)oBambe HayuHuka mojgataka (Davenport and Patil, 2012) umja ce
yJora 3Ha4ajHO Mema y OMOJIMOTEUKUM TTOCIIOBHUM cucTeMuMa. [la Ou ce mocTuria KOHKypeHTCKa
npenHocT y big data okpyxemy, 6ubaroTeke Tpeba na MMIUIEMeHTHpajy oarosapajyhu big data
OKBHpP Ca CEpPBHCHMMa M MOIyJIMMa O] 3Hayaja KOju he MONMPHUHETH 3aJ0BOJHCTBY KOPHUCHHKA U
OCTBapuTH JyropouHo nosepeme (Ratledge and Sproles, 2017).

JIokTOpCcKa aucepTalnyja mnpeacTaB/ba MpakTHIHy HpuMmeHy big data cucrema mpemnopyke W MpBH
KOpaK CTBapama MOTIYHO ONEPaTHBHOT CHCTEMa NmamMeTHe OmOnmuoreke. V3BpieHa je mHTerpamyja
U o0paja dYeTUpW He3aBHCHA W3BOpa mojaraka. JloOWjeHM pe3ynTatu Cy BH3YallM30BaHH H
eBayupaHd. VIMIIieMeHTHpaHa apXHUTEKTypa CHCTEMa MMa OTpaHHYeHa W HEeIOCTaTKe Kaja cy y
NUTamby TUCTPUOYUpPAHW CHCTEMH BEIHKHX pa3Mepa. 3aXTeBHE aIUTMKaluje 3a paj Ha BHCOKO
CKaJTa0MITHUM KJIaCTepHMa padyHapa Cy CepBepCKH TOKOBHM mojaTtaka (eHri. Server-side flow),
ontuMu3zaimja npucryna nogarmma (Ishii and de Mello, 2012) u moGoseirane nepdopmance 3a
peIUIMKaLyjy Mojaraka, AUCTpUOynujy, Murpauujy u npuctyn napaieamsmy (Philip Chen and
Zhang, 2014).

Jla 6u ce mobGoJbiane meppopMaHce CHCTEMa M MCKOPUCTHO IyH MOTCHIHMjal mpeiokeHor big
data momena mameTHOr OHMOJHMOTEYKOr EKOCHCTEMa, HEONMXoaHa je Oyayha wuHTerpamuja ca
BUIICCTPYKUM TOAalMMa U3 Apyrux u3Bopa (momamm 10T ypehaja m momamm ca JIpyIITBEHUX
mpexa) (Simovi¢, 2018). Ucto Tako, nmpobiiemaTka npopehenux monmataka (enri. Data sparsity)
(Guo et al., 2014) octaje nuTame.

6.2. N CTPA)KUBAUKE UMILIUKAIIMJE

NudpacTpykTypa MnaMeTHOr OHOJHMOTEUKOI €KOCHMCTeMa, Ha HHMBOY CKyMla I[I0jaTaka, HuMa
MOTryhHOCT yIpaBjbama U peJallMOHUM U HepeJallMoOHUM CTpyKTypama, oMoryhasajyhu cucreme 3a
MOJIPIIKY OJUTyYMBamky U 00pady mojaTaka y pealHOM BpeMeHy KopulihemeM cepBrca U Mojylia 3a
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UHTEPONEePaOMIHOCT HHTEPHUX M SKCTepHUX H3Bopa. Takole mpyka aHANIMTHYKE alUIMKAlMje 3a
aHaJIM3y TpeaBulhama W HHTEPAKTUBHO HCTPAXKUBAKBE O0jCIMIHCHUX TMOJATaKa W3 Pa3IAYUTHX
n3Bopa, 00e30el)yjyhu mpurom eneMeHTe nepcoHaau3alrje ca MUJbeM H3/1Bajarba BPETHOCTH.

CnocoOHOCT cucTeMa Ja OJrOBOpPHM NEpPCOHAIM30BAaHMM 3axTeBHMMa KopucHHKa y big data
OKPYXKeHY, YUNHE TPU KIbYUHE UMILTHUKALMje ca ciiefiechuM KapakTepucTuKama:

1) EkcroHeHIHMjaNaH pacT YKyIHE KOJHYHHE MMoJaTaka oTexaBa no0ujame MH(opMaiuja o
3Hauvaja. [Ipobiem npeontepehema napopmanmja mocraje u3paxkennju. Crora je U3aBajame
cazpkaja U3 BENMKHX TO/IaTaka U Pa3IMYUTHX M3BOPA, KOJU 32 KOPUCHUKA MOXE OUTH OI
MHTEPECHE BPETHOCTH, KIbYUHO 3a MOOO0JbIIAE 3a/I0BOJHCTBA KOPHCHUKA U Beher moBepema
y MaMeTHU OMOIMOTEYKH HHPOPMAIITUOHU CUCTEM.

2) Cse Beha xonmumHa mmojaTaka J0BOIH 10 CBe Behux Besa mojaTaka. TakBe Be3e HE caMo J1a
MOTY YHAIpEeINUTH pasyMeBame HH(pOpMaIija U OJIaKIIaTH HAauWHE MPOHAJIaKEHha IIMJbaHNX
obpa3ana epukacHuje U eQekTuBHUje, Beh Takole mpyxajy HEONXOJAHE U OCHOBHE YCIIOBE
3a Jajhba UCTPAKMBamka M aHAIN3y CKPUBEHUX BPEIHOCTH KOj€ TPAIUIIMOHATHHE PECYPCH HE
MOTY Ja mpyXe. Y BEIUKOj KOJMYMHHU IMOJaTaka MOCTOjU BEJHUKH Opoj acolujammja mehy
mojalMMa, TOIyT acolMjaldja APYIITBEHUX TI0JlaTaka KOPHCHHKA, acolHjaldja Tpyma
KOPHCHHKa, acollMjalidja KOPUCHUKA M pecypca M acolfjanuja pa3mnautux pecypca (Li et
al., 2019). Takse Be3e omoryhaBajy KOpHCHHIIMMA Ja JIaKlie U Opie JT00Ujy MHTEPECHH
caapxaj. llopen Tora, TakBe Be3e MOTy Ja TIeHEpUITy HOBE HMH(OpMAIHOHE MOjelne
KOPHUCHHKA W MOTY C€ NMPHUMEHUTH 3a CTBapame KPEIUOWIHUX WH(POPMAIMOHUX YCIyra
KOMOWHOBameM 1moctojehux oopasara Mojiesa KOpUCHUKA.

3) KopucHuim, CBOjUM MPHUCTYIIOM M MPEJICOM alUIMKaIuje, 1001jajy mogaTke ¥ HHTEPECHU
ca/Ipaj aHaJTM30M M UHTEPAKINjOM ca MHPOPMAIIMOHUM CUCTEMOM. PasymeBame u aHamm3y
caapkaja oapel)yjy HHTerprcaHu MOJaly U3 Pa3IMYUTUX M3BOPA, CIICHU(PUIHOT OKPYKEHA,
TPEHYTHUX KOPHUCHUYKUX 3aXTeBa M HWHTEPAKIMje CEMAaHTHYKUX AaITMKATHBHUX OIHOCA
pa3nuuuTUX cuctemMa. KOHTEKCT Tako TeHepUCaHWX IEPCOHATM30BaHMX yciyra umahe
3HayYajaH yTUIA] HA pa3yMeBame TOOMjEHUX MolaTaka O]l CTpaHe KOPUCHHKA.

OmoryhaBameM MEpPCOHAIN30BAHUX YCIyra, CaBpeMeHH OMOIMOTEYKH CHUCTEMM 3HA4ajHO MOTY
noBehaTu pa3HOMMKOCT KOPUCHMUYKHMX Yyciayra M TPYKUTH KOpPUCHMLMMA oJjrosapajyhe
uH(OpMaIMOHE pecypce M cajpikaje, MITO CMamyje TPOIIKOBE KOPUCHHYKOT BpeMeHa, omoryhasa
ayToMaTu3aIijy MOCIOBHUX Tpolieca U moBehaBa MOOWT Be3aHy 3a OPraHU30BaHmE OMOIMOTEUKHX
undopmanumja. Jla Ou 3amoBosbmiin cBe Behy MOTpaksy KOPHUCHHKA 3a TEPCOHAIU30BAHOM
yCIIyTOM, TIOTPEOHO je J1a CaBpeMEeHH OMOIIMOTEUKH CHCTEMHU YCBOj€ IIPUMEHY HOBHX TEXHOJIOITKUX
nocturayha u big data TexHonoruja 3a oNTUMH3AIM]Y TPOjEKTOBaKkA OHOIMOTEYKOT EKOCHCTEMA.

