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3axBanHoOCT

Keneo Oux mpBoO 1a ce 3aXBajJuM MOM MEHTOpY, npod. ap bomky Hukonuhy,
Ha TMOJIPIIIY TOKOM H3pajie OBE TUCEpTalHje Ka0 U TOKOM IeJIOT MOT CTPYYHOT paja.
Taxohe, cMaTpam BeomMa OUTHUM TO IITO MU j€ C jeHE CTPaHE MPYKHUO BEIHKY CI0001y
y U300py TeMe U HauuHy U3paje AucepTalmje, a ca Apyre CTpaHe IITO jé YMEO CBOjUM
caBeTHMa W YIyTCTBUMA JIa M€ YCMEPH M MOTHBHIIEC Ka KOHKPETHHM pe3yJTaThMa.
Keneo 6ux na ce 3axBanuM u npodecopuma np Besbky Munyrunosuhy u np Henamy
Mutnhy ¢ KojuMa caM paJno Ha TemMaMa OJIMCKHM JUCEpTaIlfjH, Ka0 U CBUM KoOJieraMma

ca karezipe 3a PauyHapcky TeXHUKY U HHPOPMATHKY ca KojuMa cam capaljuBao.

OBaj pan He OM OMO yCHENTHO peaju30BaH JI0 Kpaja Ja HUje OWII0 JaparoreHe
nomMohu capagHMKa KOJU Cy VYYECTBOBAIM Ha W3PaaAM PA3IUYUTHX Bep3Hja
MPOTOTUIICKUX ajiaTa 3a oapehuBame CeMaHTHUKE CIMYHOCTH KPaTKUX TEKCTOBA, Kao U
ajylaTa 3a CEMaHTHUKY aHAJIM3y U €KCTPAKIMjy nHPOopMalnrja U3 TeKCTa. 3aXBajbyjeM ce
kosiern Byky BaranoBuhy koju je y OKBUpPY CBOI MacTep paja yJIOXKHO BEIUKU TPYA
MIPUIMKOM CacTaBJbamka U OICHhUBamkha KopIiryca rapadpasa Ha CpIIcKoM je3uky. Takohe,
OH j€ pean30Bao Mojy Hejy Ja je 3a oapehuBame CeMaHTHUKE CIUYHOCTH JBa KpaTKa
TEKCTa MOTPEOHO y3€TH y 003Up M CIEHU(PHUUYHOCTH PEYH KOje OBH TEKCTOBHU CaJipiKe.
OBO MU je KacHHje MOCITYXHJIO Kao Jo0pa OCHOBa 3a pealu3alujy ajiropuTMma 3a
onpehuBame CEMaHTHUKE CIIMYHOCTH M3Mel)y TuTama U KOpUCHUYKUX mpoduna. XKeneo
6ux nma ce 3axBamuM W CnaBky JXKutHuky ca ®akynrera 3a padyyHapCcTBO U
uHpopmatuky u3 JbyOsbaHe, KOjU MH je IOMarao HPUIMKOM peasid3alije Kopiryca
OUTakba U OATOBOPA, KA0 W IPH eBalyalldju PEaTM30BaHOT IMPOTOTUIA HAl OBUM

KOPITYCOM.

[Toyerak MOjUX MHTEpECOBaka 3a OBY TEMY AAaTHUPA jOUI U3 MEPHOIa OCHOBHUX
cryauja Ha EnexTporexHnuykoM (akynTeTy Kajaa cam 3ajeqHo ca kojerama CTaHKOM
Hukonuhem u IlaBnerom JocumoBuhem y ¢unanmy takmuyewma Imagine Cup 2007
MIPEACTaBUO UE]y peanu3aluje jennor opaksor cucrema. Ca komerom Emuiom Baprom

paauo caM Ha eKCTpakiuju WH(popMalrja U3 TEKCTa U HUXOBO] BHU3yeIW3allHju, a ca
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BnanucaBom JenucaBumhem Ha MojenoBamby TeMa. Y €KCIIEPUMEHTHMa Ca pPaHUM
Bep3MjaMa anara 3a nopeheme KpaTKUX TEKCTOBa pajno caM ca Koierama J[aBopom
JoBanosuhem wu Bmagumupom CuBaukum. Takohe, ca kojeruHuoM JoBaHOM
CramenkoBuh paano cam Ha paHO] BEp3Hju aropuT™a 3a nopeheme mpoduiia u muTama
U weronoj epanmyauuju. Capagma M pajg ca CBUMa HBUMa 3a MEHEe je OO Beoma

UHCIMpHIIYhH U TpujaTaH, Ha YeMy caM UM JyOOKO 3aXBajlaH.

Ha xpajy, Temko Mu je na mponahem pedyn KojuMa OMX C€ 3aXBAJIMO MOjUM
poauTesbUMa U M0jOj JIeBOjin JlparaHu Ha HEU3MEPHO] MOJPIIIH, JbYOaBH, CTPIIHEHY
U pa3zyMeBamy KOje Cy MU MPYKUJIIM TOKOM TOJIMHA pajia Ha OBOj TeMH. Y]jeHO BhuMa U

nocsehyjem oBaj paj.

V¥ Beorpany, bojan @ypran

neriem6pa 2013. rogune



HacuaoB nucepramnuje:

METO/JOJIOI'NJA TIPOJEKTOBABA CUCTEMA
3A UHTEJIMT'EHTHO ITPOCJIEBUBAIBGE ITMTAIBA
HAITMCAHUX HA ITPUPOJJHOM JE3UKY

Pe3ume:

YHOpkoc BeIMKOM DPa3BOjy BEIUTAauKe MHTEIUTCHIM]E, JbYACKH MO3aK je jOouI
YBEK CYNEpUOPHHUjU y3uMajyhu y 003Mp pazyMeBame M MaHUIYJIANH]y IESTUMUYHO
MO3HATUM YH-CHHUIIaMa. JeHa oJ1 00JIacTH Y K0jOj j€ OBO HAPOUUTO MCTAKHYTO OJHOCH
ce Ha mpobJeM oAroBapama Ha nuTama. Kajga je moTpedbHo 1aTH 0AroBOp, HOCEOHO OHAj
KOjU C€ EKCIUIMIIMTHO He HaJla3u y TEKCTY KOpIyca KOju ce MpeTpaxyje, MpeaIHOCTH
eKCIepTa — YOBEKa MPECTaBbajy Pa3IMuUTe CIOCOOHOCTH Kao IITO j€ CIIOCOOHOCT

oOjammaBama, KOMOMHOBAMKkA CII0KEHUX OJITOBOPA U allCTPAKTHOT PE30HOBAA.

Cucremu 3a Unrenurentro [pocnehusame I[Iurama (CUIIII) nmajy 3a cBpxy
pa3MeHy 3Hama Ha HUBOY MPOU3BOJbHE OOJIACTH EKCIIEPTH3€E U O] 3Hauaja Cy 3a BEJIMKU
Opoj amuKanuja y KOjuMa ce 3aXTeBa MHTCH3UBHA KOMYHHKAIMja U3Mely KOpHCHUKA.
Kopuct om mnpumeHe OBaKBHX CHCTeMa YKJbydyje: (a) CMameme HEmoTpeOHOT
onrepehema ekcrepara Koju MpeicTaBibajy BpedaH pecypc u (6) moBehame KBanureTa
ycayra MHCTUTYIHje (YHUBEP3UTET, Biaja, npeaysehe), umajyhu y Buay 3aJ0BOJBCTBO

KOPUCHHKA ¢ 003MPOM J1a Cy BHXO0Ba MUTama npociieheHa peneBaHTHUM ocobama.

Y oBOM pany mpeacTaBjheHa je€ METOJO0JIOTHja TPOjeKTOBama CHCTEMa 3a
WHTEJUTEHTHO TIpociehuBame MuTama HaMMCaHUX Ha nmpupoanoM jesuky — CUIIII. Ha
MOYETKY j€ JaT AeTalbaH Mperjiell OBe o0jacTu Tne je mocebaH akieHAT CTaBJbEH Ha
peamuzanyjy ¢aza CHUIII mpoueca. Takohe, y oBOM TmOrnaBjby NpeICTaB/bEHA je
OpUTHHAIHA TPE3eHTAlMOHa TMapaJurMa Koja TeHepalu3yje CYIITHHY CBHUX
pacnonoxuBux CHUIIII pemewa u3 orBopene nauteparype. [IpeseHranmona napagurma
calp’)ku TpH OCHOBHE (ha3e W3BpIIaBama KOje Ce OJHOCE Ha TpW IJIaBHA Ipodiiema
OPUIMKOM pealu3allje CUCTeMa: aHalu3y MHTama, MpociehuBame mNuTamba |

npoduarcame KOPUCHUYKOT 3Hamka. Ha OCHOBY OBe mapaaurme M3BpILIEHA je JieTajbHa



aHalM3a U eBajlyalllja OBaKBHX CHCTEMa, a Ka0 3aKJby4aK HABEJCH j€ MPEJIOT pelemha

YOUEHHUX Mpodiiema.

VY HacTaBKy AuMCEpTalMje OmHcaHa je peaim3alyja MPEIIoKeHUX peliemha y
Buny npororuna CUIIIT cucrema. Y okBupy mMomyna 3a o0paay muTama peai30BaH je
OpUCTYN KOju omoryhaBa BHM3yanM3alWjy MNHTama, MTO 00e30elyje UHTYHTHBHY
npeicTaBy crnenupuYHuX OAHOca u3Mel)y KOHIenmara, Kao M HUXOBOI 3Hayaja y
nutawy. Takohe, oBaj mpuCTynn KOMOWHYje MOTIYHO ayTOMAaTcKy oOpaay TeKCcTa U
PYYHY KOPEKILH]y pe3yJsiTara, mpyxkajyhu KopucHHKY MoryhHOCT moBehama TauyHOCTH
usnaza. McroBpeMeHo, pealm30BaHM MOIYyJ 3a 00pamy TeKcTa ymoTpeOJbeH je U 3a

aHaJIM3Y OJIrOBOPA.

HakoH Ttora anamm3wpaHu Cy W JUCKYTOBaHHM TNoOcTojehW TpUCTynH 3a
onpehuBame CeMaHTHUYKE CIMYHOCTH J[BA KpaTKa TEKCTa, TIOTOAHH 32 jE3MKE ca BPJIO
OTPAHHYEHUM EJIEKTPOHCKUM JIMHTBHCTUYKAM pECypcHMa, TJIe je TmocedaH akileHaT
CTaBJbEH Ha CPICKH je3uK. Ha OCHOBY [OHETHX 3aKjbydaka MpPEIOKEH je HOBHU
anroputam, HazBad LInSTSS, koju npunukom oapehrBama CeMaHTHUKE CIIMYHOCTH J[BA
KpaTKa TEKCTa y3uMa y 003up W CHenuUIHOCTH PEUH KOje€ OBHU TEKCTOBHU CaJpiKe.
Takolhe, peanu3zoBaH je kKopryc napagpasa 3a CpICKH je3UK HaJ KOjUM je M3BpILIEHa
eBanyanujy. Pesynraru noOujeHN HaJg OBUM KOPITYCOM IMOKAa3alu Cy Ja MPenioKEHU
anropuTaM mpyxka 0oJbe pesynrare y onHocy Ha moctojeha pemema. Konauno, Ha
OCHOBY €BaJIyalldje HaJ KopIirycuMa mapadpasza 3a CpPIICKM W CHIVIECKH H3BPIICHO ]
GbUHO ToeIaBamke NapameTapa, a Takohe cTedeHa HCKyCcTBa YMOTpeOJheHa Ccy 3a
peanuzanyjy Monayia 3a oapehuBame CEeMaHTHYKE CIMYHOCTH u3Mel)y nurama u

KOPUCHHUYKOT Tpodua.

Y okBupy peanmsanuje (asze mnpociehuBama mnHUTama, AUCKYTOBaHE CY
crnenuduaHOCTH MpobiieMa nopehema MuTama U KOPUCHUYKUX Tpoduiia, U IpeaiokeH
je HoBM anroputaM Ha3BaH P2Q. OBaj anmroputam onpelyje HajBehy (MakcuMaiHy)
CIMYHOCT u3Mel)y KoHIenara uaeHTHU()UKOBAHUX y MHUTaky M OHUX KOjU ce Hajiasze y
KopucHUYKOM npoduiny. KonauHo, aHanu3upaHu Cy JOCTYITHH BeO MOPTAIHM U 0Ja0paH

j€ jemaH 4Mju MoJamy ce ynorpedsbeHu 3a popMupame Kopiyca MuTama U 0AroBopa. Y



KOpPITyCY Cy U3JIBOjJeHE TpU pa3jMuuTe BpCT€ KOPUCHHKA, Koje Monenyjy: (1)
MHTEpEcOBame, (2) 3Hame U (3) UCTOBPEMEHO U 3HAaWHE U UHTEpecoBame. Dopmupanu
KOpPIyC j€ 3aTUM YIOTpeOJ/heH 3a eBalyalljy IEJIOKYITHOT CHCTeMa M TECTUPAme
noJIa3HuX Xumoresa. Jlooujenu pesynraru cy nokasanu na P2Q npuctyn npy»xa 3HaTHO
0oJpe pesynTaTe y OJHOCY Ha ocTaie eBaidyupane npuctyne. Takohe, youeHo je ma
yrnoTpeba ceMaHTHYKe eKCTpakuuje uHpopMaluja M3 TEKCTa MOXe I000JbIIaTH

pesynTare.

JlonprHOC U3JI0KEHE TOKTOPCKE JUCEpTAIlHje je y JOMEHY aHAINU3e M CUHTE3e
JEAHOT OBakKBOTI CO(PTBEPCKOT CHUCTEMa, KOju Tpeba Ja omMoryhu HWHTETUTeHTHO
npociehuBame NHTamka HANMCAaHUX Ha TNPUPOTHOM je3uky. Takole, Ha OCHOBY
pe3yaTaTa eBajyalrje 3aKJby4eHO je Jla IPABUITHO JI0/IeJheHE TEKHMHE MOTY TT0O0JBIITATH
nepdopMaHce IEIOKYITHOI CHCTeMa, alld Takohe y clydajy Ja HHUCY NPaBUIHO
NOCTaBJbEHE MOTY UX 3HATHO noropmatu. Konauno, yrBpheHo je na npu npodumnmcamy
KOMIIETEHTHOCTH KOPHUCHHUKA J1a IPYKU OJrOBOP Ha MOCTAaBJbEHO MUTAE, HUjE€ BAXKHO
caMO Pa3MOTPHUTH HETOBE Haj00JbE OJATOBOPE, OJHOCHO MPO(UIMCATH HETOBO 3HAME,
Beh je Takohe moTpeOHO y3eTH y 003Up M NMUTama Koja je MOCTaBHo, C 003UPOM Jia OHa

MOTYy U3Pa3UTH UHTEPECOBAE.
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Abstract:

In spite of great developments in artificial intelligence, human brain is still
more powerful, concerning the comprehension and manipulation with partially known
facts. One domain where this is prominent is related to a problem of question
answering. When it comes to giving the answers, especially those that do not explicitly
exist in the text corpus, the advantages of a human expert are abilities like explaining,

combining complex answers, and abstract reasoning.

Intelligent Question Routing Systems (IQRS) serve as a knowledge exchange
medium in an arbitrary field of expertise, where intensive communication between users
is required. The benefit coming from deployment of such systems includes: (a) reducing
unnecessary “pinging” of experts, which are a valuable resource and (b) increasing the
system owners’ (e.g. enterprise, government, university) quality of service, since users
are more satisfied with answers, because their questions are answered by the right

persons.

This dissertation represents a methodology for IQRS systems design. It starts
with a survey of the existing research in this domain, where the emphasis was put on the
implementation of phases of the IQRS process. The survey also introduces an original
presentation paradigm that generalizes the essence of approaches found in the open
literature. The presentation paradigm includes three basic processing stages related to
the three major problems of system implementation: question analysis, question
forwarding, and users’ knowledge profiling. The outcome of this analysis is a proposal

for a new approach that tackles identified problems.

The rest of the dissertation describes an IQRS prototype which implements the
proposed ideas. The question analysis module implements an approach that enables

question visualization, thus it provides an intuitive representation of specific relations



between concepts and their importance in the question. Also, this approach combines a
fully automatic text processing and manual correction of the results, giving a users
ability to increase the accuracy of the output. Simultaneously, the implemented text

processing module is used for the analysis of answers.

Next, an analysis and discussion of existing approaches for determining the
semantic similarity of two short texts is given, where particularly the focus was put on
those suitable for languages with very limited electronic linguistic resources, like the
Serbian language. Based on the conclusions a new algorithm is proposed, named
LInSTSS, which for calculating the semantic similarity between two short texts includes
the specificity of words that these texts contain. Additionally, a Serbian paraphrase
corpus is constructed and the results obtained using this corpus showed that the
proposed algorithm provides better results when compared to existing solutions. Finally,
evaluation on paraphrase corpora both for English and Serbian is used to fine-tune
algorithm parameters. Also, the lessons learned are applied to design the module for

calculating the semantic similarity between a question and a user profile.

In the question forwarding phase issues related to the problem of comparing
questions and user profiles are discussed and a new algorithm called P2Q is proposed.
This algorithm determines the highest (maximum) similarity between the concepts
identified in question and those from the user profile. Finally, the analysis of available
web portals is carried in order to find the one suitable for the creation of a questions and
answers corpus. In the created corpus three different types of users are extracted, which
model: (1) interests, (2) knowledge, and (3) both knowledge and interests. Corpus is
then used to test the initial hypothesis and to evaluate the overall system performances.
The results showed that P2Q approach provides significantly better results than other
evaluated approaches. It was also noted that the use of semantic information extraction

from text can improve results.

Scientific contribution of the dissertation is in the field of analysis and
synthesis of a software system, which should enable an intelligent questions routing.

Also, based on the evaluation results it was found that properly assigned weights can
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improve the overall performances of the system, but also if not assigned correctly
performances can be significantly decreased. Finally, it was concluded that for profiling
the user competence to give an answer for the provided question it is important not only
to consider answers which the user best answered, i.e. to profile knowledge, but also it

is important to consider questions which can express interests.
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YHOpkoc BeIMKOM pPa3BOjy BEIITAauYKEe MHTEIUTCHIM]E, JbYACKH MO3aK je jOuI
YBEK CYNEpUOpHHUjH y3uMajyhu y o003up pasymeBame M MaHUIYJANM]y AETUMUYHO
MO3HATUM YH-CHUIIAMa. JeHa oJ1 00JIacTH Y K0jOj j€ OBO HAPOUUTO MCTAKHYTO OJHOCH
ce Ha po0JIeM oroBapama Ha uTama. Kana je morpeOHO maTtu oAroBop, MOCeOHO OHAj
KOjU C€ EKCIUIMIIMTHO He HaJla3u y TEKCTY KOpIyca KOju ce MpeTpaxyje, MpeaIHOCTH
eKCIepTa — 4YOBEKa IMPEACTaBJbajy pa3IMYUTE CIIOCOOHOCTH Kao MITO je€ CIOCOOHOCT

oOjammaBama, KOMOMHOBAMKkA CII0KEHUX OJITOBOPA U allCTPAKTHOT PE30HOBAA.

