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3axeannocm aymopa
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nompeby 0a ucKkajicem c60jy UCKPeHY 3aX8alHOCH U NOWMO8arbe OpOjHUM
npogecopuma, Konezama, npujamesuma u NOPOOUYU Koju cy Mu Ha Mom nymy
APYACUIU 8ETUKY NOMOR U NOOPUIKY.

Ceojy 0yboky 3axeannocm oyeyjem menmopy, npod. op Paodosamny
bynamosuhy 3a necebuuny nomoh u cageme mokom uspade oge oucepmayuje.
Tocebny 3axeanHocm scenum 0a UCKANCEM U UYIAHOBUMA KOMUCUje 3a noMOR u
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UL HenoCpeoOHoj NOOpuYU Y 00cadalirbem paoy.

3axeamyjem ce UCKpEHO C80jO] NOPOOUYU HA UCKA3AHOM CMPH/bERY U
pasymesary y 8pemeny uspaoe oge oucepmayuje .

Y Kpamwesy, ) mp Topan Muoopazoeuh, ouna. unoic. mau.




PA3BOJ HAITPEJHUX BUOJIOIIKU UHCITMPUCAHUX
AJITOPUTAMA 3A PEHTABAIGE OIITUMU3ALTIMOHUX
INPOBJEMA IIPUMEILEHE MEXAHUKE

PE3UME

VYV mocnenmux TMETHAECTaK TOAWHA I0jaBJbYjy CE€ METOJIe Koje CBe 0OJhEe peliaBajy
KOMILUTUKOBaHE ONTHMHU3AIMOHE Mpobiieme. CBe OBe METO/E Cy HACTajle Kao MHCIHpalyja ca
oarorapajyhuMm mojaBama y NpUpOaM, Tla C€ W 30BY OHOJIONIKM WHCIHPHUCAHE METOJIE.
Hajmosnatuje cy: renerckum amroputmu (Genetic Algorithm - GA), audepennujamHa
esonynuja (Differential Evolution DE), ontmmmzamnuja pojem uectuna (Particle Swarm
Optmization PSO), ontuMuzanuja nHcnuprcana kperamweMm Mpasa (Ant Colony Optimization
- ACO), xykaBuyja npetpara (Cuckoo Search — CS), anroputam csuna (Firefly Algorithm —
FA), anropuram cienor muma (Bat Algorithm — BA), onTumu3anuja nHCIMpHCcaHa KpeTambeM
manktoHa (Krill Herd Algorithm — KHA) wuta. CBu 0BM alirOpUTMH €€ MOTY IPUMEHHUTH Ha
BENMKK Opoj mpolOsiema, aajy MOTYhHOCT TMOCTaBJhamka IIHPOKOT OICera 3a IOYETHE
BPEIHOCTH MPOjJEKTHUX MPOMEHIJBUBUX — TAKO Jia HHje MOTPEOHO MCKYCTBO MpHU oJpehuBamy
OJINCKUX TIOYETHUX BPEIHOCTH, (DYHKIIMja KOja Ce ONTUMH3UPA OBUM METO/IaMa He MOpa OUTH
nudepeHnrjaduiHa U HEMPEeKUIHa, HeMa OTPaHnuYeha Y OJTHOCY Ha Opoj MPOMEHJBUBUX KOjH
ce ONTUMH3HUpA, NIPUMEHJbHBE Cy Ha BEIMKH Opoj mpolbiiema, 3aTHM CTPYKTYpEe HHXOBHUX
alropuTamMa HyJe BeJIMKEe MOTYhHOCTH HaJorpajame — YMMe ce MOoKe moctuhu eduracHocT
QITOPUTMA jeTHOCTAaBHUM MOIU(UKaIijama.

Metoponorvuja HCTpaxuBama y OBOM pany je (oKycupaHa Ha 4YETHPH O]l Trope
NMOMEHYTHX Merona: kykaBudja mperpara (Cuckoo Search — CS), anropurtam cuna (Firefly
Algorithm — FA), amropuram cnenor wmuma (Bat Algorithm — BA), ontumusamnuja
nHcnmpucana kperamweM miankTona (Krill Herd Algorithm — KHA). Luss uctpaxuBama je na
ce HampaBe onarorapajyhe moamdukammje m xuOpuausanuje MOMEHYTHX METoJa, Koje he
MOCTU3aTH 00JbE pEIICHE Yy TOJbY TJIO0ATHUX MHHUMyMa. Tako ITOOMjeHH alrOpUTMH,
TECTHpPaHU Cy Ha OCHYMApK ONTHMHU3AIMOHUM IpoOIeMUMa TpPUMEHCHE MEXaHUKE KOjH
nocToje y jureparypu. Takohe musb HCTpakuBama j€ U MOJEIUPAmhe HEKUX O]l HaBEACHUX
npobjemMa BUIIE CIOKEHOCTH U TECTHpame OBaKo yHampeheHuX aiaropuraMa Ha TakKBe
npobiieme. Uneja je ma ce ycmocTaBM YHUBEP3aJIHH alTOpPUTaM Kako OW ce ca jJakohom
NPUMEHHUO y pelIaBamkhy Pa3INdUTUX ONTUMHU3AIMUMOHUX MpoOJieMa y MAIIUHCTBY, OAHOCHO
NPUMEHCHO] MEXaHMIIU Y IIHJbY 100Hjarba r100aTHOT MUHUMYMA.

KibyuHe peum: ancopumam cnenoc muwia; o2panuyeHa ONMumMusayuja; memaxeypucmura,
Lévy-nem; yuxiuunu aneopumam gamunuje cienux Muuiesd, MOOUDUKOBAHU aN20pUmam
Kpuna, OUMEH3UOHA CUHMme3d, 2pewKa pacmojarba, aieopumam KyKasuuje npempace,
aneopumam ceuyd, XubpuoHu areopumam KyKasuyje npempaze u aieopumma ceuyd.



ADVANCED BIO-INSPIRED ALGORITHMS DEVELOPMENT
FOR SOLVING OPTIMIZATION PROBLEMS IN APPLIED
MECHANICS

SUMMARY

In the last fifteen years methods that better solve complex optimization problems
appear. All these methods have emerged as an inspiration to the corresponding phenomena in
nature, so they are called biologically inspired methods. The best known are: Genetic
Algorithms (Genetic Algorithm - GA), differential evolution (DE Differential Evolution),
Particle Swarm Optimization (PSO Particle Swarm optmization), optimization inspired by the
movement of ants (Ant Colony Optimization - ACO), cuckoo searches (Cuckoo Search - CS)
algorithm firefly (Firefly Algorithm - FA) algorithm bat (Bat Algorithm - BA), optimization
inspired by the movement artick krill (Krill Herd Algorithm - KHA) etc. All of these
algorithms can be applied to a large number of problems, give the possibility of setting up a
wide range of initial values of the design variables - so you do not need experience in
determining close initial value, a function that optimizes these methods may not be
differentiable and continuous, no restrictions on the the number of variables that optimizes,
are applicable to a large number of problems and structure of their algorithms offer great
possibilities for upgrades - which can be achieved by simple modification of the efficiency of
the algorithm.

The research methodology, in this thesis, is focused on four of the above-mentioned
methods: cuckoo searches (Cuckoo Search - CS) algorithm firefly (Firefly Algorithm - FA)
algorithm bat (Bat Algorithm - BA), optimization inspired by the movement of plankton
(Krill Herd Algorithm - KHA). The aim of the research is to make appropriate modifications
and hybridization of these methods, which will achieve a better solution in the field of global
minimum. The thus-obtained algorithms were tested on a benchmark problems by
optimization in applied mechanics, that exist in the literature. Also the aim of the research is
modeling some more complex problems and testing this advanced algorithms on such
problems. The idea is to establish a universal algorithm which will be easily applied in
solving various optimization problems in mechanical engineering or applied mechanics, in
order to obtain the global minimum.