[MpakTHyHa amiMKaiMja Mojesa maMeTHe OuOIMoTeKe 3acHOBaHOT Ha big data TexHomorujama kKao
CaBpEMEHOT OMOIMOTEUKOT €KOCUCTEMa 00yXxBara ciesiehe eleMeHTe KOHCTPYKIIH]e:

* JlpumeHy cKymoBa mojaTaka TPaIUIMOHAIHUX OMOIMOTEYKMX CHUCTEMa KOju 0oOyXBaTajy:
MOJATKe IITaMIIaHEe JINTEpaType; KOJEKIHje AUTMTATHUX Pecypca; U pecypce pelalroHe
0ase moxaraka.
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» [IpumeHy BeNMKUX I[OoJaTaka Koju YyHampelyjy ycioBe ckiagumrema W ymnoTpeoy
noctojehux u3Bopa mojaraka.

* lHTerpamnujy pa3TUuMTHX pecypca BeJIMKUX rmojaTaka y nocrojehe cucreme u oborahnBame
noctojehe BeMUYMHE U BPCTE MOIaTaKa.

» JloGosplIamke TpPaIUIIMOHATHUX CUCTEMa WHTETPAlMjOM HOBO-TEHEPHUCAHUX MOoJaTaKa
pasznuuutux Gopmarta ca nmocrojehum pecypcuma GUOIMOTEUKOT cUCTEMA.

= OwmoryhaBamwe HOBHX 00JIMKa U METO/A MpYyKamka yciayra KOpUCHUIIUMA.

* Vaanpeheme TpaauIMOHATHE TEXHOJIOMIKE IUIaTGopMe Koja ce MOXKe IM000JbIIaTH
TEXHOJIOTHjOM KoOja je moTpeOHa 3a oOpady BeNMKMX MojaTraka, kao mro je big data
TEXHOJIOTHja MPUKYIbakbha, CKIAJAUIITCha, aHAIN3E U Pyapeiba Mo1aTaka.

= JIMpEeKTHO WU UHIUPEKTHO oMoryhaBame KOPUCHUIIMMA MPUCTYI pecypcuMa MojiaTaka.

=  HWnentudukanuje mojequHavyHUX oOpasama MHTEpeca KOPUCHUKA TaKO JIa C€ YCIyre MOTy
MPUIIArOIUTH MTPOMEHJBHUBUM WH(POPMAIIMOHUM TOTpedama.

= Pa3Bujame MepcOHAIN30BAHOI peXXKUMa yCIyre je/laH Ha jenaH (eHrJ. one-to-one), y ogHocy
Ha TPaJUIMOHANIAH PEXKUM YCIyTe je[laH Ha MHOTO (€HIJI. One-to-many).

» [lpyxame NPOAKTUBHUX YyCIyra, MOMYT I[EPCOHATU30BAHUX IMPENopyka y CKIagy ca
WHTEpPECOBAabUMa KOPHUCHHUKA.

* MoryhHOCT HCTOBPEMEHOT TPHUCTYNIa KOPUCHUKA HWHTETPHCAHUM CHCTEMUMa Ca BHIIEC
ypehaja paau moboJspliama ycnyra y CBUM acleKTUMa.

* Busyanuzanujy KOPUCHHYKOI MpHUCTyNa Yyclyrama CHUCTeMa IaMEeTHOr OHOIMOTEeYKOor
cucTeMa Ha MHTYMTUBAH M MIPAKTUYAH HA4YMH.

[Tnatpopma nameTrHe OMOTMOTEKE MOJAPKABAa MCTPAXMBAade W HAyYHUKE 3a aHAIU3y TOaTaka 3a
yIpaBJbame OJyKaMa y peasHoM BpeMeHy. HoBa TexXHOJIOIIKa peliemna, Kao IITO Cy PacloieJbeHH
U TUCTPUOYHUpPAHH OKBUPH, MMAPAICITHO MPOIECUPALE, BEJIUKHU MOIAlM U BEIITaYKa WHTEIUTCHIIH]a,
CTaJIHU je TeMeJb NHOBAIMja Y CaBPEMEHO] TaMEeTHO] OMOIHOTEIH.

6.3. TIPAKTUYHE UMILIUKAIIUJE

bp3o mupeme U eKCoHeHIjalaH pacT JOCTYMHHUX MoJaTaka U3 pa3IUuUTUX U3BOPA CTBOPUIH CYy
HOBE MPHUCTYTIC HBUXOBO] 00pan ¥ HOBH KaHAJI 3a CBeOOyXBaTaH mperjiea nHhopmaliija o 3Havaja
y O0ubaroTeukuMm cuctemuma. Hadoop ekocucreM je OKBHp KOjH pelaBa MpoOiieMe yrpaBibarba
BEJIMKMM TMOJAIlMMa y MaMETHUM OKpykemHuMma. Big data texHosoruje umajy (yHIaMeHTaIaH
3Ha4ya] y yhopaBibakby HH(MOpManyjamMa y KOHTEKCTY OTKpHBama 3Hamba W M000JbIIamka
OMOIMOTEYKUX MOCIOBHUX IMPOIIeca.

[IpenyioxkeHn €KOCHUCTEM MMa CIIOCOOHOCT Ja MoOoJbIlla OMONMOTEYKE Oorepalfje M3 HEKOIHKO
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pasjiora:
"  pMa CIOCOOHOCT OpUKYIJbakha MoaaTaKka U3 BUIIC Pa3IMUUTHUX U3BOPA,

" OJUIMKYyje ce TOoy3laHomhy ca TOJIEPaHIUjOM Ha TpPEHIKe Yy OJHOCY Ha TpaJWLIUOHAIHE
CUCTEMeE yIpaBJbamka MOIalNMa;

"  }Ma CIIOCOOHOCT YyBama JIMYHUX MpedepeHiinja 1 KOPUCHUYKUX aTpuOyTa BaKHUX 32 Jajbe
IIPOTHO3€ U NPEIUKIH]E;

"  aHAJM3Upa CAAPXKaj PA3IMUUTHX MOJATaKa ca IHJbEM IMPOHATAKEHA CIMYHOCTH U3 BHIIEC
U3BOpA,

" pemaBa MpodJieM y KOHTEKCTY UCTOBPEMEHOT MPHUCTYIA BUIIECTPYKHUM IMOIAINMA;
" CKalupa pecypce KOoju ymnpaBibajy BehoM KOIWYMHOM M0/1aTaKa;
» anHanu3upa u odpalyje mogarke npumenom big data Texuomoruja;

" pMa CIOCOOHOCT JeJbeHha YBUJA Y 3HAKE IIHPOM LEJIOKYIHOT HH(POPMAIHMOHOI CHCTEMa
opraHu3ayje.

[lpakTHyHEe WMIUTMKAIMje JONPUHOCE M 3a10BOJbCTBY KopucHuka (Shen et al., 2013)
NPEMOPYYCHUM CcajipkajeM TOOUjeHUM IyTeM CHUCTeMa Mperopyke maMmetHe oubnuoreke y big data
OKpYXKeHY, KOjU HE caMO Jla CTYACHTUMAa M KOPHCHHUIIMMA TpyXa KOPHUCHE W BHCOKO
MepcoOHAIM30BaHe cajipxaje, Beh usrpalyyje 1yropodHo moBepeme CTBApAmkEM JIMCTE MPErnopyKa ca
BehoMm mpenusHouhy.
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7. HAYYHM U CTPYYHHU JONIPUHOCHU

Haj3Ha4ajHuju IONPHHOC JOKTOPCKE MOUCEpTalldje je pa3Boj Mojela IaMeTHE OHMOJIMOTeKe
3acHOBaHOT Ha big data TexHojorHjama Koju ce MOKE MPUMEHHUTH Y 00pa30BHHM MHCTHTYIHjama
ca IIMJbEM OCTBapHBama OOJBMX IMOCIOBHHX pe3yiaTara M moBehama 3aJ0BOJECTBA CTyJACHATa Y
KOHTUHYHPAHOM TIpoliecy ydema. Mojen je 3acHOBaH Ha Npeyularamy cajapkaja o] MHTepeca 3a
CTyJIEHTE IIyTeM CHCTeMa IPEropyKe HHTETPALMjOM BHIIE HE3aBHCHHX M3BOpAa Pa3HOBPCHUX
rmoJiaTaka y maMeTHU OMOIMOTEYKN HHPOPMAITHOHU CUCTEM.

