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3AXBAJIHUIIE

OBa JOKTOpCKa JucepTalyja mpeacTaBiba pe3yiTaT MOT palia oJ yIUCHBama JOKTOPCKUX
crymja y aenemOpy 2011. romune Ha Enextporexnuukom (akynrery y beorpamy, ma cBe mo
na"ac. Y ®\0j cy oOyxBaheHU acmekTu pa3Boja U TECTHUpPama CaBpEeMEHUX CO(DTBEPCKUX CHUCTEMA,
MoKa3aHe MPUMEHE aJIFOPUTaMa BEIITAYKe MHTEIUTCHIIN]E Y eAyKAallMOHe U UHIYCTPH]CKE CBPXE U

AAaTH HOBU IIPpaBLH UCTPAKUBAbA Y 00JIaCTH BELITAYKE I/IHTeHI/IreHHI/IjC.

OBOM IPHUIMKOM OHX JKeJIe0 Tpe CBUX Jla C€ 3aXBaJIUM CBOjUM MEHTOpUMa, ipod. np bomky
Huxonuhy, Ha mpeayiory oBe HHTEpECaHTHE TEME U LITO M€ je€ YBEO y 00JIacT UCTPaXHUBamka, Kao U
npod. 1p Munoury [{BeranoBuhy, Ha MHOTMM CyrecTHjaMa U BETUKOj oMOohH y 3aBpIIHUM (a3ama
UCTpaKMBama M MHcama oBe Aucepranyje. tbruxosa 3amaxama cy Ouiia IparomeHa 3a Hanpenak Mor
pama Ha JIOKTOPCKHM CTyAHMjaMa, a KOMEHTapu Cy 3HAa4YajHO JONPHHENIH KBAJIUTETY CaMme

nucepranyje. XBajia 1 KOMHCHjH Ha TIPETJIely OBE JIUCEPTAIH]E.

3axBayino OUX ce Kojerama ca Kojuma cam OJMcKo capaljuBao, A€IMO IPBU PaJHU IPOCTOP U
ca Kojuma caM oJ 3amnociema Ha ET®-y ycmemHo paguo Ha MHOTUM HaydyHUM pajioBUMa —
Hemawn Kojuhy, Mapky Mumuhy, Kapky CranucasibeBuhy, Uropy Anbhenkosuhy. 3ajeanuuku
CMO ce OopwiaM y HacTaBU, HayllM, Ha MpOjeKTUMA, y JIENUM U Mame JIENUM TpPEeHYLHMa.
3axBajbyjeM ce capaJHUIUMa KOjU Cy MOMOIJIM y JIeIOBMMa OBOI' MCTPaXKMBAYKOT pajia U CBUM
CBOJUM CTYJEHTUMa KOjU Cy TECTUPAJIM pajJ pealnu3oBaHOr codTBepckor cucrtema. Jlyryjem
3aXBaJHOCT U IpodecopuMa KOju Cy M€ BOAMIIN Ha NpBe KOH(EPEHIIUje U YBEIU Y UCTPaKUBAYKH
pan, npe cBux npodecopu Bessko Mumytunosuh u Jora bophesuh. Jom nBoje mpodecopa umajy
3Ha4ajHO MECTO Y MOM JKHBOTY, jep Cy Me 3aJpXaJii Aa ce 6aBUM neAaaromkum pajgoM Ha ET®-y u
yb6enunu me na octaneM y CpOuju — moja apara npodecopka Jenuna IIpotuh u Moj nparu nokojHu
npodecop Bnaga bnarojeBuh brexku. XBana m cBUM HacTaBHHMIIMMA W capajHuiuMma Karempe 3a
pauyHapcky TexHuKy W wuHpopmatuky u ET®d-a ca kojuma cam JuBHO capahuBao TOKOM
nperxoaHux ocam roauna. ET® je moja apyra kyha, ako He ¥ MpBa, Kako BOJIM J1a KaXe MOj Aparu

npodecop bpanko Kosauepuh.



Bennko xBana u xonerama ca @akynrera 3a pauyHapCcTBO U UH()OPMATHKY YHHUBEP3UTETA Y
JbyGipaHu, ca KOjUMa caM YCIEHIHO capaluBao Ha HMCTPAKUBAUYKUM IPOjEKTUMA MPETXOJHUX

ronuHa: npodecopy Mapky bajeny, CnaBky JKutauky, Mapky Jankosuhy u Jlospu Illy6esny.

Moju Anun, Camuna, Kpie, Kocra, 3aku, Cane, Mapwuja, XXuka, Muhko, Yku, Jouko, ®uha,
Munana, Cama, Pormuh, I[Bene, HeGop, IlaBkoBuh, Bmanma, [luBke, Ketu u moju apyrapu us
Hcreka, moju xkymoBu HoBakoBuhu, HHXOB BEApU MyX, MO3WTHBHA €HEpruja U Oe3pe3epBHA
MOJIPIIIKA JTAaBAJIM CY MU €HTy3Hja3aM Ja Johem 10 ocTBapema oBOr Iuiba. Hamam ce na hy cBa
MyTOBamka M CBE 3ajeJIHMYKE Jiene jorahaje Koje caMm MpomycTHO ca CBOJUM IpHjaTesbuma, 300T

CBOjHX OMPaBIaHUX Pa3jiora, HAAOKHAIUTH Y HAPETHOM IIEPHOTY.

[ToceOHy 3aXBaJTHOCT JIyTyjeM CBOjOj mopoaunu - Opaty [pamky, poauresbuma MusieHHu 1
Hparany u mojoj 6aku CMuIbKH, 0cOOM O] KOj€ caM Hay4dHuo Jia BOJIUM KIUTY, 1a OyeM NO3UTHBaH
U 071 KOje caM Hay4Mo Ja LIEHUM OHO LITO MU j€ >KUBOT Aao. OHu cy 6uinm Moja HajBeha mozpiuka

KpO3 )KHMBOT U IIIKOJIOBAKE U 3aTO OBY JIMCEPTAIM]y MOcBehyjeM muma.

VY beorpany, Hpaxen [IpamkoBuh
28. jyna 2018. rogune



PE3UMME

Hacuon: CO(l)TBepCKI/I CHUCTEM 3a YUYCHC U IIPUMCHY aJIrOpUTaMa BCIITAYKE I/IHTeJ'II/II‘eHHI/IjC

Y 0BOj JIOKTOPCKO] IUCEpPTAIHjd OMHUCaH je CO(TBEPCKH CHCTEM 32 YYCHE U TPUMEHY
anropuTama BemTauke uHTenureHnuje HazBan SAIL (enr. System for Artificial Intelligence
Learning). Y cucremy je peanusoBano 30 craHIapAHUX aJropurama MpeTpakMBama M aJropurama
TEeOpHje Wrapa, ajJropuTamMa pPE30HOBama M PENpe3eHTalldja 3Hama, AIrOpHUTaMa 3a pellaBambe
npoOiemMa, anropurama 3a paj y HEM3BECHOM OKPYKEHY U ajJropuramMa MallMHCKOT yuyewma. Meja
Jla ce peanu3yje OoBakaB COPTBEPCKU CHUCTEM IMPOUCTEKIIA j€ MpEe CBera M3 HacTaBe, HA MPEIMETY
VHTeNUTeHTHH CHUCTEMH, TJE CYy CTYJICHTH 300T Pa3HOJMKOCTH OBUX alrOpUTaMa BpPJO TEIIKO
pasyMenu pajJi THX alropiuTaMa ¥ KOHIIENTE KOjU Cy TpeaBaHu. 3Ha4yaj OBAaKBOT CHCTEMa j& IITO OH
takohe OCHMM y HACTaBH, MOXE Jla c€ MPUMEHH U Yy pelllaBamky NPAaKTHYHHUX U PeaTHUX MpodieMa,
ma cy MoKa3aHe W HhEroBe NMPUMEHE KOJ| MpodiieMa HallakKema CI000JHOT MECTa Ha MaMETHOM
MapKUHTY ca OEKUIHOM CEH30PCKOM MPEKOM, KOJI CHCTEMA 32 OJITYyYMBAE Y MEIUIIMHCKE CBPXE U

KOoa CUCTCEMaA 3a o6pa;1y BCJIMKE KOJIMYHUHC ITOAaTaKa.

HctpaxkuBame TOKOM aucepranuje oO0yxBaTHIIO je mpersen mnoctojehux codrBepckux
CHUCTEMa KOjU C€ KOpUCTE Y OBOj 00JIaCTH Ha Pa3IMYUTUM CBETCKUM YHUBEP3UTETHMA, MPUMEHY
TaKBUX CHCTEMa y €JIEKTPOHCKOM M MOOWJIHOM yuery, CAMOCTAIIHOM YUY€y M y4YekY Ha JIaJbuHY,
nepuHUCame 3axTeBa 3a U3pajly IMOTIYHO HOBOT CO(QTBEPCKOr CHCTEMa 3aCHOBAHOI Ha
pe3ynraTuma aHaiu3e noctojehux cucrema, peajau3alyjy HOBOT BHILEIIATGOPMCKOr cHCTeMa

3ajeTHUYKOT KOPUCHUYKOT HHTep(dejca 3a cBe CUMYJAIije U HEeroBY MPHUMEHY.



Codteepcku cucrem SAIL je mMomymapHO MpOjeKTOBAaH, UTEPATHBHOM METOJOJIOTHjOM Y3
JIeTUMHUYHY TMPUMEHY arwiHOT IPHCTyNa W pa3BOj TECTOBA TOKOM IIpolleca HMMILJIEMEHTAIH]e.
CucTeM je OCMHIIJBEH TaKo J1a OyIe JIaK 3a UMILIEMEHTUPAE, TECTUPALE U HAIOTPalby. Y MPBO)
BEp3HWjU pealli30BaHa je& padyHapcKa alIMKalMja ca aJIrOpUTMHMa TpPETpakKuBamba, KOjJOM je
MOKa3aH 3Hayaj] BHU3YelM3allkje ajNropurama, BHUCOK HHBO HHTEpakiuje u3Mel)ly KOpucHHKaA W
cHCTeMa, W3BPIIABAE CUMYIIAIMje alropuTMa KOpak Mo KOpak W MpUKa3 CUMYJaldje y PeaTHOM
BpemeHy. OCUM TOTa peajr30BaHO j¢ YUUTaBamkEe MMOCTaBKe MpeneUHICAHUX MTPOOieMa U 3a1aTaKa
U3 JIATOTEKE W FHHXOBO H3BPIIABAE Yy OKBUPY CHCTEMa, MOTYNHOCT MpaBJbeHa CONCTBEHHX
nmpuMepa, ImpuMepa ca MPOMEHJbUBHM YJIa3HUM IapaMmMeTpuMa CUMYyJalyje, CHHUMame TeKyhux
npUMepa ca CBHM IapaMeTpuMa M YYHTaBambe paHHje CHUMIBCHHX NpUMeEpa. Y JAPYyroj Bep3uju
ciucTeMa Ccy JojaTeé CcuMyJalldje alropurama TeopHje urapa, aIropuTMH pPE30HOBAA,
npoaykiuonu cucremu, GPS u STRIPS anroputam, a 3atuMm cy y HapeAHUM Bep3ujaMa JOAATH
AITOPUTMHU paZia y HEU3BECHOM OKPYKEHbY W CTpaTerdje MAaIIMHCKOT ydema. Y JUCepTaluju je

JTUCKYTOBAHO M 3a KOje Ipo0JieMe U 3a7aTKe je Haj0oJbe YyIOTPeOUTH KOjy TpyIy alropurama.

PazHonmukoct Mely peanM3oBaHUM aJropuTMHUMa yTHIAJlAa je Ja ce Ipe I[0oYeTKa
peau3anuje OopraHusyje 3ajeAHUYKH TpaduuKd KOPHUCHUYKM HHTEpdejc 3a CBE cHUMYyIalldje, ca
WHTYUTUBHUM 3ajeITHUYKUM KomaHiama. CBaka cuMylamuja T0JaTHO MMa CBoOje crenududune
KOMaHJIe y Tpaly ca ajaTuMa W KOPUCHUYKOM MeHHjy. CHcTeM Mojap)kaBa M OIIH]y HW3BOXKEHA
cumynupanux npumepa y PDF naroteky M BHIIEje3UYHOCT, Ma y CUCTEMY TPEHYTHO IOCTOje
CPIICKU je3UK NUPMIMYHOI MHCMa, CPIICKU jE€3UK JIATUHUYHOI MHCMa U EHIVIECKU je3HK, ald je

MOFYha BPJIO JIaKa HagoTrpaama U 3a Apyre jesnxe.

Jeman on OWTHMX IMJbEBA HUCTpaXKMBama OMO je na oBaj COMTBEPCKU CHUCTEM Oyje
BHUIIETIAT(OPMCKH, OJHOCHO Jla OCHM padyHapCKe aruidkaije Oyne peann3oBaHa WU MOOWIHA
alIMKalyja, Koja OM Halula MPUMEHY Yy CaMOCTaJHOM YdYewy y3 nmomMoh MoOOMIHUX ypehaja.
HmmuiemMeHTHpaHe Kiace M3 pauyHapCKe alulMKaluje MCKopHIIheHe Cy MPHIMKOM IPOjeKTOBamba
MoOunHe 1uatopMe y3 IeHepucame HOBOT M3IJie[a aljiMKaldje MpuiaroheHor eKkpaHuma Ha

MoOmITHIM ypehajuma.

V3 coprBepcku cuctem SAIL koju je peann3oBaH Kao padyyHapcka U MOOMITHA aluIMKalWja, y
OKBHPY HCTpaXXKMBamba IMPHKa3aHa je U MOTyNHOCT HeroBe HaJ0rpajibe Kao KOMIjYTepPCKe UTpe H
MoKa3aHa je TMpUMeHa urapa y enykauuju (enr. gamification). Urpe cy HampaBibeHe Tako ja

KOPUCHMK HUIPE€ MOXKE€ y CBAaKOM TPEHYTKY Ja BUAM H3BpIIaBamke aaropurMma y3 rpad/cradio



MpeTpaXKUBamba, HEKU IPYry rpaguyuky WiM TEKCTyalHU NpPUKa3 U JAa ©Ma MOTyhHOCT J1a HampaBu

YIIOPEIHY aHAJIU3Yy AJIrOpUTaMa TOKOM HBUXOBOT U3BpILABabA.

Ha kpajy uctpakuBama nprka3aHe Cy IPpUMEHE OBOT COQTBEPCKOT CUCTEMa Y HACTaBH U Y
MPaKCH, W JIaTU Cy Pe3yJITaTH Kpo3 eBanyanujy. EBamyanuja je mokasana jJa MpUMEHa OBaKBOT
cucTeMa y HAcTaBM MMa jaKO BEJIMKM 3HAa4ya] W 3a MpeJaBaue M 3a CTYIACHTE, jep Cy pe3yiTaru
IpUMEHE OBOT' CHCTEMa y HMHTEpBally OJ MIECT IOJMHA TOKa3ajdh Ja CTYIEHTH O0Jbe pazyme]jy
anroputMe o0yxBaheHe OBUM CO(TBEPCKUM CHCTEMOM U JIa j€ BbUXOB YCIEeX, Ka0 U 3HAKE KOje CY

CTeKJIH, Behe Hero y BpeMEeHCKOM Mepruoay Mpe IpUMeHe OBOT CO)TBEPCKOT CUCTEMA.

[IpuMepu u3 peanHux cucTeMa Cy MOKa3alu J1a TAKBH CUCTEMM 3aCHOBAHH HA aAJITOPUTMUMA
BEIITAYKe HMHTEIMICHIMjE MMajy BEOMa MIMPOKY NPHUMEHY y MHOTMM oOJacTUMa M JaHac He

HOCTOjI/I COQ)TBepCKI/I CHUCTEM KOjI/I HC KOPUCTHU HCKH ACIICKT BCHITAYKEC I/IHTCHI/IFGHHI/Ije.

Ki/byyHe peyd: MHTEIMICHTHH CHCTEMH, IMPOjEKTOBamE COMTBEpA, aITOPUTMH IPETPAKUBaIba,
AITOPUTMHU PE30HOBAMA U PEIIPE3CHTAIM]E 3HAKa, AITOPUTMH 32 PellaBame MpodiiemMa, aarOpuTMH
3a paJil Yy HEU3BECHOM OKPYKCHY, alTOpPUTMH MAIIWHCKOT YyuYekha, BU3YEIHE CHMYJIAIHje,
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ABSTRACT

Title: Software system for learning and application of artificial intelligence algorithms

The aim of this doctoral thesis is to present a software system for learning and application of
the artificial intelligence algorithms SAIL (System for Artificial Intelligence Learning). Within the
system 30 standard algorithms have been realised: search and game theory algorithms, reasoning
and knowledge representation algorithms, problem solving algorithms, uncertain environment
algorithms and machine learning algorithms. The idea to realise this system was generated during
the teaching of the course Intelligent Systems, where students had difficulties to understand these
algorithms and related concepts due to their complexity. The importance of this system is in its
applications — in addition to its educational purposes, the system can be applied in solving practical
and real problems. Its applications in finding free parking spot within the smart parking with
wireless sensor network, within the system for decision-making for medical applications and within

the big data processing system have been demonstrated.

This research work included the review of the existing software systems that are used in this
area at universities across the world, application of such systems in electronic and mobile learning,
individual and distance learning, requirements definition for the development of completely new
software system following the analysis of the existing systems, realisation of the new multiplatform

system of common user interface for all the simulations and applications.

Software system SAIL was modularly designed, using iterative methodology and partially
using agile approach and testing during its implementation. The system was designed to be easy to

implement, test and upgrade. In its first version, a computer application with search algorithms was

Vi



realised, which demonstrated the importance of algorithm visualisation, high level of interaction
between the user and the system, execution of the algorithm simulation step-by-step and real-time
simulation. Furthermore, loading of existing predefined problems and exercises from files and their
execution within the system have been realised, the possibility to define new examples, examples
with changed input parameters, saving of examples and loading of saved examples. The second
version of the system added game theory algorithms simulations, reasoning algorithms, production
systems, GPS and STRIPS algorithm, and the following versions added the uncertain environment
algorithms and machine learning strategies. This research work discusses which problems and

exercises are most suitable for certain groups of algorithms.

Diversity among realised algorithms influenced the choice of the common graphical user
interface for all the simulations, with intuitive commands. In addition, every simulation has its own
specific commands in the toolbar and user menu. The system supports exporting of simulated
examples into a PDF file and it has multilingual support, it currently supports Serbian Cyrillic,
Serbian Latin and English, with an option to easily add other languages.

One of the important aims of this research work was to create a multiplatform system and in
addition to a computer application, a mobile application was realised, which finds use in self-
learning using mobile devices. The implemented classes from the computer application were used
during the design of the mobile platform and the new application was adjusted to mobile screens.

In addition to the software system SAIL realised as computer and mobile application, this
research work presented the possibility of its upgrade as a computer game and the concept of
gamification was demonstrated. Games are designed in a way that allows user to see running of the
algorithm with a graph/search tree, other graphic or textual representation, with the possibility to

compare algorithms during their execution.

The final part of this research presents the applications of this software system in education
and in practice, and it includes the evaluation of the results. The evaluation demonstrated that the
application of this system in education is of great importance for both instructors and students, as
the results of the application of this system during six years of use show that students understand
the included algorithms much better and that their success and acquired knowledge are greater when

compared with the period before this software system was applied.

vii



Examples from real systems have shown that such systems based on artificial intelligence
algorithms have a very wide application in many areas and today there is no software system that

does not use some aspect of artificial intelligence.

Keywords: intelligent systems, software design, search algorithms, algorithms for reasoning and
representation of knowledge, algorithms for solving problems, algorithms for working in an
uncertain environment, machine learning algorithms, visual simulations, electronic and mobile

learning, gamification
Scientific field: Electrical Engineering and Computing
Scientific subfield: Software Engineering

UDC number: 621.3
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Coghmeepcku cucmem 3a yuerbe U RPUMEHY AIOPUMAMA Bemaike UHmMenueenyuje

1. YBOJI

Bemrauka WHTENWreHIMja je HaydyHa JUCHUIUIMHA KOja MMa 3a Wb Ja y4d M pa3BHja
MHTEJIUTEHTHE MalTuHe U cOTBEPCKE CUCTEME, KOju 00aBIbajy OCIOBE KO 3aXTE€BAjy HEKY BPCTY
PE30HOBaA, OJHOCHO 3aKJbY4MBaWa, IITO j€ CBOJCTBEHO JbYJCKO] MHTEIMreHIMjU. M3ydaBame
00JIacTH BEIITaYKe HWHTEIUTCHIMje OO0yXBaTa XEYPUCTHUYKE aJTrOpPUTME 3a TPETPAXKHUBABE H
IUTaHUpamke, popMaliHe HauMHE 32 PEMpe3CHTAl]y 3Hamka M PE30HOBAMA, TEXHHKE MAITUHCKOT
y4ema, METOJIe KOje ce MPUMEHY]y Ha MpobiieMe Kao IITO Cy pa3yMeBame TOBOpa U je3WKa,
KOMIIjyTepCKU BUA U poOOTHKA. ANTOPUTMHU U3 OBE 00JIACTH JJaHAC C€ KOPHUCTE Y IHUPOKOM CIEKTPY
Apyrux o0jacTu yKJbydyjyhH MeEAMIMHCKE JHjarHOCTUKE, KOHTPOJY POOOTCKUX CHUCTEMA,
yIpaBJbakbe UHAYCTPUJCKUM CHCTEMHUMA, TEIeKOMYHUKalllje, (MHaHCHje U TPrOBHUHY aklMjama Ha
Oep3u, MHAYCTPUjy KOMIIjJYTEPCKUX Hrapa, My3WuKy HHAYyCTpHjy U MHore npyre [1]. PasBojem
BEIITAYKe HWHTEJIUIeHIMjeé M CBHX HEHUX M01007acTH, JaHac ce CBE BHUIIE pa3BUjajy H
MHTEITUTeHTHU COPTBEPCKU CHUCTEMH, KOjU Ha OCHOBY YJIA3HUX IOJaTaka, KopuihemeM jexHor

JITOPUTMA WU IPYyIIE ITOPUTAMA, J1ajy HEKE U3JIa3HE MOAATKE Kao pe3yaTaT U3BPILaBamba.

Bemrauka mHTENWTeHIIMja CE JaHAC AKTUBHO NMPUMEHYje y COPTBEPCKUM CHUCTEMHMa 3a
yueme, eKCIIEPTCKUM CHCTeMHMa, MPU aHamu3u U o0paau TojaTaka, y poOOTCKHUM CHUCTEMHUMA Y
TENIKO] WHIYCTPUjU, y CHUCTEMHUMa 3aCHOBAaHMM Ha HEypalHUM MpekaMa WM Ha o0paau
NPUPOJIHUX je3WKa M y UHIYCTpUju urapa [2]. 300r KOMIUIEKCHOCTH ajiropurama u3 00JacTh
BEIIITAYKe MHTEJIMTEHIIN]€ TIOCTOJU ToTpeda 3a CUCTEMOM KOoju OM omoryhmo kopumheme Kako y
CBAaKOJHEBHOM pajay, Tako M Yy Ipolecy oOpasoBama. [Ipeamer oBor pamga je eBamyaryja
noctojehnx copTBEpPCKUX crcTeMa y 00JacTH BEIITaYKe MHTEIUTEeHIM]e U MPEAJIOT HOBOT CUCTEMA
KOju OM KOPHCHHUIIMMA, OJTHOCHO WHXKEeHhepruMa OMOTYhHo cUMyJaIujy pa3InduTuX ajaropurama ca
IIWJBEM JIa CTEKHY YBHZ y Moryhe edekre oapeheHMX anropuTama M Ha Taj HAYMH JIakiie ogadepy

aJIeKBaTaH ajJropuram 3a cneuuduyne norpede, any U J1a Kpo3 CUMYJAIH]y Ha ONTUMAJIaH HAYMH
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oJipejie mapaMmeTpe ca kojuma ou Tpedaio na kopucte oapehene anroputme. Cucrem 6u takohe 6mo
npuiaroleH CTyeHTUMa KOju OM CHCTEM MOTJIH Ja KOPUCTE Yy OKBHPY HACTaBE Ca I[MJHEM JIAKIIET

pasyMeBama CyIITHHE BEIITaYKe MHTEIUTCHIIU]e.

TexHHKe eNeKTPOHCKOT y4yema (e-ydema, eHr. e-learning) u MoOWiIHOr yuema (M-ydema,
enr. mobile learning / m-learning), yuema na mamuny (enr. distance learning) u camocTaiHor
yuema (enr. Selflearning) mpumemyjy ce y Bennkoj mMepu y oOpa3oBamy, YMME MOCTHXKY Behy
uHTepakTUBHOCT u3Mmel)y mpenmaBaua u ciymanana [3] [4] [5]. Cuctemu peaqu3oBaHu Ha OBHM
TEXHHWKaMa CBE BHIIIE C€ KOPUCTE y CUCTEMUMA 00pa3oBama, Kak0 Y OCHOBHUM U CPEIHOIIKOICKAM
cucTeMnMa, Tako U Ha dakynteruma [6] [7]. YHUBep3UTETCKU KYpCEBH MPECEIUITH Cy ce Y HajBeho]
Mepu Ha MHTepHeT, Hynehn kpo3 BeO cucteme npeaaBama, eIeKTPOHCKe Marepujaie u Gopyme 3a
mucKycHjy cryaeHata. Ca mpyre cTpaHe, UCIIUTHUBAmba W €IEKTPOHCKE MPOBEpE 3HAMKa CE€ MHOTO
crniopuje npeodaityjy y obiaute (enr. cloud) texnomoruje. ITomynapuu Be6 CUCTEMH 3a ydere (CHT.
Learning Management System, LMS) Hamu cy npuMeHy U Yy KypceBUMa KOjU MPUMEHY]Y YUCHEe
Ha JIaJbUHY, alld U Ka0 HACTaBHO CPEACTBO Yy TPATUIMOHAIHHUM KYpPCEBMMa BHCOKOIIKOJCKOT
obpa3zoBama. [locToju MHOTO MO3WTHBHUX H3BEINTAaja Kaja je y mutamy kopumheme LMS y
o0Opa3oBamy, jep MOMaxXy HacTaBHHUI[MMA KOJI OpraHu3alluje npeamMera ca Behum Opojem cryneHara.
Hexonuko cryamja je mokasajo Ja OBakBU CHCTEMH 3a €-y4eHe M y4ermhe Ha JaJbUHYy HMajy
MO3UTHBHE e(eKTe Ha ydYeme KOJ CTyAeHaTa, YKOJIMKO Ce aJeKBaTHO NPUMEHYjy y OKBUDPY
akamemckux kypcea [8] [9]. [la Ou edexar onm kopumihiema oBakBHX cuctema Ouo Behu, 3a
CaMOCTaJIHO y4Y€Hh€ HEONXOJHO j€ pa3BUTU U crneuuduuHe coTBEpCKe CUCTEME, KOju Ou
CTY/IGHTHMa MOMOIJIH Jla caBianajy oapeheno rpaauso. Cucrem koju he 6UTH peanns3oBaH y OBOj
JOKTOPCKO]j AucepTanuju 6uhe 3acCHOBaH Ha HCKYCTBUMA M MIPUHIIMIIMMA KOjH JI0JIa3e U3 00JIacTH e-

YUu€mkha U CAaMOCTAJIHOT YUCHA.

VY pauyHapckum Haykama, ocuM LMS, xao momohHu codTBepckn amatm y oOpa3oBamy
CTy/leHaTa Hajuemrhe ce KOpHCTE€ HMMIUIEMEHTaluje COPTBEPCKHX CHUCTEMa 3a ydere KOHIIeraTa
XapIBEpCKUX CHCTEMa, TONYT CUMYJalja 3a apXUTEeKTypy M opraHuszaunujy padyHapa [10],
CHMyJIalifja 3a pauyHapcKe MpeXe W OCHOBHE MPOTOKOJIC y JIOKAJTHUM MpeKama W Ha WHTEPHETY
[11, 12], Bu3yenHH CHMYJIaTOPH 3a y4YCH€ OCHOBHHMX ajropuTaMa M CTPyKTypa moaaraka [13] u
aropurama 3amrture noaataka [14, 15]. V oGmactu Berrayke WHTSIUTEHIIH]E, TIOCTOJU HEKOJIUKO
crcTeMa KOjU Ce KOpUCTE y HAaCTaBU Ha CBETCKUMM YHHMBEpP3UTETHMa M KOju he OuTH nerasbHUje

OIMCaHM y OBOj AUCEPTALIUjH, Y OKBUPY JIPYTOT MOTJIaBIba.
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[{usp oBOT pama je Jma ce Mojenyje W peannsyje COQTBEPCKH CHCTEM 3a CHUMYJALHjy H
BU3YeIIM3allijy allropuTamMa BEIITayKe WHTESIUTCHITM]e, TT0OYEB O/ OCHOBHUX CTpaTeruja mperpare -
alropuTama MpeTpakuBama U aNropuTaMa TeOpuje Urapa, ajropurama 3aKjbydMBama M Mojesa
Mpe/ICTaB/bakba 3HaKkA, KOPHUIINCHEM MpeArKaTcke U (a3 JIOTUKE, CBE J0 HANpPEJIHHX TEXHUKa

mperpare, crabana OJTydrBamka, MAIMHCKOT U UHAYKTHBHOI' Y4YCHbA.

[IpBa ¢aza ucrpakuBama 00yxBaTHIIa j€ TIperie] U KIacuPpuKalnjy alropuramMa BEIITauKe
MHTEIUTEeHIINje B TocTojehnX cCOPTBEPCKUX CHCTEMA 3a YUeHe TaKBUX aJlfOpHTaMa. 3akJbydak OBE
(aze ucTpaxuBama je 1a He TIOCTOjU CUCTEM KOjU 00jeuibyje CBE MOAp)KaHe alrOPUTME U HHIXOB

MIPUKA3.

Jlpyra daza ucTpaxkuBama KOja je CIPOBEJCHA Y OKBHPY OBE IOKTOPCKE IHCEpTallHje
3acHOBaHa j¢ Ha jepuHHCAmY W aHAM3W (DYHKIMOHAIHUX 3axTeBa METOJaMa CiIydajeBa

kopuinherma (eHr. USe Case) U HEeLITO CaBPEMEHUjUM HAuuHOM rmoMohy mpuue (eHr. Story).

Tpeha daza oOyxBaTHIa je MOCTaBbAKBE APXUTEKTYPE COPTBEPCKOT CHCTEMa, MOJEIIOBALE,
MMIUIEMEHTAIM]y U TeCTUPae TAaKBOT CUCTEMa. Y OBOM JIENIy HCTPAXHBaHkE j€ OMIO YyCMEpPEeHo U
Ha U3ajHUpamy CHCTEMA 32 Pa3IndMTe IaTGopme, Tako J1a ce MamUM IPOMEHaMa y KOJy, HCTH
MPOTpaMCKH KOJI MOXE HCKOPUCTUTH 3a peaju3alujy M padyHapcke (JECKTONm) W MOOWITHE
aruIMKaluje, MoIITo Cy TakBe alulukaiuje cBe nomynapHuje. KopumrhemeM BcTe TOTUKE U UCTUX
(YHKIITMOHATTHOCTH OBOT CO(TBEPCKOr cHCTeMa MoKa3aHa je TpaHcdopmailrja oBOr coTBepckor

CHUCTEMA y UTDY.

UerBpTa (paza ucrtpakuBama Koja je CIpOBEACHA Y OKBUPY OBE JOKTOPCKE TUCEpTAIlHje
NpeJCTaB/ba eBallyalldjy pe3yinraTa Kopuiihema OBOI Peaau30BaHOr CO(TBEPCKOI cHCTeMa Yy
00pa30BHOM MPOLIECY U MPUMEHY TAKBUX aIrOpUTaMa y Pa3NUUYUTUM OOJaCTUMa. AHAIUM3UPAHU Cy
pe3yaTaTtu ycmexa cTylaeHatra Ha (aKyaTeTCKOM IpeaMeTy MHTeNIWTeHTHH CUCTEMH TOKOM IIEeCT
IIKOJICKMX T'OJIMHA, IIpe YIoTpebe U TOKOM pa3Boja OBOT COPTBEPCKOI CUCTEMA, KOJH j€ pa3BUjaH Y
HekonuKko ¢a3za. Takohe, mpukazaHa je MpUMEHAa OBUX ajJropuTamMa Ha PEaTHUM CBAaKOJHEBHUM
npobieMrMa U NMPUMEHa OBOT CO(TBEPCKOI cHCTeMa Kao MOMONHOT anaTa 3a aHAIW3Yy YJa3HHUX
MoJIaTaka M 3aKJbYUYHNBAE y PA3IMIUTUM oOnacTiMa. Hekn oJ1 ClIosKeHNX MHKEHEPCKUX MpodiieMa
KOjU Cy aHAJM3UPAaHU y OKBHPY TUCEPTalHje Cy HaJaKeHmhe CI000THOT MAPKUHT MECTa Y OKBUPY
BEJIMKHMX MapKUHTa MOKPUBEHUX OKUYHUM CEH30PCKUM Mpekama, momoh y oapehuBamy Tepanuje
kopuiihemeM TeXHUKA OJUTyunBama (eHr. decision making systems) u mpuMeHa pa3JIMYuTUX BpCTa

aJiroprTaMa MalllMHCKOT y4ueka Ha BEJIMKUM 0a3ama mojaraka (eHr. big data).
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Hucepranyja je mojesbeHa y ocam noryiasiba. CTpyKTypa came qucepTaiuje IpaTH peaociie]
¢da3a ucrpaxuBama. Y APYroM MOTJIaBJby JaT je OMKMC CBUX aHAJIM3UPAHUX aJTOpUTaMa BEIITAYKe
MHTEIUTeHIIN]€ U aHAIM3UPaH je Mpo0JieM MpojeKToBama copTBepa Koju he moapxaTu CUMYJIalujy
BEJIMKOT Opoja anropurama y OKBHUPY HCTOT KOPHUCHHYKOT MHTepdejca Ha BHUIIE maThopmu. Y
TpeheM mornaBsby MPENCTaBJbEHU Cy CO(PTBEPCKU CHCTEMHU PEaM30BaHU HAa YHHBEP3UTETHMA Yy
CBETY, KOjH NPUMEYjy AJITOPUTME BEIITAYKEe MHTEIUTCHIINjE, U Te(PUHUCAHH CY CBU 3aXTEBH KOje
OBaKaB CO()TBEPCKH CHCTEM MoOpa Ja MMa, o0yxBaTajyhnm M KOPHCHHYKE 3aXTE€BE M 3aXTEBE 3a
apXUTEKTypoM cucTeMa. UeTBPTO MOTjaBibe MpUKazyje MpoOiieMe KOju Cy pellaBaHU MPHIMKOM
peanu3aiyje ¥ HAuyMH Kako Ja CE€ HMMIUICMCHTHpa OBaKaB CHCTeM Kopucrehu caBpeMeHe
TEXHOJIOTHj€ U METOOJIOTHje pa3Boja copTBepa y 00JacTH COPTBEPCKOT UHKEHEPCTBA. Y OKBUPY
YETBPTOT IOTJIaBJba TaKole je omucaHa MOIYJIApPHOCT CO(PTBEPCKOT CHCTEMa W MHTErpalyja CBUX
MMIUICMCHTHPAHUX ajropuraMa, Kao W BuieruiargopMmcka peanm3anuja. [leTto mormasibe naje
NpHUKa3 pajia pPeajr30BaHOr CHUCTeMa. Y IIECTOM IOIJIaBJby OIMCAaHA je MpuUMeHa CO(TBEPCKOT
crcreMa y 00pa3oBHOM Mpoliecy ¥ MOTyhHOCTH 3a IPUMEHY OBOT cOTBEpa Kao MOMONHOT ajaTa 3a
pelaBame HHKEHEPCKUX MpodiieMa y IpyruM obaacTuMa, 3aCHOBAaHMX Ha OBOj TPYITH alropuTaMa
Bemtauke wHTenureHnuje. CeaMo TOTNIaBbe Jaje pe3yaTaTe eBailyalyje JA00HjeHe MPUMEHOM
peanu3oBaHor copTBepcKor cucrtema. Ha kpajy oBe JOKTOpCKe JucepTanuje AaT je 3aKkjbydak Koju
IpUKasyje KJbyyHe JONPUHOCE M Jajbe MpaBlie UCTpakuBama. Crnmcak KopuiiheHe TuTeparype,

JINCTA CIIMKA M JIMCTA TabeNa Hajla3e ce HaKOH 3aKJby4Ka.
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2. AHAJIM3A IPOBJIEMA U OITUC
AJITOPUTAMA BEIITAYKE
UHTEJUTEHLUJE

[TpBM 1uJb KOJU je TIOCTaBJbEH Y OBOM HCTpa)kMBamy OHO je na ce pedopMuUllle HACTABHU
nporpam npeamera VHTeIUIeHTHH cHCTeMH, KopucTehr mpernopyke CTpyKOBHUX OpraHH3aluja U3
obnactu pauyHnapctsa, |EEE Computer Society u ACM u na ce mpeaMeT npuiiaroju TeMama Koje cy
MpernopyyeHe y TMOcIeAmO] BEp3UjU KYpHUKyJymMa 3a payyHapcKe Hayke Hu co(TBEpcKo
WH)KEHEPCTBO. Bemrauka WHTENMTEHIMja je BeoMa IMMpOKa O0JIaCT, a TJIaBHH CHCTEMH KOjU Ce
U3y4aBajy y OKBUPY OBE 00JaCTH Cy CHCTEMHU 3aCHOBaHHM Ha 3Hamy (eHr. knowledge-based systems)
U CHCTEMH 3aCHOBaHM Ha MalTMHCKOM ydewy (eHr. machine learning systems). Hacrasa u3 obnactu
BEIITAYKE HMHTCIUTCHIIMje M WHTEIUTCHTHUX CHCTEMa Ce Ha EJEKTPOTeXHHYKOM (akyinTeTry y
beorpany u3Boau on 1987. ronuue, anu ce pa3BojeM HOBUX MH(GOPMAIIMOHUX TEXHOJIOTH]a jaBHJIA
norpeda Ja ce alrOpUTMH M MHTEIMICHTHO MOHAIIAkhe OBAKBHX CHCTEMa CTYICHTHMA IPEICTaBU

Ha e(pUKaCHUJU HAYMH.

VHTETMreHTHO TIOHAIIake CacTOju Ce OJl NMPHMEHE CTEYCHOT 3Hamka, pPa3MHUILbamba,
MJIaHUpamka | CIIOCOOHOCTH J1a ce Hay4ye HOBE CTBapu. BemTauka WHTEIUTEHIIN]a je YIPaBO HayKa
Koja ce 0aBM MpOydaBameM M JIU3ajHUPAEM WHTEIMTEHTHHX areHara, OJHOCHO CHCTeMa 3a
ayTOHOMHO HAMEHCKO JICJIOBAE U PE30HOBAKE, Ca IIMJBEM JIa C€ YCIEIIHO UCITYHE 3aJalH KOjU Cy

AO0ACJbEHU TAKBOM CHCTEMY.
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MHoru copTBEpCKH MHKEHEPU U CTYACHTH pauyHapCKUX HayKa yde ICeyI0 KOJOBE OBHX
aJlrOpuTaMa M yrJIIaBHOM MOTY ITOKa3aTH KaKO TaKBH JITOPHUTMHU Paje HAa MamuM IpolieMuMa.
Melytam, BUXOBO pa3yMeBamke caMOr allfOPUTMa OCTaje TIOBPIITHO, Ma Kaja ce cycpehy ca Behum
npoOiieMrMa, HE MOTY MPUMEHHTH CBOje 3Hame. Jla Ou ce neTasbHHje pasyMead aJrOpuTMHU
noTpeOHO je HHTEPAKTUBHO OKPYXEHe, Koje O oMOryhniio n3BpIiaBame CBAKOT ajrOpUTMa KOpak
[0 KOpakK, mocMaTpama U JeTajbHe aHalli3e IMOHAIlamka alropuTMa oj Imoverka 1o kpaja. [lopen
TOra, TAKBO MHTEPAKTHBHO OKpPYXEHe OM Tpedanmo ga omoryhu KOpHUCHUKY Ja BUIM MPOMEHE y
MOHAIalky OJa0dpaHOr ajlropuT™Ma WIM Ja YHNOpPEAW JBa AITOPUTMa YBHUJOM Yy TapaleiHy

penpeseHTauI/ij pa3IMIUTUX AJITOPpHUTAMAa.

Jpyru unsb Ouo je aa ce peanusyje TakaB coPTBEpCKH cucTeM Koju he moap:xkartu cBe OUTHE
TEeMe U TMOATEME, KOje ce MPEnopydyjy Ha YBOJHOM KypCy M3 BEUITaYyKe MHTEIMTCHIIN]E, ah U Ja
ce MOJpKE TEXHUKE E€JIEKTPOHCKOT yuema (e-yuema) 1 MOOWIHOI yuema (M-yuewa), y3 IPUMEHY
ydema Ha JJaAJbUHY U CAaMOCTAIHOT y4ema. [Ipe pa3Boja HOBOT coOpTBEPCKOTr CHCTEMA, aHATH3UPAHU
cy moctojehm cucremMu Koju ce KOPHUCTE€ Y HAcTaBM M3 0O0JAacTH BEIUTAYKE WHTEIUTEHIMje, Ha

CBCTCKUM YHUBCP3UTCTUMA, BbUXOBC KAPAKTCPHUCTUKE, TPCAHOCTH U HCIOCTALIH.

Tpehu nusb je 6o 1a ce mokaxe Ja TakaB CUCTEM MOKE MMaTH MPUMEHY M BaH HAcTaBe, Ha
peasiHuM mpoOiieMHrMa ca KOjuMa Ce CBaKOJHEBHO cycpeheMo u /1a ce moka)e MPeAHOCT OBAKBOT

cucrema.

Y oBom mornaBby Ouhe aHanmu3upaHe TeMe U MOATEME U3 00JacTH BeIITauke
MHTEJINTEHIIH]je, KOje Cy MPernopydeHe a ce yKJbyde y OKBHPY YHUBEP3UTETCKUX KypceBa. Takobe,
6uhe npukazaHu ONKMCH AITOpUTaMa KOjH MpHUMaaajy TUM objJacThMa U nmogobaacTuMa. AIropuTMu
Cy MOJIeJbEHH Y TIET IpyMa: allfOPUTMHU MPETPAKUBAA, AITOPUTMU PE30HOBAbA M PEIpe3eHTallH]je
3HaWka, AITOPUTMH 3a pellaBame MpolieMa, aJrOpUTMU 3a paj y HEU3BECHOM OKPYKEHY MU

AJITOPUTMHU MAIIUHCKOT YUYCHA.

2.1. Teme u moaTeMe U3 00J1ACTH BelITAYKE MHTEJIUTEeHI[Uje

[Tpema npenopykama crpykoBHux opranuzauuja |[EEE CS u ACM, crynent tpeba ga nma
MOryhHOCT Ja 00JIacT BeIITayKe WHTEIUTEHIIMje M MHTEIMIeHTHX CHUCTeMa M3ydaBa Ha HajMame
jeIHOM TIpeaAMETY, a HajBuIe TpH npeameta [16]. Mcxoau yuema Koje CTyaeHTH Tpeba J1a CTEKHY Y
3HaBY OBE O0JIACTH Cy pa3yMmMeBame OCHOBHUX KOHIIENAaTa, WACHTU(HUKOBAWKE MOTEHIWjana M
cUTyanuja kaja Tpeda KOPUCTUTH UHTEIMICHTHU CUCTEM, 3aTUM JU3ajHUpahe, MMIJIEMEHTAINja 1

eBasyanuja uHTEIUreHTHor cucrema [17]. IlpeasuheHo je ma wm3ydaBame OOJACTH BEIITAYKE
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MHTEJUIeHIIN]e YKJbY4dyje XEYpUCTHUKE aJTOPUTME 3a MpeTpary U IJaHupame, GopMaauzMe 3a
penpe3eHTalr]jy 3Halba U pe30HOBabha, TEXHIUKE MAIIMHCKOT yueHha, METO/Ie KOje ce MPUMEY]y Ha

npobieMe Kao TO Cy pa3yMeBame roBOpa U je3UKa, KOMITjYTEPCKH BHI M pOOOTHKA.

Opranuzanuja ACM je mpemopykama u3 2013. roguHe mogenuia o0JacT MHTETUTCHTHUX
crcreMa Ha 12 TeMa 0J1 KOjUX Cy YeTHpH 00aBe3HE TeME, a IPEoCTaInX ocaM cy u3bopue teme [18].
Caaka Tema uma ojapeheHu 0poj moaTemMa 1 1Mo HEKOJIMKO MCXOJa yueHa. 3a TeMe Koje ¢y o0aBe3He

nar je u npeasuhenn (HoHI YacoBa KOjH je TPErnopydeH Ja ce TeMa TOJIMKO BpeMeHa oopahyje.

Panuje cy cBe Teme Omie o3naueHe kao Oasuune (enr. Core), a ox 2013. cy moae/beHe Ha
6asuune uuBoa 1 (eur. Core-Tier 1) u 6asuune HuBoa 2 (enr. Core-Tier 2). basuune Teme HuBOA 1
Cy amcoOJyTHO CYIITHHCKE TeMe, KOje je TOTpPeOHO Ja CTYACHT Haydd 3a HUBO OCHOBHHUX
akajeMckux cryauja (edr. undergraduate, Bachelor degree). basuune Teme HHBOa 2 cy Takohe
Ba)KHE TeME M BeJIMKa BehnHa wux, mpema npernopykama oa 80% mo 90% tpebda na Oyne ykipydeHa
y HUBO OCHOBHHX aKaJIEMCKUX cTyauja. CBe 4eTUpHU Ipylie TeMa Koje Cy HaBeJeHe Kao o0aBe3He 3a
00JIacT BelITaYKe MHTEIUTCHIIM]e Cy KiIacH(UKOBaHEe Kao Oa3uuHe HUBOA 2 | TO cy cieache Teme:
OCHOBHH IOJMOBH W3 BELITaYKEe WHTEIUTCHIMjE, CTPATETHjeé OCHOBHUX MPETPAKMBaHka, OCHOBHU
HAUMHM TIPEJCTaB/baba 3Haka M PE30HOBAaAa M OCHOBM MamuHCKOr yuewa [18]. Owne cy
CYIITHHCKMA BakKHE 3a IUTAHOBE W Mporpame padyHapckux Hayka (edr. Computer Science),
padyHapckor wuHXemepctBa (enr. Computer Engineering) m y Mamoj Mepu copTBepcKOr
umkemeperBa (eHr. Software Engineering) u Hajuemhie ce TakBe Teme oOpal)yjy Ha KacHHjUM
npeAMETIMAa Ha OCHOBHMM akaJeMCKuM cryaujama. OBe Tpernopyke ce MpuMemyjy Ha
Enextporexnuukom ¢axynrery YHuBep3utera y beorpanmy, y OKBUpY HpeaMeTa MO Ha3HBOM

HMHTEeIUreHTHU CUCTEMHU.

[Ipeamer WaTenurentHn cuctemu ce Ha EnexktporexHuukom ¢akynrety y beorpamny
M3y4aBa Ha JiBa CTyAMjCKa Iporpama: Ha Mmporpamy ,,EIeKTpoTexHUKa U pauyHapCTBO* y OKBHPY
Opnceka 3a pauyHapcKy TEXHUKY M MH(POpPMATHKy, Ha YETBPTOj T'OJMHM OCHOBHUX aKaJEeMCKHUX
CTyAMja, Kao 00aBe3HM TMpeaIMeT Yy CEeIMOM ceMmecTpy, M Ha mporpamy ,,CodTBepcko
MHXEHEepPCTBO, Ha Tpehoj WM YEeTBPTO] FOJAMHM OCHOBHMX aKaJE€MCKUX CTyAHja, Kao H300pHU
MpeAMET y TIeTOM WM ceamMoM cemecTpy. Hexespuu (ona wacoBa je 5 wacoBa, on Tora 2 Jaca 3a
npelaBama, 2 daca 3a ayIUTOpHE BeXOe W pemaBame mnpobiema Ha Tabmum uw 1 wac 3a
nabopaTopujcke BexOe y pauyHapckuM saboparopujama. Ha oba cTyamjcka mporpama oOBaj

npeamet Bpeau 6 ECIIB (enr. ECTS). YacoBu npenaBama 00yxBaTajy TEOpPHjCKEe KOHIIENTE TeMa
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Koje cy npukaszane y tabenu 1. YacoBu aynuTOpHHUX BEKOM 3aCHOBAaHU Cy HA aHAJM3U U PEIIaBaby
npobjeMa M3 00JIaCTH KOje Cy IIpelaBaHe, a 4YacoBU JIADOPATOPHM]CKUX BEXKOU CIy)ke 3a
MHTEPAKTUBHY JEMOHCTpAIMjy MOMONy cuMmyiamnuja cOpTBEpCKOT CHCTEMa M HEONXOAHHU Cy 3a

00Jbe pa3yMeBame KOMIUIEKCHUX TEMa.

V tabenu 1 mpukasaHe Cy TeMe, BHUXOB CTENEH MOKPUBEHOCTH U 00yxBaheHe MmojareMe Ha
npeaMeTy 1o HasuBoM MHtenurentHu cucremu. Ocraie HampeaHHje TeMe Koje ce Hajase y Toj
tabenmu oOpal)yjy ce y OKBUpPY APYTHX IMpEeAMETa Ha BUIIMM TOJUHAMAa OCHOBHUX aKaJIEMCKHUX
CTyIWja WJIM Ha MacTep akaJeMCKUM CTyAujama, Kao mTo cy: HeypamHe mpexe (enr. Neural
Networks), npukyrssame 1 aHamu3a nmogaraka (ear. Data Mining), mammiracko yuere (enr. Machine
Learning), pobotuka u ayromarusarmja (eur. Robotics and Automation), teopuja poOOTCKHX
cucrema (enr. Robotics Systems Theory), npenosnaBame obnuka (enr. Pattern Recognition). ¥V
Tabenu 2 TMpHKa3aHe Cy HalpeIHHje TeMe M Ha KOJUM TMpEeIMEeTHMa, OACEHUMa U CTYIUjCKUM

IporpamMumMa Cy OHC YKIbYUCHC.