OcnoBHa uneja Cucrtema 3a UntenurentHo [IpocnehuBame [Turama — CUIIIT
(Intelligent Routing Systems — IQRS) HammcaHux Ha TPHUPOTHOM jE3MKY MOXKE Ce
HeOpMaTHO OMUcAaTH Ha cleAchy HaYMH: HE TPAXKUTHU O]l padyHapa Ja pazyme JbyJe
(ImTo M HUje cocoOaH HAa TPEHYTHOM HHUBOY TEXHOJIOIIKOT pa3Boja), Beh TpaXuTu 1a
nponahe ocoOy Koja MOXe MPYKUTH TadaH OATOBOP Ha MOCTaBJHEHO MUTame. [lakie,
aKo MOCTOjU MOTpeda 3a HEKUM CaBETOM WIM YIYTCTBOM, YMECTO MpEeTpakKHBarba
OTPOMHHX KOJWYMHA HWH(popMmanuja koje VHTepHeT cBakako HyAH, MOXKE CE€ IMHUTaTH
oco0a Koja je TOBOJbHO KOMIIETCHTHA Jla Ha 33/1aTO MUTalkE MPYKH KpaTak U JbyJauMa
pa3ymJbuB oaroBop. Kao pesynraT, HHTEIEKTYaTHH 110Cao0 je U 1ajbe OCTAaBJbEH YOBEKY,

il TCPCT IMPOHAJIAXKCHA IIPaBC oco0e 3a IOCTaBJbCHO ITUTAHC ACJICTUPaH je Ka

pauyHapy.

CwMmatpajyhu na cy MyAITHIUCIMITIMHAPHOCT, Capajkba U KOMyHHMKAlHja jeIHU
on TinaBHHMX mokperadya nHOBatuBHOCTH, CHUIIIl mMmajy 3a cBpXy pa3mMeHy 3Hama Ha
HUBOY MPOM3BOJbHE oOJlacTH ekcrmeptu3e. M3 Tor pasiora pasBoj jeITHOT OBaKBOT
cucTeMa je O]l 3Hauaja 3a BEJIHMKHU Opoj aluKaluja y KojuMa ce 3aXTeBa MHTCH3MBHA
KOMYHHKalija u3Mel)y KOpHCHHKA, Kao IITO Cy e-ylnpaBa, TEXHHYKa IOJpIIKa,
nH(pOpPMAIIMOHU CUCTEMH BEIUKHX Mpeay3eha, 31paBcTBEHN CHUCTEM, BOjCKa, UTA. Jpyre
MpUMEHE YKJbY4yjy TOJPIIKY y O0O0pa3oBHOM W Hay4dHoMm mporecy, rme CHIIII
omoryhaBa epukacHy u edheKkTUBHY pa3MeHy 3Hama M3Mely Hay4dHHKa, UCTpa)kuBaya,
YHHUBEP3UTETCKUX KaapoBa W cTyleHara. KopucT on mNpuUMeHEe OBaKBUX CHCTEMa
yKJbydyje: (a) cMameme HenmoTpeOHor onTepehema ekcrmepara Koju MpeCcTaBibajy

BpeaaH pecypc U (0) moBehame KBaIHMTETa yCayra MHCTUTYIHjE€ (YHUBEP3UTET, BIaja,
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npenysehe), umajyhu y BHIy 3a0BOJGCTBO KOPHCHHMKA C OO3UpOM Ja Cy HHXOBa

nuTama npociehena peaeBaHTHUM ocoldama.
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CTpyKkTypa n cagpxaj paga

JIOKTOpCKa AucepTanyja caapKu MIeCT MOTJIaBiba, CKYI HEONMXOAHUX MPHIIOTa
U nperien Kopuihene iuteparype. [IpBo moriasibe mpeacTaBiba yBOJ y AUCEPTALH]Y.
Jlpyro mornasiee Jaje omuc mpobiema KOju ce pellaBa, Kao U OCBPT Ha MOBE3aHOCT
UCTpaXMBakba M3 OBOI' JOMEHa ca OCTaIMM OJMCKMM o00jlacTMMa BeITauKe
uHTenureHmnuje. Ha kpajy oBor mornasiba nat je okBupHU onuc ¢aza CUIIII mpomeca.
Tpehe mornmaBpe caapxu AeTajbaH Tperjed o0JacTH TMPOjeKTOBama CHCTEMa 3a
UHTEIUIeHTHO TmpociehuBame NHTama TIe je nocedaH akIeHaT CTaBJbeH Ha
peamuzanyjy ¢aza CHUIII nmpoueca. Takohe, y oBOM NOrniaBjby NpeICTaB/bEHA je
OPWTMHAJHA IIpPEe3eHTAllMOHA TMapajurMa Koja TeHepalu3yje CYITHHY CBHX
pactionoxuBux CHUIIIT pemema w3 OTBOpeHE JHMTEpaType W Ha OCHOBY Koje je
U3BpIICHA KHHIXO0BA JeTa/bHA aHAIM3a U eBanyanuja. Kao 3akjbydak HaBesieH je mpeyior
pemiema youeHUX mnpobOiiema. YeTBpTO MOTrjiaBibe Jaje MpHUKa3 Au3ajHa COPTBEPCKOT
cucreMa Koju Tpeba aa oMoryhu reHepaan30BaH MPUCTYI NpOopHIINcamby KOPUCHUYKOT
3HaWka, Ka0 ¥ aHAJIMTUYKU MOJIEN KOjU Tpeda Ja onuime KapakTepUCTUKE MPEATIOKEHOT
pemiema. Y OKBHPY peaiu3alfje CUCTeMa MpHUKa3aHa je W peaju3airja airopurama 3a
onpehuBame ceMaHTHUKE CIMYHOCTU JIBa KpaTKa TEKCTa ca MOCEOHMM HarjackoM Ha
cpricku je3uk. Takohe, OBO moriaB/be OOyxBaTa JeTajbaH IPHKA3 pealn3aliyje
COpTBEpCKOT CHCTEMa ca CTAaHOBHINTA HMILIEMEHTAIMje, ald M ca CTaHOBHIITA
Kopuithewma, Kao W TMperyien Haj3HaA4YajHUjuX MpobdjieMa W HaYMHA Ha KOJU Cy TH
npobnemu pemienu. IleTo mornasibe MpuUKasyje eBalyalyjy NPeAoKEHOT pememba. Y
OKBHUpY OBOT TIOTJIaBJba OIMCAH je Kopryc mnapadpasa ynorpeOibeH 3a eBalyauujy
anropuT™Ma 3a ofpehuBame ceMaHTHYKE CIMYHOCTH J[Ba KpaTKa TEKCTa HamKMcaHa Ha
CPIICKOM J€3HMKY, Ka0 M OITHC KOpITyca MUTama 1 npodusa KOPUCHUKA Ha OCHOBY KOTa j€
U3BpILIEHA eBajlyaldja IEeJOKYIHOI CHUCTeMa. Y IIeCTOM IIOIJIaBJby H3JIOXKEH je

3aksbydak. Ha kpajy cy JaTv HEONmXOoHU IPUJIO3U U MPEeTJIe] InTepaType.
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Il  OedomHuumnja
npoonema



Cucremu 3a oaroBapame Ha nutama (Question Answering - Q/A) [1] umajy
3aJaTak J1a ayTOMAaTCKU Jlajy OJrOBOpE Ha MUTamba IMOCTABJbEHA y NMPHUPOIHOM jE3HKY.
OcHOBHa CBpXa OBHUX CHCTEMa j€ U3/IBajare PEIEBAHTHUX U KOHLM3HUX OJrOBOpa Kako
Ha OMIITa, TAaKO W Ha cnenuduyHa nuTama. [Ipu ToM 1usb je na ce GoKyc u3MecTu ca
npobiemMa TMpoHaJakKema JOKyMEeHaTa Ha NpoOieM MpoHalaxema HHpopmanuja. 3a
npoHalnaxkewe oarosopa Q/A cucTeMH KOPHUCTE pa3IMYUTE HU3BOPE IOJATaKa Of
CTPYKTyHpaHuX 0a3a moAaTaka [0 BEIMKMX KOJIEKIIMja JOKyMEHaTa MHCaHUX Yy
IPUPOJHOM JE3UKy — TEKCTyalHUX Kopryca. OBH TEKCTyallHU KOPILyCH MOTY ce
cacrojatu of (opMaTHUX JOKyMEHaTa Kako IITO cy oOpal)eHM HOBMHCKU 4iaHIM [2]
WIA TaK OHMX HE CTPUKTHO (hopMaTHpaHMX Kao IUTO Cy Koiekuuje BeOnor (blog)
noKkymMeHaTa [3], KOju MOTY caapaTH W Pa3IMYUTE HEMPABUIHOCTH WU ,,IITyM‘.
MehytuM, HEKaga je HEONXOJHO YCBOJUTH OCHOBHA 3Hamka W BEIHMKY KOJIHMYHHY
uHopManyja u3 pa3auuuTHX obnactu. C Apyre cTpaHe, MHOTO €KCIiepTa ca MoTpeOHUM
3HalEM IIOCTOjU Yy OKBHPY HEKEe HWHCTUTyLHWje, mpeny3eha uiam yHuBep3uTera. 3a
MJIaJZIOT UCTpaXkMBaya, CTYJEHTa WJIM HEKOr'a 3aMHTEPECOBAHOr 3a HOBY TeMy, OmiIo 01
BeOMa KOPHCHO J1a Cc€ TUPEKTHO oOpaTu 0coO0M KOja je KOMIIETEHTHa Yy oJpeheHoj
001acTH M 3aMOJH je 3a caBeT WM ymyTcTBO. CTora, e(pUKacHOCT y HpOHAIAKEHY
npaBe ocobe Moxe ce 100uTH momMohy copTBEpCKOr cuUCTeMa 3a HHTEIUTEHTHO

npociehuBame nuTame.

Takohe, CUIIIT nomen uctpakuBama je TOBE3aH, ajli Ce Pa3IuKyjy o1 TOMEHa
IpoHalTaKewka eKcliepara U aHalu3e penanuja. AJIroOpuTMHU 3aCHOBAaHU Ha pefaiyjama
kao mro cy Panrupame crpanuua (PageRank) w HITS (Hyperlink-Induced Topic
Search) cy ycnemHo ynoTpedJbeHU y IPYIITBEHUM Mpexama MPUIKKOM MPOoHATaKeHha
ekcriepara [4]. MehyTtuM, HaBeAeHHW NPHUCTYNIH HE Yy3UMajy y 003up mpodiiem
npociehuBama UTama, UMajyhn y Buay na je (GoKyc caMo Ha aHAJIW3U CTPYYHOCTH
caMOr KOPHCHHKA, ali HE W Ha CHeNU(PUUHOCTUA TOCTAaBJHEHOT IMHTamka Kako O ce
YTBPJWIJIO J1a M KOPUCHUK MOXKE Ha Hera jaa oaroBopu. KoHauHo, mocToje orcekHa
UCTpaXMBama CIPOBEIEHAa Yy O0JlacTUMa CEMaHTUYKOT pyTHpama ynuta (Semantic
Query Routing - SQR) y nokanaum P2P (Peer-to-Peer) Mmpexama. Jenan o mpumepa je
TEeXHHKA U3TPaJlibe MpeKpruBajyhe ceMaHTHUKe Mpexe [5] Ha OCHOBY KOje ce MpoHamas3e

YBOPOBU KOjU Cy PENEBAaHTHHU y OAHOCY Ha JAaTW yNUT. YIHUTH C€ yCMepaBajy Kpo3
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CyIep-4BOp KOME CBAaKM YBOP €KCIUIMIIUTHO OTJalliaBa CBOj caapikaj. Jpyru mpumep je
UMIUTMIUTHA HOCHTU(UKAIMja cajapkaja Ha OCHOBY colujanHux wmeradopa [6].
Mehyrum, nomen uctpaxuBamwa CUIIII pazmarpa nutama y BULY TEKCTa y CI000IHO]
dopMH, HACympoT CTPYKTYpPUPAaHHUX WM MONYy-CTpyKTypupanux ynuta. Crora, ca
HAIPETKOM ajara 3a o0paay TeKCTa W HEJaBHOM EKCIaH3UjOM APYIITBEHHUX MPEKa,
cunepruja m3mehy Q/A, SQR u cucrema 3a mpoHanaxeme eKcrepara je mocraia
Moryha, Tako ga mpociehuBame nurame usMehy kopucaumka (CUIIII) mpeacrarspa
OTBOpEeH HayuyHu TmpobiemM. CXOgHO TOME, OCTaTak OBE JUCEpTallfje OIHCYje
UCTpaxkuBame ¢okycupaHo wucksbyunBo Ha CHUIIIl u npoGneme on 3Havaja 3a

MapagurMy yBeJIEHY y OBOM pany.

Cnuka 1 unycrpyje Tunuaau CUIII cuenapuo koju ce cactoju ox cieaehux 6
daza: (1) ynmoc mnwurama, (2) wuneHtudukanuja TpaxkeHux uHpopmaruja, (3)
IpoHaNlaKemke Mpase ocode, (4) mpocinehuBame nuTama, (5) pasyMmeBame nutama 1 (6)
JaBamke OJroBopa. Y mpBoj ¢a3u, KOPUCHUK Ca MUTAKHEM — IMHUTAJAIl, YHOCH MUTAkE U
masbe Ta CHUIIII cepBucy. 3atum, cepBHC TOKyIIaBa Ja HUACHTHU(DUKYje TpaKeHe
nH(popMaIje U3 MUTama Ha OCHOBY KOJHX IMPOHAJA3M MpaBy 0cOo0y (MOTEHIH]jaTHOT
KaHIuJaTa 3a OJroBOp) M 3aTUM TO MHTame mpocielyje oBoM kopucHUKy. KoHadHo,
OCTaTak Mocjia OCTaje Ha YOBEKY: KaJa MOTCHIIMjaIHU KaHAUIAT IPUMHU MMUTAkE, HAKOH
IETOBOT YUTamkha U pa3yMeBama, OH uMa MoryhHoct na oarosopu. @asze (2), (3) u (4) ce
o6palyjy y okBupy CHUIIII cepBuca, crora he oHe mpeacTaB/baTh TJIaBHU (HOKYC OBOT

UCTpaXUBamba.
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2. Unentudukanmja
TPAKEHHX
uH(popmarmja

5. PazymeBame
3. [lponanaxeme MHUTamba
npase ocobe
6. JlaBarme
1.¥noc numarva 4. TpocnehuBarme 0IroBopa
MIHTaba

MuTtanau Kangupat 3a ogrosop
CUIIN cepeuc

Crmka 1. Wnyctpammja CUIIII mponeca: Tunngan crieHapro
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[MpeTnocTaBKe U orpaHn4yema

[lonasHa mnpernocraBka OBe CTyAMjE€ j€ Ja Cy MYITHIUCHMIUIMHAPHOCT,
capa/mba 1 KOMyHHKAIMja jelHU OJ1 TJIaBHUX MOKpeTaya WHOBaTuBHOCTH, cTora CHUIIIT
UMajy 3a CBPXY pa3MeHy 3Hama Ha HUBOY IIPOU3BOJbHE 00MacTH ekcreptuse. Mmajyhu
OBO y BHAy mpobiem mnpociehuBama mMuTama MPeAcTaB/ba CI0XKEH IMPOIEC Ha KOJH
yTU4y pa3IMYUTH CTATMYKA W JUHAMUYKH TMapaMeTpH, Tako JAa pe3yiaTaTd OBOT

UCTpakKMBamka MOTY UMATU LIUPY IPUMEHY.

JleTaJbHOM aHaIM30M U €BalTyalldjoM PACIIONIOKHBUX CO(MTBEPCKUX pEIICHa
YOUEGHO j€ J1a HEe TTOCTOjJH CHCTEM KOjU Ha OJroBapajyhu Ha4WH MOKE y MOTHYHOCTH J1a
noapxu nenokynan CUIIII npomnec. Takohe, HU jeTHO 01 aHAIM3UPAHUX PEIICHa HUJE
y MOTIYHOCTH TOTO/HO 32 YHOTPeOy KOJ je3HuKa ca BPJIO OTPAHUYCHUM EJIEKTPOHCKUM

JMHTBUCTUYKUM PECYPCHUMA, Kao IITO j€ CPIICKH jEe3HK.

Konauno, y oBoj ctyauju (okyc je cTaBJbeH MPBEHCTBEHO Ha MPOoOJeM Kako
MOJIETIOBaTH KOMIIETEHTHOCT KOPHCHHUKA Ja MPY>KU OJrOBOP HA JaTO MHUTAE, Al HE U
Ha BepoBaTtHohy na he Ha Kpajy oAroBOpUTH, HOp. ycinen HenoctynHoctu. Crora, y
IpeUIo’KeHOM TpucTyny Hehe OuTu MojenoBaHu aTpuOyTH KOPHUCHHKA Kao IITO Cy
NOBE3aHOCT Ka JPYyrMM KOPHCHHUIIMMA, JOCTYIHOCT, craMm (HEeIpHMEepeHa WIiIH
HEe)KeJbeHa NHTama M OJrOBOpHM), WM Op3WHA OJI3MBa OJHOCHO JaBama OJrOBOPA.
Ocranu HaBeZleH! aTpUOYTH MOTY Ce TPETHPAaTH Kao He3aBHCHE AUMEH3H]je y MpodiieMy

BUIIICKPUTEPHUjyMCKOT paHrupama (Multi-Criteria Rating problem) [7].

decdunHuumnje nojmoBa

e Kanaunmat 3a oaroBop (answerer) — ocobda OIHOCHO KOPHUCHHUK KOME C€ MOXKE

MMPOCJICANUTH MTOCTABJbCHO IMUTAKLC.

e [luranar (asker) — oco6a OJHOCHO KOPUCHUK KOjU MIOCTaBJba TUTAME.
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[lIym (noise) — TEKCTyaJIHUM IIIYMOM C€ MOXE CMaTpaTH CBaka pa3jiuka u3mehy
MOBPIIMHCKOT 00JMKa KOAMpAHE penpe3eHTalMje TeKCTa U KeJbEHOT, MCIPABHOT,
WIA OpPUTHHATHOT TekcTta. OBO MOke OMTH yCliel HIp. THIOTpadCcKe TPemke Uiu
¢paze Koje cy yBeK MPUCYTHE y MPHUPOTHOM jE3UKY, IITO OOMYHO CMakbyje KBATUTET
noJilaTaka Ha HaYMH KOJU YMHU TEKCT Mame JOCTYITHUM 3a ayToMaTHU30BaHy 00paiy,

Kao MITO je 00paja MpUpOAHUX je3UKa.

P2P (Peer-to-Peer)je Mopael KOMYHHKallMje TIyTeM HWHTEpPHETa, HACYIpOT
KJIMEeHT/CepBep Mojiena U Hajuemhe ce KOPUCTH 3a Jesbeme ¢ajnoBa. P2P je
ckpaheHuna on (EHIJ. peer to peer) MWTO OW Ce MOTJIO MPEBECTH KAao BPIIHAK -

BpLIbAKY.

Hara majuusr (Data mining — DM), i oTKpUBame 3aKOHUTOCTH y TMOJaluMa je
WHTEPAUCIUIUIMHAPHO TO0Jbe HH(]POpMATHKE Koje ce OaBM OTKpUBAKHEM HOBHUX
oOpa3ana y BeJIMKUM CKyHoBHMa Mojaataka. OHa KOPUCTU METOE KOJU Cy Y IIPECEKY
BEIITaYKe HMHTEIMICHIMjE, MAIIMHCKOT YyueHa, CTAaTUCTHKe, M cucrema 0aza
nogaraka. CBEYKyMHM LMJb OBOI MPHCTYyNa j€ EKCTpaKIMja HOBOT 3Hama U3

noctojehux momaraka u Tpancdopmaija y o0IuK mojecad 3a gajby ynorpeoy.

Mammacko ydyewe (Machine learning — ML) je mnomobrmact Bemrauke
WHTEJUTCHIIN]E YHJU j€ b KOHCTPYUCAE aJITOpUTaMa KOjH Cy CIIOCOOHM Jia ce
aZlanTUpajy Ha aHAJIOTHE HOBE CHUTYyalldje, Kao W Ja yde Ha 0a3u MPEeTXOIHO

IIPUKYIIJbEHOT UCKYCTBA.