KibydHu HayqHH TOTPUHOCH TIOKTOPCKE AUCEPTAIHje Ce OTIenajy V:
*  (popmasHOM OMUCY MOJIeNIa TaMeTHe OMOIMOTEeKe 3acHOBaHOT Ha big data TexHosorujama;

"  aHaNW3W METoJa M Pa3BOjy MOJeNia CUCTeMa Mpenopyke y big data OKpyXewy IaMeTHe
OUOJINOTEKE;

* pa3Bojy mozena big data uappacTpykType U apXUTEKType aMeTHe ONOIHOTEKE;

" MOnedy MHTErpaluje BUIIEe HE3aBUCHUX M3BOpA Mojaraka y OMONMMOTEYKH MH()OPMAIIMOHU
cucTeM 00pa3oBHE UHCTHUTYIIH]E;

= yHanpehemy 00pa3oBHOT Ipoleca NPEnoPyIMBABEM PEICBAHTHOT OMOIMOTEUYKOT caaprKaja
U pa3BOjeM HOBHUX CTYIEHTCKHMX CEpBHCa 3aCHOBaHUX Ha big data TexHolorvujama;

"  pa3BOjy METONA 3a OIeHY NepPOpPMAHCH MPEIOKESHOT MOJIEA.
JIoKTOpCKa JucepTanmja pe3yiITyje i HU30M CTPYYHHUX JTOPUHOCA O] KOJUX CY HajBaXKHUJU:
" a”anu3a npuMeHe big data TEXHOIOTH]ja U CUCTEMA IPENOpyKe Y MaMeTHUM OMOIMoTeKama;

" qperie] W aHalu3a TEXHOJIOTHja MOTPEOHMX 3a WMIUIEMEHTALUjy CHUCTeMa IpErnopykKe
nameTHe Oubnuoreke y big data okpyxemwy;

* MoryhHOCTH MHTerpanuje MHPpPaCTPyKType CHCTeMa MperopyKe MmaMeTHe OuOimoreke ca
nocrojehum nH(pOPMAIIMOHUM CUCTEMOM 00pa30BHE MHCTUTYIIH]E;

* jpaeHTHUKaIMja crenUUIHUX JeTa’ba U 3aXTeBa PA3HOBPCHUX CKYIOBa IOJaTaka 3a
pa3BoOj HMHTCTPUCAHOI CHCTEMa IMPENOpyKe y Wby TOOOJbIIamkba pe3yiTara paja
OnOIMoTEKA;

"  aHaJW3a U BaJMJAIMja MOJea KPo3 EKOHOMCKE, TICUXOJIONIKE U TEXHOJIOIMIKE epdopMance
CHCTEMa;

= wMoryhHocT kopuinhema pe3yaTara HCTpaXKuBamba O CTpaHe ApPYyruX OOpa3oBHHUX
WHCTUTYIIMja 32 UMIUIEMEHTAIM]y MOJIeJia TaMeTHE OMOIMOTEeKe.
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Ca craHOBMILITA JAPYIITBEHE KOPUCHOCTH, PE3YITAaTH HCTPAXHBakHa MOTY HMATH BUIIECTPYKE
MMILTUKAIIH]€:

= pe3yiaTaTd HCTpakuBama he momohm ma ce aHanmusupa mpoOinem mnpuMene big data
TEXHOJIOTHja y IUJbY yHanpehewa nHdopMamoHor cucrema o0pa3oBHE HHCTUTYIIH]E;

* adupmanujy yBOohema WHTETPUCAHOT CHUCTeMa TMpenopyke MaMeTHe Oubiuoreke Yy
o0pa30oBHE MHCTHUTYIIMj€, 3aCHOBAHOT Ha big data TexHonorujama, kako Ou ce mosehana
MOTHBHUCAHOCT CTylIeHaTa y KOHTHHYHPaHOM 00pa30BHOM ITHKITYCY;

* yTBphHWBaWkE MOTCHIMjaja 3a yHampeheme IMMOCIOBHUX Ipoleca OOpa30BHE WHCTHTYIIH]E
npuMeHoM big data TexHONOTHja;

"  pe3ylTaTH HCTpaXKHBamka he MoMohM Ja ce aHalu3upa JONPHHOC TNpUMeHe big data
TEXHOJIOTHja W CHCTeMa IMPENopyKe IaMeTHe OuOmmoTeke Kao (hakTopa TOCIOBHE
e(ukacHOCTH 00pa30BHE MHCTUTYIIH]E M YHaIpehema MOCIOBHUX pe3ylTara.
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8. BYIAYRA HCTPAKHUBAIA

NmmuteMeHTanyja Mozela nmaMetHe o0ubaroTeke ca uaTterpucanuM 10T TexHoIoOTHjaMa U moAauMa
NPUKYIUBEHUX Ca JPYIITBEHHX MpEXa 3aXTeBa Jajba UCTPAXKHBAKA Y HAJOTPAIHbU PEATU30BAHOT
big data exocuctema, ca HoKycom Ha:

" PHTErpanyjy Mnojaraka ca IUIaTGopMH IPYIITBEHUX MpEXa M aHATUTHKE y PEaTHOM
BpPEMEHY;

"  HHTETpalMjy Mojeja MaMeTHe OuONMoTeke ca WH(POPMAIMOHUM CHCTEMOM OOpa3OBHE
WHCTUTYLIMj€ y IIMJbY pa3BOja M M3TPaamke MOTIYHO ONEPAaTHBHOI CHCTEMa IaMeTHE
OuOIHNOTEKE;

= pHTerpamyjy mnonmaraka ca l0T ypehaja m nuctpubympanux ceHzopa y OMOIHOTEIN
00pa3oBHE WHCTUTYIIMj€ M EUXOBO Jajbe Mpolecupame y peanuszoBanom big data momeny
rnaMeTHe OMOIMOTeKe Ha Haje(pUKaCHU]U HAUMH.

TeXHONOIKN W3a30BH YCIE] MOCIeaula AUruTanu3amnyje, mupema MarepaeTa u u3y3etHo Op3or
HalpeTKa HOBUX TEXHOJIOTHja, MEHajy HauyuH OOpa30BHOI M IOCJOBHOI Ipoleca, U Hamehy
noTpeOy 3a Oyayha cucTeMcka peliema IIUpe MPUMEHE peaJu30BaHOr MojieNla IMaMETHE
Ooubnuoreke y o0pa3oBHMM HHcTUTyIMjama. Jla Ou ce y moTmyHocTd o00e30enuia mpuMapHa
JIpYIITBEHA yiora OuOIMoTeKe, Kao MEHTPATHOT MeCTa 3a y4eme, KojJabopalinjy, pa3MeHy 3Hamba 1
JAPYIITBEHW Hampeaak, HEONXOJHO je y Oyayhum ucTpakuBamMMa HAJOTPabe Peasr30BaHOT
MoJiena 00e30eIUTH CTaHIap/ie 3a MPUKYIIJbAkhe U UHTETPaIUjy MoJaTaka eKCTePHUX OMOIHOTeKa U
Ipyrux 00pa30BHUX yCTaHOBA.

Kpajwu musp Oynyher pasBoja maMeTHOT OMOJIMOTEYKOT €KOCHCTEMa j€ MOTIyHAa ayToMaTh3aluja
CHUCTCMaA KpO3 UCTPpAXKMBALC HUBOA JOCTYITHOCTU U MOFYEHOCT HHTeraHI/IjC HOBHUX TCXHOJIOIIKHUX
nocturayha, momyT BUpTyajiHe CTBAPHOCTH U BEIITAYKE MHTEIUTCHIIH]E.
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9. 3AK/bYYAK

VY pany je ananusupana npumena big data texHonoruja 3a pasBoj maMeTHe OHOIHMOTEKE, Kao U
moryhHoct mHTerparmje big data cepuca mamerHe OuONIMOTEKE ca MHPOPMAUMOHHM CHCTEMOM
obpaszoBHe uHcTUTyLHje. JledhuHHCaHE CY KIby4HE KAapaKTEPHCTHKE M apXUTEKTypa pPa3BHjeHOT
mojena. [ub uCTpakuBama ce MOCTHKE KPO3 MHTETPAIM]y BHUIIE HE3aBUCHUX M3BOPA MOJaTaKa y
MaMeTHH OWOIMOTEeUKH WH(POPMAIIMOHNW CHUCTEM OOpa3oBHE MHCTHTYIIHMje Kako OW ce oMoryhmia
KBaJMTETHA NPENopyKa caapikaja cryaeHTuma. JletasbHo je npukaszan big data TeXHOIOMIKH OKBUD
Y pa3BUjE€HU CUCTEM IPETIOpyKe caapkaja y maMeTHUM OnbmoTeKkama.

VY okBHpY AMCEpTalUje POjEeKTOBAH je M PEaTM30BaH MOJIeN TaMeTHE OMOIMOTEeKe 3aCHOBaH Ha hig
data texHomorumjama. Y OKBHpPY eBallyallMjeé MOJEja pEaM30BaHO j€ TECTUPAE U MEpPEHe
pEeJeBaHTHUX TMapaMeTapa KOJju YTU4Yy Ha e(UKaCHOCT pa3BHjeHOr cucTeMa. EKOHOMCKe,
TEXHOJIOIIKE U 00pa3oBHE nepdopMaHCce MOIeNna Cy MpUKa3zaHe, U aHAIM3UPAH j€ YTHUIlA] IPUMEHE
MojieJia Ha 33/I0BOJHCTBO KOPHCHHKA.

