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TEXHNYKO PEIIEILE: HoBa metoaa (M 85)

Ontumuszanuja GpaekcuOUIHUX TEXHOTOMIKHX MPoleca MPUMEHOM XUOPUIHOT
MeTaXeypHuCTHYKOT aJITOpUTMA

Mumnna Ierposuh®, 3opan Musskosih?, Hajnan Bykosuh®, Bojan Ba6uh®, Jerena ITerporujesih’

1. OBJIACT HA KOJY CE TEXHUYKO PEHIEILE OJTHOCH

Texanuko perieme (HOBa METO/A) MPHIIaa O0NACTH MAIIMHCTBA M JUPEKTHO C€ OJHOCH Ha jelaH Ofl
JIOMEHA UCTPaKMBabha Y OKBUPY MPOjeKTa TEXHOJIOIIKOT Pa3Boja MO HA3UBOM ,,[IHOGamusHU npucmyn y
NPUMEHU UHMETULEHIMHUX MEXHONIOWKUX CUCmeMa 3a Hpou3goowy 0e106a 00 JIUMA 3ACHOBAH HA
exonowkum npunyunuma” (eBumeHnuoHun Opoj 7TP-35004) - goMeH TpOjeKTOBama ONTHMATHUX
TEXHOJOMIKUX Tporeca oOpame xpema. CXomHO TOMe, MeToAa pemaBa mpoOJeM ONTHMHE3AIH]je
(IeKCHOMIHUX TEXHOJOMIKUX Ipoleca MPUMEHOM HOBOT XHOPHUIHOT METaxEeypUCTHYKOT ajirophTMa,
HACTaJOr WHTETPAIMjoM J[Ba aJITOPUTMA: FEHETHYKOT AJTOPUTMa W allTOpUTMa Ha 0a3u CUMYJIHMPAHOT
KaJberha. MUHIMH3AIHja IPOU3BOTHOT BPpEeMEHa, Koje IpeICTaBIha 30Up BpeMeHa 00pajie /iena Ha MalliHA
aJIaTKU U BPEMEHA TpaHCIOpTa Jiefia O]l MalllMHE ajlaTKe [0 MallWHE ajaTKe, KOPUCTH Ce Kao KPUTEPHjyM
MpY ONTUMH3AIHU U (HICKCHOMITHUX TEXHOJIOIIKHMX Mpoleca. [luib pa3Boja HOBE METOJE je T'CHEpPHCAme
ONITUMATHOT W/WIHA TPUOIMKHO ONTUMAITHOT TEXHOJIOIIKOT Tporieca o0paje aena, y3uMmajyhu mpu Tome y
003up anTepHaTHBHE MallWHE alaTKe M aJTEpHATHBHE ajaTe 3a CBaky oJ omnepanuja. CUMylanuoHH
pe3ynTatd onTUMH3alMje 3a ojabpane ,.benchmark® nemose w3 murepatype moOHjeHH Cy MPUMEHOM
Matlab® codrBepckor makera.

2. TEXHUYKU ITPOBJEM

IMpojexroBame TexHosomkux mporeca — CAPP (errn. Computer Aided Process Planning) je macramo
Kpajem naeBenecetnx roaumHa 20. Beka ca IuMJbeM Ja CHoju W uHTerpuiie KoMrjyTepcku moapkaHO
npojexroBatbe CAD (enrsn. Computer — Aided Design) u Komnjyrepcku noapikany npoussogawmy — CAM
(enrsi. Computer — Aided Manufacturing). OBaj cicteM nMa 3a b Ja CHCTEMCKH OPEIH eTajbHE METOIE
KOjHMa Ce JICJIOBH HJIM CKJIONOBH (Y CJIydYajy MOHTaKe) MOTY MPOU3BECTH CKOHOMHYHO W KOHKYPEHTHO, O]
uHAIMjaHe (aze (paJIMOHMYKH LPTEX TOTOBOr Jeia), mpeko Mehydasa (cupoB marepujai, MpUIpEeMak,
obpajak), 10 3aBpuiHe ¢asze ((kesbeHH 00JIMK TOTOBOT Jiesia). YJIa3u 3a MPOjeKTOBakE¢ TEXHOJIOMIKOT Mpolieca
Cy TPOjeKTHH TMOJAIM, MOl O CHPOBOM MaTepHjaily, mojaaiu o o0pagaHoM cuctemy (Mogamy O MalidiHH
anaTKd, ajaThMa, CTE3HUM MPUOOpUMa), TOJAIM O 3aXTEeBMMa KBAJIUTETA W IMOJAIU O THIY MPOU3BOMIE
(mojemmHaYHa, MaIOCEpPHjCKa, BEIMKOCEPHjCKa, MacoBHa). M3/ma3 U3 mpojeKToBama TEXHOJIOIIKOT MpoIieca je
TEXHOJIONIKH MMOCTYIAK, KOjUM ce Ae(uHHMIIIe Peaocie]] OJBHjamba CBUX aKTUBHOCTH (OTepaliyja) moTpeOHnx
Jla ce OJI MOJIa3HOT MaTepHjajia (CHpOBMHE WK ToTydabpukara) ob/uKyje roToB aeo (mpousson). Kama cy y
MUTaky TPAJAUIMOHATHN TEXHOJOIIKA CHUCTEMH, 3a CBaKM JEO je OOMYHO IIPOjeKTOBAH CaMoO jelaH
TEXHOJIOMIKH TPOIIEC, KOJH YeCTO HHje ONTHMANAH Ca acleKTa UCKOpUITiekha alTepHATHBHUX MPOU3BOTHUX
pecypca 1 MOryhux mpoMeHa y TeXHOJOIIKOM OKpykemwy. HacympoT Tome, BehinHa penoBa Koa JaHaIImbUX
TEXHOJIONMIKKX CHCTEMa MOXKE MMAaTH BHIIE alTePHATUBHHUX (DICKCHOMIIHMX TEXHOJIOIIKUX Tpoiieca o0paje
ma je, U3 TOr pas3jora, MOCTYNaK KHUXOBE ONTHMHU3AIMje TOCTA0 jaKo BakaH y OBOj HAy4YHO] OOJACTH
HCTPaXKUBambA.

3. HHOCTOJERE CTAIBBE Y CBETY

Ontumuzanyja (GIIEeKCHOMIHUX TEXHOJOMKUX Mpolleca Mojipa3yMeBa MPOHAIAKEHE ONTHMATHOT WU
NPUOJIMKHO ONTHMAITHOT PEAOCIieia TEXHOJOMIKHUX Ollepanuja y3umMajyhu y o03up U alTepHaTHBHA peliemha
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3a MPOM3BOAHE pecypce (MaluHe ajiaTke, anare u momohHe npuoope). Kako oBaj mpobiem mpumaga Kiiacu
HEJIETEPMUHUCTHYKAX IMOJMHOMHUX mpoOmema T13B. NP-hard onrummsanmonux mpo6iema (eHra. Non
deterministic polynomial optimization problems), To ce Bpeme mNOTPeOHO 3a HErOBO peIIABAKBE
eKcroHeHnMjanHo nmoBehasa ca moBehameM nuMmensuje mpoOiema, Tj. moBehamem Opoja omeparuja, O6poja
QITEpPHATHBHUX MAIllWHA aJaTKW, ajata U MmoMohHux mpudopa. KoHBEHIIMOHAIHE HEXEYPHCTHUKE METOJIC
HUCY y CTamy Ja epUKacHO pelle 0Baj TUI KOMOWHATOPHOT MpobiieMa Ima 3aTO0 OBAKBU MPOOJIEMH ,, Tpaxke™
anroputMe 0a3upaHe Ha XCYPUCTHUKUM MeETOoAaMa, KOJl KOjUX ce MTEpPaTHBHHUM IIOCTYNIUMa MOOOJbIIaBa
WHUII]AITHO pellehe U J00Hja ONTHMATHO W/WIIH TIPUONIKHO ONITHMANHO perremne. [lo3nare xeypuctudake
MeTojie MoOoJbIamka, Kao mTo ¢y reHerndku anroputmu GA (enri. Genetic Algorithms) [1-3], renerndko
nporpamupame GP (enrn. Genetic Programming) [4], cumynupano kasseme SA (enri. Simulated Annealing)
[5,6], Taby mperpare TS (eurn. Tabu Search) [7], merome HHTeNWTEHIMje KOJOHHja, KAo IITO CY
ONTHMH3aIMja TPUMEHOM cucTema Mpassbux kosnonuja ACO (enri. Ant Colony Optimization) [8,9], wiu
ONTHMH3alLHUja MpUMeHOM Teopuje (nHTenurennuje) poja PSO (enrn. Particle Swarm Optimization) [10] u
apyru xuOpuanu anroput™u [11-14], Mory na ce mpuMeHe W Ha pelIaBame MpodsieMa ONTHMHU3AIIN]je
TEXHOJIOIKUX TIporieca. I eHeTHYKH aJirOpUTMHU CY Haj3acTYIUbCHUJH W Hajuenthe KOpHITheH eBOTYIHOHU
aNTOpUTaM TPUMEEHEH Y pellaBamy IpodjeMa ONTHMH3ANNje TEXHOJOIMKHX Tmporeca. OmmKyje uxX
CHOCOOHOCT A0OpOr INIO0AHOT MPETPaXKUBamba, ajlH, ¢ APyre CTpaHe, MOTY Jla KOHBEprupajy mpedp3o u
MIPpEpaHo OTpaHWYE MpeTpary Ha JIOKaJTHH onTuMyM. Kao oaroBop Ha oBaj Hemocratak, omabpaH je
aNTOPUTMH Ha 0a3u CUMYJIHPAHOT KaJkema (C 003MpOM Ha TO JIa je HEeroBa CHara JIOKH Y YHICHUIN UMa
n00pe MOTyhHOCTH JIOKATHOT MPeTpaKUBamka) U MHKOPIOpupaH y HoBH xubpuaau GA-SA anropuram.