TABEJIA 1
TEME OBYXBAREHE HA TIPEJIMETY UHTEJIMTEHTHU CUCTEMH

TEME HuBo OBYXBAREHE IMOATEME
[O]BABE3HE / [M]350PHE MOKPUBEHOCTH

TIpernen npoGnema y BeIITa4KO] HMHTEIUTCHLM]H;
OcuoBuu nojmoeu [O] (&) KapaxreprcTike ImaBHUX IpooiemMa;
[pupona HHTENIUIeHTHUX areHara;
IIpobnemMun mpoctopa U peliaBama NpodiemMa
MIPETPaKUBAEM;
®dakTopcka penpeseHTall;ja;
Crpareruje OCHOBHHX ® Heundopmucana nperpara;
nperpaxusama [O] Xeypucrrke 1 nHGOpMHCaHa TIpeTpara;
IpocTop u BpeMeHCKa e(h)HKaCHOCT IpeTpare;
HUrpe ca nBa urpaua;
IMpobiemu 3a/10BOJbEHA OTpaHUYCH:A;
IIpenukarcka oruka;
Pe3onynuja u goka3suBa4u Teopema;

OCHOBHY HAYMHH TpeAcTaBbamba

VnaH4yaBare yHaNpes U yJIaHuaBambe YHa3al;

3Hama U pe3oHoBama [O] ® YHanp ¥ YH >
TIpernen npobabuMCTHUKOT pe3oHOBama, bajecoBa
Teopema;
VHIyKTHBHO yuYeme;

OcHOBH MamuHCKOT y4emba [O] ® JemHocTaBHa ydema 3acHOBaHA HA OCHOBaMa

CTaTHCTHKE, cTablIa OUTYIHBAA;
Wsrpagma crabana [MpeTpakuBamba, JIHHAMHYKH
[POCTOP MPETPaXKHBAkbA;
CTOXaCTHYKO  TPETPAXUBAKE —  CHMYJIHPAHO
Hanpenna nperpaxusama [U] &) kasberse (enr. simulated annealing),
TeHETCKH AJITOPUTMH;
A* npeTpakuBame, IPETPAKUBARBE CHOTIOM;
IperpaxuBame Minimax, anda-6era ocename;
Hanpennn Haunnu CeMaHTHYKe MPEXKE;
HpeJICTaBIbarba 3HAA 1 o
pe3onoBama [U]
Pe30HOBabE y yCIOBUMA PenpesentoBatbe 3Hama — bajecoBe Mpexe;
HeusBecHocTH [U] Teopuja oTyUHBaba;
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TABEJIA 2
HANPEJIHE TEME BEIITAYKE UHTEJIUTEHLIMJE OBYXBAREHE HA JIPYTUM ITPEJJMETUMA

TEME Huso HUBO CTYJAUJA / CTY.IPOT'PAM U OJICEK /
[O]BABE3HE / [M]3B0PHE MOKPUBEHOCTH TOIMHA CTYJIUJA / IPEJMET Y TUIT

(HUBO CTYANJIA: [OC] - OCHOBHE, [MC] - MACTEP)
(THN IPEAMETA: [O]BABE3HH, [M]350PHH)

OC, Cursanu 1 CHCTEMH,
Arenrn [U] o .
IV ronuna, Benrrauka unrenurenuuja, U
. MC, Cod1BepCcKO HHKEHEPCTBO.
O6pana npuponHor jesuka [1] &) » COQTBEPCKO MHIKEIEPCTBO,

| ronuna, O6pajia npupoaHuX je3uka, U

MC, Pauynapcka TexHHKa U HH)OpPMATHKa,

| ronrHa, [IpoHasakehe CKPUBEHOT 3Hamba, U
OC, Cursanu ¥ CHCTEMH,

Hanpenso MarnHcko yuewe [U]

Po6Goruka [1] (&) Il ronuna, PoGoTuka u ayromarusauuja, U
1V ropuna, Teopuja po6oTckux cucrema, 1
IMepuemniuja 1 KOMITjyTepcka o MC, CurHanu u cucTeMH,
Busuja [U] | ronuna, Komnjyrepcka Busuja, O
JIETEHJA HMBO NOKPUBEHOCTHU

o JlenuMuYaH HUBO HOKPUBEHOCTH TEMa

. 3HavajaH HUBO TIOKPUBEHOCTH TeMa

[43) IToTrnyHH HUBO HOKPUBEHOCTH TEMa

N3 tabene 1 Moxe ce BHJIETH Aa Cy CBE YETHpPU 00aBE3HE TeMe IpernopydyeHe O]l CTpaHe
ACM 1moTnyHO TOKpHBEHE, a jouml TpW H300pHE Cy TOKpHUBEHE y MameM miu Behem o0mmy.
AJTOpUTMH U pernpe3eHTalMje 3Hama, KOJU Cy YKJbYYEHH y rpaauBo mnpeamera VHTenureHTHu

CHCTEMH, TEMAaTCKH Cy BEeOMa pa3HOJIMKH M 00yXBarajy:
" aIropHTME MPETPAXUBaAbHA
a) aITOpPUTME 3aCHOBAaHE Ha HEMH(POPMHUCAHOM NPETPAKUBADY
O TmpeTpaxuBame o mmpunu (eHr. breadth-first)
O TpeTrpaxuBame 1o ayounu (eHr. depth-first)

O TpeTpaXMBamke MO TYOWHU ca MTEPAaTHMBHUM IponyospuBameM (eHr. depth-

first with iterative deepening)

0) anropuTMe TMpeTpakKMBamka 3aCHOBAaHE HA XEYpUCTHUYKUM (QYyHKIHMjamMa U

UH()OPMHUCAHOM TPETPAKUBALDLY
o anropuram rianuHapema (eHr. hill climbing)
o airopuTaM MpBo HajooJsH (eHr. best first)
O aIropWTaM rpaHama M orpaHnvaBama (eHr. branch and bound)

o amropuram A* (enr. A star)
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B) aJITOPUTME TEOPHjE Urapa
o amropuram Minimax
o aimropuram Minimax ca anga-6eta oxacerameM (eHr. alpha-beta pruning)
"  QITOPUTME PE30HOBAA M PEIPE3CHTAIIN]C 3HAbA
a) J0Ka3MBame TeopujoM pesoayimje (enr. resolution theorem proving)
0) mpoaykiroHe cucreme (eHr. production system)
B) CEMaHTHUKe Mpexe U OKBUpe (eHr. semantic networks and frames)
r) BajecoBe mpesxe (enr. Bayesian networks)
" aJIropuTMe 3a peliaBame mpobiema
o cucreme manupama (enr. planning systems)
" ITOPHUTME 32 Pajl Y HCHM3BECHOM OKPYKCHY

O pempe3cHTalMje 3a pPE30HOBamE Yy HEM3BECHOM OKpYXKewmy  (eHT.

representations for reasoning under uncertaintly)
o pacmimHyTy Joruky (exr. fuzzy logic)
- AJITOPUTME MAIIMHCKOT YUCHa

O UWHAYKTHBHE anroput™me (eHr. inductive systems)

2.2. AJITOPpUTMU NMPETPAKMBAKHA

AnTopUTMH TIpeTpa)KuBama MpPE/ICTaB/bajy HAUMH pellaBamba Mpodiema 10 kora Ou ce
TEIIKO JONUIO MPUMEHOM MeETOoAa KJIACHYHOT Mporpamupama. o pemema TakBuX mpodiema
JI0JIa3M Ce MPETPaKUBABEM MTPOCTOpa cTama npoodiema. [{usb oBux anropurama je na ce mosazehu
O MOYCTHOI' CTamkbd, HU30M IIpCiia3a I/I3Meby CTama, ,Z[Olje A0 3aBpHIHOI CTamba, KOje npeacraBjba

IINJb, OHOCHO PCHICHC HpOGJ’ICMa.

2.2.1. Cmanoapouu anzopummu npempax3cuearba

Kon umruieMeHTanuje cTaHIapJHUX alropuTaMa HpeTpa)xkuBama, OJl MHTepeca je Ouio
nperpaxuBame rpadosa. ['padoBu mpencTaBibajy ancTpakTaH HauWH TpPEACTaB/bamba CKyna
o0jekaTa, mpu Yemy cy oapehenn mapoBu o0jekara crojeru penainrjama. O0jeKTH ce MPpeACTaBbajy

nomohy uBopoBa, a penamnuje u3Mmel)y mapoBa yBopoBa mpejacTaBibajy rpane rpada. I'pane mory
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OUTH ycMepeHe UM HeyCMEpeHe, UMMe Ce O3HayaBa Jia Jid je Be3za u3Mely mocMarpaHux 4BOpOBa

aCUMCTpUYHa HUJIIM CUMCTPHUYHA. Axo Cy CB€ I'paH€ HCTOI' TUIIa, OHAA CE€ €O rpa(b O3Ha4aBa Kao

yCMepeH win HeycMepeH rpad. Behnna anropurama rapanTyje HaJlaXXeme HEKe IyTambe Kpo3 rpad,

JIOK HEKH aJITOPUTMU MIPOHAJIA3€ ONTUMAIIHY MTyTabYy.

[Toctoju Benuku Opoj anropuraMa MpeTpaxkuBamba rpadoBa, ajal Cy y OKBHPY OBE

JTUcepTalyje pa3MaTpanu cienehu:

MPETPaKUBAE 11O IIUPHHH,
MpETPAKUBALE M0 TyOUHH,
aIropuTaM IIaHUHAPEHA,

aNropuTam MpBo HajooJbH,

ITOpUTaM TpaHamba U OTPAHNYABAbA,

anroputam A*.

360r a,[[eKBaTHHjel" IpUuKa3a paja CTaHAApAHUX aJIroOpuTaMa IMpEeTpaXuBarmba W JIAKIICT

npahema M3BpIIaBaka KOopaka, 4ecTo ce KopucTe crabia mperpare. UBopoBu crabia oaroBapajy

YBOpOBHUMa rpada, Mpu YeMy jeTHOM YBOpY Ipada y ONIITEM Cy4yajy OAroBapa BHILE YBOPOBA Y

ctabiry. Ctabio ce KoHCTpyuIlle Ha cienehn HauuH:

1)

2)

[TouetHu uBOp rpada ce mpukazyje kao kopeH crtabna mperpare. [lpu pasBujamy
MOYETHOT YBOpa y cTabJIo ce yHOCE CBH cleA0CHUIM (CHHOBHM) KOPEHOT 4YBOpa U
oaroBapajyhe rpane no wux. TuMe je KopeH crabria o3HaueH kao moceheH 4Bop u

npesiasu ce Ha cienehin Kopak KOHCTPYKIIHje.

bupa ce jenan on HemoceheHNX YBOpPOBa Y 3aBHCHOCTH O] 0JJaOpaHOT CTaHIAPIHOT
NropuT™Ma. YKOJMKO je ped O MUIJbHOM YBOPY, TO O3Ha4yaBa Ja CMO JIOILIX 10 Kpaja
pana anropuTMma. ¥ CyNMpOTHOM C€ pa3BHja oAroBapajyhu 4Bop, a y cTabio ce yHoce
YBOPOBH KOJU OJIrOBapajy CBaKOM O] CyceJla pa3BHJEHOT YBOpa y rpady, YKOIUKO Ce
MOCMAaTpaHu CyCeJIHHU YBOp Beh HHje MOjaBUO Ha MyTamH OJf KOpeHa J0 Pa3BHjEeHOT
yBopa. [Iporiec ce moHaBiba cBe JIOK ce HE Johe 10 HMiba WU JOK CBU YBOPOBH Y
cTabiy mpeTpakuBama He Oynmy mocehenn. KowmmieTHo ctabimo mperpaxuBama

MpeACcTaBJba CTabJIO KO KOTa Cy CBM YBOPOBU Pa3BHjEHHU.
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Y obmactu anropuraMa TNpETpaXHBama 4YeCTO ce JNeUHUINY XCYpPUCTHUKE (YHKIH]E.
OCHOBHHU TTPO0JIEM Y TIPETPaXKHBABY je CMambUBamkEe MPOCTopa crama. Kopuniheme XeypucTuakux
¢yHkuuja omoryhaBa eTMMHHUCAKE TPaHa U3 MpoLeca MPeTpakuBama, U300p OIIITE MyTake KOjy
Tpeba creantn, kKao u u30op ciencher uBopa koju Tpeda na ce oduhe. Xeypuctuuka QyHKIHja
Tpeba Ja MpOlEHH IMOjeIMHAYHa CTamka MpodiieMa M J1a OJIpelid KOJIMKO Cy OHa MoBoJbHA. J[0Opo
n3abpaHa XeypucTHYKa (YHKIHMja YUHU TIPOIEC MpeTpakuBama eOUKACHUJUM, alH Yy peaTHUM
MpUMEHaMa [IeHA W3padyHaBamka XEypUCTHUKE (PYHKIIHje YecTo Moxe aa Oyne Beha Hero ymrena y

BpEMEHY IIPETpaKUBamhA.

Kon cranpapaHux anroputama MNpeTpaKuBamkba MOXKE C€ HPUMEHUTH U NPUHIMII
JAMHAMUYKOT mporpamupama (edr. dynamic programming). To je MeTo/ onTHMHU3ALKje pelIaBamba
KOMIUIEKCHUX Tpo0ieMa KOjU ce 3aCHHBAa Ha FHbHMXOBOM pallwIalbHBamkby Ha Mambe MOTIpolieMe.
[Tpu TOoMe ce kopucTH Hajuyenrhe peKyp3UBHH IPUCTYI, a 32 MpoOIeMe KOji C€ MOTY PalIwIaHUTH
PEKyp3UjOM Kake ce Ja HMMajy ONTUMAJHYy CTPYKTypy. llpumeHa QuHaMuUYKOr MHporpaMupama

3HaqajHo AO0BOJU OO0 yHITECAC Y BpCMCHY pada aJlrOpuT™Ma.

Kopumrheme quHAMHYKOT TTpOrpaMupama Ko alropuraMa mpeTpaKuBama 3aCHOBAHO j¢ Ha
onpkaBamy Jucte Beh moceheHnx yBopoBa, unMe ce oMmoryhasa sa ce panuje noceheHu yBopoBH
He nocehyjy moHoBo. Ha Taj HauuH U3 KOMITJIEKCHOT TTpo0iieMa Halakema MmyTame n3mel)y 3agatux
yBopoBa Tpada, yKiiama ce MOTHpoOJeM CKyla OHMX IyTama 3a KOje Ce 3Ha Ja He OW HHIITa
JOTIpPUHENIE pelllaBamy riaBHOT mpobiema. Takohe, y ciiydajy mocTojama BHUIIE MyTamka 10 UCTOT

YBOpA, CBE MYTAHE OCUM OHE Ca HajMamkOM IICHOM KOIITamka Ce OJICTPabyjy U3 pa3Marpama.

2.2.2. Ancopummu meopuje uzapa

Teopuja urapa Hajuenrhe ce KOpPUCTU KOJ MOTE3HMX Hrapa ca JBa urpada. CBaka moTe3Ha
Wrpa MOXE C€ pealn30BaTH y BUIy cTabma. UBopoBu cTabiia Ccy MO3WIMjEe Y WUTPH, a TpaHe
NpeJcTaBibajy Moryhe more3e Koju MpeBOAE jeAHY No3uuujy urpe y apyry. Kopen crabna
MIPEJICTaBJba MOYETHO CTamkhe UIPe, a JUCTOBHU MPEACTaB/bajy TEPMHUHAIHA CTamka, OJHOCHO 1Mo0ey,
HepelleH UCXO0J WU mopa3. bpoj rpaHa Koju u3ia3u U3 CBAKOI YBOpa je/HaK je Opojy moryhux
MoTe3a y TOM CTamky UTpe W HaszuBa ce ¢akTop rpaHama. dakTop rpaHama je oOMUHO m00ap

HHAUKATOP KOJHMKO je HUI'pa KOMIUIMKOBAHaA.

Hajno3naruju anropurmu Teopuje urapa cy Minimax u Minimax ca anga-6era oacenamem.
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2.2.2.1.  Aneopumam Minimax
Auropuram Minimax mpoHaiasu HajooJbH MOTE3 3a 33/aTy MOYETHY MO3UIIH]Y [TOTE3HE Urpe

ca JBa urpaya. AJroputaM Hau3MEHUYHO Oupa HajOOJbHM MOTE3 MPBOI UIpaya, a 3aTUM HAjOOIBU
MoTe3 JIPYror MPOTHBHUYKOT WIpada, W TaKo JOKJIe Troa mMa moryhux more3a. Kopen crabia
MpHIaia HUBOY jellaH, lEerOBU CIeAOCHUIM TPUTIAIa]y HUBOY JIBa, U Tako Aajbe. CBe YBOpOBE HA
HenapHuM HuBoMMa HazuBamo MAKC yBopoBuMa, a CBE YBOPOBE Ha MApPHUM HHUBOMMA Ha3WBAMO
MUH uBopoBuMa. Omyiuka OBOT aJirOpUTMa je J1a pasMmuIiiuba yHampea. OH KOPHUCTH CTaTHUKY
(GYHKIMjy TpOIEHE KOja ce HCKa3yje OpojeM ToeHa W3 3aJaror orcera 3a mary urpy. Kox
TePMUHAIIHE MTO3UIHje Yy CTaby, pauyHamke je TPUBHjAITHO, jep Cy YHAIpea 3a7aTe ¥ MUHUMAITHA U
MakcHMajHa BPEIHOCT OIlcera M T€ BPEIHOCTHU Ce JOAEIbY]y Yy Cilydajy moOeae Wi mopasza. 3a
Clly4aj HEpeIlIeHOT MCXOJa JI0/eJbYje Ce Cpehba BPeIHOCT 0Aa0paHor orcera. YKOJIHUKO ce urpad
HaJa3u y CPEeIMHU NapTHje, TOTpeOHO je neprHrcaTH IpoIeHy MO3UIHje Y UTPU U TaJla C€ KOPUCTH

XEeypUCTHUKA (yHKIIH]a.

Aunropuram  Minimax je peann3oBaH IPOJACKOM KpO3 CTabl0 WIPe aIrOPUTMOM
npeTpaxuBama 1o 1youHu. OBaj anropuraMm ce Hajuemrhe peanu3yje KOpHIINEHEM peKyp3UBHE
peannzanuje, ajy je Moryhe peanu3oBaTu ra U KopuiihemeMm UTepaTuBHOr npuctyna. Ha npumep,
WTepaTUBHA peain3alirja je 6osba Kaja je moTpeOHO /1a ce 3ay3Me Mame pajHe MEMOpHje U Ja Ce

IOCTUTHE 00Jba e(i)I/IKaCHOCT H3BpIIaBamka AJIrOpUT™MA.

Anroputam uMma mpoctopuy 3aBuHocT O(d), rme je d ayOmHa mperpaxuBama. AKO je N
MakcuMajaH Opoj more3a KOju cileayjy MOYETHU 4YBOp, OHJA j€ YKYyIHa MPOCTOpPHA 3aBHUCHOCT
O(n*d). Bpemencka 3asuHocT camor Minimax anropurma je O(n%) u 3a cinoxeHuje urpe To HHje
npuxBaTibuBO. M3 TOr pasznora ce paje onTUMH3aluje, na anda-6era oacenameM Ty 3aBUCHOCT
MoskeMo J1a cmamuMo Ha O(nY2). Hu To He Moske 1a ce cMaTpa Kao MPUXBATIBUBA CIIOKEHOCT, T1a Ce
Hajuenthe KOJ OBHUX ajropuTamMa yBOJIe MaKCHMajHa AyOWHa MpeTpakuBama W xeypuctuka. Ca
JIpyre cTpaHe, aa 0u anroputam 0mo edukacan, moTpeOHO je ma ayomHa crabna Oyae mrto Beha, a

TO JTOBOJIU JI0 OTPOMHOT Opoja YBOpOBA.

2.2.2.2.  Angpa-6ema ooceyarve
Merton anda-6eta ojacenama MpencTaB/ba ONTHMU3ALK]Y KOja alropuTaM OrpaHHYaBa ca

JOHOM W TOPHOM TPAHHUIIOM BPEIHOCTH TMpoleHe. Aida BpeqHOCT MpencTaBiba BPEIHOCT
HajJIIOBOJbHU]ET TI0TE3a KOJH je 10 caja NpoHaleH, OAHOCHO O3HaudaBa JOWmY TPaHHUIly IPOILCHE
MmoTe3a Koja je mpuxBaT/buBa. CBe MoTe3e, KOjU Cy JIOMHjU O HajOooJber 10 Tajaa mpoHaheHor,

Hehemo oxurpartu, u camuMm THM Hehe OMTHM pa3maTpaHH CBU IMOTE3M HAa KOj€ HAC NMPOTUBHHUK
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HaTrepa, a JIOUIUJU Cy OJ HaIler 0 Taja nmpoHaheHor more3a, a Taj Jeo cTabjia KoMe MPUIaaajy TH
nore3u he OUTH ojicedeH. beTa BpeHOCT MpelcTaBiba BPEIHOCT KOja MOXK/Ia MOXKE J1a C€ JIOCTUTHE,
aJId HE MOXE JIa C€ IOCTHTHE BHIIIE OJ1 T TOPH-E TPaHuIle, jep To MPoTUBHUK Hehe no3Bomutu. Jleo
crabna re mocroje BpeAHOCTH Moryher mote3a, koje cy Behe onx Oera BpemHOCTH, Takohe ce

oncena. [Ipumepu anda u Oera ojacenama 1aTy Cy Ha CIULHA 1.

jala cut

TAlpha eut

=+ 100

: V100
W 100 W v alpha: -1000 W 100 V: 100
alpha; 100 alpha; beta: -100

bata: 1000 bata:

Cauka 1 — IIpumepn anda u 6era oacenama

Ca cnuke 1 ce BuaM Aa Cy CBaKOM 4BOpY CTama HpUIpYyXeHe BpenaHocTH V, anda u Oerta.
MAKC 4BOpoBH Cy IpeJICTaB/bEHU IIJIaBUM TPOYTJIOM ycMepeHuM Ha rope, a MUH uBopoBu cy
NIPEJCTaBJbEHU L[PBEHUM TPOYIJIOM yCMEpPEeHUM Ha foje. Paa anroputma ¢opmupa KOpEeHU 4YBOP
crabuia, IITO je MOYETHO CTame Urpe u aojaesbyje ToM uBopy BpeaHoct V = 1000, ako je y nutamy
MUH uBop (omgrocHO -1000 ako je y nmutamy MAKC uBop), BpennocT anda = -1000 u BpegHOCT
6eta = 1000. OBe BpeIHOCTH Cy 3aMe€Ha 3a BPETHOCTH +00 U -00, KOj€ C€ KOPUCTE Y MOCTABIM OBOT
anroput™a. Y coTBepy je Moryhe aa eBeHTyalHO MOCTaBUMO YMECTO OBHX BpPEIHOCTH HajBehw,
OJTHOCHO HajMamH 11eo 0poj. IIpolieHa BpeaHOCTH MO3UIMjEe HE CME OMTH Mama, OJJHOCHO HE CMe
OouTH Beha oJ1 TUX 0/I€JbEHUX BPETHOCTH.

VY cBakoM KOpaKy aJIrOpUTMa Pajyl Ce eKCIlaH3uja TeKyher crama, OCUM Kaja je Tekyhe crame
TEPMUHAIHU YBOP WJIM Cy CBH YBOPOBM KOjU ciiefie U3 nator yBopa Beh obubenu. Tama ce Bpuiu
MOBpaTaKk Ha 4YBOP M3HAJA, TpaHa ce oberexkaBa 3aBpLICHOM, a BpeaHoctH V, anda u Oera
ponarupajy:

- ako je MAKC uBop uznaz:

o V = MAX (stara vrednost V, propagirana vrednost V)
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o alfa = max (stara vrednost Alfa, propagirana vrednost Alfa)
- ako je MUH uBop n3Hax:
o V =MIN (stara vrednost V, propagirana vrednost V)
o beta = MIN (stara vrednost Beta, propagirana vrednost Beta)

2.3. AJITOPUTMH Pe30HOBa-a M penpe3eHTallje 3HAbA
ANTOPUTMH PE30HOBaKkA U PEINpPEe3CHTAIMje 3Haba MPHUKa3aHHU Cy alropuTMuMa (GopmaiHe

JIOTUKEC, MPOAYKIIMOHHUM CUCTEMHUMA, CCMAaHTUYKHUM MpPCKaMa, OKBUpHMa U EajeCOBI/IM MpcCKaMma.

2.3.1. @®opmanna nozuka

Yetupu KJby4yHa alropuTMa, KOjU CE€ KOPHCTE y 3aKJby4yHBamy (OpMaliHE JIOTUKE IMPBOT

pena cy:

» Hanaxeme koHjyktuBHe HOpManiHe hopme (KHD, enr. CNF)

* 3aKkJpyyuBambE AITOPUTMOM pPE30JyliMje KOpUIIhemeM CTpaTervje CKyna MOIpIIKe
(enr. set of support)

* 3aKk/byuyHBamE€ aAJITOPUTMOM PE30JylHje KOpUIINemeM CTpaTervje IMPBEHCTBA
jenuuwue (eHr. unit preference)

* 3ak/byuuMBame aJrOpUTMOM pe3odyluje KopuuhemeMm crpareruje wuszdopa 1o
mmmpunn (eHr. breadth-first strategy)

2.3.1.1. Anzopumam Konjykmuene Hopmanne gpopme

[Tomohy exBHBajIeHTHUX TpaHCOpMalMja, cBaka GopMysa Moxe OUTH TpaHCPOpMHCaHA Y

KH®. Anroputam KOHjyKTHBHE HOpMaJHe (hopMe U3TiIela OBAKO:

Vna3: Wckaszna ¢popmyna F
Uznaz: KH® dopmyne F
Kopaun KH® anropurma:

1. EnuMuHHCame UMIUIHKAIU]E:

E1 = E2 tpancdopmumie ce y =E1 vV E2

2. Cnymrame Heraluja 10 aTOMCKUX Gopmyna:
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—(E1 A E2) tpanchopmuiie ce y mE1 V ~E2

—(E1V E2) tpanchopmuiie ce y mE1 A 1E2

——E1 tpancdopmuie ce y E1

-Vx(E1(x)) tparchopmuie ce y Ix(=E1(x))

—3(E1(x)) tpanchopmurie ce y Vx(—=E1(x))
3. Vkinamame er3ucTeHINjaTHUX KBaHTH(UKATOpA:

Axo ce mocmarpa uspaz Vx 3y (E1(x,y) A E2(y)), onHOCHO 1@ 3a CBaKy BPEIHOCT X,
yBEK MOXe Ja ce Halje Heka BpEOHOCT Y, Tako Ja MOCTOjH IpecivKaBame F, Tana
MOXEMO MocMaTpaHd u3pa3 3ameHuTH cieaehum uspasom: E1(x, F(x)) A E2(F(x)).
dyHKIMje yBEICHE paad 3aMeHe €r3MCTEHIMjalHuX KBaHTH(HKATOpa 30BY C€

CkonemoBe (yHKIHje.

4. IlpeumeHOBame MPOMEHJ/BMBUX TaKO Ja CBAaKOM KBaHTHU(HUKATOPY OAroBapa moceOHa

IIPOMEHJbUBA.

5. Ilpememrame CBUX YHHMBEpP3aJIHHUX KBaHTU(UKATOpa Ha JEBY CTpaHy 03 NpoMeHe

BUXOBOT peaocicna.

6. Cnymrame IUCjyHKIU]a JO HajHIKET HUBOA, IIPEMa 3aKOHY JUCTPUOYIHje V Yy OJHOCY

Ha A (E1 A E2) V E3 tpanchopmumie cey (E1 vV E3) A (E2 V E3)
7. EnumuHanuja KOHjyHKIIMj€, TaKO Ja CBaKH YjaH MHUIIEMO Kao 3ace0Hy (hopmyy.

8. IlpenMeHOBame MPOMEHJBPHBHUX TAKO J1a HE TIOCTOjU HMCTA MPOMEHJBHBA Y PAa3TUYATHM

dbopmynama.
9. Vknamame KBaHTH(]UKATOPA.

YV 3aBUCHOCTH O CJIOXKEHOCTH (popMyJie, HeKH Kopaly Tpancopmartyje oapehene Gpopmyne

y KH® ce Mory npeckouuTy nin 00jeIMHUTH.

2.3.1.2. Anzopumam pesonyyuje
[TocTymak noka3uBama TeopeMe KOpucTehu pe3oyInjy riacu:

* HerupaTtu TeopemMy Kojy Tpeba J0Ka3aTu U JOJATH j€ Ha JIUCTY aKCUOMa.

= JloBectu nucty akcuoMa 'y KH®.
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= Jlok ce He noOMje mpa3Ha Kiay3yJa, Wik JIOK ce He Jo0uje map Kiay3yna Koje ce He
MOTY pPa3JIOKUTH, MU3BPIIUTH pasjiaramke Kiay3ylia W J0JaBaTH Pe3yJTaT Ha JIUCTY

KJIay3yJa.

* Axko ce jnoOuje mpa3Ha Kiay3yja, 00aBeCTUTH Ja je TeopeMa HCTHHUTA, a y

CYNPOTHOM /12 j€ HEUCTUHHUTA.

Kana tpeba ogpenuTu 1a a1 1Ba JUTepaia y Kiay3yjiama Koje ce pas3jiaxy MOry Ja ce YYHHe
WICHTHYHUM, OJIHOCHO JiIa C€ TIOHMINTE, KOpPHCTH ce mporec yHudukamuje. I[Ipomemypa

yHH(UKaLHje TIacu:

» [IpencraButu 00a JUTepaa Koja ce YHUPHUIUPa]y TUcTamMa y KOjuMa je MpeauKaTCKu

CUMOOJI ITPBU €JIEMEHT U M3a KOjer CJIeie apryMEHTH TaYHO [0 PEIOCIIe/y.
* Hanycrutn npouenypy ako IBe€ JUCTE HUCY UCTE JyKHUHE.
» JlopenuTu eneMeHTe KOjU ce Hajla3e Ha UCTHM MO3HIKjamMa y 00e JIHucTe:

o Ilpeaukarcku M (QYHKUUjCKM CUMOOJIM, Ka0 M KOHCTaHTE€ MOpajy OUTH

UACHTUYHU.

o 3a mpomMeHJpMBE Tpeba Ja ce M3BEAC yNapuBame IyTeM 3aMeHe; Kajua ce
Hanle Ha TMPOMEHJBUBY, 3aMEmYyje Ce, OCUM YKOJHKO 3aMEHECHU H3pa3 He

CaZIp’KU UCTY IIPOMCHJbUBY, a HE ou JOIIJIO 10 OCCKOHAUYHE METJhe 3aMEHA.

- I[Ba npeaukara Ccy YHI/I(i)I/II_[I/IpaHa aKO C€ CBH CJIICMCHTHU HOKJ'IaHajy nocJjaec 3aMCHC

IMPOMCHJbHUBUX.

VY cBakOM KOpaky ajropuTMa pe3ojylhje MOXe ce MpPUMEHUTH oapeheHa crparermja 3a
n300p /1Ba cTaBa Koja ce ynapyjy. Kox crpateruje ckyna nojpIike 3a criajame ce yBeK IpBo Oupajy
OHU CTAaBOBM KOJU MpEICTaBJbajy WIM Heranujy TBphema WiIM CTaBOBE H3BEJCHE U3 Heraiuje
TBphewa. Kon crpartervje mpBeHCTBA jeAMHMIIE NPUOPUTET MpU H300pY Jaje ce CTaBOBHUMaA ca
HajMawkuM OpojeM wiaHoBa. CTpaTeruja uzbopa Mo HIMPUHU pa3MaTpa cBe Moryhe komOuHaiuje

nocrojehux craBoBa, Ipe Hero mTo ce npehe Ha pazMaTpame HOBOJOOUjEHUX CTaBOBA.

2.3.2. Ilpodykyuonu cucmemu
[IponyknMoHM CHUCTEMH TIPEICTaBJhajy Hajueminki Ha4yuH TpPEICTaB/harba 3HAMka Yy
eKCIepTCKUM cucTeMuma. [IpogyKinone cuctemMe YMHe: pajHa MEMOpPH]ja, MPOAYKIIMOHA MEMOPH]ja

U MHTEPIIPETEp, KOjU CIIPOBOIM OAroBapajyhu alnroputaM 3akJbyunBamba.
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Pagna memopuja ce cacToju O HH3a MEMOPHUjCKUX €JIEMEHATa, a CBaKH CIIEMEHT
MpeACTaB/ba CTalkbe HEKOr 00jeKTa o] MHTepeca. MEeMOpPHjCKH €JIEMEHTH C€ Ha3WBajy Apyraduje
YUbeHUIe. Y OIIITeM Cly4yajy uYdibeHHna je ypeheHa Nn-tropka cumOomna, Tie MpBH CUMOOI
Mpe/ICTaB/ba UME WIH UICHTHPHUKATOP 00jeKTa, JOK MPEOCTaTr CHUMOOIU MPEICTaBJbajy MapoBe
aTpuOyT-BPEIHOCT KOJU ONHUCY]y HEKO CBOJCTBO TOT 00jeKTa. Y OBOM CHCTEMY, YHHHCHHUIIE CE

cacToje o1 Tpu cuMmOosa: uaeHTH(PUKATOPa, aTpuOyTa U BPEAHOCTH.

[Tpoxykiona MeMopHja ce cacToju O] HH3a NOjeANMHAaYHHuX mpaBmia. CBako MpaBUIIO ce
cacToju O]l yClIOBa W TIOCIEIWIC. YCJIOB YMHE jeAaH WM BHIIE YCIOBHHX €J€MEHaTa KOjH
npejcTaBibajy obpasan cumbona (eHr. pattern). YCioBHH elIeMEHT MOXeE Ja ce MmocMmarpa Kao
ypeheHa N-Topka y KOjoj MpBU WiaH MpeACTaB/ba HUACHTHU(PHUKATOP HEKOT IOojMa, TOK OCTalu
YJIAHOBU TPEJCTaBIbAjy HEroBe arpuOyTe M BpeaHocTH. Koj ycloBHHX eneMeHara cBakd oj N
YJIaHOBA MOXe OMTH HEKa KOHCTAaHTa WM MPOMEHJbHBA, 0€3 0031pa J1a JIi Taj eJIEeMEHT MPEICTaBIba
UACHTUDUKATOP, aTpuOYT WIM BPEAHOCT. Y pEaM30BaHOM CO(TBEPCKOM CHUCTEMY YCIOBHHU

CJIICMCHTH CaJIp:KC TPpH CICMCHTA.

Wutepnperep je Aeo cucreMa 3aAyXKEH 3a yIapuUBame YCIOBHUX €JI€MEHaTa IpaBuia ca
nocrojehnM YnmbeHUIaMa, TaBambe MPHOPUTETa OKMHYTHX TPABUIIA, KA0 W JI0/aBabE U YKIIAhamhe
YUEHULIA U3 paJlHE MEMOPHjE U W3BPIIABAKE OCTANNX akluja. IHTepnperep caipkKu BUILIE MabUX
(GYHKIMOHATHUX LEJMHA 33Ay)KeHUX 3a pas3iIuuuTe JIeJOBe HMIUIEMEHTAIMje ajIropuTMa

3aKJby4HBarba Kao IIITO Cy yrapuBame (eHr. Pattern matcher) u pesonynuja kondaukra.
[TocToju BHIlEe Pa3IMUUTHX AITOPUTAMa 3aKJbYYHBama, KOJU CE MOTY CBPCTaTH y cienehe
rpyme:

" QIrOpUTMHU JUPEKTHOT yIaH4YaBabka UIIW 3aKJbYyUYHBAHKC BObeHO nogamuma (CHF. Data

driven);

"  QIrOpPUTMH MOBPATHOT YyJIaHYaBama WM IMJBHO-YCMEPEHO 3aKjbyunBame (eHr. Goal

driven);
" aIropuT™MH XI/I6pI/II[HOT yj1aHYaBama.

OcHoBHa pa3znuka m3Mmely anroputama TUPEKTHOT W TIOBPATHOT YJIaHYaBamka j€ Yy HAYHHY
nobujama HOBHMX uMmbeHHMIA. Kojx 3akipydnBama BONEHOT mHoJanmMMa ca CBakUM JI0JaBamEeM
YUIbEHUIIA Y PaJHy MEMOpH]jy, IpOBepaBa ce 1a JIM MOCTOje OKMHYTa HpaBwia. Y ciydajy Ja

M0CTOje, HAaKOH (ha3e pe3osynrje KoH(GIMKTA, IpaBUjIa ce U3BPIIABAjy ycien yera Hajuerthe ciean
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y0aluBame HOBUX YHIbEHHUIIA Y pagHy MeMopHjy. HakoH Tora ce moctymak UTepaTUBHO MOHABJbA,
CBE JIOK CHCTEM He yhe y CTallMOHapHO CTame, OJHOCHO JOKJIE TOf Ce 10/1ajy HOoBe unmeHule. Koa
ITOpUTMAa TIOBPATHOT yJIaHYaBaka, MOCTaBJba C€ YIHUT KOJU aJITOPUTAM J1aJbe PEKYP3UBHO JIETH Ha

moaymuTre, 10K €€ HC ,HO6I/Ij€ HUCTUHUTA BPCAHOCT IMOYCTHOT yIIrUTaA.

XubpuaHO ylaH4yaBame MpeacTaB/ba KOMOWHAIM]y MOBPATHOT U AUPEKTHOI yllaHYaBarba.
Koz oBor anroputma ce HUKIMYHO MPOBEPaBa CBAKO MPaBUIIO, KAO YIUT O YHH-EHHUIAMa, 10K CE Y
CITy4ajy 3a7l0BOJbEHOCTH YCJIOBA HEKOT MPaBHJIa J0/1ajy HOBE YHIH-CHUIIE. YIUTH CE BPILE CBE JOK

ce 100Mjajy HOBE YNEEHHIIE, CTMYHO Ka0 KOJI TMPEKTHO yJIaHYaHUX aIrOpUTaMa.

Pere anropuram je anropuTaM JUPEKTHOT yiaHYaBama, KOJU 3a PA3UKy OJf KIACHYHOT
JITOpUTMA AUPEKTHOTI YIaH4YaBamka MMa KOHCTAaHTHO BpeMe u3BplaBama. OCHOBHA NMPEIHOCT OBOT
aIrOpUTMa je MITO TPWIMKOM YYHWTaBama IMpaBWia y TMPOAYKIHOHY MeMopujy (opmupa

onropapajyhy cTpykTypy mojaraka Koja cMamyje 0poj mopehema.

2.3.3. Cemanmuuke mpesice u OKeupu

CemMaHTHYKE MpeXe M OKBUPHU IPENICTaB/bajy rpapuuke rnpe3eHranrje 3Hama. CeMaHTHuKe
Mpeke ONHuCyjy eneMeHT U Beze usMmel)y mux. O0jekTu ce o3HauaBajy MOMOhy MpaBOYraOHUKA U
KpYyroBa, a Be3e Kao yCMepeHe JIMHHUje ca cTpenuuama. Iloctoju nocra pa3nuuutux Be3a uzMehy
eleMeHaTa KOoJl CeMaHTUYKUX Mpexa, a HajBuiie ce kopucte: IS_A, A_PART_OF, INSTANCE_OF

u PROTOTYPE_OF [19].

Be3sa IS_A ce xopuctu 1a 03Ha4M IpUIIAHOCT HEKOT eJIEeMEHTa KJIacu eeMenara. UBop Koju
IpeJcTaB/ba crenuduyaH NpuMep Kiace Ha3uBa ce NMPHUMEpaK, OJHOCHO MHcTaHua. Ilpumep ose

Bese je: aendun je (IS_A) Bomenu cucap.

Besza A_PART_OF ce kopucTu 1a 03Ha4H Ja je HEeKH eJIeMEHT (U3MYKH Je0 HEKOT JAPYror
enemeHTa. [Iperpagak uBopa unHe Be3e pa3nnuuTux umeHa. [Ipumep oBe Bese je: Bosan je geo

(A_PART_OF) ayromo0Owuta.

Besa INSTANCE_OF mpuka3yje na jenan o0jekaT MOXe MpeACTaB/baTH MpUMeEpaK Jpyror

ob6jekra. I[Tpumep oBe Bese je: 'ond je nncranma (INSTANCE _OF) nyrHu4kor ayroMoOmIa.

Beza PROTOTYPE_OF o3nHavaBa na jemaH o0jekar MpeacTaBiba CHENHjaTHH CIIy4aj WA
Mmozen apyror objekta. [Tpumep oBe Bese je: I[lamernu Tenedon je npororun (PROTOTYPE_OF)

MOOMIIHOT TenedoHa.
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Konnent xmace u Beza IS_A Mory ce MCKOpUCTUTH 3a IpPEICTaB/bambe HEKE CHUTYyallje U
norahaja. [Ipouec nacnehuBame omoryhaBa momepame omuca ca Kjace Ha WHCTaHIE, OJHOCHO

neuHUIIEe HAYMH Ja jenaH objekar Hacienu ocoOuHe apyror oOjexra. IIpumep cemMaHTHUKHX

AUTOMOBIL

Nl

A_PART_OF IS

MpeKa Jart je Ha CIUIH 2.

A_PART_OF

A_PART_OF

PROTOTYPE_OF

_PART. A
A_PART OF A_PART_OF
@ Opel Corsa
INSTANCE_OF
Opel Corsa 1.3, ID=1234;
crvena, 85KS

Hperpaz[aK HC CaJp:KHU YBCK BPCIAHOCTH, Beh ce uecto Te BPECAHOCTU MOT'y H3pavYyHATH

Cauka 2 — [Ipumep ceMaHTHYKUX Mpexa

kopuctehu nocrojehe nndopmarmje. To ce mocTike mpoieaypama Koje ce HasuBajy if-needed u

OHE ce KOPHUCTE caMo OHJIa KaJa je TO MOTpeOHO, a He OH/Ia KaJla ce OHE M030BY 0 HMEHY.
[IpennocTtr ynorpede ceMaHTHUKUX MpEXa y 00JIacTH MIPECTaBIbamba 3HAMBA CY:
- jJeAHOCTaBaH W MpelH3aH rpaQuuku MprKas;
- yKJby4MBame Beher Opoja pa3IMuUTHX TUIIOBA 00jeKaTa y OKBUPY MPEXKE;

- MOTY Aa €€ KOpUCTC Kao CpCACTBO KOMYHI/IKaI_II/IjC I/ISMCI’)y HHXXCH:Cpa 3Haba U CKCIICpATa

TOKOM (pa3e MpUKYIJbamka 3HabA.
Henocramu ynorpebe ceMaHTHUKUX MpEXa Cy:

- BCJIMKa CJIOXCHOCT U MaJia IMOY3JJaHOCT npe3eHTaque 3Hama, Jep HaCHChI/IBaH,e HOCTajC

MpOLIEC MPETPAKUBAA;

- MoOryhHOCT KOMOMHATOpHE eKCIUio3uje 300r Benukor Opoja moryhux Bpcra Be3a U

HayMHa KaKo c€ MOT'y KOMOMHOBATH Be3e MoMohy HHAMPEKTHUX (POPMHU MTOBE3UBAHA;
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KOMIUIEKCHA Ipe3eHTalllja Koja MOXe TPaKUTU 3aXTEBHUjE OIepalfje MpeTpakhuBarmba

Ja Ou ce IoNuIo 10 ojapeheHor 3aKbydKa.

OxBHpH Cy HauWH NpEJCTaB/bamka 3Hamba KOJUM CE€ OpraHu3yje NMpPeACTaBIbalkbe MCTUHUTHX

cTBapu 3a HeKy ommrty kiacy enemeHara [20]. OkBuUpHM Cy CKYIl CEMaHTHYKHX YBOpOBAa M

nperpajgaka Koju ONHMCYjy 3ajelHO CTepeoTHIcKe oOjekre, nmorahaje u akmuje. OHU cCy

JETHOCTaBHUjH O] CEMAaHTHUKHX MpEXa, jep ce Ko mHuX npumemnyjy camo |S_A Bese. Koa okBupa

jé Hariacak Ha WMIUTMIUTHOM 3Hamy. CeMaHTHUKe Mpexe je Moryhe TpaHchopmucatu y

cTpykTypy okBupa [21]. [Ipumep okBUpa AaT je HA CIULH 3.

Frame AUTOMOBIL

IS A MotornoVozilo

PROIZVODJAC

SNAGA MOTORA

PUTUJE DRUMOM true

BROJ TOCKOVA Default = 4

TIP opseg: limuzina, karavan, kupe, dzip
KAPACITET REZERVOARA GORIVA

TRENUTNO GORIVA

MOGUCA KILOMETRAZA if needed: racunati na osnovu snage motora
i trenutne kolicine goriva

Cauka 3 — IIpumep oxkBHupa

[TocToje Tpu pa3nuuuTa TUIIA OKBUPA:

1)

2)

3)

OkBuUpH y KOjUMa HMMEHOBAHHU TpErpajak MMa TMONYyHEeHE CTaHAapHE BPEIHOCTH
onpehenmnx monmaraka. Ha mpumep yKOIMKO OKBUP KOjH TMpEICTaB/ba ayTOMOOWI UMa y
mperparky 3a Opoj TOYKOBa MmojpazymMeBaHy BpeaHocT 4. OBa BpeTHOCT ce MOXKe
MPOMEHUTH, YKOJIMUKO C€ KOJ HEKOr CchenuduYHOr BO3WJIa HE TMOKJIama Ta
nmoApasyMeBaHa BpeIHOCT, Beh ayromoOun mma 3 Touka. Takohe, moryhe je 3amatu u
oricer BpemHocTd. Ha mpumep, mperpagak KOju O3HauYaBa BEIUYMHY MMa BPEIHOCTH

Maja, Cpc€amba U BCIIMKaA.

OxBupH y KojUMa Iperpajiak mnpejacrasba Besy |IS_A. Ha mpumep, ako je ayromoouin
MOTOPHO BO3HWJIO M MMa mperpamak IS A, okBup ayroMoOWJ MOXKe OWTH ITOBE3aH ca

OKBHPOM KOjH OIHCYje OCHOBHE OCOOMHE MOTOPHOT BO3MJIA.

OxBHpH y KOjuMa Iperpagak caapKu caMmo MpoIeaypaaHu mporpamMcku koa. Ha mpumep
Opoj KuIioMeTapa Koje TPEHYTHO ayTOMOOWJ Moxe na mpehe, Ha OCHOBY KOJIMYUHE

OCH3MHA y pe3epBOapy M Ha OCHOBY cHare MoTopa. [Iperpamak koju mpeacTaBjba OBaj
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pe3yNITaT y HEKOM OIICEry MOKE CaprKaTH MPOIelypaTHH Kol Oa3upaH Ha IPErpaTky 3a

KOJIMYMHY O€H3MHA U MperpaTKy 3a CHary MoTopa.

OxBHpH KOjU TPEICTaBbajy KiIacy o0jekara Ha JaToM HUBOY alCTPaKiHje MOTry

HaclehuBaTH mperpatke M BPEIHOCTH KOje ce Haja3e Ha BuieM HUBOY. IIporemypaine

undpopmanmje koje ce mory yrpaautu cy: if-needed wu if-addes. Ilpouenypa if-needed

U3BpIIaBa ce Kajxa Tpeba Ja ce m3padyHa BPEIHOCT Mperpartka, a mpoueaypa if-addes ce

M3BpIIIaBa KaJa je BPEAHOCT Mperparka Beh goaespeHa.

[Ipeanoctu ynorpebe okBupa y 00J1acTH NMpeCTaB/bamba 3HAKbA CY:

HpI/IHI_II/Il'I HaCJIehI/IBaH:a, KaJla HCKU OKBHUPU MOT'Y J1a HACJICAC anI/I6YTe Ol HCKOI" APpyror

pOAUTECILCKOI' OKBHPA.

HNudopmanurje MOry jeqHOCTAaBHO Ja C€ YUTajy M KOPHUCTE, jep ce OKBHpH Hajuemihe

MPEJICTaBIbajy TaOeIapHo.

MoryhHocT 4yBama Mmojpa3yMeBaHUX BPEIHOCTH, Kaja jelaH OKBUP MMa Mperpajak ca
IS_A, onmHOCHO Kaja je MOBE3aH ca JAPYIMM OKBHPOM KOJU CaJpXKH OCHOBHE
uHpopmarmje 3a oapeheny rpymy oxkBupa.

Ynorpeba mompasyMeBaHUX BPEIHOCTH y TpOIECy pe3oHoBama. CHUCTEeM MOXe Ja

npemnpaBn MoJApasymMeBaHy BPCAHOCT H IMOHOBH IIOCTYIIAK PC30HOBAKA, YKOJIIMKO CC

YTBPAM Jia je MOoJpa3zyMeBaHa BPeJHOCT HEKOPEKTHA.
Xujepapxujcka CTPyKTypa U peyKOBaHa CII0KEHOCT.

Kopumihewe cranmapaanx gopmMara U CHHTaKCe, YUME C€ pealin3yje UBpCTa CTPYKTypa

JAOKYMCHTA.

JenuncTBEeHA Hpe3eHTaI_II/Ija 3Halkba KOMOHHOBaHmEM npoucaypajaHor u ACKIapaTUBHOT

3Hama.

Kopumrhewe 103BO/BEHUX BPEAHOCTH WIIM JI03BOJbEH YHOC BPEIHOCTU y ojapeheHoMm

npezepUHICAHOM OIICETY.

Henocramu ynotpebe okBupa cy:

Mory na 6yny HeeduKacHH y BpeMe M3BpIlIaBama, jep He omoryhaBajy HajeuKacHUJU

METO/I YyBama MoaTaKa.
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- Mory noBectu A0 mpeBenuke ynorpede mpoueaypa, kKajga ce Texu Behoj peanuzanuju
HOBHX IPOLEAYypa, HEro MITO Ce MPOoBepaBa TPEHYTHA CTPYKTYpa U Capikaj TPEHYTHUX

OKBHpa.

2.3.4. bajecose mpeirnce

bajecoBe mpexe 3acHOoBaHe Ha bajecoBoMm yuemy Takolhe cmamajy y Tpyiy aiaropurama
OJUTyYMBama M pPEIpe3eHTalfja 3Hamka KOje MMajy LIMPOKY NPUMEHY Y Pa3IUYUTHM HayYHHM
obmactuma. OHE KOpHCTe Y3podHO-TiocieanyHe Beze m3mel)y morahaja w najy neTasbHH HAYMH
pemiewa mpobiema. Hajuemhe ce xopucte y MEIUIIMHCKO] JIWJarHOCTHUIM, jep pa3iIMuuTe BPCTE
O6onectu mpatu oxapehenu Opoj moryhux cumnroma. bajecoBe mpexe u bajecoB HaumH
pasMuIUbama ce Takohe Kopucre 3a Kiacu(uKanujy HaydHHX pajnoBa. L[k je ma ce mocTurHe
Kinacudukanyja To0KyMeHaTa mpemMa TeMaMa KojuMa MPHIaaajy Wil MpeMa KJbyYHHM pedrMa KOjH
cy BesaHe 3a ojapehene Teme. CBakM CHUCTEM 3acHOBaH Ha bajecoBoM HauuMHy pE30HOBamba

HCOIIXOAHO je JAa uMa Mpeuu3H0 UMILNICMCHTHUPAH PAYYH BCpOBaTHOhC.

BepoBarnohom mpencraBibamo HeoapeheHocT W HeusBecHOCT 1norahaja. Beposarnoha
norahaja A, y o3nanu P(A), npencraBsba CTEeH BepoBamba Aa he ce Taj morahaj mecutu. YciaoBHa
BepoBaTHOha mpejcTaBba BepoBaTHOhY na he ce Heku norahaj TeCUTH TOJ YCIOBOM Ja C€ HEKHU
apyru aoraljaj necwo. YcimoBHa BepoBaTHoha o3HaueHa kao P(A|B) o3nauaBa na ce norahaj A necuo

oy yciaoBoM Jia ce aorahaj B mecuo.

bajecoBa Teopema omoryhaBa Ham Ja H3pauyHaMO amoCTEPHOpHE BepoBaTHOhe U
aXypupaMo BepoBama y jnorahaje. OHa nmokasyje ja ako UMaMo y3ajaMHO MCKJbY4HBe XHroTese Ha,
Hz,...Hn y ogHocy Ha Heku norahaj E u ako je BepoBarHoha P(E) # (0, Be3a usmely BepoBaTHOhe
XHIoTe3¢e mpe Hero mTo nobuje pokasze P(H) u BepoBaTHOhe xumoTese HaKOH MITO A00HUje MOKa3e
P(H|E) je:

P(E|H;)

P(H;|E) = “PE)

" P(H;)

3acBakoi=1,..,n.

bajecoBe Mpexe ce mpencTaBibaj)y YCMEPEHUM alMKIMYHUM TpadoBUMa, jep je HUXOoBa
CTPYKTYypa IOroJlHa 32 KOMOWMHOBAHkE MOYETHOT 3Hama O BepoBaTHohama pgorahaja W KacHUjHX
70Ka3a 0 ToMme jaa yu ce porahaj aecuo. UBopoBu rpada ce MpeAcTaBibajy CKYNOM CIy4ajHO
npoMeHsbuBHUX. CBaka ciyyajHa NPOMEHJBHMBA PENpE3eHTYje HEKHM HEeW3BEeCHU naorahaj Koju ce

MOCMaTpa, a CKyI CTama CIy4yajHO MPOMEHJBUBHX MPEICTaBsba HbeH JoMeH. CiydajHO IPOMEHIbUBE
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MOT'y OUTH JUCKpeTHEe Wiu KoHTuHyaiHe. Hajpehu O6poj anropurama 3a paja ca bajecoBum mpexkama
MIPETE)KHO je OPHjCHTUCAH HA PYKOBamE Ca AMCKPETHHM CTambHMa MPOMEHJBHBHX. Pasior je mro

KOHTHHYAJIHY CITy4ajHy IPOMEHJbUBY MOTyhe TUCKpPETH30BaTH.

