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[TPOAOT'OX

H Bektiotonolnor elval €vag xhddog Twv Oetixdy eTLOTNUGY TOU aoyoleltal ue TNy eVpeoT
BérTioTwY Micewy o eQapuoYES 6w ot TeoBhAuata Owovouxdy Entetnudy, Mabnuartt-
%0V xaL Puownic, yovtelorolnong xat cweela TOAAGY TpolAnudteny. H guon Twv napandve
TeoBANUdTOY elval apxeTd TOAUTAOXY), OTOTE 1) ONULOVEYLX YETYORMY XL ATOTEAECUATIXGDY
uebodwy yiveTtal emiToTixny.

Y1oy0g g epyaotdg elval va yenouLoTOLAGOVUE TANEOQOPLA ATd TOTLXEC EAUYLOTOTOLHOELS,
€10l OOTE VAL ONULOVEYTICOVUE ULoL TOAUBLAGTATY xaTavour|, and TNy onolo Ho deryuatohn-
mtovue onuela Yo apyxd onuelo vEwv avalntioewy. Xxomoc elvar vo odnyRoouue Ta
apyd onuela, UEoW TNG XATAVOURC, GE TEPLOYES TOU YWeou avalnTAoEwS Tou dev €youyv
axoua egepeuvniel.

Yta endueva xepdhoto Oa Eexivioouue ue ula etoaywyt otny Kabokwxr BeAticoroinon ava-
PEPOVTOC YLAL TO YOEAXTNENOTIXE Tou cLVBETOLY €va TEGBANUA xabohixrc BehtioTonolnong
xal 0TI xupldTepeg Uebddoug xaboluic elaylototoinong. Xtn ouvéyela avahlouue TO
TeoBANUa emhoYHC XpLTnelol Tepuatiouoy xou Téhog tapafétouue o BAuata Tou alyoplh-
uou multistart, to Briuata tou adyopibuou Adapt Multistart xal avohbouue tny npdTact,
uac xafde xat TelpouaTixd anotehéouato TG EpYasiac UaC.

Lo v mepdtowon Twv TepaudTwy oL uVAPTACELS Tou emAEYOnxay, Ylo TNV TeayUaTo-
moinomn Ty tewpaudtwy elval xuplwe doxoka tpolAfuata xabolixrc ehayLoTonolinong.

H doun tne epyaoctac €yel we e€rc:

Kegdharo 1 - Opilouue 10 xaboAxd %ol Tomxd ENIYLOTO XL AVAUPECOVUE TO YALUAXTTEL-
oTxd Ty uebddwy xabohxc BedtioTomolnong

Kegdharo 2 - Tlepiypdpouue Tic mo yYVooTéc atoyaotixéc uebddoug

Kegdlaro 3 - Avdluor xpitnploy tepuatiouol Tou €youv npotabel o PiAoypapla
Kegdlaro 4 - Avdhuon xar teptypagr) Twv alyopibuwy Multistart xou Adapt Multistart.
Iepuypagy) TV Budtoy Tne tedtachc Uog.

Kegdlaro 5 - [lupdfeon anotekeoudtoy xoL GLUTERAOUSTOY

Kegdharo 6 - Enihoyoc

Iapdetnua



KED®PAAAIO 1

'ENIKA XAPAKTHPIXTIKA
MEOOANN KAOOAIKHY
EAAXTXTOIOHXHX

To xbpLo yapaxtnelotixd mou cuvhétouv éva TedBhnua Beltiotonoinorng elvor tplo: i)éva
olVOAO aYVAHoTOY B LETABANTGY, ii) o tinog g ouvdptnorng mou Béhouue vo Beltt-
otornolficouue xa iii) Téhog oL tepLoplowol Tou TEénel Vo TAnpel 1) EmLoTEEQOUEVN BENTLOT
Aoon. Me Bdon ta nopandvew unopolue va molue 6Tl Behtiotomoinon elvat 1 Stadtaxaoctia
eUPEOTC TLUOY TOU EAAYLOTOTOLOUY 1) UEYLOTOTOLOVY TNV GUVALTNOT).