4. CYIITUHA TEXHUYKOI' PEIIIEIbA
®1ekcHONTHOCT TEXHOJIOLMIKHX Mponeca

VY okBupy oOBe MeTone, KopuinheHa cy d4eTupd Tuna (GIeKCHOWIHOCTH TexHoJMomKuxX mporeca: (1)
(hrekcnOUIHOCT pemociena onepaiuja, (2) daexcubumHocT mporeca, (3) GpreKCHOMITHOCT MalTiHA alaTKi U
(4) dbaexcubmmHOCT anara. PrekcnOMIHOCT pemociena oneparuja (euri. sequence flexibility) mpeacrasma
MOTyhHOCT 3aMeHe pemociiefia ornepanuja MPH ONTHMH3AIMH TEXHOJOMKUX mporeca. DreKcHOMITHOCT
mporieca (eursn. process flexibility) ce omnocn Ha MoryhHoCcT 006paje WMCTOr jeia Ha pasjIndYWTe HA4YMHE,
kopuctehu antepHaTuBHe TexHosomke Tmpouece. Dnekcubunnoct mammua (enrna. machine flexibility)
mosipa3yMeBa MOTYNHOCT W3BOhema jeHe omepalldje Ha BHIIE alTEpPHATUBHUX MAIllMHA ANATKH, TIPH YeMy
Cy BpeMe Tpajama Ollepalldje 1 [IeHa Te omepallyje 3a CBaKy O] MamuHa pa3nuduTi. OIeKcHONITHOCT anara
(emrm. tool flexibility) o6e36ehyje moryhHoct wu3Bohema wHCTe omepalje KOpHIINemeM pPa3IHdUTHX
anNTepHATHBHUX anarta. Pa3maTpame OBUX THUNOBa ()IEKCHOMIHOCTH NPH ONTHMH3ALM]H je O] 3Hayaja 3a
nobujame 00JpHUX TIephOpMaHCH U TOOOIbIIIAKe €(PUKACHOCTH TEXHOJIOIIKUX CHCTEMA.

IpeacraB/bame GureKCHONIHUX TEXHOJIOLIKHUX MpoLeca

VY nurepaTypu je MO3HATO HEKOJIMKO METOAa IpPEeACTaBJbarba (HIEKCHOMIHOCTH TEXHOJOIIKOT IIpolieca
oOpajie fena: MeTo/ MpejcTaB/bara myteM lleTpujeBux Mpexa, mpejactaBibambe momohy AND/OR rpadosa,
npencraBibambe and/or mpexxama. 3a motpebe peanusalje OBOI TEXHHYKOr pelliera oaabpaH je MeTox
Ipe/ICTaB/barba TEXHOJIOMKOT Mpolieca IMyTeM Mpeka, KOju ce MOoXe onucaTtd Ha cieaehm HaumH. CBaky
MpEeXY TEXHOJIOIIKOT Mpolieca YHHE TPH BPCTE YBOPOBA: IOYESTHHU YBOP, je/IaH WM BUIIIE CPEIIHLIX YBOPOBA
W Kpajibu uBop. [lodeTHH M Kpajiu YBOp YKazyjy Ha MOYETaK W KPaj TEXHOJIOMIKOT Mpolieca, TOK CPeImbH
YBOPOBU TNPEJCTaBIbajy pPEAOCIe] OJBHjamba OIlepalHja TEeXHOJIOMKOr mpomeca. CBaku OJ] CpeImbHX
YBOPOBA, MOPE]] peHOr Opoja omepanuje, CaapKu U CeT ANTEPHATUBHMAX MallMHA Ha KOjUMa Ce orepaluja
M3BOJM, CET aJTePHATHBHUX ajaTra Kojuma ce Bpium oOpanaa, Kao M ceT oaropapajyhux BpeMeHa Tpajarba
orepalyje Ha aJTEpHATHBHO] MAIIMHM KopHIIhemeM anTepHaTuBHOr anara. CBH YBOPOBU MpeExe cCy
MOBE3aHU CTpeHIama, Koje yKasyjy Ha pemociiesl U3BpliaBama onepanuja. Mmajyhn y Buay pacmosioxuse
pecypce y MpOW3BOIHOM IOTOHY (MalllMHE anaTke W anare y MOoroHy nomohy Kojux je moryhe oOpamutu
7eo), 3a Jeo je Moryhe TeHepucaTH W alTepHATUBHE TEXHOJOIIKE mporece. CBakM alTepHATHBHU
TEXHOJIOIIKM MpOIeC TMOYUEkEe Tako3BaHMM (R KoHeKkTOopoM (omucyje (IEKCHOMIHOCT TEXHOJIOIIKOT
npoiieca), a 3aBpiaBa ce jOiN KOHEKTOPOM, Ma ce Ha OCHOBY BpeaHocTH OR KOHeKTopa (Hylia WM jellaH)
JIOHOCH OJIJTyKa O TOME KOju hie o] aiTepHaTUBHUX TEXHOJIOIIKMX Mpolieca oOpaze Jena outu onadbpaH. Y
cllyyajy Jia ce aJITepHaTHBHU TEXHOJIOIIKY MPOLEC, WM IMaK 1eJla Mpeka TEXHOJIOLIKOT [IpoLeca, He CacTOjH
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onx OR KOHEKTOpa, TajJa CBHU CPEOBbH YBOPOBH MOpajy OWTH moceheHW NMpHIMKOM TIpEeTpakuBama Tj. CBE
orepaiije MmpejcTaBbeHe YBOPOM MOpajy OMTH HM3BpIICHE Ha ANTEPHATHBHUM MalllnHama anatkama. Ha
ciui 1 je mpukasaH npuMep Mpexke alTepHATHBHUX TEXHOJIOIIKUX Mpolieca o0paje ena ca JBe KaTeropuje
cpeamux uBopoBa. [IpBy KkaTeropujy 4umHe 4YBOpOBH 3a omepauuje 2, 4, 5 U 7, KOA KOjUX je 3a CBaKy
aNTEepHATHBHY MAIllMHY aJaTKy Ae(WHUCAH CeT aNTepHATHBHUX anara (Ha ImpuMep, omepalija 2 BpIIH ce Ha
MamvHA 3 amaToM u3 ceTa (5), Win onepanuja 7 Ha MalmmHU 6 1 anatom u3 certa (2,5,8)). pyroj kareropuju
MPUIa/1ajy YBOPOBH 3a omnepanyje 1, 3, 6, KoJ KOjuX ce 3a CBaKy OJ MallliHa MOKE KOPHCTUTH ajiaT U3 UCTOT
ceTa anaTa (Ha MpUMep, orepanyja 3 ce MoXe M3BOJIUTH M Ha MAIllMHU 8 W Ha MalllMHA 9 U anaTuMa U3 ceTa
(4,6), wiu onepanja 6 ce U3BoaAM Ha MaruHaMa | u 2 u anmatom u3 ceta (8)).

CrtapTHU YBOp

Bpoj onepanuje

AJ'ITCpHaTI/IBHG MalumHe

{(1,4),(1,4),(1,4) AJTepHaTUBHU ajaTH

[(8,10),(13,16),(19,20)] Bpemena o6paje

{34} {12}
10).(6)} {(®).(8)}
[(30,33)] [(47,48)]

v

0

{8.9} {6.8} {567}
1(4,6).(4.6)} {(25),(14.6)} 13,5).(2,5.8).(N}
[(49,50),(41,39)] [(18,20),(15,16,17)] [(50.,41),(39,30,35),(32)]

Y
)
{18}

10.@N}
[(20),(26,28)]

{7.8}
{(2.3).2.3)}
[(16,18),(17,19)]

Kpajwu uBop

Cauka 1: [Ipumep Mpexe anTepHATHBHUX TEXHOJIOMIKKX IIpoiieca oopaje m3adbpaHor nena 1 ca moueTHuM
CpEABUM U KPajElbuM 4BOpOBUMA, Kao U OR U jOIN KOHEKTOpHMA



MaTteMaTH4YKH MOAeJ 3a Ol'lTI/lMI/I3alII/ij (l).]'leKC](lﬁl/I.]'lHOF TEXHOJIOUIKOI ITpoueca

Ontumu3anyja TEXHOJOMIKOT IMpoleca MMa BEJIHKH YTHLA] Ha meppopMaHCe CaBPEMEHHX TEXHOJOMIKHX
crucTeMa M MOXKE C€ M3BPLIMTH MPUMEHOM jeIHOT WU BUILE ONTHMHU3ALUOHUX KpUTEpHjyMa (Ha IpuMep,
MHHUMAJaH yTPOIIaK €Hepruje, MUHUMAaIHa [[eHa, MUHUMAJIHO BpEME IPOHM3BOILE, YPABHOTEKEH CTEITICH
nckopumihema MamuHa anaTtku, utd). llpomssomno Bpeme (TP) je jeman ox Hajuemhe KopumrheHHX
KpUTEpHjyMa TPU ONTUMH3ALUjU (HICKCUOMIHUX TEXHOJOMIKHX Ipoleca. ['eHepanHo, MPOU3BOIHO BpeMe
mpesicTaBba 30Mp BpeMeHa o0Opajge M BpeMeHa TpaHCIOpPTa, NMpH dYeMy BpeMe oOpajne 3aBHCH O
aNTepHATHBHE MAIlIMHE Ha KOjOj ce omepalfja BpIIN, Kao W Of alITepHATUBHOT aaTa moMohy Kojer ce BpIu
oOpaza aena. MareMaTH4ku MOJieNl POU3BOIHOT BPEMEHA MPEICTABIbEH j€ jeIHAUNHOM KOja CIIE/IH:

R -1

TP(i,t) = ZTW(I i, kIt)+ZTT(|,I,(J k), (i+Lk,), ielLn],jelLP1IeLG], (1)

=1 =t

rae je N ykymnad Opoj 1esoBa; § ykymnan 0poj reaepanuja; G; ykymad 6poj TEXHOJIOMIKKX Mpoiieca i-Tor Jena;
0iji j-Ta onepanyja |-ror TexHoMOMKOT TIpoweca i-Tor nena; Py O6poj onepanuja |-ror TexHOMOMKOT Mporeca i-
TOT fena; K antepHaTHBHE MalllMHE 3a omepaiyjy Oj; t anTepHaTUBHU anaty 3a onepauujy Oy; TW(i,j, 1K t) —
BpeMe Tpajama omepanuje Oy Ha K-Toj anTepHaTHBHO] MAIIMHH M KOpHIIhEHmEeM anTepHATHBHOT anata t;
TT(,1,3(,k0),(j+1,ky)) Bpeme Tpancmopra aena i usmel)y anrepuatuBuux mammna Ky u Kp; TP(i,t) mpoussoano
BpeMe 3a zieo | y g-toj reneparuju; T5(i,j,1,K,t) Bpeme modeTka onepanyje O Ha aATEPHATUBHO] MAMIUHU K U
aJTEPHATUBHUM ajaTom t.

[IpernocTaBke Koje ce KOPUCTE MPUIMKOM IPUMEHE OBOI MAaTEMAaTHUKOT Mozena cy cieaehe:

" Ha CBAaKOj MallMHU AJaTKH MOXE Ja Cce BPIIM Olepanyja caMo jeJJHOT Jejia y jeJHOM BPEMEHCKOM
TPEHYTKY Tj. HUjeIHa MallliHa He MOXe Aa oOpaljyje BHIEe JeoBa UCTOBPEMEHO, IIITO j& MCKa3aHO
jeTHAYMHOM 2;

TS(0, o, LKD) =TS(, Jp, LKD) >TW(, jp, Lk, 1), ielLn], j, j, e[LRLI€[LG], )

= omepalje jeIHOr jejia ce He MOry 00aBJbaTH CHUMYJITaHO (MCTOBPEMEHO) Ha BUINIEC MAIllMHA aJlaTKU
(DOK ce He 3aBpIIM olepanuja Oy, HE MOXKE IOYETH OIeparmja Oj.y I-TOT Iesa), ITO je JATo
jeaHaYnHOM 3,

TS, j+11k, 0 -TSG, .1k, ) > TW(G, L k,8), iefLn] j, j, c[L P11 [LG]. (3)

®Oyuknuja musba (enrin. objective), koja ce kopucTH 3a 0mabuUp TEXHOJOIIKOr Mpoleca 3a jaeo | ca
MHHUMAJHUM POU3BOIHUM BpemeHoM TP(i,9), je nmpencTaB/beHa jeJHaYnHOM 4:

objective: maximize f (i, g) :#. 4)

TP(i,9)
IIpBa pa3za XMOPUAHOT ANTTOPUTMA - TeHETUYKH AJITOPUTAM

I'maBHM KOpay npucTyna 6a3uPaHOT HA TEHETUYKUM AITOPHUTMUMA Y TIPBOj (pa3u XHOPUIHOT alNropuT™Ma cy
OIMCaHu Ha cieaehy HauuH:

Kopak 1.1: Genepucare jeounxku y unuyujarnoj nonyiayuju. CBaka WHAMBHIya Y MOMNYJIALUjH j€
MpeICTaB/beHa Ka0 XPOMO30M, KOjH CE€ CacTOjH OJ JBa Jeja Pa3jInduTe MyKuHE (TIaBHH MOACTPHUHI KOjH
Mpec/ITaB/ba TEXHOIOIIKHA TMPONeC W MOMOhHU MOACTPUHT Koju mpeactaBba OR-KOHEKTOp), Kao IMITO je
MpHUKa3aHo Ha ciuiu 2. [JTaBHM TOJCTPUHT XpOMO30oMa 4YMHE TeHH (Opoj reHa je jeHaK yKyIHOM Opojy
orepaiyja), a CBakd I'eH AePUHMINY TpH Opoja, NPBU KOjU IpeIACTaB/ba Opoj omepaiuje, Apyrd Opoj
MpelICTaB/ba AITEPHATUBHY MaIllMHY Ha KOjOj ce M3BOJM omepanuja, a Tpehu antepHatuBHH anar. [ eHu
MOMONHOT TOACTPUHTA CY TPEJICTABJFeHH OpojeBMMa HyJla WJIU jelaH. YKOIHUKO je, Ha TIPUMEp, BPEAHOCT
OR koHekTOpa Hyja, Oupa ce JecHa ajlTepHaTHBHA I'paHa TEXHOJIOIIKOI MpoIieca, IOK C€ Y CYIPOTHOM, 3a
BpeaHocT OR KOHEKTOpa jefaH, Oupa JieBa ajiTepHATUBHA IPaHa TEXHOJIOIIKOT IIpoIieca.



TexHomOoLKY Mpo1iec OR-xoHEKTOPH

(rmaBHU MOJCTPHHT) (moMONHYU MOACTPUHT )
= » P
(11,3,4) (2,4,6) | (3,84) (4,15,6) (5,1,2) (6,2,;3) (7,6,5) | (8,7,3) 0 1
N N N
Bpoj oneparuje AnTepHaTHBHA MallliHA ANTEepHATUBHU ajiaT

Cauka 2; lllema kogupama XpoMo3oMa

Kopak 1.2: Esanyayuja ¢yuxkyuje yuwa u unuyujanuzayuja napamemapa 2eHemudkux aieopumama.
OyHKIMja HJba 32 CBaKy OJ WHAWBUAYa y WHHUIIW]ATHO] MOy Ialljy pauyHa ce CXOAHO jeaHaunHama | u 4.

Kopak 1.3:  Cenexyuja. Hakon TeHepucama HHHIM]jATHE TOIyIAIje U eBalyanyje GyHKIHje ba, CICOH
KOpaK CeNeKIlrje, KOju ToJpa3zyMeBa Oupame 1Ba poanTesba-xpoMo3oMa u3 Tekyhe momymnanmje. Ceneximja
ce BpmM Ha Oasu pyner cenekuuje (enrn. roulette wheel selection), rme je BepoBatHoha cenekuuje
MIPOTOPITHOHATHA (VYHKITH]H IHJBA.

Kopak 1.4: Vkpwmare. Ha ocHOBy nedwnHucane BepoBaTHOhe yKpiiTama [, HEKe OJf MHIWBUIya CYy
ola0paHe 3a YKpIITamke. 3a CBaKH Map POJUTEIHCKHX XPOMO30Ma, CIy4ajHO je ojgabpaHa jeaHa Tauyka
yKpIITama, a MOTOMIM Cy J00WjeHH Kao WTO je mpukazaHo Ha ciui 3. [akie, motomak 1 Hactaje
KOMOHMHAIIMJOM TIPBOT Jella XpOMO30Ma poauTesba 1 (1eo JIeBO Of MO3WIMje YKPINTama) M JIPYror Jena
pomuTesba 2 (€0 IECHO Of MO3MIMje YKpIITama). Ha aHaioran HauuH je HOOMjeH M mOoTOMakK 2 (HacTaje
KOMOMHAIIM]jOM IPBOT Jieja poauTesba 2 U APYTor jaejia poauTesba 1).

Ponmeml'|(134)|(246)|(384)|(465)|(511) 62,8 | (765) | (873 | |1
=

HomMaKl|(134)|<246)|(384>|<465>|(511>_ 1
Pomnren2: (1,21 [(235) | (396) [ (484) ] 58.7) _

B}Hi

TMoromak2: | (1,2,1) | (2,35) | (3,9,6) | (484) | 587 | 6,.28) | (765 | (873 | [ 1] 0|
—~ - —
Pommrenl: | (1,34) | (24,6) | 384) | (46,5 | (511) | (628 | (7.65) | 873)| [ 1] 0 |