Wb wcTpakuBama je pa3BOj U MMILUIEMEHTAIlMja MOJieNia MaMeTHe OMOJIMOTEKEe 3a YIpaBJbambe
pasIMYMTAM IOJalliMa NMPUKYIUBEHHX M3 BHIIEC W3BOpa mpuMeHom Hadoop exocucrema, Koju je
moce0HO TOToaH 3a MPUMEHY y 00pa3oBHMM HHCTUTYIMjama. M3rpaama cucteMa Mpernopyke
nameTHe OubanoTeke y big data okpyxemy cTBapa HOBY BPEIHOCT KpO3 jeIUHCTBEHE (DYHKIIH]jE
yIpaBJbaba OMOIMOTEYKUM MpoliecuMa, BehinM 3a710BOJbCTBOM KOPHCHUKA U ITOBEPEHA Y CUCTEM.
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ITemuior Al

Hive Query Saved Queries History UDFs
Database Explorer . Query Editor
default v Worksheet
1
Databases

fault

Sfoodmart

Execute Explain

Upload Table

Save as.

New Worksheet

SQL

I

Onuc: Iloopazymesanu npucmyn Hive cepsucy uz Ambari mooyna

ITemiiOr A2

HDFS Group
YARN

Default (1) | ~

MapReduce2
Settings = Advanced

HBase ACID Transactions
Pig
Sqoop ACID Transactions
Oozie
ZooKeeper Run Compactor
Falcon
Storm
Flume
Ambari Infra
Number of threads used by Compactor
Ambari Metrics
Atlas
Kafka
Knox
Ranger
Spark
Spark2
Zeppelin Notebook

Slider

Interactive Query

Enable Interactive Query (Tech Preview)

Security

Choose Authorization

Ranger -

Run as end user instead of Hive user

HiveServer2 Authentication

None -

Use SSL

Onuc: Kongueypayuja Hive cepsuca
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HDFS

YARN
MapReduce2
Tez

Hive

HBase

Pig

Sqoop
Oozie
ZooKeeper
Falcon
Storm

Flume
Ambari Infra
Ambari Metrics
Atlas

Kafka

Knox
Ranger
Spark
Spark2
Zeppelin Notebook
Slider

Group Default (1) |~

Advanced

Settings

NameNode

NameNode directories

/hadoop/hdfs/namenode

NameNode Java heap size

NameNode Server threads

Minimum replicated blocks %

DataNode

DataNode directories

/hadoop/hdfs/data

DataNode failed disk tolerance

DataNode maximum Java heap size

DataNode max data transfer threads

ITruiior A4

Onuc: Hadoop oucmpubyupanu ¢hajn cucmem

Optimization
Tez

Execution Engine

TEZ -

Tez Container Size

Storage
Default ORC Stripe Size

zlib Compressio | -

ORC Storage Strategy

Hold Containers to Reduce Latency

Number of Containers Held

HiveServer2 Hes

96628 MB

Metastore Heap Size

ORC Compression Algorithm

32209 MB

Client Heap Size

CBO

Enable Cost Based Optimizer

Fetch column stats at compiler

Join, per Map memaory threshold

3149642683 B

Data per Reducer

Onuc: Tez onmumuzayuja
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ITruior A5

Service Version Status Description
HDFs 27125 ([EEIE) Apache Hadoop Distributed File System
YARN 27125 ([EEIE Apache Hadoop NextGen MapReduce (YARN)

MapReduce2 27124 [ERED Apache Hadoop NextGen MapReduce (YARN)

Tez 07025 ([EEIE) Tez is the next generation Hadoop Query Processing framework written on top of YARN.

Hive 12125 ([EEED Data warehouse system for ad-hoc gueries & analysis of large datasets and table & storage management
service

HBase 11225 ([EOED A Non-relational distributed database, plus Phoenix, a high performance SQL layer for low latency
applications.

Pig 016.025 ([EEED Scripting platform for analyzing large datasets

Sqoop 14625 ([EIED Tool for transferring bulk data between Apache Hadoop and structured data stores such as relational
databases

Qozie 42025 ([EEIZ System for workflow coordination and execution of Apache Hadoop jobs. This alse includes the installation of

the optional Cozie Web Console which relies on and will install the ExtJS Library.

ZooKeeper 34625 ([EEED Centralized service which provides highly reliable distributed coordination

Falcon 010025 m Data management and processing platform

Storm 1.01.25 w Apache Hadoop Stream processing framework

Flume 15225 m A distributed service for collecting, aggregating, and moving large amounts of streaming data into HDFS
Accumulo 1.7.025  Add Service Robust, scalable, high performance distributed key/value store.

AmbariInfra  0.1.0 [ Installed | Core shared service used by Ambari managed components

Ambari 0.1.0 m A system for metrics collection that provides storage and retrieval capability for metrics collected from the
Metrics cluster

Atlas 07025 ([EEED Atlas Metadata and Governance platform

Onuc: llokpenymu u kougpueypucanu copmeepcku cepsucu Hadoop exocucmema mooena namemme
oubuomexe
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ITruior A6

Kafka 010025 [EEIE A high-throughput distributed messaging system
Knox 09025 ([ENE) Provides a single point of authentication and access for Apache Hadoop services in a cluster

Log Search  0.5.0

Log aggregation, analysis, and visualization for Ambari managed services. This service is Technical Preview.
Ranger 06025 ([EOEI Comprehensive security for Hadoop
Ranger KMS 0.6.025 Add Service  Key Management Server

SmartSense  1.3.0.0- Add Service  SmartSense - Hortonworks SmartSense Tool (HST) helps quickly gather configuration, metrics, logs from
1225 common HOP services that aids to quickly troubleshoot support cases and receive cluster-specific
recommendations

Spark 16x25 ([EEE) Apache Spark is a fast and general engine for large-scale data processing

Spark2 20x25 ([EEIE Apache Spark 2.0 is a fast and general engine for large-scale data processing. This service is Technical
Preview.

Zeppelin 06025 ([EOEI A web-based notebook that enables interactive data analyfics. It enables you to make beautiful data-driven

Notebook interactive and collaborative documents with SQL, Scala and more.

Kerberos 1.10.310  Add Service A computer network authentication protocol which works on the basis of 'tickets' to allow nodes

communicating over a non-secure network to prove their identity to one another in a secure manner.

Mahout 0.9.025 Add Service Project of the Apache Software Foundation to produce free implementations of distributed or otherwise
scalable machine learning algorithms focused primarily in the areas of collaborative filtering, clustering and
classification

NiFi 1.0.0- Add Service  Apache NiFi is an easy to use, powerful, and reliable system to process and distribute data. This service is
DEMO for demo purposes only and not officially supported
Slider 080025 [EEED A framework for deploying, managing and monitoring existing distributed applications on YARN.
Solr 55225 AddService Solris a search platform from the Apache Lucene project. Its major features include full-text search, hit
highlighting, faceted search, dynamic clustering, database integration, and rich document (e.g., Word, PDF)
handling.

Onuc: Ilokpenymu u kongueypucanu cogpmeepcku cepsucu Hadoop exocucmema modena namemme
oubnuomexe — Hacmasax npuno2a AS
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1.0.125
CoFs 53435 stom [ 10125 |
Ambari Infra -

YARN 27125

MapReduce2 27124
Ambari Metrics

10

10
Atlas 07.025

K25

Tez 0.7.025

Hive 12125

HBase 11225
Knox 09.025

[ 09025 ]
Pig 016.025 -

Ranger 06.025

Sqoop 14625

0
i
Spark
0

Qozie 42025

Spari
ZooKeeper 34625 Zeppelin Notebook

Falcon 010.025 Slider
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ITrunior A8

Oozie Server host

Oozie Database

Database Name

Database Password

JDBC Driver Class

Database URL

Oozie Data Dir

¥ Oozie Server

sandbox.hortonworks.com

* New Derby Database
Existing MySQL / MariaDB Database
Existing PostgreSQL Database

Existing Cracle Database

Existing SQL Anywhere Database

oozie

Database Username oozie

org.apache.derby.jdbc. EmbeddedDriver

jdbc-derby-${oozie data dirk/${oozie db schema namel-dbcreate=true

/hadooploozie/data
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Onuc: Kongueypayuja Oozie cepsepa

oozie.service. ELService.

ext.functions.coord-
action-create

oozie service ELService.

ext.functions.coord-
action-create-inst

oozie service ELService.

ext.functions.coord-
action-start

ooZie.service ELService.