Yroapyouy didgopor Tinol tpolAnudteny Bertiotonowiong. Ou uetafSAntéc unopel va Aaud-
vouv ouveyelg 1) draxpLtég Twweg. H ouvdptnon Beitiotonoinong umopet va elval cuveyrg
7 dtaxplth. Ot teploplouol ota Sdpopa TpoPAfuata €xouy dlapopetixy uopgt (Yeauuxol
1 6y1), § axdua utopel va anouotdlouv. ‘Olec autéc oL mapauétpol GUYBETOUY Uta ToLxthia
ota TpofAfuata Bertiotonoinong, Yeyovoc mou xabiotd To nedlo uedétng toug, eupl. Ln-
uepa amoteAel v and Ta TAEoV onuavTixd Béuata Epeuvac GTOV TOUEN TWV EPUPUOCUEVWY
LAONUOTIXGY XL TNS TANPOPORLXTC.



1.1 Xrouyeia xabohuxrg ehaylotonoinong

To npéfinua tng xafoluic Behtiotonolnong elval 1 ebpeot exelvou Tou ornueio, €6Tw x*,
uLog ouvdtenons f ue mparyuatixés Twée, étoto wote f(z*) < f(x). Avotuyde buwe, Myee
uébodol €youv uehetnlel yio v edpeon olxol ehaylotou oe olyxplon ue v Thnddea
uefédwv, mou undpyouv Yo TV elpeor Tomxol ehayloTtou. X’'autd To onueilo xplvetol
ox6TLo Vo oplooupe Ty évvold tou. ‘Etol howndy éva onuelo f(z*), ue 2* € R” (émou
n, n didotaon tou onuelou ), t€tolo Gote va undpyel ua yertovio tou B tou o ue ty
WBLOTNTA

f(z*) < f(x)Vx € B (1.1)

Ané tov mapandve oploud elvar gavepr 1 duoxohio evpeorng xabolxol ehayiotou oe 6U-
Yxplon Ue tnv elpeon xdmolou Tomxoy elayiotou. Av Gewpricouvue 6tL 1 cuvdpTnon Tou
Béhouue va ehaytotonooouue elvar 8Vo opéc dagoploun, ToTE oL xavée ouvlrixeg Yl
Vv Unopln ehayloTtou elval:

1. To 8dvuoua npdne tapaydyou ato onueto z* va elvar undév ( dnhadh V f(z*) = 0).
2. O Eoolavée nivaxac oto onuelo 2 (V2f(z*)), va elvan Betind optouévoc.

To npdéPrnua tne xabolxrc Bertiotomolinong elval va Beebel to uixpdtepo duvatd Tomxd
ehdytoto, 10 onotlo ovoudlovue xabolxd. Anladn:

f*= Iréi]gl fx),f:DCRY - R (1.2)

Ou napandve ouvbrixeg yior TV eVpeoT) TOTXGOY eEAayloTwY dev apxovy Yia TNy emBeBalwon
6TL éva onueto anotehel xat xabohxd erdytoto. To npdBinua howndy tng xabolurc Belt-
oTonolnong, 6nwe To oploaue elvat dAUTO, av YENOULOTOLACOUUE ULd LEHOBO UE TETERAOUEVO
aplbud Prudtov. Mnropolue duwe vo Adcouue mpoPfifuata xabolxrc Beitiotonoinong,
6mou 10 6UVoAo TV UeTaBANTdY elvar Tenepaouévo (dev elvar yia napddetyua 6ho to 6¥-
YOAO TV TROYUATIXOY aptBudv).

Ou péfodol elpeong tomxol ehaylotou, 8ev Unopolv apd Vo Uag SHOOLY TEOGEYYLOTIXES
ANooelg. 'Etol av unopovue va Bewpricovue dtL éva mpdBinua xabohxhc ehaylotonolnong
€yer hbel, av v xdmoto € > 0, €yel Bpebel €va otolyelo vy xdrowo and ta axdérovbo 3
cUvoA:

1.
Ay ={z € 8|z~ 2" < &) (1.3)

, 6mou S C R™ (10 S elvon xupt6d 6VVOLO).

Aswy ={z € Sl[f(z) — f(2")| < ¢} (1.4)

"Eva dhho uétpo yia Ty allomiotia Ty anoTeAeoudTwy Twn webddwy xabohuxhc ehaytoto-
noinong dlvetat and Tov tino 4.6.

¢(t) = m({y € S|f(t) <t})/m(S) (1.5)

6



6mou m elvar to uétpo Lebesgue (Lebesgue measure) xat npoxtntet 1o ovvolo 4.7.