Key words: the bat algorithm; limited optimization;, metaheuristics, Lévy-flight; the Loop
family bat algorithm,; the modified krill algorith, dimensional synthesis, distance error, the
cuckoo search algorithm, firefly algorithm, the hybrid cuckoo search and firefly algorithm
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1. YBOJ

[Tosbe menoBama TeopHje ONTUMHU3ALM]E j€ Pa3BOj MOAETIA W METo/Aa KOjuMa je
moryhe mnponahum onTumanHa pemiema mpoOieMa Koju ce uctpaxyje. Ilpu tome,
IpeMeT UCTpaKUBamba ce Mopa TpaHC(HOPMHUCATH U3 peaTHOT MOJeIa y MaTeMaTHUKU
mozen. To y cTBapu 3HauM J1a, MpeAMET ONTHMHU3ALK]e (KOMIIOHEHTA/TIPOU3BOI/TIPOLIEC)
Mopa OMTH ONHCaH Ha 0JroBapajyhu, MaTeMaTH4yKy HAYMH, OJJHOCHO MOpa €€ U3BPLINTH
IErOBa aHaliM3a MPEKO MaTeMaTHYKuX (yHKIHja, Koje MOTy OWTH JMHEapHe WU
HenuHeapHe. [Ipomec Tpakema onTUMyMa je ycTBapH MPOoLEC TpaKEeHa MUHIMYMa HITH
MakcuMyMma (yHKIIHMj€ Koja onucyje AaTu mpooseM. ONTUMAIHO pPEelICHhe Yy TPUHITUITY
3HauM Haj0OJbE pelIeHkhEe 3a Mmo3Hare yciose. Ja Ou 3HanM na au je J0OHjeHO pelIeHe
ONITUMAJIHO, OTHOCHO Haj00Jbe, OHO MOpa UMAaTH Mepy KojoM he ce ofpeauTu KBaJuTeT
pemiema, oqHocHO MoryhHOCT ynopehuBama ca Jpyrum pememnma. 3aTo je moTpeOHo
Jla y MaTeMaTHYKOM MOJIeNTy TIocMaTpaHor npobiema, mocToju (GyHKIHja K0joj ce, Ipu
CBaKOM M3padyHaBamy NPHIPYXKYje AoOMjeHa HyMepHuka BpeaHocT. Ta (yHKIHja ce
30Be (PyHKITHja IIUJba UM KPUTEPHjyMCKa (YHKIIH]a.

VY BehuHM onTHMHU3ALMjCKUX MpobiIeMa, Ipolec 00Hjama ONTUMAITHOT pelliemha
je BeoMa CIOKEH M Kao TakaB 3axTeBa JOCTa BpEMEHa, a y JaHAllke BpeMme, U
padyHapCKUX pecypca 3a BeroBo crpoBoheme. Kako je HencipiiHa nperpara npocropa
Moryhux pemema NpPakKTHYHO HEW3BOAJbHMBA, KA0 M HEMOTYWHOCT aHATUTHYKOT
pelaBama CI0KEHUX ONTHMHU3AIMOHHUX MPOOJeMa, Y MPaKCH Ce YeCTO KOPUCTE pa3He
METO/I€ KOje Hy/e MpHUOINKHA, OJHOCHO, TOBOJFHO 0Opa peliema.

[TocToju BuUIIE KpuTepHjymMa 3a KIACH(PUKOBAKHE ONTHUMH3AUOHUX METOJA,
Meh)yTUM y TpHHIUIY OHE Ce MOTY CBPCTaTH Yy TPH METO/e: TPATUjeHTHE METOJIE,
METO/Ie TUPEKTHOT TpETpaXKHBama W CaBpeMeHe Merojae omTtumusanuje. [IpBe naBe
METOJIe KapaKTepHIlle HEIOBOJbHA €(PUKACHOCT M KA0 TaKBE CE MOTY NMPUMEHUTH Ha
ONTUMH3AIMOHE TMpo0JieMe Mame CIOXKEHOCTH. llpu Tome, TpaaujeHTHa MeToa
noapasymeBa na (yHKOMja nusba Mopa Outu Oap nBa myra audepeHuujabuiHa u
HenpekuaHa. J[pyra cTBap Koja orpaHrdaBa MpUMEHY TPajeHTHE METO e, Ha CIIOKEHE
ONTUMHU3AIMOHE MpobOJieMe, je 3aJaBamke IMOYETHUX BPEIHOCTH KOje Mopajy OuTH
Onucke xeJbeHUM BpenHoctuMa. Ca apyre cTpaHe, METOJIe TUPEKTHOT MPeTpakHBambha
HE 3axTeBajy na GyHKIHja njba Oyae audepeHIjaduiIHa U HeMpeKnuIHa, U HE 3aBUCE
0J1 IOYETHOT U300pa MPOjEKTHUX MapaMeTapa, aju Cy OBe MeTojie epukacHe camMmo TpHu
HATKEHY Pellieha y M0JbY JOKATHUX MUHUMYMA.

CpenuHoM MpONLIOT BEKa, a HApouuTo, KpajeM XX M modyetkoM XXI Beka,
MojaBUJIe Cy C€ METOJie Koje Ha eduKacaH HAYWH peIlaBajy CIOKEHE ONTHUMH3AIMOHE
npobneme. KapakrepucTuka OBUX MeToJa je Ta INTO Cy HMHCIOUpALHU]y HAILe Y
onroeapajyhum mojaBama y mpupomu. 300T Tora ce T€ METOJIE Ha3HMBajy OWOJIOIIKH
uHCnprcane Merone. Mely Hajmo3HaTHjuUM, HajIONMyNApHUjUM, MeToJaMa Cy:
renercku anroputMu (Genetic Algorithm — GA, John Holland 1962. roaune),



mudepennmjana esonyuja (Differential Evolution — DE, R. Storn u K. Price kpajem
90Tux), ontumuzanuja pojeM decruna (Particle Swarm Optmization — PSO, J. Kennedy
u R. Eberhart 1995. roagune), ontumM3anvja MHCIHMpHCaHAa KpeTameMm MpaBa (Ant
Colony Optimization — ACO M. Dorigo kpaj 90Tux mnpomnuior Beka), KykKaBudja
npetpara (Cuckoo Search — CS, Yang, X. S. u Suash Deb, 2007. ronune ), anropuram
ceuma (Firefly Algorithm — FA, Yang, X. S., 2008. roaune), anropuram cIemnor MUIia
(Bat Algorithm — BA, Yang, X. S., 2010. rogune), onTuMu3aiyja HHCIHUPHCAHA
kperameM apkTuukor kpuiaa (Krill Herd Algorithm — KHA, A.H. Gandomi u A.H.
Alavi, 2012. rogune) utn. [IpegHocT oBUX anropurama je Taj IITO C€ MOTY IPUMEHHUTH
Ha BeNUKA Opoj onTUMM3anMoHMX mpobiema. Crieneha mpegHocT je Ta na HHje
noTpeOHO  MCKYCTBO IpH  oJpehuBamy TMOYETHUX BPEAHOCTH  IPOJEKTHHUX
NPOMEHJbUBUX, jep MAajy MOryhHOCT TIOCTaB/bama IIMPOKOT OICera 3a IOYETHE
BPEIHOCTH TPOJEKTHUX TMPOMEHJbMBHX. Jlasbe, QyHKIMja KOja C€ ONTHMHU3HPA OBHM
MeTojaMa He Mopa OuTh nudepeHnHrjabuiiHa W HENMPEKWJIHA, HEMa OrpaHu4YeHa y
OJIHOCY Ha Opoj MPOMEHJBUBUX KOjJU ce onTUMu3upa. M Mokma HajOMTHHja TIPEITHOCT
OBHX METO/Ia je Ta Jla Cy CBE OHE AJITOPUTAMCKHU CTPYKTYPUPAHE U J1a ce Kao TaKBE MOTY
HajorpahBaTu jeAHOCTAaBHUM MOJH(HKaljaMa YuMe ce MOCTHKE BelHKa ehuKacHOCT
IpY IPOHAJAKEHY ONTUMAITHOT pellieHha.

VY oBoM mokTopary (oKyc je yCMepeH Ha YeTHpU OJ TOpe MOMEHYTHX METoja:
kykaBu4dja nperpara (Cuckoo Search — CS), anropuram cuna (Firefly Algorithm —
FA), anroputam cnenor muma (Bat Algorithm — BA), ontumuzanuja mHCIIMpHCaHa
kperameM apktuukor kpuna (Krill Herd Algorithm — KHA) u wmuxoBa npumeHa Ha
npobiemMe ONTUMHU3AIMje M3 O0JIAaCTH TPHMEHEHE MEXaHWKe. Y OKBHpY pajla
HaIpaBJbeHE Cy oJipeheHe MoauduKaIrje 1 XuOpruInu3airje TOMEHYTHX METO/Ia Y IIUJbY
noOujamba YHUBEP3aJHOT aJIrOpUTMa KOJU MOXKE J1a C€ MPUMEHH TpU pellaBamby
pPa3IMUNTHX ONTHMHU3AIMOHUX  MHpo0ieMa y MAIIMHCTBY, OJHOCHO IPHUMEHEHO]
MEXaHUIIM y IJbY J00H]jama HajOOJbUX pellieHha.