ext functions.coord-job-
submit-data

now=org.apache.oozie extensions.CozieELExtensions#ph2_now,
today=org.apache.oozie.extensions. OozieELExtensions#ph2_today,
yesterday=org.apache.cozie.extensions.OozieELExtensions#ph2_yesterday,

currentWeek=org.apache.cozie.extensions.CozieELExtensions#ph2_currentWeek,
lastWeek=o0rg.apache.oozie extensions. CozieELExtensions#ph2_lastWeek,

currentMonth=org.apache. oozie extensions.OozieELExtensions#ph2_currentiMonth o
lastMonth=org_apache. cozie extensions OozieEL Extensions#ph2_lastiMonth,

now=org.apache.oozie extensions.CozieELExtensions#ph2_now_inst,
today=org.apache.oozie.extensions. CozieELExtensions#ph2_today_inst,
yesterday=org.apache.cozie.extensions.OozieELExtensions#ph2_yesterday_inst,

currentWWeek=org.apache. ocozie extensions_CozieEL Exiensions#ph2_currentWeek _ins
t

lastWeek=org.apache oozie extensions OozieEL Extensions#ph2_lastWeek_inst,

currentMonth=org.apache.oozie.extensions.OozieELExtensions#ph2_currenthMonth_in V)

now=org.apache_oozie extensions OozieEL Extensions#ph2_now,
today=org.apache.oozie extensions.QozieELExtensions#ph2_today,
yesterday=org apache. oozie extensions. OozieEL Extensions#ph2_yesterday,

currentWeek=org.apache.oozie extensions.OozieELExtensions#ph2_currentWeek,
lastWeek=org.apache.oozie extensions. CozieELExtensions#ph2_lastWeek,

currentMonth=org.apache.oozie.extensions.OozieELExtensions#ph2_currentMonth, .
lastMonth=org.apache.oozie.extensions.OozieELExtensions#ph2_lastionth,
now=org apache_oozie extensions OozieEL Extensions#ph1_now_echo,
today=org.apache.oozie.extensions.OozieELExtensions#ph1_today_echo,

yesterday=org.apache.oozie.extensions.OozieELExtensions#ph1_yesterday_echo,

currentWeek=org.apache.oozie extensions.OozieELExtensions#ph1_currentWeek_ec

ho,
lastWeek=org.apache.cozie extensions. OozieELExtensions#ph1_lastWeek_echo. .

Onuc: Kongueypayuja Oozie cepsepa — nacmasax npuinoza A8
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ITrrior A10

ZooKesper directory thadooplzookeeper

Length of single Tick 2000 ms
Ticks to allow for sync at 10

Init

Ticks to allow for sync at 5

Runtime

Port for running ZK 2181

Server

¥ Advanced zoo cfg

autopurge. purgelnterval 24

autopurge. 30
snapRetainCount

¥ Advanced zookeeper-env

ZooKesper Log Dir ivarflog/izookeeper
ZooKesper PID Dir Ivariun/zookeeper
Zookeeper Sarver 1024 MB

Maximum Memary

zookeeper-env template
export JAVA_HOME={{java64_home}}
export ZOOKEEPER_HOME={{zk_home}}
export ZO0 LOG _DIR={{zk _log_dir}}
export ZOOPIDFILE={{zk_pid_file}}
export SERVER_JVMFLAGS={{zk_server_heapsize}}
export JAVA=5JAVA_HOME/binfjava
export CLASSPATH=3CLASSPATH:/usr/share/zockesper/”

1% if security_enabled %}

export SERVER_JVMFLAGS="$SERVER_JVMFLAGS -Djava.security.auth.login.config=
{izk_server_jaas_file}}"

export CLIENT_JVMFLAGS="SCLIENT_JVMFLAGS -Djava.security.auth login.config=
{izk_client jaas file}}"

{% endif %}

Onuc: Kongueypayuja ZooKeeper moodyna
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ITemuior b1

'\ Ambari  Sandbox {iEes e Dashboard S A Admin

Hive Query Saved Queries History UDFs

Database Explorer = Query Editor ol

smart_library % recommendation (i}

1 SELECT recommender.book_id,book.name,
l count(racommender book_Id) OVER (PARTITION BY recommender.person_id ORDER BY recommender.book id <>

ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING)
4 FROM recommender join book on (recommender.book_id=book.count);

Databases
TEZ
'9
Query Process Results (Status: Succeeded) Save results... ~ e

Logs Results

previous next

recommender.book_id book.name count_window_0
BB specimen 1016 Osnovi elektronike i telekomunikacija 3
844 Xvapaynuka: yBOA ca NpUMepMMa ynpaer-ara 2
1002 MotopHa soauna |: onwmv 1 Teopujcku aeo 2
138 EnexTpuuHe mawumHe: 3a Tpehu paspes enekTpoTeXHUUKE LWKoNne 3
1463 Komutatorni motori 3
1497 Termoelektrane 3
103 Duanka: MexaH1Ka YBpCTUX 6
118 TpaxcchopmaTopyn 6
571 lMeuxonowku ycnoew TpaHcdepa yuera 6
1916 Energetski transformatori i generatori 6
2113 Fotonaponska postrojenja: planiranje 6
2275 Solarne tehnologije: toplotni i fotoelektricni sistemi 6
7 OcHoBy padyHapcke TEXHNKe 2
264 MaTemaTiuri NpUpydHIK 2

Onuc: Ambari cepsuc u pesyimamu uzspuienoe ynuma kaxko ou ce o0peouiie Krbuze Koje cy
Hajeuule npenopyyusane cnyoenmuma npUMeHoM cucmema npenopyke namemue oubiuomexe
3acnosane na big data mexnonozujama
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'\ Ambari  Sandbox ‘ E S S dmin

Hive Query Saved Queries  History UDFs
Database Explorer 4-) Query Editor '
smart_library hg 2016_borrowing (i)
1 SELECT recommender.book_id, book.name, ]
. ) 2 coum(reccmmender' book_Id) OVER (PARIITAC” BY recommender.book_id ORDER BY reccmmender.book_id <P
= - ROWS BETWEEN UNBCUNDED PRECEDING AND UNSOUNDED FOLLCWING)
4 FROM reccemender JOIN book ON (recmnender beok_id= bock count)
5 WHERE recommender.book_id IN (‘1815°, '844', ‘'1@e2’, '138’, "46", ‘1-97‘, ‘163', 'u'
6 118" '571' '1916" ;" 2113°, '2275° 3
Databases 7 AND recommender.date_taken>'2616-1- i AND fecommender. date_return< 2617°1- 1 3 °0
= default
Sk TEZ
= =
i=
=
Query Process Results (Status: Succeeded) Save results... ~
=
i Logs Results
ﬁre&mmend-:-r = previous ne
i iz = recommender.book_id book.name count_window_0
7 OCHOEM Pa4yHAPCKE TEXHUKE 2
7 OCHOEM Pa4yHAPCKE TEXHUKE 2
103 DUSHKA: MEXAHHKA YBPCTUX 1
18 Tpaxcdopmaropu 1
138 EnexTpuure malmHe: 3a Tpehu paspes enekTpoTexHuuke wkone 1
264 MaTemaTisku NpUpy4HIK 1
571 Mcuxonowrn ycnoeu TpaHcdepa y4erma 1
844 Xugpaynuka: ysod ca NpUMEpPHMa YNpaertara 1
1002 MoTopHa Bo3vNa |- ONLUTH 1 TEOPHCKM A0 1
1016 Osnovi elektronike i telekemunikacija 1
1463 Komutatomi motori 1
1487 Termoelekirane 2
1497 Termoelekirane 2
1916 Energetski transformatori i generatori 1
213 Fotonaponska posirojenja: planiranje 1
2275 Solame tehnologije: toplotni i fotoelektriéni sistemi 2
2275 Solame tehnologije: toplotni i fotoelektriéni sistemi 2

Onuc: Ambari cepsuc u pesynmamu uzepwenoe ynuma. Konuxo nyma cy npenopyuene Krpuee
usHajmmbere uz bubauomexe oopazoere uncmumyyuje y 2016. coounu — npe axmusayuje big data
cucmema npenopyke namemme o6ubnuomexe
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@\ Ambari  Sandbox {ilE RS s Services  Ho s Admin