3.
Ape) = {z € Slp(f(z)) < e} (1.6)

1.2 Xapaxtnerotixd webédwy xabolixrg ehayioTonoinong

Or uébodot xabohxric ehaytotonolnong emtyelpoly oAxég xaL Tomxég avalnthoels oTig did-
(POPEC TEPLOYESC eVOLAPEPOVTOC, TPOoTaHMOVTAC Vo DLepELYHCOUY TO UEYAAUTERO UEPOC TOU
mediou oplouol Ty petaBintdy. Mia uéfodoc xabolxnc ehaytotonolnong €yel Ty Lxo-
votnta vo areyAwBiletar and tomxd eAdytoto Ue dtapdpoug TeéTou, dTwe Oo Sovue xoL
otn ouvéyeta. Ou tomxéc uebddol elval Tohd yenowes, Aoyw tTng UeYdAne axplBetac, mou
TREOOQEPOLY O UXEEC TEPLOYEC eVBLAQEpoVTOC. Mropolyv Aotrdy va emtoTeédouy ue UeYdAn
axpeifela Ty TLWH Tou TomXoU ehayloTou o TETOLEG TEPLOYES.

Tevixd unopovue va modue 6TL ot uébodol xaboluxric ehaytotonoinone cuvdldlouy ta Theo-
VEXTHUATA TNE TOTULXHC EAAYLOTOTOINOTS UE TNV GPaLpixT SLepevnoT Tou Tedlov 0pLloUol Twy
ropauéteny. Ilohhol alydplbuol ehayiotonoinong anaitoly ueydho UTOAOYLOTIXG YEOVO.
'Etol, ToAAES QopEC 1) UTOAOYLOTIXY TOAUTAOXOTNTA XATOLWY TEOBANUATOY YTAVEL OE ATa-
YopeuTixd enineda. 201600 0TIC UEPEC UAC, OL EQUEUOYES TapaAAjiwy ayoplfuwy, €youv
UELOOEL ONUAVTIXE TOV ATLTOUUE YPOVO YLOL TNV EUPEDT] LXAVOTOLNTIXAC AVong, Ue avTitiuo
BeBoar Tig auénuéveg avdyxeg oe eCOTALOUO.

To wdpra yopaxtnelotixd mou cuvbétouy évay anodotixd arydelbuo xabohixrc ehayioto-
Toinong, xat Tov Slaywellouv and xdrotov alydelbuo evpeone tomxol ehaylotou elvol Ta

axdhouda

1. Avanapdotoaon Tou nedlou avalAtnong

To nedlo avalfnong oplletal wg To Tedio 0pLoUOY TV TUPAUETEWY TOU TEOBAAULTOS.
Ye xdnowo mpofAfuato unopel vo elval TEQLOPLOUEVO 1) dTELPO, YEYOVOC TOU ENNEEd-

(el v unohoyloTixy) ToAUTAOXOTNTA TV alyoplfuwy avalhtnone. Ta napdderyua
070 YV0o16 TedBAnua Tou TAavddiov twAnty, to nedlo avalritnong elvol éva abvolo
SlaxELTdY TGV xaL aroteleltal and to TARHog Twy téhewv. Xe mpoPhiuata Behti-
otonolnong ouveydy cuvapThoewy, To Tedlo avalhtnong uropel vo elval eite drepo

elTe TENEPUOUEVO.

2. Ytpatnywéc daipeonc(decomposition strategies)

IToAhol ahydplBuol egapudlovial oe 6A0 10 Tedlo 0pLOUOY TWY TAPAUETOMY, EVE) A~
Aot Slouepilouy To olvoho autd oe ULxpdTEpa UTOoUVOAd, OTou xal epopuélovTal
EexwpLotd o xabéva and autd (oyrua 1.1).

H yvooth teyvind diaxhddwone xou gedyuatoc (branch & bound), ypnoionotet
TNV TOEATdVe QLA0cOQL, aTopElTTOVTaS UTooUvola Yo Tepattépw avalfATnon xat
uTOBLaLEGVTAC XdToLd dAAAL, TOU EVOEYOUEVWS TEPLEYOUY TNV AJoT Tou TPoBARUATOC.
Me autr 0 yebodoloyia unopolue av odnynbolue oe avdntuln naparhfhwy okyo-
elbuwv.