Kako je Beh panuje Hanrcano, OMOJIOIIKYA WHCIIUPUCAHU aITOPUTMH CE CBE BHIIIC
KOPHUCTE 3a pellaBame HEJIMHEApHHUX NpoOJjeMa onTHMHU3aldje. Y APYroM IOTIaBJbY
JaT je Tperjea OCHOBHHUX IIOjMOBA OINTHMH3alldje, ca TOCEOHMM OCBPTOM Ha
METaXEypUCTUKY U Ka0 MOCEOHY Klaca METaxXeypUCTHUYKHUX aJropuTama, Jat je mperies
ONTHUMM3AIMOHUX alNTOpUTaMa KOju Cy HAllTM MHCIHpAIyjy y npupoau. HaBenenu cy
HAj3HAYajHUJH AITOPUTMU Ca BPEMEHOM IIOjaBJbUMBamba W ayTOpuMa KOjH Cy HX
MPEIUIOKIIN, Ka0 U TIPerjielHa JIMTepaTypa 3a CBaku OJ MOMEHYTHX anropurama. Kao
yBox 'y crneacha mormaBika, oOjamilbeHH Cy  TIOJMOBHM  HMHTHe3u]UKanuje,
nuBep3udUKaIKje ¥ paHIOMHU3AIHN]e, KAO OCHOBHE KAapaKTEPUCTUKE METaXECYpPHUCTHKE,
OJTHOCHO TTPUPOJIOM MHCIIMPHCAHUX AJITOpPUTaMA.

VY tpehem nornasiby nmpukaszaHa je Moaudukanuja crangapaHor BA anropurma,
y MUKIWYHU anroputaMm pamunuje cienux mumea Loop BFA, xoja ce onBuja y Tpu
kKopaka. [IpBu Kopak moapa3yMeBa HAauyWMH H3padyyHaBama (PPEKBEHIMjE 32 CBAaKOT
CJIETIOT MUIIIA Y OKBUPY jeane ¢amunuje. pyru kopak mpeacraBiba yBohemwe Gamunmje
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CJIENUX MHILIEBAa, KaKo OM ce KOHTMHYAJIHO IMOHAaBJbajia MpeTpara mpocTopa Moryhux
pemiema y HMJby AoOujama onTuManHOr pemema. Creaeha momudukanmja uge y
npaBily (UHOT LHUKIMYHOT MpPeTpakHBamba MPOCTOPA peliekha. 3a CBAKOT CJIEHOT MHUIIA,
y Gamwimju, (UHAM TpeTpakuBambeM 10 Kopaky JIeBujeBor jera Tpaxkw ce
1000JBIITAHO PEIICHE CBE JOK CE HE 3a7J0BOJBbE MMOCTABIbEHA OTPaHNYCHa. IcipaBHOCT 1
e(hUKacHOCT TPemIOKeHNX MonuduKairja cy Bepu(pUKOBaHH KpO3 I00Ope pesysrare
NOOMjeHe TECTUPAEM Ha TET Pa3IMUUTHX HMHKCHEPCKUX ONTHMH3AIUOHUX MpodiiemMa
U3 00JacTy MpUMEHmEeHe MeXaHuKe (CyJ MOJ MPUTUCKOM, 3aBapeHH Hocad, PelyKTop,
KOHYCHa Ompyra, M jaMmesjacTa KOYHHIIAa ca BUIIe AMcKoBa). BpemHoctu ¢yHkumje
ba, Koja je nobujeHa Moaudukanujom ctangapaHor BA, onHocHo npumenom Loop
BFA, y HekuM npuMeprMa uMa HajMamby BPETHOCT Y OJJHOCY Ha MPUMEHEHE Pa3InuuTe
ONTUMH3AIMOHE METO/Ie WM MMa HMCTy HajMamby BPEAHOCT Yy mopehemy ca Ipyrum
Merogama. CTaHmapAHO OJICTyName y CBUM MpHUMepUMa MMa Takohe 3amoBosbaBajyhe
Malry BPEeIHOCT.

VY nuby nobujama mTo OOJBMX pesyiTara M e€dEeKTHHjUX alropuTraMa, MHOTH
ayTopu cy nmnopen MoAM(HKAIMje CTaHIApIHUX ONTUMH3ALUMOHUX aJropuTama,
npuleraBajii 1 KOMOMHOBAaWY JIBa U BUILE PA3IMUUTUX ONTUMH3AIUOHUX AJITOPUTAM.
VY nornasspy 4, npemnioxenu xubpuaau anroputam, H-CS—-FA anropurtam, 3a 0CHOBY
UMa anroputaMm KykaBuuje mperpare — CS, y KOjH jeé MHKOPIIOPHpaH €0 ajlropuTMma
ceuia — FA, mto je npukaszano y Anroputmy 4.3 u Ha Ciunu 4.1. Haume, ymecro na ce
UCIpa3He THe3/a Kajla ce JOCTUrHe BepoBaTHoha, p, , IpOHaIaxkema ,,JJOUIMX “ THe3/a, y

anropuTaMm je nmoaat neo FA anmroputma y KOMe ce NpOHala3W CBHUTAI] KOjH je€ ca
HajBehMM WHTE3UTETOM CBETJIOCTH. YCBOJEHHM KOHIENT XHOPHIHOT aJIrOpUTMa
TECTHUpPAH je Ha MeT ONTUMH3AIMOHUX MOJEeNa: ONpyre, KOHyCHOT KBauuia, | mpodmuuia,
Memaya ¥ Hocada ca TpU NMPOMEHJbHBE Koje ce onTuMusupajy. Monenu I npoduna u
Memaya Chajaajy y Tpylny BHIIEKpUTepUjyMcke onTumu3andje (multiobjective
optimization - MOO). Ynopehyjyhu pesynrare, 3a cBUX IET NMpUMEpa, U3 LUTHPaHE
muteparype u H-CS-FA anroputma, Moke ce 3aKJby4WUTH Ja Y CBHUM CIIy4ajeBUMa,
NPUMEHEHN XUOPHIM30BAaHU aJTOpUTaM Jaje NpuOIMmkKHE W 0oJbe pe3ynrare, O
ajropuTama oJi Kojux je hopMHUpaH.

Jeman oJ1 HOBHjUX ajnropUTama KOjH je CTEKao MOMyJapHOCT j& alropuTaM Kpuia
—KH, xoju cy yBenmu A.H. Gandomi u A.H. Alavi, 2012. roguae. Moauduxkaiija oBor
anroputMa y momudukoBanu anroputam kpuia — MKH , wu meroBa mpumeHa y
JTUMEH3UOHAIHO] CHHTE3M YETBOPOWIAHMX MEXaHHW3aMa Kao TeHepaTropa IIyTame,
IpUKa3aHa je y MoriaBiby mneT. Moaudukanuje cy ce OAHOCWIEC Ha: HHUIU)ATHO
onpehuBame Mo3uIMje IIeHa Ipe MOYeTKa UTEPATUBHOT MpoIieca U 3aMEeHY T'€HETCKOT
oreparopa YKpIITamka ca CIy4ajHUM KOMOMHOBameM JI00WjeHHX KOJIOHa KOjU CYy
nobujenn y jennoj urepauuju. MKH akropuram je tecTupaH Ha 4eTupHu pedepeHTa
npuMepa U3 CHHTE3¢ 3TII00HOT YeTBOPOYTraoHOT MexaHu3Ma. PesynraTu 1o01jeHn OBUM
JITOPUTMOM 3Ha4ajHO Ccy 00JbM y TOpehemy ca pesynratuMa J0OHUjEHUM Yy ITUTUPAHO]
autepaTypH. ['perika, Koja mpeacTaBiba KBaapaT ojAcTyNama u3Mely 3agaTux Tavaka u



CTBApHUX Tauaka Ha IyTamH, Yy CBa YETHpPU INpuMepa je Mama y mnopehemy ca
pe3yaTaTuMa U3 LUTHPAHE JIUTEPATYpE.

[Tpumena u epuxacuoct moaudukoBanux anropurama: Loop BFA, H-CS-FA u
MKH, npoBepeHa je y moriaBjby LIECT, Ha JIBa HOBa MOJIeNIa: MOJIEN Tejla CTPYrapcKor
HOXXa W MOJEN eKCIEeHTpa, Kao jena crTe3Hor mnpubopa. Ha ocHoBy moOujeHux
pe3yaTara, MOXe C€ 3aKJbYUMTH Ja HaBEACHHU ITOPUTMHU HCHPABHO (YHKUIMOHUIILY.
Konserpeniyja je 1o0pa, y3 BUCOKY BPEIHOCT CTaHJap/JHE JCBHjallrje 3a 00a mpumepa
u cBa Tpu amroputma. OBO ce MOXe OOJaCHUTH YHIEHUIIOM Jia je y TUTamy
BUIIIEKPUTEPH]YMCKA ONITUMHU3AITM]a, IBE TPOTUBYPEUHE (PYHKITH]E 1IUIbA.