3axkpyunBame y bajecoBuM Mpexkama TeXH Ja U3payyHa BepoBaTHohe YBOpOBa, y3 jaare
JI0Ka3e 3a BPEJIHOCTH HEKHX YBOpPOBA. bp3WHA 3akibyunBamba MOXE OMTH BpPJIO KOMILIMKOBaHA
VKOJIMKO je Mpeka KOMIUIEKCHA, Tako Jla CBaKW Hap 4BopoBa y rpady Oyae MoBe3aH HajBUIIC
jemHUM myTeM. Y TOM clly4ajy ce ImocMarpa 1eina Mpea 1 KOPHCTH CE aITOPUTaM pa3MeHe TOpyKa,
TaKO J1a 10 CBAaKOT YBOpa rpada Joiasze mapaMeTpy 3a aKypHpame 0] lbeTOBHX YBOPOBA POAMTEIhA
u 4yBopoBa jene. Koa Mpexke uuja CTpYKTypa IpeJCTaB/ba jEAHOCTaBaH JIAHAIl YBOPOBA,

3aKJbYUHBa-€ CE€ CBOJU Ha jJeIHOCTaBHY IpuMeHy bajecoBe Teopeme.

AnroputaM eIMMHUHALIMjE YBOPOBA U Cliajama BHIIE Tabena BepoBaTHoha YBOpPOBA y jeTHY
je 6ospH, jep MpaBW JHCTY YBOpOBa Koje Tpeba 1a eNMMHHHIIEMO. Y TOKY HM3BpIIaBama OBOT
aJrOpUTMa 4yBa c€ JIMCTa (hakTopa Koja 3aBHCH O] Tabena BepoBaTHOha YBOPOBA U HHXOBOT

penocnena enMMUHaIje. AITOpUTaM eJIMMUHAIIM]e YBOPOBA JIaT j& IMjarpaMoM Ha CIHIH 4.
')
T
Hanpasutu pefocnes 4BopoBa ca YBOPOM uuja
ce BepoBaTHoha payyHa Ha Kpajy peaocnesa

WHuumjanusosatu nucty paktopa ca Tabenama
BeposaTHoha yBopoBa

N3meHUTn nmcty dpaktopa
NPUMEHOM MO3HATUX A0Ka3a

Y3eTn uBop A ca noyeTka pegocnena

M3 nucte pakTopa y3eTn dpakTope Koju umajy A Kao
apPrymeHT U CyMmMpaTH MX NO CBUM BPeaHOCTMMA YBopa A,
Kpevpajyhv HoBW dakTop

Hosu paktop ybauutn y nncty dakropa

Mma ysoposay
pepocneny

HE
]

M3pauyHaTu HOpManusaLmjy u3padyHare
BeposaTHohe yBopa

o

Cauka 4 - JlnjarpaMm aaropurma eJMMHHaNKje YBOPOBa
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2.4. AaropurMu 3a peniaBame npoodJemMa

GPS anropuram mpencraBiba jeaH OJl MPBUX CHCTEMa 3a YHUBEP3AIHO pEIIaBambe
npo0iieMa U MMIUIEMEHTHPAH je y mporpaMckoM je3uky tpeher pena mojn HazusoM IPL [22]. Ogaj
anropuTaM je y oO0JacTH BEIITayKe HWHTEIWTEHIMjeé MHOTHUM aJIrOpUTMHUMa KOjU Cy KacHH]e
pa3BUjaHU M KOJH CE€ JlaHAaC NPHUMEHY]y, MOCIY)XHO Kao OCHOBa M WHchupanuja. Mako je oBaj
ITOpUTaM YCHEIIHO PEIINO jeTHOCTaBHE IMpoOiieMe, MOmyT XaHOjCKUX Kylla, OH HHjEe MOrao
PELIUTH HUKaKaB IpoOJIeM y PeaTHOM CBETY, jep HEroBa mperpara JIako JA0J7a3H 10 KOMOMHATOPHE

eKCILI03Hje.

Ha VYuusepsutery Ctendopa je cemamieceTux roauHa mnpouuior Beka pasBujeH STRIPS
alropuTaM, OJ CTpaHe ucrpaxupadya Puuapna ®uxeca m Huica Huicona [23]. Moaudukarnmje
OBOT" AJITOPUTMA JIaHAC C€ MIPUMEHY]y Yy MHOTUM cucTtemMuma. Ha npumep, y pa3Bojy KOMITjyTepcKe
urpe F.E.A.R. t1e je mpumemeHa BelITayka UHTEIUIEHIMja, KopUlllheHa je jenHa MoauQuKaiyja
STRIPS anroputma, obyxBaTajyhu u anroputam A* u MamuHy ca KOHa4YHUM Opojem ctama FSM
[24]. YV wHexkum cucremuma koju kopucte STRIPS anropuram manupame je Moryhe
(monmmHoMUjamHO) 300T yBOhema pecTpukiifja nmomohy ¢gopmyna, mpeayciaoBa U MOCTYCIOBa, a Y

HEKHM CHCTeMHUMa TIaHupame Huje Moryhe u npezactaBiba NP-Texak npobnem [25].
24.1. GPS ancopumam

Nmnnemenrtanuja GPS anroputMa u3riema oBako:
1. ®opmupa ce nucTa Koja he MHUIMjAIHO /1a Caip KK caMo Tekyhe cTame.

2. Crame Ha IMMOYCTKY JIMCTC HAa3MBa CC TCKYHI/IM CTamkbCM. I[OK CC JINCTA HC UCIIPA3HU WUJIK JOK CC

HC JOCTHUI'HC IMJbHO CTAambC, H3BpmaBajy cC CJ'ICI[ehI/I Kopanu:

2.1. Axo ce mperienqoMm Tabene pasauKa 3aKJby9H Ja HE IOCTOJH OIepaTop KOjHu HUje
ynoTpeOJbEH 3a CMambuBamke pazinke u3Mel)y Tekyher u MJBHOT CTama, YKIOHUTH TeKyhe

CTame U3 JIUCTE.
VY cynpoTHOM:
2.2. N3abparu omepartop 3a CMamUBamkbe pa3inKe U3 Tadere pa3iuka.

2.2.1. Axo mpenycioBH 3a MPUMEHY OIEepaTropa HHUCY 3aJ0BOJHEHH, MOKYIIATH HHXOBO
3aJ]0BOJbaBambe (pOpMUpamEM HOBOT LMJBHOT CTamka OJ THX MpeaycioBa U
pexyp3uBHUM mo3uBoM GPS anroputma, pamy AOCTH3amka HOBOT IIUJBHOT CTama U3

Tekyher.
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2.2.2. Axo cy mnpeayciioBd 3aJIOBOJbEHHU MPUMEHUTH ONEPaTOpP U HOBOAOOH]EHO CTambe

CTaBHUTHU Ha IIOYCTAK JIMCTC CTamba.

3. AKO ce JOCTHTHE LUJBHO CTambe, HCIIMCATH MOPYKY O YCIEXY, Y CYIPOTHOM, UCITHUCATH MOPYKY O

HEYCIIEXY.

2.4.2. STRIPS anzopumam

Hayunuim ca Yuusepsutera CteHdopa cy cenamjieceTux roIUHA MPOILIOr BekKa JT0OWIN
3aJlaTak Ja pa3BHjy aJIrOpUTaM KOju OU yrpaBibao poOOTOM U KOjU OU pajivo HA BPJIO OTPAHHYECHUM
XapIBepCKUM pecypcuma Tor Bpemena [23]. Luwb je 6uo ma ce pobot kpehe y okpyxemy ca BuIle
MPOCTOpHja U Ja PEeMeIlTa KyTHje ca JeJJHOI MeCTa Ha JAPYro, y3 UCTOBPEMEHO YKJbYUHBAE HIIH
WCKJbyYHBakE CHjallUIla y pOCTOprjamMa y KojuMa ce Hanazu. Takohe, omoryheno je na ce pobot
MOMHE HAa KYTHjy YKOJHMKO je TpeKuJad 3a CBETIO0 BHCOKO Ha 3uay. Okpyxkeme je Omio

nacajin30BaHO, Ca je,I[HOCTaBHI/IM CCH30pHMa KOjI/I Cy Taja HOCTOj aJid.

Anroputram STRIPS npumnana xiacu cucrema IUIaHUpama YHYTap CTpaTerja 3a peliaBambe
npobnema. [lnanupame mpeacTaB/ba MPOIEC OATyYHMBama O aklMjama W peAocieny akiuja mpe
HBUXOBOT M3BpIIaBama. HakoH cumynaiyje cBake akiyje nocMarpa ce meH edexar. AKiuje Koje ce

HE MOT'Y KOpUTOBAaTHU Y OKBUPY PCATTHOT OKPYIKCHA CC 0,[[68.1_[ij U3 CUMYJIIaIUOHOT MOJICJIa.

[Iponiec mnanupawma mnoBehaBa edUKACHOCT y JOMEHMMa Y KOjUMa Ce TpelIke MOTry
3aHEMapUTH WM KOPUTOBATH, Ald HE Mema e(UKACHOCT TaMoO TJe Cy TpelIke HEMpOMEHJbUBE.
Cucremu miaHupama Cy 3aCHOBAaHU Ha JICKOMIIO3UIIU]HU, TIa YKOJIHUKO j€ TIPOOJIEM CIIOKEH, pellaBa
ce jenad npo0OieM, a 3aTuM ApPYyrd. YKOJIMKO MTOCTOjJH BEeJIMKA HHTepakiuja usmelhy nmpobiema, taga
ce jaBJpajy mpoOiemMu, Ia ce IJIaHepH Ocliamajy Hajyenrhe Ha AMHAMHUUYKO pelllaBambe WHTEepaKIja

u3melhy nornpobnema.

Anropuram STRIPS je 6a3upan Ha mpeIMKaTCKO] JIOTHUITU U OJIpKaBa MOJIEN CBETa, OJHOCHO
CKYII U3pa3a KOjH 3ajeIHO MOKa3yjy TPEHYTHY CUTYyallHjy. 3a CBaKu MOJEI Ce€ MPETIOoCTaBJba Ja 3a
Iera MoCTOju CKYI YMOTpeOJ/PMBUX OmepaTopa TakaB Ja MPUMEHOM CBAKOT O] BbUX MOXKE Ja ce
TpaHc(hOpMUIIIe TPEHYTHH MOJET Yy HEKH IPYTd MOJeN CBeTa. 3ajaTrak OBOT alropuTMa HHje
HCKJbYUMBO JOKA3UBak-E J1a je HEeKU cTaB Moryh, Beh u 1a y3 momoh Heke CeKBEHIIe omeparopa Of
MOYETHOT CTalka M WHHUIMjATHOT MOJENia CBeTa MOXKe Ja ce mpehe y IUIBHO CTame, OJHOCHO
TpaxkeHH Mozen cBera. OBaj anropurtam ce Hajuemrhe mpukasyje kao mpumep ,,CBeT Oi10koBa“

IIPUKa3aH Ha CIULH O.
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|2

File

PRI Startno stanje

Ime bloka: | |
I

o e -
© Bela

B

Postavijeni blokovi

A

Cijno stanje

Iﬂﬂlﬁj

Tekstualni prikaz

Cauxka 5 — STRIPS aaropuram Ha npumepy anumanuje ,,CBet 0,10K0Ba*

OCHOBHH CTaBOBHU IIPOMCHC CTamkba 3aﬂajy ccy3 rnmomoh TPpH JIUCTC:

1) mpeaycioBH, OJJHOCHO JIUCTa CTaBOBA KOjU MOpajy OUTH UCIYEHCHHU Y TeKyheM CTamy aa

Ou orepaTop MOrao Jia ce MpUMEHH;

2) JHCTa 3a YKJIamkambe, OJHOCHO JIMCTa CBUX CTABOBA KOJH CE YKJIamajy U3 TeKyher crtama y

TPEHYTKY IIPUMEHE OIEepaTopa;

3) mucra 3a JofaBame, OJHOCHO JIMCTa CBHX CTaBOBa KOjU ce J0Aajy TekyheM cramy y

TPEHYTKY IPUMEHE orieparopa.

VY cBakom kopaky anroputam STRIPS xopuctu m mamTu tekyhe crame mpobiemMa, IHIBHA
CTEK M CKYI OIepaTopa KOju ce KOpHCTE 3a IPOMEHe cTama. MIHuIujanHo je Tekyhe crame mo4eTHo
cTame npoliemMa, a axypupa ce IpUMEHOM HEKOr oreparopa. L{MJbHU CTeK caJp>kKu CTaBOBE KOjH
OJIroBapajy TPEHYTHOM I[WJbY WMJIM MOALUMBY Y TOKY paja alropuTMa, Kao M OIepaTrope Koju ce

IPUMEBY]Y.

Hujarpam Toka anroputrma STRIPS mpukasan je Ha ciuny 6.

38



Coghmeepcku cucmem 3a yuerbe U RPUMEHY AIOPUMAMA Bemaike UHmMenueenyuje

YCTaHOBHMTH NOYETHO CTake U
LW/b (M HEroBe KOMNOHEHTE)
CTaBATK Ha CTEK

CTeK npasaH?

M3natk AKcTy akuuMja

onepatop

BpX cTEKE?

noAuMM / UMb

CKMHYTM OnepaTop ca CTeka W 40AaTH
onepaTtop NUCTH akuMja. YRAOHMTH
CTaBOBE Npema NUCTK 3a YKNakake,
OAHOCHO A0AATH y Tekyhe cTakbe
npema NCTH 33 JojaBatbe

unss / noauns
3310BO/BEH?

YKAOHUTH Ui/ Onepatop Koju 3340B0/basa Lu/b/
noauuss ca Bpxa noAaun/e Ce CTag/ba Ha CTEK WU CBAKKH
cTeka 0/ NpeAycNoBa CTaBHTH Ha CTek

| | ,

Cauka 6 — Ilnjarpam n3ppmasama ajaropurma STRIPS

OcuM mpumeHe y poOOTHIM, OBaj aJrOPUTAM C€ MOXE KOPUCTHTH y TEOpHUjU Hrapa, 3a
pelllaBambe pPA3NUUYUTHUX MaTeMaTUYKUX Mpoliema, KOJA JOKa3uBama TEOpeMa, 3aTuM Yy

UHYCTPU]CKUM MOCTpOjemruMa 1 pabprukaMa ca ayTOMaTCKOM KOHTPOJIOM.

2.4.3. Memoo 3a0060.bema ocpanuyerna

[Tpobnemu ca 3am0BOJbEEM OrpaHHuuckba (eHr. Constraint Satisfaction Problems, CSP) cy
MaTeMaTUYKH TMpoOJieMH KOJU C€ cacToje OJ IPOMEHJBMBUX, JIOMEHA BPEIHOCTH KOje Te
NPOMEHJBHBE MOTY JOOMTH M OTpaHHYeHa Koja ce Mopajy ucmyHutH [26]. OBu mpobiemu decTo
MMajy BENUKY CIOKEHOCT W 3aXTeBajy KOMOWHAIIM]y XEYypUCTHKA M KOMOMHATOPHHX METOja
MpeTpakuBama Ja Ou mpoosieM pernim y pa3yMHOM Bpemeny. [Ipobiiem 3a10BoJbea ycioBa (SHT.
Boolean satisfiability problem, SAT) [27], 3amoBossese Teopuje moayna (enr. satisfiability modulo
theories, SMT) [28] u nporpamupame oarosopa (exr. answer set programming, ASP) [29], mory ce

rnocMarparu Kao O,[[pCbCHI/I 06J'II/II_II/I HpO6J’ICM€l Ca 3a10BOJbCHEM OI'paHUYCH:A.

[Tpobnemu ca 3a10BOJbEHEM OTPaHMUYCH:A Ce Hajyelrhe MpeAcTaBbajy KopuithemeM rpaga
OrpaHUYCHa M METO/Aa MpeTpakMBama. MHOTHM BaXHH IMPOOJIEMH Yy PEaTHOM CBETYy MOTY Ce
OTHCaTH Kao MpoOJIeMH 33/10BOJbEHA OTPaHUYEHa, Kao mTO cy: npobseM 8 mwimu N kpaspuiia (eHr.

eight / N queens puzzle), npoGiem 6ojewa mamna (enr. map coloring problem), Cynoky, npoGiemu
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ca yKpIITCHMM peuuma (eHr. crosswords), ®dyromuku (enr. more or less), Kakypo (eHr. Cross
sums), Hymbpukc, Xugaro (XuaoKy) ¥ MHOTH APYTH JOTHYKH mpobiemu. Heku mpobiemu cy
TEXH, 114 C€ HE MOTY IIPUKA3aTH Ka0 jeTHOCTABHU CHCTEMHU. TaKBU CIIOKCHH]H CHCTEMH Cy CUCTEMU

3a ayTOMaTCKO IJIAHUPAKkE, Pa3yMEBabhe PEUEHNLIA U MHOTH JIPYTH.

[Tpunrkom pemasama CSP mpobieMa nmpuMemnyjeMo Hajuenhie mpeTpakuBarmbe yHa3a (€Hr.
backtracking search), omHocHO jemaH Ha4YMH airopuT™Ma MPETPAKHBaka 10 TyOHHH.
[IperpaxkuBame yHa3all je peKyp3UBHH alropuTaM. M3BpIiiaBameM OBOT MPETpaKMBamba 3HAYH J1a
ce Tpeba BpATUTH MYTAakOM YyHA3aJ 10 TMPBE MPOMEHJBHBE KOja j¢ HWMajia BHUIIC JICTATHUX
BPEIIHOCTH, 3aTHM Jia ce oJjlabepe HOBa BPEAHOCT T€ IPOMEHJbUBE U OHJIAa KPEHYTH HOBOM ITyTaHkOM
ka moryhem periemny [30]. KOH3HCTEHTHOCT ce TIOCTHXKE Kao 3aJ0BOJBCHE CBUX OTpaHHUYCHA KOja

cy neuHuCaHa y TPOMEHIbHBAMA.

Jeman oy HaumHA OO0JBIIAA OBOT METO/IA TPETPAKUBAA 30BE CE MPOBEpa yHAMpe (CHT.
forward checking). Kama ce Hekoj mpoMeHsbHBO] X JOA€TH BPEIHOCT, Tpeba MPOBEPUTH CBE
NpOMEHJbMBE KOjUMa HHje [0JeJbeHa BPEOHOCT, a Koja je TIOBe3aHa OrpaHHYeHUMa ca
npoMeHJbuBoM X. 3aTtuM ce Opully cBe BPEIHOCTH M3 JOMEHa IpoMeHJbuBE Y KOje HHUCY

KOH3MCTEHTHE ca BpeHoIIhy KOjy CMO A0JENIM TPOMEHIBbUBO] X.

[pomararje orpanuderba (e€Hr. constraint propagation) cy merome Koje ce KOpHCTE 3a
MoaudukoBame nmpobaemMa 3a10BOJbEHa OTpaHUYeHha. 10 Cy METO/Ie KOje CIIPOBO/Ie OOIUK JTOKaIIHE
KOH3UCTEHTHOCTH Ca IIMJBEM JIa HEKU MTPOOJIEM IPETBOPE Y €KBUBAJICHTAH MPOOJIEM, KOJU j€ OOMYHO
JEMHOCTAaBHMUJU 3a pemiaBame. Hajmo3HaTuju  oONMIM  JIOKAJTHE KOH3UCTEHTHOCTH  CY:
KOH3MCTEHTHOCT JiyKa (€HT. arc Consistency), KoH3WCTeHTHOCT xwurep-iyka (eHr. hyper-arc

CONsistency) u KOH3UCTEHTHOCT MmyTame (eHr. path consistency).

KonsucrentHoct nyka o6e30el)yje Op3m MeTo mpomaranuje orpaHHuYeHma KOju je 3HATHO
0ospH OJ1 TIpoBepe yHarpea. KOH3MCTEeHTHOCT jyka je TmpoBepa Koja MoKe OWTH M3BpIIEHA Kao
IpeTHpoliec Ipe MoyeTKa MpeTpare Uik Kao Mpornaraiyjcku KOpak, HAKOH CBaKe J0Jielie BPEIHOCTH
TOKOM TIpeTpakuBama. ¥ 00a cilyyaja rnpouec Mopa OMTH MMOHOBJLEH BHUIIIE IyTa CBE JOK He Oyze
1ocTojaia HUjegHa HEeKOH3UCTeHTHOCT. Kax ron m3OpuieMo HEKy BPEIHOCT M3 JOMEHa Heke
MPOMEHJbHBE Ja OM OTKJIOHWIN HEKYy HEKOH3MCTEHTHOCT, HOBa HEKOH3WUCTEHTHOCT CE€ MOXKE
MI0jaBUTH y TpaHaMma Koje My Ka TOj MpoMeHJbHBOj. IIpomec ce Mopa moHaB/baTH CBE JIOK CE€ HE
OTKJIOHE CBE HEKOH3MCTEHTHOCTH. HajmozHaTwju anropuraMm KOju HpUMEHYje KOH3UCTEHTHOCT

nyka je AC-3 anroputam.
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Ocum mpeTpakuBama yHaszaJl W Ipolaraiuje OrpaHuYerha, MOCTOjeé U METOJAE JIOKAIHE
IpeTpare Koju cy HeMmoOTIYHH aNropuTMu. TakBU aNropuTMH MOTY Aa Hal)y pemieme npoOiiema, anu

MOTY ¥ Ja ra He Hal)y, 4ak u y ciy4ajy Jia je mpoOJieM peliuB.

2.5. AJITOPUTMH 32 PajJ y HEM3BECHOM OKPYKeHY
[Tocroje cutyanuje Kaga CUCTEM MOpa Jla pajid Y HEU3BECHOM OKpyXemy. Moryha peniema
TaKBUX MpoOJIeMa Cy pe30HOBAkE Ha OCHOBY (paKTOpa M3BECHOCTH, PACIUIMHYTA JIOTUKA U CUCTEMHU

3a oApsKaBamkb€ UCTUHUTOCTHU.

25.1. Pe3onosare na ocnogy ghakmopa uzeecnocmu

PezonoBame Ha OCHOBY Mojena (akTopa M3BECHOCTH HPBH MYT je OWJIO NMPUMEHEHO Y
okBupy ekcneprckor cuctema MYCIN. To je ekcnepTCku CHUCTEM KOjU je KpPEeHyO Ja ce pasBuja
1972. na Yuausepsutery CteHdopi, ca HUbEM Ja MOKYyIIa Ja U3BPIIM AMjarHo3y MalyjeHTa Ha

OCHOBY TPHjaB/bEHUX CUMIITOMA U pe3yiITaTa MEIUIIMHCKUX UCITUTHBamba [31].

daktop m3BecHoctu (eHr. certainity factor, CF) mpencraBmba parpoHanaH Opoj Koju
npunana uaTepBary -1 < CF < 1. [Tomohy oBor (akTopa ce KBaHTH(HKYje CTCTICH NOBEpPEHA Y
HEKH 3aK/by4aK Ha OCHOBY JaTor cKyma mgorabaja, mojaBa, YHibEHHIIA, omaxama. CyOjeKTHBHE
BepoBatHohe mpencraBibeHe cy kao MB(h,e) u MD(h,e) [32]. MB mpencrasiba Mepy ToBepemba,
oxHocHO HoTtarjoM MB(h,e) ce o3HauaBa Mepa yBehaHor moBepema y XHIoTe3y N, 3acHOBaHy Ha
YUBCHUIM € Koja je TauHa. Crmuaro Tome, MD mpencrasipa Mmepy HenoBepema. CF o3HauaBa 0poj

koju crniaja mepe MB u MD u u3pauynasa ce o ¢popmynu: CF(h,e) = MB(h,e) — MD(h,e).

CBakoM mpaBWily Y CHCTEMY ce Jojesbyje (aKkTOp M3BECHOCTH 3aCHOBAH Ha EKCIIEPTCKO]
MPOLICHH U KOMITOHTeHTa (hakTopa u3BecHocT. Bpennoctu MB u MD ce nannunjanusyjy Ha Hyiy, a
3aTUM ce MHKPEMEHTAJTHO YKJbY4yjy e(dekTh cBakor oa mpaBmia. CBakdm MyT Kaja ce pa3marpa
JI0JIaTHO TIPaBUJIO U3pavyyHaBajy ce HoBe BpeaHocTu 3a mepe MB u MD. Ormice3u Bpeanoctu 3a MB,

MD u CF cy:
0<MB(he)<1
0<MD(he)<1
-1<CF(he)<1
YKOJIHMKO ce pajau O y3ajaMHO UCKJbYYHBHUM XHUIIOTE€3aMa U YKOJIUKO je:

- xwumnote3a h usBecHa, ogaocuo P(h | e) = 1, Tana je:
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1-P(h)

MB(h,e) = 1——P(h)_

1

MD(h,e) =0
CF(he) =1

- Heramyja xunotese h usBecHa, ogaocHo P(~h | €) = 1, tana je:

MB(h,e) =0
MD(he) = 2L _ 4
e =P -
CF(h,e) = -1

[Tpema nepununmjama 3a MB u MD, Bpeanoct MB(~h,e) = 1, camo ykomnuko je MD(h,e) = 1,
OJTHOCHO BPEIHOCT | TpencTaBiba ancojayTHO MOBepeme (HiIu HenoBepeme) 3a mepe MB (uiu MD).
Ha npumep, ako cy hi u hz y3ajamuo nckspyunBe xumnotese u ako je MB(hy,e) = 1, taga je MD(h2,e)
=1.

OncycTBO onaxama ce u3paxana nomohy cienehux BpegHOCTH:

- MB(h,e) = 0, ako omaxame € He TIOTBphyje xumoresy h,

- MD(h,e) = 0, ako onaxkame € He ocropaBa XuIore3sy h,

- CF(h,e) = 0, ako omaxarse € HH1 He TOTBpl)yje HU He ocropasa xumoTe3y h.

Kaga uma Buie mpaBuia Koja JONPHHOCE 3a WIM NPOTUB 3aKJbydKa, TaJa C€ padyHajy
KymynatuBHe BpeaHoctd 32 MB u MD, xao u kymynatuBHu Qaxtop n3BecHocTd. KymynaTtuBHu

(axTop U3BECHOCTH 3a XUNoTe3y h koja ce mocmarpa, 1oduja ce Kao:
CF(h,eh) = MB(h,ez) — MD(h,ep)

rIie BpeaHoCT eh mpeacTaBiba cBa OMakama Be3aHa 3a XUIore3y N, koja cy y3era y 003up 10
MIOCMaTpaHOT TPEHYTKa, BPEIHOCT €Z IpeJACTaB/ba Ollakama Koja MOApKaBajy xumoresy h, a
BPEIHOCT €P Cy omaxkama Koja ocnopaajy xumore3y h. KymynatuBae mepe nosepema MB(h,ez),
onnocHo HemoBepewa MD(h,ep) y xunoresy h, n1o6ujajy ce Ha OCHOBY BPEAHOCTH €Z, OJHOCHO €p

PECTIIEKTUBHO.
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Henperuznoct ¢akropa uszBecHoctu y moxaeny MYCIN je 6uo moBox 3a MHOTe CTyauje
cllyyaja TIOCJIEIBHX TOJAMHA, KOje Cy IMpHKa3ajie aJIroOpuTMe KOpPEKIMje OBE CTpareruje u

anTepHaTUBHE (QYHKIMje n3padyHaBama [33, 34].

2.5.2. Pacnaunyma nozuxa

PacruiHyTa JIOTHKa je BHINEBPEIHOCHA JIOTHKA MPOUCTEKJIA W3 TEOPHje PACIUIMHYTHX
ckymoBa. Teopuja pacIUIMHYTHX CKYIOBa MPEJCTaBJba MPOLIMPEHE TEOPHje CKYNoBa. Y KIACHYHO]
TEOPHUjH CKYIOBa je/laH CIEMEHT WM MPUIIaJia WiIK He mpunaaa ckymmy. Koa teopuje pacmmmHyTux
CKYIIOBa, jeJlaH CIEMEHT MMa CTEleH MPHUMaaHoCTH cKymy (eHr. degree of membership), a crenen
NpUNATHOCTH KCKaszaH je ¢yHkiujom wiancTBa (enr. membership function). Tepmun ,.fuzzy*

O3HayaBa Jia JIOTHKA ONKCYje HEMPELn3He TI0jMOBE, TOMYT JbYJCKOT 3HAMKA.

Pacrmunaytu ckyn je map (A, m), rae je A ckym, a m:A—[0,1] pyHKIMja dwiaHCTBa KOja BPIIN
npeciuKaBame ckyna A y peanan 06poj u3 orcera [0,1]. 3a eqeMeHT umju je cTeneH npumnaaHocta 0
Ka)ke ce J]a YOIIILTEe HE MpHIMaJia CKYyIy, JOK 3a eIEMEHT ca CTENeHOM MpUIagHOCTH 1 Kaxe ce Ja
CKpo3 mpumaga ckyny. Pacrummaytu ckym (A, M) ce aeduHmiie Haa KiacHIHUM ckyrmoMm S. Ha
pUMep, CKYI S MOXKe J1a TPEICTaBJba TEMIEPaTypy, 0K PACIUTUHYTH CKyIl A TpeicTaBba BUCOKY
Temreparypy. OyHKIMjoM 4IaHCcTBa M ce oapehyje na Ty Heka KOHKpeTHa TeMIiepaTrypa Mmpumaaa

CKYIly BUCOKE TEMIIEpaType.

2.5.3. Cucmem 3a 00picasarse UCMUHUMOCIU

CucreM 3a oapxkaBame ucTuHucTOocTH (TMS cucrem) je moMmohHu anmat 3a peliaBame
mpobiieMa 4YMju je LIHUJb OJp’KaBamke KOH3UCTEHTHOCTH 0a3e 3Hama 3a CHUCTEME KOjU paje y
HEU3BECHOM OKpykemy [35]. OBaj anaT HemMa aKTHBHY YJIOTY W MPHUMERYje PEBU3H]Y TIOBEPEHa J1a

Ou ce oJiprkaja KOH3UCTEHTHOCT 0ase 3Hama.

ba3a 3Hama oBor cucTema ce cacToju o]l MpaBuJia, Koja ce Ha3uBajy uBopoBuma. [Ipasuro je
JjeIaH UCKa3 KOju MOJKE J1a 3aBUCH O/ JAPYTUX MpaBUjIa U KOjU MMa cBoje crame. Crame mnpaBuia,
omHocHO uBopa je IN, ako je mpaBmwio uctuHHUTO, ogHOCHO OUT, ako HHUje HCTHHUTO. Y3 CBaKU
YBOp MPHIPYXKYje C€ JHCTa TPETIOCTaBKH WJIM JIMCTa OlpaBlmama. [IpermocraBke cy apyra
IpaBUjIa, OJIHOCHO JPYT'M YBOPOBH y 0a3u 3Hama. TMS Boau padyHa 0 Mel)y3aBUCHOCTH I10jeIMHUX

YBOPOBA U Ha OCHOBY MH(OpMaIrja 0 cTalbiMa YBOPOBA OJip’KaBa KOH3UCTEHTHOCT Oase [35].
Jlucre onpaBnama cy:

- mwmcra nozpiike (eHr. support list, SP):
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SL (IN-lista) (OUT-lista)
- JMcTa YCIIOBHMX orpanuuemsa (edr. conditional-proof justifications, CP):
CP <posledica> (IN-lista) (OUT-lista)

IN-nucTa je nmucra cBux uBopoBa Koju Mopajy outu y IN cramy nma 6u uBop Kome je oBa
nucra npuapyxkeHa 6uo uctuaUT. OUT-nucra je nucra ¢cBUX YBOpOBa Koju Mopajy outu y OUT
CTamy Ja OM YBOp KOME je OBa JINCTAa MPHUIPYKEHA OO MCTUHHUT. UBOp je UCTHHHUT TEK OHJA Kaja

cy ceu uBopoBH u3 IN-mucte y IN cramy u kana cy cBu u3 OUT nucre y OUT cramy.

TMS cucremu akTHBHO C€ KOPHUCTE y CEMaHTHYKOM BeOy KOJI CHCTEMa 3a YIpaBJhamkbe H

pe3oHOoBame oHTOJ0rHja [36].

2.6. CTpaTteruje MalIMHCKOT y4ema

2.6.1. Cmabna oonyuueara

WNHIyKTUBHO yueHe NMpeAcTaBba MPOLEC pa3MHUILbamka KOjU M3BOJAM OMNIITE 3aKJbYYKe M3
CKyIla KOHauHUX npumepa. [IperrnocraBke, 0THOCHO NpPEeMUCE MHIYKTUBHOT JIOTMYKOT apryMeHTa
yKa3yjy Ha HeKy MOTyhHOCT 3a 3aKkJby4ak M CYrepulIlly ra, ald He rapaHTyjy HeroBy MCTHMHUTOCT.
[TpumeHa MHIYKTHBHOT 3aKJby4HMBamba M y4ema OIVIe[a Ce y TOME Jla CUCTEM KOju ydu Oyme y
CTamy J]a IOHECE 3aKJbYUKe aKo je MOTPeOHO Ha OCHOBY jeHOT IMPUMEPA WM J1a JOJAATHUM HOBUM

IIpUMEepHUMa IPOMEHH CBOj€ 3HAME.

[{nb MalIMHCKOT y4ema je Ja KOHCTPYHMILEMO ajJropuTMe KOjU Cy CIIOCOOHM Ja Hayye Ja
npensubhajy onpehene nmibane mznaze. Jla 6u ce OBO IOCTHUIIIO, aTOPUTMY Ydewma C€ 3a1ajy
onpeheHn mpuUMepu 3a TPEHUpame, KOjU JEMOHCTPUPA]y IWJbA]y PENalfjy YJIa3HUX M H3JIa3HUX
BpeHOCTH. AnropuTtam Tpeda Jja reHepulie NpuOIMKHO TauyaH u3ja3, ykJbydyjyhu u oHe npumepe
KOje HUje UMao TOKOM TpeHHpama. OBakaB 3aJaTak HE MOXKe Jia Oy/e pelleH Ta4yHo 0e3 TOJaTHUX
MIPETIIOCTaBKHU, j€p CUTYyallMje 3a KOje ajJropuTraM Huje oO0ydyaBaH MOTY Ja UMajy W JIpyre u3ja3He
BPEIHOCTH. BpcTe HEOMXOAHMX MPETIOCTaBKH O MPUPOAM IMJbaHe (QYHKIH]Ee HA3UBAjy Ce

TCPMUHOM MHAYKTUBHU ouac.

VYuemwe npeko crabia oryunBama (eHr. decision trees) mpescraBiba yuermhe KOje e HajBHUIIIe
KOPHCTH y IPAKTHYHUM METOJlaMa HHIYKIIMOHOT 3aKJbyunBama. Ctabna omryunBama ce Hajuenthe
Kopucte 3a knacudukanmjy [37]. Hajmosnatuju alropuT™Mu yderma 3aCHOBaHH Ha MPHHIIKIY paja
crabana omryunBama cy CLS (Concept Learning System), XautoB anroputam (eHr. Hunt's
algorithm), CART, ID3 (lterative dichotomiser 3), AQ/AQR (Algorithm Quasi-Optimal), ILA
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(Inductive Learning Algorithm), ASSISTANT, SLIQ (Superviserd Learning In Quest), C4.5 u
Random Forest [38]. Y ocHoBH 0BH airopuTMu 00MIa3e CcTabiIO MPUCTYIIOM O] BpXa Ka IHY (€HT.

top-down).

Knacudukaropu crabana omjiydnBama MOYHEKY Ca TPEHUHT CKYIIOM KOjH MMa TPHIIPYKCHE
nabere Ki1aca U KOPSHU YBOP KOjU MPEICTaBsba TJIaBHY KapaKTepUCTHKY. CBaKU YHYTPAIIHH YBOP
npejcTaBlba arpuOyTe Tecra, CBaka TIpaHa TNpPEACTaB/ba HMCXOJ] TECTa, a CBAaKW YBOp JIUCT
npencraBiba jabeny kiace. [la OuMcMo uIaeHTHUKOBaNIM Jiabelly Kjace 3a HEMO3HAT IpHMeEp,
KJacu(UKaTop cradia OJUTy4YHBama MPaTH IyT O]l KOPSHOT YBOpa J0 YBOpA JIUCTA, KOJU CaIPKU

nabemny Kiace 3a Taj npumep.

AJITOPUTMH yuerba KOJ[ cTabiia OJTy4drBamba MPETPaXKyjy MPOCTOp XUIOTE3a U HA Taj HAYMH
n3beraBajy mpoOjeMe KOju ce jaBJbajy KOJ OTPaHHUYEHUX IPOCTOpA XUIoTe3a. MHIYKTUBHU Ouac
KOJI OBHX aJIrOpHTaMa MpPEeACTaBsba MPEJAHOCT MAJKMX CTadaia HaJl BEIUKUM CTa0IuMa O/ITy4rBamba.
Crabia o/uTyurBama TPYIHMIIY HHCTAHIIE TaKO IITO UX COpPTUPajy Kpehyhu ce kpo3 cTabiio Ha goiie

0]l KOpeHa JI0 JIKCTa, KOju oapel)yje KiIacy HHCTaHIIe.

WNucranna je ypehen map arpubyrt-Bpemnoct. Ha cmumm 7 mar je mpumep crabna
OJTydrBama MOMONYy Kora pa3Marpamo Jia Ju je oapeheHo jyTpo MoroaHO 3a UTpame TEHHCA Y
OJIHOCY Ha BpeMeHCKe ycnoBe. JlaTu cy aTpuOyTu: m3rien AaHa KOjU UMa BPEIHOCTH U3 CKyMa
{cynauno, 06J1aYHO, KHIITHO}, BIQKHOCT KOja MMa BPEIHOCTH M3 CKyma {BHCOKa, HOpMaiHa} U
BETap KOju MMa BpeaHocT u3 ckyna {jak, cmab}. MHcTaHna ce pa3BpcraBa OJf KOpeHa crabna
TecTupamweM arpulyta. JIucT crabma je 4yBOp KOju Hema 4BOpoBe moTtoMke. OBaj mpoliec ce

PEKYP3UBHO ITIOHABJbA 3a CBAKO HO,I[CTa6J'IO LII/I_]'I/I KOPCH IIPEACTABJba HOBU YHYTpPAlIkbU YBOP.

CBaku 4BOp KOjH je JTUCT MOpa Jla UMa H3Ja3Hy jJabeny, y ciy4ajy Kiacudukanuje ta nadena
caAp>KM HWME€ Kiace, a y ClIydajy perpecuje Hymepuuky BpeaHocT. Crtabma oTydnBama
MPEACTaBIba]y JUC] YHKIIM]€ KOHJYHKIIM]ja HA OCHOBY BPEIHOCTH aTpuOyTa mHCTaHIe. CBakH MyT O]
KOpeHa Ka JIUCTY cTalia oAroBapa KOHjyHKIUjU TECTOBa aTpUOyTa, a LIEJIOKYIHO cTalbi0 oAroBapa

JIMC]YHKIM]H CBUX KOH]jyKIIHja.
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U3rnen spemeHa

CYHYaHO oBauHo KULWIHO
|
m
BMCOKa HOpPMasiHa jak cnab
HE DA HE DA

Cauxka 7 — Ilpumep ctadjia oanyynBama

ToxoMm wm3rpaame crabina omnyduBama Moryhe je ympaBipaTu mojanuMma 3a KoOje HEKH
aTpuOyTH WMajy HEMO3HaTy BpeaHOCT mpoueHoM nobutn. KopumhemeM crabna omrydnBama
Moryhe je KIacM(pUKOBATH 3alUce KOjU MMajy HEMO3HaTe BPEAHOCTH TaKO INTO C€ HM3padyHa

IIpoLcHa BepOBaTHOBI/I 3ad pa3JIMYrUTC UCXOJIC.

Yueme y3 nomoh crabaina ojlyuynBama OATroBapa HpO6JI€MI/IMa ca CHG,Z[ChI/IM

KapaKkTepuCTHKaMa:
» (Crabna oTydrBama MPeICTaBIbajy IUC]YHKTHE U3pas3e;

=  HHcTaHIE Cy IpeACTaBJbCHC KaO CKYII anI/I6y'Ta U BUXOBHUX BPCAHOCTH, a4 CBAKU

aTpuOyT MMa pelaTUBHO MaJld OpOj AMC]YHKTHUX MOTYhuX BpeHOCTH;

» [lweHa QyHKIMja WMa IUCKPETHE W3JIa3HE BpeAHOCTH (Hajuemrhe crtabia umajy

bynoBy knacuduxaiujy: TauHo / HETa4HO);

* TpeHuHT nojany MOTY Ja cajpie Tpelke - Ipelike Npu KiIacu(UKaluju TPEHUHT

prUMepa U rpetike y BpeJHOCTUMa aTpuOyTa Koje OmKcyje OBe PUMEpE;
* TpeHUHT MoAaly MOTY Jla caJip>Ke HEMOTIIYHE BPEIHOCTH aTpulyTa.

MHoru mnpakTHyHM MpoOJIeMH ce YyKiamnajy y HaBeJeHE KapaKTepHUCTUKe, Kao LITO Cy
KiIacu(ukanyja MEIMIMHCKUX [oJlaTaka MaldjeHata npema OoJieCTUMa W CHUMITOMHMa Koje
ocehajy, kacu@ukalmja KBapoBa olpeMe MpeMa y3poKy HacTaHKa, U cIu4HO. OBakBM MpoOIEeMH
KOJM MMajy 3a IIJb JIa C€ YJIa3HM MOJAIM Pa3BpCTajy y jeaan oapehenu ckyn moryhux xareropuja

Ha3MBajy ce kmacupukaonu npoodiemu [39].

2.6.2. 1D3 ancopumam
OcHoBHa wuzaeja ID3 anropuTma je Aa KOHCTpyHIIE CTablo OMIy4HBama NpUMEHYjyhy

MpeTpary 0/03ro Ha J0JIe KPo3 JaTe CKYIOBe, TAKO IITO CBAKH aTPHOYT TECTHpa Ha CBAKOM YBOPY.
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Kako Om ce omabpao HajKOpUCHUjH aTpHOYT 3a KilacHHUKAIHMjy AATOr CKyIMa, KOPHUCTH Ce
nH(popManoHa 100UT Kao KpUTepHjyM Hajoosbe moaene. Anropurtam ID3 npeTnocrasspa 1a cBaku
aTpuOyT MOXKE€ MMATH BPEIHOCT M3 CKyIa HEKUX MpeAcPUHHCAHX BPEIHOCTH, OJHOCHO CaApKU
caMo JUCKpeTHe MoJaTKe, HACYNpOT PEIHUM IOJalMa Kao IITO Cy roJuHe, BUcHHA, uTa. Ctabio
ce KOHCTPYHILIE OJ1 BpXa Ka JHY, peKyp3uBHUM IyreM. Ha mouetky ce oznpelyje KopeHrn 4BOp Tako
IITO CE CBAKW aTpUOYT TecTHpa U ojapehyje Koju je HajooJbH aTpuOyT 3a MoIeNTy, a TOTOM CE€ BPIIH
moJienia mojiaTaka Ha MmojAcKynoBe. 3aTuM ce pekyp3uBHO no3uBa |D3 anropuram 3a cBaku MOACKYII.

Ogaj anroputam nMma Hajuyenrhe NpuMeHy Ha MpodieMuMa ca cienehnM KapakTeprucTuKaMma:
1. HWHcraHne cy npeacTaBibeHe MapoBUMa aTpUOyT-BPEIHOCT.
2. llwwbHa pyHKIM]ja ©Ma TUCKPETHE U3J1a3HE BPETHOCTH.
3. Bpennoctu arpubyra cy HOMHUHAIIHE.

Anroputam |ID3 mperpaxkyje mpocTtop Xwmroresa Kako OM Hamao jeaHy Koja HajooJbe

OJIrOBapa TPEHUHT MPUMEpPUMA.
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3.IIPEIIEJ HNOCTOJERUX CO®TBEPCKHUX
CUCTEMA U 3AXTEBHU 3A PEAJIU3NIY
HOBOI' CUCTEMA

VY oBoMm noruasiby 6uhe npukazaHu onucu nocrojehux copTBepckUx cCUCTEMA 3a yU€HE U
IPUMEHY ajropuTama BelITauke MHTEIUTeHIMje, IaTH 3aXTEBH peanu3alrje HOBOT COPTBEPCKOT

cucTeMa U IpejcTaB/beHa METOI0JI0THja Koja je KopulheHa y MpojeKToBamy TaKBOI' CUCTEMA.

3.1. Ilocrojehn codTBepckH cHCTEeMH 3a Yy4Yele ajropuramMa BellITadyke
HHTEJUTeHIHje

VY uctpaxuBamwy Cy aHaJIM3UPaHU COYTBEPCKH CUCTEMU KOJU C€ Kao COPTBEPCKU CUCTEMHU U
noMohHU coTBEPCKH alaTH KOPUCTE Yy JprKamky HACTaBe Ha MpeIMeTHMa M3 OOJIaCTH BEITaukKe
MHTEJIUTCHIIMje, KOjU Cy BeOoMa 3acTyIJbeHH Ha yHHBep3uTeTHMa Imupom cBeta [40]. ¥V HacrtaBky
OBOT TOrIaBJba he OMTH aHATU3MpaHU HajBaXKHUJU COPTBEPCKU CHUCTEMU ONMUCAHH Y JHUTEpaTypH,

KOjU ce MoTy IpoHahu y 0BOj 001acTH, y3 HaBOheHhe YOUSHHX MPETHOCTH U HeJIOCTaTaKa.

Cumynarop ,,Chinese room* peanmusoBan je Ha JlpkaBHOM yHHBep3uteTy WnuHOjH,
Cjenumene aMepuuke Jp)KaBe, y OKBUPY Kypca u3 Bemrauke uwHtenurennuje [41]. OBaj mpoGiiem
ce OOMYHO TpHKa3yje y YBOJHOM eIy Kypca, Kaja ce pa3Marpa IojaM padyyHapCKOT Mojena
JbYJICKOT pa3MHIIbamka. Hemocratak oBOI cHUMyJaTOpa je LITO HE MOCTOjU MOTYhHOCT HUKAaKBe

MHTEpaKIje ca KOPUCHUKOM, Beh je CBe MpUKa3aHO KPO3 aHUMAIIH]y.
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Cumynartop ,,MIT Open Course Ware* mpencraBpa ajaT y HAcTaBH Kypca BeEIITAyKe
UMHTEIMTCHIIMje Ha YHUBEP3UTETY TEXHOJIOTHje Yy MacauyceTcy u Ha YHuBep3utery y Hukary [42].
CacTaBibeH je O]l IIECT IeNIMHA: IUIAaHHpame, MPETPAKUBAKBE, METOJ 33/10BOJbEHA OrpaHUYCHHA,
OHMOJIONIKM MUMETHIIM, IPYTH BUAOBH yuewma U bajecoBe Mpexe. [lnanumpame je mpencTaBibeHO
ynotpedom anroputma STRIPS, a ox anropurama mnperpaxxuBama MOIPKAHU Cy AITOPUTMH
MpeTpaXUBama M0 MyOWHH M NIMPUHH, AITOPHUTMHU IUIAHMHAPEHA, NPBO HAjOOJbH, TpPaHaWma U
orpanudaBama U A* On ocrajmux anropuraMa M CTpaTerdja OBaj CUCTEM j€ MOJAPIKA0 alropuTam
Minimax u amroputam Minimax ca anga-0era oxacelnameM, METOA 3aJ0BOJbCHA OTrpPaHUYCHA
peanu3oBaH Kao mpoOiem Oojema Mama (enr. map coloring problem), renercke amroputme,
camoopranu3zyjyhe Heypanne mpexe 1 bajecoBe Mpexe. Y 0BOj cCUMyJIallju TJIaBHU HEJJOCTATaK je
IITO KOPUCHHUIIM HUCY Y MOTYRHOCTH J]a YHOCE CBOje mpoOiieMe 3a MpeTpaKuBamke U HE MOTY Jia

IIpaTc U3BpHIABALC AJIrOpUTaMa 110 KopaluMa.

Al Search® cumynarop passujen Ha Yuusepsurety PMUT y Aycrpanuju 1eMOHCTpHpa paj
pa3IUUUTHX alropuTaMa IMpeTpaKuBama Ha TMpUMepy wurpe ,,8-puzzle“ um kopuctu ce Ha
nabopaTopujckuM BekOama w3 Bemtauke uHTenureHiuje [43]. EBanyarnuja je mokasanga aa cy
CTY/ICHTH KOjU Cy OWMJIH JIe0 eKCIIEpPUMEHTAIIHE TPyIe U KOPUCTHIIN OBaj CUMYJIATOp, MHOTO 00Jbe
pasymenu TpajiuBoO THX alropUTaMa U MokKazaiu cy 00Jbe pe3ynirare y OJHOCY Ha TPymly Koja Huje
KopucTHIa oBaj cumynatop [44]. Cumynatop je BpJo WHTEPAKTHBAH U Ca JETAJbHUM OIHUCOM
M3BpIIaBamka 0/1a0paHOr ajNropuTMa. [ JTaBHM HeIoCTaTak OBOT CHMYJATOpa j€ IITO Cy KpO3 OBY

WPy IPUKA3aHU CaMO AJITOPUTMU IIPETPAKUBADA.

Codreepcku cuctem ,,Clspace / ,Alspace” pasBujeH je Ha YHHUBEP3HUTETy OpHTAHCKE
Komym6uje [45]. OH mpencraBiba KOJEKIMjy MHTEPAaKTHBHUX ajara M IOKpPHUBa O0caM O0JIacTH:
npeTpakuBame rpada, pemaname mpobieMa 3a/10BOJbEHA OTPaHNYEHa 3aCHOBAHO Ha JIOCIEIHOCTH
Y 3aCHOBAHO Ha CTOXAaCTHYKOM JIOKAJTHOM IpETpaXUBamy, 3aKk/bydnBame, bajecoBe Mpexe, ctabia
OJUlyunBama, HeypainHe Mpexxke M KouBepsauja STRIPS anroputma y anropurme 3a10Bosbema
orpanudema, oaHocHo CSP. Cucrtem mnojpkaBa HMHTEpaKTHBHE CHMYyJalyje, mro omoryhasa
KOPHCHUIIMMA JICIMMUYHY KOHTpOTy Hajx npumepuma [46]. OBaj copTBepcku cucteM je pobap Kao
MOJIPIIIKA y YUY€y OBE OOJIACTH, ali HaXXaJOCT FHhHME HUCY TIOKpHMBEHE CBE 00aBe3HE TeMe W3

o0JacTy BeUITauKe WHTEIIUTESHITH]E.

»AIMA3e*“ cumynaTop 0a3upaH je Ha CBUM aNTOpUTMHUMAa U3 HajIO3HATHjE€ KIHUTE M3 OBE

obnactu [47]. OBaj cucteM caipku celaM cUMyJanuja u 13 TeKcTyallHuX JemMoa, KOju TpHUKa3yjy

49



Coghmeepcku cucmem 3a yuerbe U RPUMEHY AIOPUMAMA Bemaike UHmMenueenyuje

pan MOjeMHUX AIrOpUTaMa BelITayke HHTENUreHiuje. JlerabeHO Cy NpUKa3aHH alrOpPUTMHU
npeTpakuBama, MOIMyJapHe WIpe M3 O0JAaCTH TEOpHje Urapa W urpe OasupaHe Ha aarOPUTMY
3aJI0BOJbCH-a OrpaHndea. Kao v NMpeTxoJHU CUCTEM, HU OBaj HE IMOKPUBA CBE MPEHNOPYYCHE TeMe
3a 00JacT BEIITAa4YKe WHTEIUTEHIHM]Ee, a Takohe jemaH ol rIIaBHUX HEIOCTAaTaka je MITO KOPHCHHK

CHCTEeMa HE MOXKe JIa yTHUe Ha puMepe KOju Cy JaTH Kao AeMO aHUMaIHje.