KnacrepoBame (clustering) winM Tpymnmcame Claga y Tpylny ajlropurama
HEHaI3UpaHor yuewa (unsupervised learning) W mpencTaBiba Kiacudukauujy
CIIMYHUX TIpeaMeTa Yy pa3iMuuTe Tpyne — kiacrepe (clusters), Win Tperu3Huje,
JeJbeHhe CKyla IMojaTaka y TMOJCKYNoOBe (rpyrne) Tako Ja MoJalud y CBaKOM
MOJCKYMY (MIAEATHO) JIeJie HEKO 3ajeTHIYKO 00eNekKje — YECTO MPUOIMKHOCT IMpeMa

HEKO] yHarpe[ 1e(hMHUCAHO] BETUYNHU YAaJbEHOCTH.
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CreMmoBame (stemming), Tj. YKIamame 3aBplIeTaka peuyd IMpe/cTaBlba
Tpanchopmalnjy yKiIamama Ccypukca pedn mnpu 4YeMy ce€ HEe TyOM OCHOBHH

CEeMaHTHYKH CaIPKa].

BeGnor (web log, blog) ynHM HU3 XPOHOJOMIKA OPTraHU30BAHUX YHOCA TEKCTa, KOJH
ce MpHuKasyjy Ha BeO-cTpaHuIama (yrJIaBHOM CY YHOCH COPTHUPAaHHU O]l HajHOBUjUX
Ka CTapujuM), MyTeM ayTOMaTH30BaHOT co(TBEpa KOju OMOryhyje jeaHOCTaBHO

Kpeupame U Boheme.

[Iperusnoct (precision), oceTibUBOCT (recall) u ®-mepa (F-measure): IlpenusHoct
je BepoBaTHOha aa je HEKH, CIy4ajHO oja0paH, ITOKYMEHT, W3 TmpoHaleHuX
JOKyMeHara, peneBaHTaH. OCETJbUBOCT je BepoBaTHOha Ja je HEeKH, CIy4ajHO
onabpaH, pereBaHTaH JOKYMEHT npoHaleH y3 momoh maror anroputma. ®-mepa ce

padyHa Kao XapMOHH)CKa CpeIuHa MPEIU3HOCTH U OCETJbUBOCTH.

SWI1H tun ynura npeacTaBiba OCHOBHY Kiacu(UKALW]y MUTaka YMjU CE OJATOBOPH
pasmatpajy y ¢a3u mpuKyribamka WHpopMaluja - Ko, ITa, Kajaa, rje, 3alTo, Kako

(Who, What, When, Where, Why, How).

Vknamame cron peun (stop words filtering) TpencTaB/ba yKIamame pPEud ca
HUCKUM HWHGOPMAIIMOHUM cajpkajeM. TakBe peunm cy Hajuemhe dIaHOBH,
3aMeHuIle, OpojeBM U ocraie nomohHe peun Oe3 AMpPEKTHE HH(POpPMaTHBHE
BPEIHOCTH Yy KOHTEKCTY y KOME C€ TEeKCT KOPHUCTH (HIp. €KCTpaKIMja KOHIEnara

WU UACHTH(UKAII]a 00TacTH).

KomnereHTHOCT (competence) 03HauaBa HUBO 3Hama BE3aH 3a HEKY CIEHU(PUUHY
00JyacTH, yMja BPEIHOCT MOXXE€ WhW O] MOBPIIHOT, HA HUBOY HHTEPECOBaMHA, JI0

TEMCJbHOT ITIO3HABama.

CTtpydyHOCT WIM eKcrmepTu3a (expertise) TpeACTaBba HU3 KOMIETEHTHOCTH, Tj.

IMo3HaBama CKyIla 00J1acTH OJIMCKO ITOBE3aHMX YHYTap HCKOT' JOMCHA.

Hut (thread) mnpencraBiba CTPYKTYpy KOja CaApXH TIMTalke ca IOBE3aHUM

0JIrOBOpUMA.
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STSS (Short Text Semantic Similarity) je TexHHMKa ojpehuBama CEMaHTHYKE

CJIIMYHOCTHU KPAaTKUX TCKCTOBA.

Cnawm (spam) je mopyka Koja ce eJIeKTPOHCKOM IOIITOM IlTaJhe Ha BHIIE ajpeca, 0e3
carimacHoctd mpuMaiana. OOMYHO cajgpX U NPOMOLUJYy HEKOI MpPOHM3BOJA WIH
yeayre. [Ipumaone Ta mopyka Hajuemthe upuTHpa, jep UM HemoTpeOHo omnTepehyje
"momrancko canayde". Mel)y oBakBe mopyke CBpCTaBajy ce: JaH4YaHa MUCMa, UTPE
Ha cpehy, pexiiaMe Mpou3BoAa, yciayra Wik nopHorpadckux ctpana Ha MHTepHerty,

MOHYJIa MUPATCKOT copTBEpa UTA.
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Il Tpernea
nocTtojehux un
npepnor HoBoOr

pelleHa

27



I'mepumre oBOr HMCTpaxuBama HAjOOJBE je MPENCTaB/bEHO I10jMOBHMA
npuKazaHuM Ha ciuiy 2. OBa ciMKa calipKu OpUTHHAIIHY MPE3EHTAIIMOHY MapagurMy
Koja reHepaim3yje cymTuHy cBux pacnoynoxuBux CUIIIl pemema mponaheHux y
OTBOpPEHO] nuTeparypy. Takohe, oBa mapaaurma he 6utu ynorpedspeHa 3a melycoOHO

nopeheme aHATM3UPAHUX CUCTEMA.

[Tomro ce mporec MuTama U OATOBapama CacCTOjU W3 JIBA Jiela 'MOCTaBIhAE
nuTame" u "maBame oroBopa’, MpeAcTaB/beHa CTPYKTYypa je Takohe mojaespeHa Ha JBa
Jiena Koju UCTOBpeMeHo o0palyjy: (a) HoBa muTama - mpolecupame nutama (Question
Processing) u (6) HoBe mwiu nocrojehe kopucHuke - nmpodunncame KopucHuka (User
Profiling). O6a oBa nena ce cacroje of (aza npeacraBbeHUX Ha ciui| 2. CBaka ¢asa
CaZpXKy jedaH WM BWIE MOJIYyJa KOJU Ce€ peain3yjy KOpHImhemeM alropurMa u3
penaTuBHO BeNUKOT ckymna aiaroputama. daza nmon HasuBoM AnHanuza [lutama (QA
Stage) canpxu mMonyn 3a oopady numarea (Question Analysis), daza IIpocnehuBame
[Murame (QF Stage) caapxu MOAyN 3a nopehere u paneupare (Matching &Ranking) n
MOAyd 3a odocmaemare numara (Question Forwarding) m Ha Kpajy (asza 3a
[Tpopunucame Kopucuuka (UP Stage) canpxu cienehe mompyne: npoguaucarve
KOPUCHUYKOZ2 3HAFA HA OCHO8Y eKkcmepHux uzeopa ungopmayuja (User Knowledge
Profiling: External Sources), npogunucare KopucHu4Ko2 3Hara Ha OCHOBY UHMEPHUX
useopa ungopmayuja (User Knowledge Profiling: Internal Sources), Ododammue

ungopmayuje (Additional Info), xao u ckraouwme npoguna kopucruxa (User Profiles).

CBaka on oBux (aza OJHOCHM CE€ Ha jeJaH OJ TPU OCHOBHa IMpobiema

neuHUCaHa MOMONY TpH MUTamka Koja Cy pa3MOTPEHa y HACTaBKY TEKCTa:
Iutame # 1: Kako unenTuduxoBat TpaskeHe nHpopmanuje u3 nurama’?

Amnanuza nutawa y CUIIII cucremy ogHOCH ce Ha MpobieM Kako Ja CUCTEM y
JIOBOJEHO] MEpH pasyMe NMUTame Kako OW Ta MpOoCIeano KOMIIETCHTHOM KOPHCHUKY 3a
onrosop. To je 3HaTHO jeTHOCTABHUjH 3a7aTaK y OJHOCY Ha M3a30B ca KOjHM je CyOueH
uneannu Q/A cucreM, KOju MOpa YTBPIUTH IITa je TayHa WH(pOpMaIHja KOjy KOPUCHHUK
Tpaxku (HIp. Ja mpeBene morpedHe MH(opMaluje y KJbYYHE peud 3a MpeTpary), aa

MpOIICHH Ja JIn mpoHaheHW caapkaj YKJbydyje Te HHpoOpManuje M Ha Kpajy na
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nponalene nHpopmarje npukaxe y JbyICKH pa3ymibuBoM ¢opmary. Hacynpor Tome,
y CUIIII mporiecy, 4oBeK je Taj KOjU Aaje OAroBop Ha murama. Ctora, OATOBOPHOCT
yTBphUBama peeBaHTHOCTH JATOT OJATOBOPA JISKH Ha YOBEKY, IITO je PyHKIIH]ja 32 KOJy

j€ Jby[ICKa MHTEIUTESHITM]a BPJIO TTOTOHA 32 00aBJhaE.

[Iponiec aHanm3e M eKcTpakuuje WHPOpMaNMja W3 THTaka je MpUKa3aH Y
OKBHUPY MOJyJIa 3a 06pady numarea. OBaj MOy OOMYHO M3/[Baja pelieBaHTHE TEPMUHE,
Tj. TOJMOBE W3 THTama WU KIAaCHPUKYje MHUTAkEe y jeAHY WJIM BHUIIE YHAIpPEa
yrBphenux Ttema. Crora, Wu3Ja3HH peE3yNTaTH OBOI MoAyna cy y Gdopmu
UACHTU()UKOBAHUX TEPMUHA WM TeMa KOjH ce Jajbe mpociiehyje Moyy 3a nopehere u

paneuparve.
Kpurepujymu on unrepeca 3a [lutame # 1:
1) Twum uHTEpaKIuje CUCTEMa ca KOPUCHUKOM:

i. Ca o3HauaBameM TMUTama, Yy BUAY aHoTauuje (fags) WA

npeaepUHUCAHUX KaTeropuja.
ii.  be3 o3HayaBama NUTaKA.
2) Anroputam ekcTpakiuje nHpopMalmja:

i.  Texuuke oOpanme mpupomHor jesuka (Natural Language Processing —
NLP), ka0 mTo cy yKiIamame 3aBpIleTaka peud (stemming), obpana u
duntpupame Bpcra peun (Part-Of-Speech processing and filtering),

MIPOHAJIAKEHE CHHOHUMA, UT/I.

ii.  Texnuke mammHCKOT yuewa (Machine Learning — ML wiu Data Mining
— DM) kao mro cy mMoaenoBamwe Tema (fopic modeling) nnu TpeHUpaHU

knacudukaropu tema (trained topic classifiers).

Moryhu npaBiu 3a mobosemame y Be3u [Iutama # 1: Busyenuzanuja nutama.
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Crnuka 2. OpurnHa Ha Ipe3eHTaMoOHa apaanrMa: [ eHepann3anyja IpucTyma 3 OTBOPEHE

IuTeparype

IMurame # 2: Kako nporahu KOMIIETEHTHE KOPUCHUKE 32 JJATO MUTAHE?

Wmajyhu y Buny na cy uadopmaryje o nuramy J00HjeHE U3 MOYa 32 06paody
numared, 3aqaTak TPOHATAXKEHAa KOMIIETEHTHHX KOPHUCHUKA BpIIM ce mnopehemem
nobujeHux uHpopMaIja U3 MUTamka U PACIIONOKUBUX KOPUCHUYKUX MPpoduiIa, YHjH je

pe3yaTaT paHTHpaHa JUCTa KOpUCHUKA (MM "KaHauaaTa 3a OAroBop'), Koje ou Tpedaso
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KOHTAKTHUPATH 3a OArOBOp Ha jaaTo murtame. OBO mopeheme Moxke OUTH peaTr30BaHO
er3akTHUM nopehemeM WU MoMohy M3padyyHaBama CEMaHTHUKE CIMYHOCTU. Takohe,
opraHuzaija Mojella MOXe OWTH IeHTpaln3oBaHa (mopeheme W paHTupame je
peaqn30BaHO y OKBUPY jEIHOT IIGHTPAIHOT YBOPHINTA), WJINM AUCTpUOyHnpaHa (CBH

YBOPOBU CY YKJbYYEHHU Yy OBaj MPOIIEC).

Kao miro je mpukaszano Ha cinuiy 2, yna3u moayna 3a Ilopehere u Paneuparve
cy: (a) TpaxkeHe HH(pOpPMaIIHje U3 TUTamka, (0) JOCTYTHU MTPOQUIHN 3HAKA U3 CKIIAININTA
KOPUCHUYKUX Tpoduia, u (B) AoJaTHE HH(POPMAIIH]je TTOMYT TOCTYIMHOCTH, OA3UBA, WIH
panra mnomynapHoctd. M3nma3 je paHrupaHa JmcTa KOpPHCHUKa KOju ce mpocielyjy

MOJYJY 33 00Cmas/barbe NUMared.
Kpurtepujymu on unrepeca 3a [Tutame #2:
1) Mopen opranuzaiyje
1.  llentpanusoBan
ii.  uctpulyupan
2) PauyHame CIMYHOCTH
i.  Ca erzaktHuM nopehemem
ii.  CacemanTnukuMm nopehemeM

Moryhu npaBiu 3a nodospiama y Be3u Ilurama #2: [IpompeHo ceMaHTHYKO

nopeheme.

Iurame #3: Kako mnpenu3Ho NPOLIEHUTH KOMIIETEHTHOCT KOPHUCHHMKA Ha

OCHOBY MH(]oOpMaInja 100MjeHUX U3 Pa3TUIUTHX U3BOpa?

3Hame Ce MOXE IIMPOKO CBPCTAaTH Yy JBE KaTeropuje: CKCIUIMIUTHO W
uMIUTHIKATHO (tacit) [8], [9]. ExcrmummTHO 3HaWme ce cacToju OJf YMICHUIIA, TIPABHIIA,
penamyja ¥ CMEpHHIIA KOj€é C€ MOTy BEPHO TPEACTaBUTH Y TMAlUPHOM WU

€JIeKTPOHCKOM 00iuKy. [lomrTo je OBO 3HAaWE EKCIUIMIUTHO H3PaXKEHO, MOXKE Ce
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pasmemuBaTu 6e3 noTpede 3a AuckycujoM. Hacympor ToMe, UMIUTMIMTHO 3Hambe (WK
WHTYWIIMja) 3axTeBa MHTepakiujy. OBa BpCcTa 3Hama HariaiiaBa JIHYHE BEIITHHE, U
VIJIaBHOM j€ TI0J] YTHIIajeM TorJieNia, BpeqHOCTH U yoehema. heropa pasmena 3axteBa
KOHTAKT JIMIIEM Y JIMIIC WM Y9aK MOCTENeHo ydewme. C 003UpoM Ja je MHAWBUIYATHO
3HaWkE HAYYEHO, Tj. MHTEPHAIM30BAHO YHYTap JbYJICKOT MO3Ta, IOTPEOHO je MPUMEHUTH
NICUXOJIOIIKK TPHUCTYIl MOCMATpama KapaKTepUCTHKA Cy0OjeKTa Ha OCHOBY YOUEHOT
MoHaIIama. Y OBOM CIydajy, YOUCHO IMOHAIIAKkE MPEACTaB/ba CaApKaj] KOJU KOPUCHHUK
TEHEpHUIIIe, ITa y U3BECHO] MEPHU Taj CaAPIKa] CE MOXKE MPECIUKATH HA TIOMEHYTY TMOJIETy
3HaWka: EKCIUTUIMTHO U UMIUIMLUTHO, I7I€ je eKCIUIMIUTHO 3HaWke YIIaBHOM H3PAXKEHO
y BUAY 00jaB/beHHX TOKyMEHATa, Kao INTO Cy HAy4YHU PAJOBH, KEUTE, YIAHIM WA
KOJIEKIIMje BeOJIOroBa, JOK KOMYHHUKAIMja TYyTeM EJICKTPOHCKE IOMITe W CaIpiKaj
TCHEepHCaH TOKOM TMpolleca NHTama W OATOBapama MOXKE HICHTH(PHKOBATH
UMIUTHIIATHO 3Hame. Kao pesynrtar, o0e BpcTe oBUX MH(OpMaiMja Cy IparoleHe 3a
npoduimcame KOPUCHUYKOT 3Hama. IIpu TOM, KOMIETEHTHOCT 03Ha4yaBa HUBO 3Hamba
BE3aH 3a HEKY crenupuyIHy 00J1acTH, Yija BPEAHOCT MOXKE UNH O] TOBPIIHOT, HA HUBOY
WHTEpECOBamba, 10 TEMEJFHOT TI03HaBama. C Apyre cTpaHe, CTPYYHOCT MPENICTaBIha HU3
KOMIIETEHTHOCTH, Tj. TO3HaBama CKyla O0JacTH OJUCKO IMOBE3aHHX YHYTap HEKOT

JOMCHaA.

CHUIIIT ogprxaBa KOpUCHUYKE POQHIIE y CKIAIUIITY KOje C€ CTAJTHO aXypHupa.
[Topen KOMMETEHTHOCTH, INTO j¢ OCHOBHA MH(OpMalMja KOja C€ YyBa O KOPHUCHHUKY,
KOPUCHUYKHA MpOodUSI MOXKE caap)KaTh W TOMEHYyTe nojaTHe WHpopmaiuje (Moayl
Hooamune Ungopmayuje). OBe nHbOpMAaIMje HUCY TUPEKTHO MOBE3aHE Ca 3HAHEM, alli
MOTy TIOOOJBIIIATH KBAJIUTET YCIyre CUCTeMa, HIp. Op3UHY J00Hjama 0JIroBOpa ako ce
NUTamba yCMepaBajy KOPUCHHUIIMMA ca BUCOKOM CTOIIOM YYECTaHOCTH J1aBama OATr0BOpa.
C npyre ctpane, 10 KOPUCHHYKOT Ipoduia KOju ce OAHOCH Ha CTPYYHOCT MOXKE Ce
KpeupaTH U3 pasInuuTuX M3Bopa uHGopmanuja. OBU U3BOPU CE MOTY CBPCTATH y JABE

Kareropuje: (i) yHyTpammH 1 (ii) CoJbHU.

i.  YHyTpammu U3BOPH CaKyIybajy HHGOPMAIHje O aKTUBHOCTUMA KOPHUCHUKA
yHyTap cucrtema, Heke aupekTHo nosezane ca CUIIII npouecom kao mro cy

IIOCTaBJbalkbEC nuTamka u OATOBapame, HIIn UMIIJIMOUTHC nomyT
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npeTpaxuBama mnoctojehux oarosopa, oxadbupa OAroBOpa, Iyacama 3a
HajOosBM oAroBOp, UTHA. Jlasbe, y 3aBHUCHOCTH O] YNOTPEOJbEHE TEXHUKE
npoduIrcama 0BO MOKE OWTH TO/IEJHEHO Y cliefiehe Be KaTeropuje: TEKCT
(amp. 3a nHOpMaIMje noOujeHe U3 caapiKaja CTPYKType MUTAHkE-0ITOBOPH)
u apyro (Hop. mHpopmauuje NOOHjeHe M3 Be3a THUIA MUTame-OJrOBOPH

u3Mel)y KOpuCHUKA IPUIMKOM 00/10Bamkba 0JIr0BOPA).

ii. CrHoJspHU H3BOPH CE€ OOMYHO KOPHUCTE 3a Kpeupame MOYeTHOT Mpoduia
3Hama KOPHUCHHMKA Kako Ou ce m3berao mpobOiieM HOBOT KOPHCHHKA, Tj.
XJIATHOT CTapTa, kKao W 3a mparehe m3mene y mpoduny. OBH u3BOpHU
CaKyIybajy HMH(popMaiyje u3 APYrux CUCTeMa, KOjU HHCY CAaCTaBHH JI€0
CUIIII, momyT ApymITBEHHX MpEkKa, BEOJIOroBa, CKIATUINTA €JIECKTPOHCKE
nomte, uta. Takohe, oBM M3BOpHU ce Jajbe MOTY MOJEIUTH Yy HCTE IBE
KaTreropuje: TeKCT (HIp. TOpyKe Ha JPYIITBEHHM Mpexama WU
BeOJioroBuMa) u Apyro (HOp. aeMorpad)Cku MOJAald O KOPUCHHUKY WITH

COIIMjaTHE BE3e).