Cauka 3: YkpmTame XpoMo3oMa

Kopak 1.5: Mymayuja. HakoH Kopaka yKpIiTamka XpoMo30Ma, a Y CKJaly ca JeUHUCAHOM BepoBaTHONOM
MyTaluje Pm, HEKU XPOMO30MH (POAMTEIHH) CY CIIy4ajHO 0a0paHM 3a MyTalHjy. 3a CBaKH OJ OJa0paHHX
poanTeba, Ha OCHOBY CITy4ajHO TeHEepHCaHe TauKe MyTallHje, IPUMEeHa Cy TPU oneparopa MyTaluje, a Kao
pe3yiarat cy noOujeHr MOTOMIHM ca MPOMEHEHUM (MyTHpaHUM) TeHOM. [IpuMepH pa3inudyuTux omepaTropa
MyTaluje Cy NpuKazaHu Ha ciamkama 4, 5 u 6. [IpBu oneparop MyTanyje NPUMEHEH je Y IHJby 3aMeHe
anTepHATHBHE MallMHE 3a OJa0paHy olepanujy W To Ha cieiehW HauWH: TOTOMak ce ao0uja Kama ce
CeNICKTOBaHA MalllMHa y TJaBHOM IIOJCTPHHTY 3aMEHH HEKOM O] alTEepHATHBHUX MallMHA W3 ceTa
ITepHATHBHUX MamivHa, ciuka 4. Tako je, Ha nmpumep, reH (3,8,4) caydajHO CelIeKTOBaH 3a MPBU OINEpaTop
MyTallyje; MalnHa 8 Moke OMTH 3aMeeHa MAIllHOM 9, KOja je alTepHaTHBHA MallliHa 3a onepauujy 3 us3
cera (8,9), ciuka 1. [Ipyru oneparop MyTanyje je IpUMEHEeH y IJbY IPOMEHE aJITepHATUBHUX anaTta. Ha Taj
HAYMH, TIOTOMaK ce J00Mja Kaja ce jellaH ClydyajHO ojadpaHH ajarT y jeJHOM T'€Hy IJIaBHOI' IOJCTPUHIA
3aMEHH IpYruM alNTepHAaTUBHUM ajaToOM M3 CeTa ajJTepHATUBHMX ajaTa 3a Ty omepauwjy. [Ipumep 3a oBaj
oreparop je ciydajHo omaOpaH reH (7,6,5); amat 5 Moke OUTH 3aMEHEH ajlaToM 2, KOjU je allTepHATUBHU
anar u3 cera (2,5,8) 3a omepauujy 7, cauka 1. Ha kpajy, Tpehu omepaTop MyTaindje je NMPUMEHECH paau
noOujarka MOTOMakKa KOJ KOJUX je& 3aMEHCeHA M ajiTepHATHBHA MalllMHA U aJTePHATHBHU ayaT, ciiuka 6. Ha
aHaJIOraH HayMH Kao W 3a MPETXOJHE OoIepaTrope MyTaluje, ciiydajHo je ogaOpaH reH (4,5,6); mammuHa 6 je
3aMemh-eHa MAIIMHOM 8, KOja MpUIla/ia CeTy alTepHaTUBHUX MamnHa (6,8), 0K je anar 5 3aMemneH ajaaTtoMm 1,
KOjU MpHIIa/ia ceTy anrepHaTuBHUX anata (1,4,6) 3a onepanujy 4, cnuka 1.
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Pomutem: | (1,3,4) | (2,46) | 3884) | 465) | 5.1,1) | (6,28 | (765 [ (873) | [ 1] 0 |
— ——
Iotomax: | (1,3,4) | (2,46) | 394) | 465) | 5.1,1) | (628 | (765 [ (873) | [ 1] 1 |
Cauxka 4: [IpBu onepatop myTanmje
Pomutem: | (1,3,4) | (246) | 384) | 465) | 5.1,1) | (6,28 | (765 | (873) | [ 1] 0 |
— =
Iotomax: | (1,3,4) | (2,46) | (384) | 465) | 5.1,1) | (628 | (762 | (873) | [ 1] 1 |
Cauka 5: Jlpyru onepatop MyTanuje
Pomurer: | (1,3,4) | (24,6) | (384) | (465) | 5.1,1) | (6,28 | (765) | (873) | [1] 0 |
— ——
Ioromax: | (1,3,4) | (246) | 384) | (481 | 5.1,1) | (6,28 | (765) | (873) | [1] 1 |

Cauxka 6: Tpehu onepaTop myTanmje

Kopak 1.6: Ilonosumu xopaxe 1.2-1.5 orcewenu Opoj eenepayuja. bpoj reHepanyja je neuHUCaH Y KOPaKy
1.2 mpu MHULIUjaNTU3alHj1 TapaMeTapa FTeHeTHIKOT aJITOPUTMa.

Kopak 1.7:  Oodabpamu ,,006pe“ xpomozome 3a opyey ¢a3zy xubpuonoz ancopumma. HakoH ¢ TeHeparmja
ONTUMU3AIMje TEHETHYKUM aITOPUTMOM, HeKa ,,fo0pa‘“ pemiema Ccy ciaydajHo omabpaHa 3a Kopumiheme y
Ipyroj ¢ha3zu XUuOpUIHOT AITOpUTMA.

dpyra ¢aza xuOpuaHOr aJIrOpuTMa — AJrOPUTAM CUMYJIMPAHOT Ka/beha

ANTOpHUTaM CUMYJIMPAHOT Kajbekha SA je IPUMEEH Y Apyroj Ga3u XuOpUIHOT allTOPUTMa U HEeTOBHU TIIaBHU
KOpaly Cy ONMCAaHHU y HACTBKY:

Kopak 2.1: Oodabpamu jeono pewere u3 xamezopuje ,,000pux”, nposepumu Oa U MO peulerbe
npedcmaesnma mo2yh pedocied onepayuja u YKoIUKO npedcmaes/bd, Ha3eamu 2a mpenymHia cekgenya (current
cequence).

Kopak 2.2: Oodpeoumu unuyujanny memnepamypy To, (paxmop xiaherwa T, u HajHudcy memnepamypy
Tiowect- [locTaBuTH TpeHYTHY Temmepatypy T kao T=T.

Kopak 2.3: Ilpomenumu mpenymuy cexeenyy (current sequence). IlpomeHne y TpEHYTHOj CEKBEHIH CY
M3BpILEHEe KOpUINNemeM MeToJa MoauduKanuje Npuka3aHux y Kopaky 1.5 mpee ¢daze xubpumHor
anropuTMa. 3a CllyuajHO oja0bpaHy oIepaiujy y TPEHYTHO] CEKBEHI[H, ITPOMEHOM ajTepHATHBHE MAIIUHE
AJIaTKE, WM AJITCPHATUBHOT ajlaTa, WKW U AJITCPHATUBHC MAllIMHE aJIaTKEC W aJITCPHATUBHOT' ajiaTa, TPCHYTHa
CEeKBEHIIa 1I0CTaje MpUBpeMeHa CeKBeHIa (temporary sequence).

Kopak 2.4: [Iposepumu éanuonocm npuspemene cexeenye. Y KOIUKO Ce IPU MPOBEPU BAIMIHOCTH yTBPIU
Jla IpUBpPEMEHa CEKBEHIIa HIje W3BOJIJbUBA, HEOIIXOIHO j€ BPATHTH ce Ha Kopak 2.3.

Kopak 2.5:  Uspauynamu epednocm @ynxyuje yuwa 3a mpenymuy cekgeenyy f(current cequence) u
epeonocm pynkyuje yuma 3a npuspemeny cexkgenyy f(temporary cequence) u cmoposectu cieaehy

npoucaypy:

set A= f(temporary sequence) - f(current sequence)
if4<0
set temporary sequence to be current sequence
else
randomly generate number r from [0,1]
ifr<ed”
set temporary sequence be current sequence
else
set temporary sequence be unchanged
end if
end if




Kopak 2.6: Ilonosumu xopaxe 2.3-2.5 0ok nocmaeémenu kxpumepujymu Hucy 3a0060/beHU.

Kopak 2.7:  Cmarsumu memnepamypy T (T=T-T.) u epamumu ce na xopax 2.3.
5. MNPUKA3 PE3YJITATA IPUMEHE

Y mwby BepudUKalMje MPEIOKEHOT XHOPHIHOT METaXCypPHCTHUKOT ANTOpPUTMA, W3BpIICHA CYy JBa
ekcriepuMenTa. ExcriepuMentn 1 um 2 o0yxBaTajy ONTUMH3ANM]y (ICKCHOWIHUX TEXHOJOLIKHX IMpolieca
JIEJI0Ba Pa3IMIATHX HHUBOA cienehmx TumoBa (iekcHOMTHOCTH: (IICKCHOMIIHOCT TEXHOJIOIIKOT TIpolieca
(PF), dnexcubunnoct mammua (MF), dpnekcubunnocT pemocnena onepanuja (SF) u guekcubunHocT anara
(TF). Caku on wernpu Tuna ¢uexcuOmwiHoctH ce oxapehyje Ha cieaehu Haumun: PF je Opoj moryhwmx
anTepHaTuBa (anTepHaTHBHUX OR-IHMHK rpaHa y MpPEXH TEXHOJOLIKOT IMpoleca) na ce neo oopamu, MF je
pocevaHn Opoj alTepHaTHBHUX MalllMHA aJlaTK! 10 omepaiuju, 1F je mpocedaH Opoj anTepHATHBHHX ajaTa
o oneparnuju, 1ok ce SF 100uja kao mITo je mpuKa3aHo jeTHAYMHOM S:

s
i=1

(n.(n—l)j.or'
2

e je S cyMa CBHX Olepaldja KojuMa MpeTXoqu omnepaiyja i, N MakcuMaian 6poj ornepaiuja TEXHOIOIIKOT
Mpoleca HeOMXOAHMX Ja c¢e Jico oOpaau, a Or je 6poj OR muHKOBa TOr TEXHOJOMIKOT Mpoleca. CBaku o
4eTHpH THIA (ICKCHOMITHOCTH ce MOXKe KJIaCH(HKOBATH Y TPU KaTeropuje npema HuBoy QuexcuouanoctH (|
- HUCKa ()IIEKCHOMITHOCT, M - cpeba (aekcndmtHocT u h - Bucoka ¢urexcubmiroct) u 1o | (1-3), m (3-6), h
(6+) 3a dpmexcubmnHoCT mpomueca PF; | (1-2), m (2-3.5), h (3.5+) 3a ¢aekcubunnoct mammua MF; | (1-2), m
(2-3.5), h (3.5+) 3a daexcubmaroct amara TF; | (0-0.4), m (0.4-0.7), h (0.7-1) 3a ¢brekcHOMIHOCT CEKBEHIIH
SF. ITlapameTpy TeHETHMUYKHX alrophTaMa 3a o00a eKCIepUMEHTa Cy IOCTaBJbeHH Ha cienehn HavWH:
BenmurHa nomynamyje je 80, BepoBatHoha ykpmTama je 0.60, BepoBatHoha myTarmje je 0.10, a Makcumaman
Opoj renepamuja je 200. ITapamerpu 3a anropuraMm CHUMYJIHPAHOT Kajbeka Cy cieachu: WHHIM]jaIHA
Temmieparypa To je 1, HajHmka Temmeparypa Tiowet j€ 0, a ¢akrop xmahema T, je 0.0000058. Cpaxu
anroputam je mokpeHyT 10 myTa 3a 00a ekcriepuMeHTa, TIpu 4eMy je HajOoJpH pe3yTaT HajBUIIa BPEIHOCT
ceux 10 HajOoOJBUX pe3yiiTaTa, CPeAU HAjOOJBU PE3YNITAT Cpemha BpeqHocT cBux 10 Haj0OJbUX pe3yiiTaTa, a
HajJIomMju HajOOJBM PE3yNTaT je HajHWka BpenHocT cBux 10 HajOospux pesynrtara. CBU alrOpUTMH CY
umIUieMeHTiHpann y Matlab nporpamckom makety u geckron padynapy (3.10 GHz nporecop; 2 GB RAM)
ca Windows 7 omepaTHBHHM CHCTEMOM.