[Iporpamu kopumrheH! y MOCTYIKY ONTHMH3AIM]jE HATMCAHU CY Y MPOTPAMCKOM
naketry MATLAB — Release 2009b. Cumymnaruja 1o001ujeHIX MEXaHU3aMa, y MOTJIaBJby
MeT, OJTHOCHO JIMjarpamMu KOHBepreHiyje (mornasise 3, 4, 5 u 6) Takohe cy ypahenu y
HCTOM TIPOTrpamy.
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2. BUOJIOIIKA UHCIITUPUCAHH
OIITUMU3BAIIMOHU AJITOPUTMH

Konnent wumxemepcTBa MOTHYE jOII OJ BpeMeHa (yHIAMEHTAIHHX
[UBIIM3ALMJCKUX HMHOBallMja Kao IITO cy To4yak W mosyra. CBaka o] HaBeIEHUX
MHOBaIlMja TpeACTaB/ba OCHOBY 3a MOJEPHY JAe(PUHUIM]Y MHKEHEPCTBA Koja TJacu:
"kopuithemhe OCHOBHUX MaTEMAaTHYKHX MPHHIUIA 32 pa3BUjabe KOPUCHHUX aylaTa WITH
objekara". 3axBasbyjyhu mMMa JbYAM Cy YCIEIN HAIPaBUTH TPAHINO3HE rpal)eBUHE Kao
HITO Cy Ha MPUMEP ErHIIaTCKe MUPaMUIe, WK MaK MalliHEe Kao MITO je MapHa MallnHa

[].

NmxewmepcTBO je y MHOro d4emy cnenuduuHo. JemHa on crnenuGpuIHOCTH
NpOM3WIA3N M3 NMpPUMEHE HAayYHUX JOCTHTHYha W3 BHIIE pa3IUYUTHX 00JacTH, MpH
MPOjJEKTOBAKY, AaHAIW3W W/WIM KOHCTPYHCAalkhy pa3sHUX BpPCTa TMPOU3BOJA W/HIU
TexHosoryuja. [Ipyra cneunpuvHoOCT je Ta 1a ce Ta, HayyHa, JocTUrHyha ocTBapyjy Kpo3
3HaEe, MATEMATUYKH arnapar ¥ UCKYCTBO MPU MPOjEKTOBAKY YHIOTPEO/HLHBUX O0jeKaTa
(mpousBox, rpaheBUHE M CIMYHO) WM Tpoueca. Y cTBapu, Moxe ce pehu, na je
UH)KEHEPCTBO MpPHUMEHA HayKe, TEXHOJIOTHje M HCKYCTBA Yy PpEIIaBamy MPaKTHUYHUX
npoOJiema.

MHoru cMmarpajy n1a je WHKCHEPCTBO MCTOBPEMEHO MUCHUIUINHA, YMETHOCT W
npodecrja KOHIICHTpUCAaHa Ha IPUMEHY pelliekha MPaKTHYHUX Mpobiema. JIok HaydHUK
YBEK IMOCTaBJha MUTAmkE "'3aTO" M BPIIM UCTPAKUBama J1a Hal)e OAroBOp Ha TO MUTAE,
WHXKEHEp JKeMu Ja "3Ha Kako" Ja pemu mpoOieM M Kako Ja NMPUMEHU peIeHe.
Hayunuk uctpaxyje ¢penomene koju Beh nmocroje ynazehu y HEmo3Haro, 10K HHKEHED
Kperpa OHO IITO HUKaJa HHje MOCTOjajo KOpUcTehy OHO IITO je TTO3HATO.

Y MammHCTBY, OCHOBHHU 3aJlaTak MHXKEHEpa je Ja MPOojeKTyje, Ha 0a3u MO3HATHX
HAayYHHUX MPOHIUIIA U TIOCTYyJaTa, HOBU TEXHOJIONIKU MpoIec oOpane/mMoTaxe, Hocehy
KOHCTPYKIM]y (MamuHe, MocTa, rpaljeBuHe), HOBH ajaT, HOBU ypehaj, TpaHCIOpTHA
cpencTBa, rpahleBHHCKE W pyJapcke MalllHe, HOBY OpraHM3aIMoHy IeMy mpeny3eha,
pacriopes MalivHa y IOroHy, HOBY (habpuky.

Behuna on HaBegeHuMx 3ajgaTaka moJpa3yMeBa INpPUMEHY 3Hama M3 00JIacTu
npuMemeHe Mmexanuke. OBO je 300r Tora MmITO NpHU TPOJEKTOBamY YBEK yTBphyje
(mpoBepaBa) Ha KOjU HAYMH TOjeAMHAYHH €0 (TEN0) WU CKIIOM JelioBa (CUCTEM Tela)
pearyje Ha J1JCTBO CIIOJBHHX CHJIA, KOJU Cy OTIOPH OCJIOHAlLA, KaKBO j& HAIOHCKO
CTame, KOJU je yTHUIla] KpeTama jeJHe KOMIIOHEHTE (Tella) Ha OCTajle KOMIIOHEHTE Y
MOHTQXHOM CKJIOITY (CHCTEMY TeJla), KaKaB je EHEePreTCKU OmIanc u ciuyHo. [Ipu Tome,
y TpOIeCy MPOjeKTOBama, pelliekhe KOje je MPOjeKTOBAHO HHje M HajO0oJbe, ako He
3aJI0BOJbaBa OCHOBHE KpPUTEPHjyME€ CUTYPHOCTH, MOY3ZAHOCTH U €(PEKTUBHOCTH U
e(hUKacHOCTH, a Jia TPU HETOBOj peain3alldju HE M3UCKYyje HajMame TPOIIKOBa, 0e3
o03Wpa Ja 1M je ped O KOJMYMHU MaTepujajia Koja ce yrpaawia, BpEMEHY U

-7-



TpoikoBuMa uspane. [locnenme peueHo y cTBapH OCIMKaBa M jeAHY MOCEOHY IpaHy
UH)XEHEPCTBA KOja ce 0aBM ONTHMHU3ALIN]OM.

OnTtuMuzaiyja, y HHXEHEPCKOM CMHCIY, j€ MOCTYNMaK MaKCHMHU3alUje WU
MUHHMMH3ALMj€, HEKOI WJIM BHIIE LMJbEBA y OKBHUPHUMA DACHOJOXKHBHX pecypca y3
3a/10BOJbaBamke MOCTOjehuX orpaHudema. Y OBOM CMHCIY CBaka JOHETa OJJIyKa je
pe3yaTaT HEKOT' CBECHOT MJIM HECBECHOT MHCAOHOT IPOIECa ONTUMH3Upama. Y Hauelry
TaKBy ONTUMHU3AIM]y (HOPMAIHO HE JOKUBJ/HABAMO Kao CIIPOBEICHH IOCTYIIAK, jep ce
norah)a MHTYUTUBHO WJIM MCKYCTBEHO, Ha 0a3u paHuje oapeheHnx HajO0bUX peliema.
Krnacnyam moctymnak reHepucama peniemha, Ha 0a3d METoJe MOKYyIIaja M IMorpeliaKa,
MOYXE CE€ CMaTpaTH IMOCTYIIKOM ONTHMH3AIMje, jep Ce 3aCHHWBA Ha T€HEpUCamhy HOBHUX,
HEMO3HATHX, pelliemha MOCMaTpaHOoTr MpobiieMa, OJHOCHO CYKIIECHBHOM O/0alMBamby
OHHX KOja HE 3a/l0BOJbaBajy OrpaHMYEHAa WJIM OHUX KOja Cy JIOIIMja OJf paHHje
no0MjeHux perema [2].

HNmxemepcka onTUMH3alMja IOAPa3yMeBa CUCTEMCKO TPAKEHE ONTHMATHOT
pemiema HHXemepckor npobnema. Ilpu Tome ce Boau padyHa O KpUTEPHjyMy
ONITUMAJIHOCTH, J1a JIA j€ y NMUTamby MaKCUMYyM HJIM MHHMMYM, a y YCJIOBHMA 33aTUX
OrpaHHYCHA.

CaBpemeHu pa3Boj NPOM3BOJA W/MIM Tpoleca, HE MOJpa3ymMeBa CaMo
NpOHANIAKEHE HEKOr pellerma Koje he 3aJ0BOJBUTH NOCTaBJ/bEHE MPOJEeKTHE YCIIOBE.
[Topen 3amoBosbEea THX YCIIOBa, IMpoHal)eHO pemierme Tpebda J1a 3a0BOJbU MHHUMYM
TPOIIKOBAa CBUX pECypca, OJHOCHO Jla MaKCUMH3Hpa KpUTEepHjyMe e(eKTHBHOCTH
MPOjeKTa.