Kao mTo je mpencTaB/beHO Ha CIUIM 2, 332 HOBOT KOPUCHHUKA TTOYETHU TIPOQHIT
ce Kpeupa y MOAYILY npo@uaucarbe KOPUCHUUKO2 3HARA HA OCHOBY eKCMePHUX U360pd
ungopmayuja. HakoH TOra, TOKOM IIpolieca OATOBapama Ha MHTamka BPIIM Ce
aXypupame OBHX HH(pOpMalMja U3 MOAYNA npoduiucarbe KOPUCHUYUKOZ 3HARA HA
OCHOB8Y UHMEPHUX u3gopa uHgopmayuja (HIp. HA OCHOBY MOOWjEHHX IMO3UTHBHUX
OJIHOCHO HETaTHMBHUX OIICHA 3a oAroBope). Takohe, masbe axxypupame WHPOpMaIuja o
KOPHCHHUKY je Moryhe W M3 CHOJbHUX H3BOpa momohy Mopayna 3a mnpoguiucaree
KOPUCHUYKO2 3HAFA HA OCHOBY eKCMePHUX U360pa ungopmayuja (HIp. pydHO MEHAbE

COTICTBEHOT Npodua).

Kputepujymu on mnrepeca 3a Ilutame # 3, Ha OCHOBY METOOJIOTHje MPOUIUCAHA

KOMIICTCHTHOCTH KOPUCHHKA:
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1) Tekcrt:

ii.

1il.

2) Hpyro:

1l.

1il.

NLP rtexHuke: HIp. ad-hoc eKCTpaklija IMEHOBAHUX €HTHUTeTa (named

entity extraction) Uiy yKJIambambe 3aBplIeTaKka peuu (stemming),

Texnuke wmammHCKOT Yyuewma: DM (Hmp. kinacudukanyja WA

rpynucame) win ML (MonenoBame Tema),

Mopnenu npenopyuuBamwa (Recommender System model - RS).

ad-hoc (AH) monenu,
Mopnenu npenopyuuBama (RS).

DM: unp. Panrupame crpanuna wim HITS

Moryhu npaBiu 3a mobospmama y Be3u [Iurama # 3: aTerpanuja npodumia.
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[Mpernea aHanuanpaHUxX NnpucTyna

[Tpuctynu npeAcTaB/beHH Yy HACTaBKY OJHOCE C€ Ha TPpW IJIaBHA MUTama Koja
nedunannry CUIII Ha kapakrepuctruan HaunH. Paan nakmrer nopehema, CBU IPUCTYIH
cy Takohe mpukazaHu TabemapHo y mpuiory A. CBaka KoJloHa y Tabenu oArorapa
onpehenom enementy CUIIIT mporteca ca cnuke 2. CBaku yna3 y Tabenu caapku Ha3uB
U Kpartak omuc (y OKBHpPY KpUTepHjyMa OJ HWHTepeca). Takohe, CBM aHaIu3WpaHU
MIPUCTYIH Cy OTMMCAHU Ha CJIMYaH HAuYWH, YKJbY4dyjyhu mHbopmarmje nmpema cienehem

1a0JIOHY: CYIITHHA, CTPYKTYpa, PEJICBAHTHU JI€TaJbU, IPUMEHE U MPEAHOCTU U MaHe.

Davitz J. u capagaumu [10] 2007. roauHe Cy NPEAIOKUAIN MOJIEN 32 COIUjaTHY
MIpeTpary U ynpasJbame mopykama moja HazuoM iLink. ['maBHu dokyc mUXOBOT paaa ce
OJIHOCHO Ha TO KakO MOJEJIOBaTH JAPYIITBEHE MpEXe M KaKo T€ MpEkKe pellaBajy
npobneme ymorpebom P2P Haumna capamme. iLink Mozen je mpumemeH 3a pa3Boj
cucTeMa 3a reHepHcame Hajuelhe rmocraBjbaHux nutamwa (Frequently Asked Questions -
FAQ) y okBupy ApymrBeHux mpexa — noxa HasuBoMm FAQtory. Ilpennoxenu cucrem
omoryhaBa reHepucame CKJIQAMIITAa HUTH, Tj. HHU30BAa CTPYKTypa THUIA
MATamka/0aroBOpH (question/answer threads), Tako 1a Kaja KOPUCHUK TONIAJbE MTUTAKE
CHCTEMY, EeMY CY IpPEJCTaB/beHE JUCTE CPOJHHUX IapoBa MUTAHmE/OAr0OBOp, CHHCAK
CTpyuHaKa 0 TeMaMa Koje ce Hajlaze y NuTamy, U Ha Kpajy, Kao mocienma MoryhHocr,
pesyaTtaTu mperpare ca Beba. J[pymrTBeHa Mpeka je mpeincraBjbeHa Kao rpad ca
YyBOpOBUMA U Be3ama. [lapameTpu Kao IITO Cy CTPYYHOCT, Pe3yaTaT IMpPU OATrOBapamy
(response score) M paHr ToBe3aHOCTHU (referral rank) ce onpkaBajy 3a CBakHU 4YBOD, Tj.
KOpHCHHKA. 3a 00pady numarsa kopucte ce NLP TexHuKke, KOHKPETHO YKIIalhamke CTOI
peun (stop words filtering) W 3aBpuieTaka pedyu (stemming), Ka0o U TNPOHATAKCHE
cuHonnMa. KopucHuny Takohe Mory aHoOTHUpaTH NuUTamka MNPOM3BOJFHUM peuuMa
(tagging) y mwbpy moboselnama mneppopmancu cucremMa. DM TexHHMKa Tpynucamba

(clustering) ce KOPUCTH 3a CTBapame Npoduiia KOPUCHUYKOT 3HAHa U3 TEKCTYaHUX
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u3Bopa. Jlpyru mapamerap Koju ce 4yBa je pe3yiaTar IMpH OAroBapamy KOjU je y
(GyHKLIMjU Y4eCTAaHOCTH [aBamba OJIrOBOpA, TAYHOCTH OAroBopa, MTA. Moayn 3a
nopeherwe u paneuparbe pavdyHa CEMaHTHYKY CIMYHOCTH u3Mel)y TepmunHa. PaHr
MOBE3aHOCTH OJIp)KaBa C€ Kao dodamua uH@popmayuja 0 KOPUCHUKY, KOJU OJroBapa
HOIYJAPHOCTHU JIaTOT KOPUCHUKA y OJTHOCY Ha JApyre KOpHCHUKE. TeXHHKe rpynucama
ce KOpHCTE M 3a Kpeupame MOYeTHOr npoduia 3Hama Kako Ou ce uACHTU(HUKOBAIE
uHpOpMaInrje M3 CIOJPHUX W3BOpA, Kao IITO Cy JOCTYIIHE MAPYIITBEHE MpEKeE,
CKJIQJUINTa €JEKTPOHCKE MoITe Wiu JinuyHe BeO mpeseHtanmje kopucHuka. Takobhe,
KOPUCHHUIIM MOTY HAuMHUTH pydHe u3MeHe y npoduiy. ILink mozmen je meHTpanHo
OpraHu3oBaH (Kao CyNep4yBOp y APYIITBEHO] MPEXH), ald CE MOXKE KOPHCTU M Ha
JICIICHTPaJIN30BaH Ha4yKMH. Iberora cTpykTypa je mpukazaHa Ha ciuiu 3 kopuctehu

oOpa3arl yBeJIeH y Mpe3eHTaIlMOHO] MapaIurMu.

3anumspuBa wuaeja kojy iLink yBoam je MOryhHOCT MHKpPEMEHTAIHOT
onromapama. Ha cBakoM KOpaky Mpomaranuje HHUTama Kpo3 MpPexy, KOPUCHUYKU
YBOPOBU MOTY JONPHHETH TOM IHUTalky ca HEKOM HMH(OpMaIMjoM, Yak U aKko ce Ta
nHpopmanja He kKBaHpHUKyje kKao oaroop. OBa mHbOpMaIja MOXKe OUTH O CaMOM
NUTalky WIN jeTHOCTAaBHO MOXe OUTH JI0Ka3 O TOME IJie MOXKE MOCTOjaT! CIeUU(pUIHO
3Halke y MpEeXM (HOp. KO 3HAa HeWTOo, KO 3Ha Hekora). C nmpyre crpane, iLink He
KOPHUCTH OIIITE PauyyHAHe CEMaHTUUKE CIMYHOCTH, jep 3aXTeBa MPETXOAHO TO3HABAHE
pelleBaHTHUX TeMa y JOMeHY npuMeHe. Takole, HegocTaje MOJes OTIIOPHOCTH Ha IIyM

Y HEKH JIeTaJbHHjH TTOJICTUIAJHA MOJICIT 32 KOPUCHHKE.
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Il. Mpob6abunucrtnyka JlateHTHa CemaHTHNYKa
AHanusa y Noptanuma 3a OaroBapatse Ha lNutamwa
(PLSA in CQA)

Qu M. u capagnunmum [11] 2009. romumHe cy mNpemsioXuUIM MOJEN 3a
NpEnopyyrBame MUTamba YIoTpeOoM MpoOabUIMCTHUKE JIATCHTHE CEMaHTUYKE aHAIH3e
(Probabilistic Latent Semantic Analysis - PLSA) koju moMmake KOPUCHHUIIUMA [1a
JoLUMpajy 3aHMMJbMBA MHTalka y OKBUPY IOpTaja 3a OArOBapame Ha MHTamba
(Community Question Answering Portals - CQA), xao mro je Yahoo! Answers moprai.
TexHuka mopenoBama oOmacth 3acHoBaHa Ha PLSA ce kopuctu 3a mpoguiucarwe
KOPDUCHUYKO2 3HAFA W3 TEKCTyalHUX H3Bopa. Takole, McTa TeXHMKAa MAIIMHCKOT
yaewa (PLSA) ce xopuctu 3a o06pady numarwa. Illopeherve u paueuparve je
[EHTPATNU30BaHO U HE KOPUCTH CEMAHTUUKY CIMYHOCT M3Mel)y eKCTpaxoBaHHUX TOjMOBA.

CrpykTypa oBOT MOZeNIa je MPUKa3aH Ha CIUIH 4.

OBaj pan je ykjbydeH y mperyien umajyhu y Buay Ja yBOJM WHOBATHBAH
OpUCTYN y Mpoduincamy 3Hamka 3aCHOBAH HAa TEXHUIIM MoOJeloBama TeMa. Takole,
npeUiokeHa je HoBa MeTpuka 3a eBanyauujy CHUIIIl cuctema koja mopenu paHr
NPENopyYeHOT KOPHCHHUKA Ca PAaHrOM KOPUCHHMKA KOjH je 1a0 HajO0oJbHM OAroBOp Ha
OCHOBY CKyNa IojaTaka JocTynHux ca Yahoo! Answers noprana. C gpyre crpase,
OBOM TMPHUCTYNY HEJO0CTaje MHOTO aHadu3upaHux arpuOyra. He mocroju moryhHocT
aHOTAaIlMje MHUTama HUTU CE UYyBajy dodamue ungopmayuje 0 KOpUCHUKY. Takohe, He

[I0CTOj€ APYTH MapaMeTpU YKIbYUEHU y PO 3HAbA.
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lll. MpocnehuBawe Nutawba YHyTap Popyma

Zhou Y. u capagnuiu [12] 2009. ronuHe Cy NpeAONKWIN KOMOHMHAIU]Y
jesndykor wmojena Hu CTpykrype ¢opyma (y OONHMKY TNHTamke-OATOBOPH) paH
npociehuBama THTamka oAroBapajyhum kopucHunmuma (Routing within  Forums).
TexHUKe MAIIMHCKOT y4YeHa 3aCHOBaHE Ha BepOBAaTHONWM I0jaBJbHBaEa TEPMUHA CYy
ynoTpebibeHe Kako Ou ce Kpewpanu npopmin ydecHuka Bed dopyma (npogunucarwe
KOpuchuukoe 3nara). TauHuje, TpU pa3IuuuTa MPHUCTYIa Cy ynorpedjbeHa Kako Ou ce
WHTETpHCcalla TPH pas3IMnduTa je3ndKka Mojelia: MOJeN 3aCHOBaH Ha mpoduy (profile-
based), monen 3acHOBaH Ha HUTHMA (thread-based) n MoJien 3aCHOBaH Ha KJlacTepuMa
(cluster-based). Monien 3acHOBaH Ha podly Kpeupa nmpouil 3a CBaKor KOPUCHUKA Ha
OCHOBY OJITOBOpA KOj€ je Taj KOPUCHUK J1a0 U TaKolje Ha OCHOBY OAroBapajyhux nurama
Ha KO0ja je OAArOBOpHO. Y MOJIeTy 3aCHOBAaHOM Ha HUTHMA, TJI¢ HUT MPE/ICTaBIbha MMUTAHE
ca TMOBE3aHWM OJrOBOpHMMA, CBaka HHUT CIY)XH Kao IOTCHIHWjalHAa OO0JIacT, Tako Ja
BEepoBaTHOhA Ja je KOPHCHUK CTpY4YmaK 3a HOBO MNUTame onapehyje ce Ha OCHOBY
aconyjanuje usmel)y HUTH U peneBaHTHOT KOpUCHHKa. Jlakie, cBaku mpodul 3aCHOBAaH
Ha HHUTH JOTIPHHOCH YKYITHOM PaHTy KOPHCHHKa Ha OCHOBY pe3yJiTara acolHjalluje
HUTH ¥ TOr KopucHUKa. Kox Mojena 3acHOBaHOT Ha KIIacTepUMa, Tpyle HUTH ca
CIIMYHUM CcaJpXKajeM ce TPYIUINY y KJIacTepe W Tpaad ce Tpyna CIMYHUX HHUTH 3a
cBaKor KopucHuka. CBaku KiacTep MpeAcTaB/ba KOXEPEHTHY TEMY U MMa Be3y Ipema
KOPUCHHUKY YHja TeKMHA yKazyje Ha 3Hauaj u3Mmel)y Tor kjacrepa M KOpPHCHHKA. 3a
MIOCTaBJFEHO HOBO MUTAKkE PaHT Ce M3pavyyHaBa 3a CBAKOT KOPUCHHKA 30pajameM CBHX
kiacrepa. Kako 6u ce nzberyia HyaTa BepoBaTHONA, 3a HEMIO3HATE PEYU CBA TPU je3UUKa
MoJiella ce MOopaBHaBajy MOMONY je3WYKOT Mojieia y MO3aJuHHU, YUME j&é CEMaHTHUYKO
NOKJIaNlakhe UMIUTMIUTHO yoTpeOsbeHo. [IuTama kao 1 0AroBOpr y OKBHPY CBaKe TEME
Cy TpeTxoaHo oOpaheHa, mTo o0yxBara W3/Bajarbe TOKEHA, (PUITpUpAEE CTOI PEUH,
Kao M yKIamame 3aBpiieraka peud. [lapanenHo ca je3sMUkuM MoOJENIHMMa, OJIBHja Cce
r7100alHO paHTHpame KOPHCHHUKA MOMONY BPEIHOCTH ayTopuTeTra KopucHuka. OBe
BpPEIHOCTH ce padyHajy Kopuctehu rpad mnurtama M oarosopa momohy moceGHOT
ajroprTamMa 3acCHOBAaHOT Ha aJITOPUTMY 3a paHTHpame crpaHuna (PageRank-based

algorithm). KopucHnuku npoduiu 3aTUM ce KOMOMHY]Y ca OBUM BPEAHOCTHMA KaKo
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6u ce 1006M0 (pMHAIHU paHT ekcrepata. Jlakie, KOHaYHH PaHT 3a CBAKOI' KOPUCHHKA Ce
u3pauyHaBa Kao BepoBaTHoha Koja MHTErpHuIle pe3yaTaTre OBa JBAa KOpaka: BPEIHOCTH
no0MjeHe O/ Je3MYKOT MOJea M BPEIHOCTH ayTopuTeTra KOpucHHKA. CTpyKTypa OBOT

IpUCTyIa MpUKa3aHa je Ha CIULH 5.

EBanmyanuja je wW3BpIIEeHA Ha OCHOBY IIOoJaTaka MPHUKYIJBEHUX ca
tripadvisor.com ¢opyma. Pesyntatu cy mokazanu Ja YHoTpeOJbeHH alrOpUTMU
OCTBapyjy 3HauyajaH HaAMpeJaK y MPEHu3HOCTU (precision) n oceTsbuBOCTH (recall). C
JIpyre CTpaHe, OCTaje Hepa3pelieH MpoljeM axXypupama uMajyhu y BHAY /1a C€ HOBE
TEMe II0CTaBJbajy CBAKOAHEBHO Ha (popymHMa, IITO cTBapa MoTpedy 3a aKypHpameM
MHBEPTOBaHUX HMHjAeKca. OBaj MOCTyNaK HUje TPUBHjaJlaH 3a MOJENE 3acCHOBaHE Ha
npoduaMa 1 KiacTepuma, JoK KOJ MOJielia 3aCHOBAHOT Ha HUTUMa HUje TaKo U3PaKeH
300r MOryhHOCTH MHKpEMEHTAITHOT aXypupama. Takohe, HeKe TEXHUKE KJIacTepoBamba
MOTy C€ MPHUMEHUTH 3a TeHepucame CUTHHjUX (fine grained) Kiactepa yMecCTO
kopuithema kiactepa 1o0MjeHHX Ha oCHOBY moxadopyma. Konauno, mpobiemM HOBOT
KOPUCHUKA TIOCTOJU C OO3MPOM Ja Ce HE KOPHUCTE CIOJbHU W3BOpU HMH(pOpMaluja 3a

Kpenpame WHUIIA]ATHOT MpoduiIa KOPUCHHKA.
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IV. Cucrtem 3a lpocnehuBamwe Nutamwa

Li B. u King I. [13] 2010. ronune cy npemioxuin cucreM Ha3zpaH Cucrem 3a
npocinehuBame nutama (Question Routing Framework - QR), koju paHrupa kanamuaate
3a ogroBop yuyrap CQA cucrema. llpogurucarwe xopucHuuxoe 3uarba U3 TEKCTA j€
ypaheHo aBocTpyko: ca M 0e3 pa3marpama KBaiuTera onarosopa. lIpsu mopen
npolemyje MOTEHIMjaHH KBAJUTET OATOBOpPa HAa OCHOBY KBAJIUTETa paHUje
OJITOBOPEHHMX THTamka Off CTpaHe KOpPUCHHMKA. JIpyrHm KOpHCTH caMo (peKBEHLHje
M0JMOBa 3a H3padyHaBame CIMYHOCTU H3Mely naTor murama M CBUX MPETXOAHO
OJITOBOPEHHX MHTama. Takohe, TOCTYITHOCT ce MPoIeHhYje Kao dooamua ungopmayuja.
[IpernocraBsba ce J1a je KOPUCHUK Ha pacrojaramy Ja Mpy>Kd OJroBope 3a mpociehena
nuTama Kaja je MpUjaBJbeH Y CUCTEMY, TaKo Jla Ce MPOIeHa BPIIU Ha OCHOBY MOjeTa
aHanu3ze TpeHaoBa DM TeXHMKOM BpeMEHCKUX cepuja (time-series data mining).
Ilopeherve u pancuparse je IEHTPAIU30BAHO U 32 CBAKOT MOTEHLMJAaTHOT KaHIUaTa 3a
onrosapame QR cucreM m3pauyHaBa pe3ynTaT Kao JUHEapHy KOMOMHAIIH]y TPOLCHEHE

EKCIepTH3e U JOCTYIMHOCTH KOpHUCHUKA. CTPYKTypa CUCTEeMa je MpHKa3aH Ha CIUIH 6.