Hive Query Saved Queries History UDFs
Database Explorer = Query Editor e
smart_library h 2017_borrowing * 0
1 SELECT recommender.bock_id, bock.name, = y
2 COUNT(reccmmender . book, 1d) OVER (P-«R?IT;CH BY recommender.book_id ORDER BY recommender.bcok_id <>
3 ROWS BETWEEN UNBOUNDED PRECEDING AND UNBOUNDED FOLLOWING)
4 FROM reccemender JOIN book ON (recor'nender beok_id=bock. co unf}
5 WHERE recommender.book_id IN (‘1@18', 's44', '18@2', '138', '1463’, '146« 1e3', e
B 218757105 "A916" 5 " 2133 "ZJS' )
Databases 7 AND recommender.date_taken>'2617-1- 1* A\D Fecommender. date returnc<’ 291; 12-1' %
TEZ
M
Query Process Results (Status: Succeeded) Save results... ~
Hbook
Logs Results
online_box
commender pre e
emen. - recommender.book_id book.name count_window_0
7 OCHOBM PaqyHapCKe TEXHUKE 2
7 OCHOBM pa4yHapCKE TEXHWKE 2
103 DUIMKA: MEXAHHKA YBPCTUX 1
118 TpaHcopmaTopy 2
18 Tpaxcgopmaropu 2
138 EnekTpuute mawmte: 3a Tpehn paspe enexTpoTextmuke wkone 1
264 MaTemaTiuky NPUPYYHKK 1
571 Mcuxonowkn ycnosu TpaHcdepa y4era 1
844 Xugpaynuka: ysod ca NpUMEPHMA YNPaErbaka 2
844 Xuapaynuka: ysoq ca NpUMEPHIMa YNpaErbatba 2
1002 MoTopHa Bo3vNa |- ONWTH 1 TEOPHUJCKN JE0 1
1016 Osnovi elektronike i telekomunikacija 2
1016 Osnovi elektronike i telekomunikacija 2
1463 Komutatomi motori 1
1497 Termoelekirane 2
1497 Termoelekirane 2
1916 Energetski transformatori i generatori 5
1916 Energetski transformatori i generatori 5
1916 Energetski transformatori i generatori 5
1916 Energetski fransformatori i generatori 5
1916 Energetski transformatori i generatori 5
213 Fotonapenska postrojenja: planiranje 3
213 Fotonaponska posirojenja: planiranje 3
213 Fotonaponska postrojenja: planiranje 3
2275 Solame tehnolodije: toplotni i fotoelektriéni sistemi 2

Onuc: Ambari cepsuc u pesynmamu uzepuwienoe ynuma. Konuxo nyma cy npenopyuene kruee
usHajmmene u3z bubnuomeke oopasosne uncmumyyuje y 2017. 2o0unu — mokom mecmuparsa big
data cucmema npenopyke namemue o6ubIUOMeKe
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11.1. CHOMCAK CJMKA

Cnuka 1. Komnnexcnocm big data konyenma y MoOepHOM e1eKMPOHCKOM NOCLO8AILY
Cnuka 2. Ungppacmpyxkmypa oucmpubyupanoe cknaouwma — HDFS

Cnuxa 3. Ungppacmpyxkmypa MapReduce cogpmeepckoe oksupa

Cnuka 4. MapReduce — Input Split / Shuffle and Sort

Cnuxa 5. Ungppacmpyxkmypa PolyBase mexnonocuje

Cnuxa 6. Big data cepeucu — Texnonowxu oxeup Hadoop exocucmema

Cnuxa 7. Ancmpaxmnu npuxas Hadoop cepsuca

Cnuka 8. Yseoposu cepsuca Storm xnacmepa

Cauxa 9. Tononoeuja Storm cepsuca y kriacmepy

Cnuxa 10. Buzyanuzayuja xopuwhenoe ckyna nooamaxa

Cnuxa 11. Konauno uspauynasarse u kpeuparse mooeia esanyayuje MauuHcKoe yuerba
Cnuka 12. Buzyanusayuja npowupenoe ckyna nooamaxa

Cnuxa 13. Pesynmamu esanyayuje excnepumenma big data ananumuxe

Cnuxa 14. Ocnosnu mooden npeghepenyuja Kopuchuxa

Cnuxa 15. Cucmem npenopyke 6azupar Ha caopicajy

Cnuxa 16. Cucmem xonrabopamusroe hunmpuparea

Cnuxa 17. Mampuya xopuchuka u npou3eooa

Cnuxa 18. Mooen kopucnuxa y nepcoHaiu308aHOM CUCEMY

Cnuka 19. Henepconanusosanu cucmem npenopyke

Cnuka 20. Peanuzogan cucmem npenopyke ca npukazom ceHepucane iucme

Cnuxa 21. Konabopamugno ¢unmpuparse no Kopuchuyuma — 0eo pegepeHmuoz kooa
Cnuxa 22. I'enepucana npenopyka KoiabopamusHoz Guimpuparba no KOpUCHUyUMa
Cnuxa 23. Konabopamusno ¢unmpuparee no npoussoouma — 0eo pepepenmnoz K6oa
Cnuxa 24. I'enepucana npenopyka KoiabopamusHo2 Guimpuparsa no npouzeooumd

Cnuxa 25. Eeanyayuja cucmema 6asupanoz Ha puimpuparsy no KOpUCHUYUMAa — 0eo pepepeHmuoz

157



k60a 3a n/10 00 ykynnoz 6poja KopucHuxa cucmema

Cnuxa 26. Eeanyayuja cucmema b6asupanoz na puimpuparsy no KOpucHUyumMa — 0eo pepepeHmuoz
ko0a 3a n/50 00 ykynunoe 6poja Kopucnuxa cucmema

Cnuxa 27. Buzyanuzayuja oobujenux pezyimama uspaiyHasarea

Cnuka 28. Knyune kapakmepucmuke mooena namemmue oubauomexe 3acnoganoz na big data
mexHoao2ujama

Cauxa 29. brok oujacpam apxumexkmype cucmema namemue oubauomexe

Cauka 30. Komnonenme mooena namemue bubauomexe 3acnosanoe Ha big data mexnonoeujama —
npuKaz cmpykmype mooena ca mehycoonum perayujama

Cnuxa 31. Apxumexmypa npeonogicenoz xapogepckoe cucmema namemue 6ubiuomexe — Master /
Slave mynmunoo knacmep — Ocrhoena Kougueypayuja cucmema

Cnuxa 32. Jlemaman npuxas npojekmosane Master / Slave apxumexmype mynmunoo kiacmepa
Cnuxa 33. Ynpasmware onepayujama Master / Slave myamunoo xnacmepa

Cnuxa 34. Ilceyoo k60 y 3a0amoj MapReduce cecuju (adoanmuparno npema: Dean and Ghemawat,
2008)

Cnuxa 35. MapReduce Shuffle & Sort npoyec

Cnuxa 36. HDFS npoyec npojekmosanoe mooena namemue oubiuomexe
Cnuxa 37. Big data mexnonowxu oxeup mooena namemue dbubnuomexe
Cauka 38. Kopuchuuku npucmyn cucmemy namemue oudbiuomexe

Cnuxa 39. Ilpucmyn KOpucHUKa UHMeE2PUCAHUM KOMHOHEHMAMA cucmema namemue oubiuomexe
ca meljycobHum perayujama unmezpayuje u uHmepaxKyuje nooamaxa

Cauxa 40. Kopucnuuku oujacpam (enen. Use Case) npucmyna aniuxayuja cucmema namemHe
oubnuomexe — EnekmpoHncka npooasnuya Krvuea

Cauka 41. Kopucnuuku oujacpam (enen. Use Case) npucmyna aniukayuja cucmema namemmue
oubnuomexe — Ungopmayuonu u bubruomeuxu uHghopmayuonu cucmem oopazo08He UHCMUmMyyuje

Cnuxa 42. Kopucnuuku oujacpam (enen. Use Case) npucmyna aniukayuja cucmema namemmue
oubruomexe — Hadoop xnacmep & LMS Moodle

Cnuxa 43. Jlujacpam moxa moodena big data exocucmema namemue 6ubIUOMEKE
Cnuxa 44. HCatalog — nucma ywumanux mabena

Cnuxa 45. Memoo 3a azpezayujy nooamaxa u aHaiumuky mekcma npuxkyn/eeHux ca OpyuimeeHux
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Meouja

Cnuxa 46. [lujacpam moxa npenoca nooamaxa o 10Kayujama WwmamMnanux uzoard Krueda y
oubuomeyu

Cnuka 47. Ilpuxa3z pezyaimama uspauynasarea y Ambari cepeucy namemue oubauomexe

Cnuxa 48. Cucmem npenopyke namemne 6ubauomexe 3acHodan Ha big data mexnonozujama,
suzyanrusoearn Ha LMS Moodle nnamgopmu

Cnuxa 49. Konuko nyma cy npenopyuene Kruze usHajmuvene uz bubauomexe

11.2. CHOUCAK TABEJA

Tab6ena 1. /le¢punuyuje namemune oubuomexe

Tabena 2. Kamezopusayuja KOHYyenmyaiHux peiayuja Oumensuja u oeqpunuyuja namemne
oubuomexe

Tabena 3. Moenmuguxayuonu 6poj KOpUCHUKA U HACTIO8U KibU2A
Tabena 4. Cucmem npenopyke namemue o6ubauomexe

Tab6ena 5. Kruee koje cy najeuuie npenopyuusarne cmyoenmuma nymem LMS Moodle nramghopme
3acnosane na Hadoop exocucmemy

Tabena 6. Ynopeonu npukaz usnajmmwenux krouea y 2016. y oonocy na 2017. 2o0uny

Tabena 7. Onaaju ynumuuk 3a npukyn/saree n00amaxa 00 cmyoeHama Ha OCHOBY FUXOBUX
ymucaka