VY TOM cMmHcIy Hpolec ONTUMHU3AIM]E j€ 3HATHO IIUPH OJ CKyIa HyMEPHUKHUX
aynata. Y cTBapH, OBJIE CE TOBOPH O HOBOM TPHUCTYITY Y HHXECHEPCKO] CHHTE3U OJJHOCHO
pa3Bojy MPOM3BOJIa W/WIIM Tpolleca Ha 0a3u KOHIIETITa ONTHMAIHOCTH. 300T OBOTa Ce,
ONITUMU3AIIHMja MOKE CXBATHTH W KaO HAYMH MTOCTABJhamha MHKEHEPCKUX 3aaTaka, ain
¥ Kao CIEIHjaJM30BaHu ajlaT OJHOCHO HAYMH IOJIPIIKE JOHOIICHY O/UTYKa y HajIIupeM
CMHCITY.

YonmmteHo, mpo0ieM ONTUMH3AIIA]€ MOKE CE€ HAMKMCATH Ha cliefichn HaunH:

Minimum f (x) dbyHKIIMja HIba,
Ogranicenja
h y (x): 0, j=12,.,ny, (dbyHKIIHjEe OrpaHrYeHha Y O0TUKY
jenHayuHa,
gk (x)< 0, k=12,.,n (byHKIIMje OrpaHHuYeHa y OOIHKY
HEejeTHAaYNHa,
xl-d <x; <x8 i=12,...n TPaHHLC,

=AXj = A



raeje: f (x) byHKIM]a 1THIbA;

X=X X,...,X;, HE3aBUCHU TIapaMETPU Koje Tpeda OJPEAUTH TOKOM

ONITHUMM3AIMOHOT MOCTyMKa. He3aBuCHU mapamMeTpu KOjUM Ce€ OMHCYje JaTH MpolseM
YeCTO ce 30BY MPOjEKTHU MapaMeTPH WIIN TIPOjeKTHE TIPOMEHIbUBE;

ny, je 6poj jeTHaYMHA OTPAHUYECHHA;

ny je O0poj HejeqHayMHa orpaHndema. OBa OrpaHuYema, NPEACTABIbAJY

00J1acT y K0joj ce Mopa Hahu penieme ONTUMHU3AIMOHOT TTpodIeMa;

xid u x?

£ NPEICTaBsbajy JOWY M TOPIbY TPaHUIly 3a i—Ty HPOJEKTHY

IIPOMEHJBUBY U

X; 1—TaIpOjeKTHAa IPOMEHJbUBA.

Kako ce y 0B0j nmucepranuju, Ha peliaBambe ONTUMU3ALUOHUX MTPodiieMa, KOpUCTe
OMOJIOIIKU—MHCIIUPUCAHE METOJIe, KOje NPUMaAajy TPy METaxeypUCTUYKUX METO[a,
Ba)XHO je HAIIOMEHYTH Jla ce MPH ONTHMHU3ALUjH, OBUM MeTojama, He 100ujajy TauHa,
Beh nmpulmKHa periemha Koja uxX ca JJ0BOJbHOM Ta4HOIIhy 3aMemyjy.

2.1. HIOAEJIA OIITUMU3BAIUOHUX AJITOPUTAMA

[TocToju BuIe KpUTEpUjyMa 3a KJIACH(PHUKAIM]y ONTHMH3AIUOHUX aJrOpUTama.
Jenna ox monena anropuTama je Ha AeTepMUHHUCTHUKE (deterministic) W CTOXaCTHUKe
(stohastic).

Kon nerepmuarCcTHYKUX anroputama he ce, mpu CBaKOM M3BpILABamy, MO OUII0
KOJUM YCIIOBHUMA, OJf MCTOT yjia3a Johu 10 MCTOr W3nasa, cienehw CBaKdU MyT HUCTY
nytamby. MehytuM, 3a BHIIEIMMEH3MOHANHE TMpobieMe U CcllokeHe (yHKIH]je
(yHkumje ca BUIEe JTOKATHUX MHUHUMYMA), JETCPMUHUCTHYKH aJTOPUTMU HE MOTY Ja
npoHal)y ONTUMAaJIHO pelIeHke, 3aTO IITO j€ 3a BEerOBO MPOHATAKEHE MOTPeOHO J0CTa
BpEMEHa U U3y3eTaH PavyyHapCKH pecypc.

CymnpoTHO Of AETEPMUHUCTUYKUX aJIrOpUTaMa, CTOXACTUYKH ONTUMH3AIMOHH
AITOPUTMH C€ OJHOCE Ha allTOPUTME KOjU MPETPaXNBAkHE MPOCTOpa MOryhux pemema
0a3upajy Ha caydajHOCTU. T0 3HaUM Ja BPEIHOCT MPOjEKTHUX MPOMEHJbUBHX, YTHUYE Ha
n300p HapeaHOT KOopaka y UTEPaTUBHOM IIpoliecy opehuBama pemiema. [Ipu cBakom
HOBOM IIOKpETamy, TE€HepalHO MOCMAaTpPaHO, CTOXACTHYKH aiuropuram Kkperahe ce
pa3IMYUTUM IyTamkama, y 3aBHCHOCTH OJ CIy4ajHO M3a0paHe BPEIHOCTH MPOjEeKTHHX
npomMeHJbuBUX. CiydajHa BpEeIHOCT NPOjeKTHUX NPOMEHJBUBHUX, KOjH oxapehyje Tok
KpeTama ajJropuTMa, ce CuMyirpa nomohy reueparopa rncey10-ciry4ajHux opojesa.

Hama noxena npema [4], ONTUMHU3ALMOHU AJTOPUTMHU CE€ MOTY MOJAETUTH Ha
€r3akTHE M Ha XeypucTuuke. ErzakTHu aiaropurmu, Kao ITO UM CaMO MME U Kaxe,



OJIrOBapajy KJIacH JETePMUHHCTUYKHX, & XCYPUCTUUKH Cy WUTEPAaTUBHH AITOPUTMHU.
XeypuUCTHYKE METOAE€ Cy KapakTepUCTHMYHE IO TOoMe Ja, Hajuemrhe, mnpoHaasze
3a0BOJbaBajyha pemema y peaTUBHO KPATKOM BPEMEHCKOM MEPHOY.

3a pemaBambeé MHOTHUX TMPAKTHYHUX U pedepeHTHuX mnpobdiiema HHUje Moryhe
KOPHCTUTH €r3aKTHE METOJIE 3aTO MITO O 3a BUXOBO pellaBamke OMI0 MOTPEOHO MHOTO
BpeMeHa. 3a pasIuKy OJl €r3akTHHX MeToJa ONTHMHU3alWje Koje TapaHTyjy
NPOHAJIAKEHE ONTHMAITHOT PElIeHha, XEYPUCTHUKU alITOPUTMU TTOKYIIaBajy Aa mpoHahy
mTOo 00JbE pelIeHe, alld HE MOTY Jla TapaHTy]y Ja je MpoHal)eHO peniehe U ONTHMATHO
[5, 24].

JemHa o OCHOBHHMIX KapaKTepUCTHKA XEYPHUCTHKE je Ta Ja ce NMPUMEHY]y 3a
pelaBambe KOHKPETHUX U CHeUUUHUX MPpodieMa TaKko IMITO KOPUCTE CBOJCTBA CaMHX
TUX Tpo0JieMa IPU BUXOBOM pellaBamky. Peu XeypucTHKa OTHYE O CTapOTPUKe peun
heuriskein, ITO 3HaYM YMETHOCT MpOHaJIaXeHa HOBOT HaunWHa (IIpaBuia) y pelriaBamy
npobiema. Moxe ce pehu aa je mpuMeHa xeypuctuke, noyena 40Tux roguHa MpoIUIOT
Beka, amu nga je kpajeM XX u mouetkoM XXI Beka om0 10 HArjor pasBoja
XEYPUCTHUYKHUX METOJIa 32 PEIIaBamhe PA3HUX ONTUMHU3AIMOHHUX MpodiemMa.

Kako cy ce xeypucruuke MeTOJe M QJITOPUTMHU IOKa3ald Kao e]ukacHu
ONTUMH3AIMOHN amapar, Tpu pellaBamkby BeTUKOr Opoja mpobiema, MHOTH
UCTPAXMBAYM IIUPOM CBETA, TOKOM IIOMEHYTOI IEpUOJa, CYy IMOKAa3aJlId BEJIHKO
UHTEpPECOBakb¢ 32 UXOB pa3Boj W yHanpehuBame. YUHEHEHH HAmop je JI0BEO 10
HACTaHKa METaxeypHCTHKA, Kao YHHBEP3aJHHX XCYpHUCTHKA 3a IIUPOK CHEKTap
npobruema, [24] .