SF=1- (5)

Exkcnepumenr 1

3a excriepumeHT 1 je kopuithen geo 1 ca cimke 1, koju mMa § omepanuja u Koju ce odpalyje Ha 9 mammHa
anatku. Bpeme TpaHcnopTa nesa u3Mmel)y maiiuHa ajaTky MpUKa3aHo je y Tabenu 1, a KapaKTepUCTHKE Jieia
ca acnekTa HuBOa (hrnexcubunHocTH cy cinenehe: n = 5, PF = 3, MF = 2.25, TF = 2.62, SF = 0.5. Ha ocHoOBYy
nobujenux BpeaHoctd 3a PF, MF, TF u SF, 3akmyuyje ce na j1eo mnpumana CpelmbeM HHBOY
¢excubmaHOCTH (MMMM).

Ta6esa 1: Bpeme tpancroprta n3mel)y mammHa 3a ekcriepuMeHT 1

Marminga 1 2 3 4 5 6 7 8 9 10
1 0 5 8 12 15 4 6 10 13 18
2 5 0 3 7 10 6 4 6 10 13
3 8 3 0 4 7 10 6 4 6 10
4 12 7 4 0 3 14 10 6 4 6
5 15 10 7 3 0 18 12 10 6 4
6 4 6 10 14 18 0 5 8 12 15
7 6 4 6 10 12 5 0 3 7 10
8 10 6 4 6 10 8 3 0 4 8
9 13 10 6 4 6 12 7 4 0 4

10 18 13 10 6 4 15 10 8 4 0




Huss npu onTuMH3anKj¥ (GISKCHOMIHUX TEXHOJIOIIKUX Mpolieca 3a Ae0 1 je MUHUMU3anrja QyHKIUje [uba
f(i,t), xoja je mara jemmaumuom (2). Ilepdhopmance mpemiokenor GA-SA XHOPHUIHOT METAXEYPHUCTHIKOT
anroputMma cy ynopehene ca camocramaum GA u SA anropuTMuMa, IpU YeMy Cy MakCHUMaiHa (QyHKIHja
UJba, CPebM HajOOJbU pe3ynTaT U HAjHIKU HajOOJbU pe3yaTaT (yHKIMje IUIba, MUHUMAIHO TPOU3BOTHO
Bpeme TP, HajOOJbH TEXHOJIONIKHU MpOIleC U mobosbiame ir (eHri. improved rate) npukasanu y tabenu 2.
[MTo6Gosbiame XMOPUIHOT allropuT™a iF 'y ofHOCYy Ha anroputam GA ce pauyHa Ha cienehn HaunH:

ir = 2117517 50095, (6)
snr,

TJIe je SNry cpelimby Hajoosbh pesynraT 32 GA-SA anropuram, a SN cpeibi HajOOJBH PEe3yJITaT 3a alropuTam
CHUMYJIUPaHOT KaJbema SA.

Tabena 2: EkcriepuMEHTaIHU pe3yITaTH ONTUMH3anKje (IeKCUONITHUX TEXHOIOIIKUX Mporeca 3a feo 1

Merton ~ Maxkcumanna Cpenmu Hajuamxu Haj6ose  Haj6ospu Texnomomkn  IloGospimame
byHKIHja Haj00JBH Haj00JBH TP nporiec (%)
1Jba pesynTar pesynTar
GA 0.0097 0.0095 0.0086 103
SA 0.0097 0.0094 0.0068 103 ggggggmsn 1.05
GA-SA  0.0097 0.0095 0.0088 103 Y Y

Ha ocHoOBy pe3ynTara mpelncTaB/beHUX y Tabenu 2, Cpeby HajOOJbU Pe3y/ITaT U HaJHWKU HajOOJbH pe3yiTaT
NOOWjeHN TPUMEHOM XUOpUAHOT Meraxeypuctuukor GA-SA anroputma cy jeqHAKH, WM 9aKk OOJbH OJ
pesynraTa gobujernx camoctarHuM GA u SA anroputmuMa. Ha ocCHOBY OBHX pe3ynTara, jaCHO C€ BUIH Ja
je xubpuaHu anroputaM eeKTUBHUjH y OIHOCY Ha OCTaia JBa.

Excniepument 2

ExcriepumenTom 2 je obyxsaheno 14 ,,benchmark® memosa pasnuuutor HuBOa ()JIEKCUOMIHOCTH, TIPH YEMY
Cy TO/Iallil O aJTepHATHBHUM MaIlMHAMa 3a CBaKy OIEpalli]jy, AITCPHATUBHUAM ajlaTUMa 3a CBAKy OIPaIHjy,
Kao U BpEMCHHNMA CBAaKe onepaulzlje Ha aJITCpHATHBHUM MalllMHaMa U KOpI/IHIheH)eM AJITCPHATUBHUX ajiaTa
ycBojenu u3 [15]. Munumanan Opoj orepaiidja 3a JejioBe y OBOM eKcrepuMeHTy je 11, 10k je MakcuMmaian
Opoj omeparuja 22. OyHKOWja IHJba TPH ONTUMHU3ANUJU (PIEKCHOMIIHUX TEXHOJOIIKUX TIporeca Y
excriepumenTy 2 je Takohe f(i,t), Bpeme TpaHcmopTa nenoBa u3Mel)y MaiivHa alaTKH YCBOJEHO je Kao U 3a
EKCIIEpUMEHT 1, TOK Cy KapaKTEepUCTHKE Jieja ca acriekTa HuBoa (DIeKCHOMITHOCTH NpUKaszaHe y Tadbenu 3.

Tadena 3: Kapaktepuctuke e10Ba 3a €KCIEPUMEHT 2 110 NUTakby HUBOA (IIEKCUOMITHOCTH

JIe0 1 2 3 4 5 6 7
n 10 9 5 6 5 7 7
PF 4 8 5 6 6 8 3
SF 0.5 0.75 0.5 0.67 0.5 0.67 0.5
MF 3.94 35 3.78 4.65 3.33 2.86 491
TF 1.94 3.05 2.22 2.35 3.40 4.54 2.18
duexcubmaroct  mmhl hhhm mmhm  hmhm hmmm  hmmh mmhm

| = Hucka drekcuOmIHOCT, M = cpenmba GieKCHOMITHOCT, h = BrcoKa (IIeKCHOMIHOCT

Tabena 3: KapakrepucTruke AeI0Ba 32 EKCIIEPUMEHT 2 110 TUTaky HUBOA (hJIEKCUOMITHOCTH - HACTaBaK

1eo 8 9 10 11 14 15 16
n 8 11 6 6 9 8 5
PF 4 10 4 6 6 4 5
SF 0.5 0.75 0.5 0.67 0.75 0.67 0.67
MF 3.58 5.57 5 5.85 6.5 6.17 5.87
TF 4,58 2.86 4.86 4 3.33 2.06 1.93
¢nexcubmroct  Mmmhh hhhm mmhh hmhh hhhm mmhm mmbhl

= HUCKa (IIEKCHOMITHOCT, M = cpeba GuieKcHOmWIHOCT, h = Bucoka (uekcnOmHoCT




Pesynratu u nopehema camocranHor GA, camocranHor SA, ca xubpuaaum GA-SA alropuTMoM IpUKa3aHU
cy y tabenu 4. [To6oJsblame XMOPUIHOT aIFOPUTMa y OJHOCY Ha ajaroputaM SA ce pauyHa Kao:

ir = 2117517 50095, @)
snr,

rJIe je SNr; cpenmu Hajoospu pesynraT 3a GA-SA anropuram, a SNF cpeby HAjOOJBU PE3YIITAT 3a ArOpUTaM
CHUMYJIUPaHOT KaJbema SA.