Cumynarop ,,Searcher® mpencraBipa momMoh enykaTopuma M CTYACHTUMA y y4YCHy U
NoJly4aBamy ajaropurama nperpaxusama [48]. Kopuctu ce na YuuBepsurery y Jlusepnymy. Beoma
je morojaH 3a pan, jep nobap rpaduuku npuka3z omoryhasa nmako mpaheme aHuMmaruja, mrTo je u
Hajeha npenHoct. Henocratak oBor cumynaropa je mrTo je Oa3upaH caMO Ha alropuTMHUMa

MIpEeTpaKUBambA.

»olmple Expert System® mpejicraB/ba HpHUKa3 jeIHOCTABHOT EKCIIEPTCKOT CHCTEMa KOJH
JIOHOCH 3aKJby4Ke Ha OCHOBY 0a3e 3Hama [49]. ¥ oBoM cuMynaropy, KOpUCHHK MMa MOTYhHOCT /1a
nuzabepe jeaHy ojn moHyheHux 0Oasza 3Hama, WIM Ja Kpeupa cBojy, mourtyjyhu npaBuna gopmata
NpoayKIMja U yuibeHnna. KOpuCHUK oAroBapa Ha NMUTama ca Ta4HO MM HETaYHO M HAa OCHOBY
KOPHCHUKOBHX OJITOBOpA CHCTEM Tpebda Jja u3Be/Ie 3aKJby4aK, KOpUcTehH MPOAYKIHje U YNHCHHIIE.
Henocratak oBe cumynanuje je mrTo Hema MoryhHocT dyBama 0aze 3HaWa, HU yuMTaBama Oaze

3Hawa U3 (ajia, a y3 To 6a3upaH je caMo Ha CUCTEMHUMa 3aKJby4UHBambAa.

Cumynarop ,,Sudoku Solver” mpencraBiba amaT KOju KOPUCTH METOX 3aJ0BOJbCHA
orpaHuvema 3a JeMOHCTpalujy pemaBama Cymoky npobmema [50]. KopucHuk Moke aa yuura
npuMep W3 OMONMOTEeKEe ca MpHUMEpHMa, CaMOCTAIHO Kpeupa HOBH CymoKy mpumep, YIHIIE
BpEHOCTH y ToJba Tabene u pemana Cyaoky urpy 0e3 momohu. Kaja KOpuUCHHMK yHece y MoJbe
BPEIHOCT KOja HapylllaBa HEKO OJ] OTpaHUYea, TO MOJbE ca MorpemHoM BpeaHouthy he Outh jacHo
yokBupeHo. Hemocrtatak oBor cumynatopa je mTo Kpo3 urpy Cyaoky mnpHKasyje HUCKIbYYHBO

AJITOPUTME U3 obacTh METO/J1a 3aJO0BOJbCHA OIrpaHUICH:A.

Cucrem ,,Al Exploratorium® memoncrpupa pax crabana ojryunBama (eHr. decision tree
learning) u anroputma mpetrpare IDA* [51]. HberoBu Hemoctanu Ccy INTO KPO3 peali30BaHE
aJITOpPUTME TIPUKa3yje caMO OCHOBE MAITMHCKOT y4ea, €3 MOryNHOCTH J1a KOPHCHUK CHCTEMa caM

Kpeupa COINCTEBEHE MTpUMepe U U3BPILIaBa UX.

Bpio yecto ce copTBepCcKH cuCTEeMH 3aCHOBAHU HA BEIITAUYKO] HHTEIUTCHIM]U IPUMEbY]Y U

y cUMyJanyjaMa CIIOpTCKUX Urapa, CHMyJalyjamMa paTHUX urapa win y urpama Ha cpehy [52] [53]
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[54]. TakBu cucTeMH, HAKO Y CEPBEPCKOM [Ny peanu3yjy Behu Opoj pasivuuTHX ajaropurama,

TCKU CYy 3a 06jan1H,aBaH,e paga aJaropurma, 1 HUCy IOroJJHU 3a CaMOCTaJIHO YUCHC CTyJCHarTa.

Oynbancku cumynarop ,,Multi-Agent Soccer peanu3oBao je MM0jeIHOCTaB/BEHH MOJIEI
¢dynbana u MOXKe ce KOPUCTUTH Y TIIABHUM TeMaMa Ha YBOJHOM KypCY U3 BEIITAYKe WHTEIIUTEHITH]E
[53]. Ilpeanoct oBor cumyiatopa je mTo MokpuBa Behu Opoj aaropuramMa M INTO KOPHUCHHIIN
crcTeMa CaMd MOTY YYUTaBaTH MOJATKe, ali Kao TJIaBHU HEJIOCTAIlM CE M3/1aBajajy HeMOoryhHoCT

npersiena MojeMHavYHor paja oapeheHor anropuTMa U BeroBor N3BpIIaBama KOPaK M0 KOPakK.

CnuyaH cucTeM, Ha3BaH ,,RobotSoccer”, uMruieMeHTHpAO je aNropuTMe MPETPAKHUBABA U
reHercku anroputam [54]. CucrteMm je BU3yelnHO BpJIO MperiienaH, aid ciaba WHTepakiuja ca
KOPUCHUKOM W HEMOTryhHOCT Tmperjiefia IOjeIMHUX KOpaka aJfOpUTMa IPEACTaBbajy TJIaBHE

HEAOCTATKE OBOI' CHCTEMA.

Jemnako 3Hauajan mpojekat je ,,MLeXAl“, pa3BujeH 3a yueme BelITauke WHTCIUTCHIIH]E, ca
aKIIEHTOM Ha IPHMEHH MaIIMHCKOT yuera [55]. Llusb nmpojexra je aa pa3Buje NpHiIaroa/biuB CUCTEM
3a MPEe3eHTOBAakbE TeMa U3 00JIACTH BEIITAYKe MHTEIUTEHIMje Ha pauyHapy, YUMe I0Ka3yje BEJIUKY
MOBE3aHOCT pauyyHAapCKUX Hayka M BemTadke uHTenureHnuje [56]. OBaj KOMIUIEKCHU CHCTEM
3aMUIJBEH J€ Jla C€ KOPUCTH Yy BHUAY HIECT MNPaKTUYHUX JIabopaTOpHjcKuX Mpojekara: 1)
kinacudukanuja BeO JoKyMeHaTa, moMohy Koje ce yde OCHOBE OTKpHBama I0JaTaka M OCHOBHH
JITOPUTMHU MAIIMHCKOT Y4ewa; 2) npoduincame BeO KOPUCHUUYKUX Mpoduia; 3) mperno3HaBame
3HaKoOBa IMOMONy HeypaiHe Mmpexe; 4) pemaBame mpodiaema ,,N-puzzle® momohy anropurama
npeTpakuBama; b5) pemraBame mnpodsema ,,Dice Game Pig“ ca OCHOBHMM KOHIIEITHMA
reinforcement yuema; 6) mpobnem ,,Clue Deduction® 3a penpeseHTanuje 3Hama U PE30OHOBAA.
JloOpa cTpaHa OBOT MPOjEKTa je pa3HOBPCHOCT TEMa M JIaka MHTErpaluja OBUX COPTBEPCKUX ayaTta
Yy YBOJHHM KypC M3 BEIITaYKe MHTEIWTCHIIM]E, a JIoMma CTpaHa je HerocTojame YHU(GOPMHOCTH U
Pa3HOJIUKOCT THX ajaTa, KOJH Cy CacTaBHHU JI€0 MPOjeKkTa. Y HEKHM JIaOOpaTOPUCKUM 3aJlalluMa

,»MLeXAI* ce ocnama Ha pe3ynrare 100HjeHe U3 APYrUX CUCTEMa, Kao IITO je Ha mpumep ,, WEKA®,

Cucrem ,,WEKA® nipesicTaBiba KOJEKIHjy alropuTama U3 00JacTH MaIIMHCKOT yuewma [57]
[58]. TTocToju MoryhHOCT TUpEKTHE MPUMEHE THX alrOpuTaMa M3 KOja IMHUCAHOT Y MPOrpaMCcKOM
jesuky JaBa. Cucrem ,WEKA®“ mnpyxka wmoryhHoct oOpaze mojaTaka INTO TOJApa3yMeBa:
IpeTnpolecupame, KIacupHUKalujy, perpecujy, KiacTtepusauujy ¥ Bulyenuzauujy. Hexu on
MOJIp’KaHKUX aliropuTama 3a KOHCTPYKIHjy ctabana omnyuuBama cy: ADTree, BFTree u ID3. Oaj

CHCTEM je BpJIO KOMIUIEKCaH, Jaje J00py BU3YeIH3aljy U 00jallmkbemha KOPUCHHUKY, i je TJIaBHH
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HEAOCTaTaKk OBOI' CUCTEMaA IITO je dKIICHAT KBCTOBOI' pada HUCKJbYYHMBO Ha l'IOI[O6J'IaCTI/IMa
IIpOHAJIAXKCHa 1 06paﬂe nogaraka U MallMHCKOI' YU€Hha, a HE TEMaMa KOje Ccy ,I[e(bI/IHI/IcaHe Kao

obaBe3He y kypukyiaymuma |IEEE u ACM.

VY rtabenu 3 gar je mperyieA TIaBHUX Te€Ma W CTENEH KOjUM Cy Te TeMe oOyxBaheHe y
aHAIM3MPAHUM CHUCTEMHMa 3a Y4Y€HhC BEIITaukKe HHTEJUTCHIMjE. AHATU3UPAHU COPTBEPCKH
CHCTeMH KOjU Cy peanu3oBaHM 3a moTpebe oxapeheHMXx KypceBa Ha  Pa3IHYUTUM
WHTCPHAIIMOHATHIM YHHBEP3UTETHMa, Ca YCIIEXOM C€ KOPUCTE€ y HACTaBH, ajd HHUjEJaH He
o0yxBaTa CBE MOTpeOHE €JIeMEHTE KOjU Cy IMPErnopydeHH O]l CTpaHe CTPYKOBAHMX OpraHU3allHja
IEEE u ACM 3a xypc u3 obnactu Bemtauke WHTeIUreHuuje. M3 aHammsze MOXeMO BHUAETH Ja
MOCTOje JBE Tpyle OBAaKBUX CHMYJAllMja: CHUCTEMH KOjU 00yxBaTajy camMo jeIHy o0iacT ca
MMIUICMCHTHPAHUM jETHUM WM HEKOJUKO alrophTaMa M CHCTEMH KOju 00yXBaTajy HEKOJIUKO
00JIacTH BeIITauyke WHTEIUTCHIMje U UMIUIEMEHTHPa]y Behn Opoj anropurama Koju Cy NMPHINYHO
Pa3HOJIMKH.

TABEJA 3
TTOKPMBEHOCT IJIABHUX TEMA U3 OBJIACTU BELUTAYKE UHTEJIUTEHIWIE Y AHAJIM3UPAHUM CUCTEMUMA

JIETEHJA HWBO MOKPUBEHOCTH
o JlenuMuuaH HUBO IIOKPUBEHOCTH TEMa

. 3HauajaH HUBO MOKPUBEHOCTU TEMa
&) IoTIyHN HUBO IIOKPHBEHOCTH TEMa
X Teme Koje HHCY TIOKpHBEHE

§ o E < o
Cuctem g & g E 5 2 8= a%ﬁ &z g =l =
S Z S o & S 25 5 & = 582 g g 5]
cg o535 B3 ZEE EF8 S 5
° a ~ g ° q a =

E =
Chinese Room (a5 X X X X X X
MIT OCW ° [2>) [2) [a5) o . .
Al Search . (&) X X X X X
Clspace / Alspace ° b D (43} o . °
AIMA3e ° [2>) [2) (a5} o . X
Searchr ° [2>) X ° X X X
Simple ES ) X . X X X X
Sudoku Solver . o X X X X X
Minesweeper ° o X X X X X
Al Explor. ) o X X X o X
Multi-Agent Soccer o b ° o o X X
RobotSoccer ° o X &) X X X
MLeXAl ° . . ° o (a5} X
WEKA ° X o X o (&) X

VY TtabGenu 4 matre cy OoCHOBHE MH(OpMAIMje O aHAIU3UPAHUM COPTBEPCKUM CHCTEMHUMA!
YHUBEP3UTET Ha KOME j€ CHCTEM pealiu30BaH M TNPOTPaMCKHU je3UK y KOME je CHCTEM

UMIUIEMEHTHPAaH, Kao U eBalyallija OBUX COPTBEPCKUX cCHCTeMa rie/ajyhu riiaBHe KapaKTepUCTHKE
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(x1-x9). Busyenna penpesenraiuja je rpaduykd MpyKa3 aaropuTMa W U3pa)kaBa ce€ y TPH HUBOA!
oJUTMYHa, 100pa u Jyoma. KoHTponucame Op3MHE M3BpIIaBaka CUMYJIAIUje, OJHOCHO aJITOPUTMA,
o3HaueHa je kao KK, ako ce KOpUCTH peXHMM KOpakK MO Kopak M ca P, ako cumynanuja paau
KOHCTaHTHO, JIOK HE JOCTUTHE KOHAYHO pelieke. Y IPYIHMM KapaKTepUCTHKaMma, MPUCYCTBO

onpehennx ocobuna ozHaueHo je ca JIA, oncyctBo ca HE, a nemumuyno ca JIEJI.

TABEJA 4
OMNIUTE UH®OPMALIMIE O AHAJIMBUPAHUM CO®TBEPCKUM CUCTEMUMA U EBAJIVALIUJA

3ACHOBAHA HA I'NTABHHUM KAPAKTEPUCTUKAMA

Mporpamce

Ha3us cucrema ‘YHuBep3urter . Kkl K2 K3 K4 K5 K6 K7 K8 K9
KH Je3UK
Chinese Room State Illinois University, US Flash OIMYHA  HE P HE na HE HE na HE
MIT Open Massachusetts Institute ~ of Java JS. a P He a e a a
Course Ware Technology, US A A A A A He
Al Search RMIT . University, - Melbourne, Java OJUTHYHA na KK+P Jien na na HE na HE
Australia
Clspace / The  University of  British
- +
Alspace Columbia, Canada Java OUIMYHA na KK+P nen na e na na HE
by several universities and
+
AIMA3e researchers [10] Java OIUTMYHA na KK+P HE na HE na HE HE
Lo . Coffee-
Searchr University of Liverpool, UK Script OJUTHYHA na KK+P HE na na HE Ja HE
imple Exper .
Simple Expert University of Kent, UK Java noopa Ja P HE na za HE HE HE
System
Sudoku Solver University of Nebraska, US Java olIMYHa  1a KK+P HE na ia HE i} HE
Minesweeper University of Nebraska, US Java oIMYHA A KK+P He na na He na He
Al Exploratorium  University of Alberta, Canada Java oIMYHA A KK+P He na HE He na He
Multi-Agent Delft University of Technology, Java J. a P He a a a a He
Soccer Netherlands 4 a a n a a
RobotSoccer Adelaide University, Australia Java no6pa He P HE HE na HE HE He
JavalLisp
MLeXAl University of Hartford, US /Prolog/ - He P He na HE He He He
Matlab
University of Waikato P (ca
WEKA '
New Zealand Java OJIMYHa Ja ﬂeTaJ'bI/IMa) JE Ja Ja HC Ja HC
JIETEHJIA: K1 - BU3VEJHA PENIPE3EHTALIMJA K6 — PEAJIM3AIINJA HOBUX IMPOBJIEMA/3AIATAKA
K2 — UHTEPAKTUBAH BHJI CAMYJIATIAJE K7 - KOH3UCTEHTHOCT
K3 — KOHTPOJIA U3BPLIABAbA AJITOPUTMA K8 — TIOMOT
K4 — YIIOPE/IHY TTPUKA3 U3BPIIABAFHA K9 — MOBWJTHA ATUIMKALIMJA PEAJII30BAHA
K5 — IIPEJE®UHUCAHM ITPOBJIEMHA KK/P — KOPAK IO KOPAK TEMIIO / PAJT 10 KPAJA CUMYJIALIUJE

3aKk/by4yaKk aHalM3€ ONHMCAHUX COPTBEPCKUX CHUCTEMa KOjU C€ KOPUCTE Yy HACTaBU M3
BElITaYKe MHTEJIUIeHIIM]e je 1a ¢y HajkomIuieTHuju cuctemu ,,MIT Open Course Ware*, ,,Alspace*
u ,,AIMA3e“. Our nMajy Bpio 1o0ap KOPUCHUYKH HHTEPQE)C U MOKPUBajy Behu Opoj rimaBHUX Tema
13 BEIITaYKe MHTEIHUTCHIIN]je, IIITO UX CBPCTaBa y HajmomyinapHuje cohTBEpCKEe CUCTEME y HACTaBU
U3 oBe 00JIacTH. AHAJIM30M je Takohe 3aKkJbydeHO Jla HHjellaH CHUCTEM HeMa CBE KapaKTEepPHUCTHUKE,
ITO je OMo OBOJBAH Pa3Jjior Jia ce peanusyje HoBU copTBepcku cucteM SAIL - System for Artificial
Intelligence Learning [59]. Kapaktepuctuke k1-k9 npukasaHe y Tabenu 4 mamnupane Cy y 3aXTCBE

3a peaju3ainjy HOBOT cO()BEPCKOT CUCTEMA, KOJU Cy OMKCaHe y ToriaBiby 3.3.
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3.2. N360p moaesa pa3Boja copTBepCcKoOr cucTeMa

XKuBoTHH nuKITyc pa3Boja coprBepa wiam MoAen pa3Boja codTBepa caapxku oapehenu 6poj
¢aza koje ce u3BpIIaBajy y oapehenom penocneny. Bpio je BaxHO 1a COPTBEPCKH HHKEHEPH KOjH
pa3Bujajy copTBEpPCKE CHCTEME HMMajy JIOBOJbHO 3Hama O TOME KOJU MOJIed OojadparH, mpema
3aXTeBUMa U KOHTEKCTY CO(TBEPCKOT MpojeKTa KOoju Tpeba na peanusyjy. Heku o HajBakHHjUX

(dakTopa Koju yTu4y Ha U300p MOJENa Cy:

KOJIMKO CYy JACHU 3aXTECBH 3a M3Pay COPTBEPCKOT CUCTEMA,
- KOJIMKO je IO3HaTa TeXHOJIOTH]a,

- KaKBa je KOMIUICKCHOCT CUCTEMa,

- peynoTpeOFUBOCT KOMIIOHEHTH (JIEJI0BA CHCTEMA),

- (akropu ymnpaBibama COPTBEPCKUM TIPOJEKTOM M KOHTPOJA/MOHUTOPUHT (XyKHHA

Tpajama MPojeKTa, OrpaHnyuea y OylleTy, YIeCHUIIU MTPOjeKTa),

- moTpeda 3a JOKyMEHTAIlU]OM.

['maBHE TUMIOBH MoO/Iea pa3Boja copTrepa cy:
» wmozen Bogomnanaa (eur. waterfall),
» B wmogen (enr. V model),
"  eBOJYTHBHHM NPOTOTHUIICKH MoJen (eHr. evolutionary prototyping model),
» cnupannu mozen (enr. spiral),
"  WTepaTHBHU M MHKpeMeHTa Hu Mozen (eHr. iterative and incremental model),
* armiHHM pa3Boj codrepa (eHr. agile development).

Mogen Bojonaza je HajpaHUjU W HAJTIO3HATHjH MPHUCTYI Y Pa3BOjy COPTBEPCKUX CHCTEMA.
Mogen Bofomnaaa caapku JHHEApHU CEKBEHIMjaTHi HU3 (as3a pas3Boja copreepa [60]. Bpoj dasa je
Hajuenthe meT, amu uX Moke OuTh u Bumie. CBaka (a3a y pa3BOJHOM IHHKIYCY TMOYHEE CaMO
YKOJIMKO je mpeTxonHa ¢a3a 3aBpiieHa. MoaudukoBaHU MOJeN BOAONana Jaje MOryhHoct na ce
IUKIIYC BPaTH y MPETXOAHY (a3zy, YKOJIMKO MMa HEKHX IPOMEHA y 3aXTEBUMa, JH3ajHY CHUCTEMA,
MMIUIEMEHTaMju U JapyruMm (aszama. Mogjen Bojomaza ca TJaBHHUM (a3amMa Koje OBaj MOJEI

YKJbYyUYyj€, MPUKA3aH j€ Ha CITUIH 8.
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AHanusa npobnema OeduHuncanu 3axTesu
Mpunpema cnyyajesa Kopuwhetba

[Oun3ajH codpTBEpCcKor cnucrema ApxuTekTypa cicTema

MogenoBarbe annmkaumje

MmnemeHTauumja Mporpamckm Koz,

JepnHWYHM TecToBuU
TecTupare 1 nHTerpaumja MHTerpaumoHm 1 cucTeMCcKu TeCToBM
TecToBM KOpUCHMYKOT MHTepdejca
. Mcnpassbakbe rpeluaka (barosa)
Pa3Boj n ogp:KaBare [JoKkymeHTaumja
MoryhHocTv onTummsaumje

Cauka 8 — Moaea Bogonaja ca moryhum uziiazuma caxke ¢ase

B monen je mpomupewme mojaena Boxonana. ['maBHa pasnuka uzmel)y Mojena Bojomnanga u
B mopena je mTo ce TecTupame MOXE U3BpIIaBaTH paHuje koJa B monena u mrto ce HakoH (daze
MMIUIEMEHTAIM]j€ paayd HEKOJUKO (aza TecTUpama - JSAMHUYHO TECTHUpamhE, HHTETPAIMOHO

TECTUPAEE U CUCTEMCKO TECTHPahe, HAKOH Yera ce CUCTEM CTaBJba y MPOAYKIHjy [61].

EBONMYyTUBHHM - MPOTOTHUIICKM MOJEN 3aCHOBAH j€ Ha pa3BOjy MPOTOTHUIICKE aIlIMKallHje,
OZIHOCHO HETMOTIYHEe Bep3uje copTBepckor cuctema [61]. Iusb oBor Monena je 1a Kajia ce pa3Buje
KOHAYHU MPOTOTHI HEMa JIaJbuX M3MeHa y 3axTeBrUMa. OBaj MOAEN HE MOXE Jla C€ MMIUIEMEHTHpPA
ca MOJEIOM Bojonajaa, 300r He(IeKCHOWIHOI MPUCTYIa, ajlld MPOTOTUIl Kao (as3a y pa3Bojy
co()TBEpPCKHUX TpojeKaTa ce 4YecTO jaBjba KOJ MHOTHX MOJIENa, jep C€ TUME MOCTIXKY paHHjH

KOMCHTApHU U U3MCHE 3aXTCBa O CTPAHC 6yz[yh1/1x KOpHUCHHKA CUCTEMA.

Crnupanau Mojen KoMOuHyje onpeherne ocoorHe Moiesia BOI0Maaa M MPOTOTUIICKOT MoJiesa
1 Hajuemhe ce KOPUCTH KOJ BEIHMKHX, CKYITHX U CIOXKEHHX CcOPTBEpCKuX mpojekara [61]. daze
OBOT' MOJI€TIa Cy BPJIO CIIMYHE MOJIeNTy BOJIOIA/1a, OJTHOCHO M3BPILABAjy C€ UCTUM PElOCIeIOM, allid
cBaka (pa3za mma cBoje yetupu mnotrdasze mporpeca — oipehuBame LUIbEBa, WACHTUDHUKAIM]A U
MpOIleHa pH3HMKa, UMIUIEMEHTAllMja U TeCTHpame W Ianupame cienche gasze. dasze 3 monena

BOZIONAJla Y OBOM MOJIENY TpaBe CIUpaiy Mo 4eMy je MOJeN 10010 Ha3uB.

HTepaTuBHM M MHKPEMEHTAJIHM MOJeNl 0a3upaH je Ha pa3Bojy CHUCTEMa ca MOHOBJHEHUM

UKIycuMa (UTepanujaMa) ¥ HCIOPYKOM MamHX JeloBa y BpeMeHy (uHKpemeHTHMa) [60].

55



Coghmeepcku cucmem 3a yuerbe U RPUMEHY AIOPUMAMA Bemaike UHmMenueenyuje

[Ipennoct oBor mpuctyna je 1a copTBepCKH HHKEHEPU MOTY paHHje J1a IpuMeHe ojpehene n3mene
Kao KOMEHTap KJIHMjeHara, a KIMjeHTU Ja MOTY paHHuje Ja BHJIE JeJIOBEe CUCTEeMa WM HEKe Bep3uje

MOJICUCTEMA/CUCTEMA KOjU CE pa3BHja.

ArmiHE pa3Boj cod)TBepa MpEACTaBba JaHAC HAJCABPEMEHUjU TPUCTYN KOJU KOPHCTU
onpehene mporece u3 Beh onmuMcaHWX MOJENA M CepHjy MHKpPEMeHara, TaKo Ja CBaKH WHKPEMEHT
O3HayaBa jeJHy HOBY (pyHKIIMOHAIHOCT yHyTap cuctema Koju ce passuja [60] [61]. Hajmo3naruja
arMJIHa METOJI0JIOTH]ja je eKCTPEMHO mporpamupare (eHr. extreme programming, XP) [62], a npyre
3Ha4yajHe W uecto Kopuirhene cy: Ckpam (enr. Scrum) [63], Kpucran (eunr. Crystal) [64],
amanTuBHU pa3Boj (eur. Adaptive Software Development) [65], DSDM — Dynamic Systems
Development Method [66] u pa3Boj 3acHoBan Ha cBojcTBuMa (eHr. Feature Driven Development)
[67].

[Mpunukom pasBoja codrBepckor cucrema SAIL xopumhen je xuOpumHu mTpUCTYT,
KOMOMHOBaWkEM BHILIE PAa3IMUUTUX MoJena pa3Boja copTBepa. Y OCHOBU TO j€ HMTEPATUBHO-
MHKPEMEHTAJIHU MOJIEN, KOjJU je oa0paH 300r BeJIMKe KOMIUIEKCHOCTU cucTteMa. CBaka urepanuja y
cebu je mMasia MpUMEHY HEKOJHMKO MamHX MOJiejla BOJOMAaaa 3a CBAaKM MOMIYJ TOjeAMHAYHO, a
HAJ0rPaJlkbOM JEJHOT MOJYJa Ha Apyru GopMUpaHHU Cy HOBU MHKPEMEHTHU cucrteMa. Mrtepannjama
je mperxoania (aza aHamu3e 3aXTeBa, 3aCHOBAaHA Ha JETajbHOM IHperiiefy nocrojehux ciamyHux
cucremMa U jaeduHucamy cBHX 3axTeBa. OBa (a3za ykJbyuwsa je M pa3Boj Jejia MPOTOTUIICKOT
peliema y BUAY IPeUI0KEHUX KOPUCHUYKUX €KpaHa, PBO 3a pauyHApCKy, a 3aTUM U 32 MOOWITHY
Bep3Ujy cucreMa. XUOpUIHU MOJEN pa3Boja cOGTBEPCKOr CUCTEMA NMPUMEHEH MPUIMKOM pa3Boja
SAIL mpuka3zan je Ha cnuiy 9. Buiiie pa3nuuuTix Mojiena 4ecTo ce IpUMemYje 3ajeJHO U OHU HUCY
Mel)ycoOHO HMCKJbYYMBH, MOCEOHO KOJ pa3BOja BEIMKUX COPTBEPCKUX CHUCTEMA, ILITO j€é Y OBOM

UCTpaXHBamwy Mpu pa3Bojy SAIL 6mo ciyyqaj.
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WHuunjanHo
nnaHvpame

AHanusa npobnema u

neduHucatbe 3axTeBa
N \
KomnoHeHTa/moayn #1
(MuHKM BogONaa)
KomnoHeHTa/moayn #2
(MmunHKM Bogonaa)
EBanyauuja pay. Bep3uje n j
3axTeBM 3a pa3Boj

mozy na

3axTeBu 3a peanusaumjy
mozy na

AwnsajH moayna
WUmnnemeHTaumnja mogyna
Tectupatbe moayna

WHkpemeHT #1

>

UHKpemeHT #2

<

WnTerpaymja moayna u

M06W1He ananKa L||V|je e MHTErPaLMOHO TECTUParbe —
omnoHeHTa/moayn #H '
EBanyaumja mobunHe Bepsuj (myry BoAONaA) o WUHkpemenT #H
M 3aXTeBW 3a pPas3Boj \q

efyKkaumoHe urpe
CHCTEMCKO TeCTUpakbe

~

Y
®PuHanHM Npon3BoA — pavyHapcKa Bep3unja SAIL

(Kkpaj npBe ntepaumje)

®urHanHM Nponssos - MobuaHa Bep3nja SAIL
(kpaj apyre utepauuje)
®uHanHM Npou3BoA - KOMNjyTepcKa urpa
(kpaj Tpehe utepauuije)

Cauxa 9 - MopaeJ pa3Boja coprBepckor cucrema SAIL
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SAIL - Software system for visual simulation of Al algorithms

3.3. 3axTeBH 3a peajin3auujy HOBOI COPTBEPCKOT CHUCTEMA

Hakon ananmu3e cpoaHux cOpTBEPCKHX CHUCTEMa M HUCTPaKKMBamba, aHAlIM3€ KypUKyIymMa U

CTPYUYHHUX IMPENopyKa, UCKycTaBa y pa3Bojy cOOTBEPCKUX CHUCTEMa KOjU ce KOpUCTEe y 00pa3oBamy

U 3a y4yemhe aIropuTaMa, 3aKJbydeHO je Ja TakaB CO(TBEpCKH cHCTeM Tpeba na mma cienche

3aXTCBC:

3axteB 1 (31): 3ajenHnuku rpaduuku KOPUCHHYKH uHTEpdejc (enr. graphic user
interface, GUI) 3a cBe cumynaiije, MHTYUTHBHE KOMaH/IE M 3ajeIHHYKE KOMaH/IC Y

Tpanu ca anaruma (exr. toolbar);
3axTeB 2 (32): BUCOK HUBO HHTEPAKIMje N3Mel)y KOpUCHUKA U CUCTEMA,

3axTeB 3 (33): cuMmymamMja KOpaK IO KOpaKk 3a CBaKWd alrOpUTaM U IPHUKa3

CHUMYJIallyje/alroputMa y peaJlHoM BpEMEHY;

3axTteB 4 (34): MoryhHOCT ymopeaHe aHajgu3e airopurama TOKOM HHUXOBOT

U3BpLIaBamba,

3axteB 5 (35): yuntaBame Beh mpenedunucanux npodieMa U 3agaTaka U HHXOBO

U3BpLIABakbE Y OKBUPY CUCTEMA;

3axTeB 6 (36): MoryhHOCT mpaBJbeHa COINCTBEHHMX IpHMEpa, MPOMEHE YJa3HUX
napaMerapa cuMylalgje, CHUMamwa Tekyher mpumepa ca cBUM MapaMmeTpuma U

YUHUTaBalk€ PaHU]€ CHUMJbEHUX NPUMEDPA;

3axteB 7 (37): KOH3HCTEHTHOCT Yy TMpeJACTaB/bamblMa U OINHCUMa pelliemha

HMIUICMCHTHPAHUX aJITOpUTaMa U KOH3UCTCHTHOCT Y KOPUCHUYKOM I/IHTepq)ej cy,;

3axTteB 8 (38): moryhHocT kopumhema MEHHja 3a MOMOh y CBakOM KOpaky

M3BpIIABaKHa AJITOPUTMA,

3axteB 9 (39): BumemnathopMcku (MyITHUIUIAT(GOPMCKH) CHCTEM KOjU YKJbydyje
padyHapcKy M MOOWIIHY aIUTMKaIjy y3 MOTYNHOCT CaMOCTaJHOT yuema moMohy

MOOUITHUX ypehaja.

Jour jenan on1 KIbY4HHX 3axTeBa OMO je Ja pealn30BaHU cUcTeM Oyze 00jeKTHO-OpHjeHTHCAaH

U MOJyNapaH, IJIe CBaKM MOJYJ NpEeJCTaB/ba jeIHY CUMYyJAIHjy ojapeheHe rpyre ajaropurama.

MOI[y.TIapHOCT je yYBCACHA 1a OM CHCTEM MOrao Ja C€ UMIUICMCHTUpA, TECTUPA U pa3131/1ja Kpo3

paznmuuuTe Bep3uje W Ja OM y HOBHjUM Bep3HjamMa Ha JIaK HAa4yWH MOTJIE Ja Ce JI07ajy CHUMYJallnje
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HEKUX JIpYyrux Tpymna ainropurtama. Takole, MPUIMKOM IOCTaBJbalba HMHHUIUJAIHUX 3aXTE€Ba O
apXUTEKTYpU CUCTEMa, OJUIy4EeHO je Jla cucTeM Oyje He3aBHCaH OJf MHTEPHET KOHEKIHje, Ia ce

0JlyCTajio 0/ BeO CHUCTeMa U KIIUjEHT-CEPBEP apXUTEKTYpE.

3.3.1. Ilpunpema cnyuajesa kopuwherwa u npomomuna

Hakon neduHmcama OmmTUX 3axTeBa KOje CUCTeM Tpeba Ja MoAp»Ku, OUiIo je MmoTpeOHO
neuHUCaTH GYHKIMOHATHOCTH CHCTEMa, OJTHOCHO cnennduyHe 3axTteBe. CBaku MOIYIJ MMa CBOje
cnenu(UYHe 3aXTEBE, TaKO Ja W300poM Mojena Oa3upaHOr Ha HTEPATHBHO-WHKPEMEHTATHOM

IPUCTYILY, T€ 3aXTeBe o/pel)yjeMo HemoCcpeiHO Ipe 3aounbamka paja Ha TOM MOJIYILY.

OYHKIIMOHATHOCTH CHUCTEMa y OBOj (a3u pa3BOjHOT IUKIyca Ouie cy JeHuHHCAHE MPEKO
aMjarpaMa ciydajeBa kopumihema (eHr. use case diagram) u kopwumihiemeM crerudukanuyje
cuenapuja ynorpede (CCY). Ha ciuuum 10 nat je nujarpam ciydajeBa kopuiihema Koju o0yxsara
3ajeJHMYKE ONIMje CBUX CHMYyJalfja alropuramMa M Te OINIHWje Cy YKJbydeHE Yy 3ajeIHHYKU
rpaduuku KOpucHUYKUX nHTEpdejc. CBaku MOAYI MMa CBOje J0AaTHE OIIHUje U MPEICTaBJba ce ca
0 jeIHUM JAMjarpamMoM ciydajeBa kopuiihema camo Tux pyHkunonannoctd. Ha cnunum 11 nar je

JMjarpaM cilyyajeBa KopHuihemwa 3a MOyJl KOjU peau3yje CTaHJapAHe aIrOPUTME IPeTpakuBamba.

Otvaranje primera iz datoteke

Skok na pocetak simulacije
% %rak napred u simulaciji
=
Lo Korak nazad u simulaciji
Korisnik
Skok na kraj simulacije

@je izvestaja sa resenje@

|

Canka 10 - lujarpam cay4yajeBa kopuinhema 3ajelHHUKOr HHTepdejca CBUX cuMyJaanuja
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<<include>>
<<extend>> <<
j < Izmena osobine cvora
Doy orsl orafy < < S Izmena heuristicke vrednosti

™ < <<include>
- . <<-e~xv_te"d> Brisanje cvora iz grafa
“<<extend>3".

<<extend>>
N
Crtanje novog grafa -
=5

<<extend>>
O <<include>> Izmena cene veze

. <<extend>> <

Izmena postojeceg grafa Dodavanje veze < Izmena osobine veze C—

<o, <<include> Izmena usmerenosti

Korisnik o
Izbor algoritma pretrazivanja koji se simulira

|

Cauka 11 - /Imjarpam ciayuyajeBa kopunrhema 3a MOAYJ1 CTAHAAPAHUX AJTOpPUTaAMA
NpeTpakuBamba

CBaku cimyyaj kopunthema uMa CBoj crieHapuo ynorpede. Cnenudukanujy cueHapuja duHe
Ha3WB CIICHApHja, akTep(H), IpeayciIoB(H) U TOCTYCIOB(H), TJIaBHU TOK M3BpIIaBama CICHapHja U
aNTepPHATUBHH TOKOBH, Ha KOje aKTep MOXKeE Jla 0/i¢ YKOJIMKO Yy oJpeheHoM Kopaky cueHapHja He
Oylle M3BpILEH KOpakK INIaBHOT TOKa, 1A C€ TaJa Mpejia3y Ha alTepHAaTHUBHY rpany. [Ipumep jemxnor

clieHapuja yrnoTpebe 3a oTBapame Beh AeguHICcCaHOT IpUMepa U3 JaTOTEKe, JaT je Y HACTaBKY:

- Hazug cuienapuja ynorpe6de: OTBapame mpuMepa u3 1aToTeKe

- AKTepu: KOPUCHUK CHUCTEMA, CHCTEM

- IlpenycnoBu: mocToju AAaTOT€Ka KOPEKTHOI THMa (E€KCTEH3Mje) U KOPEKTHOI caapikaja

(popmara)
- ITlocrycnoBu: naTtoTeka je yCIenHo OTBOpeHa YHyTap CHCTeMa

- Tok u3BpmaBama;

1. KopucHuk ogabepe cuMmynaiujy, OJHOCHO MOJYJ KOJU eI J1a KOPUCTH.

2. CucreM yuumTaBa MOJYJd KOjU j€ KOPUCHHK o0fa0pao, HMHUIMjaTHO Oe3 mojaraka y

CUMYJIAIH]H.
3. KopucHuk Oupa onmmjy 3a 0OTBapame TaTOTEKe H OTBapa My ce JHjalior 3a n300p JaToTeke.
4. KopucHuk notsplhyje u300p naToTeke Kojy kel 1a OTBOPH.

5. CucreMm ycIENIHO yuyuTaBa JaTOTEKy M HapamMeTpe CUMyJalldje, HAaKOH Yera jé KOPHCHUK

CIpEMaH Jia MOKpPEeHe CUMYJIallijy ajJropuTMa.
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5.a.1. CucreM HeycIeNTHO y4uTaBa AATOTEKY, jep THI JaTOTeKe (€KCTEeH3Hja) HE OJroBapa

CHMYJIallju 0Aa0paHor aJlrOpUTMA.

5.a.2. CucrteM HCIUCyje TPelIKy Ja je HEKOpEKTaH TUIl JaToTeKke U Bpaha KOpHCHHKA Y

KOpak 2.

5.6.1. Cuctem HeycIeNIHO yYHWTaBa JATOTEKYy, jep Caapkaj JaTOTEKe HE MOXE Jia ce

KOPEKTHO YUUTa Y CUMYJIAIHjy 0Aa0paHor alropuTMa.

5.0.2. Cuctem ucnmcyje Tpeuiky jaa caapikaj AaTOTeKe HHje nobap W Bpaha KOpHCHHKA y

KOpak 2.

Y oBOM cleHapHjy KOpak 5 TJIaBHOT TOKa HMMa JBE alTEepHATHBHE rpaHe: S5a um 50.
AnTepHaTHBHA TpaHa Sa je npenBul)eHa y OKBUPY OBOT CIICHApHja, alk Ha Kpajy HUje peaTnu30BaHa
y UMIUIEMEHTAIlMj1, 3aTO IITO j€ YHYyTap HpOrpaMcKOr Koja 3a0pameHo na ce Yy oxapeheHoj
CUMYyJAlMj YYHTaBajy JaTOTeTe TWUIAa KOjU HHUje MOAp>KaH (HIp. CHUMYyJalldja airopurama
MpeTpaKMUBamba MOXKE Jla y4uTa caMo JaToTeke Koje mmajy Tum .grf). AnrepHatiBHa rpana 50 je

MMIUIEMEHTHUPAHA y CUCTEMY.

Kon armmumx wmeronmonoruja pasBoja codrBepckux cucrtema ymecro CCY kopucre ce
cTpykrype npuue. [lpude cy yBene y npuctymy pasBoja copTBepa Bol)eHUM MOHAIameM copTBepa
(eur. Behavior Driven Development, BDD) na 6u cBaky (GyHKIIMOHATHOCT MPEACTaBHIA KPO3
npudy. To je mpucTyn KOju MMa 3a IUJb Ja MpOrpaMepu pa3ymejy JeTajbHO MpodiieM, aa
coTBEPCKH TECTEPHU MOTY JIAKO Jla IU3ajHUPA]y TECTOBE, MEHAIIEpU MPOJEeKTa Jja pa3yMe]y CBe Kao
JeIHy LeNuHy, a KIUjeHTH Ja Kpo3 Kopake Ipuye MOry OJKe Jja MojacHe KOPUCHHUUKE 3aXTeBe.
BDD mnpuctyn je nacrao u3 TDD (Test Driven Development) npuctymna. TDD je npuctyn pa3Boja
coTBEpa y KOME C€ TECTOBH IHUIIY TOKOM HMIUIEMEHTAIMje Y3 jaKO KpaTKe IHKIyCce TOKOM
pa3zBoja. ¥3 momoh BDD mnakmie je pazymeTu (yHKIIMOHATHOCTH U Kako OHE MelyycoOHO yTuuy
jenna Ha apyry. OBMM npuCTynoM Takohe Opke pearyjeMo Ha H3MeHe, OWIO y IHU3ajHY
co(hTBEPCKOI' CUCTEMA, MTPOrPAMCKOM KOy WM Y TECTOBUMa, jep Te ¢a3e caja YMHE jeJJHY CIpEry,
JaKmie ce MOry YOouuTd (YHKIIMOHATHOCTH KOj€ HHUCYy TMOTpeOHe U MPHOPHUTETHH]E
(YHKIIMOHATTHOCTH Cc€ TIPBO peanu3yjy y cucteMy. OBO je BpJO BaXKHO 3aTO IITO CE€ Y BEIHKUM
cHUCTEMHMa JIelllaBa Jla ce HeKaJa peanusyjy (pYHKIHOHATHOCTH KOje HUCY MOTpeOHE y KOHAYHO]
BEp3UjU CcOPTBEPCKOr cucTeMa M Koje ce OecrnoTpebHO peanusyjy. Crpykrypa mpuue y BDD

nusricga oBakKo:
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Title (one line describing the story)
Narrative:

As a [role]

I want [feature]

So that [benefit]

Acceptance Criteria: (presented as Scenarios)

Scenario 1: Title

Given [context]

And [some more context]...
When [event]

Then [outcome]

And [another outcome]...

Scenario 2:

Moobunna Bep3uja cuctema SAIL peanuzoBana je kopumhemem BDD u TDD npucrtyna, na
Ou ce peaan3oBajie caMO HajIIPUOPUTETHHjE (DYHKIMOHAIHOCTU U Ja Ou ce KoJ pedakTopucao oj
caMmor moueTka peanuzanuje. [Ipumep npude kopumheHe y peanu3anyju cUMyJalyje alropurama

npeTpakuBama y MOOWITHO) Bep3uju cucteMa SAIL nar je y HacTaBky:

Title: Simulacija algoritma pretrazivanja po dubini

As a korisnik
I want simuliram izvrSavanje algoritma na primeru
So that nauc¢im rad algoritma pretrage po dubini

Scenario 1: UspesSan scenario (iscrtavanjem grafa)
Given nacrtan graf sa bar 2 Cvora i jednom vezom
And oznacen jedan c¢vor kao pocetni

And oznacen jedan ¢vor kao ciljni

And korisnik odabrao algoritam pretrage po dubini
When korisnik pritisne dugme "Start simulation"
Then sistem icrtava koren stabla pretrazivanja
And korisnik mozZe da izvrSava simulaciju algoritma

Scenario 2: UspesSan scenario (iz datoteke)

Given ucitan ispravan graf iz datoteke

And oznacen jedan ¢vor kao pocetni

And oznacen jedan ¢vor kao ciljni

And korisnik odabrao algoritam pretrage po dubini
When korisnik pritisne dugme "Start simulation"
Then sistem icrtava koren stabla pretrazivanja
And korisnik moZe da izvrSava simulaciju algoritma
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Scenario 3: Neuspe$an scenario

Given nacrtan graf sa bar 2 C¢vora i jednom vezom
And nije oznacen poletni/ciljni ¢&vor

And korisnik odabrao algoritam pretrage po dubini
When korisnik pritisne dugme "Start simulation"
Then sistem ispisuje gres3ku "Morate odabrati pocetni i ciljni Z&vor".

[IpotoTun je peanw3oBaH W 3a padyyHapCKy W 3a MOOWIHY BEp3Hjy CHUCTeMa, 1a O ce

rpau4Kyd KOPUCHUYKU UHTEepdejc mTo 60Jbe nckoprucTro. OBO je TOCEOHO BaKHO KO CUMYJIallnja

y KojuMa Tpeba J1a ce MpuKake BeJTUKU Opoj Kopaka W M3JIa3HUX mapameTapa. 3a MOOWIIHY BEp3ujy

JOIaTHO CE€ KpO3 IPOTOTHUIICKO pEIICHhE BOAWIO padyyHa O BEJIMYMHU €KpaHa, Ja Ou ce cBe

uHbopMalMje CUMYyNalKje KOPEKTHO IMpHKa3zale Ha MamHM eKpaHMMa MoOMiIHHX ypehaja. 3a

peanuzaiyjy npotoTuna kopuiihen je amar Pencil. KopucHUYKHM eKpaHHU MPOTOTHIICKOT pelieHha

MIpUKa3aHu Cy Ha ciuiy 12.

Formalna logika - Prototip

Simulator Simulacija

Simulator Simulacija

Metod rezolucije

Unos cinjenica za rezoluciju

L= | |

Unos predikata ]

[hor J | |

Unos promenljive ] [:]

<<|[

I Sledeca dnjenica ] [ < ]

I
[

| | [ Unos konkretnih atributa ]
[

kraj unosa ]

Polje za unos. ..

KNF ({=1{E3]
Unos formule za prevodjenje u KNF
[wo J[ = J[wr J[JD) [=J[ ][5
‘ | [ Unos predikata ] E] | H Unos promentjive ]
Polje za unos. ..
Formalna logika - Prototip
Q@E Simulator Simulacia

Trenutne dinjenice: Nove dinjenice:

EBX

L. Brat(x,z)v-Brat(y,z) v Brat{x,y)vIstaOscbalx.y)
2. Muske{u) ~Majka(veu)v -Majka(we.v)vBrat(u.v) vIst=Oscba(u,v)

ovde se prikazuju nove dnjenice. ..

Objasnjenje koraka

Strategija prvenstva jedinica. . ovde se prikazuje korak-po-korak izvrsavanje

Cauxa 12 — IIporoTun jegne cumyJanuje aaropurama y popmMasHoj Joruuu
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4 ITPOBJIEMHA KOJH CY PEIHIABAHMU
NPUJINKOM PEAJIN3AIIUJE

['7aBHA 0COOMHA apXHUTEKType OBOT CHCTEMa je MOIYJIapHOCT, A ce HaJaorpajima cucTeMa
MOXe€ peaM30BaTH Ha BeoMa e(huKacaH HaYMH 0JaBalbeM HOBHX ajropurama. ¥ OBOM IOTJIaBJbY
Ouhe onmcana apXUTEKTypa padyHApCKe aruIMKaIuje, peann3aiija MOOWITHEe Bep3uje alTuKaIuje u

KaKo je cucTeM Moryhe HaJjorpauT y Urpy, koja o ce KopucTuia y eIyKaTUBHE CBpPXeE.

4.1. ApxuTeKTypa pauyHapcke aluiuKaluje

Cucrem je moamesbeH y 14 monyna pacrnopeheHHX y HEKOJMKO TMakeTa. 3ajeJHHYKU
KOPUCHUYKH UHTEP(]EjC U TJIaBHE KOMaH/E KOj€ MMajy CBE CHMYJIalli]je aJiropuTaMa U3aBOjeHE Cy Y
3aceban maket glavni. CtangapaHu alrOpuTMH MpEeTpakuBama Hajdase ce y makeTy pretrazivanje,
anroputMu (popmanHe soruke y mnakery flogika, mpoaykuuonu cuctemu ce Hamase y mHmakery
produkcioni, u tako name. Kon Hekux cumynanmja kopuinheHe cy Beh peann3zoBaHe JaBune
O6ubaMoTEKEe, y N3BOPHO] BEP3UJH UIIU CY y3 HEOIIXOJHE U3MEHE Y IPOrpaMcKoOM Koay, npuiarohexe
OBOM cHcTeMy. Heku mnpobOiiemu Mopanw Cy Ja ce pealnu3yjy OJ TO4YeTKa, jep He IOCToje
6ubnroTeke OTBOPEHOr Koja Koje Ou ce mHTerpucaie y cucreM SAIL wim mocroje, anu umajy

MHoro Behu 6poj HepocTaTaka U npodiiema, KOju HUCY MOTJIM J1a C€ pa3pelle TOKOM peatn3aluje.

Jenan on BakHHX mpoOsieMa Koje je TpeOdaao peluTy MPUIMKOM peaau3alije CUCTEMA je 1a
CBaKW MOJYJI UMa CBOj (popMaT maToTeKke, TAaKBE Ja UyBa CBE PEJICBAHTHE IMOAATKE O CUMYIIAIUjH.
IIpu Tome nedunucanu Gopmaru Tpebasu cy Aa HCIyHE JBa LWJba: Ja OyAy jeJHOCTaBHH 3a

napcupame U na 6y,[[y JOBOJHbHO jeI[HOCTaBHI/I 3a YHOC O] CTpaHC KOpHUCHHKA.
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Jpyru BakaH mpoOieM Koj cuMmyJaiuja Koje pane ca rpadgosuma O1o je yHouewe rpadosa
u popmupame ctabna nperpaxuBama kopuctehu rpad. I'padoBu ce xon anropurama Hajuenthe
Npe/ICTaB/bajy Kao MpEXa IMyTeBa, Iic YBOPOBE MPECTaBIbajy IPaJIOBH, a MyTeBH Cy Be3e usmely

YBOpOBA, Kao IITO je MPUKa3aHo Ha cauiy 13.

/
| Hosu cag

f beorpag, \ / N / N
A MeAe p——————— Knapgoso

\ peso |
N\ / N

( Kparwef‘
Bal,

| Nneckosa, |
\

Canka 13 — IIpumep HeycmepeHor rpaga ca rpaioBuMa Kao YBOpoOBHMA

[MTapcupame yna3Hux naroreka peannzoaHo je momohy ANTLR (ANother Tool for Language
Recognition) mapcep reneparopa. 3a uprawme rpadosa kopuiiheHa je JaBuna 6ubnuoreka JUNG
(Java Universal Network-Graph Framework), ca HekiM UMIJIEMEHTAIMOHUM TIPOMEHaMa Koje Cy
Mopaie 1a ce Mmoaudukyjy. Koa pacnnunyre noruke kopuuihen je gpopmar jesuka Koju ce KOPUCTH

y kouTposiu cucrema — FCL (Fuzzy Control Language).