IIpema E. T'. TanOwu, y [6], MeTaxeypucTHKa MpeACTaBba CKYI aJrOPUTAMCKHUX
KOHIIETIaTa KOJU C€ KOPHCTEe 3a JAePUHUCAE XCYPHUCTHYKHUX METoJa Koje Cy
IpPUMEHJbUBE Ha WIMPOK crekrap mnpoOinema. Takohe, MeTaxeypHUCTHKY MOMXEMO
neUHUCAaTH M Kao YHHMBEpP3aIHY XCYPHCTHKY, YHjU j€ TJIABHHM 3aJlaTaK yCMepaBarmbe
MpOOJEMCKH CIIEM(PUIHIX XCYPUCTHKA TIPeMa MOJPYyUjy MPOCTopa MpeTpakuBarmba y
KOjeM ce Hajasze 100pa peuiema.

VY nuTeparypu MOCTOjH BEIMKHA OpOj KpUTEpHjyMa 3a IMOJIeIy METaxeypHCTHKA.
IIpema [6], METaxeypUCTUKE MOKEMO MOJECTUTH Ha:

— Owuonomku uHCTUpUcaHe meraxeypuctuke (bio — inspired) U Ha OHEe Koje
HUCY Ouonomkn uHcmHupucaHe (non bio — inspired). Hacranak mHOTrHX
METaxeypUCTUUKUX METOJIa j€ MHCIHUPUCAH MPOolleCUMa KOjH Ce JIeIaBajy y
NPUPOIH, Kao IITO CY HAa TPUMEP €BOJIYTUBHHU AITOPUTMHU M BEIITAYKU HMYHH
cucremu. Takolle Cy W MHOTH >KMBOTHELCKH CHCTEMH ITOCITYKWJIA Kao
WHCIIMpaIMja 3a pa3Boj OBHX METOJa, Kao IITO Cy, Ha TpHUMEp, KOJIOHHU]E
MpaBa U muena, jaTa ntuna u puda, uta. OCUM MOMEHYTOT, y JIUTEepaTypH ce
IpoHajia3e ¥ METAaXeypUCTHKE KOje Cy MHCHHUpHUCaHe (PU3MUKHUM Ipoliecuma,
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Kao IITO j€ aJIrOpUTaM CUMYJIUPAHOT KaJbeha;

METaxeypucTuKe OasWpaHe Ha Tomyianuju pemema (population-based) u
METaxEpHUCTHKE KOje KOPUCTE caMO JeIHO TMOTEHIMjalHO periewme (single-
solution based). YV npyry rpymy cmamajy MeToje Koje y TOKY Tpolieca
nperpare MaHUMYJIMOIY W Bpiie TpaHchopmaiujy camo jeaHor pemema. C
Jpyre cTpaHe, MOMYJITallMOHEe METAaXxeypUCTHKE, y KOje CIajaajy, Ha MpHUMeEp,
ONTUMH3AIHja POjEeBUMA YECTHUIIA ¥ €BOYTUBHU aJITOPUTMH, BpIIE MpeTpary
Kopuirhemem MomyJialuje MOTEHIMjaTHUX  peliema  mnpobdiema.
MeTaxeypucTuke Kojeé KOPHCTE jE€IHO TIOTEHIMJaTHO pPEIICHE YIIIaBHOM
KOpUCTEe MHTEH3U(UKAIMjy y TpeTpaxuBamy npoctopa. Ca mpyre crpane,
MOMYyJIAIMOHE METaXEYPUCTUKE Cy OPHjEHTHCAaHE Ka JauBep3uduxaiuju. 306or
KOMIUJIEMEHTAPHUX KapaKTepUCTUKA, OBE METaxXxeypHCTUKe ce Hajuemhe
KOPHCTE 33j€THO;

JNETEPMUHUACTHYKE W CTOXAaCTHYKE MeTaxeypucTuke. JlerepMUHUCTHYKE
METaxeypUCTHKE MPUCTYMAjy pelaBamy MpolieMa ONTUMHU3AIMje TaKo IITO
JIOHOCE JETEPMHHUCTHYKE OJJIyKe (IpUMeEpH Cy JIOKalHa W Taby mpeTpara).
CroxacTHYKU METOJM NpUMEY]y CllydajHa IpaBuia y MpOLECy MpeTpare
(mpuMepH Cy CHMYJIHMPAHO KaJb€lhe M eBOJYTHBHM airoputmu). Kon
JETCPMUHUCTUYKMX METaxeypuCcTHKa HCTa TMOYeTHA [MOMyJlaluja YyBEK
TCHEPHIIIE UCTO KOHAYHO PEIICHE, JOK KOJ CTOXAaCTHUYKAX METaxeypHCTHKA
MOTY Ja ce TCHEpHIIy Jpyrayrja KOHayHa pellema MoMohy UCTE MOYETHE
nonyJaIuje;

METaxeypucTHUKE Koje KopucTte MeMopHjy (uMmajy wmoryhHoct namhema
MPETXOTHUX pemiema (memory usage methods)) u Ha oHe KOje HE KOPHUCTE
MeMopHjy (HeMajy MoryhHocT mamhema MpeTXomHuX pemema (memoryless
methods)). AnropuTMu KOju HE KOPHUCTE MEMOPH]y HeMajy MoryhHOCT
JUHAMUYKOT HM37Bajamba MH(pOpMalMja TOKOM Ipolieca mperpare. JemaH of
NpeJCTaBHUKA OBE BPCTE j€, MPETXOJHO MOMEHYTa, MEeTaXxeypUCTHKa
CHUMYJIHMpPaHOT Kajbewa. C pyre cTpaHe, MHOTH aIrOPUTMHU, TOKOM IIpeTpare,
KOPHUCTE CHCTEM aKTUBHOI' U3/Bajarba MEMOPHjCKUX MOAATaKa, Kao IITO je Ha
npuMep KpaTKOpOYHA W JAYrOpOYHA MEMOpHja Koje MOCeayjy jeIUHKe Taldy
nperpare.

2.2 HICTOPUJCKH PA3BOJ METAXEYPUCTHUKA

VYIIpKOC YMEBEHUIM Aa CMO A0 IMPUPOAE U Ja KUBUMO I10 IIPUPOJIHUM 3aKOHHUMA,

METaxeypuCTUKa je MOJIEpHA METO/a KOja C€ KOPUCTH 3a PElIaBambe ONTHMHU3AIMOHUX

npobnema. Kako ce He Moxke ca curypHomhy yTBpJIWTH Kaja jeé MPBU MyT KOpUITheH
METOJI METaxCypUCTHKE, MpeTrnocTaBba ce aa je Alan Turing, mpBH KOpUCTHO
XEYPUCTHUYKE aITopuTMe 3a pazoujame mudpu Tokom II ceeTckor parta, [8].

Cpenuna XX Beka, 1960-te u 1970-Te roguHe, mpeacTaBiba 3Ha4ajaH TMEPHOT 3a

pa3Boj eBonynHoHHX anropurama [8]. Hamme, na YHuBep3utery y Muunreny, John
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Holland m meroBu capagHuiy Cy, TOKOM IOMEHYTUX TOJMHA, Pa3BUIM TE€HETCKH
anroputaM. Meja je HacTana yciesa npoydaBama alaiTHBHUX cucteMa, rae je Holland,
npeu  (1962. roauHe), NPUMEHHO YKpIITame (Crossover) M PEKOMOMHOBaHE
(recombination) 3a Moaenupame TakBUX cucrema. De Jong je 1975. roguHe y cB0joj
JTUCepTaIMjy TI0Ka3a0 KaKaB je MOTEHIUjall TCHETCKUX aJlfOpUTaMa. 3a OBaj MEPHO]I je
3HauYajaH pa3Boj eBodyTHBHE crpareruje u3 1963. rogune. Ingo Rechenberg m Hans-
Paul Schwefel ca Texnuwukor yHuBepsutera y bepnuHy, pasBuiaM Cy OBY TEXHHKY
IpeTpaxrBama 3a pelIaBame MpodIeMa aepoHayTUIKOT HHKEHEPCTBA, [8].

3HavajHa roAMHA 3a pa3Boj Meraxeypuctuke je 1983. Te romuue je pa3BUjeH
METoJ cuMyJupaHor Kajbemwa o ctpane S. Kirkpatrick, C. D. Gellat 1 M. P. Vecchi
MHCIMPUCAH IPOLECOM KaJbewa MeTaia, [9].

o nojaBe Tabu nperpakuBama, pasBujeHor ox crpane Fred Glover, 1986-te,
[10], BehmHa MeTaxeypuCTHKa HHje MEMOpHcaja TMPETXOJHA pEIICHa, OCHM KOJ
ceneknuje Hajoosper nzdopa.