Ta6ena 4: Pesynratu ontumuzanyje GpreKCHOMIHUX TEXHOJIOMIKUX MpoIieca 3a eKCIIEPUMEHT 2

Haj6ospu pesynrar Cpenmu HajO0IBH Hajnommju Haj6oBN [Tob6ospmrame
Bp. pesyarar pesyarat (%)
GA SA GA-SA GA SA GA-SA GA SA GA-SA
1 0.0128 0.0128 0.0128 0.0121 0.0119 0.0125 0.0101 0.0033 0.0109 4.80
2 0.0204 0.0204 0.0204 0.0194 0.0199 0.0203 0.0133 0.0035 0.0169 1.97
3 0.0213 0.0213 0.0213 0.0189 0.0182 0.0202 0.0120 0.0056 0.0141 9.90
4 0.0182 0.0182 0.0182 0.0153 0.0142 0.0169 0.0104 0.0064 0.0118 15.98
5 0.0455 0.0455 0.0455 0.0316 0.0278 0.0347 0.0169 0.0070 0.0204 19.88
6 0.0323 0.0323 0.0323 0.0256 0.0252 0.0299 0.0154 0.0069 0.0179 15.72
7 0.0250 0.0250 0.0250 0.0250 0.0248 0.0248 0.0238 0.0037 0.0217 0.00
8 0.0065 0.0069 0.0067 0.0058 0.0051 0.0057 0.0047 0.0029 0.0048 10.53
9 0.0278 0.0303 0.0303 0.0219 0.0219 0.0257 0.0143 0.0031 0.0152 14.79
10  0.0200 0.0227 0.0233 0.0166 0.0147 0.0172 0.0102 0.0063 0.0115 14.53
11 0.0400 0.0455 0.0455 0.0309 0.0241 0.0324 0.0139 0.0058 0.0156 25.62
14 0.0625 0.0625 0.0625 0.0429 0.0518 0.0577 0.0244 0.0043 0.0278 10.22
15 0.0208 0.0222 0.0222 0.0142 0.0139 0.0168 0.0086 0.0047 0.0088 17.26
16  0.0270 0.0270 0.0270 0.0266 0.0269 0.0270 0.0204 0.0069 0.0222 0.37
0.02f
53
£
5 0.015} ’_I
g
S
= I~
z,
S 0.01
xnbpugHn GA-SA
GA
SA
0.005 : : : :
0 50 100 150 200

Bbpoj renepanuja

Cauka 7: Ilopeheme kpuBux kouseprenumje 3a SA, GA u xubpuaan GA-SA anropuram 3a neo 10y
eKCIIepUMEHTY 2. XHOpUIHH aJITOpUTaM IIpeBa3uiIasy Apyra JiBa aroTuMa y noriaeny Op3uHe
KOHBEpIeHIHje, Kao U Opoja HTepanuja HEONMXOAHUX 3a JOCTU3akhe ONTUMAIHE III00aTHE BPEIHOCTH
MIPOM3BOTHOT BpeMeHa

Pesynratu cpoBlieHHX eKcriepuMeHara noteplhyjy J1a pa3BujeHN XUOPHUIHHU alTOpUTaM Jiaje HUCTe HiTH 00Jbe
pe3yiTaTe Mpy ONTUMU3AIU]U (IIEKCHOMITHUX TEXHOJIOIIKUX Ipolieca, y3uMmajyhu y 003up GiaeKCHOUTHOCTH
MallliHa ajaTKW, ajaTa, mpoleca M peaociiera TeXHONOIIKHX onepanuja. Kao mro ce Moxke BUIETH Ha
OCHOBY pe3ynTara u3 Tabene 3, xubpuanu meraxeypuctuuku GA-SA anropuram ocTBapyje 00Jbe cpenme
HajOosbe pesynrate 3a neo 1 y mopehemy ca GA u SA anroputmuMa. Ha OCHOBY KpHBHX KOHBEPTEHIIUjE
MPUKa3aHUX Ha CIMOU [, €BUACHTHO je Aa XMOpUIHHU ajiropuraM ONTHMAalaHa pellema Hajasu Beh y
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HMHUIM]aJIHO] a3y oNTUMHU3AIH]e, MoKa3yjyhu Tako Op)Ky KOHBEPICHIH]Y Y OJHOCY Ha camocTaiHe GA u
SA anropurme.

6. 3AK/bYYAK

[lpukazana HOBa MeTojAa Npumnana o0NacTH MAIIMHCTBA W OJHOCH ce Ha mpoOieM onpehuBama
ONTUMANHAX (IEKCHOMIHAX TEXHOJOIIKAX Tporeca obOpaxe nemoBa. OCHOBHa Hieja OBE METOJE
HopasyMeBa T'€HEpUCAhEe ONTHUMAIHOT W/WIM MPUOIMKHO ONTHUMAIHOT TEXHOJOIIKOT mporeca odpane
nena, y3uMajyhu npu ToMe y o03up anTepHaTHBHE MallMHE ajaTKe M alTepHAaTUBHE alaTe 3a CBaKy O[
orepanyja. Y TOM CMHCIY, NPHKa3aH jeé HOBH HAYWH TPEACTaBJbarba (IEKCUOMIHUX TEXHOJIOIIKUX
mporeca ca JBe KaTeropyje Cpeambux YBOPOBa y MpexaMa TEeXHOJIOMKHX mporeca. [lopex Tora, mpukazan
je M MaTeMaTH4YK{d MOJeJ] NPOHM3BOAHOT BpeMeHa (TpelcTaBiba 30Mp BpeMmeHa obOpaje nefla Ha MalliHA
QIaTKd M BpEMEHa TPaHCIOpTa Jena O] MallhHEe ajaTKe OO0 MalllHE allaTKe), KOje c€ KOPHCTH Kao
KpUTEPHjyM TIPH ONTHMH3AIIN] .

Pa3BujeHn HOBHM XMOPHIHM METAaXCypUCTHUKH anroputam Oasupal je Ha umHTerpauuju GA m SA
anroputMa u oOyxBaTa JBe (haze y peliaBamy pa3MaTpaHOT KOMOMHATOPHO-ONTUMH3ALUOHOT MpobieMa.
[lpBa dasza mozppasymeBa NPHMEHY TCHETHUYKHX aJIrOpUTaMa Yy HHHUIMjATHOM TJIOOATHOM T'€HEepHCarby
,,J00pUX"* TeXHONOMIKKX Tiporieca. Ha 6a3m omabpaHuX TEXHOJOMIKHAX MpOIeca, Y Apyroj ¢hazu XuOpuaHoT
METaXxCYPUCTHYKOT AITOPUTMa NPUMEHEH je alTOpuTaM CHUMYJIHPAHOT Kajbeha, KOjU Ce KOPHCTH 32
JIOKAJTHO TIPETPAKUBAMKE ,,JOOPUX'* TEXHOIOIIKHAX Tpoleca W JOOHjamhe ONTHMATHUX W/WIU TMPUOIIKHO
ONTUMATHUAX (PIIEKCHOMITHUX TEXHOJIOMIKHUX TIpoIieca oopaje aena.

[Mpeanoxenn XUOPUOHM anroOpuTaM 3a ONTHUMU3ANHM]Y (PIEKCHOMIHMX TEXHOJOMIKMX Mpoleca
uMIUTeMeHTHpaH je y Matlab® mporpamckom nakery u Tectupan Ha 15 pasmmunrtux ,,benchmark® menosa.
OcTBapeHu pe3ynTaTd MOKa3yjy na je XxuOpumHu meraxeypucThndkd GA-SA anroputam eQuUKacHHjU OJ
nojennHavHnX GA u SA y morneny Op3nHe KOHBEpTeHIje U Opoja WTepalja HeOXOIHNUX 3a MOCTH3ame
ONTUMAJHOT peliewka. JemaH on mnpaBaina Oyayhnx UCTpaXkuBama Yy OKBHPY aKTYEJIHOT IIPOjeKTa
TEXHOJIOMKOT pa3Boja (eBuaeH. 6poj TP-35004) obyxBarahe pa3Boj cucTeMa 3a TPMUHHPAKHE ONTUMATHUAX
TEXHOJIOIIKUX IpoIeca Kao M WHTETrpalyjy MOIyJIa 3a ONTHUMHU3AIMjy U TEPMHHHUPAEHE TEXHOJOIIKHX
mpolieca, y by Mo0oJblIama nepGopMaHCH MHTESITMICHTHUX TEXHOJIOIIKHUX CUCTEMA.
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Onnykom Herpakusauko-crpysHor seha Mawmrckor (akyntera y Beorpaay 6p. 2408/2 oa 05.12.2013.
ro;MHE HMEHOBAHH CMO 3a PELICH3IEHTE HOBE METOZE MO HasHBOM ..OnTumm3aunja daekcHOHIHNX
TeXHOJOWKHX NPOLEca TPHMEHOM XHOPHIHOT METAXEYPHCTHYKOT AAropHTMa’ 4MjH Cy ayTopH:
acucrent Muwmna [letposih, mumnwmk.MamL-mactep, npod. ap 3opan Musskosuh, ap Hajnan
Bykosuh, Hayusu capansuk, npod. ap Bojan baduh, acicrenT Jenena [leTpoHnjeBul, Jumi. nHx . Maul.-
mactep. Ha 0CHOBY NpeAIora i HAKOH AHATW3E METOE NOJHOCHMO cenehiu:

U3BEUITAI

Hopa merona (M85) non nasusom ,OnTummsanuja ¢gaexcnbHIHHX TEXHOMOIKHX Mpoueca
NpHMEHOM XHOPHIHOI MeTAXeypHCTHYKOr ajaropurTma” npeacTasbena je wa 11 cTpanwna A4
dopmara, kopuwhemwenm Times New Roman dorra sesimdaune 11pt, jeasoctpykor npopena. Onue MeToae
CANIP/KM CEaM jemHa4Ha, cellaM CTMKa M YeTHPH TabenapHa Npukasa pesynrara NpUMEHe HOBE METO/L,
KOjM CYy y3 cnucak kopuiuhexe THTepaType MpeiCTaB/beHH y ClieleinX IecT TeMATCKUX UeNHHA:

1. O6nacr Ha KOjy ¢€ TEXHHYKO pellethe 0IHOCH,

2. TexHWIKH pobieM,

3. Tlocrojehe crame y CBETY,

4, CymTuHa TEXHHYKOr pellenha,
5. [llpwkas pesyiTara NnpHMeEHe,
6. 3axmy4ak.