4.1.1. Onuc 6udruomexe JUNG

JUNG mpencraBipa OMOIMOTEKY OTBOPEHOT KOJIa 32 MOJIEJIOBAE, aHAIHU3Y M BU3YEIH3aIH]y
nojaTaka y BUAy rpadoBa WM Mpexa. buOInMoTeky uyuHE pa3iNu4yUTH ANTOPUTMU 32 aHAIHU3Y
CTpyKType rpadoBa, cBojcTBa rpadoBa, alrOpUTMH pacnopehrBama YBOpoBa y rpady, alropuTMu
aHaJM3e COIMjaTHUX MpEKa W MHOTH APYIH AITOPUTMH M3 CPOJHHX 00NacTH. Y peann30BaHOM
cuctemy JUNG je kopuniheH HCKJBYYMBO 3a J€0 OKO Tpaduke W BH3yeau3ammje rpadosa.
bubnuoreka caapxu TakeT 3a BHU3yelW3alMjy, KOjU oMoryhaBa HHTEPAKTHBHO OOMJIAXKEHE
UCIPTAaHUX Mpeka M oOyxBara Behm Opoj anropurama odOuiacka uBopoBa. Takobe, moryhe je

MMIUIEMEHTUPATH U COTICTBEHH aJITOpUTaM pacropehuBama.
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Apxurektypa oBe OMbIuoTeke oMoryhasa peanusaiyjy ycMepeHUuX U HeycMepeHux rpadosa,
BUIIEMOJATHUX TrpadoBa, rpadoBa ca mMapajesHUM rpaHama U xumeprpadosa. bubmmoreka
MoJIp’KaBa MEXaHHM3aM 3a aHoTalujy rpadoBa, SHTHTETa M penamnmja nmoMmohy Meramojaraka.
ITomohy wunrepdejca Graph<V,E> moxe ce mogatd W YKJIOHHTH YBOp WM TpaHa y rpady,
JIOXBAaTUTH KOJICKIIMja YBOPOBA ¥ TPaHa WU MHPOpPMAIFja O YBOPOBUMA KOjH MPHUIIAIA]y 03HAYCHO]
rpanu. 3a cnenudpuyHe THmoBe TpadoBa mocroje jom W cienehm  mHTEpdEjCcH:
DirectedGraph<V,E>, UndirectedGraph<V,E>, MultiGraph<V,E>, Tree<V,E> u muoru apyru.
Usoposu u rpane y oubnuorenn JUNG mory 6mTi 00jekT OMIJIO KOT THIIA, Na YaK U IPOU3BOJHHE
KJIace peajr30BaHe O] CTPaHe KOPUCHHKA. Tako peaJn30BaHN YBOPOBHU M IPAaHE CE€ MOTY KOPUCTHTHU

y BHIIIE OJT je/HOT rpada, mTo je J00pOo 3a pa3InIUTe TOTOJOTHjE KOje caapiKe UCTE YBOPOBE.

bubnmnoreka JUNG oOyxBara nBa BaykHA IMPOJEKTHA Yy30pKa — arncTpakTHy (abpuky (eHr.
abstract factory pattern) u Ttpanchopmep (eur. transformer pattern). IlpBu mpojekTHH y30pak
KOPHUCTH C€ 3a Kpeupame HOBUX YBOPOBAa W TpaHa rpada, axypupama NOPUIMKOM BU3YEITHHX
npoMeHa y rpady, 3aTuM KoJ| IpUMEHe alropuTaMa pacrnopehuBama 1 KO joIl HEKUX OIepanuja.
Jlpyru mpojekTHH y30pak oMoryhaBa mpeBoleme jeHOT WM BUIIE CBOjCTaBa jeJHOT 00jeKTa y
HEKO CBOJCTBO WJIM CKYIl CBOjCTaBa JPYror o0jeKTa, YWju c€ TUI Pa3NUKyje OJ HHHIIH]aTHOT

o0jexTa.

Kon Busyenuzanuja rpadosa, JUNG xoprcTu KOHIENITE pacriope/ia YBOpoBa U rpaHa rpada u
BU3yenu3anmoHe  kommoHeHTe.  OCHOBHa  Kjiaca  3a  MpuUKasuBame  TpadoBa  je
BasicVisualizationServer<V,E> koja wummnementupa wuntepdejc VisualizationServer<V,E> u
Hacnehyje kiaacy JPanel u3 JaBune 6ubnuorexe Swing. Haunn na ce ogabepe oapelyenu pacrmopen
yBOpoBa Tpada Mo BHU3YENHU3AIMOHOM MPOCTOPY OcCTBapyje ce momohy uHTepdejca Layout wmm
BeMy cpoaHux kiaca. OBaj mHTEpdejCc Tpyka MEXaHHW3ME HWHHUIMjalIh3alje TMO3UIHja CBUX
YBOpOBa y rpady WM Be3MBamba 3a7aToOr YBOPA 3a HEKY ojpeheny nokanyjy. Baxxan unrepdejc je u
Rendered, xoju ce kopucTu 3a ucupraBame rpaHa, jJadena rpaHa, YBOpoBa U jadena YBOPOBa, TOK
ce JIOJaTHU TapaMeTpH Kao INTO Cy Ae0JbMHA JWHHWja TpaHe, 00ja YBOpOBA, MO3UIIHjE Jlabena H

JpYyrH mapaMeTpH 4yBajy u 3a1ajy momohy unrepdejca RenderContext.

bubmuoreka JUNG mnomohy rpaduukor KOpHCHHYKOT HHTepdejca HHTeparyje ca
KOPHUCHHUIIMMAa KOjU ojpeheHe omeparyje 3aaajy nomohy mumia. HajBakHUJU peXHMH y KOjUMa

MHUIII MOXe€ Ja paau ca rpadoBruma oBe OHOIMOTEKE Cy: CKaiaupame (eHr. Z00m), TpaHchopMaliija
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(eur. transformation/rotation), rtpancmaunuja (eur. translation), anortupame (eHr. anotation),

axypupame (er. edit) u qpyru pexumu u3 uarepdejca GraphMouse u GraphMousePlugin.

4.1.2. FCL jezuk

FCL je3uk ciyxu aa omuiie yias, M3J1a3 U paj jeJHOT CUCTeMa KOjU KOPUCTH PACILUTUHYTY
(enr. fuzzy) koutpony. Tunuyna FCL matoreka caapku Builie GyHKIHjCKHX OJOKOBa, KOjU UMajy
cBoje ume. CrcreM MOXKe MapajielIHO MOAPXKATH paj ca BUIe (QYHKIHjCKIX OJIOKOBA, ali Y CBAKOM

TPEHYTKY KOPUCTH caMo jeqaH (YHKIIH]CKU OJIOK:

ITpukas dyaxkuujckux 6nokosa kox FCL maroreke

FUNCTION BLOCK FunBlokl
END FUNCTION BLOCK

FUNCTION BLOCK FunBlok2

END FUNCTION BLOCK

VYHyTap jemHor QpyHKIMjCKOT 0J0Ka Hajla3u ce HEKOJIMKO yrHexheHnx 010koBa:

=  bnok KOjI/I Calip’KU YyJIa3HC IIPOMCHJBUBC HJIIM YUHBCHULIC U KOjI/I CIIYy’KH 3a
,[[eI(J'IapaI_[I/ij CBUX YyJIa3HUX IMNPOMCHJBMBUX N HBHUXOBUX THUIIOBA (I_ICJ'IO6pOjHI/I nIn

peannn); [Ipuka3 G10ka ca yjaa3HUM MPOMEHIJbUBAMa:

VAR INPUT
temp: REAL;

END_ VAR
* biok Koju caapku H3NazHe npomeHbuBe; [lpuka3z Onoka 3a  U3Ia3HUM
IIPOMEHJbUBAMA:

VAR OUTPUT
brzina: REAL;

END_ VAR
» bBnok Fuzzify xoju ciayxu 3a nepuHHCame PACINIMHYTUX CKYIOBAa HaJ yJIa3HHM
IIPOMEHJbHBAMA U OILIMOHO OIICEra POMEHIJBUBE:

FUZZIFY
TERM hladno := funkcija clanstva;

END FUZZIFY
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bnok Defuzzify koju ciyxu 3a neduHHCcame PaCIUIMHYTUX CKYIOBA HaJ H3Ja3HUM
NpOMEHJbMBaMa, Kao W IMOJpa3yMeBaHE BPEIHOCTH, JeuHHUCABE MeTona

nedazudukaiyje u OMIHuOHO OIcera MPOMEHIbUBE:

DEFUZZIFEY
TERM spora := funkcija clanstva;

METHOD := metod defuzzification;

DEFAULT := O0;

[RANGE := (donja ... gornja);]
END DEFUZZIFY

brok mpaBuiia, Koju ciayxu 3a neduHucame Behe rpyre pacIuIMHYTHX [IpaBuiia, KOju
CITy’)Ke 3a KOHTPOJIy CHCTEéMa, Ka0 W METOJla aKyMyJaluje M arperamuje. YKOJIHKO
MOCTOj€ M3JTIa3HE MPOMEHJBUBE, KOj€ HUCY TUCKPETHE, HEOMXOHO je NeUHUCATH H
MeToA aktuBanyje. Cucrem Tpeba J1a MOoAP>KU MOCTOjarke BUILIE OJIOKOBA ITpaBUJIa:

RULEBLOCK BlokPravilal
[ACT : metod aktivacije;]
ACCU : metod akumulacije;
(AND | OR) : metod agregacije;
RULE 1: IF ... THEN ... [WITH ...];

END RULEBLOCK
RULEBLOCK BlokPravilaZz

END_ RULEBLOCK

41.2.1. Dynkyuje unancmea

@DyHKIMje YWIaHCTBa KOje Cy peajin3oBaHe cy cienehe:

*  @yHKIMja CUHIITOH je (QyHKIMja Koja uMa BpeHOoCT 1 y neMHMCaHO0] TauKH X Ha X-

ocu u BpenHocT 0 y cBUM ocTtasiuM Taukama. OBa (yHKIMja MOXKE /1a C€ KOPUCTHU
caMo 3a W3Ja3He MPOMEHJbUBE W Hajuenthe MmocToju /a Ou IMojeTHOCTaBmIa TPoLec
nedazuduxanuje. Jlebununnja oBe GyHKIMje U3IIe1a OBAKO:

ITERM ime_Funkcije = X

Tpoyraona ¢ynkuuja je pyHkuuja Koja uMa BpeaHocT 0 Ha cerMeHTHMa Iie je X < X1
U X > X3, HAa CerMeHTY X1 < X < X2 JIMHEapHO PacTe, a Ha CErMEHTy X2 < X < X3

nuHeapHo onaga. OyHKIMja UMa MaKCUMYM Yy Tauku X = Xz. Jlepunuiie ce ca:

ITERM ime Funkcije := (x1, yl), (x2, y2), (x3, y3);
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» Tpanesouana pynknuja je GpyHkmja koja uMa Bpeanoct 0 Ha cerMeHTHMa T1e je X <
X1 ¥ X > X4, HA CErMEHTY X1 < X < X2 JIMHEAPHO pacTe, a Ha CEIMEHTY X3 < X < X4
nuHeapHo onajaa. DyHKIMja UMa MAaKCUMYM Ha CerMEHTY X2 < X < x3. Jlepununuja

oBe (yHKIIHM]j€ U3TIIe/Ia OBAKO:
ITERM ime Funkcije := (x1, yl), (x2, y2), (x3, y3), (x4, y4);
» Pamena ¢yukumja (eur. shoulder) je dynkimja koja uma BpeaHocT Y1 3a X < Xi,
BPEIIHOCT Y2 32 X > X2 M JIMHEAPHO PAcTe Ha CerMeHTy X1 < X < Xz. Jlepununuja ose
¢dyHKIM]e U3riena OBaKo:

|TERM ime Funkcije := (x1, yl1), (x2, y2);
4.1.2.2. Memoo oegpazugpurkayuje

Hedasudukanmja wiIm KOHIEHTpalWja TpeACTaB/ba Ipocell JJo0Hjama KOHKpPETHE

BpeanoctH. [TocToju Buie meroaa nedazudukanmje:

= COG — neHrap rpaBuTallyje;

=  COGS — nenrap rpaBuTaIije, yKOJIHKO Cy H3JIa3HEe POMCHIBHBE IUCKPETHE;
= COA — neHTap NOBPIIKHE,

= RM — necHH MakCUMyM;

= LM — neBu Mmakcumym.

41.2.3. Memoo azpezayuje

Arperanuja je TIOCTyNMaK €Ballyalldje TOJyCJIOBa, OJHOCHO payyHame WIAHCTBA 3a
KOHKPETHY yJIa3Hy NMPOMEHJBUBY Y MOAYCIOBHMA M arperupame TUX WIAHCTaBa Y jeTHY BPEIHOCT,
KOja HM3pakaBa HCTUHHUTOCT Lenor ycioBa. Cnenuduxanuja jesuka FCL maje Tpu merone 3a

arperanjy AND u OR Besa noaycnosa, n1a Ou ce 3a70BosbH0 Jle MopraHoB 3aKkoH:
1) metozna 3a OR makcumym (MAX) u 3a AND munumym (MIN);
2) metojia 3a OR cymy (ASUM) u 3a AND mipounsBo;

3) metona 3a OR orpanndeny cymy (BSUM) u 3a AND orpanuueny pasmuky (BDIF).
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4.1.24. Memoo akmueayuje

AKTHBaIHja je mporec KojuM ce popmupa QpyHKIIMja YWIAHCTBA 32 W3JIa3HY IPOMEHJBUBY Ha
OCHOBY BPEIHOCTH HMCTHHHTOCTH YycioBa. Cnemudukamuja jesuka FCL umma aBe meronme 3a

aKTHBAIIH]y:

1) meroga muaumyma (MIN), mTo o3HauaBa na (yHKIMja WIAHCTBA aKTUBHUPAHOT CKYIa
100Mja Ka0 MUHUMYM BPEIHOCTH MCTHMHUTOCTH YCJIOBA M BPEAHOCTH (YHKIMjEe YJIAaHCTBA

KOHKPETHOI' CKYyIIa HaJl U3JIa3HOM IIPOMCHJbUBOM;

2) merona npoussona (PROD), mro o3HauaBa na QyHKIMja YWIAHCTBA aKTUBUPAHOI CKyIa
n00Mja Kao MPOW3BOJ BPEIHOCTH MCTUHUTOCTH YCJIOBAa M BPEAHOCTH (DYHKIHMjE WIAHCTBA

KOHKPETHOT CKYIIa HaJl U3JIa3HOM IIPOMCHJbUBOM.

4.1.2.5. Memoo akymynayuje

Axymynanyja je mpouec KOjuM ce 0]l aKTUBUPAHUX CKYIOBa HaJl M3JIa3HUM IPOMEHJbUBaMa

nobujajy akymynupane ¢ynkiuje wiaHcrBa. Crnenudukanuja jesuka FCL uma tpum mertone 3a
aKyMyJamnujy:
1) makcumym (MAX), Koja ce pauyHa Ka0 MAKCUMYM CBUX aKTUBHpaHUX (QYHKIMja YIAHCTBA

Hazg jCZ[HI/IM CKYIIOM HaJl U3JIa3BHOM ITPOMCHJbUBOM;

2) orpannueHa cyma (BSUM), koja ce pauyHa Kao MakCUMyM BPETHOCTH | M CyMe CBHX

aKTUBUPAHUX (YHKIIM]ja YWIAHCTBA HAJ| JeTHUM CKYIIOM HaJl M3J1a3HOM IIPOMEHIBHBOM;

3) mopmanuzoBana cyma (NSUM), koja ce pauyHa Kao pa3jioMak CyMe CBHUX aKTHBHPAHUX
(GyHKIMja WIAHCTBA HAJA jEJIHUM CKYIOM HaJl HM3JIa3HOM NPOMEHJEPMBOM M MaKCHMyMa
BPEIHOCTH | M CyMe CBUX aKTHUBUpPAHUX (YHKIMja 4WIAHCTBA HAJ JEIHUM CKYIIOM Haj

H3JIa3HOM ITPOMCHJbUBOM.

4.1.2.6. Onuc 6noka npaeuna u npaguna

[IpaBuna yHyTap patoTeke cy mojJebeHa Mo OJOKOBMMAa, a CBakM OJOK HMa CBOje
jenuHcTBeHO MMe. CBaKo MpaBUJIO YHyTap Ooka UMa cBoj jeauHcTBeHH Opoj. [IpaBuio ce cactoju
U3 yCJIOBa U MOCJIEANIE. YKOJIHUKO j€ YCIOB CAuMI-EH O] BUIIE MOIYCIOBAa KOPUCTE C€ Olepaluje
AND u OR. IToxaycinoB mma obauk Lingvisticka_Promenljiva IS Lingvisticki_Opis. Vkomauko je

mojayciioB Heranuja, taga ce IS mema ca IS NOT. [Ipyrm HauwmH neduHHCama MOAYCIIOBa je
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kopuctehu npuiore: Bpio (eHr. very), Hemrro (eHr. Somewhat), 3aucra (enr. indeed) u exctpeMHO

(enr. extremly). IIpuorom BpIio MOCTHKE ce KOHIIEHTpaIja u oapeheH je popmymom:

tcon (%) = p?(x)

[Tpuiiorom HeWITO MOCTHKE Ce nuiaranuja u oapeher je popmymom:

1
i (x) = u2(x)
[Ipuniorom 3aucta nocTkKe ce MHTeH3UpHUKalja u oapeheH je hopMynom:

2u?(x),0 < p(x) < 0.5

(%) = {1 —2(1 - u(x)%05 < p) <1

[Tpunor eKCTpeMHO je CIMYaH MPUIOTY BpJIO, CaMO C€ BPEAHOCT WIAHCTBA CTaBJba HA Tpehu

CTCIICH:

pe(x) = 1 (x)

4.2. ApXuTeKTypa MOOWJIHE alJIMKALMje

Kao cacraBuu neo cucrema SAIL, ocum pauyHapcke Bep3uje, pa3BHjeHa je U alIuKaIyja 3a
MobunHe ypehaje. OBa MoOUITHA amiuKaiMja oMoryhaBa KOPUCHHIIMMA CHCTEMa Jla CaMOCTajHO
ydye Ha CBOjUM MOOWIHMM ypehajuma. MoOumiHa Bep3uja SAIL ummuieMeHTHpaHa je KopuinhemeM

MIPOrpaMCKOr je3uka AHAPOU]I, KOjU KopucTH JaBa nporpamcku je3uk 1 XML texHomnorujy.

3a pa3nuMKy OJ] paduyHapCcKe Bep3Hje, KOJ MOOWIHE Bep3uje HHje OmIo 3amoBoshbaBajyhe
O6ubnuoreke 3a wucHpTaBame rpadoBa U crabana, mMa je NPUIMKOM pa3Boja OMIIO MOTPEOHO
peann3oBaTu CONCTBEHU METO UCLpTaBama. [Ipe peanu3zaiyje HOBOr HaYUMHA UCIpTaBamba rpadoBa
Ha AHapoun matdopmu, ananusupane cy Beh onucana oubmmoreka JUNG, koja je kopumrheHa 3a
pauyHapcKy Bep3ujy ammkanuje, u oubmmoreka Graphiz [68], koja Takohe ciyxu 3a reHepucame
rpadoBa. AHAJIM30M je yTBpheHO Ja oBe OMOIMOTEKe KOpUCTe MakeT 3a rpaguuku unteppejc AWT
(Abstract Window Toolkit) 1 maoro6pojue JavaFX makere, Koju HHCY MOIJH Jia C€ NPUMEHE Y
IporpaMupamy MOOUITHE Bep3uje cumynanuje rpadosa Ha AHapou] iatrgopmu. JeauHu HauuH 1a
ce OBO pasperu 010 Ou J1a TOCTOJU CEPBEPCKH JI€0 CHCTEMa Koju Ou reHepucao rpadose, a 3aTUM Y
BUJTY CIIMIKE CJIa0 KJIMjEHTCKOM JeNIy CHCTeMa, OJJHOCHO aIuTMKaIuju Ha MooumHoM ypehajy. Kako je
MOYETHU IMJb OMO Ja IeJoKynaH coTBEpCKH cUcTeM Oyae He3aBHCAaH O/ MHTEPHET KOHEKIHje,

OJIyCTAaJIO C€ OJ] OBOT PElIeHa J1a Ce MPABU KIIMjEeHT-CEPBEP apXUTEKTYpa.
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Kon peann3oBaHor HOBOI HAYMHA MCLPTaBamba, CTA0JIO je CKAIMPAHO TaKo Ja LEeJI0 MOKE J1a
CTaHE Ha BEIIMYMHY eKpaHa ypehaja, anm J03BOJbEHA je MOTYNHOCT Ja ce JenoBu crabna yBehajy
MOKPETOM pYyKe MPEeKO KOPUCHUYKOI ekpana (eHr. pinch to zoom). Ox moryhux omepanuja ca
KOMITOHEHTaMa TOoJp)KaHe cy cienehe: nomaBame HOBOI 4BOpa y rpad, IMOBIAYCHE JIMHH]E O]
YBOpa KOjU j€ KOPUCHHUK TPEHYTHO 0a0pao, IoMepamke YBOpa KOjU je KOPUCHUK 01a0pao U U3MEeHa
cBojcraBa yBopa. C o03upomM ga Huje Omio Moryhe pas3MKOBaTH OIepalyjy MOBlademha JTUHUjE
u3Mmel)y 4BOpoBa, 01 U3BOPHOT 70 OAPEIHUIIHOT YBOPA M ONEPAIHjy MPEMeEIITamba YBOpa, YBEICHA

Cy JIBa CTama: CTamke yHOCa rpada U cTame MPOMEeHe HaJl rpadoM.

Jonupom Ha nyrme yHarpen, nmocehyje ce 4Bop crabia, 0OJHOCHO TOYETHU YBOP M3 YHETOT
rpada. Kama ce obule uBop, y TOM KOpaky ce y cTabio mperpare yHoce HOBOOTKPHUBCHH YBOPOBH.
TpenytHo oOpahenu uBop je oOenexkeH pBeHOM 00joM, moceheHr YBOPOBHU Cy 3eieHe 00je, 0K Cy

Henocehenu YBOPOBHU CHUBH.

[TpunukoM pomaBama 4BOopa y rpad, OWIO je MOTPEOHO MPOBEPHUTH Ja JTU CE YBOPOBHU
MIPEKJIamnajy, OJHOCHO Jia JIK je pacTojame m3Mmel)y menrtapa uBopoBa mame oa 2R. OmabpaHno je
pactojame u3mely moctojehux uBopoBa W HOBOr mojaror 4ysopa Oyae 2R + R/8, omnocHo na
nocroju pasmak usMel)y 4BopoBa. JlomaBameM HOBOT 4YBOpa IOCTOjaia je MoryhHocT na ce
MMOMEpamkeM TPEKIIONEe HEKH JPYTH YBOPOBH, IITO JIOBOJHM J0 yJIaHYaHE Iporarannje mpeKianama
KaJla Ha paJHOj MOBpLIMHM MMaMo Behu Opoj uBopoBa. HaumH Ha Koju je pemieHo mpekianame
YBOpOBA j€ WIYCTPOBAHO Ha CIMIM 14, Tako MTO C€ W3 CIMYHOCTU TPOYIJIOBA padyyHa]y HOBE

KOOpAUHATE LHCHTpPA YBOpaA. Hoge KOOpAWHATE LCHTPA oue ou:

D
X1 = X +E(x1—x2)

D
Yi=1Y2 +E()’1—3’2)

Cauka 14 — CanvHocT Tpoyr/ioBa 3a oapehuBame ¢pakTopa nomepaja usopa
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Jpyru Benuku mpodieM Koa MOOWITHE Bep3uje OUJIo je IeTEKTOBamkEe Be3e Koja MmoBe3yje aBa
yBopa. Ilocroje aBa ciydaja Koja ce jaBJbajy: KaJa Cy YBOPOBH HAa WCTO] BEPTUKAIHO] JIMHUJU
(X1=X2) 1 kaga HUCY (X1£X2). Y MPBOM CICIH]aTHOM CIydajy OHIIO je TOTPeOHO IPOBEPUTH JIa JIU je
pacrojame oj nmpaBe Mame o R/2 (ciuka 15):

d=|x,— x| < g

y3 yCIIOB J1a je 33J0BOJBEHO: f = % npaje0<f<l.
27 )1

daktop f 03HauaBa ga ce Tauka y 0JHOCY Ha KOjy MEPHMO PacTOjamb¢ Haja3u Ha JAYXKH KOja
cnaja ueHtpe uBopopa. dakTop je ogabpaH 300r CBOje MHBAPHJAaHTHOCTH y OJHOCY Ha MO3UIUjE
YBOpOBAa M O3HAYaBa caMoO Ja Ju je Tauka u3Mmely meHrtapa nBa yBopa. IlomTo ce 4BOpoBH He

IpeKJIamajy, He MOCToju MOTYRHOCT 1a MMaMo OIepaIyjy JeJbemba ca HYJIOM.

Cauka 15 — CneumjajHu ciiy4daj 1Ba YBOpPa HA BePTHUKAJIHO]J JIUHU U

VY ommiteM ciy4ajy, X1#Xe, Ma je mpobieM pelieH yBolemeM Kpyra nonynpeunuka R/2 oko
Tayke J0Mpa ¥ MPOBEPOM J1a JIM Taj KPYr cede JMHU]Y Koja CIaja YBOpOBE, Kao IITO je MPUKA3aHO

Ha ciuiu 16.

Cauka 16 — Hauun noxBaTama Be3e u3Mmel)y yBopoBa Ha ekpaHy MoOWJIHOT ypehaja
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Tpehu Bemuku mpoGiieM KoJ MOOWIIHE Bep3uje NMPEACTaBibaja je OrpaHWYCHAa BHUCHHA U
mprHa ekpaHa ypehaja, ma je yHOC HEKHMX MapaMmerapa MOpao Ja Ce peaim3yje y Kopaiuma.
Takole, ucnucuBame pe3yirara Kopaka aJirOpUTMa je y HEKHM CHMYyJalhjama MPHKa3HBaHO Y
BHIIIC €KpaHa WJIM TEK HAKOH IITO KOPHUCHUK MPUTHCHE Opel)eHO ayrMe 3a MprKa3 KOMEHTapa TOT

KOpaka.

HcnpraBame crabiia mpeTpakuBama HHjE JEIHOCTABHO, IOIITO j€ 3a CBAaKH YBOp OWIIO
HEOIXOTHO HM3pauyyHaTH HHETOBY MO3MIM]y y CTaliy, ald M MO3MIMOHHPATH FHETOBE YBOPOBE
HACJIeHUKE, OHOCHO JIeIly, KOjU Cy MOpAaJId Jia c€ Haja3e Ha MOJjeIHaKHM YIaJbeHOCTHMA O]l
poauTesbekor uBopa. OcuM Tora KOJ MHOTHX alropuTaMa IOCTOjH MOTYRHOCT n1a ce TOKOM
CUMYJIaIlyje BpaTUMO Ha HeKe HeroceheHne YBopoBe y cTadiry win Ja pa3BHjaMoO HOBE YBOPOBE, IIITO
Ou moBeso aa ctabdio Oyae aehopMHCaHO ¥ HEONTHUMHU30BaHO. M3 Tor pasjora oaay4eHo je 1a ce 3a
KOMILJIETHO CTabJj0 HM3padyHajy CBE IMO3HWIMje YBOPOBA YHANpPEd U Jia c€ YTBPAM MaKCHMalHa
mprHUa cradiia. MakcuManHa MuprHa cTadlia mpeacTaBiba 30up CBUX Moryhux nmcroBa cradia,

a CBaKW YBOp JIMCT OW J1a ce He O cyaapanu 100HO0 CBOjy TpaKy MPHJIMKOM HCIPTaBama, Kao MITO

(% ()
(3) W ——

G“ﬂ“b @

Cauka 17 — HaunH nNo3ulMOHMPamka YBOPOBA y cTadJy ca MAKCHMAJTHOM LIHPHUHOM

je mpuKa3aHo Ha ciunu 17.

Cumynanyja ce mpukasyje Tako IITO C€ MPBO UCIPTaBajy YBOPOBH, a HAKOH TOIa BE3e.
Tauke 1leHTapa TpaHCIMpaHe Cy Ha MBUIYy KpyXHHIE. M3pauyHaBame KpajlbUX Tayaka Ha TakKBOj

Iy*u u3Mely 1Ba yBopa npuka3aHa je Ha ciunu 18.

Cauka 18 — Haunn ucupraBama Be3e u3Mel)y uBuua 1sa 4ypopa
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AKo je monynpeyHuk yBopa R, pactojame uzmely uBopoBa D = \/ (X3 — x1)% + (v, — ¥1)?,
BPEIHOCT 3a alcIice M OpAMHATE KPajibuX Tayaka Be3e u3Mel)y uyBopoBa yrBpaulie ce Ha OCHOBY

CIIMYHUX TPOYTIIOBA, U3 KOjux he ce n3Bectu cieaehe penarmmje:

x{—xl_R e ) R

X —x, D = xl_x1+5(x2_x1)
x;—x D-R e ) 1 R
Xp—x, D = Xy = x1 + ( —5)(352—351)

R
i =1 +5(yz - Y1)
, R
y2=y1+(1 —5)(3'2 - 1)

4.3. Ilpumena urapay enykanuju (rejMupukamnuja)

[IprauKOM TMpaBibea COPTBEPCKHX CHCTEMa BPJIO jé BRKHO BOJHTH padyHa O IH33jHY
kopucHmukor wuHTepdejca. CBe Behm Opoj codrBepckmx cHmcremMa peanmsdyje ce  Kao
JBOJJMMEH3HOHAITHO HJIM TPOJIMMEH3HOHAITHO OKPY)KEHhE Ca BU3yeIU3alijoM oapeheHor mpobdiema
[69], kao xommjyrepcke urpe [70] [71] nnu kao cumynanuje IPUMEHOM BUPTYEIIHE CTBAPHOCTH U

crieupuuHUX XapaBepckux ypehaja [72].

Iejmucdukanymja y eaykanyju je mpolec Koju MOMaKke YUYEHHUIMMa U CTYJEHTHMa Jla yde
paznuunTa 3Hama Kpo3 urpe [73]. 36or Tora cBe Behu Opoj HacTaBHHKA pa3marpa yBoleme urapa y
obpa3zoBame, kopuihemeM HOBUX TeXHHUKA u anarta [74] [75]. M3a30B caBpeMeHOr 00pa3oBama Ha
bakynTeTMa Mmojapa3syMeBa JIpiKame MaXmhe CTYIACHTUMA TOKOM Yy4era, CTUMYJIHCAkE HBHXOBHX
MHTEPECOBabha, CBE TO PEATHM30BAHO KPO3 OOTaTO KOPUCHUYKO OKPYKEHE, KOje MOACTHYE TOBPATHY
uHboOpMalNjy U jauame MHTEepakiyje Kako u3Mel)y HacTaBHMKA M TpyIe CTyAeHaTa, Tako U u3mehy

caMux crynaeHara [76].

HcTpaxkuBame Mmokasyje Jia ce y IMJbHO] MOMyialkji MOOMIHU TeJIe(pOH YeCTO KOPUCTH Kao
CPE/ICTBO 3a MIpame BH3YEITHHUX Mrapa [/7], ma cy y OKBHPY OBOT HCTpakMBarba Pa3BHjEHE M JIBE
aHMMaIlMje anropurama uMIuieMeHTupanux nomohy Unity 3D, BumieruiatopMckor anara 3a pas3Boj
Bujieo urapa u anumMaimja 3a PC pagynape u BeO cajToBe, KoH30ie 1 MoOmiHe ypehaje. Unity
kopuctu cieaehe rpapuuke APl-je: Direct3D na miardpopmama Windows u Xbox360, OpenGL Ha
wiatpopmama Windows u Mac, OpenGL ES na minardpopmama Android u iOS u proprietary API na

KOH30JlaMa 3a Bujaeo urpe. Unity moapkaBa Mamupame HCIyIMuYCHa, Mamnupame pediekcuje,
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Manupame mapainakce, amoOujeHTanHy oxmy3ujy SSAO, IuHAMUYKE CEHKE, PEHACPOBAmE Ha
TekcTypama. Y Unity ce Mory nucatu u cenuGuyHy Mporpamu 3a mpaBibebe ceHku (eHr. shader).
On popmara maToreka oBaj anat moap:kasa popmare cieaehux ammmkanyja 3a rpapuxy: 3D Studio
Max, Maya, Softimage, Blender, Adobe Photoshop, Adobe Fireworks, Cinema 4D, Zbrush, Modo u
MHOTHUX JPYTuX arukanvja. JlatoTeke OBUX aluidKalyja MOTY Ce JIOAATH Yy MpOjeKaT U kbUMa ce
MOJKE yIPaBJbaTH AMPEKTHO Kpo3 rpaduuku uHTepdejc anara Unity. 3a nucame mpojekara MOry ce
KOPHUCTHUTH Mporpamcku jesummm JavaScript, C# wam B00, koju je Beoma CIMYaH CHHTaKCH

mporpamckor jesuka Python.

[IpBa peanu3oBaHa aHUMaNMja y OKBUPY npeamera VHTeTUreHTHH cucteMu Owmia je
»MHUCHOHApH ¥ JbYIOXKICPH, 3a IMPEACTaBJbalkbe IMPOCTOpa CTama. AHuUMaiuja omoryhasa
pelaBambe OBOT HHTEPECAHTHOT MPO0JieMa, MprKa3yje cTabo oTydrBama U pellaBame mpodiiemMa
PEKMMOM KOpak Mo KOpak. AHMMaIja je HampaBJbeHa KopulthemweM mporpamckor jesuka C# u
Unity 3D, a tectupana je Ha Tpu miatdopme: Android, i0S u Web Player 3a Be06 npernemade. On
oubnuoreka kopuiiheHne cy cucteMcke konekije Unity-ja u 6ubanoTeka Ling 3a nmakmm paja ca

KOJICKI[Mjama.
[TpobGnem ,,MucHOHApH U JbYOKACPH  TJIACH:

Tpu mMucHOHapa U TpHU JbYAOXKIEpa C€ Hallaze Ha jeaHOj obanmu peke kojy Tpeba nma mpely. Ha
pacroyiaralby MMajy 4amall y KOju CTaje HajBuie JaBe oco0e. AKO y HEKOM TPEHYTKY Opoj
JbyZIOXK/Iepa HaaMalu Opoj MHCHOHapa Ha jeHOj WM Ha Apyroj obanu, Jbynoxaepu he mojectu

mucuonape. [{usb je na cBu 6e36eaH0 nipel)y ca jenHe Ha IPYTy CTpaHy peke.

Ha counm 19 npukasaHo je MHHIMjATHO CTamke aHMMallMje, Kaja Cy cBa TPU MHCHOHAapa U
CBa TpH JbYJIOK/Iepa Ha JIeBOj 00anu pexe. MucrnoHap u Jbyaoxep ce yoaiyjy y yamarl IpuTHCKOM
JIEBOT' yrMeTa MHIIA M HA MUCTH HAaYMH ce n30aiyjy u3 yamma. [IpuTrcKkoM Ha JyrmMe 3a KpeTame
vyamna ,,MOVE® (wim antepHatuBHO Ha Tactarypu momohy Tactepa M mmm Tactepa 3a pa3mak),
MHUCHOHAap M JbYJIOXAEp ce mpebaiyjy ca jeaHe obane pexe Ha apyry. Ilputuckom Ha ayrme
»RESET ALL* annmarnuja ce Bpaha Ha maMIMjanHo crame. Ommujom ,,STEP BY STEP* mpukasyje
ce KOpak Mo KOpaK aHWUMaldje, a CBaku cienehm Kopak ce MOKe BUJICTH NPHUTHCKOM Ha JyrMe
»NEXT STEP* (unu anTepHaTMBHO Ha TactaTypu rmomohy Tactepa S mim cTpenuia Ha rope WiH y

JICCHO).
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About Game

Cauka 19 — Ununujajano crame anumanuje ,, MucuoHapu u Jbya0:xxaepu

Ha cmumm 20 mpukazaHo je crame aHUMallMje HAKOH JIBa Kopaka U rpada koju ce

nperpaxyje. Ctame ce Moxe neduHucaT kao ypehena tpojka (M, Jb, U), rue:

* M mpencrtaBiba Opoj MHCHOHapa Ha JIeBO] 00anM peKke W MOXKE MMATH BPEIHOCT:

M € {0,1,2,3},

* Jb npexncrasiba Opoj JpynOXKIepa Ha JIEBOj 00alu peke U MOXKE€ MMAaTH BPEIHOCT:

Jb € {0,1,2,3},

* Y mpencraBiba CTamke y KOME C€ HaJla3W yamall M MOXE HMMaTh BPEIHOCTH:
1, yKoIMKO je "Jamall Ha JecHOj o0amu peke, win (0, yKOJUKO je JaMall Ha JIeBOj

obanu peke.

[ToTpebHO je neduHUCATH U OmEepaTope MmpeTpare, Kako Ou ce mpeaCcTaBuo KOMIUIeTaH rpad
mpeTpare, MpoHaIUia JOCTHKHA CTamka U3 MOYETHOT CTamka U MPOHAILIa HajONTUMAllHH]ja pellema.
Omnepatop 1M mpexacraB/ba mpena3ak jeqJHOT MHCHOHapa y 4YaMmIly ca jeaHe oOajne Ha Jpyry,
oneparop 1MI1Jb mpeacraBpa mpenazak jeHOT MUCHOHApa W jeIHOT Jbynoxjaepa, omnepatop 2Jb

peaAcTaBjba NpCijia3ak ABa JbYA0KACPA, UTH.

Kopumihewem oBe aHuManuje CTYJEHT MOXE Jla y CBakoM KOpaky BHIM TIpad u

MOTEHITM]jaJTHE YBOPOBE KOje MOXe Aa obdule y ciaeaehem kopaky, mpuMeHOM ojpel)eHor omneparopa.
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W3 nmoveTHor cTama (YBOpa) MOXKE Ce MPUMETUTH Ja TIOCTOje TPH YBOpa clael0CHUKA. Y TMTOYETHOM

Kopaky Moryh je n360p jeHOT 0f 1Ba orieparopa, KOju Ou urpada OABeNH 10 ONTUMAIIHE MyTambe.

About Game

Reset All

Options:
(3,1, 1) --11j--> (3,2, 0)

Go with:
(3,1,1) -11j-> (3,2, 0)

Cauxka 20 — IIpuka3 anumaiuje ca rpa)oM Koju ce mpeTpaxyje

Kowmrneran rpad nperpare gar je Ha cimnu 21. Ce rpane oBor rpada MOTy Ja ce cMaTpajy
JBOCMEPHO OPHjCHTUCAHUM, MOIITO MPUMEHOM HCTOT OIepaTopa KOPHUCHUK CE MOXKE KpeTaTH Kpo3
rpad y ob6a cmepa mpoMeHe crama. Pemieme npobnema je na ce u3 noyetHor usopa (3,3,0) npehe y
msbHA 9Bop (0,0,1). [Ipu Hamaxkemy perniema CBE 3aTBOPEHE MyTame Y rpady cy eIMMHHHCAHE.

[Tocroje 4 onTumanHe myTame y rpady, a cBaka myTama 3axTeBa 11 mpena3aka yamiia mpeko peke.

About Game

Reset All

Step by step

Aim is met! Well done!

Cauka 21 — Kommnuieran rpag nperpare y urpu ,,MUCHOHAPH U JbYA0KAEPH*
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Jlpyra peanuzoBaHa urpa HaszBaHa je ,,llejMc xepoj m 3acHoBaHa je Ha Beh ommcanum
AITOPUTMUMA TPETPaXHBamka, KOjU MOTY J1a C€ W3BPIIABajy y Mapalieiy, ca IUJbeM KOMIapaTHBHE
aHaJlu3e Of CTpaHe CTyAeHaTa. JeqHUM alropuTMoM ympasiba [lejMc, unju je umib na npoHahe
u3J1a3 U3 JABHPHMHTA, a APYT'MM H-ErOB IIpaTHJIAll CTpeJal, KOjU KeJIH Aa Ta YJIOBH, Kao LITO je
npukazano Ha cnuim 22. [loctoju mecT peaqn30BaHUX Pa3IMYUTUX TIOLPTA JABUPUHTA, OJHOCHO
mect HuBoa urpe. Mrpa Hyau ABa peXuMa Urpama: ayTOMAaTCKU PEKUM H3BPIIaBamba alropuTaMa,
ca YHNOpEIHHMM IPHUKAa30M, M HWIPAdyKHd PEKUM, Y KOME jeTHHM KapakTtepoMm Llejmcom moxe na
yIpaBjba KOPHCHUK HUIpe, JOK Ta APYr'M Wrpad Kao CTpenam MOXKe crpedaBaTd jaa u3ahe w3
JaBUPUHTA, MOKYyIIaBajyhu mga My HaHece HITETy MylameM. 3a CTYACHTE je OMTHHjH OBaj MPBU

PEXKHM, jep ce Y CBAKOM KOPaKy y KOME je HEKH KapakTep MPOMEHHO MO3UIH]Y, Ta MPOMEHA OJMax

IIpUKa3aHa U ca CTpaHe, y CTabyiuMa peTpakuBamba.

Cauka 22 — Haporpaama cucrema SAIL y urpy ,,Ilejmc xepoj*

Ha cimumu 23 nprkasas je jeJlaH HUBO ca YIOPEIHOM aHAJIU30M JBa CcTaldJia MpeTpaKuBama,
urpau LlejMc mpuMemyje ajaropuTaMm IUIAHWHApPEHa, a JAPYrd Wrpad Kao CTpenall, KOju ra jypH,
NpUMemYyje alropuTaM TpaHamka M oOrpaHuyaBama. Moryhe je wuzabpatu onpeheny Bpcry

pean30BaHUX alropuTaMa MpeTpakhBama, MOJENIaBaTH Op3uHE 00a Wrpada, Kao W NPEAHOCT y
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Opojy Kopaka 3a ojapeheHor urpava, IITO WIPy YMHU TPUJTIATOJJBHBOM 32 WUTPAmbe U yUCHE

ajyiropuTama IpeTpaxuBama.

Cinka 23 — UMniieMeHTanuja airopuramMa nperpaxusama kopumhemem Unity 3D
OKPYKeHa 1 YIOpeJAHa aHAIN32a 1BAa AIropuT™Ma

IMpeanoct anmara Unity 3D je mito ce arumkaigja Moxe MPUIAroIuTH OUIIO0 KOjOj CaBpPEMEHO)]
w1atopMu, Ma Ha BPJIO jJeJHOCTaBaH HA4YMH O] alUIMKaluje mpuiarohene 3a MoOuinHM ypehaj ca
orepatuBHUM cuctemMoM Android MokemMo M0OMTH W aIuIMKalKjy 3a BeO mpersiemade Ha
oreparuBHOoM cructemy Windows. ITpo3opu u 06jekTu ce mpuiarohasajy BeTHUMHHU eKpaHa ypehaja
U TpuKasyjy ce kopekTHo. CBe je Behm Opoj mrapa Koju KOPHUCTE OBAKBE TEXHOJIOTHje W Pa3BOjHE
anmare 3a BHIIEIIaT(GOPMCKH pa3Boj, ajld Ce 3a pa3Boj Mrapa y oOpa3oBamby OBE TEXHOJOTHjE HE
Kopucte MHOro. IIOCTOjM HEKOJIMKO HCTpakuBadya KOjU Cy HMMIUIEMEHTHUPAIM TO jelaH WIn
HEKOJIMKO aJropuTaMa, MOMONhy OBaKBUX Pa3BOjHUX ajlaTa, M MPUMEHWIN UX Yy €IyKaTUBHE CBpXE,
alld aHAIM3MpaHe aHUMAaIlFje arOpuTaMa HUCY MHTEPAKTHBHE M HHUCY npeaBuleHe 3a yueme [78]
[79]. V eaykanumju ce ocuM urapa Ha pauyHapuMa W Ha MOOWJIHHM ypehajuMa cBe BUILE Pa3BHjajy
Urpe U OKPYKeHma Koja KOpUCTe BUPTYyenHy cTBapHocT (eHr. virtual reality, VR) u npommpeny
crBapHocT (enr. augmented reality, AR) [80] u ucTpaxuBama mokasyjy aa he To OMTH MOTITYHO

HOBHU IMpaBall IpUMEHE BEIITaYKe HHTEIUTEHIIN]e U TaMETHUX CUCTEMa Y 00pa30Bamy.
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5.0IUC PAJA CUCTEMA

PeanuzoBanu codrBepcku cucreM SAIL oOyxBatuo je 30 anropurama, KOju Cy MO CBOjOj

MPUPOAM BEOMa PA3HOJIMKU. 300T TOCTABJbEHHMX 3axTeBa OWJIO je MOTpeOHO peann30BaTu

3ajeJHIYKN KOPUCHUYKU MHTEpdejc, KaKO KOPHCHHUIM CHCTeMa He O MOpajii J1a ce MPHUBHUKABA]y

Ha pa3IudyuTa OKPYXKema.

I'naBHe kapakTepuctuke cucrema SAIL cy cnenehe:

YHOC TmioAaTaka W IIpUMEpa OO CTpaHC KOPUCHHKA CHUCTEMaA, KPO3 HWHTYUTHUBHU

KOPUCHUYKHU UHTEp(E]C;
NpoBEpa YHETHX TOAaTaKa OJ] CTpaHe CHCTEMA,

cuMynupame ojpeheHor anroputma u npaheme cuMynalyje METOJOM KOpak I10

KOpakK;

CUMYyJIHpame oApeheHor anropuTMa U3BpIIaBakbeM CUMYJIAIM]e 10 Kpaja;
yUHTaBawbe IpuMepa U3 npeaeuHucaHuX TEKCTyaTHUX JaTOTEKa;
CHUMamE MpUMepa y TeKCTYaIHE JaTOTEKE;

BU3yeNHU3alja U aHWMallfja M3BPLICHOT aJrOpUTMa, y3 MHpErjiel CBUX CTPYKTypa
MoJlaTaka, Koje Cy HEONXOJHE 3a W3BpLIaBamke€ TAaKBOI AJITOPUTMA, Kao U YBUA Yy

CTame TUX CTPYKTYPA Y PEAUTHOM BPEMEHY;

CBAaKHM KOpPaK CI/IMYJ'IaL[I/IjC AaT y3 A€TaJbaH BU3YCIITHU u/unmn TCKCTYaJIHU OIIHUC, a CBAKO

cienehe crame y cuctemy HararieHno (er. highlighted);
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* MoryhHOCT TreHepucama W3BEIITaja O MPUMEPY, HU3BPIICHOM alTOPUTMY U

KOMIUIETHOM TOCTYIIKY peliaBama npumepa, y popmary PDF daja.

[IpBU KOpak KOju CTyIEHT Tpeba Ja ypaau y CUCTEMY je Ja ogabepe airopuTaM KOjH KeIu
na m3Bpim. SAIL o0yxBarta rpyiy cTaHAapIHUX alropuTaMa IpeTpakuBama, TPyIy alropurama u3
obnacTu Tepowje urapa, anropurMe (GopMaiHE JIOTHKE MPBOT pela, alrOpuTMe MPOITYKIIMOHHX
cucTeMa, CEMaHTUYKE MpEXe, OKBHpE, alrOPUTME 3a pemaBame mpodiema — GPS u STRIPS, tpu
BpPCTE IrOpUTaMa 3a pajl Y HEU3BECHOM OKPYXEHY, HHIYKIIMOHE anroputMme u bajecoBe mpexe.

Ha ciaumu 24 npukasas je yBOJHHM KOPUCHUYKU eKpaH cuctema SAIL.

(&) san o
Simulator Simulation

o o
® 1D X

e “

SEARCH ALGORITHMS FIRST-ORDER FORMAL LOGIC PRODUCTION SYSTEMS FUZZY LOGIC CERTAINTY FACTOR SYSTEM

a‘ R o 4 7 @

CONSTRAINT SATISFACTION
TRUTH MAINTENANCE SYSTEM - TMS ALGORITHMS SEMANTIC NETWORKS FRAMES GENERAL PROBLEM SOLVER

vehicle

9 ® X e I
L ] - et
]| B - o\

STRIPS ALGORITHMS INDUCTION ALGORITHMS GAME THEORY ALGORITHMS BAVESIAN NETWORKS

Canka 24 — YBoaHH eKpaH co(pTBepCKOr CUCTEMA 32 M300p aJIropuT™Ma

SAIL campxu nBa menuja: Cumynarop u Cumynanuja. Meau CuMynaTtop cajpKul OIIIIH]e

Be3aHe 3a U300p oapeheHor anropuTMa 1 3a paj ca AaToTekama:
= 3abepu — oniMja KOjoM ce OTBapa JujaJior 3a H300p alIropuT™Ma;

= OTBOpHU AATOTEKYy — OMIIMja KOjOM C€ OTBapa CTaHJAPIHU AUjasIoT 3a u300p ¢ajia

KOju Tpeba yuuTartu;

* CHuUMH — ONIMja KOjJOM C€ M3BpIIaBa CHUMAambe TPEHYTHE CUMYyJaluje y YYUTaHU

dajm;
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* CHHMH Kao0 — ONIIMja KOjOM C€ OTBapa CTAHJAPJHU JUjaoT 32 CHUMAhE TPEHYTHE

cUMYyJaIyje y OTITYHO HOBH (ajil WK MPeKo caapskaja Beh mocrojeher ¢ajna;
= 3aTBOpH — ONIIMja KOJOM CE 3aTBapa IJIaBHU MPO30p U u3ja3u u3 cucrema SAIL.
Menu CuMynanmja caip>ku OIIUje Be3aHe 32 KOHTPOITY TOKa CUMYJIAIlHje:
= Ha nouerak — oniuja K0joM ce cuMyJianuja Bpaha Ha IOYeTaK paja alropuT™Ma;
= Ha kxpaj — onmuja KOjoM ce CUuMyJialija MoCTaBba Ha KPajikhe CTambE;
= Kopak Hampe — oIixja Koja IoMepa CUMYJIAIH]y 3a jeaH KOpaK yHaIpes;
= Kopak Ha3ajg — omniyja Koja moMepa CUMYJIallKjy 3a jelaH KOpaK yHaza.

[Topen mMenmja, cBe HaBEJCHE OINIUje ce MOTY poHahu M Ha TOMONHO] Tpally ca ajaTuMa,
KOja ce HaJla3u oaMax ucroja MeHuja. Onmmje u moMohHa Tpaka ca ajaTuMa IpuKa3aHe Cy Ha CIIMIN

25.

|£x SAIL - Softverski sistem za ufenje i primenu Al algoritama

Simulator Simulacija

[zaberi... Ctrl+l ;” :4_?_ |:| .ﬁ *¢ %j ‘] 7))
COtwon datoteku... Ctrl+O
Snimi Ctrl+5
Snimi kao... Ctrl+K
lzlaz Ctrl+Z

| £2| SAIL - Softverski sistemn za udenje i primenu Al algoritama

Simulater Simulacija

L =R e et L£Q20 9

Cimka 25 — [puka3 nagajyher MmeHuja n Tpake ca ajaTuma, y3 I01aTHe KOMaH/Ie CHMYJIalluje
aJropuTaMa npeTpakuBama

CBe anropuTme Koje pelraBaMo MOXKEMO MOJAETUTH y Tpu Tpyne: (1) anroputrme y uujum
peliemrMa MpuKa3yjeMo caMo TEKCTYalIHH ONHC U HEKU BHJI JeTHOCTaBHE rpaduke, (2) aaropurme
YyHja peliema Cy 3aCHOBaHA Ha MpUKa3WBamy rpada w/wimm crabna, y3 TeKCTyaaHu omuc, u (3)
JITOpUTME KOjU UMajy crieln(UYHN BU3YEITHH MPHUKa3, Kao 1mTo cy urpe X-O, noMmepame 6J10KO0Ba,

60jeme Mana, ykpurene peur, Cy1oKy U CIMYHE Urpe.
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Kana ce ompehenu anropuram ogadepe, MOTY C€ yYUTATH MPETXOAHO CHUMIBEHU TPUMEPHU
WIA Ce y CHUMYJalKjy MOTY YHETH HapaMeTpH y BHUIy HOBOr mpumepa. Ilapamerpu ce uyBajy y
TEKCTyaJHUM JaTOTeKama, ca Crelu(GUIHAM THIIOBUMA (EKCTeH3MjaMa) y 3aBHCHOCTH KOja BpPCTa

JIITOpUTMAa WK TPyIa aIropyuTama je y muramy.