[Touetkom 90-TuX roamHa mponuior Beka, Marco Dorigo je y cB0joj JOKTOPCKO]
TE3W O ONTHMHU3AIUJU ¥ MPUPOJHUM AITOPUTMHMA, OIKCAO aNTOPUTAM ONTHMHU3AIIHN]E
KoJIOHHUje MpaBa (ant colony optimisation — ACO), [11]. OBa TexHUKa pETpaKUBamba j&
WHCIIPUCAaHA WHTEIUTCHIIMjOM pOja MpaBa, OJHOCHO HUXOBHM JPYIITBCHHM
MOHAIIAKEM ITPU Y€MY KOpUCTE PEpOMOHE Ka0 XeMHU]jCKe Hocade MopyKa.

AnropuTaM BEMITAYKOT MMYHOT CHUCTeMa, WHCIUPHCAH j€ KapaKTepuCcTHKama
UMYHOT CHCTE€Ma CHcapa U KOPUCTUTH MEMOPH]Y U YU€H€ Ka0o HOB MPUCTYII peliaBamby
npobnema. OBaj anropuram cy, 1986. ronune, mpBU NpeIOKIWIH Farmer u octanu y
[12]. Ha ocHoBy oBor anroputma, Bersini u Varela cy 1990. ronune pa3Buiu uMyHy
MpPEXYy, Kao aJIallTUBHU CUCTEM Ca BUCOKUM TMOTEHIHjaaoM, [13], oHOCHO pa3BujeHO je
MHOTO JApPYrMX BapHjaHTH YKJbydyjyhu anropuraMm celekuuje KJIOHa, alropuTaM
HETaTHUBHE CEJICKIIH]e U pyTe.

3HavajaH HaANpeaaK j€ HampaBJ/bEH Pa3BOjeM OTHMH3AIMOHOT AJTOPUTMA POjeM
yectuna (particle swarm optimisation — PSO) 1995. rogusne, ox crpane J. Kennedy u R.
Eberhart [14]. OBaj anropuTaM je MHCIMPUCAH MHTEIUTECHIIM]OM jaTa puda U MTHIA, Ta
YaK ¥ JbYJCKOT TIOHAIIamka. BUIIECTPYKH areHTH, YeCTUIE, OKYILUbajy C€ Y POj OKO
npocTopa 3a TMPEeTPaKUBAWkE, MOYEBIIM OJl HEKOT CIIy4ajHOT  HHHIIUjAIHOT
MIPETIOCTAaB/LEHOT pemieka. Poj mpoHanasu TpeHyTHO Hajboske W ymopehyje ra ca
TPEHYTHO TJ00amHO HajO00JPUM pEIICHEeM, Kako Ou ce u3abpao HajKBaJIUTETHHU]aA
pelema.

R. Storn u K. Price xpajem 90Tux, mpouuior Beka, pa3BWIH CYy €BOJIYIHOHU
anroputam: audepenuujanHa esonynuja (differential evolution - DE), [15]. ¥V To
BpeMe, I0jaBJbyje Ce joll jelaH WHTEpECaHTaH METOJ, YKPIITeHa EHTpomnuja (Cross-
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entropy), [16], xoja npencrassba yormren Metoq Monte Kapno (Monte Carlo method).
OBaj merox, Koju ce cacTtoju oA JBe (aze: TeHEpHCaEe CIIy4ajHOT TpUMEpa U
aXypupame napamerapa, pa3smo je Rubinstein.

[Touetkom 21-Bor Beka pa3BHjajy ce HOBE ONTUMHU3AIMOHE MeTone. Zong Woo
Geem u ocrtanu y [17], npeacTaBipajy anroputam xapMmonwujcke mperpare (harmony
search — HS), koju Hamazum MWHUPOKY TNPHUMEHY Yy peliaBamky Pa3InduTHX
ONTUMHU3AIMOHUX TIpo0iiemMa, Kao IITO Cy JUCTPUOYIMja BOJE, MOJEIUPamhE
TpaHcHopTa M pacnopehuBama. ANropuTaM HMHCIUPUCAH TIOHAIIAKEM OaKTepHje
Escherichia coli npu meHOM Tparamy 3a XpaHOM (ONTUMHU3AIMja OaKTEpHjCKe MoTpare
3a XxpaHom), pa3Buo je K. M. Passino 2002. rogune, [18].

3a onTUMU3AIM]y MHTEPHET XOCTUHT LIEHTPa, Pa3BHjeH je aJlropuTaM MEJOHOCHUX
muena (honey bee algorithm — HBA), 2004. ronune, ox ayropa S. Nakrani u C. Tovey
[19], mTo je y3pokoBaio pa3Boj HoBor anroputma muena, 2005. ronune oz ctpane D. T.
Pham u ocranux, [20] u BemTauke KonoHuje muena ox ctpane D. Karaboga [21].

Y 2008. romgunau, Mucherino u Seref, mpemIoxuiu Cy ajropuram IMpeTpare
MajMyHa, 3aCHOBAHOI Ha TOHAIlaky MajMyHa MPWIMKOM IOTpare 3a xpaHom, [22].
HUcte ronune, Yang, X. S. pa3Buja anroputam cuna (firefly algorithm — FA), [23], na
ou wucrtu ayrop, 2009. romune ca Suash Deb mnpencraBmo anropuraMm KykaBudje
nperpare (cuckoo search — CS), [61], ogrocHO 2010. roauHe, anropuTaM CIenor MUIa
(bat algorithm - BA), [30].

Jeman ol HOBMjUX airopuramMa KOjU ce I0jaBHO, a Takohe mpumaga TrpymnH
MeTaxeypuctuukux meronaa je anroputam kpwmia (krill herd algorithm — KHA). Ogaj
anroputam pa3Buiu cy A.H. Gandomi u A.H. Alavi, 2012. rogune, [114].

23 UHTEH3UOUKALIMJA U IUBEP3UPUKAILIUJA
METAXEYPUCTUKA

Kao mTo cmo Beh momeHynm, MeTaxeypuCcTHKa MOXE Ha JOBOJFHO e(UKacaH
HAa4YMH Ja TpoHale mpuxBaT/bMBa peliemka CIOKEHUX MpobiieMa, MyTeM MOKyIIaja u
TpelIKe y pa3yMHO H3BOJJBMBOM BpeMeHY. KOMITJIEKCHOCT M3ydaBaHOT mpoliieMa HaM
HE JI03BOJbaBa JIa MCTPAXKMMO CBAaKO Moryhe pemieme Wid KOMOWHANH]Y peliema, y
IJbY J1a ce mpoHahe 100po pelieme y pasyMHOM BpeMEHCKOM HHTepBaiy. [Ipu Tome,
HE TIOCTOjU TapaHIiija Ja je mpoHaleHo peniewme yjeaHo U Haj0oJbe perieme. 300r Tora,
OCHOBHM LIWJb je mpoHahu edukacaH and W MpaKTUYaH alroputam, Koju he pagutu
JIOBOJHHO AYTO U 32 TO BpeMe JaBaTH MpHUXBaTJbuBe pe3ynrate. Mehy tum nponaheHum
n00puM pelemruMa, oueKyje ce na je Hajoosbe Mehy muMa Omm3y onTuMyMa, aiu ce
ONITUMATHOCT HE TapaHTyje.
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MehyTtum, MHOTHM METaxeypUCTHYKH  aJrOpUTMH OOWMYHO HMajy OCOOMHY
riio0anHe KOHBEPreHInje, YuMe y MPaKkCcH, OHU MOTY Ja MnpoHal)y TiI00aqHi ONTUMYM Y
KOHayHOM Opojy urepaunja. OBo 0ocoOrMHA WX MPAKTUYHO U MPENopydyje 3a peuiaBame
npobaema riaobanHe onTuMusanuje. Ha mpumep, anroputam KykaBudje nperpare [61],
HopeZl TEXHUKE IMpeTpaXknBamba ca JOOpOM KOHBEPreHLHjOM, KOPUCTH H
paHIOMM3alMOHE TEXHUKE Y IMJbY noBehama edukacnoctu JleBujeBor sera.