QR cucrem pazmarpa Kako CTpYYHOCT KOPUCHUKA TAKO U HETOBY JTOCTYITHOCT
3a mpyXame oarosopa y oapehenoM BpemeHckoM orcery. CrpoBeeHU eKCIIepUMEHTH
ca Yahoo! Answers CKyITOM IojiaTaka ImoKa3aju Cy MOTECHIINjal IPEII0KEHOT pPelleHha.
Wnax, npobieM HOBOT KOPHCHHKA IMOCTOjJH IOIITO C€ HE KOPHCTE EKCTEPHU H3BOPHU
uHpopManrja 3a Kpeupamwe HHUIMjaHuX npoduina. Takohe, ykibydunBame IpYyrux
aTpuOyTa y KOPHUCHHUYKH Tporsi HUje pa3MaTpaHO, Ka0 HU CEMAHTHYKO mopeheme
n3Mmel)y excrpaxoBaHuxX mojMoBa. KoHauHO, HUje MOJpkaHA aHAIW3a MUTaka HUTH

IHbUXO0BA aHOTAIIH]a.
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V. G-Finder

Li W. u capaguuim [14] y 2010. roauHu mpencTaBWIIM Cy CBOj IU3ajH H
umiuieMentanyjy cucrema G-Finder, amropurma u amara koju omoryhaBa
MHTEINTEHTHO TpociehuBame mNHTama YHyTap Nporpamepckux ¢opyma (HOp.
nocBeheHux JaBa mporpamckoM je3uWky). Paag je MOTHBHCAaH EMITMPU]CKUM
UCTPaXKMBAKEM KOje je CIIPOBEACHO HaJ TPpH MoIyJapHa mporpamepcka gopyma u Koje
je moKasaJio J1a KOpHUCHUIM (opyMa Hauiia3e Ha YT MEepHo]] YeKamba Ha OJAr0BOP, Kao U
TO Ja je Maju Opoj CTpydmaKa 4ecTo 3aTpnaH nurambuma. CTora, BUXOB IHJb j€ OMo 1a
ce ucKkopucre MHGOPMAIHje U3 U3BOPHOT KOaa cOPTBEpCKOT cuctemMa KoMe je hopyM
nocBeheH, Kako OM ce OTKpuie CKpuBeHe Beze usMel)y KopucHuka ¢opyma.
Ipogunucarwe kopucnuuxkoe 3Hara BpIIM c€ MOMONY /aBa anroputMa KOjU KOpPHUCTE
M3BOPHH KOJ Iporpama ca jeqHe, U mojaaTtke ca ¢opyma ca apyre crpane. Ha ocHoBy
M3BOPHOT KOJla KPEUpajy ce MpeXe KOHIeTaTa, a Ha OCHOBY IojaTaka ca (opyma
Mpexe KOPUCHHKA, KOje Ce 3aTUM MHTETPULILY Y JeMHCTBEH NMPOOaOMINCTHUKA MOIET.
3a codrBepcku cucteM Kome je (GopyM mnocBeheH IUHAMHUYKK CE€ Tpaaud Mpexa
KOHIIETIaTa KOja C€ KOHCTPYHWIIE TAaKO IITO C€ HM3/[Bajajy Be3e m3Mel)y KoHIemaTta u3
M3BOPHOT KOJIa (HITP. HA OCHOBY XHjepapxHje Kiaca Win rpada rmo3uBa METo/1a) Ui TaK
npeBefieHor koaa (bytecode). 3a mpumep MpPOTrpaMCcKOr je3uka JaBa oBa Mpeka MOXKE
npeicTaB/baTH CHUCTEM TumoBa JaBa kiaca. McroBpeMeHO, Mpexe KOpUCHHKA ce
KOHCTPYHIIlY Ka0 yCMepeHH rpad)0BH Ha OCHOBY pefanuja qo0ujeHux usmel)y nurama u
HOBE3aHUX OAroBopa. [locTaBibeHO MHUTamE Ce OHAAa KOPHCTH Kako OM ce MHTerpucaie
OBE JIBE MPEXE U PAaHTUPAIH MMOTEHINjAIHHU CTpydmanu (nopehere u paneuparse). Ipn

TOM, U3padyHaBame ce BPIIU 1o cienehoj hopmyu:

P(KOpUCHUK|MUTabEe) = Z P(kopucHuK|KoHIenT) X P(koHuenT|nuTame)

KOHLENT

BepoBarHoha P(kopucHUKIKOHIIENIT) paduyHa ce U3 JBa Kopaka Ha cieaehu HauuH:

1) Usrpagm Mpexy KOpHCHUKA 3a CBAaKM KOHIIETIT U IPUMEHH MpUIaroheHu
anroputam PaHrupama cTpaHuiia. Y OBOM KOpaky, omHocu wu3Mehy

KOHIICIIATa HUCY YKJbYYCHU.
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2) V3mu y 003up omgHoce u3Mel)y KoHIlenarta, Koje MpeicTaB/hba Mpexa
KOHIIenaTa, u 3a KOpPHCHHKA U3pavyHaj BepoBaTHONY
P(kopucHUKIKOHIIENT) 3acHOBaHY Ha CEMAaHTHYKOM TpYIHUCAKBY

KOHIIEIaTa.

Konauno, P(koHuentinurame) onHOCH Ha 00pady numara Koja ce 00aBba
nOMONy pazNUYUTHX XEYPUCTHKA, Ka0 IITO Cy YYECTaHOCT I0jaBJbHUBaMba KOHIICTITA Y
HacioBy win TF-IDF (term frequency—inverse document frequency) MeTpruke KOHIIETITA
y OKBUPY U3BOpHOT kona Tena nopyke. Ctpykrypa G-Finder cucrema npencraBibeHa je

Ha CIIAIH 7.

EBanyanuja cipoBefieHa HaJ[ olaliuMa U3 TPU BEITUKa MporpaMepcka popyma
(Java Forum, Java DevShed Forum u GEF Forum) mnoka3zana je na G-Finder 3nauajno
mo0oJbIlIaBa MPEIU3HOCT TMpeABuhama CTpydmaka KOJu MOTY IPYXXHTH OJTrOBOpE Ha
nporpaMepcka MuTama. [ TaBHO OTpaHUYEH-E jé METOJ| 3aCHOBAaH Ha XCYPUCTUYKOM
Manupamy KOHIIETIaTa, KOjU Y HEKUM CIIy4ajeBUMa HE yCIeBa Jla OJIpelnd KOHIENTE W3
NUTamkba WK OAroBopa. Takohe, HEKW JIATEHTHH oOpaciyd M OAHOCH KOje€ MOJEN He
3amaxka cy mpo0JieM HOBOT KOPHCHHUKA, Tj. CTPYUYHaka, MpoOJieM OMIITEr CTpydmhaka U
npo0iieM ciy4dajHOr cTpydmaka. [Ipo0iemM HOBOr KOPHCHHMKA OJHOCH Ha KOPHCHHKE
KOjU HHUKaJla HUCY OArOBapalii Ha OWJIO IITa paHHUje A ce BUXOBA CTPYYHOCT HE MOXKE
onpenutu. Manudecranuja npobiaemMa ONIITEeT CTPYyUHaKa ce orjie[ia y ToMe J1a MUTamba
OJITOBOPEHAa OJf CTpaHE OBAaKBOI KOPHCHHWKA HEMajy HUTH EKCIUIMIUTHE HUTH
UMILTUIIATHE ceMaHTH4Ke Be3e MehycoOHo. [Ipobnem ciydajHOr cTpydmaka OJJHOCH Ha
KOPUCHHUKE KOjU aKTUBHO YYECTBYjy y TeMama ca KOMEHTapuMa M CyrecTujama, aju
perko ca oarosopuma. [lakie, anropuram jaaje ucmpaBHO mnpeaBubame na he onum
BEPOBATHO JIaTH OJrOBOP, &I HE MOYKE HANPAaBUTH Pa3IuKy u3Mmel)y mpaBux OAroBopa

M TCKCTOBA KOMCHTAapa.
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VI. Aardvark

Horowitz D. m Kamvar S. D. [15] y 2010. roxuHum npencraBuiu cy
KOMEpLHjaTHUu cucTeM mon HazuBoM Aardvark. OBaj cuUCTeM MpeacTaBhba CEPBUC
couujanHe nperpare (social search engine) rie KOPUCHUIM MOTY MOCTaBUTU NUTAILE,
OWJIO MyTeM MHCTaHT IMOpPYKe, €JEKTPOHCKE MoIluTe, BeO ynaza uinu rinaca. [lurama ce
aHanmu3upajy DM TexHUKOM (KOMOMHAIIMjOM TPEHUpPAHUX KIacH(HUKaTopa Tema), a
KOPHCHHMK WX MOXE€ JOJaTHO aHOTUpartu (tagging). Jla OM MpoHamao HEKora Ko je
HajBEpOBaTHU]E y CTamy Jla OJArOBOpPH Ha muTame, Aardvark mpocnehyje oBo nmurtame
oco0amMa y MpOIIMPEHO] APYIITBEHO] MpeXHu KopucHuUKa. Ctora, KOPUCHUYKHU MPOQUIT
caJip’kKu MPOILIMPEHY COLMjATHY MPEXyY KOja MHICKCHpa MPUIATHOCT U HHPOpMaLje o
NpUjaTeJbCTBY 32 CBAKOI KOPHCHHMKA Kao W 3a HUXOBE IpHjaTesbe, MpeAcTaBibajyhu
npymtBeHu rpad npujaresbctBa (Friends-of-Friends social graph). KopucHuk nma
MoryhHOCT 1a yBe3e oBe mH(popmalije u3 nocrojehnx IpymTBEeHHX Mpeka Kao IITO CY
Facebook, LinkedIn unu KOHTakTH U3 €JIEKTPOHCKE IOIITE, MIIH MaK Py4yHO 1MO3uBajyhu
npujatesbe Aa ce npuapyxe. MctoBpeMeHo, 3a npoguiucarbe KOpUCHUYKOS 3HAFA U3
Tekcta, Aardvark oapikaBa cmmcak Tema O KojuMa KOPHUCHUK HMMa OJIpeheHH HHBO
uHTepecoBama. OBe TeMe Cy UACHTH(PUKOBAHE M3 HEKOJIHMKO M3BOpA: PYYHO HaBeJleHE
0J1 CTpaHe KOPHUCHHKA WM HETOBOT MpHjaTesha KOJH Ta je MO3Ba0, aHATM30M CTPAHHUIIC
npoduiia WM Hajlora Ha KOMe peloBHO axxypupa craryc (Hnp. Twitter mim Facebook) u
Ha Kpajy, MocMaTpameM MOoHAaIllakha KOPHUCHUKA PUITMKOM OJiroBapama (riu n3bopa na
HE OJIrOBOPH) Ha MUTama 0 oapeheHnm tremama. Kombunanuja DM & NLP ce kopuctu
3a W3/ABajame TeMa, KOHKpeTHO SVM (Support Vector Machine) u ad hoc ekctpakiyja
UMEHOBAaHHUX eHTHUTeTa. Takole, aTpuOyTH MOIYT MOBE3aHOCTH M JOCTYIHOCT C€ BOJE
3a CBAaKOI' KOPHCHUKA Kao doodammue ungopmayuje. Monyn 3a nopehere u paneuparse
KOPHUCTH 3aj€JHO MPOIIUPEHY COILMjaTHA MPEXY M TeMe JOOHjeHE M3 TEKCTa Kako Ou
paHrupao MOTEHUHWjalHe KaHauaare 3a oaroBop. CiamvHocT u3Mel)y KOpuCHUKA ce
padyHa yrmoTpeOoM Mojiena 3a npenopyunBame (Recommender System - RS Model) nan
aTpubyTHMa TOOUjeHUM M3 JPYIITBEHUX MpPEXka, Kao IITO Cy aAeMorpad)cka CIMYHOCTH,
CIIMYHOCTH TNpoduia, APymTBeHEe Bede, UTA. CIMYHOCT u3Mel)y M3IBOJEHHX TeMma M3

nuTamka M Tema M3 npoduiga KOPUCHUKA ce padyyHa KOpUIIhemeM CeMaHTHYKe
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CIIMYHOCTH 3aCHOBaHE Ha TEKCTyaJlHOM KopIycy, Kao ITo je Bukunenuja.
Opranuzanuja Aardvark cucrema je IeHTpaJM30BaHa U HETOBa CTPYKTYpA je MpUKa3aHa

Ha CJIUIH 8.

Aardvark anroputam mperpare craBjba AakKIICHAaT HAa HMHTHUMHOCT, TJ/E j€
NOBEpEHE KOPUCHUKA Y JOOHMjEHH OJrOBOp MPBEHCTBEHO 3aCHOBAHO Ha MO3HABAIbY Te€
oco0e (IMPEeKTHO WM UHAMPEKTHO U3 COIMjaliHe Mpexe). Jlakie, nuTama cy mpe cBera
ycMepeHa Ka MPOIIMPEHO0] COIMjaTHO] MpeXH KopucHuka. Kako je HaBeneHo, TO maje
pe3yaTaTe 3a MUTamka Koja Cy y KOHTEKCTY COIHjalHe WM JeMorpadcke OJIMCKOCTH
KOpUCHHKA (HIMp. JaBamkbe MUIUBECHA O PECTOpaHy y OJM3WHH WM CaBET O M3JIACKY).
Mebhytum, mocToju jom jenHa AMMEH3Wja IMOBepema y JTOOMjeHH OJroBOp Koja je
3aCHOBaHa Ha penyTaluju KaHauaara 3a oaroBop. OBo ce mocedHO OJJHOCH Ha MUTamka
KOja Cy BeoMa CTPYYHO OpHjeHTHCaHa, rie nHpopMaIrja K0jy KOPUCHUK TPaKH YECTO
HE MoXxe OuTu mnpoHal)eHa y HErOoBOj MPOLIMPEHO] JPYIUTBEHO] MpPEXH. Y TOM
KOHTEKCTY, MMOTpedaH je APyrd MOJEN npoguiucarba KOPpUCHUYKOZ 3Hard Kako Ou ce

MUTamka MpociieuiIa OropapajyhemM KOpucHHUKY.
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VII. KoHdyuuje

Si X. u capamuuim [16] y 2010. roguam mupencraBuin cy Kondyuuje
(Confucius), Google cepBuc 3a mutama u oarorope (Questions &Answers - Q&A) xoju
kopuctu mect DM nporieaypa kako OM HCKOPUCTHO CHHEPTHjy u3Mel)y BeO mpeTpare u
IpymTBeHUX Mpexa. Kajga yHetn TepMuHHM 3a mperpary yka3yjy Ha SWI1H tun ynura
(kama, THe, 3aTO, WTA.) WIM KaJa TMPETPAKUBAY HE MOXKE BPATHUTH JOBOJHHO
pelieBaHTaH pe3ynTar (HIp. MpeKiIaname caapikaja ynuTa W MOTEHLUjaTHO HajOoJbuX
pe3ynaTaTa je HUCKO), npenopyuyje ce Q&A cecuja. Ha Taj HaUMH KOPUCHUK KOJU TPAKH
HEeKy MH(opManujy TMOACTHYE C€ Ja MocTaBu nuTame yHyTtap KoHdyuuje cucrema.
[Mapanenna wumruieMeHtanuja nateHtHe JlupuxneoBe anoxaumje (Parallel Latent
Dirichlet Allocation - PLDA) ce kopuctu 3a 06pady numarea. Kaga ce yHece nUTame,
cucteM he mpenIoKUTH CKYIl HacloBa Kareropuja 3a uzoop. Takole, HOBa kaTeropuja
ce MOXe PY4YHO AO0JAaTH NMuTamy. JJOK KOPUCHUK YHOCH MHUTame, a MPEe HEroBOr clamba
YOBEKY - KaHIUAATy 3a OJIOBOpP, IMOJCHCTEM TpPaXXH CIIMYHA paHUje TOCTaBJbEHA
nuTama, Kao U kuxoBe Beh pacmonoxuse oaroBope. OBaj KOpak cMamyje BpeMe Koje je
MoTpeOHO J1a KOPUCHUK J00Hje 3a10BOJbaBajyhul OTOBOP y CIy4ajy /1a CIIMYHO MUTAHkE
nocroju. [lopen Tora, HakOH clama MHTalka, KOPUCTE CE CIONKEHE U BPEMEHCKHU
3axTeBHe NLP TexHHKe 3a ayToMaTcKo TeHepucame oaroBopa. OBaj Kopak He yrpoxaBa
OMIITH KBAIUTET pajia CUCTEMa, jep Ce OJIBHja JIOK C€ 4YeKa Ha JbYICKH OJIrOBOP M
Takohe y clly4ajy J1a je HUBO MOY3JaHOCTH MPOM3BEICHOT OATOBOPA HIKU O] YHAIPE.

onpeheHor npara, oBaj Moyl Hehe MOHYIUTH HUKaKaB OJITOBOP.

Monyn 3a npoguiucarwe KopucHuykoe 3Hara CjeqUHABA  HEKOJIHKO
pa3MuuTUX aTpubyTa Kao IMTO Cy rpad KOPUCHHUKA, KBAJUTET OATOBOpAa M TEeMe
UHTEpaKIyja. 3a CBaKM OJArOBOp, IMOpeA NPUKYIUbEHUX MOBpPATHUX HHQOpMalyja
nobujeHux oa muTanana (y BHAY CeNIeKIMje HajOoJher OATrOBOpa WM TJIacoBa
NpUXBaTamka OJHOCHO HECllarama ca OJrOBOPOM), KOPHUCTH CE€ M ayTOMaTCKa pyTHHA 3a
NpoIeHy KBajuTeTa oaroopa. OBa pyTuHA je peaan30oBaHa Kao TPEHHpPaHU OWHApHU
KJacu(UKaTop M 3aCHMBAa C€ HAa HEKOJMKO (paKkTopa KOjU YKJbYUY]y PpEIEeBaHTHOCT
OJrOBOpa Kao M HEroBy OpHTMHATHOCT. OIEHE KBAIWTETa CE 3aTHUM arperupajy 3a

CBAaKOI' KOpUCHUKAa Tmomohy pyTuHe 3a nopeherwe u paueuparwe. OBa pyTHUHA
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KBaHTU(HKY]je JONPUHOCE KOPUCHUKA M PAHTUPA UX Y 3aBUCHOCTH O] TeMe, KopucTtehu
texxuncku HITS anropuram oceTspuB Ha TeMe Kako OM ce reHepucao rpad akTUBHOCTH
KOPUCHUKA KOju ce Ao0uja mpeTBapameM Q&A CTpyKTypa y TeMaTCKH TMOHIACPHUCAHE
WHTEpakiuje u3Mel)y KopucHuKa. Pe3ynrar u3BpiaBama ajaropuTrMa oOyxBara JBa
acriekta pernyranuje: (a) MOryhHOCT KOpPHCHHUKA Ja JOCETHE JApyre KopucHUKE U (0)
CIOCOOHOCT KOPHCHUKA J1a TIPUBYYE MaXby APYTUX KopucHuKa. Konauan pesynrar ce
3aTHM HM3padyHaBa Kao JIMHEapHa KOMOMWHAIHMja OBa JBa acmekTa. Takohe, CeMaHTHUKO
nopeheme je mmmmmmuTHO peanm3oBaHo kpo3 PLDA monen. Kondyuwuje cucrem je

[IEHTPaJIHO OPTaHM30BaH U HEroBa CTPYKTYpa je MpuKa3aHa Ha ciunu 9.