VYHOC yna3HHX MapaMeTpa CUMyJaldje Hajuemhe ce BpIIM y MoceOHOM Mpo30py, Ha MOYETKY
pana onpehenor anropurma. IlomTo paj anropuTMa 3aBUCH 0J] CEKBEHIIE KOpaka Koja ce U3BpIIaBa,

KoJ BehrHe ajiroputama npoMeHa rnapaMerapa TOKOM cUMyJialiyje Huje moryha.

I'maBHU TPO30p MOJEJHEH j€ Ha HEKOJIMKO LIEJIMHA U CIIY)KU 3a Ipaheme pelleBaHTHUX CTama
CHMyJIallje ¥ WCIHCUBAmbe HM3JIa3HUX Iojaraka, ca MoryhHomhy 1a KOPUCHUK WCIpPAaTH CBaKd
KOpaK aJropuTMa KOju y4u. Y CBaKOM KOpPaKy alrOpUTMa KOPHCHUK BH3YEITHO U TEKCTYAIHO BUAU
KaKoO Ce CTame MPOMEHWIIO, KaKO OM Ha Kpajy CHMYyJalije MOrao Jia pasyme IITa je [UJb TPaKeHOT
JIrOpUTMa KOjU C€ H3BPIIMO M KaKO OH paju. YKOJIMKO HE 3HA TEOPHUjCKE KOHLENTE O CaMOM
AITOPUTMY ¥ KOjU C€ CBE MOJAIM IpaTe KPO3 HEroBO M3BPILIABAKHE, KOPUCHUK MOXKE JIa UX HAYYH
kopumthemwem MeHuja 3a momoh. [TomMohHM MeHU calapKu jeHY CTaBKY O CaMOM ajrOPUTMY WIIH
IpyIy ajJropuTaMa M jelHy CTaBKy O caMoj CHUMYyJaluju, Kako ce u3BpuiaBa. [Ipumep meHwmja 3a

nmomoh, Koju ce YBeK OTBapa y HOBOM IPO30py, JIaT je Ha CIAUIH 26.

[£] © simulatoru - X

O simulatoru

Da bi simulacija mogla da se pokrene neophodno je da budu definisani pocetno stanje, ciljno stanje, operatori i konstante.
Definisanje konstanti se zapocinje pritiskom na dugme 'DEFINISI POCETNO STANJE'. Na pitanje da 1i zelite promenu konstanti
odgovoriti potvrdno. Nakon toga se pojavljuje sledeci prozor:

Definisana konstanti ==

Unesite konstantu

Mowe konstante

Uneta konstanta se dodaje u listu konstanti pritiskom na dugme 'Dodaj’, uklanja iz liste pritiskem na dugme 'Ukloni',

a ako zelite da zapocnete definisanje potpuno novih konstanti, to postizete pritiskom na dugme 'Nove konstante'.
Definisanje pocetnog stanja zapocinjete pritiskom na dugme 'DEFINISI PCCETNO STANJE'. Na pitanje da 1i zelite promenu
konstanti odgovoriti odricno. Dalji koraci su analogni definisanju konstanti.

Definisanje ciljnog stanja koje zapocinjete pritiskom na dugme 'DEFINISI CILJNC STANJE' je analogno definiciji konstanti.
Predikat je u formi [-]IDENTIFIKATOR[(PARAMETAR, PARRMETAR, ...)], gde su negacija(koristi se samo pri definisanju preduslova
operatora) i parametri opcioni, a identifikator i parametri su kombinacija malih i velikih slova abecede, brojeva i znaka' _'.
Definisanje operatora se zapocinje pritiskom na dugme 'DEFINISI OPERATOR(E)'. Nakon toga se pojavljuje sledeci prozor:

Definisarje operatara \EI
Dot (o) [ )
Unesite predusloy o

Unesits uklananje

Unesite: dodavarde

Ukoliko zelite da promenite definiciju nekog od vec postojecih operatora to postizete pritiskom na dugme 'Izmeni'.
Ukoliko zelite da zavrsite sa definisanjem neke od osobina operatora (PREDUSLOVI, UKLONI ili DODAJ) pritisnite dugme 'Gotovo'.

Ukoliko zelite da zapocnete definisanje potpunoc novog skupa operatora pritisnite dugme 'Novi operatori'.

Nova simulacija se bira pritiskom na ikonicu 'Nova simulacija' -

Objasnjenja svakog koraka simulacije mozete pratiti u prozoru koji se otvara pritiskom na ikonicu 'Cbjasnjenja' - [J
Jedan primer STRIPS algoritma mozete pogledati pritiskom na ikonicu 'Primer' - @
Ukoliko vam je potrebna pomoc u vezi algoritma ili simulatora pritisnite ikonicu 'Pomoc' - @

Cauka 26 — IIpumep nmoMohHOr MeHHja ca ONIMCOM je/IHe 0] cUMYJIaluja
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Ha Texcryanmnom npuka3y pemiaBama 3acHoBanu cy anroputmu GPS u STRIPS. Bbuxos niuss
j€ Ja MOoKaXXy Ha4MH Jla C€ Kpeupa CHCTeM Koju Ou Ouo crmocobaH 3a pelmaBame mpodiieMa, ma ce
OBHW aJITOPUTMU IIPHUKA3yjy Ha YBOJHHM YacoBuMa U3 npeamera MHtenurenTHH cuctemu. STRIPS
aJITOpPUTaM, OCHM TEKCTYaJTHOT INpHKa3a M3BPIIABaka aJrOpUTMa MOXKE MPHKA3aTH U aHUMAIH]y
KpO3 MpUMep ca cBeToM OJ0koBa. [{nsb aHnMaruje je 1a ce mokaxe paj alropuTMa Tako mro Tpeda
OJIOKOBE M3 TOYETHOT CTama, JOBECTH y IMJBHO CTamke KOpHUIIhemeM J03BOJBEHHMX OIeparopa.
KopucHuk y cBakoM TpEeHYTKY CHMYJalldje BUIU MPOMEHY KOja C€ M3BpIIWIA U KOju je cienehu
KOpaK ajJropuTMa, WiH CBH MOryhu Kopally, OJJHOCHO CTama y KOoja CHMYJaluja Moxe na npehe.
[Tpumep TexctyanHor npukaza SAIL cumynanuje nat je Ha caunu 27. Takohe, TEKCTyanHH MpUKa3
ca MamUM IpadUUKUM MPUKA30M KapaKTEpHIEe CBE CUMYJIAIH]e 32 PaJ] y HEU3BECHOM OKPYKEHY -
PacIUIMHYTY JIOTHKY, (akTop u3BecHOCTH M TMS. dopmaiHa JIorMKa MPBOT peia peain30BaHa je

HUCKJbYUUBO TCKCTYAJIHUM ITPHUKA30M.

Simulator Simulscii
BB esH S »

Nova relursge: 1

Prikas stanja
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Canka 27 — U3BpmaBame npuMepa kopuithewem GPS anropurma

Hajehu 6poj peanuzoBaHuX anropuTamMa KOpUCTU rpadoBe. AJNTOPUTMHU MPETPaKUBamba
KOju cy mpencTaBibeHn y cucremy SAIL mMmajy 3a nuse na Hah)y myTamy 0l IOYETHOT 0 IMJBHOT
yBopa y rpady. Pamu Oosper mpahema cumynanuje cucTeM HpHKasyje cTabiio HpeTpakuBamba.

Onpehern anropuTMH HpeTpaxkuBama KOPHCTE XeypUCTHUKY (yHKIHjY, a y SAIL je peanusoBan
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INPUHIUI JUHAMUYKOT TPOTrpaMupama, KOjU y KOMOMHAIMjH ca pPealn30BaHUM aITrOPUTMHUMA

Hajyenrhe U3BpIaBa AITOPUTAM Y Mamke Kopaka u aaje 0oJbe meppopmaHce mperpare.

Lprame rpada je BpJIO jeTHOCTAaBHO M UHTYUTHBHO. [ToTpeOHO je HanpTaTh YBOPOBE, 3aTUM
YBOPOBE IOBE3aTH Be3aMa M O3HAYUTH KOJU j& MOYETHH U KOjU je IuJbHHM 4Bop. Iloctoje Tpm
pexumMa paia 3a Lprame rpadoBa: axypupame Trpada, oxBarame onapeheHor uyBopa u
tpancopmanuja rpada. Kaga ce rpad axypupa, KIMKOM MHUIIA HA YBOP MOKEMO MPOMEHUTH HMe
YBOpa M JOJCIIUTH XEYPUCTUYKY BPEJIHOCT TOM YBOPY. YKIamameM 4YBOpa OpHINY ce M CBE Be3e
u3Mely Tor uBopa M Japyrux 4yBopoBa rpada. Besa ce cTBapa Tako IITO c€ HAKOH KJIMKA MHIIA
Kypcop MHUIIIa TIpeByYe O] jeTHOT YBOpa MpeMa JPyroM 4Bopy. 3a cBaky Be3y m3mely aBa uBopa
MOXe ce jgojaenuTH IieHa (eHr. path cost) m ommmoHO ce Moke W3abpaTé yCMEpeHOCT (CHT.
directionality). [Ipyru pexum pajia je omadbup uBopa. Y 0BOM PSKHUMY Kajia Ce 4BOP 0fabepe MOKe
Ja ce moMepa y Iuiby Jo0Oujama 0oJber BH3yeNHOT u3riena rpada. Omiuja BU3YEIHOT MpUKa3a
rpada MOXe M ayTOMAaTCKH Jla Ce peapaHkupa y OKBUpPY Npo3opa y KoMe ce INpHkasyje rpad.
[Tpuka3 uprama rpada oj cTpaHe KOPUCHHKA M aXXypHpame BPEIHOCTH YBOPA, OJHOCHO HErOBOT

HMCHA U XCYPUCTUYIKE BPCAHOCTH, AATO je Ha CJIMIIH 28.

@'”Pj'r_‘_®\‘~—4.o.._-—~®

N ~
Ay ~
S e
ey hS
\ Ay
\ Ay
\ ®
©. ,
- ~ 'Ir
| £ Cvor: C X ~ /
e
Heuristicka vrednost: | 10 u’b r'?
\ /
me Cvora: |C N !
A /
OK AN
s
; A
7 \
£ \
» )

Mod misa
+ _ EDITING - Preuredi

oK Odustani

Cauka 28 — KopucHMYKH eKpaH 3a npTame rpada
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AnroputMmu Teopuje urapa Hajuernrhe ce mpelcTaBibajy MOTE3HHM Hrpama, Koje ce cacToje
Ol TpocTopa Mpobiema, MOYETHOT CTama M LUJBHOI CTama. UBOpPOBM cTabiia TNpencTaBibajy
MO3HIIM]€ Y UTPH, a TPaHe MPEACTaBbajy MOTyhe moTe3e KOju IPEBOJIC UTPY U3 JETHOT CTamha UIPe y
npyro. Kopen crabna yBek 03HauaBa IMOYETHO CTamkbe, a JMCTOBH O3HAUABAjy TEPMHHAIHA CTamkha —
nobeny, HepelleH ucxo I win mopas. Y cucremy SAIL peann3oBane cy urpe Mame KOMIUICKCHOCTH,
urpa X-O (ukc-okc) u urpa Nine man morris, ga 6u KOPUCHHUIM CUCTEMa MOTJIM JIAKIIIE J1a PasyMe]jy
anropuram Minimax u anroputam Minimax ca anda-6era oxcerameM. Ha cammm 29 nar je npukas

urpe X-O u jeqHor aena crabna urpe y MOOMITHO] Bep3uju cucteMa SAIL.

O
X X[O

Cauka 29 — Ctadi0o urpe X-O y okBUpY MoOWIHe anuiukanuje SAIL

Y cucremy SAIL wummieMeHTHpaHa Cy YETHPH alropuTMa Koja ce KOpHCTe TpH
3aKJbyunBamwy y Joruiu mnpBor pema: CNF amroputam u Tpu anroputma pesonyuuje. OBu
AITOPUTMHU MPUIIAAAJy TPYIU AITOpUTaMa y KOjUMa je BakKaH TEKCTyaJIHM NpHKa3, OCeOHO 300r

cnenuduaHux cuMOoIia MaTeMaTuuke Jioruke. [IpBu kKopak y oBoj cumynanuju je na popmyna oyme

tpanchopmucana y CNF ob6muk. Ilogpxanu cy cnenehu cum6omm: AND,OR, NOT,(,),=,V, 3.

Kama ce mocturne knaysanHa ¢gopma, 1oOvjeHe YMELEHHUIIE TTOCTAjy yJa3HU MoAalu 3a ojapeheHu

aJITOpUTaM pe30JIylinje KOjU ce MOXKE M3BPIIUTH y CUMYJIALUjU: aIrOPUTaM ca CTPATETHjoM CKyma
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MOJIPIIKE, AJITOPUTAM Ca CTPATETHjOM MPBEHCTBA jEAMHMIIA W AJTOPUTAM Ca CTpAaTeTrHjoM u30opa
CTaBoBa 1o mmpuHU. [IpumMep anropurMa pe3onyiuje, ca CTparerujoM n3dopa cTaBoBa Mo MIUPUHU,

KOjH c€ MpuKa3yje y MOOMITHO] Bep3uju cuctema SAIL npuka3zan je Ha cium 30.

Izbor stavova po Sirini

l l . l . . Objaénjenje koraka 7: Objcénjenje koraka 12:
2,i4, (w=mu=a )---->16 6.19. (v=d a=v )---->21

Cimuka 30 — [Ipumep ajropurma pe3oJiyiuje

HedopmanHo 3Hame je y cuctemy SAIL peann3zoBaHO ceMaHTHUKMM MpeXaMma U OKBHpUMa U
KOPUCTH TrpauuKy Mpe3eHTaln]y CIMYHY Kao KOJ ajlropurama MnperpakuBama. KopucHuk kana
neuHUIIE CEMaHTUUKY MPEXY YHOCH 00jeKkTe W penanuje u3mely mux, IMTO ce MOXKe BUICTH Ha
cmiu 31. O0jekTH cy TpHKa3aHU TOMOhy YBOpOBa y OOJNHMKY Kpyra WJIM INPaBOYraoHWKA, a
penaiuje Kao ycMepeHe JMHHje ca cTpeauiama. YBop Koju mpejcTaBiba cneuuduyad npumep
Kjlace HasuBa ce MHcTaHna. Op penanuja peanusoBaHe cy IS_A, koja ce KOpPUCTH Ja O3HA4u
MIPHUIIATHOCT HEKOT ejieMeHTa kiacu eneMmeHata, © PART_OF, koja ce kopucTH Ja O3Ha4H Ja je
HEKH eJIEMEHT JIe0 HEKOT IPYTOT eIeMEeHTa. 3a pa3lIuKy O/ CEMAaHTUIKHX MpeXKa, KOJI OKBUPA CBAKU
YBOp MMa CBOje arpulyTe M BpPEAHOCTH aTpulyTa, ma cy HpuiIMKoM u30opa onpeheHor uBopa

IIpUKa3aHu CBU anI/I6YTI/I W BpCAHOCTH JAaTOT YBOpaA.
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Simulatar Simulseija
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Cauka 31 — KopucHuuku unTepdejc cumyanuje ceMAaHTHUYKUX Mpeska

[TpoaykimoHn cucteMu cy 300T CBOj€ Y3POYHO-TIOCICIUYHE CTPYKTYpe Hajuelmhu BUJI
npeacraBjbalba 3HAKA KOJA HHTCIWICHTHUX CHUCTEMA. HpI/IJII/IKOM I[C(l)I/IHI/IcaH:a IMPOAYKIIMOHOT
CUCTEMa, KOPUCHUK Tpeba na nedUuHHIe caapikaj paJHe MEMOpHUjEe U MPOAYKIIMOHE MEMOpH]E, a
3aTUM Ja ojabepe MHTEpIpeTep KOju CIPOBOAU OAroBapajyhu ajaropuraM 3akjbydyuBama. Y OBOM
CUCTEMY YHI-EHHIIE Cy MpeICTaB/beHe Kao ypeheHa Tpojka Koja ce cacToju oA HACHTU(UKATOpa,
aTpulyTa U BPEAHOCTH, KOjU OMHCYjy HEKO CBOjcTBO. Kajga KOpPHCHUK yHece MOYETHU CaapxKaj
cuMyIiaiuje, oH Tpeba /1a ogabepe jean o1 alropuTaMa 3akJbyunBama: JUPEKTHUM YIaHYABAHEM,
MOBPATHUM YyJlaHYaBabeM, XUOpUIHUM yilaHuaBaweM uiau Pere anroputam. Tokom cumynanuje
MOJKE€ Ce JIECHTH CUTYyallija Jia Cy CBH YCIOBHU €JIEMEHTH IMpaBUJa 33J0BOJbEHU 32 HEKO MPABUJIO,
Ma ce y TOM cllydajy KOPUCTE alrOpUTMH MPHOPUTH3UpPAma, Kako OW ce permia pe3oiyluja
KOH(UIMKTAa HaJa JaTUM KOHQIMKTHUM CKynoMm. JIOCTYNHH anropuTMHU Cy: pe3oiylidja Tio
MIPUOPUTETY, PE30JIyIIHja MO KOMIUIEKCHOCTH, PE30JyIHja IO CHeNUu(PUIHOCTH, PEe30aylrja To
penocieny yduTaBama U pe3oiyllfja 1Mo BpeMeHy okujama. CBakd O]l OBHX alrophTama Jaje

Pa3InIUTy CCKBCHIY TOKOM CI/IMYJ'IaI_II/Ije 1 YTUYC Ha KOHAYHU pC3YyJITaT.

Paxg y HeusBecHOM OKpyXemy IpelncTaBibeH je y cuctemy SAIL xopumhemem Tpu
cumynanuje: (pakTopoM H3BECHOCTH, CHUCTEMOM 3a OJIp)KaBakbe€ HCTUHUTOCTH M PAaCILUIUHYTOM

JIOTUKOM.
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VY cumynanmju anroputMa ca (pakTopoM H3BECHOCTH TOCTOJU BEIUKH Opoj (opmyna u
mpopadyHa Koje OM KOPHUCHUK CHCTEMa BpJIO TEIIKO CaBlaJa0 W H3padyHao Oe3 Kopumihema
copTBepa. KopucHuk na 6u 100M0 pe3ynraT U BUJEO KOpake M3BpIIaBama OBOT aITOPUTMa, MOpa
yYHyTap cHcTeMa Ja JeQHHHUINE IpaBWiIa, ONMaXamka W 3aKJbydKe, MPEKO TEKCTYaJHHX MOJba.
[Tomohy daxTopa M3BECHOCTH ce KBaHTHU(HUKYje CTEIEeH MOBEpema y HEKH 3akibydak. [IpaBuia
uMajy cBOjy mpeaeduHuCaHy IpaMaTHKy M y HHXOBOM Je(pHHHCAY CE KOPUCTE pe3epBHCaHE

peun: IF, AND, OR, THEN.

CBako omaxame UMa CBOjy Mepy noBepema. [IpuimkoM nokperama cUMyJIanuje, yKOJIUKO
MMa BHIIIE 3aKJby4yaKa, KOPUCHHUK CHCTEMa MOXKe 0a0paTH OHaj 3aKJby4aK KOjH JKeJIU Ja pa3MaTpa.
Cumynanuja ce W3BpIIaBa KOpPAaK IO KOpaK, a KOPUCHUK CHUCTEMa y CBaKOM TPEHYTKY BHIHU
dbopMyIe Koje ce KOpUCTe U MpopadyH Koju je nobujeH. Ha ciunum 32 mpukaszaH je jenan mpumep

CHMYyJIalfje ca Koja MpUMEbYje aJITOPUTaM Cca pauyyHameM (pakTopa U3BECHOCTH.

PRAVIL OPAZANJA

ZAKLJUCAK

DEFINISI PRAVILA DEFINIS| OPAZANJA DEFINISI ZAKLJUCAK

Canka 32 — KopucHu4ku uHTepdejc cumyianuje ca pakTropoM M3BeCHOCTH

TMS npencraBba MexaHH3aM dYyBama WH(OpMAIHja O 3aBHCHOCTUMA W O TPEIIO3HABAKY
HEKOH3UCTEHTHOCTH. [Ipe moueTka cumymaije, HEONMXonHO je neduHucatu 0azy 3HaWma, YUy
koH3ucteHtHocT he TMS oapxkaBatu. Kaga xopucHuk neduHuine cBa mpaBuia y CUCTEMY, MOXE
npehu Ha HHUIIUpake MpOMEHe CTamba HeKor mpaBuwia. Kana gohe 1o mpomeHe mpaBuia, 10Ja3u 10

akTHUBUpama TMS anropuTma, KOju BPIIU OJp)KaBamke KOH3UCTEHTHOCTH 0Oa3ze. CBakW KOpak TOT
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aJIrOpUTMa MpHUKazyje ce KOpucHUKY. [0 3aBpiieTKy cumynanuje, KOpUCHUK MOXKe Ja peaehuHHIIe
wim obpuiie mocrojehe nMpaBuiIo U MOHOBO MOKPEHE M3BpILIaBambe anropurMa (ciauka 33).

Simulator Simulacija

BEE e E uae

STANJE SISTEMA ZA ODRZAVANJE ISTINITOST! KONTROLNI PANEL
[
I 005 FARA 23 ODMOR sL0 01
DEFINISI PRAVILO
B ™ IDE HAMORE 54 RODITELIMA 15L0 01
. T (5.0 01 REDEFINISI PRAVILO
e 1ol
OBRISI PRAVILO
B N IDE U BaNIU Lo )
L IN WODITI DEVOUKU 18L{2,5) (4)]
@ N IZNAJITI SOBU Z4 DVOJE [SL(6) 01 BROJ PRAVILA U SISTEMU - 10
[ <P KREMU ZA SUNCANJE 8L 01 BROJ VALIDHIH PRAVILA : 4
| TR [5L(6) 2. 3] BROJ NEVALIDNIH PRAVILA - 6
N o0 CRUGOVE 1sL4) @] SIMULACLIA AKTIVNA . NE
KORAK SIMULACIJE = N/A
BAZA KONZISTENTNA = DA

TMS info

risnika 37. po

11 0UT kentradikcita [ SL () (6) 1

Cimka 33 — CucreM 3a o/1p;kaBambe HCTHHUTOCTH €2 KOHTPOJIHUM NaHEJIOM 32 YHOC
napamerapa cumyJianmje

ANTOpUTMH 32/I0BOJBEHHA OTPaHUYCHA PEATH30BaHU Cy Y okBUpY cumynanuje CSP momohy
npobnema Oojewma Mama, H-kpamsuma um Cynoky, y padyHapCKOj BEp3WjU CHCTeMa, W Tomohy
npobieMa yKpIITeHuIle, y MoouiHoj Bepauju cucrema. CSP ce cacToju o mpoMeHJbUBHX, TOMEHA
BPEIHOCTH KOj€ T€ MPOMEHJbHBE MOTY JJOOMTH U OrpaHHuYEeHa Koja ce Mopajy UCITyHUTH. [Ipuinkom
pelaBama OBUX IpoOJeMa y HallleM CUCTEMY j€ NMPUMEHEH aJITOPUTaM IpeTpare yHas3al, OJHOCHO
jelaH o]l HauMHa MpeTpa)kuBama Mo 1yOuHu. J[Ba HaunHa nmoOoJblIama MpeTpare Koju cy Takohe
umIuieMeHTHpanu y okBupy SAIL cy nposepa ynampen (enr. forward checking) u koH3ucTeHTHOCT

nyka (eHr. arc consistency).

Ox MHAYKIIMOHKUX anropuTtama peaiau3oBat je 1D3 anropuram. Panx anroputMma ce mpukasyje
rpaduuky y Buay (GopMHpaHOT cTabja OTydyHMBamka U TEKCTYaTHOT MPHKa3a CBUX HM3padyHATHX
BpenHoctu. KopuchHumuma cucremMa cy omoryheHa JBa HauyWHA YyHOCA YJlIa3HUX TOJaTaka:
KpeupameM Tabele ca yla3HUM MOAalMMa, JUPEKTHO U3 CHCTEMa MyTeM KOHTPOIHUX AyrMaau, U
YHOCOM I0ofiaTaka U3 TeKCTyanHe naToreke. OBaj €0 cucTeMa je HaKHaJHO HajaorpaheH u Ipyrum

HaHpe)IHI/IjI/IM TEXHUKaMa MAallIMHCKOT Y4€Hha, OJJHOCHO TEXHUKaMa MAallIMHCKOT' YUYC€HA.

91



Cogmeepcku cucmem 3a yyerbe U NpUMeHy AleOpumama seuimaixe UunmenuceHyuje

SAIL omoryhaBa ¢opmupame mnpousBosbHe bajecoBe Mpexe M JAEMOHCTpHUpa MpOIEC
3aKJbYUMBaba U OJUTyYHBakha y OKBUPY Te MpeXke. 32 CBaKH 0J1 YBOpOBa rpada MOpamMo OAPEAUTH
HETOB JIOMEH, OJIHOCHO CKyln MOryhux cTama y KOjuMa C€ CIIy4ajHO NPOMEHJbHMBA KOjy YBOP
npeAcTaB/ba Moke Hahu. Moryha crama Mopajy Outu MehyycoOHO HCKJbyYMBa M MOpajy Jna
o0yxBaTe cBe MOTryhe BpeHOCTH Yy KOjUMa ce CIy4ajHO MpOMeHJbUBa MOke Hahu. HakoH yBohema
hBopoBa, Tpeba ¢dopmupaT U Be3e, YKOIUMKO jedaH 4YBOp Y3pOKYyje JMAPYrd, TAE CTpENnla
npejcTaBiba cMep 3aBHCHOCTU. Kanma je mpexa (opmupana, moTpeOHO je J1a KOPUCHHK CHUCTeMa
kBaHTH(HKYyje Be3e u3Mel)y moBe3aHuWx 4YBOpOBa, crnelUUIMpPakEM YCIOBHHX BepoBaTHoha 3a
cBaky Be3y usmely mapa uBopoBa. OBuM ce popmupajy Tabene yCcIOBHHX BepoBaTHOha 4BOpOBa.
Hakon mro je mpexa ¢opmupana u Tabene BepoBaTHoha 3a CBaKM O] YBOpOBa JeQHUHHCAHE,

mpenasu ce Ha pacyhuBame.
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6.IIPUMEHA CO®TBEPCKOI' CHCTEMA

Y oBOM mornaBiby omucaHa je mnpumeHa codreepckor cucrtema SAIL y HactaBu, Kpo3
peanu3oBaHe 1aboOpaTOpHjcKe BEXOE, MPUMEpPEe 3a CaMOCTAIHO Yy4ewe M MoryhHocT yBohema

€JIEKTPOHCKOT MCIIUTA, U IPUMEHA CHCTEMa Y IpYTuM o0JacTuma.

6.1. IlpumeHa y HACTaABH

Hacraa Ha npenmery VHTeNMUreHTHH crcTeMH U3BOU ce Kpo3 10 neknuja y 15 HacTaBHUX
HeJesba, 0/1 KOjux ce 14 Heaesba U3BOIM HACTaBa, a jeIHA Hejlesba je pe/iBil)eHa 3a KOJIOKBH]yM Ha
MIOJIOBUHU CeMecTpa. ¥ TOKY CeMEecCTpa MOCTOjU U IIECT JIaOopaTOpPHjCKUX BEXOH, Koje ce ApKE Y
TOKY CEMeCTpa, HAaKOH 3aBpIleTKa OApeheHMX Tema Ha yYacoBHMMa IpElaBama. 3a CBAKY TeMy
peanu3oBaHa je ojromapajyha maboparopujcka BexOa y cuctemy SAIL. Pax y maboparopuju je
MOKAa3HOT KapaKTepa U He olemyje ce, Beh mMa 3a Wb Ja CTyJAeHTH 00Jbe caBliajajy TpaauBo.
Pacniopen Tema no HeaesbaMa M TEPMUHKMA Y KOjUMa CTYJEHTH pajie y JlabopaTopHju, IprKas3aH je

y Tabenu 5.
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TABEJIA 5
ITPOI'PAM ITPEJJMETA MHTEJIMTEHTHUA CUCTEMU

Paana Jlexun . Bpoj HUma
. HacuioB nexuuje
HeJe/ba ja ajaropuramMa  J1a6.Bexkdy
VYBox y BEWITauKy HHTEIMICHLH]Y.
H1 1
Heundopmucano nperpaxkupase.
J1
Xeypuctudke ¢byHKIHjE u
H2 7 +
HHOOPMHCAHO MPETPAKUBAHE.
H3 VYBoz y Teopujy urapa.
2 2
H4 AJITOpUTMH TEOpHje Urapa. +
H5 ®dopmaiHa JIOTuKa.
JI3 4
H6 dopmaiHa JIoruKa. +
H7 JI4 CeMaHTHYKe MpeXkKe U OKBHUPH. 2
HS8 KOJL. KonokBujym Ha CpeiiHI ceMecTpa. /
1o 5 IlponykumoHH W aHAJIUTHYKA 4 +
CHCTEMH.
H10 Ji6 Paj y HeM3BECHOM OKpYXKEHbY. 2
H11 a7 ®azy noruka. 1
H12 JI8 Crpareruje penraBaiba npobiaema. 5 +
H13 JI9 bajecoBe Mpexe. 1
Hl4 OCHOBH MaIlIMHCKOT y4ema.
JI10 WHIYKIMOHM alrOpUTMHU. 1
H15 Cra0na o/uty4nBama. +

Jecenoa: H - nedema, JI - nexyuja, KOJI - konoxgujym

6.2. Peann3oBaHe jjabopaTopujcke Be:kOe U MPUMEPH 32 CAMOCTAIHO YYeHe
Pauynapcka Bepsmja SAIL peanmn3oBaHa je 3a TNpUKa3WBamke OCHOBHUX alropurama Ha
ayIMTOPHUM BekOama U oJipaBame JabopaTopujckux BexOu. OBa Bep3uja codTBepa MOXKE ce
KOPUCTHTH M 3a CaMOCTaJHO yuyeme. CaMOCTaIHO yueHme ce MOXe MPUMEHUTH M Ha MOOWIHHUM
ypehajuma u Taj BUJ yuema HA3UBAMO jOII M MOOWIHHM yYewmeM. Y OBOM TMOrNaBiby Ouhe
MpuKa3aHa 1o jeaHa JlabopaTtoprjcka BexOa, nmpeasul)eHa 3a pauyHapcKy Bep3ujy codTBepa, jean
MIpUMEp 3a CaMOCTAIHO y4ermhe Ha MOOMIIHO] Bep3uju codrBepa m MoryhHocT aa ce SAIL mpumenn
KOJI €JICKTPOHCKUX HMCIUTA, TPAHCPOPMAIMjOM AOCAJAIIBUX TPAIUIMOHATHUX UCIHUTA HA MANHpy

y UCITUT KOjU C€ pajid Ha padyHapy.
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6.2.1. Jlabopamopujcka gexcoa u3 popmanne nozuke
Y oxBupy nabopaTopujcke BexOe u3 ¢GopMaliHe JIOTHMKE CTYJICHTH Tpeba Ja caBiaaajy

anroputMme pesonyuyje. Jlat je 3aparaxk ,,[lopoanunu ogHocu®, ca cnenehum TBpamama:

1) Axo je ocoba A 6pat ocobe B u ocoba b 6pat ocobe B, onza je ocoda A 6pat u ocode b

wii cy A u b ucra oco0a.

2) Axo je ocoba A MyIIKOT I10JIa ¥ KMa UCTY MajKy Kao u ocoba b, onza je A 6pat ocode b

u ca A u b ucra oco0a.
3) Mapuja je majka Musiana u AHe.
4) MwunaH je MyIIKO.
5) JoBaH je AuuH Opar.
6) Munan 1 JoBaH HHCY HcTa 0co0a.
7) Munan u AHa HECY UCTa 0c00a.
Crparerujom pe3oiyiyje moTpedHo je J0Ka3aTh Wil MOOUTH TBPAKY 1a je Munan JoBaHOB Opar.

Hakon mto ce mokpeHe HEKH ajiropuraM pe3oiyluje, CTyIeHT kpo3 cuctem SAIL Bpmum
yHOC unmbeHuna. Moryhe je yneru NJIN, Heranujy, OTBOpeHy WM 3aTBOPEHY 3arpajy, Mpeaukar,

MIPOMEHJBHUBY MJIM KOHKpETaH aTprOyT, Kao MITO je MPUKa3aHo Ha CIUIH 34.

= - a X

INPUT OF FACTS FOR THE RESOLUTION STRATEGY

Enter variable

Enter specific attribute

Il

e

Brother(

Cauxka 34 — [Ipumep yHOCA YHILEHUIIA Y CUMYJIAIUjy KO/ aJITOPUTAMA pe30ayluje
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VY 0BOM 3a1aTKy CTYJEHT IpBO Tpeda Ja MpeACTaBU YHI-CHULE NMPEAUKATCKUM (popMynama
Ha cnenehu HauMH: cBa TBphewma ocuM TBphema 1) u 2) ce Beh Hanase y kinay3aiHoj Gopmu, IOLITO
ce paau o nuTepanuMa; TBphema 1) u 2) moBoje ce y kiay3aiaHy GopMy yKiIambamkbeM UMIUTHKAIN]E
u npumeHoM Jle MopraHoBHX 3akOHa y3 MPEMMEHOBAE NMPOMEHJBHBHX Apyre Gopmyne panu
jennosznauHoctu. [IperxoguuM TBpAmaMa nomaheMo M Heramujy NpeTnocTaBke Aa je MuuaH
JoBaHOB Opar, 1a GUCMO TPAXKUJIM MPOTUBPEUHOCT MPUMEY]jyhu mpaBuiio pezonynuje. YnmeHnie
HAaKOH IITO C€ YHECY Y CHUCTEM IIpHKa3aHe Cy Ha ciauny 35. Y JIeBOM Jiesly Ipo30pa Hajlase ce CBe
YUILCHUIE, @ Y JECHOM Jely HOBOJOOWjeHE YMILCHUIIE, OJHOCHO CTABOBH KOjH Cy YHAapeHH, Y3

onropapajyhe yaudukammje. Y n0meM ey mpo3opa mprukaszyjy ce 00jammena.

LEEE ke | T

Facts Gelling new facts

. =Brother(x,z)v -Brother(y,z)v Brother(x y)v SamePerson(xy)

. aMale{u)v -Mother(w,u)v ~Mother{iw v)v Brother{u v)w SamePersoniu v}
. Mother(Marija,Milan})

. Mother(Marija,Ana)

. Male(Milan)

. Brother{Jovan, Ana)

~SamePerson{Milan, Jovan)

.SamePerson(Milan,Ana)

. =Brother(Milan,Jovan)

WO N e LD D

Detailed explanation of the solution;
LInit preference strategy

Those altitudes with the smallest number of members are always chosen for merging.
Canka 35 — KopucHu4KY HHTep(ejc HAKOH YHOCA YHIHLEHUIIA Y CUMYJIAIUjH aJIropuTama
pe3oJaynmuje
Opn anroputama pe3oiylidje pealii30BaHe Cy UMIUIEMEHTAIMje Ha TPH HaUWHA: CTPATEeTHjOM
CKyTa MOPIIKE, CTPATETHjOM MIPBEHCTBA JeAMHUIIA M CTPATETHjOM M300pa CTaBOBa 1Mo mupuHU. Ha
cmnu 36 TpUKa3aHo je KOHAYHO pelierkhe Koje CTYASHT M00uja, HAKOH JeceT Kopaka CUMyJaIuje,
YKOJIMKO je oa0pao cTpaTerujy u3bopa 1o MmMUpHHU. Y TOj CTpaTeruju rnpeo he ce pazmMarpaTu cBe

Moryhe koMOMHaIje noctojehux YnmbeHuIa, Ipe Hero MITO ce yrnape HOBO0OH]jeHe YH-CHHULIE.
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|£:] SAIL - The resolution algorithm

Simulator Simulation

Facts Gelting new facts

1. ~Brother(x z)v ~Brother(y z)v Brother(x y)v SamePerson(x,y) 3.0 2. {w=Marija u=Milan }—=10
2. =Male(u)v-Mother(w u)v-Mother{w v)v Brother{u v)v SamePerzsonfuv) 4110 (v=Ana }—=11

3. Mother(Marija Milan) 511 p—=12

4 Mother{Marija, Ana) 6.i1. (x=Jovan z=Ana }—=13
5. Male(Milan) 7.i1. (x=Milan y=Jovan }—=14
G. Brother(Jovan,Ana) 2112 ()—=15

7. "S3amePerson(Milan,Jovan) 9.i14.( }—=16

8. "SamePerson(Milan,Ana) 15,1 13, (y=Milan }—=17

9. =Brother(Milan,Jovan) 16.1 6. (z=Ana }—=18

10. ~Male(Milan)v ~Mother(Marija,v)v Brother(Milan v)v SamePerson{Milan,v) 18,1158, ( }—=19

11. =Male{Milan)v Brother(Milan Ana)v SamePerson(Milan Ana)
12. Brother(Milan Ana)v SamePerson{Milan Ana)

13. ~Brother(y Ana)v Brother{Jovan,y)v SamePerson(Jovan y)
14 ~Brother{Milan z)v -Brother{Jovan,zyv Brother(Milan,Jovan)
15. Brother{Milan,Ana)

16. ~Brother{Milan,z)v -Brother{Jovan,z)

17. Brother(Jovan, Milan)v SamePerson(Jovan,Milan)

18 =RrotherMilan Anal

Detailed explanation of the solution:
Unit preference strategy

Those altitudes with the smallest number of members are always chosen for merging.

Cauka 36 — [Ipumep KOPUCHMYKOI €KPAHA HAKOH U3BPIIABAaA AJTOPUTMA pe30Jynuje
kopuithewem cTpaTeruje u3dopa no MUPUHU

Hakon 3aBpmieHe cumynainuje oppeheHor anroputma, CTyJeHT WMa MoOryhHoOCT 1a
TeHEpPHUIIIEe U3BEIITAj ca JeTaJbHUM OMKUCOM perniema y Buay ekcrepHor PDF ¢ajna, koju omoryhasa
CTY/IEHTY Ja aHaJU3upa pellermhe MO 3aBpIIETKY 3ajaTka Ha J1abopaTopujckoj BexOu. CTyaeHTH
KOjU He ypaje jabopaTopujcKy BexOy, pelaBajy 3ajaTak Ha Kpajy BekOe Tako IITO mpare

CUMYJalHjy KOjy NMpuKa3yje IpeIMEeTH! aCUCTEHT U U3BPILABajy T€ KOPAKE Ha CBOM payyHapy.

6.2.2. Camocmanmno yuewe cmyoenama na moounnom ypehajy

MobGuiHo yueme (M-ydeme) MpelcTaBiba ca jelHe CTpaHe MOTIYHO HOBY (GOpMYy yuema Ha
TaJbHHY, CaMOCTATHOT yY€Hha M HOBO MPOIINPEHE e-yUeHha. YUemhe IpajiiBa U3 00JIACTH BEIITauKe
WHTEIUTEHINje Ha MaMeTHHM TelepoHnMa y3 momoh amara SAIL, Ouwhe memoHcTpmpaHO Ha
pUMepy ajlropuTama MpeTpaxuBama. JeaaH o/ Hajllo3HATHjuX MpobiieMa KO/l OBUX alropuTamMa je
HaJlaXewe myTame u3Mel)y rpazosa, 3a Koje ce 3Ha lieHa IMyTame (Iy)KMHa IyTa u3Mel)y rpaaosa) u
xeypuctuuka pyHkuuja. CTyqeHT MoXe Ja UcIpTa HOBU rpad wim na yuuta nocrojehu rpad us

TekctyanHor ¢ajna. Kama ce xenu yuutaBame rpada u3 TEKCTyaiaHOT ¢ajia, HEOMXOIHO je Ja
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takaB (ajn Oyme oapeheHe CTpykType, Ja OW mapcep Morao Ja W3BPIIM HCIPABHO OIEPAIH]y

YUTambA:
"  [I0YETHH YBOp y rpady: A 4 start
= yBop y rpady: D5
"  [MJBHU YBOD y rpady: J0end
* Be3a u3mely nBa uBopa: A-D-2

rae cy A, D u J nmena uBopoBa, BpeaHocTH 4, 5 u 0 cy BpEIHOCTH XEypuUCTHUYKE (YHKIIH]E,
a A-D-2 mpencraBmba Be3y usmely uBopoBa ca Bpennomhy mene. Cmep Bese Moxke OUTH

KopuinhemeM crpenuna ( <- win ->) ymecro nprue (-).

[use crynenta koju mokpehe oBaj 3amaTak 3a CaMOCTAIHO YYCHE HAa CBOM MOOWITHOM
ypehajy je ma pazyme Kopake airoputMa, OJHOCHO peaociie/l YBOpOBa KOju ce oOmiaze y cradimy,
Kao M PasJIor 3alliTo Cy Oaml T YBOPOBH oga0paHu. 3a pa3luKy O CHMYJIAlMje Ha padyHapy, I1e
ce HCIHUCYjy M KOMEHTapu, Ha MOOWIHOM ypehajy HeMa JOBOJBHO MeECTa 3a IPHUKA3 CBUX
KOMEHTapa, Ia ce MoJpasyMeBa Jia CTYACHT Oyae M00po YMo3HAT ca TEOPUjCKUM TpaJMBOM, Kana

paauv 3aJaTKC 3a CaMOCTAJIHO YYCHC.

Y 0BOM KOHKpPETHOM 33/1aTKy, CTyJIeHT he HayuuTH Kako Ja nponahe myTt usmehy rpagosa S
n G kopumthemem ozpelyeHor anropuT™a mperpaxkuBama. [IyTHa Mpexa je gara y KWIOMETpHMa, a
xeypuctuuka (pynkiuja (X®P) npenacraBiba Ba3AylIHO pacTojame oapeheHor rpama y oIHOCY Ha

uIbHU Tpaa G, Kao mTo je MpUKa3aHo Ha | 37.

City S A B C D E F

Distance 115 104 67 70 89 69 3.0
to city G

Canka 37 — IIpumep rpada myTHe Mpe:ke ca pactojamsuma usmel)y rpagosa (y km) n
Ba3yIIHUM pacTojambuma (Y KM, 1aTUM y Tadeau ucnoja rpada)
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Mertozne mo nyOuMHM M MO IIMPHHU, NpUKa3aHe Ha cauiu 38, He najy Hajkpahy moryhy
nyTamy u3Mehy rpamoBa. YKOJIHMKO ce KOPHCTH METo/1a o JyOHHH, peaocie; 00MIacka YBOpoBa je
cienehu: S, A, B, C, D, E, F, G. Ilponahena nyrama je ayxutne 22 KujioMeTapa U Mpojasu Kpo3
cinenehe uBopoBe: S-A-B-D-E-F-G. Ilpunukom ob0wiaxema 4YBOpOBa HMIUIEMEHTHpPAH —je

nekcukorpadcku nopenak. MeToaoM 1o MUpHHU nyTama je: S-D-E-F-G u nu3nocu 19 xunomerapa.

L < > > L < > >

Cauka 38 — CtadJia npeTpakuBama 3a CUMYJaldje aJITOPUTMAa 1o JYOMHHN M aJITOPUTMA M0
IAPHHHA

Crabno npeTpaxuBama KOpUIIhemeM anropuTMa IpaHamba U OrpaHuYaBama je CIMYHO Kao
cTabyio mpuwIMKOM obmiacka mo mupuHuA. OBaj METOM /1aje HAjONTHUMATHH]E peliewke, nyxuHe 17

KHJIOMeTapa, Koje mpojasu kpo3 cieaeche usopose: S-A-D-E-F-G, kao mTo je mpuka3zaHo Ha CIIHIH

39.
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L < > >

Cauka 39 — Ctab.10 npeTpaxuBama 3a CUMYJIalHjy aJITOPUTMA FPAHAKA U OTPAHMYABAKA

VY cnydajy anroputma rnperpare MeTo/10M IJIaHHHAPEHha KOPUCTHU Ce XEYPUCTHUKA (PyHKIH]ja
Jata y BUJly Ba3qylIHOI pactojama usmely rpagosa. Ca ciuke 40, BUIUMO J1a je y IPBOM KOPaKy
HAKOH MoYeTHOT yBopa S m3zadbpan uBop D, npe uBopa A, 3ato mro je XD 3a yBop D 8.9, a 3a uBop
A 10.4, ma rmegamo Mamy BpemHOCT (QyHKIHje mporieHe. CIUYHO je W y HapeIHUM Koparuma
obwiacka oBOr' crabiya, IJie ce JIOKAJHO 3a CBaku 4BOp rienajy X cBux ciendeHuka u Oupa
cien0eHuK ca HajMamoM BpenHouthy X®. Konauno nobujena nyrama oBe meroze je: S-D-E-F-G u

nyxuHe je 19 kunomerapa.

L < > »

Cauxka 40 - CTa6J10 npeTpakuBamba 3a CUMYJIAIKjY aJropuTMAa IJIAHMHAPEHha

AnroputaMm npBO HajOOJbU je CIAMYAH AITOPUTMY IIaHMHApema. JeluHa pas3iuka je IITO

OBaj METOJI IMpOHaJa3M HAjOOJPM YBOP TIJI00ATHOM IPETParoM CBUX OTKPUBEHHMX M jOLI YBEK
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HenoceheHNX YBOPOBa, Ma 3a Pa3NIMKy OJ AITOPUTMA IUTAHWHAPEHA OBaj aJITOPUTAM Jaje MCTO
pemiewe, mpu ToMe obunazehu MHoro mamu Opoj uBopoBa. JloOwjeHa myrama S-D-E-F-G je

nyxuHe 19 kunomerapa y3 camo 1iect oOuheHnx YBOpoBa, Kao 1ITO je MpuKa3zaHo Ha ciaunu 41.

L < > »

Camnka 41 - Ctab/10 npeTpakuBamba 3a CUMYJIALMjy aJIrOpUuTMa NPBO HAj0ObH
[Tyrama kojy mobujamo mMetomoMm A* nmaje Hajkpahy myramy nyxuHe 17 kuiomerapa, Kao
mro je mpukasaHo Ha ciunu 42. Kox oBe rpyme ainropuramMa peajM3OBaHO je W OMIIHOHO

Kopnmherbe JAUHAMHUYKOT IIpOorpaMupama.

< >

Cauka 42 - Ctada0 nperpakuBamba 3a cUMyJialnujy aaropurma A *
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6.2.3. Mozyhnocm ysohemwa enekmpounckoz ucnuma

KypceBu Ha MHOTMIM CBETCKMM YHHBEP3UTETHMa CBE BHIIIC KOPUCTE MpeaHOCTH MHTEpHeTa,
na ce cBe Behu Opoj jeknuja, MaTepujalia 3a y4eHmhe W €JIeKTPOHCKHX KEbWTa JaHac JUCTpuOyupa
KpO3 WHTEpHET aruihKaiuje, Koje Hajuemhe ykibydyjy u Qopyme 3a auckyroBame. Ca apyre
CTpaHe, UCIIUTUBAka M TECTHpama CTyACHATa HEUITO CIOpHje Ce MMIUIEMEHTHpajy Kao 3ace0He
WHTECPHET alUIMKallMje, jep Cy HACTAaBHUIIM IPE CBEra BHIIC OPUjEHTHCAHU Ka TPAJAUIMOHATHUM

HadYMHHUMa UCIIMTHBaka Yy BUAY TCCTOBA Ha IIAIIHUPY.

VY nocnenmsoj ASIEeHU]jH, KOl KypceBa Ha JJaJbUHY WM Kao JOJAaTHHU aJlaT 32 YHUBEP3UTETCKE
KypCeBe, HACTABHMIIM CBE BHIIEC TMOYHMIbY J1a KOPUCTE CHUCTEME 3a €JIeKTPOHCKO yuewe (LMS) y
BUCOKOM oOpaszoBamy. LMS Hyam MHOro Inakmie aIMHHUCTpHpame Kypca, IIOJACHUCTEME 3a
yIpaBjbambe caapikajeM M JOKYMEHTHMa, €Balyalldjy KOPHCHHUKA M HUXOBHX TECTOBA U BPJIO
nerajbHEe BpcTe M3Bemraja. [loctoju Benmku Opoj MO3UTHBHUX H3BeHITaja o Kopumhewmy LMS y
o0pa3oBamy, MoceOHO KO KypceBa ca BEJIMKHM OpojeM MpPEIMCIUTHUX M MCIHUTHUX o0aBe3a M ca
BenikuM Opojem crynenara [4] [8]. Hajmosnatuju cucremu 3a ydewe y oOpa3oBamy Cy:

Blackboard [81], Moodle [82], Desire2Learn Brightspace [83] u Canvas [84].

Moodle je majmonysiapuuju LMS oTBOpeHOr KOfa W KOPUCTH CE Yy Pa3IMYUTHM HHUBOUMA
o0Opa3oBama, 0]l CTpaHe YUCHHKa, CTyJieHaTa, HaCTaBHUKA U npodecopa, y Buiie ox 230 3emarba. Y
Cp6uju mpema 3BaHUYHKUM TojanuMa moctoju 298 perucrposanux Moodle miatdopmu 3a e-yderme
[85]. Kibyune npeanocti Moodle miatdopme cy no0pa opraHusaiiija Kypcesa, JJako yIpaBbamke 1
aucTpuOynpame MaTepHjaia, jeJHOCTaBHa KOMYHHKanuja usmely mpodecopa u cryaeHaTa Kpo3
dbopymMe 3a TUCKYCHjy W TOJPIIKA 32 €IEKTPOHCKO TecTHpame. MHOTH KypceBu Ha VHTepHETY U
00Opa30BHM MpPOTpPaMHU 3a YuYeHE Ha JaJbUHY Y MOTHYHOCTH KopucTte muatdopmy Moodle. vV
HEKOJIMKO HCTPaXKHMBamba MPEACTABILCHO je 3aJ0BOJECTBO KopucHuKa miardhopmom Moodle, y
OZIHOCY Ha KOMEpI[MjaiHa alTepHATHBHA pelleha U UCTAKHYTEe MPEAHOCTH Y Pa3Bojy Kypcesa [86]
[87]. KypceBu 3acHOBaHM Ha MpOrpamMHpamy W JAPYTUM HpeAMETHMa U3 00JacTH padyHapCTBa
Takol)e MOTy Ja UMajy HEKH OOJIMK TECTOBA Ha OBaKBMM IuTtaTdopmama 3a e-yuerse [88] [89] [90].
HoBuja uctpakuBama MpHkasyjy U 3Hauaj APYHITBEHUX Mpexka y 00pa3oBamy U HHXOBO aKTHBHO
Kopuinheme 3a qUCTpuOyHpame MaTepujaia 3a yueme, ymecto LMS u knacuyanx Be6 cajtosa [91].

['pyne Ha ApyIITBEHUM MpekaMa HUCY IpeBul)eHe 3a TECTUPAbE U UCIIUTUBAKE CTY IeHaTa.

[Tnarpopma 3a e-yueme Moodle ykpydena je y 18 mpeamera Ha EnekTpoTexHHUYKOM

dakyntery YHuBepsuteta y beorpany, 3a quctpulOyrpame HaCTaBHUX MaTepHjajia, KOMyHHKAIH]y
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ca CTYACHTHUMa M UCIHUTUBAIE CTYJCHATa KpPO3 TECTOBE 3a JIabopaTopujcKe BexkOe, KOJOKBHjyMe U
JeTI0BE MM Lielie eleKTpoHcke ucnute [92]. [IpumukoM IOTIYHOT YKJby4UBamka OBaKBe miardopme
y npeaMer, HajBehu mpoOiieM je Kako TECTOBE M HCHUTE Y TPAIUIIMOHAIHO] ManmupHoj hopmu
TpaHchopmucatu y einekTponcke ucnure. Ha Kareapu 3a pauyHapcky TeXHHKY W HH()OpPMATHKY
Enextporexnuukor ¢axynrera y beorpany peanusoBana je cTyadja U IpeisioskeHo je 12 HaumHa
TpaHcopManrje NMUTamka M 33jJaTaka ca TPATUIHMOHAIHUX HCIHTA Yy EJIEKTPOHCKE TECTOBE ca
kparkuMm nutambuMa [93]. Ctyauja je oOyxBaTwia YETHPH MPEIAMETa Ha OCHOBHHMM aKaJIeMCKHUM

CTyZHjama.