TexHHUKO peliierse (HoBa MeToAa) NpHMana o6nacTH MaIIHCTBA U IMPEKTHO CE OJHOCH Ha jelaH
Ol IOMEHAa MCTP@KMBAKA Y OKBHPY NpOjeKTa TEXHOJOWKOr pasBoja noa HasusoM ,JlwosamueHu
npucmyn ¥ ApUMEHU UHMETUSERMNUX MEXH OAOWEKNX cucmemda 3a Hpﬂﬂi‘gt?t)ﬂ:-}’ denoea 00 1UMa 3ACHOBAH
na exonowkum rmpuryunuva’ (eBuneHUMoHn Opoj TP-33004) - noMeH NPOjeKTOBama ONTHMATHHX
TEXHOJIOILKHX Npoueca odpane aena.

V Apyrom NOrJaBiby TEXHMYKOr pellieiba je yBeleH TpobieM MpojeKToBama TeXHOMOMKHX
nmpomeca, KOjH Ce IMPEKTHO pellaBa TMpHMEHOM MpeUIoKEHEe HOBE METOHe. 3a pasiuky on
TPAZMUMOHATHHX TEXHOJIOLIKMX CHCTEMa, TIE je 3a CBAaKM [e0 OOWYHO MpOjeKTOBaH CaMo jedaH
TEXHONOWKH MPOLEC, KOjH HECTO HHje ONTHMATaH Ca ACTeKTa MCKopuiufiewma anTepHaTHBHHX
MPOM3BOAHMX pecypea ¥ MoryfiHX NpoMeHa y TeXHONOITKOM OKpyXerby, BefiHa 1en0Ba KOI NaHallbHX
TEXHOJIOWIKMX CHCTEMA MOXE WMATH BHILE ATTePHATHBHHX (IeKCHOMTHHX TEXHONOWKMX IMpoLeca
obpaze. U3 Tor pasnora, npoGiem mHMXOBE ONTHMH3ALI{je MOCTA0 je BEOMA BaXKaH y OBOj HAYYHO]
obnacTH UCTPAKHBAKA,

Y tpehem nornas/by je HaBeleH mpernen noctojeliux XeypHCTHHKMX METola y peluasawy
npoGiemMa ONTHMH3ALM]E TEXHONOWKMX NpoLeca, paiBujennx on 1999. roause ma no nawac. Heke on
NPEIOACHHX METOAA CY MeHeTHYKH ANrOPHTMH, TEHETHYKO NPOTPaMHpaLe, CUMYJIHPAHO KAbEH:E, 'raﬁy
npeTpare, ONTHMH3ALMja TPHMEHOM CHCTEMA MpAB/bMX KONIOHMja, ONTHMH3ALHja MPHMEHOM TeopHje
(uHTenurenunje) poja u apyru xubpwanu anroputmu. Takolje, KOHCTAaTOBAHO je A CY TEHETHUKH
AMTOPHTMH HAJ3aCTYNUbeHHjH M Hajuemhe kopuilfieH} SBONYIHOHM ANTOPHTMH Y pellaBary npodiema
ONTHMIRALIM]E TEXHOMOWKHX npoleca, Kao W Oa uX nopex cmocobHocTw znodpor riodbanHor
NpeTpaknBaka, OLIHKYje M TO Aa KOHBEPrUpajy npedps3o 4 MpepaHo OrpaHHyasajy NpeTpary Ha JOKamHH!
omTiMyM. M3 Tor pasnora, anroputam Ha 6a3i CHMYIHPAHOr Kabemwa, ¢ 0034poM Ha aobpe MoryhHocTH
NOKANHOT NpeTpakMBakba, NPELIOKEH je  MHKOpNopupaH y Hosu Xubpuauu GA-SA anropuraM.

YeTspTO MOrJIABIBE MPHKa3yje CyWTHHY TEXHHUKOr peluera. Y TOM CMHCAY, ayTOpH npuKazyjy
HOBU HAYMH NpeacTaBbaa PIekCHOWTHHX TEXHOMOWKHX NMPOLeca ¢a IBe KaTeropHje CpeamHX YBOpOBa
y Mpekama TEXHOIOLWKHX npoueca. [TpBy KaTeropujy YnHe YBOPOBH 3a ONepauMje, Ko KOjllX je 3a caky
QITEPHATHBHY MalliHy anaTKy AedwHiCcaH CET anTepHaTMBHUX aiata. JIpyroj KareropHju npunagajy
YBOPOBHM 3@ omepauMje, KOA KOjHX CE 33 CBAKy O MAIIHHA MOKE KOPHCTHTH anar H3 WCTOr CeTa
anTepHaTUBHMX anara. [lopen Tora, NPUKAa3aH je W MaTeMaTHUKK MOJIEN 3a MUHUMMU3AUM]Y TIPOH3BOLHOT
BpeMeHa (mpencrasiba 30Mp BpeMeHa ofpaje neia Ha MalllMHH ANaTKH W BPEMEHA TPaHCTIOpTa Aena oi
MaIIMHe anaTke N0 MAIIMHE ANaTKe), KOjH Cé KOPUCTH Kao ONTHMM3AUMOHH KpuTepujyM. Takobe. y
OKBMPY OBOr MOMIaB/bA C€ JETA/bHO OMHCY]y [MaBHM KopauW npucTyna 0asupaHor Ha reHeTHYKHM



aITOpATMUMA Y TNpBOj ¢asu xudpuanor anroputma. Koampame W AeKOAHPAE CBHX WHIOMBUIYA
(jenwnku) y NONYJAUM{W, CEASKUWjAa HHAMBHAYA, YKPIUTAake W MyTaluWja reHa Xpomo3oMa YuHe
NpHMEHseHe ONEPaTope reHeTHYKHX anropuTama, HakoH onTHMU3ALM]e FEeHETHYKUM aITOPHTMUMA, HeKa
.J00pa“ pelera TEXHONOWKHMX mnpoueca Cy CiaydajHo oxabpasa 3a kopumfieme y apyroj ¢asw
XMOpHAHOr anmropuT™a. [/lasHW KOpauW @IrOPHTMAa CHMYNIHPAHOT Kakema M[pPH  JIOKATHOM
npeTpaxuBamy “Io0pHX” pellersa cy, Takolje, OMHCaHH Y OKBHPY 0BOI" MOTJIaB/ba.

Y nerom nornassby NPeACTABLEHH CY SKCNEPUMCHTANHN PE3YNTATH OCTBAPEHH TOKOM MpUMEHE
HOBE MeTole Ha NpobieM ONMTHMH3AUMje TeXHONOWKWX Mpoleca oﬁpa.ae AeNI0Ba PajHUUTOr HUBOA
dnexcudunroeTH. [pemwiokenyu XuOpUIAHM AIrOPUTAM WMILUIeMeHTHpaH je y Matlab™ mporpamckom
Makery W, Kpo3 JBa eKCepUMeHTa, TecTipad Ha 15 pasnwawtux ..benchmark™ nenosa. OcTsapeHu
pe3yNTaTH CNPOBIEHHX eKCrepHMeHaTa nokasyjy aa je xubpuanu meraxeypucruuku GA-SA anropuram
epuracHujn oa nojenuHayunx GA u SA airopurama y norieay Op3uHe koHseprenuuje # Opoja
WTepaLija HeONXOAHMX 3a NPOHATAKEHE ONTHMAIHOT pellea. Y nopeliewy ca GA u SA anropHT™MoM,
pasBujeHH XHOPHIHH AIropHTaM Aaje McTe Wnu Goske pesynTaTe mpH ONTHMU3AUM]H QrexcHOHIHEX
TEXHONOWIKHX npoueca, y3uMajvhiu y o003up duexcHONAHOCT MalllMHa anaTkW, anara, npoueca M
pexociena TeXHOIOWKUX onepatmja.

VY OokBHpY 3aK/byHUKa YKDATKO je [dara OCHOBHZ Micja HOBE METOIe, y3 HarjaileHe MpeaHoCcTH
WEHE NpUMeHe Y nopehemy ca NocalamibHM NPUCTYNHMA Y pelliasatby ONTHMU3ALMje (IeKCHOMTHHX
TEXHONOIIKHUX npoteca obpane nenoea 6azupannm Ha GA u SA anropurmuma. Takolje, npennosenu cy
npaeuu Gyayhux HCTpaKHBaMma Y OKBHPY aKTYEIHOr NPOjeKTa TEXHONOIIKOr pa3soja (esuneH. 6poj TP-
35004), koju obyxsarajy pa3Boj CHCTEMa 33 TEPMHHHPAKE ONTHMATHHX TEXHOJOLIKHX MpoLECca Kao H
WHTErpaljy MOLYja 32 ONTHMU3AUM]Y W TEPMHHHPamkE TEXHONOIIKHX MpOLeca, Y UHbY nodosbiarba
nepdopMalCcH HHTSTUTEHTHHX TEXHOJIOMWKHX CHCTEMA,

V cknamy ca aHANW30M Mpeanora TeXHHUKOr pellleha M OCTBAPEHNHM pe3ydaTaTMMa, Kao
MMEHOBaHH PElEH3EHTH AajeMo cneaehie