JloOujeHn CTaTUCTUYKHU pe3ynTaTu eBaiyauuje cucrema Kondyuuje nokazanu
cy na cuHepruja usmehy BeO mperpare m Q&A 3ajenHuiie mMoOOJbIIaBa KBAIUTET
yciyre. Takohe, kako OM ce m30erao CyBWINIAaH M HEMOTpPeOaH Mocao, a CaMUM THM U
Kallllbehe MPHIMKOM Cllamka MUTamba AUPEKTHO JbYICKUM KOPUCHHULIUMA, yOTpeObeHe
Cy pa3jIMyuTe TEXHHMKE, Kao IITO je AayTOMaTCKO TeHEepucame OJIroBopa HIU
npenopyyrBame CIMYHUX W Beh oaroBopeHux nurama. Mmak, mpobiem muTama 3a
MUIIJBEEE j€ jelaH OJ] MPEOCTAIMX HEpelIeHWX u3a30Ba. Haumme, TpeHHpame OBOT
MoJieNia ce ocllakba Ha Haj0oJbe OArOoBOpE Kao IO3UTHBHE Y30pake M He-HajOooJbe
OJITOBOpE Kao HEraTHBHE Yy3opake. MehyTuMm, KOA NHTama 33 MUIUBCHE pa3iiuKa
u3Mel)y HajOoJPUX U He-HajOOJbUX OJroBopa je cyOjexktuBHA. [la OM ce OBO aJeKBAaTHO
pemmio moTpedHO je aa monaen Takohe eBuieHTHpa CYyOjeKTHBHOCT NHUTanama (Ha
npuMep Kao ITO je TO yummeHo y cucremy Aardvark) mro Huje mnpeasuleHO

TPEHYTHUM CKYIIOM aTpuOyTa.
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VIIl. Yahoo! Answers Cuctem lNpenopyka

Dror G. u capamuunu [17] y 2011. roguHu Harmacuiaum cy mnoTpely 3a
MEXaHU3MOM IpenopyunBamba yHyrap CQA mnoprana, kKoHKpeTHO Yahoo! Answers
nopraia, Koju OM MOrao nga IpHOJMKK TNHUTaka KOPUCHHIIMMA KOjU WMMajy OJIMCKa
WHTEpPECOBamka U KOjU €BEHTYyalTHO MOTYy oaroBoputu. OBaj cucteM je Ha3BaH Yahoo!
Answers cuctemom mnpenopyka (Yahoo! Answers Recommender System). Ob6paoa
numara je peanu3oBaHa kopummhemem NLP TexHumka, kao mTo cy obOpama u
bunTpupame pazIMuUUTUX BPCTa peUH, 3aTHM YKJIAmbambe CTOI PEUd, Kao U YKJIamhame
3aBpuieTaka pedd. Takole, MPMIMKOM MOCTaBJbakba NMUTama CHUCTEMY, KOPHUCHHMK ra
MOpa aHOTHpaTH A07esbyjyhH jefHy WM BHILIE KaTeropuja. ApXUTEKTypa CHUCTeMa je
[EHTpaJIu30BaHa, a nopeherwe U paneuparwe C€ 3aCHUBA HAa MYJITH-KaHAIHO]
TEXHOJIOTHjU CHCTeMa TmpenopydyuBamwa (multi-channel recommender — system
technology). Kako Ou cjequHHWO W TreHepaln30Ba0 WHQOpMaIHje KOje C jeHE CTpaHe
NPECTaBbajy Pa3InYUTE CUTHAJIC TEHEPUCAHOT Ca/ip)Kaja, a ca JIpYyre CTpaHe CUTHAJe
COLIMjaJIHUX B€3a KOPUCHHKA, KOHCTPYHCAHO j€ CUMETPUYHO OKPYKEHE KOje YKIbyuyje
U OpraHusyje OBe cuUrHaie y BuIle KaHama. CurHamu caJpikaja KOpUCTE ce 3a
npogunucare KOPUCHUYKOZ2 3HAFMA W3 TEKCTa M OHM C€ YIJIaBHOM OJIHOCE Ha
TEeKCTyaJHe aTpuOyTe U KaTeropHje MUTama U MOBE3aHUX oAroBopa. Ocranu arpudyTu
cy Takohe yKJbydeHHM y OOJMKY COIMjaJHUX CHTHalla, KOjU €BHJECHTHPA]y pa3IHuuTe
MHTEpaKIfje KOPUCHUKA Ca MUTAkEM, Kao IITO Cy MOCTaBJbakhe MUTaba, OJroBapame,

rnacame, uta. CTpykTypa cuctema je nmpukasad Ha cauiu 10.

OCHOBHM LIWJb MPEAJIOKEHOT MPUCTYTIA j€ Ja Ce 3aXTEB KOPUCHUKA 3a]I0BOJHU
3a pazIUuMTa MUTamka, HEKa YUICHWYHA, anu y BehuHU cy0jeKTHUBHA Tne je TojaM
excnepTu3se upeneBanTan. OBO ce pa3iMKyje O] 3a/1aTKa MpeTpakuBama eKcrepara Koju
MOKYyIIaBa Ja HWACHTH(HUKYje ayTOpUTATHBAH OJrOBOpP KOju OM 3aJI0BOJBMO BehuHYy.
Takohe, y konTekcty Yahoo! Answers moprajiia eKCTEpHH M3BOPH JPYIITBEHUX Be3a
u3Mel)y KOpucHHKa HUCY JOCTYITHH, A je IJIaBHU (POKyC OMO Ha TOME KaKO HalpaBUTH
pa3nuky u3mely pa3IMUUTHX MHTEpakldja KOpUCHHUKA ca nuTambeM. OBO MMIUTMLUPA

po0JIeM HOBOT KOPUCHUKA.
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IX. STMin CQA

Riahi F. u capaguunm [18] y 2012. roquHu 06jaBUiIN Cy CBOje HCTPAKUBAKE O
MOTOHOCTHMA YIMOTpeOe JBE CTAaTHCTUYKE TEXHHWKE MojaenoBama Tema y CUIIIL
CUCTEMHMMa W VYIOOPEAMIM MX HACyNpoT TPaAWLMOHAIHUM NPUCTYNIUMA Yy
npeTpakuBamy uHpopmarja. OCHOBHU ITMJb HHUXOBOT HCTPaXMBamka OWO je Ja ce
u3payyHa BepoBaTHONA Koja MPeJCTaBJba CTPYYHOCT CBAKOTI KOPHUCHUKA 32 TIOCTABJHEHO
nuTame. Y NpeasioKeHOM MOJENy, CBaKO MUTamke UMa TPU Jejia: aHoTalfja MUTamba —
CKyN JOJe/beHUX O3HaKa (fags) Ol CTpaHEe KOPUCHUKA KOJU je TOCTaBUO MUTAHE;
HACJIOB MHTamka - KpaTak OINWC; M Telo MUTama - JAeTajbaH omnuc. MHTepecoBama
KOpUCHHKA ce Mojenyjy npahemeM merose ucropuje oarosapama y CQA 3ajenHuiy.
3a cBakor KOpPHCHMKaA, MPO(HI je KperupaH KOMOMHOBamEM NHTama 3a Koja je Taj
KOPUCHUK TIOHYJIMO OJTrOBOP KOjHU je m3abpaH 3a HajO0osbn. Ha OCHOBY NMpUKYIJBEHUX
KOPUCHUYKUX Mpoduiia, ciuyHOCT u3Mel)y KaHAuaaTa 3a OATOBOP M HOBOI NUTama
(nopehemwe u paneuparbe) Mepu ce ynorpeooM HeKoIuko paznnautux metona: TE-IDF,
je3ndku Mojen ca JIupuxieoBoM HOpMalU3alfjoM, JIaTeHTHa [lupuxiieoBa anokaiuja
(Latent Dirichlet Allocation — LDA) m CeTMEHTHpPaHO MojelioBame TeMa (Segmented
Topic Model — STM). TexHuke ykiamama 3aBpIIETaKa Peud, 3aTUM YKJIAHkamke CTOT
peun, Kao U HE TaKO YEeCTHX peuyd yHnoTpeOsbeHe Cy 3a 00pady HuTama U OJrOBOpA.
I'enepanna opranmusanmja MojieNna je MEHTPAIN30BaHa U HEroBa CTPYKTYpa je MpHKa3aH

Ha cauuu 11.

3a eBaslyanujy pa3IMuUTHX MPEITIOKCHHX METOJa ayTOPH Cy KOHCTPYHCAIIU
CKYII TMMOJlaTaKka CaKyIybeHUX ca BeO moprtana stackoverflow.com. Pesynratu noGujenn
HaJl OBUM CKYIIOM I10/IaTaka Cy MOKa3aly Jja yrnoTpedJbeHe TEXHUKE MOIETIOBamka TeMa
Ha/aMalyjy ocraie meroje. [lame, ayropu cy 3akspyunnu 1a STM nocnenHo naje 6osbe
pesyatate y ogHocy Ha LDA. Mehytum, nmpenHOCTH €KCTEpHUX M3BOpa MH(pOpMaIHja
3a MOJICTIOBaEk-€ MHTEpPECOBama M EKCIEepTH3e KOPUCHUKA HUCY pa3MarpaHe, Kao HU
JIpyrd MHTEpPHU aTpuOyTH Mel)y Kojuma cy OIlleHe oaroBopa (answers score), 0poj
OMIJbCHHX (favorite count) Kao M mocleAmu AatyMm ypehuBama. Takole, kao mro cy

ayToOpU HAIIOMEHYJIH, KOPUCHUYKE MH(POpMAIFje YeCTO MOTY CaApaTH MeTarnoAarke, y
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BUYy OelieBa WK peryTaluje, KOju HUCY TPEHYTHO pa3MaTpaHu Kao JOJaTHHU aTpuOyTH

(0ooamue unghopmayuje) 3a mpopUIHCaHE KOPUCHUKA.
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X. MpocnehuBawe NMutawa YHyTap CQA 3acHoBaHoO

Ha Knacudgwmkaumjm

Zhou T.C. ca capagaunuma [19] y 2012. ronuHu npukasaiy cy METOJ Ha3BaH
[IpocnehuBame nurama ynyrap CQA 3acHoBano Ha knacuduxauuju (Classification-
based Routing in CQA). Y cBoM pany pasmarpanu cy CHUIIII nporec kao mpobiem
Kiacudukaiuje, Ha OCHOBY KOTra Cy pa3BWJIM HU3 JIOKATHHUX U TJIOOQHHUX aTprOyTa KOju
OCJIMKaBajy pa3JInUUTE acleKTe MUTama, KOPUCHUKA U BUXOBUX Mel)yCOOHMX penaryja.
JlokanHe KapakTepUCTHKE YKJby4yjy (a) arpulyre muTama, HIp. AY)KHHA HAcJOBa,
nyxkuHa Tena, SWIH tun nurama; (6) arpubyre ucropuje kopumrhema, HIp. Ty>KUHA
YJIAHCTBA, YKYITHO CaKyIJbeHHX 0070Ba, Opoj HajO00/be TPYKEHUX OIroBOpa, Opoj
IIOCTaB/bCHUX NHUTaWka; U (B) aTpUOyTH OJHOCAa KOPUCHHK-TIUTAE-E, HIp. J1a JH je
KOPUCHHK Ha BPXY JIUCTE€ Ha OCHOBY H-ETOBOT JIONPUHOCA y KATETOPHjH Y KOjO] MUTAE
npunazga. llopen Tora, ycBOjeHHM Cy HEKHM aTpuOyTH KOJU OMHCY]y CEMaHTHUYKY
CIIMYHOCT JE€3MYKOr MoJiela MHUTamka W Je3MYKOr Mojena kopucHuka, Hop. KJI-
JMBEpreHujy n3mel)y HacoBa akTyeJIHOT TUTaka U ErOBUX JIeTajba, U CBUX HACIOBA
NUTakba M IKUXOBUX JeTajba 3a KOje je KOpPUCHUK 00e30emuo oarosope. I'moGamuu
aTpuOyTH y3umajy y o03up riiodanne mHdopmaimjy o KopucHuky mooujeHe n3 CQA
CepBHCa M OHU Ce Takole MOTy MOJEIUTH y TPH KaTeropuje: (a) aTpuOyTH NUTamka,
HITp. MPOCeYHa JYXKHHA HACJIOBa M IPOCEYHa AYy>KHWHA JieTaba; (0) aTpulyTn BCTOpHje
Kopuithema KOjU MpHKa3yjy jJEAMHCTBEHOCT KopHCHUKa, Hip. KJI-nuBeprenunuja
NUTamka U OAroBOpa KOPUCHHUKA U MUTama M OJrOBOpa CBUX OCTAJUX KOPUCHHKA; U (B)
aTpuOyTH OJHOCAa KOPHUCHHK-TIUTAE KOJU CE€ 3aCHMBAJy Ha MPETIOCTABIM NI IIITO CY
CIIMYHUJU Je3WYKH MOJENIM OJIMOBOPEHHMX IHTaka KOPUCHHKA W CBUX MUTama Yy
KaTeropuju, BEpOBaTHU]jE je Jla Taj KOPUCHUK MOXKE JaTH OATOBOP HA MHTamka U3 OBE
kareropuje, Hnp. KJI-nuBeprennuja usmel)y HacioBa muTama Ha KoOja jé KOPHUCHHK
OJITOBOPHO U HETOBHUX Je€Tajba, U JIMBEPreHIIMje HAclOBa U JleTajba CBUX MHUTama Y
KaTeropHju K0joj MpHMaaa AaTo MUTame. 3a o0paay MUuTama U OATOBOpa yImoTpeOsheHe
Cy TEXHHMKE YKJIamkama 3aBpILIETaKa pPeud Kao U YyKIamwamwe cTomn-peun (ocum SWIH
peun). [lopeherwe u panecuparse je pazMaTpaHo Kao MpoOiieM KiacupHKalmje ca JiBe

KJace, nmpu 4emy je (okyc OMO Ha TMO3WTHBHO] KJIACH, INITO 3HAYM Ja 3a JaTH Tmap
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NUTake-KOPUCHUK ce ofapehyje Koju KOpUCHUK OW HajBepoBaTHHje OArOBOPHMO Ha
nutame. Kao meron knacuduxanuje ynorpedssen je SVM. Mogen opranuzanuje je

LEHTPaIN30BaH U BEroBa CTPYKTYpa j€ WIYCTpOBaH Ha ciuiu 12.

ExcniepuMenTamuu  pe3ynaTaTd Ccy JOOWjEHH €BajlyalljoM Haj CKYIOM
nonataka u3 Yahoo!Answers cuctema. YKOIUKO jé KOPUCHHUK OJATOBOPHO HA MHUTAE,
nap KOPUCHHUK-TIUTAE C€ CMaTpa MO3UTUBHUM IPUMEPOM, A aKO j& KOPUCHHUK ITOCTaBHO
NUTalke, OBaj Map Ce cMaTpa HEraTUBHUM npumepoM. Pasnor 3a mocienwme je aa
YKOJIMKO jé KOPUCHUK ITOCTaBHO MHUTABE, TO MOKE 3HAYUTH J]a OH HE IOCE/yje 3HABE O
TOM MHTAaBY, HITO MOKa3yje Ja KOPUCHUK HUje MOTrao Jia OJrOBOpHU Ha mera. Mehyruwm,
Kao IITO ayTOpH paja MpPU3HAjJy, TMOCTyNaKk M300pa HEraTUBHUX IMpPUMEpa je CIIOpaH.
Takohe, mopeheme je u3BpIIEHO 3a pa3aIuIUTe BpCTe aTpulyTa M oJpeheHo je KOJIUKO
OHHU JIONIPUHOCE KOHA4YHUM pesyntatuMa. OBoO je MoKa3ayo Ja OJHOC aTpudyTa MUTambe-
KOPUCHHK UTpa KJbYYHY yJIOTYy Y 0OOJbIIaky YKYIHHUX nepdopmancu. Mnak, mpodbiem
HOBOT' KOPMCHHKA ITOCTOjH, Ka0 U MPOOJIeM MUTamba 0 MUIUBEHY, Y KOjUMa je pasiuka

n3Mely HajOOJbHMX 1 He-HAjOOJBUX OJrOBOpa CyOjeKTHBHA.
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Xl. SQM

Banerjee A. u Basu S. [20] y 2008. roauau mpeioxKuIN Cy COLUjaTHU MOJIET
ymuta (Social Query Model - SQM) 3a nenieHTpaTn30BaHy MpeTpary Koju MpeIcTaBba
anroputaM Panrupama crpanuna u onpeheHn MapkoBJbeB TpoIEC OTYYHBama Kao
nocebHe cimydajeBe. JpymTBeHa Mpexa je mpelcTaB/beHa Kao rpad ca 4YBOpOBHMA U
Bezama. Mojen He pasMarpa obpady numarba W HE TOJpKaBa HUXOBY aHOTAIH]y.
[Ipodun 3Hama KOpUCHHMKA OO0yXBaTa caMO OLEHY CTPYYHOCTH, a Kao 0odamHu
nooamax yBpuiheHa je Op3uHa om3uBa. OpraHmszanyja je JACIEHTpaTu30BaHa W
nopeherwe u paHeuparbe Cc€ 3aCHUBAjy HA JAUCTPUOYUPAHOM alPOKCHMATHBHOM
QITOPUTMY KOjU padyHa ONTHMAIHy TOJUCY pyTHpama ynuta. CTora, y KOHTEKCTY
MoJieJla OBa IOJIMCA j€ MCTOBPEMEHO ONTHUMAJHA 332 CBE YBOPOBE, Y CMHUCIY Ja HE
MOCTOJM TIOJICKYIT 4YBOpOBa KOju he wWMaTu MOACTHIAja Ja 3aj6IHUYKH KOPHCTE
JIpyradyujy JIOKaJHy TOJNUCY pyTupama. Miycrpanuja crpykrype SQM mMozena je

NpeACcTaB/beHa Ha CUIM 13.

Y  u3BECHO] MepH CBH TPETXOAHO TMPEACTaBBEHH MPHUCTYNIH CYy
koMIuieMeHTapau SQM mogeny, jep BHUX0B (OKyc HHje OWMO Ha pyTHpamy YIUTa
YHyTap YBOpOBa JPYIITBEHE Mpeke, Beh Ha uaeHTU(UKAIIM]A TTOTSHIIMjala KOPUCHUKA
Jla TIPY’KW Ta4aH OATOBOP M ymopehuBamy TOT MOTEHIMjaia 3a JaTto nuTame. Jlakie,
OBa] TOTEHIMjaJ CE MOXE OKapaKTEepucaTH PpazIUYUTHM (aKTOpUMa, Kao IITO Cy
CTPY4YHOCT M Op3uHa 0/3MBa, KOjH NPEICTaB/bajy yia3zHe mapaMmerpe y okupy SQM

MOJIeNa.
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EBanyauunja aHanM3snpaHux
npucTyna v npeanor HoBe
MeTogosnoruje

Ha ocHOBY aHanmm3e NpeTXOJHO NpPHKa3aHUX pellcHkha, UACHTH(GUKOBAHH CYy
cinenehn mpoOiemMu, Tako Ja OCTaTak OBOT TOTJIaBJba CaIPKH HJEje O] WHTepeca 3a

moryha nmoOosblama y Be3H ca TUM IpodiaeMuMa.

. Busyanusauuja nutama

[Murama ce OOMYHO cacToje O TEKCTa KOjU HHje CYBHIIE Tyravak, ma jeIHO
peleme 3a UMIUIEMEHTAIM]y MOJyJa 3a obpady numarba je ynorpeoom NLP wmm
DM/ML texnuka. MehyTuMm, anatu 3a ayTOMaTCKy €KCTpakiujy uHdopmaiumja y
OPUHIUITY MOTY OMTH HEIOBOJHHO MPELU3HU M M30CTAaBUTH HEKE BpelHe HH(popMarlyje.
Takohe, kpaTka muTama 4ecto Mory OuTH aBocMuciena. Mmajyhu To y Bumy, mehy
CBUM aHAJIM3WPaHUM, HAj0OJbE peIICHEe je mpenaokeHo y cuctemy Kondyuuje, jep 3a
YHETO MHUTamke KOPUCHUKY Ce Tpeasiake CKYIN KaTeropuja 3a m30op. Takohe, HOBe
KaTeropuje ce Mory py4yHo goxatd. CXOOHO ToMe, HajeUKacHHMje pelIeHhe je
UHTEPaKTHUBHHU KOPHUCHUYKH HMHTEpdejc Koju omoryhaBa koMmyHUKaIujy usMely mMoaymna
3a 06pady numarba M KOPHUCHHUKA KOJHU j€ TO THUTame moctaBuo. OBaj] OpHUCTYI
KOMOWHYj€ TOTIIYHO ayTOMAaTCKy O0Opaay TeKCTa M PYy4YHY KOPEKIH]y pe3yJrara,
npyxajyhu xopucHuky moryhHoct mosehama Taunoctu usnaza. C npyre cTpase,
ayToMarcka o0pajga MoOKe TNPOM3BECTH BHIE pe3yiTaTa Koju Ou oO0uuHO Ouimu

3a00paBJbCHU.