Kypc MHTETUreHTHH CHCTEMH MOTrao OM Ja ce HMHTerpuiie ca riarGopMoM 3a e-ydueme
Moodle tako mTO OM ce TecToBH y3 jabopaTropHjcke BexOe M3BpIIaBaiud Ha H0j. Jlok Tpaje
TeCTUpame, CTyACHT Ou y cuctemy SAIL mpatuo u3BpiiaBame cuMmynianuje oapeheHor anropurma.
Crynent 0u 3a neunucano Bpeme Tecta UMao oapeheHu Opoj muTama Ha Koja Tpeda 1a OAroBOpU
ca jeAHHMM TAa4YHUM OJATOBOPOM, Ca BHUIIC TAYHUX OJMOBOPA, Ca JIONYHABAKHEM OJIrOBOPA,
yIapyuBamkbEeM UM HEKOM JIPYTOM BPCTOM OAroBopa. KoJOKBUjyMH M HCIIUTH HA TANAPY OU ce TexXe
WHTETpUCaIH, 300T 3ajJaTaka y KOjuMa ce OICHYje M MOCTYIaK peliaBama ojapeleHor npodiaema.
Heku 3amanm O Morim ja ce TpaHC(OPMHIINY U ayTOMATCKH OLCHYjy OJ CTpaHe CHCTEeMa, ald
HEKH 3a7iad OM MOpaJd Jia OCTaHy ca JIEIMMUYHO MaHYeITHUM OllekhHBameM. Y Tabenu 6 mar je
nmpuMep TpaHcopMalije HEKOJIMKO 3a7aTaka TPaIUIIHOHATHOT UCIHUTA Y €JICKTPOHCKH WCITUT Ha

mwiargopmu 3a e-ydeme Moodle.

Jlpyru HauMH eJIEKTPOHCKOT MCIUTHBamba 0uo Ou yHampehewmeMm cucrema SAIL y3 nonatHu
MOJIyJl 3a HUCHUTHBaWkE M TECTHpame CTyleHaTa wid murpauujom cucrema SAIL y HoBHM BeO-
opujeHTHcanu cucteM. [Ipemror TakBe BeO miaTgopme 3a Mmoyarame TECTOBA 3HaMa, OICHHUBAE
CTyJIeHaTa ¥ aJJMUHUCTPUPAE TECTOBUMA, PEaJM30BaH j€ Kao MUJIOT MpojeKaT, au 0e3 oclamama

Ha CUMYyJIalMje airopuTaMa u OUII0 KOjU 10 MPOrpaMcKor koja u3 cuctema SAIL [94].
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TABEJIA 6

TIPUMEP TPAHC®OPMAIIMJE UCTIUTHOT 3AJIATKA V IIUTAA HA TUIAT®OPMU 3A E-VUEILE

TpagunuoHaHU
THII IHTaba

Moodle Tan muTama

IMpumep u3 nuiargopme Moodle

Kparak ogrosop,

‘VHeTH KoNuKa je IyKHHa IMyTame Koja ce 1oouja

1) VHOC BpeaHOCTH .
[HTAEE Ca JeIHUM TaYHHUM OATOBOPOM | QJITOPHTMOM ILIAHHHAPEH:A.
[urame ca jenuum wi Buie TadHux | Koja cemMaHTHYKa Mpexa ca CIIMKe OJroBapa J1aToM
) Crmka kKao ofroBop 9
OZIrOBOpA onwcy? 3a0KpyKHUTH | TauaH OAroBop.
Ta4qHO/HETauHO, Iopen cakor npasuia u3 onucador TMC cucrema
®3) Tabera Kao 0AroBop
ylapuBame Hanucary jaa Jii ce Hasmasu y IN mwin OUT cramy.
@) Kpartko Teopujcko Tayno/HeTauHo, Jla nu anroputaM A* rapaHTyje HalaXembe IIyTame y
MUTABE MUTakbE Ca BUIIE TAYHUX OJIrOBOPa HajMarmbeM Opojy Kopaka?
Bume Tauanx Osnauntu cBa IN crama ko npasuia onucanor TMC
5) INnTame ca BUIIE TAYHUX OJTOBOPA
OJITOBOPA cHucTeMa.
. O3HAYHUTH KOJUM OJf HABECHHX IICEYI0 KOIO0Ba je
Jleo nporpamckor [Murame ca jeqHUM WIK BUILIE TAYHUX
(6) KOPEKTHO OIHCaHa U3MeHa anda 1 6era BpeAHOCTH KO

KOJa Kao OATroBOp OATOBOpa

MAKC wurpaua y anroputMy MHHHIMAKC.

Kparax oxnrosop,

Ta4yHO/HETa4YHO,

[HMTAkE Ca BUIIIE TAYHUX O/ITOBOPA
Hymepuuku oxrosop,

OZITOBOP KOjH ce n3padyHaBa

0 JlonymaBame peun Cynoky u npo6iiem H-kpaspuiia ce peiiaBajy MeTooM

KOja HefocTaje

Konrko uzHocH GakTop H3BECHOCTH 3aKJbyUKa [a je
MAIUjeHT Moj rpunom?
Anroputam C4.5 criafa y anroputme HHIYKTHBHOT

8) Hymepuuku pesynrar

9) Ta4yHO/HETAUHO TauHo/HETaUHO o
yuewa? Jla/ He
HosHasame 3a anropuT™e Aate y JIeBOj JIUCTH, O3HAYUTH y IECHO]
(10) TeDMHHA/ANIODHTaMA VYnapupame nucTa 1A, YKOIHKO KOPUCTE XEYPUCTHIKY (ByHKIH]Y
P P win HE, yKoIHKo He KOPHCTE XeypUCTHUKY (QYHKIIH]Y.
ITa he Outu BpeqHOCT YBOpA JIMCTa y CTAOIy UTpE,
Kparak ogrosop, nurame ca Bulle . "
1 3anarak 6e3 KaJia II0CTOoj€ TPU Mrpadya ONHUCaHe Urpe?
(11) 061 TauHUX OATOBOPA, yIapHBABE, I 5 6 A
jalllberba HYMEDHKH OI0B0 Ta Tpeba xa Oyae movyeTHH 1more3 AHe Kao IPBOT
yMep P urpava, 1a o6u Ana nobemmna?
3amarax: Hanucatu koje cy myTame U U3padyHaTH
IIeHy ITyTame 0co0e A 011 cTapTa JI0 11jba, aKo ce
npUMeYjy: (a) anropuram npBo-HajoospH, (6)
ANTOpUTaM IUTaHUHApPEba, (B) anmropuram A*
3aparak ca Kparak onrosop, nirame ca BHILIE Osai
(12) | nerammmm TAMHEX OITOBODA, 605 (ca Baj 3aJlaTak MOXe 1a ce TpaHC(hopMuLIe y 6 IHTamba
. ’ ca KpaTKUM O/IT0OBOPUMA, TAYHO/HETAYHO MU
o0janrmbemneM MaHYeJIHHM OLICH-HBAHEM )

HYMEpPHYKH OJTOBOP.

Ecej ce Moxe KOPUCTHTH 3a OBakBa MHUTama: Onmcarn
YKpaTKo IITa ce JelIaBa y rpady ako ce KOpHCTU
JMHAMHIYKO IIPOrPaMHUpPAIbe.

6.3. Ilpumena cucrema y Apyrum odjiactuma

VY oBoMm mornaBspy Ouhe mpukazaHa mMoryhHoct mpumene codrBepckor cucrema SAIL y
npyrum obnactuma. [IpBu mpumep nokasyje ynorpedy cumysanuje aaropuraMa MpeTpaxuBama y
OKBHpPY NaMETHOI MapKUHra ca OeXHYHOM CEH30pCKOM MpexoM. [lpyru mnpumep mnokasyje
yrnoTpely cumynaiuje ca (pakTopoM M3BECHOCTH Kao MOMOh y MEAMIIMHCKO] AujarHocTUln. Tpehu
npUMep TOKa3yje MPUMEHY cradaja OJUTydydBamba M TEXHHKA MAIIMHCKOT YYea Ha BEIMKHM

noJarmuMma.

6.3.1. Mooen namemnoz napxunza

JaBHa rpajcka mapkupaluiITa U TP>KHU LEHTPHU J1laHAC MMajy MapKUHTe ca BEIUKUM OpojeM
MapKUHT MecTa. TakBW MapKUH3W Hajuemhe Ha yiaazy uMajy mpukKa3aH Opoj Cl1000 HUX MecTa, alu
KOPHCHHIIM HHUCY Y MOTYhHOCTH Ja BUJE TJie C€ Hala3W HajOoNKe CcIo00IHO MapKUHT MECTO.

[Tpobnem mpencTaBiba cUTyalyja, rie KOpUCHUK kpehyhu ce kpo3 mapkuHT MOke Johu 10 mecra
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rJie MOpa Jla OJJyYH Ja JIK JIa CKPEHE JICBO WJIM JIECHO WJIM HACTaBH MpaBo, HE 3Hajyhu Ha K0joj
crpann he Opxe W yakme HahM DApKUHT MECTO. Y TPaHMYHOM CIIy4ajy MOXE c€ JECUTH Ja
KOPHUCHUK OE€CKOHAYHO JIYro KPY)KH I10 MApKUHTY U Jia ce y Mel)yBpeMeHy Heka MecTa ociobahajy,
QMM WX JPYrd KOPHUCHHUIIM, KOjU Ccy Owim Opku momymaajy. Ilpema crymuju kojy je ypaawiia
komnandja IBM y 20 cBerckux rpasoBa, JbyAd THEBHO HpoBeay y mpoceky 20 MuHyTa aa Ou
npoHanum ci10601H0 mapkuHr Mecto [95]. OBO BpeMe KOje KOPUCHHUIIM MOTPOIIC Y MPOHATAKCHY
napkuHra noBehaBa moTpommy ropuBa, a ociobahame ITETHHX racoBa HapyllaBa EKOJIOIIKY
CpeluHY.

Ha cmumm 43 nmat je nujarpaM TEXHUYKHX 3aXTe€Ba MAMETHOT MapKUHTa W KOPHCHHUKA ca
MoOmiHuM ypehajeM, kKao W mHXxOoBa MelycoOHa mose3aHocT [96]. [lemoBu oBoOr codTBEpCcKO-
xapasepckor cuctema cy: (1) menrpamau cepsep, (2) muctpubyupanu tepmunan, (3) Bluetooth

ajiarTep Ha TEPMUHATHY, (4) MOOMIHU TenedoH KOpUCHUKA, (5) CeH30pH cTaTyca MapKUHT MeCTa.

®)

M

Canka 43 — CodTBepcKo-XapABepCKH CHCTEM NMaMeTHOT mapkunra [94]

Censopu onpelyyjy craTyc MapKHHT MECTa U OHU Cy TMOBE3aHU JEAHOCMEPHO ca IIEHTPATTHUM
cepBepoM. LlenTpannu cepBep u MOOWIHM ypeha] KOPUCHUKA TTOBE3aHH Cy MPEKO TUCTPUOYHPAHOT

TepMHHAJIA M IPEKo aaantepa ca Bluetooth mporokomom.

[TpunukoM ynacka Ha MAapKUHT, KOPUCHUK O Ha yna3y JOoOHO IIeMy KOMIUIETHOT MapKHUHTa
Ha cBOM MOOWIHOM ypehajy. Amnmkanuja Ha MoOuiIHOM ypehajy Ha oCHOBY noOujeHe Imeme, a
KopuinhemeM ajaroputraMa IpeTpakuBama, Tpeba Ja ucupra NyT A0 HajOauKer MapKUHT MEcCTa,
yuMe OM KOpHCHUK mpatehu ucrpraHu myT Op30 M jeTHOCTaBHO JIOLIA0 O MPBOI CJIOOOJHOT

napkuHr mecrta. Popmupame rpadga M obOuiasak crabia NpeTpaxKuBama pPEaTU30BaHO je
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kopuinhemeM Kilaca M3 makera pretrazivanje, u3 codreepckor cucrema SAIL, a 3a rpaduxy

MapKUHT MECTa je peain30BaHa 3ace0Ha Ki1aca Koja TeHepHIle KOPUCHIUYKH UHTEpde]C.

6.3.1.1. Apxumexkmypa xaposepckoe 0ela naAmMemHo2 NapKuHea
CepBep BOIU CBUJICHIIN]Y O CBUM MapKHUHT MECTHMA U HbUXOBOj TPEHYTHO] PaCIIOIOKUBOCTH

3a kopucHuKa. CTaTyc MapKUHT MeCTa je CIIOOOIHO WM 3ay3eTo. Y CBAaKOM TPEHYTKY, Ha CepBepy
MOCTOjU @XYPHO CTarmbe CBUX MApPKUHT MecTa. Y ClIydajy Ja MapKUHT UMa BETUKU Opoj MapKUHT
MecTa, MpoBepa JOCYIHOCTH CTaTyca MOXe OWTH BeoMa BPEMEHCKH CJOXEHa OIepaluja.
TepmuHanu npucrynajy cepBepy IyTeM yHamnpen IeUHHCAHOT IPOTOKOJNA. YKOJIUKO IOCTOjU
BENMKU Opoj TepMHHANA, [IEHTPAIHU cepBep Tpeba aa obe30enu mapanenHo odOpahuBame 3axTeBa

KaKo OY Kalllibehe Ha TePMUHATIIMA Y CITY4a]y BEJTUKUX TY)KBH OHIIO IITO MAbE.

Ha cBakom yma3dy y mapKuHI Hamase ce auctpuOyupanu TepmuHanu ca Bluetooth
amantepom. [lorpeba 3a mocrojameM TepMHHANA je INTO BEJIMKH IAPKHH3M YECTO HMMajy BHINE
ynaza. Y cioydajy Aa y apXuUTEKTypH OBOT CHUCTEMa HE MOCTOjU LEHTPAIM30BAaHH CEpBEP, OBU
TepMUHAIN OM Mopanu MehycoOHO ja KOMYHHIMPajy O CTaTyCy MapKHHT MecTa W Ja obpalyjy
3axTeBe KopucHUKa. [loBe3nBame cepBepa U TepMHUHATIA MOpa Ja Oyne peaan30oBaHo Op3UM Be3ama.
Craryc mapkuHT MecTa Jo0Hja Of CeH30pa, KOjH ayTOMAaTCKU JIETEKTYje 3ay3€TOCT HEKOT ITapKHHT
Mmecta. CeH3op Tpeba aa JeTekTyje npucycTBo ayromobuna. Jla 6u ce u3berno ocuuinpame uamehy
cI000THOT CTaTyca M 3ay3eTOr CTaTyca, Ha CBaKO MapKHHT MECTO je IMOCTaBJHEHO MO JBa CEH30pa
[97]. Censopu craryca moBe3aHu Ccy y O€KHYHY CEH30PCKY MpPEXKy, Koja KOMYHHIIHpa ca
[EHTPAIHUM CEpPBEPOM, CIMYHO KAo MITO j€ pPEaTn30BaHO Yy APYTUM CHCTEMHUMa ITaMETHHX
napkunra [98] [99].

6.3.1.2. Cmpyxmypa weme napkurea

[lema mapkuHra ce neduHHIIE MPUIMKOM IOCTaB/bakba CUCTEMA, a KacHUJe C€ MOXKe
axypupatd. OHa caapku HH(OpMalMje O CTPYKTYpH MapKUHra U pacropery MapKUHI MECTa,
OpojeBrMa | TMO3MIMjaMa yJjla3a U h3j1a3a MapKUHTa ¥ MpoMeHaMa IpaBlla ayTOMOOWIA MMPUITUKOM
npernacka U3 jenHor jaena mapkuHra y npyru. lllema mapkuura je omucana XML garorekom, koja

cazpxku cienehe eneMeHTe:
"  [apKUHT OJIOK,
"  [apKHHT MECTO,
" yna3 y MapKHHT,

* mpena3 u3Mely 1Ba MapKUHT OJIOKa.
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[TapkuHT OJIOK je TMPaBOYraoHOr OOJWKAa WM MMa CBO] JEJMHCTBCHH UACHTU(DHUKATOD, JHUCTY
MAapKUHT MECTa KOja ce Haja3e Ha keMy, JUCTY ylla3a y Taj MapKUHT OJIOK, Kao U JIUCTY Ipeliasa.
KopucHuk moxe yhu Ha MapKUHT y CBakoM OJIOKY KOju mocenyje yna3. HakoH Tora, KOpHCHUK
MOJKE J]a C€ BO3W YHyTap TOT OJOKa WM Ja npehe y Opyru CycelHW MapKUHr 00K, kopucrehn
npenas u3mely nBa 6moka. [Ipenasu u3melyy nBa nmapkuHr 010Ka Hajga3e ce caMo 1mo 0001y 0J0KOoBa.
[IpaBoyraoHu MapKuHT OJOK MMa CBOjy BHCHHY, IIMPHHY, POAMTE/HCKU OJIOK, MECTO Cliajama y
OJTHOCY Ha POJTUTEIbCKH OJIOK M CTpaHy Cliajalka y OJHOCY Ha POJUTEIbCKH OJIOK. YKOIHMKO
POIUTEIbCKH OJIOK HE IMOCTOjH, MOJAId O MECTY Cliajaba ca POJUTCIHCKHM OJIOKOM U CTPaHOM

Crajama y OJJHOCY Ha POJIUTEILCKU OJIOK 0cTajy 0e3 3a/1aTe BPEIHOCTH.

[TapkuHT 0JIOKOBU YMHE CTPYKTYpY cradna. Kopen crabna mpeacraBiba MapKUHT OJIOK KOJH
ca/ip>kKM yia3 Ha KOMe ce KOPUCHUK Haja3u. HajjeHOCTaBHUjU HAUMH Ja ce IPUKake OBaKaB MOJEI
je y dopmary XML dajna. @ajn caapxu riaaBHA eleMeHT o HasuBoMm <ParkingScheme> yuyrtap
Kora ce Hajase Jpyru einemeHtd. [Ipumep jemHor mapkuHr O6ioka mpukazaH je XML marorexom,

MPUKa3aHOM clie/lchuM TPOrpaMCKUM KOJIOM:

XML nporpamMcKy KO HAPKUHI 0J10Ka

<ParkingBlock ID='1’>
<Type>Rectangular</Type>
<Width>15</Width>
<Height>14</Height>
<OffsetX>0</0ffsetX>
<OffsetY>15</0OffsetY>
<ParentBlock>3</ParentBlock>
<MergingPoint>10</MergingPoint>
<MergingSide>right</MergingSide>
<ParkingSpots>
<ParkingSpot>...</ParkingSpot>
</ParkingSpots>
<Gateways>
<Gateway>...</Gateway>
</Gateways>
<Entries>
<Entry>...</Entry>
</Entries>
</ParkingBlock>

W3 mporpaMckor kojia MoXKe ce 3aKJbyYMTH J1a j€ THUIl MapKUHT OJOKa MpaBOYraoHU M Ja
npuKa3aHd OJOK y cTaliy OJIOKOBa MMa pOAUTEIbCKH 0ok ca miueHTHdukaropom ID=3, xoju ce
Halla3u y3 POIUTEJECKY JIECHY MBHILY, ITOYEB OJl JIECETOI METpa IMOCMATpaHO OJI03r0 Ha joje. Y
clly4yajy Kajia 0u moctojana MoryhHoOCT JjoJjaBama Ipyrux oOJIMKa MapKUHT OJIOKOBA, TPOMEHHO OU

ce caMO eJEeMEHT THma. AICOJNyTHE BPEJHOCTH IoMepaja Mo oAroBapajyhum ocama, Hako cy
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IIpUKa3aHe y OKBUPY OBOT IIPOrPaMCKOr KoJa, Morjie Ou fa Oyay u3pauyHaTa M HaKHAJHO y CaMoj

ATUTUKAIIH]H.

[TapkuHT MeCTO je MPOCTOp 3a jeAHO BO3WJIO M MMa CBOjy BUCHHY, NIMPUHY, MO3UIH]Y Y
npunanajyheMm napkusr 070Ky, CTpaHy Ha KOjOj c€ Haja3M y MapKUHT OJOKY M CTaTycC, KOJU MOXKE
outu cioBomaH wuiaM 3ayser. [Ipumep jemHor mapkuHr mecra, omucaHor y XML dajmy nmar je

CHCHGhHNIHpOFpaMCKHLIKOHOMI

XML nporpamMcKy Ko HAPKHHI MeCcTa

<ParkingSpot>
<BlockSide>Bottom</BlockSide>
<StartPoint>0</StartPoint>
<Width>3</Width>
<Height>5</Height>
<Status>Occupied</Status>
</ParkingSpot>

W3 mporpaMckor koja MOXe Ce€ 3aKJbYYUTH JIa C€ OBO HMApKMHI MECTO Hala3W Ha JIOHO]
CTpaHu Tmpumagajyher mapkuHr Oj0oKa, IMOYETHA Tadka MPOCTHpama MapKHHT MecTa je Ha
koopauHatu 0, a GJI0K ce mpocThpe 3 MEeTpa y JIECHO U 5 MeTapa Ha rope. TpeHyTHU cTaTyc OBOT

IMIapKHUHI' MECTa je 3a4Yy3CT.

Va3 y napkuHr OJ0K mpeacTaBiba yiia3 y HapKUHT. Yia3 UMa MIUPUHY, TO3UIN]Y U CTpaHy
Ha K0jOj ce Hayia3u y npurajaajyhem mapkur 6goky. [IpumMep jenHor ynasa Ha MapKUHT, OITUCAHOT

y XML ¢ajny nar je cnegehum nporpaMcKuM KOJOM:

XML nporpaMcky Ko yJja3a v HAPKHHT 0J0K

<Entry>
<EntrySide>left</EntrySide>
<Width>3</Width>
<StartPoint>5</StartPoint>
</Entry>
OBaj mpuMep mpencTaBiba yja3 MapKUHT OJIOKa KOjU C€ Hajla3W Ha JIEBO] CTPaHH, WMa
HIMPUHY 01 3 MeTpa, a Tauka MpOoCTUpama O] KOje MOYMIbe Ce Haja3u Ha JIeBOj CTpaHu Oyoka 5

MeTapa o]l leroBe ropme Tauke. Kpajma Tauka mpoctupama yjaa3za oBor 0J0Ka je Ha OCMOM METpPY

O]l TOpH-E cTpaHe 0JI0Ka, Ha EroBoj JIEBOj CTPaHH.

[Ipenaz usmel)y nBa mapkuHr 6j0ka IpeacTaB/ba MECTO Ha KOjeM MoOKe Ja ce npehe u3

jenHor mapkuHr 6noka y apyru. [Ipenas uma cBojy WIMpUHY, TO3ULM]y YHyTap OJ0Ka U CTpaHy Ha
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K0joj ce Hama3u y Onoky. CBaku mpena3 je 03Ha4eH Kao JBOCMEpaH, alii OU ce jeTHOM O3HAKOM
Morao aeduHHCAaTH CMEp Kao jeqHOCMEepaH Wiu ABocMepad. [Ipumep jemHor mpenasza usmely nsa

MapKUHT 0JIOKa, JIaT je cienehuM mporpaMcKUM KOJIOM:

XML nporpamMcKu KO pejia3a

<Gateway>
<GatewaySide>Top</GatewaySide>
<Width>5</Width>
<StartPoint>10</StartPoint>
</Gateway>

OBakBUM MPEUIOKEHUM MAPKUHIOM CY MOJIP)KaHU CBU OOJIMIIM MMapKUHTa KOjU OU ce MOTJIH
MPEJCTAaBUTH HU30M Mel)yCOOHO HOpPMAJHUX W IapajieIHuX NpPaBOYraoHHKa, KOju ce Mel)yCOOHO
JTOIUPYjy. AKO MapKUHT UMa MapKUHT MECTa caMo o0 CBOM 0001y, TakaB MapKUHT Ou OWo ommcaH
camo jeTHUM OJIOKOM YHYTap Kora ce Hajla3Wd HU3 MAPKHUHT MecTa. Y CIIydajy Ja je TapKUHT U Jajbe
MPaBOYraoHOTr OOJIMKA, ik TakaB Jla ¥ yHyTap OJOKa MMa MapKUHT MECTa, a He caMo o 0001y,

Tajga Ou Ouo MOTPeOHO peann30BaTH HEKOJIMKO MapKUHT OJIOKOBA, KOjU Cy HAaHW3aHU jelaH Ha
ApYru.

Ha ciunum 44 npukazana je CTpyKTypa JeJHOT MapKHHTra, KOJU CaApXH JIBa MAapKUHT OJIOKa.
brnok 1 je o3HaueH kao riiaBHU OJIOK MapKUHTa U MPECTaBJba KOPEH cTabiia Tor napkuHra. themy je
Ha JIOKOj MBUIM J0jAaT OJOK 2, TMOMITO Cé MECTO CHajama OJIOKOBa IMOCMaTpa y OAHOCY Ha
ponuTesbcku 010K, Mecto crniajama je jenHako 0 u OJOKOBU Yy OBOM IPUMEPY UMajy UCTY HIMPUHY.
bnox 2 uma Ba npena3a Ha pOJUTEIHCKU OJIOK, 00a Ha HETOBOj TOPH0j UBUILIM, JeJJaH TPU MTOYETKY
Te UBHIIE, a IPyru npu Kpajy. [IpBa nBa pena mapkuHr Mecta npunanajy 6i1oky 1, a g1oma /1Ba pena
650Ky 2. Moryhe je OuiI0 MOJAENUTH CTPYKTYpPY OBAaKBOI' IMApKUHIa M y BHIIE OJOKOBA, alid HUje
6uno norpebe. CBaku OJOK caipkH IO JBa yja3a Ha MapKUHI, ca CBOje JIEBE, OJHOCHO JIeCHE

CTpaHe.
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Cauxka 44 — Ilpumep cTpyKType NapKUHIa €a ABa MapKUHT 0JI0Ka
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6.3.1.3. Hmnnemenmupanu ancopummu y cogpmeepckom oeny cucmema
HmmieMeHTanyja cucreMa maMeTHOT MapKUHTa MoieJheHa je Ha ciienehe kiace:
» Kiace koje 4yMHE CTPYKTYypy HapKHHTa — MAPKUHT OJIOK, MapKUHT MECTO, yia3 y
MapKHHT, TIpeas;
» Kiace koje peanusyjy alroputMe IpeTpaKkWBama 3a HaJaKewme HajoKer

c11000HOT MecCTa, Io3BaHe u3 cucrema SAIL;

* AHIpouja Kiace 3a KOPUCHUYKHM MHTepdejc caMe aluiMKaluje U KOMYHUKAIHjy ca

MApKUHT CEPBEPOM.

Ha cimunm 45 nar je mpumep meme napkuura EnextpoTexHuukor ¢akynrera y beorpamy
[96]. ¥V rpady ca ciuke cBaku 00k meme (A, B, C, D) npeacraBibeH je YBOPOM, a CBaKH Ipeias
n3melhy GiokoBa Bezom. Ha mectuma tae ce cycpehy nBa wiu Buie 0yiokoBa Ouhe neduHucaHu

npeiaa3u, OJHOCHO BE€3€ Ka TUM CYCCAHUM 0JI0KOBHMaA.

5 (BB

©—0D)

Canka 45 — BiiokoBcka mema Ha npumepy napkuira Ejnexkrporexunukor ¢gakyarera

3a anroputam nperpare u3 cucrema SAIL ogabpan je anroputam rpaHama ¥ OrpaHHYaBamba.
Ha nouerky paga anropurMa mnpoHaia3u ce OJIOK y KOMe ce BO3WJIO Hajla3H. 3aTHUM ce Hokpehe
aJITOpUTaM IpeTpakuBamba y TOM OJIOKY, ali U y CBUM HETOBHM CycelHUM OjokoBuMa. IIpetpare
ce BpIIM TaKO IITO c€ Tpaxu Hajkpahe pacrojame u3Mel)y KoopAwHATa JIOMUPAHOT BO3MWIA U
KOOpJMHAaTa MapKUHI MecTa. AnropuraM (opmupa cTabiao mpeTpare M MamMTH YBOPOBE KOjU CY

obuhenu, jep HeMa moTpede KpeTaTu ce Kpo3 UcTe OJIOKOBE BHIIIE MYTa.

VY npaBoyraoHom OJIOKY NMOTPEOHO je MOKPEHYTH 10 YeTHPU HUTH aJTOpUTMa IpeTpare, 3a
CBaKy O] CTpaHa Oyioka 1o jenHy. HakoH 3aBpiieTka CBMX HUTH IpeTpare, CBaka HAT he BpaTUTH 110
JeIHO CI000JHO MAapKUHT MECTO YKOJIMKO OHO MOCTOJU M O] HajBUIIE YETHPU J00MjeHa pe3yiTara
6uhe omaOpaHo OHO MapKUHI MECTO Koje je Hajommke. Ha mcTu HauumH ce paau mperpara Uy
CycelHUM OJIOKOBMMA. Y CyCeIHUM OJIOKOBMMa C€ paau IpeTara HUCTOBPEMEHO Kaja u Yy

nocMaTpaHoM OJIOKY, jep HeKa MecTa MO AYKUHHU IyTame 0 BUX MOry OMTH OJIMXa, OJHOCHO

110



Cogmeepcku cucmem 3a yyerbe U NpUMeHy AleOpumama seuimaixe UunmenuceHyuje

0oJbe je 1a Bo3uiio Oyne mapKupaHo y CyCceaHOM OJIOKY, Hero y mocMarpanoM. To he 3aBucuTH 01
yIaJbeHOCTH BO3WJIA M CIIOOOJHUX MAapKUHI MECTa Yy OJHOCY Ha mpenaze u3mely mocMartpaHor
0JI0Ka 1 cyceqHUX OJIOKOBA. YKOJIMKO je HajOJMKHU TIpelia3 Ka CyCeTHOM OJIOKY Jajbu O] CJI000HOT
MapKUHT MecTa mpoHal)eHor y mocMaTpaHoM OJIOKY, OHJIA MPETPAKUBAKE Y CYCeTHOM OJIOKY HUje

BHUIIIE HH MTOTPEOHO.

CrpykTypa mapKuHra Morjia Ou ce peaan30BaTH M Kao TEKUWHCKU rpad, mpu yemy Ou ce
YMECTO aJirOpUTMa rpaHama U OrpaHuYaBama KOPUCTHO anroputaM A*. Y Tom cirydajy Ou ce y3ene
y 003Up M TeXHHE MyTama Kao BPEeIHOCT xeypucTuuke ¢yHkiuje. OBakBa CTpyKTypa OM Moria
OUTH TpUMEmeHa y Cllydajy Kajga Ou jemaH mpena3 m3Mmely cycemHuMX MapKuHT OJ0KOBa OWO

MPOXOJHUJUX OJI APYTOT, UAKO j€ TIpeMa TyKHHH MTyTambe JaJbH.

OBakaB cHCTEM MMAaMETHOI MapKuHra omoryhaBa ymiTeqy BpeMeHa NPUIMKOM HalaKema
HajommKker ciobogHOr mapkuHr Mecta. OCHUM XaplIBEpCKUX 3axTeBa Koju cy Beh aeduHucaHu,
MOTPEOHO je Ha TMOYETKY paja OBaKBOI CHCTeMa JACPUHHCATH MApKUHT IIEMy ca IOJEJIOM Ha
6mokoBe. OBO MOXKe OMTH KOMIUIEKCHO y 3aBHCHOCTH O]l CJIIO)KCHOCTH M BEIMYMHE TAPKHUHTA, Al
ce paau camo jeaHoM. CucreM je moryhe monudukoBatu Tako Ja MOAPKHU APYyre OOIHKE TapKUHTA,

IIapKHUHI'C Ca BUIIIC HUBOA, aJIM U je,Z[HOCMepHe pceiia3c I/ISMehy O10KOBa YMECTO ABOCMEPHUX.

6.3.2. Ilpumena oonyuusarsa y meounuHnu

ANTOPUTMHU BEUITaYKe WHTEIUTCHIIM]je WMajy BEIUKY MPUMEHY y OOJIacTH METUIMHE, Te
MOTy MoMOhM JieKapy Ja oApeau Haj0oJby Tepamnujy WIu Jla Ha OCHOBY ojpeheHux cummroma
3aKJby4d O K0joj OoyiecTu je ped. Y 0BOj O0JacTH HajBUINE CE KOPUCTE MPEIUKTUBHE aHAIN3e
3aCHOBaHE Ha TPEHYTHUM M UCTOPH]CKUM mojanumMa. [IpeuKTHBHA aHaIn3a KOPUCTH BEIUKH OpOj
TeXHHWKA U METOJ0JoTHja oOpaje mojaTaka, ykjbydyjyhu oOpaay BENIMKUX TOJlaTaka, ajJropuTMe
MalIMHCKOT y4era, 3aCHOBaHE Ha HAATNEAaHOM WM HEHAArVIeJaHOM YuYelhy M CTaTUCTHYKO

MOACIOBALC.

VY oBoMm noruasby O6uhe npukazaHa jenHa MPUMEHA Y MEAMHHUIM KopullhemeM MoAysa 3a
palg y HEHW3BECHOM OKpYyXemy momohy ¢aktopa m3BecHoctu. I[Ipumep he mokaszatm kako na
nobujemMo ¢akTop u3BecHOCTH oipeheHe memunmnacke mujarnose [100]. ¥V cucrem ce mpBo yHOce

MpaBuia;
[TpaBuio 1: AKO namnujeHt nma Mame of] 8 rogrHa uiy Buie ox 60 ronuHa

OHJIA (1.0) mauujeHt je y KpUTHYHHUM TOJHaMa
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[TpaBuno 2:  AKO namujeHt uma BUCOKY Temrieparypy U
nanujeHt oceha manakcanoct MJIN nanujent oceha 6onose y Mummhuma
OHJA (0.7) marijeHT uMa TpuIl
ITpaBuno 3:  AKO namnujent uma HateueHo rpyio U
MAIHjeHT UMa KHjaBUILY
OHJIA (0.6) manujeHTt uma rpumn
[TpaBuiio 4:  AKO nanujent uma rpun U
MAIHUjeHT je Y KpUTUYHUM TroJInHaMa
OHJIA (0.9) manmjeHT Tpeba XUTHO Ja ce 00paTH Jiekapy
Haxon yHomema npasusia, mOTpeOHO je YHETH U Ola)kama:
- ManujeHt uma 65 roauHa,
- Mal{jeHT UMa BUCOKY TeMIIepaTypy;
- MalHjeHT UMa HATCYCHO TPJI0 U KHjaBHUILY;

- mamujeHT oceha Mamakcasoct ca wu3BecHomhy 0.8 u OGosoBe y wmummhuma ca

u3BecHorthy 0.9.

Cucrtem he ompeuTH KOIUKO Cy U3BECHU 3aKJbYYIIM JIa TMAIHjeHT uMa rput (Z1), omHocHO aa
narnujeHT Tpeba ga ce XUTHO oOparm Jyekapy (z2). Ha cimnum 46 mpukasaH je mpBH KOpak
CUMYyJIallijeé HAaKOH YHETHX MpaBWIa U onaxama. J[o 3ak/bydka Ja MaIyjeHT uMa TPHUM BOJE JBa
mpaBuJja, ma 300r TOra Mopamo Ja u3padyHamo 30upHe Mepe moBepema (MBcCum) u HemoBepema

(MDcum) Tor 3akspyuka, momohy crnenehux dopmyna:
MBcum(z, el, e2) = 0, ako je MDcum(z, el,e2) = 1
MBcum(z, el, e2) = MB(z, el) + MB(z, e2) — MB(z, el) * MB(z, €2)
MDcum(z, el, e2) =0, ako je MBcum(z, el,e2) =1
MDcum(z, el, e2) = MD(z, el) + MD(z, e2) — MD(z, el) * MD(z, e2)
3atum Tpeda u3padyHaTy U 30MpHH (HaKTOp U3BECHOCTH HA OCHOBY (hopmyuie:

CF(z, e1, e2) = MBcum(z, el, e2) — MDcum(z, el, e2)
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OPAZANJA ORAC

ZAKLJUCAK

Cauka 46 — [IpBu Kopak cumyJianuje MoayJia ca (pakTopoM U3BECHOCTH
HA NpUMepy MeIUIMHCKe THjarHo3e

Cucrem uspauyHnaBa ¢akrtope usBecHoctu CF mpermoctaBkM MOjeAMHHMX TpaBUJIa U Ha
OCHOBY HUX pEBUIMpAa Mepe IMoBepewma y 3akibyuke. [IpBo ce paau 3akjbyunBame Ha OCHOBY

npaBuia [12, a 3aTum Ha ocHOBY npaBuia [13.

3ak/bydak Ja MalMjeHT MMa TPUIl CHCTEM IpOoHala3u y 25. KOpaKy ajJropuTMa Tako ILITO
HaKOH H3pauyHaBama 30MpHMX Mepa IOBepema M HEMOBepema, M3pauyHa 30uUpHU (akTop

HU3BCCHOCTH Y 3aKJbYUadK, KOjI/I N3HOCH.
MBcum(z1, eP2P3) = MB(z1, eP2) + MB(z1, eP3) — MB(z1, eP2) * MB(z1, eP3) =
0.63+ 0.6 —0.63* 0.6 =0.852
MDcum(z1, eP2P3) = MD(z1, eP2) + MD(z1, eP3) — MD(z1, eP2) * MD(z1, eP3) = 0.0

CF(z1) = MBcum(zl, eP2P3) — MDcum(z1, eP2P3) = 0.852 — 0.0 = 0.852

3akJbydak Ja ManujeHT Tpeda XUTHO Ja ce o0paTu JieKkapy cUcTeM mpoHanasu y 50. Kopaky
anroputr™Ma 1 oH uszHocu: CF(z2) = 0.7668. Ha ciunm 47 npukaszaH je MociaeIb1 KOpak CUMYIIaluje

KaJia je u3payyHaT 30upHHU (aKTOp U3BECHOCTH y OBaj 3aKJbYYaK.
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Canka 47 — [ocjenmbu KOPaK cUMyJianmje MoayJaa ca (pakTopoM U3BECHOCTH

6.3.3. Ilpumene nHao 6enuKom KOJIUHUHOM ROOAMAKA

Crabna oJUTy4YrBama U aJiTOPUTMH MAIIMHCKOT YY€Hha UMajy BEIUKY MPUMEHY Y aHAIIU3U H
o0pajy mojaTaka y pa3aHuuTHM 00JlacTUMa. Pe3ynTaTu TakBUX TEXHHKA CY MHOTO 0OJbH, YKOJIHKO
J€ yJa3HHM CKyI IojaTaka Koju ce oOpalyyje MTOBOJbHO BENWKH. BenMKoM KOJWYMHOM ToJaTaka

KOMIIaHHUj€ MOry Aa npeasulajy cBoje OU3HUC MOJele U IPEUCIUTY]y OU3HHUC OJITYKeE.

Crabma o/uryynBama Cajajy y TEXHUKE HAATNIEAAaHOT yduerma, KOje MMajy 3a IMJb Jia Ha
OCHOBY yJa3HHMX IoJaTaka reHepuury onapeheHy u3mazHy BpeaHOCT. Jlpyre TeXHHKE MalIMHCKOT
yuema Cy: HEHATJIEAaHO yuere, TOTYHAATIIEIaHO YIeHhe U yUeHhe 3aCHOBAaHO Ha MHTEPAKIHUjU ca
OKpyXemweM. [JIaBHH aJrOpUTMH TEXHUKA HAJINIEIaHOT y4eHa, OCHM cTaballa OJJTy4YrBama Cy:
JIMHEapHa perpecHja, JIOTUCTUYKA perpecuja, HauBHH bajec, K-HajONMMmKHX cycena, HeypallHe Mpexe
u MeToza nojapkaBajyhux Bekropa. Oie he OuTH mpuka3zaHa NpuUMeHa cTalna oAIy4YHMBama Koja
pane kimacuuKalmjy Ha OCHOBY jAeduHHCaHOT cKymna mnojaataka (eHr. dataset), mamga crabma mory
OuTH 3acHOBaHa M Ha perpecuju. M3 Tor pasmora ce yecro HasuBajy CART — Classification and
Regression Trees. Tunuuan mpoOiieM Koju ce pelraBa cTabinMa Oy4YnBama je npensularme neHe
HEKpEeTHUHE, Ha OCHOBY IMOJaTaka O TO] HEKpEeTHWHHU (PEeOoH/30Ha y KO0joj ce Halaszu, Opoj

HpOCTOpI/Ija, KBaaparypa, roainHa u3rpaame U CJ'II/I‘-IHO).
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VY TtabGenu 7 par je MamM CKyN IOAaTaka BPEMEHCKE IPOTHO3€, KOju heMo yHeTH y Hall

CHUCTCM U IPUMCHUTU crabia OTyuuBama.

CKVII ITOIATAKA [TPOT'HO3E BPEMgI?:iIJIIAAOZHOBY BPEMEHCKHX ITAPAMETAPA
Temneparypa Berap Obaagnoct IIpurncak IIporuoza

4 3anaJHA 00J1a4HO onajaa KUIlIa
5 3anajHu 00IagHO MHpYje CHer

3 UCTOYHH o6na4HoO pacte CYHYaHO
7 3anaHu JICITUMHYHO Mupyje CYHYaHO
1 JyXKHH YHCTO MHpYje CYHYaHO
2 JyKHH YHCTO omaga KHIIa

0 CEeBEPHU JICITUMHYHO mupyje cHer

Kareropuja temmeparype 300r pa3inuyuTHX HYMEPHUUKHX BpenHOCTH Ouhe mojesbeHa y Tpu

knace: n3Hay 0° ucnox 0° m Temmeparypa 0°. Ha ocHOBY OBHX mojaraka, yHETHX y CHUMYJAIH]y,

1001jaMo J1a CyHUaHO BpeMe Moxe Ja Oyje y Tpu moryha citydaja (ciuka 48).

LURE
PRIMERI

VELICHA PROZORA 7

KRTERUUM ZBORA  Suncano

enu Al algoritama - C:\Users\D:

sistemi testovi\PrognozaZ it

INFORMACIONI SADRZAJ
M(C, Pritisak) = 0.4285714285714286

Temperatura

Pritisak

list

i

el
el 54

2
2
H

Vetar

list
[——
g T P B o %0
A : i

Cauka 48 — 3ak/byyuBamb€ 0 NPOrHO3M BpeMeHa HAa OCHOBY €Tad/1a oJy4iBamba

VY oBOM cTabiy CBakuM YHYTpAIIlkU YBOP MPEACTaB/ba TECT HAa HEKU oga0paHU aTpuOyT,
CBaKa IpaHa je UCXOJI TOT TeCTa, a CBAaKHM YBOP JIUCT Y CTa0Iy Mpe/ICTaBsbha KJIacy, OTHOCHO OIYKY
KOja je JIOHeTa padyyHameM CBUX aTpuOyTa, Ha MyTamkd O]l KOPEHOT YBOpa A0 4Bopa Jjucra. Te

nyTamke Ha3MBajy ce npaBwinMa kiacudukanuje. CKyn mojgaraka Mo)ke OMTH HEMOTIYH, Ma ce
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MOJKE JIECHTH Jia 3a ojpel)eHn yna3Hu CKyI IpuMepa Kao YBOp JUCT HEMaMo MOJaTKe Ha u3nasy (Ha
pUMep: MPUTHCAK MUpYje, Temreparypa ucrnoa 0, a BeTap UCTOYHU WM CEBEPHH). YKOJIUKO OH
yJIa3HU CKYN IojaTaka O0Mo 3HATHO Behu W J1a MocToje penuMo BpeMeHCKH napamMeTpu 3a 100 wim
300 nana, 6poj TakBUX HeAeUHUCAHUX M3JIa3a OM OMO 3HA4YajHO MamU. YKOJIHMKO je Opoj aTpubyra
KOJU C€ aHAJIM3HPA]y MPEBEINKH, CTabIa O/UTydrBama Y TOM CIy4ajy HUCY 3TOJHA HU 32 00paay HU
3a BU3yENU3alldjy M TaJla C€ KOPHUCTE APYre TeXHUKE MAIIMHCKOT y4Yemha, Kao IITO Cy Ha IpHUMEp
JMHEapHa perpecuja Wiau aiaroputam K-Hajommwkux cycena (kHH). IIpobmemu koje cy Oumm
aHAJM3UPaHU Y TOKY MHCamka OBE JUCEPTaIHje, a 3aCHOBAHU CY Ha TEXHUKAMa MAIIHHCKOT YYeHha U

BCJII/IKOj KOJIMYMHU 110JjaTaKa, KOPUCTUIIN CYy YIIPaBO TC ABC TCXHUKC.

[IpBu excnepumeHT Ouia je mpuMeHa Haj 6azom ca Bumie o 50 000 my3mukux anbyma ca
tepuropuje Cpbuje u 6usme JyrocnaBuje. Llusb je 6M0 ypaauTu KiacTepusallyjy OBHUX YIA3HUX
noJaTaka ¥ Ha OCHOBY HbHUX JIaTH MPENOPYKY KOPHCHUKY KOjU TPEHYTHO TIJiefa BeO CTpaHy
onpehenor mysmukor amdyma. Ymaz kHH amroputma mmao je 51 xuiebamy Bektopa ca 509
JTUMEH3Hja, Koje Cy 00yxXBaTuIIe JIeKaay y Kojoj je My3udku aioyMm Hacrtao (17 mekana), skaHp KoMe
anOym npumnana (15 »xanpoBa) U cTUI/CTHIIOBE Kojuma andym mpunazna (477 crunosa). Hajoosmu

pe3ynrat npeaukuuje 10o6ujeH je ca oko 5000 kinacrepa.

Jlpyru eKcriepuMeHT CIpoBeAeH je Haja TpeHuHr ckynom ona 5000 ¢uimosa, a 3a 500 tect
npuMmepa ojpeheHe cy mnpenukuMje MOMyJIapHOCTH M 3apajge THX ¢(uiamoBa. 3a mnpeasBubame
MOMYJIAPHOCTU JOCTUTHYT je mpoueHat ox 83.7% kox kHH anroputma u 81.6% kopn nuHeapHe

perpecwuje, ok je kol mpensuhama 3apaje Taj mpoleHaT 6uo Hemto ucnox 60%.

[IpaBu n360p ajropuTMa MaIIMHCKOT y4dema KOju Tpeba Ja MPUMEHUMO Y BEIUKO] Mepu
3aBHCH O] M10JIaTaka KOje MMaMo, BbUXOBE KOJIMUYMHE U CTPYKType TUX nojaraka. Hajooseu HauuH
Jla ce TIOKaXke KOja TeXHHUKa Jaje Haj0oJhe pe3ysiTaTe j€ /1a ce U3BPIIM BUIIE aIropuTamMa HajJ UCTUM

TECTHUM IIOJalluMa, a 3aTUM Jia C€ U3BPIIN ynopeleBa}Le ):[06I/IjeHI/IX pe3yiTara.
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/. EBAJIYALILJA

VY mkonckoj 2009/2010. rogunu mpoOGHO je 3a moTpebe HacTaBe pa3BHjeHAa CUMYyJalHja
allropuTamMa MpeTpaKuBarma, Kako OM CTYJCHTH Ca MHOTO BUIIE pa3yMEBama MOTJIHM Ja TpaTe
rpaguBo. Kao pesynrar yBohema oBakBe cUMyJalyje, Opoj MmoeHa KOju Cy CTYACHTH OCBajaJid Ha
3aJIaTKy U3 OBe o0yactu OWo je Te W HapeaHe MmKoJcke roaunae 16.4 ox moryhux 20 moena, mro je
On1o 3HaTHO 0OJBE O/ MPETXOIHE TPU MIKOJICKE TOIMHE, Ka/Ia je TpocedaH Opoj MoeHa OCTBapeH Ha

TOM 3aJaTKy 610 y rpanunama ox 8.16 noena no 11.81 moena, o moryhux 20.

[IpBa Bep3uja codrBepckor cucrema SAIL oOyxBatmna je craHgapAHe ajaroOpuTMe
npeTrpaxuBama. Jlpyra Bep3uja je OCHUM ajropuraMa IpeTpakuBama, OOyXBaTuia ajlropuTMe
Teopuje urapa, ¢popmanHy u ¢aszu Joruky, npoaykmuone cucreme, GPS u STRIPS anropuram,
CTYJCHTH Cy MMAJld MPWINKY Ja KOpHCcTe y JeTmheM cemectpy 2012. rogune [101]. Beh cnenehe
mkoyicke roauae SAIL je ykibyuno W anroputMe paja y HEM3BECHOM OKPYXKEHY — CHCTEM ca
(aKkTOPOM M3BECHOCTH M CHUCTEM 3a OJp)KaBalbe€ UCTUHUTOCTH, CEMAaHTHUYKE MpEXKE U OKBUPE U
aJITOPUTME 33J10BOJbEHA OrpaHuuera, na Ou mxoicke 2013/2014. cucrem OHMO KOMIUIETHPAH,
J0/1aBakhbeM WHAYKIMOHUX anroputama u cumynanujom bajecoBux mpexa [102]. IIpBy Bepsujy
cucrema SAIL Ha MoOMIHUM ypehajuma CTYIEHTH Cy IMOYENH Ja KOPHCTE O] JIETEHEr ceMecTpa

mkosicke 2014/2015. ronguge.