Tabena 8. Jleckpunmusna cmamucmuxa (n=1I132) cmydenama 0a3upana Ha OCHOBY FUXOBUX
YMucaka, ca npukazom cpeorbe oyeHe u CMaHoapOHUM 00CmMynarbem
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11.3. BHOI'PA®CKH INOJALM O KAHAUJATY

Anekcangap Cumonuh je pohen 5. okro6pa 1973. rogune y beorpany rzae 3aBpiiaBa OCHOBHY
mKoidy u cpeamwy Enekrporexnmuky mkony Hwukona Tecna. umnmomupa Ha Bucokoj mkonn
€JIEKTPOTEXHUKE M padyHapCTBa CTPYKOBHUX CTyauja y beorpamy (CTyawjcku Mporpam:
Enextponcko nocnoBame) 2011. ronune ca mpocedyHoM orieHOM 9,62 u orieHom 10 3a 3aBpiHU paj
Ha TeMy M3pada online npodasnuye, a moToM u Ha TexHMYKOM (HakynTeTy YHHBEp3UTETa
Cunrunynym (ctyamjcku mporpam: Huxemepcku MeHapMmeHT) 2013. roxumHe ca mpoceyHOM
ouieHoM 9,76 u onieHoM 10 3a 3aBpiIHU pajx Ha TeMy Huniemenmayuja uHmMenueeHmHUX d2enama y
e-mpeosUHU Ha npumepy e-npooasHuye Krwuea. Mactep akagemcke ctynuje 3aspiiasa 2015. ronune
Ha akynreTy OpraHM3allMOHMX Hayka YHUBep3uTeTa y beorpaay (CTyaujcku Tporpam:
EnexTpoHCKO TIOCTOBame W YIpaB/balkbe CHUCTEMHUMA) ca MPOCeYHOM oIlleHoM 10 u HajBUIIOM
OLICHOM 3a 3aBpLIHM paj Ha Temy Cucmemu npenopyke y eneKmpouckoj mpeosunu. JJokTopcke
cryauje ynucyje Ha dakynTeTy opraHn3allMOHUX Hayka YHHBep3uTera y beorpany Ha ctynujckom
nporpamy MHpopManuoHM cHUCTEMM W KBaHTUTATMBHM MEHALIMEHT Ha M300pHOM NOApPYyY)y
Enextponcko nocnoBame 2016. ronune. [1o710KH0 je CBUX JEBET MpOrpaMoM IpeaBul)eHIX UCTIUTa
Ha JIOKTOPCKUM CTyaHjaMa ca npoceyHoM oueHoM 10. IIpuctynnu pan 6panu 12. centembpa 2018.
roguHe. TpeHyTHO je 3amociieH Kao acUCTeHT Ha BHCOKOj HIKOIM CTPYKOBHUX CTyAuja 3a
Nudopmarnmone Texnosoruje y beorpany.

Kapujepy je 3amodyeo y mnpuBpemHom cektopy. lIpenBomno je TUM 3a ojapaBame Jeja
napopmanuonor cucrema JAT-a ox 2000. mo 2003. roawHe TAe CTUYEC 3HAYAJHO HMCKYCTBO Y
JOMeHY MH(pOPMAIlMOHUX CHUCTeMa M padyHapcKuX Mmpexa. [locmoBHM Hampenak HactaBba y UT
CEKTOpY Kao med cepBHca M MPOM3BOIKE IJI€ YCIELIHO BOAM THM HHXkemepa. ['ogune 2005.
aKTHBHO MOYMIE Ca U3PaJOM M UMIUIEMEHTAIjOM MHTEPAKTUBHUX, IMHAMHUYKUX BeO aruiMkanuja
nu CMS pemema 3a Manme W cCpeAme KOMIIAHWjE W CTHYE 3HAYajHO HCKYCTBO Yy JOMEHY
MHPOPMAIIMOHUX TEXHOJIOTHja U €IEKTPOHCKOT nocioBama. ['ogune 2010. mounme pan y Bucokoj
IIKOJHM EJEKTPOTeXHUKE M padyyHapCcTBa CTPYKOBHHMX CTyAuja y beorpamy Ha mnpeamery
EnextpoHncka Tprosuna. Mcre roaune uspalyyje e1eKTpOHCKY NPOJAABHUILY KEbUTa 3a LIKOJTY, YUjU je
O6uo amMuHMCTpaTOop U Mozaeparop a0 2018. ronune. Ox 2011. roguHe MoBepaBa My ce HACTaBa U U3
cnenehux npeamera: Enextponcko OankapctBo, MHTepHeT Mapkerunr, BeO ausaju, [locioBHu
codrBep, busHuc mian 3a e-mocinoBame, Mapketunr, MHTepHeT cepBucu, OCHOBH €JIEKTPOHCKOT
nocjoBama, MHTepakija yoBek-pauyHap u YBoj y Marepuer texnonoruje. 'onune 2013. uzabpan
je y 3Bame capaaHuK y HacTaBHu. Kao koayTop je 06jaBuo cienehe mybiaukamuje:

[1] Hpupyunuk 3a eesxcbe uz npeomema: Enexmponcka mpeosuna, 1SBN: 978-86-7982-116-4,
BUIIIEP, Feoepao, 2012.

[2] Ipupyunuk 3a eexcobe uz npeomema: Enexmponcka mpeosuna, Hoso uzoarwe, ISBN: 978-86-
7982-194-2, BUIIIEP, Feoepao, 2014.

[3] Enexmponcko 6anxkapcmeo: npupyunuk 3a aabopamopujcke gexcoe, ISBN: 978-86-7982-
202-4, BUIIIEP, beoepao, 2014.

[4] Erexmponcko 6anxapcmeo: npupyunux 3a nabopamopujcke gexicoe, Opy2o, U3MereHo U
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donyrweno uzoarse, ISBN: 978-86-7982-233-8, BUIIIEP, Feocpao, 2015.

[5] Ocnosu enexmponckoe nocnosamwa: npupyunux, 1SBN: 978-86-7982-239-0, BUIIIEP,
FBeoepao, 2016.

[6] Beb ousajn: npupyunux 3a nabopamopujcxe eexcoe, ISBN: 978-86-7982-272-7, BUIIIEP,
beozcpao, 2018.

I'ogune 2018. nounme pan y Bucokoj mxonu 3a undopmaimone texnonoruje UTC y beorpany, Ha
npenmeruma: Hanpennu Be6 nu3aju u MatepHeT nporpamepcku anatu, [Iporpamupame y peaatHoM
BpeMmeHy, Be6 nusaju m MHTepHeT MapkeTHHr W MapkeTuHr. Mcre roamue je m3aOpaH y 3Bame
acucternrta. ['omune 2019. moBepaBa My ce u HactaBa u3 npeamera OCHOBU mporpamupama, Bed
nporpamupame, AHaan3a BeIukux mojgataka (Big data).

TokoMm gocanmammer paga y o0pa3oBamy W TOKOM IIKOJIOBama, Anekcanaap CumoBuh je 06jaBuO
BUIIIC PAJIOBA Y 3¢MJbH M HMHOCTPAHCTBY M YY€CTBOBAO Ha BHIe Mel)yHapoqHUX U JoMahux ckymoBa
u koH(pepennuja. Pesynaratu wucTpaxkuBama JOKTOPCKE JAHCEpTalyje Cy O0jaBJbeHH Y
MelyyHapoaHOM yacomnucy kateropuje M22.

PAJIOBH OBJAB/LEHU Y HICTAKHYTHUM MEBYHAPOTHUM YACONMMCUMA (M20):

[1] Simovi¢ A. (2018), A Big Data smart library recommender system for an educational
institution, Library Hi Tech, Vol. 36, Issue: 3, pp. 498-523, doi: 10.1108/LHT-06-2017-
0131, Ud (2018) = 1.256, M22.

PAJIOBH Y 3B0PHAIIMMA MEBYHAPOHHNX CKYITOBA INTAMIIAHM Y HEJHHA (M33):

[1] Simovi¢, A. (2017), Recommender systems in the big data environment using Mahout
framework, In Telecommunication Forum TELFOR 2017, Vol. 25, pp. 1-4, IEEE, doi:
10.1109/TELFOR.2017.8249472, Belgrade, Serbia, ISBN 978-1-5386-3072-3.

[2] Cirovi¢ Z., Simovi¢ A., Cirovié N. (2016), A Comparison of Classifiers for Daily Activity
Recognition Using Mobile Devices, International Conference on Electrical, Electronic and
Computing Engineering ICETRAN, Vol. 3, pp. MEI2.3.1-5, Zlatibor, Srbija, ISBN 978-86-
7466-618-0.

[3] Simovi¢, A. (2014), Sistemi preporuke u e-trgovini, Impact of the Internet on Business
Activities in Serbia and Worldwide, Sinteza 2014, pp. 846-852, doi: 10.15308/SInteZa-
2014-846-852, Beograd, Srbija, ISBN 978-86-7912-539-2.