Nmajyhu y Buay cBe MpeTXOIHO HAaBEACHO, Kao HA4YMH 32 MPEACTaBY
no0HMjeHux pesynrara Moryhe je MpUMEHHUTH NMPHUCTYI y KOME Ce OTKPUBEHH KOHIICTITH
MOT'Y BH3YEJIHO MpeacTaBuTu y ¢popmu obnaka konuenata (Tag Cloud Busyenusanuja).

JenmHa on mpeaHOCTH OBOT MPHUCTYyNA j€ TO Aa "IITO je KOHIIENT 3Ha4yajHUjU, UMa Behy
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J0JIeJbeHy BenuunHy GoHTa", mTo 06e30elyje MHTYUTUBHU]Y MPEACTaBY CeUU(PUIHUX
onHoca u3Mel)y KoHIlenara, Kao U HBHUXOBOT 3Havaja y nutamy. Cnuka 14. npencrasiba

pUMep TeHEPHCAHOT 00JIaKa KOHIIENaTa.

Concept list | Options

computer computer science govern ment intention
intimidate United States government

&=

| Concept 50% |

Cnuka 14. Busyenuzamyja nutama: [Ipumep reneprcanor o0raka KoHIENaTa

Il. MpowunpeHo cemaHTN4YKO nopeheme

Mepa caumunoctr wu3Mel)y mnuTama W Opoduiia KOPUCHHKA MOXE Ce
peanu3oBaTH M3pauyyHABAKEM TAYHOT MOKJIamama u3Mely Mperno3HaTHX Tema WId
[I0jMOBa, WJIM TAaK H3pauyHAaBamkEM HHUXOBE CEMaHTHUKe ciu4yHocTH. Kao mTo je
MMOMEHYTO, MOCTaBJbEHA MUTamka Cy OOMYHO KpaTka, ma oJIpe)eHO MUTame MOXKE OUTH
BpJIO CEMAaHTUYKHM CIUYHO NOpoduiIy KOPHCHHMKA, alld U Jajbe JIEKCUYKH BeoMma
paszmuuuto. Ctora, OOJbM pe3ylNTaTH MOTYy c€ MOCTHhM yInoTpeOoM CeMaHTHUKe
cimuHocTU. Hekonmuko pemiema kao mto cy Aardvark, Kondyuuje u G-Finder kopucte
CEMaHTHUKY CIMYHOCT y OKBHUPY Gaze nopeherva u paneuparpa. Mehytum, nurame Uiu
npodua MoOry cajapikaTh pasiuuuTe OOJMKE PETKUX HMEHMIA, Kao U TpeuIke Mpu

Kyllalby TCKCTA, HITO JaJb€ MOXKEC YMALUTU NPCHU3HOCT CUCTCMA.

JenHo on pemierwa npoGieMa je ynotpeda mpucTyna 3aCHOBaHOT Ha CKYITY pedu
(bag of words), xoju Kao Mepy CIUYHOCTH PEYH KOPUCTH WU OHY Oa3upaHy Ha
TEKCTyaJTHOM Kopmycy (corpus-based) wiv Gazupany Ha pedHUKy (knowledge-based)
[21]. 3a cBaky peu y mpodury, MeTon Tpeba na uaeHtudukyje HajBehe mokIaname ca
peurMa W3 MHUTama, a 3aTUM Ja UX CjJeAMHH Y YKYIHY MEPY CEMaHTHUYKE CIMYHOCTH.
Islam u Inkpen [22] npeanoxmmm cy moboJbliIame Koja YKIbydyje anropuram mnopehema

Ha HUBOY HHM3a KapakTepa 3ajeTHO ca MEPOM CEMAHTHYKE CIIMYHOCTH PEYr 3aCHOBAHOM
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Ha kopmycy. Crora, moboseiame ce Moxe Hahu y OBOM MpaBlly Kao IITO je
WIycTpoBaHO Ha ciaunu 15. OBa Meroma, Hopel CEMAHTUYKE CIMYHOCTH pEYH,
yKJbydyj€ U MepYy JIEKCHUKE CIMYHOCTH, I1a C€ MOXKE 0O0JbE MOKA3aTH KOJ IpeliKa Mpu
Kyllalby, 3aTUM KOJ HOBHUX, MONYJIAPHUX M HE IIUPOKO MO3HATUX PE4Yd WIN Yy
cllyyajeBUMa pa3IMYUTHX OONMKa peTkux uMeHuua. OBO TOCHEImke je HapOYHUTO

U3paKEHO KOJI je3uKa ca BEIMKUM OpojeM (hieKcHja peyr Kao IITO je CPICKH je3uk [23].

@"lnformanon need” from th@

Se i
Mantic &Stn'ng simi]arity

[ match

< vailable knowledge proﬂles>

ordered list of users (or “candidate answerers”)
who should be contacted to answer the question

Cruka 15. Kopuniheme cemanTudkor nopelema 3ajeHo ca mopehemem Ha HUBOY HH3a
KapakTepa: MmycTpanmja mporieca yropehupama

lll. WHTerpaumja npocuna

[IpoGnemu Be3aHu 3a Kpewpame Mnpoduiia KOPUCHUYKOT 3Hama cy: (1)
kopuitheme bajecoBe BepoBaTHOhe, (2) mpoOieM HOBOr KopucHHKA, U (3) mpobiem
unterpanuje. (1) bajecoBa BepoBarHOha MMa YBPCTY TEOPH]CKY OCHOBY U TPEHYTHO j€ Y
IIMPOKO] YIOTPEOW MPUIMKOM peajin3alfja cUcTeMa Koju ce 0a3upajy Ha MOBEPEHY.
MelytuMm, oBaj IPUCTYNT HEMa aJIeKBaTaH HUBO M3PAKAaJHOCT M 3aXTEBa HEKE BEIITAYKE
KoHCTpyKIrje. Ha mpumep, kopucHuk A je oarosopuo Ha 100 nmutama o Hekoj Temu 1]
U KBAJIUTET OJrOBOpa OLEHEHHX Off CTpaHe Apyrux KopucHuka je 0,5. 3aruwm,
Pa3MOTPUMO JPYTH ClIydaj y KOME KOPUCHUK A HHUjE€ OJATOBOPHO HH HA J€AHO MHUTAE
Koje ce omHocu Ha Temy Il (Hemamo HuUKakBMX HWH(pOpMaIMja O HHUBOY 3Hama
kopucHuka A o Temu L[). ¥V ob6a cnyuaja, xopuimhemem bajecoBor mnpucryna,
NPOIICHEHU CTETIEH MOBEpeHa Y 3Hame KopucHuka A o temu 1l je p(mosepemwe) = 0,5 u
p(aenoBepeme) = 0,5. Jlakne, bajecoBcku nmpuctyn HeMa CIOCOOHOCT Ja pa3iuKyje oBa

IBa ciydaja, u3Mel)y HemoBepema u He3Hamwa [24]. (2) [IpobiieM HOBOT KOPHCHHUKA CE
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Moke Hahu y ToMeHy cucTeMa 3a IpenopydyuBame [25], jep je BpJio TEIKO HapaBUTH
npodun 3a TEK perucrpoBaHor kopucHuka. Cucremu kao mro cy Aardvark um iLink
KOPHUCTE CIOJbHE M3BOpe MH(popmaruja (Hrp. mHbOpMaIMje ca APYIMITBEHUX MPEKa,
OyoroBa WJIM PYYHOT YyHOCAa) Kako OW YCIOCTaBUJIM WHHUIHJATHA PO
KOMIIETEHTHOCTH KOpUCHMKa. Takole, oBe HU3BOpe 3aTUM KOPHCTE M 32 HErOBO
noBpeMeHo axypupame. (3) OBakaB mnpuctyn ysoau Tpehu mpobiem, mpobdiem
WHTErpanuje, KOju €€ OJHOCH Ha TO KaKO Ha JEJIHOCTaBaH HAaYWH WHTETPHUCATH
nH(popMaIrje 0 KOPUCHUKY T00HjeHe U3 pa3nuiyuTux u3Bopa. Crora, morpedaH je HOBU
OPUCTYN 3a MNpouiIncamke KOPUCHUYKOr 3Hama kKoju he omoryhutu yHH(POpPMHO

UHTETPUCAbEe PA3TUYUTUX U3BOpa MH(OpMaIKja y 00JUKY COPTBEPCKUX areHaTta.

Jeman moryhm mpaBam ka periaBamky OBOT mpoOiiemMa Moxke ce Hahu 'y
Hemncrep-llagep (DST) teopuju, maTeMaTH4YKO] TEOpHje€ T0Ka3a Koja MPEICTaBIba
renepanu3ainyjy bajecose BepoBarHohe. OHa mpupoaHO MHTErpulle HeoapeheHocT u
oMmoryhaBa KoMOMHOBam€ J10Ka3za W3 pa3IMUUTHX H3Bopa. Kako Om ce pomwio o
onpeheHor crerneHa moBepema (mpeacTaBbeHor GyHKIHjoM moBepema) DST y3uma y
003up cBe pacnosiokuBe nokasze. Ilopen Tora, 3a mHTerpanujy npodwmra y CUIIIT
moryhe je ymoTpeOuTH Mojnen noBepema 3acHoBaH Ha Jleseprt-llImapanpam teopuju

(DSmT) [24], xoja npeacraBiba reHepanusannjy DST, crora uma Behy nzpaxajHocr.

Mpeanor pewema

Kao pesynrar anamuse peuiewma npoHal)leHHUX Yy OTBOpPEHO] JMTEpaTypu H
UaeHTU(UKOBAHUX MPOoOIeMa, IPEJIOKEeHE Cy TpU Heje 3a Moryha mooospimama. OBe
TPHU HJIeje OJHOCE ce Ha peaynm3ainjy cse Tpu ¢aze CUIIII nporeca, u To: (a) aHanmuzy
NUTamka U OJroBOpa, Tj. HIECHTH(UKALN]Y peleBaHTHUX MH(OpMaIUja U3 MUTaka WU
oJrosopa, (6) mpociehuBame nNuTama, Tj. IPOHATIAKEHE KOMIIETEHTHOT KOPUCHHKA 32
MOCTaBJbCHO THTake W (B) MpOQMINCame KOMIIETEHTHOCTH KOPHCHHKA W3 yria
WHTEpPECOBamka Ha OCHOBY PaszlW4YUTUX u3Bopa mHpopmanuja. CTpykTypa oBuX ¢asa u
OJTHOC HHUXOBUX KOMIIOHEHTH TIPEACTaBbEHH Cy Y YBEACHO] MPE3EHTALNOHO]
napaaurMu. Ha OCHOBY JOHETHX 3akJby4aKa pEal30BaH j€ MPOTOTUI CO(TBEPCKOT

crcTeMa y OKBUPY KOTa je MpUMEHhCHA MpeUIoKeHa NapaJnrMa, a moMeHnyre ¢ase cy
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peanu3oBaHe NPUMEHOM HaBEeIEHUX MPUHIMIA BU3YeNU3alyje, MPOIIUPEHOT
CEeMaHTHYKOI TOKJamama M HuHTerpauuje mnpodmna. Takohe, jenHa oa OCHOBHHX
CMEpHHUIIa y peAy je Ouna W To Ja c€ MPEeJIOKEHU MPHUCTYI TMOIjeTHAKO MOXKE
YIIOTPEOUTH 32 CHIJIECKH, CPIICKH WJIM HEKH JPYTrd je3UK ca BPJIO OTPAHUYCHUM

€JICKTPOHCKUM JIMHIBUCTUYKUM PECYPCUMA.
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AHanu3sa nutawa n ogroBopa

[TocToje OpojHM TpHUCTYyNMH 3a eKCTpakiujy wuHbopmanuja (Information
Extraction) 13 TeKCTa HAIMMCAHOT Ha MIPUPOTHOM JE3UKY, HEKHU ce 0a3upajy Ha text minig
TEXHHKAMa U CTaTUCTHUYKOM MPHUCTYIY WIH APYTH, KOJU Cy 3aCHOBAHU HA TMPUHIIUIIAMA
padyHapcKe JMHTBHCTHKE M o00paae mnpupogHor jesuka — NLP. Ilpexnoctu
CTaTHUCTUYKOT MPHUCTyNa Cy MPBEHCTBEHO Beha mpernu3HocT ca nosehameM Kopiyca 3a
o0pany, jemHOCTaBHHja peanu3aldja U JTyka UCTOpHja pa3Boja u ymorpede. C mpyre
CTpaHe, YKOJHUKO je MOTpeOHO o0paauTu Kpahu TEKCT (MUTame WM OATrOBOP), IITO je
ciryuaj kox CUIIII cucrema, oBakaB mpucTyn Hehe natu HajOoJbe pe3ynraTe ¢ 003UpoM
Ha Maji Opoj peur Koje ce MOoTy aHanu3upartu. M3 Tor pasnora 3a kpahe TEKCTOBE MOXKe
ce YHOTpeOUTH HeKa OJf TeXHUKa pauyHapcKe JUHIBHCTHKe. MehyTum, amatu 3a
ayTOMAaTCKy €KCTpakKIujy nHpopMaluja y TpuHIIMITY MOTY OMTH HEOBOJFHO MPEIU3HU
U M30CTaBUTU MH(OpPMaIMje BpeHe 3a Jajby aHAIM3y M M3BpIIaBame. Takole, kpaTka
NUTamka 4YecTo Mory OuTH aBocmucieHa. Crora, HajeUKacHU]j€ peliemhe Moxke ce Hahu
y BUIY HWHTEPAKTUBHOT KOPHUCHUYKOT HHTep(dejca KOoju omoryhaBa KOMYHHUKAIH]y
n3Mmehy Moxayna 3a 0bopady numarba 1 KOPUCHHKA KOJH j€ TO MUTame mocTtaBuo. OBaj
OPUCTYN KOMOMHYje NOTIYHO ayTOMAarcKy oOpaxy TeKCTa M pPy4HY KOPEKLHUjy
pesynrata, npyxajyhu kopucHuKy MoryhHocT moBehama TauHocTu usnaza. C apyre
CTpaHe, ayTomMaTcka o0paja MOKe MPOU3BECTH BHIIIE PE3yiTara KOju Ou 0OMYHO Owin

3a00paBJbCHU.

Wmajyhu y Buay NpeTXOAHO HaBeAeHE NpobiieMe 3a MpeAcTaBy J00MjeHUX
pesyaTara omaOpaH je NPUCTYIl Y KOME Cy OTKPUBEHHM KOHLENTH BHU3YEITHO
npeacrtaBbeHn y dopmu obnaka konmenara (Tag Cloud Buzyenuzamuja) [26], [27].
OBaj HauMH IpejACTaBe ce MPUPOTHO yKiama y (opmar M3NasHHX pe3yiraTa ajara 3a
ayTOMAaTCKy €KCTpakKLWjy MHpOpMalLUja U3 TEKCTa, C 003UPOM Jla HUXOB M3JIa3 YHHE
KOHIIETITH KOjU Ce cacToje of mapa (KJbyyHa ped, TexuHa) — Hhp. (6uomnoruja, 0,3).
Takole, jom jemHa o1 MPETHOCTH OBOT MIPHUCTYIIA j€ Ta Ja "IITO je KOHIICT 3HaYajHU]H,

uMa JojaesbeHy Behy BenmuuuHy ¢oHTa", mTo 00e30ehyje MHTYHTHBHY NpenCcTaBy
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cneun(UYHUX OFHOCA M3Mel)y KOHIlenara, Kao M BUXOBOT 3Hayaja y nmuTamy. Takobe,
reHeprcaHu oO0JIak KOHIIeTaTa TMpeacTaB/ba CKyn HH(opMauja Koje OIucyjy
IIOCTaBJbEHO MHUTame. KOHIENnTH y 0BOM CKyIly YMHE crelu(HuYaH KOHTEKCT y IHUPEM
CMHUCITy KOJU TpelcTaBiba OTHCAK (fingerprint) oOpahenor Tekcra. OBaj OTHCAK je
cneun(uyaH 3a CBaKo MUTAKE U CIMYAH je KOJ MUTamba ca UCTOM TEMATUKOM U HUCTUM
3HayeweM. KonauHo, y3 momoh OBOr OTHCKa MOXE C€ OTKPHUTHU crenu(puyHa pernanuja

n3Mehy nuTama, Kao ¥ 0JHOC u3Mel)y nmuTama 1 TeMa KOJuX e TO MUTakE T0THYE.

C npyre crtpane, 3a cBakor kopucHuka CHUIIII cucrem Ttakohe BoaM
€BUJICHIIU]Y O HEroBOM MpOoQMIy KOjU je MPEACTaB/beH Ha UCTH HAYUMH U OIHCY]e
KOPHUCHUKOBY KOMIIETEHTHOCT €BUACHTUPAHY HAa OCHOBY MIOCTaB/LEHUX MHUTAMkba U JAaTUX
onroBopa. Crora, cBakM HAEHTU(UKOBAHM IOjaM W3 TMHTakHa WIH KOPUCHUYKOT
npoduia jeAMHCTBEHO j€ OMUCcaH MmapoM (KJbydHa ped, TeKWHA) KOjU Ce Jajbe Ha3uBa

KOHYEennom.

MNMpernen ynotpebrbeHux anara

Antelope (Advanced Natural Language Object-oriented Processing
Environment) [28] je mporpamcku amatr 3a oOpamy npupomHor jesuka mon .NET
OKPY)KCHEM M CaJpKHU BEIUKH OpOj pasIuYUTHX KOMIOHeHaTa W OuOnmoreka. OBaj
anat kopuctu mnpomupeny Bep3ujy WordNet [29] nekcukoHa koja Hazgorpabyje
OCHOBHU JICKCUKOH 00JhOM KOHIIENTYAIH3AIMjOM U UHTErpHIle GopMaTHe OHTOJIOTHje
Bumer HuBoa. OCHOBHU CKyNl KOMIIOHEHATa IMpyka MOTYNHOCTH CHHTaKCHYKE U
CEMaHTHYKE aHaJM3€ TEKCTa, Ipelo3HaBambe HMEHCKUX eHTUTeTa (named entity
recognition), IETEKIHjy KOHTEKCTa, BPEMEHCKOT TIepHOJa W JIOKAIhje, W3BIaucHC
kopedepeHiu, kao u MoryhHoCcT pasnmyuuBama cmucia peun (word —sense
disambiguation). Taxole, oBaj amar omoryhaBa mpucTyn IpyruM OuGimorekama 3a

aHanu3y Tekcra kao mro ¢y Stanford Parser, WordNet u VerbNet.

ConceptNet [30] je cemaHTHYKa Mpeka Koja OIHUCYje YOIIITEHO JbYJICKO
3Hame. OBa Mpexa ce cacToju of peud u (pasa Mel)ycoOHO MOBe3aHHX peralyjama.