Kao pesynrar yBohema oBor codrBepckor cucrema y HacTaBy, Ha Ojceky 3a coTBEpPCKO
umxemwepctBo (CH), rne je oBaj mpenmer 610 M300pHM, Opoj CTyAeHaTa KOjU Cy MPaTHIIM OBaj

IpeIMeT MOCTEeNeHo ce moBehaBao Kpo3 IIKOJICKE FOAMHE, ITO ce MOXe BUIEeTH ca ciuke 46. Ha
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Opcexy 3a pauyHapCcKy TEXHUKY U MH(OPMATHUKY, TOKOM OBOT HCTPaKMBamba, OBaj MPEaMeT je Ono

00aBe3HM, TAKO J1a Cy YBEK CBH CTYJCHTHU TOT 0/ICEKa CIYIIAIN MPEaAMET.
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Cauxka 49 — Bpoj cryaenara koju cy onadpaau u3oopuu kypc UHTe TMHreHTHH CHCTEMHU Ha
Onceky 3a copTBepcKo HHKemepcTBO (Y mepuoay 2009-2015)

AKo ce y3Me y 003Hp ycrieX MPHIMKOM IoJlarama CINTa, Y HCTPAKUBakY je mpahieH ycrex
cTyneHara Ha o0a oxaceka y 2009. romuwHu, TOCIEAKHO] TOAUHU Kaja HHje KopuiiheHa HUKaKBa
CUMyJalja y HacTaBH, u 'y nepuony on 2012. no 2015. ronuHe, kaja je akTUBHO y HACTaBH ITOYE0
na ce ykipyuyje coprBepcku cucteM SAIL. Tpeba nanomenytu ga cy y nepuony oa 2009. rogune
npeaBama U ayJUTOPHE BEKOE ocTae y UCTOM (GopMary, a yBeJeHe Cy JIabopaTopujcKe BexOe y
cucremy SAIL. Kao pesynarar mMmIieMeHTanuje OBOT cHucTeMa y Tabenu 8 mpuKasaH je ycmex
crynenara Onceka 3a PTU y mpBoM MCITUTHOM POKY, a y Tabenu 9 mpukasaH je ycrex CTyjaeHara
Opnceka 3a CU y npBOM UCIIUTHOM POKY. AHAJTM3UPAaH je caMO NPBU UCIUTHH POK, KA0 peeBaHTaH
(JyHCKO-JyICKM WIU jaHyapcKo-(heOpyapcku), jep cTaTHUCTHKa mMokasyje na usmehy 60% u 75%

CTyJIeHaTa M3Jla3U Ha IoJarame OBOT MpeAMeTa YIpaBo y IPBOM UCITUTHOM POKY.
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TABEJIA 8
OCTBAPEHU [IOEHU CTYIEHATA V JYHY 2009 1 vV IEPUOY 2012-2015 HA OJICEKY 3A PTH

Oncer npouexnara
OCTBAPEHHX IOEHA HcnutHu pok
HA HCIIHTY

Jyn 2009 Jyn 2012 Jyn 2013 Jym 2014 Jym 2015

90% mo 100% 531 % 7.27% 14.81 % 8.47 % 12.3%
80% 1o 89.99% 8.85% 10 % 8.33% 14.41 % 11.47 %
70% 1o 79.99% 16.81 % 10 % 11.11% 9.32% 7.38%

60% mo 69.99% 20.35% 11.82 % 4.63 % 14.41 % 17.21%

50% no 59.99% 9.74 % 10 % 14.81 % 15.25 % 9.84 %
HUcnoxn 50% 9.74 % 12.73 % 741 % 9.32% 7.38%
Tpocetart Gpoj noena 5 68.8 76.3 725 75.25
Ha UCIUTY
% on ykynHor 6poja
CTy/IeHara Koju cy 29.20% 38.18% 38.9% 28.82% 34.42%
MPOMYCTHJIA UCITUT
TABEJIA 9

OCTBAPEHHU ITOEHU CTYAEHATA V JYHY 2009 1 v ITEPHOAY 2012-2015 HA OJICEKY 3A CU

Oncer npoueHara HcnutHu pok

0CTBapeHHX MOeHa Jyn
Ha HenuTy Jyn 2009 Jym 2012 Jyn 2013  Jyu 2014 2015
90% no 100% 16.13%  22.22% 20 % 12.86 % 15.94 %
80% 10 89.99% 3.22% 741% 12% 11.43 % 11.59 %
70% 1o 79.99% 9.68 % 5.56 % 10 % 12.86 % 11.59 %
60% 1o 69.99% 16.13%  3.70% 10 % 11.43 % 10.14 %
50% 1o 59.99% 9.68 % 1.85 % 6 % 10 % 8.7%
Hcmon 50% 1290%  3.70% 4% 12.86 % 8.7%
lpocetait Gpoj 68.2 8L5 79.25 80.33 81.86
TI0CHAa Ha UCOUTY
% ox ykymHOT 6poja
CTyZIeHaTa KOjH cy 32.26 % 55.56 % 38 % 28.57% 33.33%

MIPOIYCTHIN UCIIUT

Amnanuzupat je Opoj cTyAeHaTa KOju Cy MOJ0XKUIH npeaMeT NHTeIUreHTHI CUCTeMHU Ha 00a
OJiceKa Ha HMBOY IleJie IIKOJICKE T'OJIMHE, Y CBUX IIECT UCIUTHUX POKOBA: jyH, jyi, cenreMoap,
okTo0ap, janyap, dhedpyap. bpoj cTynenara koju cy no0uIu 3am0BoJbaBajyhe oleHe npe yBohema
cucrema Ha Oncexy 3a PTU 6mo je ucnog 80%, a HakoH yBohema cuctema SAIL m3mehy 83% u
92%. Ha Onceky 3a CH nipe yBohemwa cuctema MposIa3HOCT y CBUM MCIIUTHUM POKOBMUMa Ouiia je
Hajume 10 80%. Hakon yBohema cucrema SAIL mponaznoct Ha oBoM mpenmery kpehe ce y
rpanunama o 88% 1o 96%, mro je mpukazano y tadbenu 10. Cnmuno Tome, rienajyhu npocedan
Opoj TOeHa Ha 3aBPIIHOM HCIUTY, YKyIaH YyCIeX CTyJIeHaTa je 3HaTHO 0O0JbM HaKOH yBohema u
Kopuihema BU3yeIHUX CUMYJIAlMja Yy HACTaBH, ajli M IPUIIPEMe KOJIOKBHjyMa U 3aBPIIHOT UCIIUTA

y3 nomoh cuctema SAIL, kox kyhe.
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TABEJA 10
TIPOJIABHOCT CTYJIEHATA HA UCIIUTY Y LIKOJICKUM I'OAMHAMA I1PE U HAKOH YBOBEWA CUCTEMA SAIL

lxoJicka ronuna
2011/12 2012/13
101/110 90/108
91.82% 83.33%
CodrBepcko 23/31 51/54 48/50 62/70 65/69
HHKCHEPCTBO 74.19% 94.44% 96.0% 88.57% 94.2%
Jezcenda: OnHoc M/H 03HaYaBa OpOj CTyAEHATa KOjH Cy MOJOXKHIIH UCIIAT HACIpaM
Opoja cTyaeHaTa Koju Cy MOIIIH [1a CITyIIajy MPEAMET Te IIKOJICKE TOIUHE.

Oncek

2008/09

86/113
76.22%

2013/14

99/118
83.89%

2014/15

109/122
89.34%

PauyHapcka TexHHKa 1
nH(pOpMATUKA

On mxoncke 2009/2010. Ha npeamery VIHTEIMIeHTHH CUCTEMH yBEIEH je nomahu 3a/aTak,
koju Hocu 20% on ykymHor Opoja moeHa Ha mpenmery. o te rogune je 20% mnoena Ouio
pe3epBUCAHO 3a TEOPHUjCKA MUTaMa, Al MOYEB OJ] TE IIKOJCKE TOJUHE, CTYJCHTHU Cy OMIHOHO

MUTaka U3 TEOpHje Ha 3aBPIIHOM MCIUTY MOTJIH Jla 3aMeHe ca JoMahuM 3a/1aTKoM.

Jomahu 3amarak npencTaB/ba MMIDIEMEHTAIM]y HEKOr airopurMa y3 Beh 1mate OKBUpE
rpagUyYKOr KOPHUCHHYKOI HHTepdejca, pealn30BaHOT y MNporpamckoM je3uky JaBa. Heku on
npobiieMa Koju Cy CTyAEHTH jaoOujanu 3a gomahu 3amarak cy: Block World, Nine Men's Morris,
Freedom, Reversi (Othello), Wumpus world, Backgammon. HbuxoB mumb je Ouo na Hamuiry
anroputam koju he HajObospe pemmTu mpodiem, y3 mro 0osbe nephopMaHce U3BPIIABAHA 33/1aTOT
anroputMma. Ha kpajy onOpana nomahux 3aiaraka, opranusyje ce TypHUP y KoMe Mel)ycoOHO Urpajy
CBH CTYJCHTH Ca CBOJUM pelLIeHHUMa, a 10 Tpoje HajOOJPUX CTyJeHaTa Ha TYpHUpPY JoOHjalu cy
6onyc noeHe. Jlomahu 3ajatak je BpJoO 3HauajaH 3a CTYACHTE, jep BUME y4e U UMIUIEMEHTUDPA]Y
QTOPUTME, CMO3HA)y HHUXOBE NPEAHOCTH W HEAOCTAaTKE, TOBE3Yjy CBOj MPOTPaMCKH KO ca
KJlacaMa JOCTYIHHM Yy TOCTaBLIM 3aJaTka M peaju3yjy jeaHy KOMIUIETHY HMIpY 3acHOBaHy Ha
JITOPUTMHUMa KOj€ Cy YYHIIM TOKOM CEMEeCTpa, y3 o0aBe3aH IMpOLEC TECTUPamka alrOpUTMa U caMe

urpe.

VYkonuko ce mornena tabena 11, moxke ce yBumetu na je 6poj cTyaeHara Koju pajae noMmahu
3ajaTak noveo jaa ce nosehasa ox mkosicke 2011/2012. ronuHe mWTO ce BPEMEHCKU IMOayapa ca

yBOhemeM NMPBUX peaTn30BaHUX cUMynanuja u3 cuctema SAIL.

TABEJA 11
BPOJ CTYJIEHATA KOJU CY YPAJIWIIU JIOMARHU 3AJIATAK Y OJTHOCY HA YKYIIAH BPOJ CTYJIEHATA KOJU CY CJIVIUAJIA TTIPEJIMET

Oncek

Ilepnon ondpane nomaher 3agarka

Jyn 2010

Jyn 2011

Jyn 2012

Jyn 2013

Jyn 2014

Jyn 2015

Pauynapcka TexHuka
1 nH(pOpMaTHKa

21/113

29/107

36/110

40/108

45/118

57/122

Co¢rBepcko
HHKEHEPCTBO

8/27

11/36

30/54

32/50

36/70

37/69
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V ckIorny aHanu3e W3BpIICHA je CTYACHTCKa aHKeTa 3a CTyJCHTE KOjU Ccy Ioxahamu npeamer y
mkoickoj 2013/2014. ronunu u y mkosckoj 2014/2015. ronunu Ha 06a oxceka. AHKeTa je Ouia
aHOHMMHA U y 1H0j je y3eno ydenthe oko 80% cTyaeHaTa Koju cy CIyIIaad NPeaAMET U KOPUCTUIIN

codpTBepcku cuctem SAIL. Ankera je oOyxBaTuiia IeCT mUTama o cucremy SAIL:
1. Ja nmu Bawm je kopucHuuku untepgejc cuctema SAIL MHTYHTHBaH | JaK 3a KopHIheme?

2. OrmeHnTe CTENEH MHTEPAKIUje KOPUCHUKA U CUCTEMa, MOTYhHOCT MpaBJbekha COMCTBEHUX

puMepa 1 yUuTaBame 1moctojehux npumepa u3 30upke 3a/1aTaka.

3. OI_IGHI/ITG MOFYhHOCT IMOKpCTama CI/IMy.]'IaI_[I/IjC KOpaK IIO0 KOpaK 3a CBAKH aJlropuTaM H

npaheme paga cumynanuje y cucremy SAIL.

4. YV xojoj wmepu <cy Bam maboparopujcke BexkOe ~TOMOTNIE Yy TPHUIPEMHU

KOJIOKBHjyMa/ucnura’?

5. Jla mu Bam je cuctem SAIL mnomorao mpu camMocTanHOM Yy4Y€lhy U MPHUIPEMU

KOJIOKBHjyMa/uciura’?
6. Ommru yrucak o cucrtemy SAIL.

Ha oBa nurtama cTyJIeHTH Cy OATOBOPWIM Ha ckaiu of 1 g0 5: 5 — BeoMa 3a10BoJbaH, 4 —
3aJJ0BOJbAH, 3 — MpPOCEYHO, 2 — HE3al0BOJbaH, 1 — BpiO He3anoBoJbaH. [IpoceuHa omueHa Mo
NUTamkUMa MpuKazaHa je y Tabenu 9. AHanusa je npukKaszaja BeoMa BUCOKE OIEHE Ha NMHUTawmy 4, 0
YTHIIA]y JIabOpaTOPHjCKUX BEKOM HA 3HaWE KOj€ Cy CTYIEHTH CTEKIIM, Kao U Ha MUTamy 6, T1e cy
CTYICHTH OICHUBAIM ONMIITH yTHCcak o cuctemMy SAIL. 3amoBospaBajyhe oaroBope CTyIeHTH Cy
Jamyd Ha NUTakbUMa O KOPUCHUYKOM uHTepdejcy M Jnakohum ymoTpebe cucrema, CTENeHy
MHTEpakKifje ca CUCTeMOM U mpahewmy cumysanMje MeToJOM Kopak Mo kopak. Hemro mommjy
OLIEHY CTYACHTH Cy JalH Ha TMHTamy S5, KOje ce OJHOCWJIO HAa CaMOCTAIHO YUYEHE W TPUIIPEMY
ucnuta kopumhemem SAIL, jep cructeM He MOXKe TIOTITYHO J1a 3aMEHU TPaJIUIMOHAIIHE MaTepHjaie
U y4yewe U3 ylI0eHHKa U ca ciajioBa. Ty ce Moxke MPUMETHTH pa3iiuka Koja anketa u3 2014. u 2015.

rOJIMHe, I7e je HakoH yBohemwa cucrema SAIL Ha MmoOuHUM ypehajuma Ta oneHa Hemro Beha.

AHalM3upaHo je BpeMe Koje Cy CTYJIEHTH YTPOIIMIIM 3a MpUIIpEMamhe UCIUTA Mpe yBohema

cucrema SAIL u HakoH yBohema cuctema SAIL. [TocraBireHa nmuTama Ouma cy:

7. Konuko je BpeMe Koje CTe YIOXKUIM Y paj TOKOM IOJUHE Ha OBOM MpeaMeTy (mpaheme

HacTase, JabopaTopujcke Bexoe, 1omahu 3aiatax)?
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8. Komuko BpeMeHa CTe YIOKWIH Y CaMOCTAIIHY MPUIIPEMY OBOT UCITUTA?

Pesynratu cy npukazanu y tabenu 12. [IpumerHo je ga cTyAeHTH y3 momoh OBOT cOTBEpCKOT
crcTeMa yTpOIlle Mamke BPEMEHa 3a MPHUIPEMahe UCIHTAa U Mamke BPEMEHa YJIaxKy y CaMOCTaIHY
npuripemy ucnurta. KopumnrhemeM CTYIEHTCKHMX aHKeTa TOKOM aKpeAMTAIMOHOT IPOoIeca,
aHanmsupano je m onrtepeheme Kypca uspaxkeno kpo3 ECTS. Ilpe yBohema cucrema SAIL u
npakTuyHor aomaher 3amatka, nponemenn 0poj ECTS 3a npeamer MHTENMUreHTHH CUCTEMH OHO je
6.55 (PTN), ogrocuo 7.02 (CH) y 2008. ronunu, a HakoH yBohemwa cuctema SAIL y mocieamoj
anketH u3 jyHa 2015. rogune nponemenu 6poj ECTS 3a oBaj npeamer 6uo je 5.45 (PTH), onHocHO
5.52 (CH). Opa anaimza mokaszana je na O0poj ECTS OGomoBa oaroeapa obumy mpeamera u

YIIO)KEHOM pajly CTyJeHaTa Ha ipeaAMeTy IHTeTUreHTHU CUCTEMU.

TABEJIA 12
BPEME KOJE CTYJIEHTH YTPOIILIE 3A YUEILE

Murtame #7
Oncex u B
roquna Marbe 01 40-89 90-180 . “1‘;'8
AHKeTHpamba 40 catn caTu caTu W
caTu
PTHU (2009) 43.40 % 45.28 % 943 % 1.89 %
PTHU (2015) 54.54 % 37.88 % 7.58 % 0%
CH (2009) 36.59 % 41.46 % 14.63 % 7.32%
CHU (2015) 40.38 % 48.08 % 9.62 % 1.92%
Oncek u Iurame #8
roaAuHa Mame o 8-15 16-30 Buue ox
AaHKeTHpakba 7 naHa JaHa JaHa 30 gana
PTHU (2009) 49.06 % 45.28 % 1.89 % 3.77%
PTH (2015) 60.61 % 34.85% 454 % 0%
CHU (2009) 39.02 % 39.02 % 14.64 % 7.32%
CHU (2015) 55.77 % 36.54 % 7.69 % 0%

VY Tabenu 13 nare cy M OIleHE KOJUM CY CTYACHTU OLIEHWJIM paJl MpeaMeTHOr mpodecopa u

ACUCTCHTA Y OKBUPY CTYIACHTCKEC aHKCTC.

TABEJIA 13
OLIEHE HACTABHUKA U ACUCTEHTA Y CTYJIEHTCKOJ AHKETH

ITpoceuyna onena
Jlerenpna: I1 - npogecop, AC - acucrent
Ouene Ha ckayim o1 1 (Hajuuske) 10 S (HajBHLIE)
Jyn Jyn Jyn Jyn Jyn Jyn
2013 2013 2014 2014 2015 2015
[ [AC] L] [AC] [ [AC]

Oncex

Pauynapcka TexHUKa 1

459 436 44 4.49 461 478
nHpopmaTHKa
Codrsepexo 416 392 441 4.16 4.7 4.45
HH)KCH)epCTBO
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8.3AK/bYUYAK

Y oBOj aucepranyju omnucaH je HOBH codTBepcku cucteM SAIL 3a yuewe u npuUMEHY
anropuTaMa BelTauke uHTenureHnyje. L{um pasBoja oBor cucrema OMO je ja anropurMe, KOju cy
IpH pelaBamby KOMIUIEKCHUX MpoOjieMa TEMIKH 32 pa3yMeBame, JETaJbHO MPHKAKE KOPUCHHKY
crcTeMa Kpo3 TOCTYIMaK pellaBama, CUMYJIAlHWjy KOpak MO KOpPaK M HUXOB BH3YEIHU IPHKA3.
CucteM je mnpBOOMTHO OMO 3aMMIUBEH Kao jelHAa CUMYyJalMja CTaHIApAHUX alropuTaMa
NpeTpakuBamba M YBEAEH je Ha mnpeaMery MHTenureHTHuH cucteMu Ha EnekTpoTeXHHYKOM
¢akynrery y beorpany. TakBa cumynanmja ce mokasajia BeOMa KOPHUCHOM 3a CTyJAEHTE, Ma je
CHCTeM 3aTUM MOAYJIApHO HagorpahuBaH ca JApyrumM TIpynaMa anropurama. TOKOM pa3Boja
cucTeMa, Yy HCTPaKUBamY j€ JaT MpeuIor HOBOTI XUOPUAHOT MoJieNla pa3Boja cOPTBEPCKUX cUCTEMA
KOjU KOMOMHYje UTepaTUBHM U MHKPEMEHTAHU MPHUCTYII, Ca UMIIEMEHTAIM]jOM TPpaJuMOHAIHUX
da3a MOIMGHUKOBAHOT MOJENa BOJAONAIA, y3 NPHUMEHY CaBPEMEHOI arWjIHOT MPHUCTYIA, MOIMYT

pa3Boja Boheror TectoBuma (TDD) u nonamamem (BDD).

Anamuzom 14 mocrojehux coTBEepCKHUX CHCTEMa KOjU Ce KOPHUCTE y YUely ajlropurama
BEIITaYKe MHTEIUreHIMje Ha Buiie oJ 30 CBETCKUX YHMBEP3UTETA, 3aKJbYUYEHO je Ja He MOCTOjU
CHUCTEM KOjH TIOcemyje cBe neuHuCaHE 3axTeBe: TakaB CO(PTBEPCKH CHCTEM Tpeba Ja uMa
3ajelHUYKU rpaUuky KOPUCHUYKU HHTEpdejc 3a CBe CUMYyJalje, BUCOK HHUBO MHTEpaKIHje
n3Mel)y KOpUCHHMKA U CUCTEMA, 1a UMa MOTYhHOCT CUMYyJIalije CBaKkor ajlrOpUTMa KOpak Mo Kopakx,
yIIOpeJHE aHalIM3e ajlropuramMa TOKOM HHHXOBOI M3BpIIaBama, Ja MMa MOTYNHHOCT IpaBibema
COTICTBEHHX IpPHMEpa ca MPOMEHJBHBHM YIIa3HHM TapaMeTpuMa CHMYJAIlMje WM yYUTaBame

nocrojehux npeaepuHrcanux mpoodiema. OcuM OBHX 3aXTeBa 3a CUMYJIAIMjOM U BU3YEIH3aIHjOM,
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Ha MOYETKY je neduHUCaHO J1a cucTeM Tpeba na Oyae MoayiapaH, Kako OM MOTao Ja ce HaJloTpajiu
HOBHMM aJITOPUTMHMA, U BUIIEIUIAT(POPMCKH, TaKO IITO O CE pealn30Bajie pauyHapcka U MOOMITHA

Bep3Hja CUCTEMA.

Kopumiheme oBor codTBepckor cucreMa MpUKa3aHO je Y HAcTaBH Ha EJEKTpOTEXHUYKOM
daxynrery Yuusep3urera y beorpany. Crynentu nmomohy oBor cucrema Mory Op30 ¥ TEMEJbHO Ja
CaBJIajiajy MpeaaBaHo rPaivBo, Kpo3 mecT popMupaHuX Ta0OPATOPHjCKUX BEXKOU, KOje paTe TeMe
KOje ce TMpenajy TOKOM cemecTpa. l3BpmiaBame cBakor mpumepa Ha Kome yde onpeheHu
TOpHUTaM, CTYICHT MOXE Ja CHUMYJIHpa ayTOMAaTCKUM pEXHMOM paja, 10 3aBpIIeTKa paja
IropuTMa, Wi MaHyeITHUM PEXKHUMOM, KOpak 1o kopak. JJobpa ctpana oBor copTBepcKor cucrema
je m mTo ocuM Beh ocMHIIBEHWX MpuMepa, W3 30MpKe 3a/aTaka, KOju ce Y4YWTaBajy u3 Qajia,
CTYJICHT MOXX€ YHETH M COIICTBEHE IpHMEpPe IPEKO HWHTYUTHBHHX KOMaHAM W rpaduyukor
KOPUCHUYKOT MHTepdejca. Y HUCTpakMBamy je NpHKa3aHa U MOTYhHOCT /1a ce OBakaB CHUCTEM W

MMIUIEMEHTHPAaHE CUMYJIAIije ajJropuTaMa HaJlorpajie U peannsyjy Kao peasHa KOMITjyTepcKa urpa.

EBanmyanuja y nHacraBu je Beh mpBe rommHe yBoljema OBAaKBOI cHCTEMa IOKa3ana Ja
CTYIEHTH TOCTHXKY MHOTO Behu Opoj moeHa y oHUM o0JacThMa Koje paHHje HUCY Ouiie MOKpUBEHE
cUMyJlalljamMa ajaropuTama. Y3 HHTepaKkTHUBHE J1JabopaTopHjcKe BekOe M NMpUMEpe 3a CaMOCTAIHO
yuyewme Ha MOOWJIHUM ypehajuma, CTyIEHTU Cy TPOIIMIM MHOTO Mame BpeMEHa 3a CaMOCTaJHy
MIPUTIPEMY OBOT HCITUTA, HETO CTYJIEHTH KOjU HUCY KOpUCTHIHN copTBepcku cucteM SAIL. OBakas
cucTeM OM OCHM CTYyJI€HATa 3a y4€He MOTJIM KOPUCTHUTH W HMHXEHEpH, KOjU Tpeba /1a caBianajy
HEKU alropuTaM U pa3yMejy HeroB pajJl M Kako OM HAKOH TOra HOBOCTEUEHO 3HAWkE MOIIIH

NIPpUMCHUTH Y peanmaunjy HCKOI' HOBOI' CUCTEMA WJIM ITOACUCTEMA.

Kao npumeHa anropuramMa BelITadyke WHTEIUTCHIMjE Yy APYyruM objacTmma u MOryhHOCT
MIPUMEHE OBOT COPTBEPCKOT CMCTEMA y pelllaBamy MPaKTUUHUX MPoOJieMa, Y 0BOj AUCEPTAIU]U CY
MpHKa3zaHe Tpu paznuuurte npumene cucrema SAIL. [IpBa nmpumMena mokasyje ynoTpedy cuMmynaiuje
alropuTamMa MpPeTPAKUBaKka Y OKBUPY MAMETHOT MApKHHTa ca OEKUYHOM CEH30PCKOM MPEKOM.
Jlpyra mpuMeHa OBOT CHCTEMa MpHKa3alia je TOMON y MEIUIIMHCKO] TUJarHOCTHUIIN M PaJl CUCTEMA Y
HEU3BECHOM OKpyXkemy. Tpeha npumena ca ctabauma oiayynBama U 00pajoM BEJIMKUX KOJUYHUHA
MojiaTaka je JaHac Hajuenrha ymotpeba peaqn30BaHHX alropuTamMa, 3aCHOBAHUX Ha MAIIMHCKOM
yuemwy, U TaKBH aTOPUTMU ce cpehy uecTo y ApyruM obiactuMa rie je moTpeOHO aHAIM3UPATH U

oOpahuBaTu momartke.
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Y OKBUPY JIOKTOPCKE IUCEPTaIlMje TOCTUTHYTH CY ciiefichu HaydHU JOTPHHOCH:

» JletaspaH mperiieq U KiacupuKaiyja mocrojehnx copTBepcKux cucremMa Koju ce
KOpPHCTE 3a Y4Y€HhC alropuramMa BeINTAYKe HHTCIWICHIMje Yy HAaCTaBU Ha

pa3siIuuuTUM CBETCKHUM YHUBCP3UTCTHUMA, aJIM HCKUX W BaH HACTAaBCE,

* Moaepau3anyja (HaKyaTETCKOT IMpeiMeTa aKTHBHOM IPUMEHOM EJIEKTPOHCKOT
yuema, MOOMIIHOT Y4€Ha, CAMOCTAJIHOT yUeHa CTyJeHaTa U YKJbyUUBabEM BUILIE
pakTUYHE HAcTaBe Ha IMpeIMeTy ca [0 TajJa TpaJulMOHAIHUM H3BOhemeM

HacCTaBe,

* Peanu3oBaHa (yHKIMOHAJTHA CIEIU(HUKAIMja HOBOI COPTBEPCKOr CHCTEMa 3a
MOJPIIKY YUY€y U MPUMEHY alropuraMa BeIITadYKe HWHTEIUTCHIIN]C.
MonenoBamke HOBOI CO(PTBEpCKOr CHUCTeMa MOJYJIApHOT KapakTepa, ca

MOFYhHOI_th JIaKe ITPOMMUPUBOCTU NOAATHUM MOAYJIUMA U AJITOPUTMHUMA;

* Jlpumena MynaTUILIATGOPMCKE apXUTEKType CO(YTBEPCKOT CHUCTEMaA, MPHOIMKHO
UCTE JIOTUKE, y3 Mambe U3MEHE y MPOrpaMCKOM KOy IPUIMKOM TpaHchopMmaliyje

padyHapcKe Bep3uje CUucTeMa Y MOOMIIHY BEp3H]Y;

* HoBu HauMH wHcLpTaBama rpadoBa M crabaia KoJ MOOWIHE alUIMKalldje Ha
Annpoun mardopmy, jep noctojehe Japune 6uOIMOTEKE HUCY ONTUMHU30BAHE 32

Annpoun mnathopmy;

* [IpumeHa urapa v aHuMalyje y elyKaluju U pa3yMeBame ajaropuraMa y3 nomoh
KJaCUYHE KOMI[JYTepCKE UIpPe 3aCHOBaHE Ha aJIrOpUTMHMa  BeEIITauke

WHTEJUTEHIIH]€;

* Amnanusza pesynrara kopuiihema cOQTBEPCKOT CHUCTEMa 3a Y4YEHE BEIITauke
MHTEJIUTEHIIM]€ Y OKBHpY NpeaMeTa Ha OCHOBHUM aKaJEeMCKUM CTyAHjamMa u

MO3UTHUBHA OLICHA O CTPAHC CTYACHATAa KOjI/I cy onmn YKJbYUYCHH Y UCTPAXKUBAKE,

* VHamnpelheme NpojeKTOBama CUCTEMa 3a yuewme W MpuMeHy anropurama BU, u

IpeIor XUOPUIHOT MO/IeNIa pa3Boja TAKBUX COPTBEPCKUX CUCTEMA.

HcTtpaxkuBame y OKBUpPY OBE JHCEpTallMje OTBOPHUIIO j€ HEKOJIMKO MOryhHX Jajbux mpaBana
yHamnpehema oBor copTBepckor cucrema. [IpBa ujeja je 1a ce cUCTeM MoBeXe ca 6a3oM MUTama,
peaan30BaHOM y OKBUPY MCTOI CHCTEMa, WM ca HEKOM OJ Beh onmucaHux IaThopMu 3a e-yuemne,

TaKo J1a CTY/ICHT WA UHXKEHEP, JTOK U3BpIIaBa CUMYJIAIlN]y, MOXe Jia OJIr0Bapa Ha MUTamka 1 Ha Taj
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HAYMH MPOBEpaBa CBOja 3Hama. Ha Taj HauMH OM ce MHTEPAKTHBHOCT KOPHCHUKA U COPTBEPCKOT
cucTeMa MOJuria Ha HajBUIIM HUBO. Jpyra maeja yHampehema oBOr cucrema je aa ce mpumepu
KOje KOPHCHHUK IOKPEHE YyBajy Ha HEKOM CepBepy WM y 00JaKy M Ja caMd KOPHUCHHUIM MOTY Jia
peanu3yjy CBOje MOJICHCTEME ca CBOjUM HMIUIEMEHTaIMjamMa anroputama. Ha TakBoj matdopmu
KOpHUCHHIIM 0N MOTTU Mel)ycCOOHO J1a ce TakMHue, pealin3yjy TEeCT MpUMepe APYTUM KOPHCHUIIMA
miatropMe WU TpaBe WHTEIUTEHTHE areHTe (padyHapcke 6orose). Tpehu mpasai pa3Boja moria
Ou OuTh ayromarcka kiacu(ukanuja yinasHHX MpUMEpa U OJIy4YHBAEKE OJ] CTPaHE CHCTEMA Y
peamHoM BpemeHy. CucTeM OM CaMOCTaJIHO OJUTYYMBAO KOjU ajiropuraMm Tpeba ja NMpPUMEHU Ha
OCHOBY OHOTA IITO j¢ KOPUCHUK MTOCTaBHO Kao mpodsieM cuctemy. OBO je BpJIO 3HAYAjHO y 00acTu
alroprTaMa MallMHCKOT y4ema U 00paje mojaraka, rae Ou cucTeM MOrao caMOCTaJIHO Ja OJUTYYd
Ja JIM J1a IPUMEHYje TeXHUKY HaJIJIeJaHOr y4eHa WM HEHaJrjelaHor yuema. Kako oBe Bpcre
yuemwa uMmajy Behu Opoj pa3nuuuTHX alropuTama U cTpaTterdja koje o6u cuctem morao ga onadepe,
YIIOPETHUM TPHUKa30M OM CHCTEM MOrao Ja MPEAoXKH pa3InYuTe HAYMHE /1a CE€ IOCTaBJHCHU

MPOOJIeM PEIy U J1a OJITYIH KOjH OJ1 MPEIOKCHUX HaYMHa j¢ HajOOJbH.

PeanuzoBanu cucrem SAIL u npeanoskena ynanpehema oBOr cucreMa Mmokasyjy Ja je 3Hauaj
BElITaYKe MHTEJIUICHIIM]e YaK U KOJ| pelllaBamba MambUX IpolieMa jako Beauku. Bennke koMmnanuje
JlaHac yJnaxy JocTa HOBI[Aa, BpEMEHa M JbYACKHX pecypca y pa3Boj CHCTeMa 3aCHOBAaHHMX Ha
BELITauKO] MHTeNUreHunju. CUCTEMH KOjU YKJbYUy]y HEypaJlHE MpeXke, MAIIMHCKO y4eHe, TyOoKo
CTPYKTYPHO y4eHe, I0CTajy NaMEeTHHjU U CBECHH]jH, CIIPEMHH Cy J1a CAMOCTAIHO y4e 0e3 yHarpe[
negUuHUCAHOT TMOHAllalka alropuraMa M TakBU CHCTeMH Ouhe cacBUM CUTYpHO CTYOOBH HOBE

JTUTUTATHE TEXHOJOIIKE PEBOTYIIH]E.
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Hpaxen pamxosuh pohen je 16. nenem6pa 1985. ronune y beorpany, Penyonuka CpOuja.
I'mvuazujy y CmenepeBy, MpHPOJHO-MAaTEMaTHYKOI CMEpa, 3aBPIIMO j€ Ca OUIMYHUM YCIIEXOM
2004. romumHe. TOKOM IIKOJOBama OCBaja0 j€ Harpajge Ha PETMOHATHUM U PEMyOIHYKUM
TaKMUYCHUMa W3 MareMaThke, ¢usuke W uHpopmaruke, Ouo je ydecHuk Illkonme miamux
MaTeMaTh4dapa ,,ApXxuMeaec” U yUYeCHHUK JICTHUX HAy4YHUX IIKoia u3 (u3uke U mHOpMaTHKE, Y

UCTpaKMBa4Koj cranuiy llerHuna.

Haxon 3aBpmieHe cpenmwe Mmkoise, ymucao je Opacek 3a COPTBEPCKO HHKEHEPCTBO,
Enextporexnuukor Qakynrera YHuBep3utera y beorpany. Kao mnpsBu cryment Ojceka 3a
co(hTBEPCKO MHKEHEPCTBO, AUMIoMupao je 2009. roauHe, ca MpOCEYHOM OLEHOM 8.76 U OLleHOM
10 Ha qumnoMckoM pany. JumiomMcku paj, moj Ha3uBoM ,,CHUCTeM 3a yrpaBjbamke U ypehuBame BeO

cazpkaja‘“ akTUBHO c€ KOPUCTHO Y MUHHUCTapCTBY MPOCBETE, HAYKE M TEXHOJIOLIKOT pa3Boja.

JlunnomMcke akazeMcke cryauje - macrep, ynucao je 2009. rogune Ha EnexkTpoTexHHUKOM
¢dakyntery y beorpany, moayn CodrBepcko mHxkemepcTBo. Macrep cryauje je 3aspumo 2011.
TOJUHE ca MPOCEeYHOM OIeHOM 9.5 u oueHoM 10 Ha 3aBpUIHOM MacTep paay Ha UCTOM (aKyNITeTy.
Y toky 2010. ronmuHe OoOpaBHO je y HCTpa)XMBauKo-pa3BOjHOM LEeHTpy Komnanuje IBM y
HIryrrapry (Hemauka), Ha mpojekty ,,Smarter Planet”, y ckiomy seTme npakce HajOOJBUX MacTep
CTy/IeHaTa eNeKTpOTeXHUKe U pauyHapcTBa u3 EBpomne, Cpeamer Mcroka u Adpuke. JlokTopcke
cTyauje ynucao je y neuemopy 2011. roqune Ha EnexTpoTeXHUYKOM (QakynaTeTy YHUBEp3UTETa y
beorpany Ha monyny CopTBEepCcKO MHKEHEPCTBO. Y TOKY CBOJUX CTyAMja, OHMO je aHTa)KOBaH O]1

mapra 2008. no nememOpa 2009. roamHe Ha MO3UIMjU Tmporpamepa y PadyHCkoM LEHTpY
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Enexrporexuuukor ¢akynrera, Ha Behem Opojy codTBepckux ImpojekaTa, Koje je paauo u

CaMOCTAJIHO U y TUMY.

On janyapa 2010. ronuHe 3arocieH je Kao capaJHuK y HacTaBu Ha KaTtenpu 3a pauyHapcky
TexHUKy U uHpopmaTuky Enekrporexnuukor ¢akynrera y beorpaay, a omx okroopa 2012. Hanazu
ce Ha MO3MUIMjU ACHCTEHTa. TPEHYTHO j€ aHra)KOBaH Kao ACHCTEHT W H3BOJIU ayJUTOPHE H
naboparopujcke BexOe Ha 8 mpeamera Ha OCHOBHUM W MacTep aKaJIeMCKHM CTyAWjama, a
y4ecTBOBaO je y HacTaBM Ha joul 6 mpenmera. Panno je XOHOpapHO Kao CTPYYHHM CapajHUK,
copTBepCcKH HWHXEHEpP U HHTErparop codrBepckux cucrema Ha Bume on 20 copTBepcKux
npojexaTa y Ap)KaBHUM M Mel)yHapOJHHM WHCTUTYIMjama, Kao MITO Cy COPTBEPCKU CHUCTEMH 32
MuHHCTapCTBO TPOCBETE, HAYKE W TEXHOJIOIIKOT pa3Boja, MUHHCTApCTBO TEIEKOMYHHKAIIH]a,
United Nations Office for Project Services (UNOPS), World Health Organization (WHO) u npyre

WHCTUTYIH]E.

UnaH je uHTepHaMOHATHUX cTpykoBHUMX opranm3aiuja IEEE (Institute of Electrical and
Electronics Engineers) ox 2013. roguae u ACM (Association for Computing Machinery) ox 2016.
roguHe. Y opranusauuju I[EEE on janyapa 2017. roguHe Hajla3w ce Ha IMO3UIUJU CEKpeTapa U
Onarajuuka 3a cekiujy Serbia and Montenegro, omesbak Computational Intelligence. buo je
aKTUBaH wiaH pajgHe rpyne dakynrera y mpolenypyd caMOBpPEJHOBama U MPOBEpPE KBAIUTETa U
nporiecy akpeauTtaruje akynrera u cBUX cTyaujckux nporpama (ox 2012.), unan Panne rpyme 3a

capazmy ca mpuBpeaoM u kommnanujama (o1 2016.) u unan Casera @akynrera (ox 2015.).

Obnact wuctpaxkuBama [lpaxena JlpamkoBuha oOyxBaTa BeIITaUKy HWHTEIUTEHIHM]Y H
UHTEIUTeHTHE CUCTEME, aHAIM3y U o0pajy IojaTaka, METOA0JIOTHje MPOJeKTOBAkA U TECTHPaba
co(pTBEpCKUX CHCTEMAa U NMPUMEHY PAIUYUTHX aIropuTama U3 00JIaCTH BELITAauKe WHTEIUTEHIU)e

y co)TBEPCKUM CUCTEMHMMa Oa3upaHUM Ha MHTEPHET U MOOWJIHUM TEXHOJIOTHjaMa.

Jlocanammy pe3ynraTi KaHuaaTa MpuKa3aHu cy y BuAy 36 HayyHHMX pajoBaa, o] 4era cy
Tpu paga y MebhyHaponHum dacomucuma ca umnakt-paktopom (SCl nucra), 12 pamoBa y
300pHUIIMMa MelyHapoaHMX CKyMmoBa, JBa pajga y naomMahum dyacomwcuma u 19 pamgoBa y
300pHHIIMMA CKYIOBa HAllMOHANIHOI 3Hayaja. [paxen [[pamkoBuh je koayTop ABa TeXHHUYKA

pelema U Tpu yuoenuka Ha EnekrporexHuukoMm gaxynrery YHuBepsuteta y beorpany.
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CIIMCAK PAJIOBA KAHJIUJIATA

Hay‘lHI/I padoBH Y HAYYHHUM YaCOIIMCHUMaA Melijapoleor 3Haqaja Yy BE3U TEMC NOKTOpara:

11

1.2

Draskovic, D., Cvetanovic, M., Nikolic, B., “SAIL — Software system for learning Al
algorithms”, Computer Applications in Engineering Education, spec. issue, Wiley,
June 2018. [M22, IF = 1.153], DOI: 10.1002/cae.21988, ISSN: 1099-0542

Draskovic, D., Misic, M., Stanisavljevic, Z., “Transition from traditional to LMS
supported examining: A case study in computer engineering”, Computer
Applications in Engineering Education, VVol. 24, No. 5, pp. 775-786, Wiley, Sept. 2016.
[M23, IF = 0.694], DOI: 10.1002/cae.21750, ISSN: 1099-0542

Hayunu panoBu y 360opHuiinMa Mel)yHapoJHUX HaydHUX CKYIIOBa y BE3U TEME JOKTOpaTa:

2.1 Delcev, S., Vukasovi¢, M., Draskovi¢, D., Radojevié¢, D., Jankovi¢, M., Bajec, M.,

2.2

2.3

Nikoli¢, B., “Testing artificial intelligence knowledge with interactive web system”,
Proceedings of 24™ Telecommunications Forum TELFOR 2016, |EEE Serbia &
Montenegro, Belgrade, Serbia, Nov. 2016 [M33],
DOI: 10.1109/TELFOR.2016.7818922

Milenkovic, K., Draskovic, D., Nikolic, B., “Educational software system for
reasoning and decision making using Bayesian networks”, Global Engineering
Education Conference (EDUCON), 2014 IEEE, pp. 1189-1194, IEEE, Istanbul, Apr,
2014 [M33], DOI: 10.1109/EDUCON.2014.7130489

Draskovié¢, D., Nikoli¢, B., “Software System for Expert Systems learning”,
IEEE Africon 2013, pp.870-875, IEEE, Mauritius, Sep, 2013 [M33],
DOI: 10.1109/AFRCON.2013.6757804
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2.4 Draskovié¢, D., Vukicevi¢, S., “A Model of Software System for Parking Using
Search Algorithms”, MIPRO 2012, 35" International Convention on Information and
Communication Technology, Electronics and Microelectronics, pp. 1098-1103, IEEE
and MIPRO Croatian Society, Opatija, Croatia, May, 2012 [M33], Electronic
ISBN: 978-953-233-068-7, Print ISBN: 978-1-4673-2577-6

2.5 Draskovié, D., Milutinovi¢, V., “Hybrid Approaches to Mutation in Genetic Search
Algorithms”, 6" IEEE International Conference on Intelligent Systems, pp. 336-340,
IEEE, Sofia, Bulgaria, Sept. 2012 [M33], DOI: 10.1109/1S.2012.6335157

2.6 Vukicéevi¢, S., Draskovié, D., “Process of moving from Waterfall to Agile Project
Management Model”, XIII International Symposium ,,SymOrg 2012, pp. 1581-1586,
University of Belgrade, Faculty of Organizational Sciences, Zlatibor, Serbia, Jun 2012
[M33], ISBN: 978-86-7680-255-5

Hay‘lHI/I pangoBu y 360pHI/II_II/IMa CKYIIOBa HAMUOHAJIHOT 3Haqaja Y BE€3U TEME JOKTOpaTa.

3.1 Draskovié, D., Koji¢, N., Mi¢ovi¢, M., Radenkovi¢, U., ,Implementacija sistema za
prikupljanje podataka, generisanje klastera i preporuka pomocu maSinskog
ucenja®, 24. konferencija "YU INFO" - Zbornik radova, Drustvo za informacione
sisteme 1 raCunarske mreze, Kopaonik, Srbija, Mart 2018 [M63]

3.2 Prodanov, M., Draskovié¢, D., ,Softverska simulacija inteligentnog sistema
baziranog na algoritmima pretrazZivanja”, 22. konferencija "YU INFO" - Zbornik
radova, pp. 379-383, Drustvo za informacione sisteme i ra¢unarske mreze, Kopaonik,
Srbija, Mar, 2016 [M63], ISBN: 978-86-85525-17-9

3.3 Tubi¢, S., Draskovié, D., ,,Realizacija algoritma A* u kompjuterskoj igri”,
59. konferencija "ETRAN 2015" - Zbornik radova, Drustvo za elektroniku,
telekomunikacije, racunarstvo, automatiku i nuklearnu tehniku, Srebrno jezero, Srbija,
Jun, 2015 [M63], ISBN: 978-86-80509-71-6

3.4 Stanisavljevi¢, Z., Draskovié, D., Misi¢, M., ,,Primena Moodle platforme u nastavi
rafunarske tehnike i informatike”, 22" Telecommunications Forum TELFOR 2014 -
Zbornik radova, Beograd, pp. 1039-1042, Nov, 2014 [M63], DOIL:
10.1109/TELFOR.2014.7034584

3.5 Draskovi¢, D., Nikoli¢, B., ,,Analiza edukacionih simulatora u nastavi iz vestacke
inteligencije*, 57. konferencija "ETRAN 2013" - Zbornik radova, Drustvo za
elektroniku, telekomunikacije, racunarstvo, automatiku i nuklearnu tehniku, Zlatibor,
Srbija, Jun, 2013 [M63], ISBN: 978-86-80509-68-6
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Y

A. WI3JABA O AYTOPCTBY

HMwme u npe3ume aytopa: Jpasken JIpamkosuh
bpoj unnmexca: 2011/5001

HsjaBbyjem
71a je TOKTOpCKa UCepTalyja 1o ] HacTIOBOM
Co¢rBepckn cucTeM 3a yuere H NIPHMeHY aJropUTAMA BeIITAYKe HHTEeJHTeHIHje

® PE3yITaT COIICTBEHOT UCTPAXUBAUYKOI paaa;

* Ja Auceprandja y NEJIWHH HH y JENOBHMa HHje OWiia IpEeJIO’KEHA 3a CTHIAME APYTre

AUIUIOME NIpeMa CTY/AMjCKUM IIporpaMUMa APYTHX BHCOKOIIKOJICKHX YCTAHOBA,
® Jla Cy pe3yNTaTH KOPEKTHO HABEIECHH H

* J1a HHCaM KpINMO/JIa ayTOPCKa IpaBa ¥ KOPHCTHO/JIa HHTEIEKTYalIHy CBOJUHY JIPYTHX JIHIIA.

IToTnuc ayTopa

V Beorpany, 28.06.2018. rox. 403 paw.wéuf
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B. MN3JABA Q) NCTOBETHOCTH IITAMITAHE n
EJIEKTPOHCKE BEP3UJE JOKTOPCKOI' PAJIA

Wwme u mpe3nme aytopa: paxen Apamkosuh

bpoj unnexca: 2011/5001

Crynujcku nporpam: EfeKTpoTeXHHKa H padyHAPCTBO

HacnoB panma: CodrTBepckn cucTeM 3a ydeme H NPHMEHY AaJrOpHTaMa BelITa4dke
HHTeJIUT eHIHje

MenTtopu: ap bomko Huxonunh, pexosan npo¢. u ap Musiom I{Beranosuh, Banpeanu npod.

HW3jaBibyjeM ma je mrammaHa Bep3Hja MOT JOKTOPCKOT paja HCTOBETHA €JIEKTPOHCKO] BEP3HjU KOy
caM Ipefao/iia paau noxpameHa y JururajaHom penosuropujymy YHuBep3utera y Beorpamy.
Jlo3BospaBaM 1a ce objaBe MOjH JIMYHHU IOJAIM BE3aHU 3a AoOHjame akaJeMCKOI Ha3MBa JOKTOpa
HayKa, Kao IITO Cy HMe H Ipe3uMe, ToJuHa U MecTo poljema U AaTyMm oadpaHe paja.

OBHM JIMYHH IOJAIIM MOTY ce O0jaBUTH Ha MpEKHHM CTpaHHIIaMa IUTHTaNHe Oubnmoreke, y

€JIEKTPOHCKOM KaTaJIoTy U y myOmuKaiyjama Y HuBep3urera y beorpany.

IloTnuc ayTopa

V Beorpany, 28.06.2018. rox. 99' pau"ka@“t
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C. HU3JABA O KOPUIIRERY

Osnawhyjem VHusepsuTercky Oubimoreky ,,Cserozap Mapkopuh® na y JIMrHTamHH
periozutoprjym YHuBep3uTeTa y Beorpany yHece Mojy JOKTOPCKY JMCEPTAIHjy IO HACTOBOM
Codraepckn cucrem 3a ydeme H IPHMEHY AIrOPUTAMA BeMITAYKe HHTEIUTCHIH]je

KOja je MOje ayTOPCKO JEII0.

Hucepranujy ca cBEM IIPHIIO3HMa IPENA0/JIa CaM y eJIEKTPOHCKOM (OpMaTy MOTOJHOM 3a TPajHO

ApXUBUPALE.

Mojy mokTopcky nucepTandjy MoXpameHy y J[MrMTaqHOM pENo3UTOpHjyMy YHHBEp3UTETA Y
Beorpamy um J0CTynmHY y OTBOPEHOM IpPHCTYIy MOTY Ia KOPHCTE CBH KOjH IIOIITY]jy ompenbe
canpxane y omabpanom Tumy sunenne Kpearusne 3ajenuune (Creative Commons) 3a Kojy cam ce

OJUTy4HO/J1a.
1. Aytopeto (CC BY)
2. AytopctBo — HexomepuujanHo (CC BY-NC)
3. AyropcTBo — HeKoMepuHjanHo — 6e3 npepana (CC BY-NC-ND)
AyTochBo — HEKOMEpPIHjaJaHO — AequTH moa uctum yciaosuma (CC BY-NC-SA)
5. AyropcetBo — 6e3 npepana (CC BY-ND)
6. AytopcTBo — nenutu nox uctum ycinosuma (CC BY-SA)
(MonuMo 1a 3a0Kpy)KHTE caMo jeIHy O IIeCT IMOHY)eHUX JIUIEHIH.

Kparak onuc JHIEHIH je cacTaBHH JI€0 OBE H3jaBe).
IHoTnmc ayTopa

V Beorpany, 28.06.2018. rox. Qgpawku&f
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1. Ayropcrso. /lo3BosbaBaTe yMHOXaBame, IMCTPHOYIH]Y U jaBHO CAOTIIITABAME JeNa, 1 npepae,
aKo Ce HaBe/le M€ ayTopa Ha Ha4duH oJipehen oa cTpaHe ayTopa MM JaBaola JIMIEHIE, YaK U Yy

KoMepuujaaHe cepxe. OBO je HajcI000JHAja O CBUX JTHLCHI.

2. AyropcrBo — HexoMepumjaiano. J[03BOJbABATE YMHOXKABAIbe, JUCTPUOYIUjY ¥ jaBHO
CaomiuTaBame Jena, U Mpepaje, ako ce HaBe[Ie MMe ayTopa Ha HauuH oapeljeH o cTpaHe ayropa

MM JaBaola nuiieHie. OBa JMIEHIa He 103B0J/baBa KOMEpIHjalHy yIoTpedy mena.

3. AyToperBo — HexomepuHjauHo — Ge3 npepaaa. Jl03Bo/baBaTe YMHOXKABAIbE, aucTpulyunjy u
JABHO CaoIIITaBame Jena, 6e3 mpoMeHa, IpeoGInKoBamba WM YIoTpeGe J1e1a y CBOM AelTy, aKo ce
Hape/le MMe ayTopa Ha Ha4uH oApehen on ctpaHe ayropa wim gasaona aunesne. OBa NUIEHIA He
Z03BOJBABA KOMEPIHUjaIHy ynoTpeby mena. Y OJHOCY Ha CBe OCTale JIMLEHIE, OBOM JIHIICHIIOM Ce

orpann4asa Hajsehu o6um mpasa Kopumhema gea.

4. AyTopcTBO — HEKOMEPIHjAIHO — XeJHTH IO HCTHM Yca0BUMa. J[03BO/baBATE YMHOKABAbE,
AUCTPHOYIM]y M jaBHO CAONIITABame [efa, W Mpepaje, ako ce HaBeJe MMe ayTopa Ha HAYHH
ozpeljeH o1 cTpaHe ayTopa MM JaBaolia JIMIEHIE | aKo ce Tpepaja AUCTPUOYHpa 1O HCTOM W

CTMYHOM JHIeHIIoM. OBa JIMIeHIa He I03B0JhaBa KOMepIHjaIHy yrotpedy Jea U npepaja.

5. AyropcrBo — 6e3 mpepana. J[03BoJ/baBaTe yMHOKaBame, JUCTPHOYIUjy M jaBHO CAOIILITABAE
Aena, 6e3 NpoMeHa, IpeoOINKOBamka MK YIOTpebe fela y CBOM Jelly, aKo ce HaBele HMe ayTopa
Ha HauyuH oxapehlen on crpaHe aytopa WM JaBaona JmueHune. OBa JIMIEHNIA J03BOJbaBa

KOMepLHjanHy ynoTpely aena.

6. AyTOpCTBO — [JeJIMTH IOX HCTHM ycJoBHMA. J[03BOJ/baBaTe YMHOXKABAMme, AUCTPUGYLH]Y H
JaBHO caommiTaBame Jena, ¥ Ipepae, ako ce HaBeje MME ayTopa Ha HauuH oipelieH Of cTpaHe
ayTopa WM JIaBaolia JIMLEHIIE U aKo ce Ipepana AUCTpUOynpa o1 UCTOM HJIH CIIMYHOM JIMLEHIIOM.
OBa nuuenna 103BoJkaBa KOMepIMjalaHy ynoTpebGy aena u npepaga. Ciaumuna je codTBEpCKHM

JIMIICHIaMa, OJHOCHO JIMLICHIIaMa OTBOPCHOI KOJia.
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