MUIIJbEBE

Ayropn Hose merone (MS85) non masusoMm ,OnTumusaunja GaexcHOHIHHX TEXHONOMIKHX
npoueca NPHMEHOM XHOPHAHOr METAXeypHCTHYKOr aaropurma” cy Ha jacaH HauyuH OmMHcany
MPe[HOCTH TMPHMEHE HOBOI MPUCTYNa onTuMu3auuju (reKcHOMTHWX TeXHOIOoWKHX npoueca obpaie
fenopa Ha 6a3n XHOPHIHOr MeTaXeypHCTHUKOr anropurMa. Passujeny xubpnann anropuram Oazupax je
Ha WHTErpaliji TeHeTHYKOT anropHTMa H aIropuTMa CHMYIMDAHOr Kaskema, a ofyxsara nse (aze y
peuiasasy pasmaTpaHor koMOuHaTOpHO-OmTUMH3aLoHoT npobnema. Ipsa dasa noapasymesa rMpuMeHy
FEHETUHKUX AIrOPHTaMa Y MHHLMJATHOM ro0anHOM reHepHcamy . 100pux™ TexHonowkux npoueca. Ha
6asu onabpaHuX TEXHONOWIKHX npoueca, y Apyroj ¢asu XuOpHAHOr MeTaxeypHCTHYKOT anropHIiMa
MPHMEHEH je aJINOPHTAM CHMYIMPAHOr Ka/beka, KOjU CE& KOPUCTH 3a NOKATHO NPETPAKHBAbLE . J00pHX"™
TEXHOMOIIKHUX Npoleca M A00GMjarke ONTHMATHHX H/HIM TIPHOMIKHO OonTUManHUX (rexcuOnTHuX
TEXHOMOWIKKMX Mpoueca o0pane nena. Pe3ynraTi ocTBapeHH NPHMEHOM OBE HOBE METONE YKasyjy Ha TO
112 MOCTOjM eBHAEHTaH NONPHHOC MocTojelieM cTamy y 00nacTH ONTHMU3ALM|E TEXHOJIOIIKHX IpoLieca,
KOjH C€ orjiesa Kpo3 edHKacHHje reHepucame ONTHMANTHOT Wiy NpHONHKHO ONTHMATHOT TeXHOJIOMKOT
npoueca obpane nena, yaumajyhu y o83up antepHaTHBHE MalllHHE ANaTKe H AITEpPHATUBHE alaTe 3a CBaKy
071 OnepauHja.

Ha ocHOBY yBAZA Y NMPEAnor HOBE METOIE M OCTBapeHe pesynTare npemnakemo Merpaxusauko-
crpyuHosm selly Maunirckor dakynrera y Beorpany na ce HOBa MeToxa 1oa HasuBOM ,,OnTHMH3AUHja
GaeKCHOHAHNX TEXHOJOMIKHX Mpoueca NPHMEHOM XHOPHIHOr MeTaXeypHCTHYKOT aaropuTma”

NPHXBATH KA0 HOBO TEXHHYKO PCLLCHE.
/( /. @( ‘—%’“L C
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Beorpaa, 16. 01. 2014. roauHe

MpeameTt: Muwrbewe O peanusauuju npojekta ,MHoeamueHu npucmyn y nApuMeHu
UHMeTu2eHMHUX MexHOJIOWKUX cucmema 3a npou3sodry desioga 00 numa
3acHogaH Ha ekosiowkum npuHyunuma“ (TP-35004) y nepuogy 01.01.2013.-
31.12.2013. (Tpeha rogmHa chmHaHCcUpamAa)

Mpojektom cy obyxeaheHa [Ba OCHOBHa UWba UCTpaxuBawa: ogpefuBare napameTtapa
NMPOU3BOAHE [EenoBa Of INUMa W ynpaBrbake YHyTpallkbUM TPaHCMopTOM MaTtepujana ca
aKLEHTOM Ha MpVYMEHM eKOMOLLKMX MpUHLUMNAa Koju nogpasyMeBajy yLTeny eHepruje, matepuwjana u
cpefcTaea 3a NnoAMasvBak-e.

Y 0BOj WUCTpaXxuBaykoj rOAWHW HacTane cy ABe opurMHanHe metogonorunje. [Npsa obyxsaTta
WHTerpauujy MHTENUreHTHor cuctemMa 6asmpaHor Ha MeTaxeypucTUYKOM anroputMmy onTuMmnsaumje
N EMNUPUJCKA MPUKYMIBEHUM CEH30PCKUM MHOPMaumjama, MaLLUMHCKOM YYeky AEeMOHCTpaLujomM
M ynpaBrbadkor nofcuUCTeEMa 3acHOBAHOr Ha efneMeHTMMa xomorpadcke matpuue gobujeHe op,
HekanunbpucaHe kamepe. TEXHUYKO pellere (HoBa MeTofa) ce 04HOCKM Ha peluaBakwe npobrnema
yrnpaBrbaka MHTENUreHTHOr MobunHor poboTa NpMMEHOM eMMUPUjCKE yrnpaBrbadke Teopuje Ha
Ba3n GMONOLWKN MHCIMPUCAHOr anropuTMa onTuMmM3aunje, MallUHCKOr yYyera AeMOHCTpauujoM u
xomorpadumje gobujeHe o HekanubpucaHe kamepe.

Y okBupy Apyre metoAe npukasaH je xubpugHu anroputam 3a onTumusaumjy OnekcubunHmx
TEXHONMOWKMX npoueca, 6GasvpaH Ha WHTEerpauuju reHeTudKor anroputmMa W anroputma
cuMynupaHor karbewa. PasBujeHn anroputam obyxsaTa fBe ase y pellaBaky pasmaTpaHor
KomBuHaTopHo-onTMMU3aumoHor npobnema. [peBa ¢asa nogpasymeBa MPUMEHY TFEHETUYKMX
anroputama y uHuumnjanHom rnobanHom reHepucawy ,A00pux‘ TEXHOMOLWKMX npoueca. Ha 6asu
ofabpaHux TEXHONOLWKUX npoueca, y APYroj gasum xmbpuaHOr MeTaxeypucTU4Kor anroputma
NPYMEHEH je anroputaMm CUMYNUpaHoOr Karbeka, KOju Ce KOPUCTM 3a JIOKanHO MpeTpaXxvuBake
»000pnx‘ TeXHonowknx npoueca u [obujawe onTUManNHUX W/UAU NPUBNMKHO ONTUMAanHUX
hnekcnbunHnx TeXHONOLWKUX npoueca obpage agena.

HakoH yBuaa y npyMerMBOCT HOBUX TEXHUYKMX pellera (HOBUX MeToAa), Koja Cy NpoUCTEKNa Kao
pesynTtatu uUCTpaXuBaka Yy OKBUMPY T[MpOjekTa, W Ha OCHOBY [ocajallke capaghe ca
peanusatopuma, komnanuja ®MI1 4.0.0. u3paxasa 3a40BOSbCTBO CNPOBEAEHMM UCTPaXnBakmMa
W OCTBapeHuM pesynratuma.

i
|

' Te ! p?ﬁHVl AyipexTop OM A.0.0.

'xk'i br. 2, srolla ! (// / /
/" / :

Hebojwa CTOJaHOBmh, ONNI. MaLl. UHX.

| geoGRAD, Ju%Y

11250 Bw rad - /qumk Jugostove H\I\thl 2. Teleton: 011 655-75-33: Ll\ 011 655-75-73:

WWW, tmp €o.rs ol’h(c(afmp cors VIB: 07042264; PIB: 100003076



_’ g —— V‘I L . e -

—

Beorpapg, 17. 01. 2014. roguHe

[Mpeamer: Muwireerwe 0 peanusauuju npojekra
JMMHOBATUBHW MNMPUCTYM Y NMPUMEHU WHTEJITUMTEHTHUX
TEXHONOWKNX CUCTEMA 3A INMPON3BOAHY AEJTIOBA O
JIMMA 3ACHOBAH HA EKOJIOWKWUM MPUHLUNTTUMA®
EsngeHuynonun 6poj TP-35004

HakoH yBuga y pesynrare wucTpaxuBawa Koju cy objaBrbeHu u
npeacTaBrbEHN Ha Hay4YHUM cKynosuma pgomaher m mehyHapogHor 3Hauyaja,
Kao U Yy NPUMeHMBOCT HOBOI TEXHUYKOr pellera, U Ha OCHOBY focajallkse
capagtke ca peanusatopuma, Komnanuja OPTIX pf[.0.0. uspa)xasa
3a40BOSbCTBO CNPOBEAEHUM UCTPaXnBakMa U OCTBApeHUM pesynTtaTtuma.

.
&

QORAD ™.+
Lp ,qo\ﬂ'parommp CTtameHkoBuh, Annn. mawl. MHX.




YHUBEP3UTET Y BEOIPALLY
- MALLMHCKW ®AKYIJITET -
BPOJ:  2408/3

OATYM: 19.12.2013.

Ha ocHoBy 3axteBa npod.ap bojaHa babuha 6p. 2408/1 op
04.12.2013. roguHe, oanyke O UMEHOBawy peueHseHata u un. 63. Crartyra
MalwwmnHckor akynTteta, HacTtaBHo-HayyHo Behe MawwuHckor dakynteta Ha
ceaHuum oa 19.12.2013. roauHe, goHeno je cneaehy

OANYKY

MpuxBaTa ce TeXHUUKO pellere Mo HacroBoM: , OnTuMHU3aymja
PREKCHOMNHHX  TEXHOJIOWKHX  rIpoyeca rnpHUMEHoOM XHEPpHAHOr
Meraxeypm CruyKor asropurma’, 4vjn cy aytopu: Munuua [etposuh
avnn.uHk.mMaw., npod.ap 3opaH Mumbkosuh, ap HajaaH Bykosuh, HayuHu
capagHuk, npod.ap bojaH Babuh w Jenena lMNeTpoHujeBuh, gunn.mMHX.MaW., a
NMO3UTUBHY peLeH3ujy noaHenu: aAp Mupko bhanuh, ®akynTeT 33 MalWHCTBO M
rpahesuHapcTeo, Kpasseso u gou.ap »KusaHa Jakosrsesuh.

Oanyky  poctaBuTv:  MWMHUCTapCTBy  MPOCBETE, Hayke WU
TexHonowkor passoja PC, aytopuma, peueHseHTMMa 1 apxusn dakynreTa pagu
esugeHuuje.
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Wnopan MunosaHyesuh