Penanuje cy 3acHoBaHe Ha YOOM4YajeHUM JbYIACKHUM Ca3HambHUMa, KOJUX HMa MIPEKO
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IBajJicceT BPCTa, Kao MITO Cy ,,CIyKU 3a%, ,,je HampaBJbeHO of", utd. OBae je OMTHO
yKa3aTH Ha BaKaH €JEMEHT OBE CEMaHTHYKE MpekKe, KOjU je MOceOHO 3HaudajaH
npuirkoM nopehema koHnenara. HanMe, HOBa cazHama cy yHeTa y 0a3zy oj CTpaHe
pa3IMUUTX KOPUCHUKA, MAaXOM IITUPOM CBETa, 0€3 MOoCTojara OMI0 KaKBOT OTpaHUYCHa
y morneny yHoca. CTora, NMpUKYIUbEHHU IOJAIM YMHE MPEXKY IMOIYCTPYKTYPUPAHUX
¢parmenaTa TpUpPOJHOr je3uka (peuyd wuiaM ¢pa3a ¥ HUXOBUX pelanuja) Koju
MpeACTaBibajy KoHIenTe. Takole, 3a pa3nuKy oJl JIekcukoHa kao mrto je WordNet,
ConceptNet y cTpykTypu CBoje 0a3ze 3Hama CaApKW IOjeIMHE JTBOCMHCICHOCTH H
Henpenu3HocTH. OBakBe JIOTMYKE HEKOPEKTHOCTH Cy HEMHMHOBHE C OO3MpOM Ha
npupofay camor jesuka. Ca apyre crpane, Ha oBaj HaunH ConceptNet je ONTHMH30BaH
32 TMpOHATAXKEHE CPOJHUX KOHIENara JOK 3a pa3jiyYdBame JIBOCMHUCICHHUX pEUd
kopuctu momoh nexcukona. ConceptNet Hyau anaTe 3a NPOHATAXKEHE KOHIIENara,
MIOBE3MBAKE OJIHOCHO MPOHATAXKEHE Be3a n3Mel)y KoHIlenaTta, NpOHATaXeHhe CPOTHUX
KOHIIETIaTa M TPOHANTAXKEHE TeME JOKyMEHaTa, Kao M JIEKCHMYKO, CHHTAKCHO U
CEMaHTHYKO TlapCUpame TEKCTa yrmoTpeboM OuOIMOTEKe 3a o00pamy TekcTa
MontyLingua [31]. Cama 6a3a je BuIlIeje3UYHA, JIOK 3a CBPXE OBOT HCTPaKHBambAa,
yIoTpeOJbEH je HEeH Je0 Ha EHITIECKOM je3uKy KOjH, u3Mmel)y ocranor, uma W Janeko

HajBUILE YHETUX KOHILIENATa 1 pelaryja.

SemNet (Semantic Network of Terms) [32] je BenMka ceMaHTHYKa Mpexka
TEXHUYKUX TEPMHUHA KOja oMoryhaBa M3BpIIaBamkEe YIUTA 32 HEKU TEPMHUH J10XBaTajyhu
paHrupaHy JUCTY CBUX BEMY CEMaHTHUKU CPOAHUX TepMmuHa. OBa Mpexa je u3rpalhena
ayTOMAaTCKM Ha OCHOBY MMEHHMYKHX TepMmuHa nobOujeHux u3 English Google Books
Ngram Dataset ymorpebom ananuze kopedepeniu. OHa ce cactoju ox 2,8 MUIHOHA
pa3IMUUTUX TEPMHHA, KOJU CE€ CacToje O] jeJHEe WU BUINE peud, U 37,5 MUIHMOHA
TeXUHCKUX penanuja usMmehy mux. Konauno, SemNet caapku Benuku Opoj MCTHX
KOHIIENaTa U pelialiija Kao U HBEeMy CIMYHE ceMaHTH4YKe 0ase 3Hama, Hip. WordNet u

ConceptNet.

C 003upom Ha crenudUIHOCT U KOMIUIEKCHOCT pealin3aliije, HaBeJCH! ajlaTh
MOCTOj€ caMo 3a Behe CBETCKE je3MKe Kao MITO j& SHIJIECKH, K €BEHTYaJTHO (DPAHITYCKU U

NIMTAHCKH, Al HE M 3a OCTaje, HIp. CPICKHU je3uk. M3 Tor pasznora pa3sMoTpeHa je
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ynotpeba cratuckndkux mepa TFnom 1 TF-IDF koje cy 3acHoBaHe Ha (peKBEHLUjU
10jaBJbHBakba TEPMUHA U KOje Cy HE3aBHCHE O] je3MKa HaJ KOjUM Ce IMPHUMEHY]Y.

BbuxoB omnuc u ynorpeda 1atu ¢y y HapeHUM CEeKIHjama.

Ha kpajy, neo nmoacutem je peanuszoBad nomohy Microsoft .NET mmardopme
IpU YeMy 3a U3paay KOpHCHUYKOT uHTepdejca je ynorpedsbena Windows Presentation
Fundation (WPF) texnonoruja, a 3a moTpebe KOMyHHKalMje u3Mel)y KIUjeHTCKe U
cepBepcke crpane je ymoTpebdsbena Windows Communication Fundation (WCF)

TEXHOJIOTH]a.

Peanunsaumnja nogcutema 3a aHanusy nutama

C o63upom 5a ce Antelope 3acHMBa Ha 3HAaTHO MAambeM, alld IMPELHU3HU]EM
WordNet JilekcuKOHY, OH je mpeaBul)eH 3a IMperno3HaBambe MMEHCKUX EHTHTeTa (HIp.
MMEHA JbY/IH, OpraHu3aIlyja, Ap)KaBa, rpajioBa), Kao U Mamer Opoja KoHIenara. Takohe,
y eKCHepUMEHTaNHO] (a3u Mojp)KaBa U TPENO3HABAlkE€ KOHTEKCTa INTO MOXKe
JonpuHeTH OoJbeM mpeno3HaBamwy KoHienara. C apyre crpane, ConceptNet campxu
3HaTHO OoOraTHjy CEMaHTHUKy MpexXy IITO Jjaaje O0oJjpe pe3ynraTe MPUINKOM
uaeHTu(UKOBama NocTojehnx Kao W IMOBE3aHWUX KOHIleNaTa, ajldi HeMa MOTyhHOCTH
IpoHalTaKekha MMEHOBAaHMX EHTHUTETa HUTH Iperno3HaBama KoHTekcTa. KoHauHo, y
JIPYrUM CTyaHMjama TIOKa3aHo j€ Ja NMPHJIMKOM CEeMaHTHYKE €KCIaH3uje ynuta (query
expansion) KOMOMHOBam-€ ajara 3aCHOBaHUX Ha OBa JiBa jeanuka pecypca (WordNet u
ConceptNet) je namo 6osbe pesynraTre y OAHOCY HAa HUXOBY IMOjeIMHAYHY YIOTpeOy
[33]. Crora, Moy 3a aHAJIM3Y MMHTaMka j€ peaTu30BaH HHTETPAIlMjoM OBa JBa ajara Kao
TO je WIycTpoBaHo Ha ciunu 16. OBaj mpuctyn je Ha3BaH EkcTpakiidja KOHIIemaTa

(Concept Extraction — CE).
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MontyLingua/
ConceptNet

Najbolje
iz oba

Antelope/
WordNet

Crnuxka 16. Wurerpanuja anara Antelope u ConceptNet: mirycrparyja npiucrymna

C o063upom nma 0b6a anata, mopea UASHTU(PHUKOBAHWUX KOHIENaTa, oapehyjy u
BUXOBY TeXHHY Kao BpeaHocT y oncery (0,1], mpuiankoM uHTErpanuje ynorpeosbeH je
cnenehn TMPHUCTYM: YKOJIMKO jeé caMO jellaH Of ajara IpoHAIla0 HEeKH KOHIIENT, Taj
KOHIICTIT YJIa3W Ca CBOjOM TE)KWHOM Yy KOHAa4HHM CKYII, JIOK YKOJIMKO cy o0a amarta
uaeHTU(UKOBATIA MCTH KOHIIENT pe3ynryjyha TeXwHa ce padyyHa Kao HHXOB 30D

yrnoteOoM nmpobadminctiuuke T-koHOpME:

U(a,b) =a+b-a-b (1),

OBa ¢dopmyra nMa 3a HUjaHCY Op>Ky KOHBEPreHNHjy kKa 1 y omHocy Ha AjHIITajHOBY T-

KOHOPMY:
U(a,b) = (a + b) /(1 + ab) (2).

Takohe, xkako Om ce moOumu OOJbM pE3yATaTH M CMambHO OpOj TOTPEIIHO

uAcHTU()UKOBAHUX KOHIIETAaTa, mpeay3ere ¢y cneache mepe:

1) Emnupujcku je yrBpheHa auHeapHa 3aBUCHOCT U3Mel)y MUHUMAaNHE BPEAHOCTH
TEeXWHE UACHTH(PUKOBAHOT KoHIeNTa (threshold) n nyxwHe nurtama, Tj. Opoja

peuu y NuTamy:

minimalna teZina za koncepte = 8,75% + broj reci u tekstu - 0,125%
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OBa BpeHOCT IpeICTaBJba TPAHUILY HCIIO/ KOj€ c€ KOHIENT u30alyje u3 JucTe
YKOIIMKO j€ HeroBa JOACJ/hEHA BpPETHOCT HIKA, YMME C€ CMamyje Opoj
MoTpentHo uACHTU(GUKOBaHNX KoHIenaTa. Koj wuaeHTH(dUKAIMje KOHTEKCTa
HUje mpoHal)eHa OBakBa 3aBHUCHOCT, Ma je oApeleHa KOHCTaHTHA MHWHHUMAJHA

IpaHUYHa BPEJHOCT.

2) Ilox mpeTmnocTaBKOM Ja je U3 OMIIMPHOT TEKCTa TeXe MOohu 70 3aKby4yKa KOjoM
ce TeMaThKOM 0aBW, HEro U3 Kpaher TeKcTa caCTaBJbEHOT caMO O] HajOMTHH]UX
M0jMOBa, yBelieHa je cieneha m3MeHa NMPUIMKOM HACHTH(UKAIMjEe KOHTEKCTA:
no mpoHanacky OutHux konuenara u3 ConceptNet-a u cBuX HHpOpManuja
nobujenux ox Antelope amata, nucta aoOujeHHMX HH(poOpManja ce MOHOBO
npocinehyje Antelope amary kako Ou IpOHAIIA0 KOHTEKCT, OBOT IyTa ca BehoMm

nperu3Honny.

3) Konauno, u3 ckyna MAEHTH(HKOBAHMUX KOHIENAaTa OJCTPAEHH CY OHU KOjU
NpeNCTaBbajy CTON peun (stop words filtering) — peun ca HHUCKUM
nH(popMaIMOHUM cagpkajeM. Y ciydajy Ja WIaK HEeKEe OJI OBHX pPEYd HMajy
nH(pOpMAaTHBHM 3HA4Ya] KOPHUCHUK HMX MOXXE HaKHAJHO YHETH Yy o00JaK

KOHIICIIaTa.

IMopen npencrasbenor CE npuctyna, peain3oBaH je U mocebaH MOAYN KOjH
kopuct SemNet u craructuuke Mepe TFuom U TF-IDF panu nopehema nobujernx
pesynrata. SemNet omoryhaBa mperpary paHrHpaHe JHCTe CBHUX CEMaHTHUYKH CIMYHUX
tepmuHa. CTora, HAaKOH IpETHOIECHUpama yIa3HOI TeKcTa (IOCTYMaK je eTajbHO
ONKCaH y HApPEIHOM IIOTJIaBJbY IMOJA CTaBKOM [Ipemnpoyecuparbe Kopnyca) 3a CBaKy
UICHTU(PHUKOBAHY peu Jl0XBaTa ce 3 CeMaHTHUYKM HajcauuHuja TepMmuHa. Ha mpumep,
eHriiecka ped ‘“‘car” (ayromoOwmi) omucaHa je ca Tpu cieaeha SemNet koniernra:

(“front”, 0.038), (“side”, 0.024) u (“truck”, 0.024).

JIBe TOMHHAHTHE CTAaTUCTHUYKE MEpEe 3aCHOBaHE Ha (PPEKBEHIIN]H 110jaBbHBabA
tepmuHa ¢y TF,om (Normalized Term Frequency) u TE-IDF (Term Frequency—Inverse
Document Frequency). ®pekBeHIMja TOjaBJbUBamka HEKOT TepMHuHA oxapehyje ce

IPOCTUM TpedpojaBamkeM MOHAB/baKka T€ PEUU Y HEKOM KOPIyCy. Y OBOM NPUCTYIY
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ynoTpeOJbHU Cy UCTH KOPIYCH HaJl KOjUMa Cy KpEeUpaHH CEMAHTHUYKH TPOCTOPH 3a
CPIICKH U EHIJIECKH je3UK (OMMCAaHO Y HapeIHOM IOTIaBJby MOJ CeKIHjoM Peanuzayuja
oopehusarwa cemanmuuxe cauunocmu). Ha Taj HaumH y ¢asu MOCTHpOleCHpama
KOopIyca cpadyHaTe Cy (ppekBeHIIMje TOojaB/bUBamha CBUX PEYM KOje ce Haya3e yHyTap

KopIryca.

3a onpehuBame HOpManu3oBaHe ¢ppekBennrje TepMuHa TFyom ynorpedsbena je

cneneha dpopmymna:

TH

log

Fn()rm S —
max(The) — (3),

rae je TFj,, norapuraMcka BpeHOCT ()PEKBEHIIM]€E M10jaB/bHBAKa 1aT€ PEUU Y KOPIYCY,
a max(7TFy,) je norapuramcka BpPeIHOCT (h)pPEKBEHIIMje IOjaB/bHBaka PEUH Koja ce
Hajuenrhe nojasibyje y kopnycy. TF),, ce padyHa Ha cieaehu HauuH:

TE — _log(TFcnunt
n

og —

),

rne TF .ouns O3HA4aBa Opoj IMOjaBJbHBAA TE€ PEUU Y KOPIYCY, a 1 je YKymnaH Opoj peuu

KOj€ ce Haja3e y KOpIycy.

TF-IDF [34] je HyMepHUUYKH CTAaTUCTHYKHU T0JIaTaK KOjU yKa3yje Ha TO KOJUKO
je BaxxkHa onpeheHa ped koja ce Hama3uw yHyTap JOKYMEHTa y OJHOCY Ha KOJIEKIIH]y
JOKyMEHaTa WIM 1eo Kopmyc. Yecto ce KOpUCTH Kao TEKHUHCKH (akTop 3a
npoHanakeme nHpopMaija u text mining. OCHOBHA MOTHBAIIM]ja KOJ OBOT MPUCTYIIA je
Jla ce YONIUTeHUM (M YecTHM) TEePMHHHMA AOJENIM Mama BPEIHOCT y OJHOCY Ha
TepMuHe Koju Hoce Behy wuHboOpMamuoHy BpeaHocT (HIp. wMeHuna ,beorpam™ y
OJIHOCY Ha Be3HUK ,,u). Crora, mopen ¢pexseruuje repmuna (Term Frequency — TF)
yBOIM ce U (pakTop MHBEp3HE JOKYMEHT (ppekBeHuuje (Inverse Document Frequency —
IDF) xoju ymamyje TeKUHY TEPMHUHA KOJU C€ Y CKYITy JOKYMEHATa jaBJbhajy BPJIO YECTO,
a moBehaBa TeXMHY TepMHHaA KOJU C€ jaBJhajy peTko. OBO YyjeHO TpeacTaB/ba U

npeaHoct TF-IDF y omgnocy Ha TF,om, ma ce oBa METpUKa JOMUHAHTHO KOPHUCTH,

75



U3y3€B Y cly4ajeBUMa Kaaa je 00jeKTMBHO HHje MOryhe MpuMEHHMTH (HIIp. KaJa je 1eo

KOPITYC CAUUHEH OJ1 JEAHOT BEIMKOT TJOKYMEHTA).

TF-IDF ce pauyHa Kao MpOW3BOJ JBa CTaTUTHYKA TOJaTKa, (DpeKBEHIH]e
TepMUHA U UHBEP3HE JTOKYMEHT (dpekBeHIuje. thena BpegHocT pacte cpasmepHo Opojy
[I0jaBJbHBaKba PEUM y JTIOKYMEHTY, alld j€ KOMIIEH30BaHa (DPEKBEHIIM]OM I10jaBJbUBAHa
T€ peYd y YUTABOM KOPIIyCy, IITO MMa 3a TOCJIEIHUIly KOHTPOJIy OBE BPETHOCTH C
003UpOM J1a ce HeKe pedr reHepayiHo vemrhe mojaBsbyjy on apyrux. TF-IDF ce pauyna

Ha ciienehy HauuH:
TF -IDF =TF(t,d)-IDF(t,D) (5),

rae je D ckyn cBUX JOKyMEHara, Tj. KOpIyc, a ¢ U d O3HayaBajy TEPMHUH OJIHOCHO
AOKYMCHT. HpI/I TOM, JOKYMCHT MOKC TMPCACTaB/bATU TIIHUTAKLEC, OATOBOp WU

LENIONIKYITHY HUT (thread) Koja caapKu MUTAmkE ca TTOBE3aHUM OATOBOPHMA.

f(t.d)

(6)
max{(f(w,d):we d}

TF(t,d) =

Ha cnruan HaumH kao koj TFuom, TF(t,d) npencraBiba (pEeKBEHIN]Y T0jaB/bUBaAbA
JaToOT TEPMHUHA ¢ Y TIOKYMEHTY d, a Kako Ou ce crpednsia NpUCTPacHOCT MpemMa JTyKUHU
JIOKyMEHAaTa, y4eCTaHOCT TI0jaBJbUBamba TEPMHHA Yy JOKYMEHTY j€ HOpPMaJIM30BaHA
JeJbeHhEeM Cca HajBehOM Yy4YecTaHOCTH II0jaBJbHMBalkba TEPMHHA y TOM JOKYMEHTY
max{(f(w,d):wed}.

DI

IDF (t,D)=1o 7
@D) gl1+{deD:ted}I()

WuBep3na nokymeHT (pekBennuja IDF (t, D) je Mepa Koja Mmokasyje Ja Jid je
TEPMHUH YONIITEH WM C€ PETKO MojaBibyje. |D| mpencraBiba KapauHATHOCT cKymna D,
Wi yKkynad Opoj mokymeHara y kopmycy, a |1+{de D:te d}| O6poj nokymenara y

KOjUMa ce TEPMHUH f 1ojaBibyje miyc 1 kako 6u ce uzberio nesmeme ca (.
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Ha kpajy, u3BpLICHH Cy pa3iIMYUTH EKCIEPUMEHTH KOMOMHOBamba METpPUKA
SemNet u TF-IDF, npu uyemy je cimuuno kao u xox CE 3a arperauujy nooujeHux

BpPEIHOCTH ynoTpeOJbeHa nmpodadbunuctuuka T-konopma (1).

U3rnen kopucHu4Ykor uHtepdejca

HakoHn mpoBepe uieHTHTETa KOPUCHUKA MPHKa3yje C€ OCHOBHM KOPHUCHUYKU
untepdejc. tberos usrnen je nar Ha ciauuu 17. Fopwu 1e0 KOPpUCHUYKOT HHTepdejca
(2) ogHOCH ce Ha eBUICHIN]Y Beh MOCTaB/bEHUX MUTAKA, IOK ce MomH (1) omHOCH Ha
BHU3yalln3alyjy nuTama. HakoH yHOca nmuTama u nputrucka Ha nyrme GenerateContext!
nojaBuhe ce 00yak naeHTU(HUKOBAHUX KOHIIENnarTa kao Ha ciunu 18. ['eHepucann obak

KOHIIETIaTa KOPUCHUK MOKE€ U3BMEHUTH Ha JiBa HAUWHA:
1) JlonaBameM MIIM H30aIllMBalkb-eM HEKOT KOHIICTITA:

a. Ilomohy nyrmera Add w Remove: YKOIUKO je MOTPeOHO, KOPUCHUK
MOX€ YHETH JOII 3HayajHUX II0JMOBAa y TOJbE 3a YHOC HOBOT
KOHIENTa U AO0JAaTH ra NpUTHUCKOM Ha ayrme Add. OBo mosee uma
MOTyhHOCT ayTOMAaTCKOr 3aBpliaBamba peun (auto complete) Ha
OCHOBY IpeTpare Beh JOCTYMHHUX KJbYYHUX PEeUd KOje Cy IMPETXOIHO
eBUJICHTUpaHEe Yy cucTeMmy. Takohe, 0gabMpoM HEKOTr KOHIIeNTa 