Jla OM MeTaxeypUCTHYKH QJITOPUTMH OWIM e(DUKACHU, OHH MOpajy Ja uMajy
HEKe crenu(uyHe KapaKTepuCTHKe. JeaHa of TUX KapakTEepUCTHKA je J1a WMajy
CIIOCOOHOCT Ja TEHEpHIy HOBa peliema, Koja ¢y 00Jba y OJHOCY Ha MPETXOJHA,
npeTpaxyjyhu mpoctop rae Jgexu riaodaiHu onTUMyM. JIpyra kapakTepucTuka je Ta aa
METaXEypUCTUYKHU aIrOpUTaM MOpa Jia MPerno3Ha 3aMKy yllacka y JIOKAITHHU ONTUMYM, U
Ja MMa MeXaHu3aM Koju he Ta W3BeCTH W3 TOr MOApydYja mpeTpakuBama. JoOpa
KOMOHWHaIIMja OBHX KapaKTepHUCTHKA, JOBOAM Tox oxapeheHuM ycimoBuma, 100poj
e(pUKACHOCTH alropuTMa, IITO OIET 3axTeBa I00pO YpPaBHOTEKEHC [BE TJIaBHE
KOMITOHEHTE OMJIO KOj€ METaXeypUCTHKE: UCTpaKHBama (exploration) u ekcrutoaTaryje
(exploitation), oqHOCHO MHTHE3UUKAIK]e U nuBep3uduKauje, [24].

JluBep3u¢ukanyja 3Ha4d Ja Ce TEHEPUILy pa3IM4YuTa peliekha, MPEeTpaxyju
npoctop Moryhmx pemiema, Ha TI00aTHOM HHBOY, JOK HWHTEH3U(HKamMja 3HAYU
(dokycupame Ha MpeTpakuBame JOKaaHe o0nacTu kopucrehu nHpopmaiuje o 100pum
pememruMa Hal)eHUM y TOM PETHOHY.

HctpaxuBame, WHTCH3U(HKAIMja, YECTO KOPHCTU paHAOMH3alHjy, Koja
QITOPUTMY J1aje CIIOCOOHOCT JIa HAIlyCTH MPOCTOP JOKaTHOT MUHUMYMa. OHa ce Takohe
MOXKE HCKOPHCTUTH 3a MPETPAKUBAE JIOKATHOT MPOCTOPAa OKO TPEHYTHO HajOOJber
periema yKOJIUKO j€ KOpak OTpaHWyYeH Ha JIOKAJTTHOM TOJPYy4jy. YKOJHKO je KOopak
JIOBOJEHO BEJIMKH, PAHAOMHU3AIM]a MOXKE IPETPAsKUBATH IIPOCTOP Ha ITI00ATHOM HUBOY.

2.4 BUOJTOHMIKU UHCITMPUCAHHU OIITUMU3AIINOHU
AJI'OPUTMU

buonomku nHCIMpUcaHu ontuMu3anuonn aaroputMu (bio-inspired algorithms)
npunazgajy TPymd METaXeypUCTUYKHX ONTHUMHU3AIMOHUX METOoJa KOje CUMYIHPA]y
NPUPOJHE TIPOIleCe W CHUCTEME KaJa W3BOJE aKTUBHOCTH IIpeTpare IMpocTopa
MOTEHIMjaTHUX pemema, [7]. Mehy oBuM anropuTMuMuMa, CHeIHjadHa Kiaca
ajropuTamMa Koja ce pasBuia, Oujia je MHCIHPHUCAHA WHTEIUTCHIIMjOM pojeBa (swarm
intelligence — SI). AHanu3upajyhu 10CTyNHY JIUTEpaTypy, MOXKE CE 3aKJbYUUTH J1a Ouo-
WHCIIUPUCAHU alTOPUTMHU 3aCHOBAaHM Ha WHTEIWIEHIUMjU pojeBa cmanajy webhy
HajnonyiapHuje. JloOpu nmpuMepu 3a OBE arOpUTME Cy: ajroOpuTaM MpPaBJbe KOJIOHHU]E
(ant colony optimization — ACO), anropuram poja uectuua (partical swarp optimization
— PSO), anroputam kykaBuyje mperpare (cuckoo search — CS), anropuram cienor
muma (bat algorithm — BA), anropuram cBuma (firefly algorithm — FA) u anropuram
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kpuia (krill herd algorithm — KH).

SI ce onHOCH Ha KOJEKTHUBHO IMOHAIIAkE BUILE, Mel)ycOOHO MOBE3aHUX areHaTa
KOjU TpaTe HeKa jeqHOCTaBHA mpaBuia. Mako ce CBaku areHT MOXKe CMaTpaTH
HEUHTEITUTCHTHUM, 1I€0 CHUCTEM BHILIECTPYKUX areHara, MOXE I[IOKa3WBAaTHU HEKO
CaMOOPraHU30BakE U Taj HAYMH CE MOXE CMaTpaTH Ja Cce TOHaIla Kao HeKa BpCTa
KOJICKTUBHE UHTEJIUTEHITH]E.

CBu SI anropuT™MHU KOjU KOPUCTE MYJITH-ar€HTe, HHCIIUPHUCAHU CY APYIITEBHUM
NOHAIIalkeM MHCEKAaTa, Kao MITO Cy: MpaBH, TEPUMUTH, Y€€, OCHIIE, OJTHOCHO JAPYIHX
KUBOTHHbA Kao IITO Cy nrtuile win pude. Kmacuunu anropuraMm onTHUMHU3aLHUje pojeM
yectuna — PSO, kopucTy noHamame jara nTuia wik puoda, g0k peaumo FA anropuram
3a WMHCIHMpAlWjy HWMa CBETJyLAmke CBHUTAlla NpPU pa3MHOXKaBamby W 3AIUTHTH O
npenatopa. CS anropuram je HCKOPUCTHO MApa3UTCKO MOHAMIAKE KyKaBHIlA IPUINKOM
noyiarama jaja, Jok je BA anroputam 3a WHCIHpAIU]y MCKOPUCTHO COHAP MHUKPO
CJIENUX MHMIIEBa NPU OPUjEHTALM]U Y TOKY JIeTa, OAHOCHO IpH JoBy. Ca apyre cTpaHe,
KH anropuram je Hamrao MHCIIMpALX]y U3 MOHAIIAmba aPKTHUKOT KpUJla MPH OKYIUbAbY
y BeJIMKA jaTa M OJp)KaBamby I'yCTHHE Mera jaTa MPUWIMKOM oaOpaHe oJ] rpabipuBana u
NPUIMKOM XPamberba.

Jenna on rimaBHMX KapakTepucTuka Sl anropurama je Ta Ja MyJITH-areHTH Jeje
uHpopmanuje u3mely cede, Tako Aa CMOOPraHU30BakE, KO-€BOJIYLIHjAa M YUCHE TOKOM
UTEepaTUBHOT Tmpoleca o00e30el)yjy BHCOKYy e¢ukacHocT Behune mnomenytux Sl
anroputaMa. Jlpyra KapakTepHUCTHKa je Ta Ja CE€ MYJITH-areHTH MOTY IapajeiHo
KpeTaTu Kpo3 aJropuTam, IITO j€ BeoMa MPAaKTHYHO Kaja je y MUTalky ONTUMHU3AIlHNja
BEJIMKUX pa3zMepa.

VY ximacu OMO — WHCIMUPHCAHUX AITOPHUTAMa, MOCTOj€ AITOPUTMH KOJU HHCY
3aCHOBAaHM Ha WHTEIUTCHIMjU pojeBa. Ha mpumep, TEHETCKHM ajiroputaMm je Ouo-
WHCIIMpUCAaHU anropuTam, anu Huje Sl anropuram. [lasbe, HEKe alroTUTMe je Beoma
Temko knacudukoBaru. TakaB anroputaMm je nudepennnjamna epomynuja (differential
evolution — DE). Vkomuko ctpukTHO mnocmarpamo, DE Huje Ono — wuHCnmpucan
QITOpHTaM, jep He MOCTOjU Be3a ca OMJI0 KaKBUM OHMOJIOIIKUM MOHamameM. MehyTum,
Kako IMOCToje ojpelheHe CIMYHOCTH Ca TEHETCKMM aJlropuTMOM, a U 300r peun
€BOJIyILIMja, MOXE C€ YCIOBHO KIAacCH(PUKOBATH y KaTeropHjy OMO—MHCIHMPHCAHUX
ajropuTama.

Mehy kiacoM OMO—MHCIIHMPHCAHUX ajropuTama Koju Hucy u Sl aaroputmu
cnanajy, [7]: armodepcku moaen obnaka (Yan and Hao), Guoreorpadcku 3acHoBaHa
ontumuzanuja (Simon), Brain Storm ontumuzanmja (Shi), nudepeniyjaaHa eBoyiuja
(Storn and Price), anroputam npeha, anroputam onpammubama 1Beha (Xin-She Yang),
anroputam exonokatopa nae