[4] Staleti¢ P., Simovi¢ A., Lutovac M. (2010), Elektronska prodavnica koriscenjem open-
source softvera, Telekomunikacioni forum TELFOR, Vol. 18, pp. 1253-1256, Beograd,
Srbija, ISBN 978-86-7466-392-9.

PAJIOBH Y 30PHUIIMMA HAIIMOHAJIHUX CKYIIOBA IITAMIAHH Y HEJTUHA (M63):

[1] Simovi¢ A. (2017), Big Data Analytics in Public Administration, XLIV Symposium on
Operational Research SYM-OP-IS 2017, Vol. 44, pp. 382-387, Zlatibor, Srbija, ISBN 978-
86-7488-135-4.
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[2] Simovi¢ A., Cirovié Z. (2016), Sistem preporuke u elektronskoj trgovini u Big Data
okruzenju, ETRAN 2016, Vol. 60, pp. RT4.5.1-4, Zlatibor, Srbija, ISBN 978-86-7466-618-
0.

[3] Simovi¢ A., Cirovié Z. (2016), Primena Hadoop okvira u analizi velikih skupova podataka,
XV medunarodni naué¢no-struéni Simpozijum INFOTEH, Vol. 15, pp. 593-598, Jahorina,
ISBN 978-99955-763-9-4.

[4] Cirovic  Z., Simovié A. (2016), Detekcija fizickih  aktivnosti  pomocu
akcelerometra,magnetometra i Ziroskopa, XV medunarodni nau¢no-Strucni Simpozijum
INFOTEH, Vol. 15, pp. 742-745, Jahorina, ISBN 978-99955-763-9-4.

[5] Staleti¢ N., Simovi¢ A. (2014), Crowdsourcing u e-obrazovanju, XLI Simpozijum o
operacionim istrazivanjima SYM-OP-IS 2014, Vol. 41, pp. 47-52, Div¢ibare, Srbija, ISBN
978-86-7395-325-0.

[6] Staletic N., Simovi¢ A., Staletic P. (2014), Comparative analysis of the Internet services
application in the 2013th as compared to 2011, International Scientific Conference Science
and Higher Education in Function of Sustainable Development — SED 2014, Vol. 7, pp.
2.62-2.66, Uzice, Serbia, ISBN 978-86-83573-43-1.

[7] Staletic N., Staleti¢ P., Simovi¢ A. (2014), Sigurnost Tor mreze u zastiti identiteta na
Internetu, XIII medunarodni nau¢no-struéni Simpozijum INFOTEH, Vol. 13, pp. 913-917,
Jahorina, ISBN 978-99955-763-3-2.

[8] Simovi¢ A., Strbac-Savi¢ S., Staletic N., Coko D. (2014), Komparativna analiza Open
Source CM sistema primenljivih u e-trgovini, XIII medunarodni nau¢no-stru¢ni Simpozijum
INFOTEH, Vol. 13, pp. 743-748, Jahorina, ISBN 978-99955-763-3-2.

[9] Staletic N., Staleti¢ P., Simovi¢ A. (2013), Funkcionalnosti yahoo groups servisa na
studijskom programu elektronsko poslovanje, XL Simpozijum o operacionim istrazivanjima
SYM-OP-IS 2013, Vol. 40, pp. 81-86, Zlatibor, Srbija, ISBN 978-86-7680-286-9.

[10] Strbac-Savi¢ S., Simovié¢ A., Staleti¢ N., Rankov S. (2013), E-prodavnica knjiga Visoke
Skole elektrotehnike i racunarstva u Beogradu, XII medunarodni nauc¢no-stru¢ni
Simpozijum INFOTEH, Vol. 12, pp. 896-899, Jahorina, ISBN 978-99955-763-1-8.

[11] Staleti¢ N., Martinovi¢ D., Simovi¢ A., Staleti¢ P. (2013), Mailing list — Support the
Educational Process in Higher Education, International May Conference on Strategic
Management, IMKSM2013, pp. 920-927, Bor, Serbia, ISBN 978-86-6305-006-8.

[12] Simovic, A., Lutovac, M. (2012), Strategic Management Decisions on E-Commerce
Solutions for Small Companies, In May Conference on Strategic Management
MKSM2012, Vol. 8, pp. 208-214, ISBN 978-86-80987-96-5.
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11.4. H3JABA O AYTOPCTBY

Nwme u npe3ume ayropa: AJJEKCAHAAP M. CUMOBHUh
bpoj unnekca: 5021/2016
H3jaBbyjem

71a je JOKTOpCKa AUCEPTAaIlHja Mo HACIIOBOM:

MoAEN NAMETHE BUBJ/IMOTEKE 3ACHOBAH HA BIG DATA TEXHO/IOTUJAMA

"  pEe3yNTar CONCTBEHOT UCTPAKUBAUKOT Pajia;

" Ja JucepTalnMja y LEJIMHU HU Yy JeJoBUMa HHje Ouila MpeayioKeHa 3a CTULAE JApYre
JUIIIOME TPEMa CTYAH]CKHM IIPOTpaMUMa APYTHX BHCOKOIIKOJICKUX YCTAHOBA;

= 14 Cy pe3yNITaTh KOPEKTHO HABEJICHU U
" Ja HHCaM KPUIMO ayTOpcKa MpaBa U KOPUCTUO UHTEIEKTYaIHy CBOJUHY JIPYTHX JIMIIA.
IMornuc ayTopa

VY beorpany,
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11.5. H3JABA O UICTOBETHOCTHU IITAMIAHE U EJIEKTPOHCKE BEP3UJE JJOKTOPCKOT
PAJIA

Nwme u npe3ume ayropa: AJJEKCAHAAP M. CUMOBUh

bpoj unnekca: 5021/2016

CTy,Z[I/IjCKI/I nporpam: UH®OPMALIMOHU CUCTEMU U KBAHTUTATUBHU MEHAIIMEHT, U3B0PHO
MOAPYYJE EJEKTPOHCKO OCJTOBAKE

Hacnos pana:

MOoAEN NAMETHE BUB/IMOTEKE 3ACHOBAH HA BIG DATA TEXHO/IOTUJAMA

MenTtop: NPO®. JIP AJIEKCAHAPA JIABYC

U3jaBipyjeM ma je mrammana Bep3uja MOT JOKTOPCKOT pajia UICTOBETHA €JICKTPOHCKO] BEP3UJH KOJY
caM Mpeaao pajau NoxpamuBama y Jlurnrajsaom penosuropujymy YHusep3urteray beorpany.

HOSBOJ’L&B&M Ja cC 06jaBe MOjI/I JJUYHHU T1oAal BE3aHU 3a z[061/1jaH>e AKaJICMCKOI' Ha3dnMBa JOKTOpPa
HayKa, Kao IITO Cy M€ U NIPE3UME, IroJJuHa U MECTO pohera " 1aTyMm oI[6paHe pana.

OBu JMYHU TOAAIlM MOTY ce OOjaBUTH Ha MPEXHUM CTpaHHLlaMa TUrHTajgHe Oubianoreke, y
€JIEKTPOHCKOM KaTaJIoTy W y myOnuKkanujama YHuBep3ureta y beorpany.

IHormuc ayropa

VY Bbeorpany,
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11.6. HM3JABA O KOPUIIREY

OsnamthyjeM  YHuBep3urercky Oubnumoreky ,,CBero3ap MapkoBuh™ na y JururamHu
peno3uTopujyM YHuBep3uTera y beorpaay ynece Mojy JOKTOPCKY AMCEPTALU]y O] HACTIOBOM:

MoAEN NAMETHE BUBJ/IMOTEKE 3ACHOBAH HA BIG DATA TEXHOJ/IOTUJAMA

KOja je MOje ayTOpPCKO JeJ0.

Jlucepranujy ca CBUM NpUJIO3MMa MPENao caM y eNeKTPOHCKOM (opmaTy MOTOJHOM 3a TpajHO
apXUBHPAE.

Mojy IOKTOpCKY OuCepTalujy MOXpameHy y JUruTasHOM peno3uTOpUjyMy YHUBEpP3HTETa Y
beorpany um nOCTynmHYy y OTBOPEHOM IMpPHCTYIy MOTY Ja KOPHCTE CBHM KOjH MOIUTYjy oipernde
caapkaHe y ogabpanom tumy nuneHne Kpeatusne 3ajequurie (Creative Commons) 3a kojy cam ce
OJUTy4HO.

1. Ayropcteo (CC BY)
2. AyropctBo — Hekomeprujaiaao (CC BY-NC)
3. AyropctBo — HekoMmepuujanao — 6e3 mpepana (CC BY-NC-ND)
4. AyTopcTBO — HEKOMepIHjaHO — nenuty noa uctum yciosuma (CC BY-NC-SA)
5. AyropctBo — 6e3 npepanga (CC BY-ND)
6. AyropctBo — aenutu nox uctum yciaosuma (CC BY-SA)
ITornuc ayropa

VY beorpany,
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