Yyfuo 1.1: Mébodoc branch and bound

3. HpdPhedmn tne xatevBuvorne Siepetvnong 6o Tedlo oplouol TwY TopaUUETEOY

To Béua tng emhoyhc xatdhAning xotevbuvong avalAtnong ue TeEAMx6 6Tdyo TO TpaY-
uatixd xafohixd ehdyLoto elval Tohd onuavtixd, ool 1 eavtAntixy avalftnon Tou
Tedlou oplouoy oe TEOBAAUATI CUVEYDY CUVAPTHOEMY XPLVETAL ATAYOPEUTIXY. LE Ue-
ewée uebddoug, utoroyiletal To GUVORO TWOV TNS GLVAETNONS OE £VOL GUYXEXPUIEVO
Tedlo 0pLouoy Xal TEOTLIOVUVTAL AUTES OL TEQLOYES, TTOU TO XJITW AXpO TOu dlacTHU-
TOC TWAOV elval UixpdTepo. 2T1 GUVEYELY, TO SldoTnUa auTéd uTodiatpeital, eAEYyyeToL
T8AL TO XATw dxpo xar 0UTo xal’elfc. Xe dAAeC TEPLNTMOCELS ) TIUI TNS CUVAPTHONS
Tou yettovixoU onuelov Tapéyel TAnpogopta yia Ty xatevuvon avaltnone. Xtoug
yevetixodc adydptfuovg, n tulf xataddpAdtntas xdbe uehoug tou manbiouol(fitness
score) elvar xafoplotixd) oty emAoyn Tou yia Ty enduevn yevia. 'Etot howmdy, n
avalytnon xateuhivetal TEog exelva Ta UEAN UE TNV UEYAAUTERN TLUT XATAAANAOTY-
TUC.

4. Mnyaviouol areyxhwplouol and Tomxd e dylota

[ Ty edpeon evoc xabohuxol ehaylotou, o akydplbuoc avalitnone npénel va €yel
Y duvatotnta aneyxiwfiouod and ta Sidgopa tomxd ehdytota. ['a mopddetyuo n
uébodoc simulated annealing déyeton xat onuelo mou €youv ueyalitepn TLur ouVE-
TNomg amb TNV TEEYouoa eEAAYLOTY, Wlng oTa TpdTa Bruata Tou akyopibuou, dote va
emttevyfel eupela avalritnon oe 6o to nedio oplouol Twv tapauétpny. O yevetixol
adydptuot Eepedyouy and to ddgopa Tomxd ehdylota , cuvdudlovtag Ta didpopa
uéAn tou TAnbuouol ue xdmowa mbavétnta. ‘Etol mpoxintouv véa onuela mou ou
TWéS Toug dev €youv xaula oyéorn ue Tic mponyovuevee Twéc. H mowaiia howndv
moou Tpoctifetal oe xdfe TANHuoud, exppdlel Tov aneyxiwPioud amd Ta SLdpopa To-
mxd ehdytota. Erlong, ou vBptdixéc uéfodor, mou amotehodvtal and xdmoLo Tomxn
uéfodo elaylotonoinong xi évayv alydpliuo avalAtnong, uTaxoVoLY GTNY TUEATAVL
pLhocopla.



5. Kpitfpla tepuatiouon.

‘Ohot oL adyobpliuot Gewpoty 6Tl Oa Beouv To xafohxd edyloto uetd and drelpeg
eQUPUOYES TOUC. AUTO GUWS 6TNY TpaYUaTxoTNTA dev elval eguxtd. O alydplbude
uoc Oa npénel va tepuatilel oe ebhoyo ypdvo, ondte elodyetal éva trade off uetaly
an6doong xau eyyunong edpeong xaboluxol ehaylotou. I'ivetar emtaxtixd n avdyxy,
oL alyo6pLluol evpeonc ehaylotou va tepuatiCouy UeTd amd xdmoLo ypovixd SLdoTnua,
duvovtag Aoelg eavonountixnic tpooéyyione. O Babude mpocéyyiong Tne meayUoT-
x Aong Tou ohixoU ehayloTou elval TLg TEQLOGOTERES POREC AVAAOYOG UE TOV YPOVO
extéheong Tou adyopibuou. Ta yevixdtepa xpLtfpla TepUATIOUOU ElvaL:

i. 'Eva xafopiouévo mhrfloc anotiunoewy g cuvdptnong.

ii. Ecayoyn npoxafopiouévou aptbuol Brudtwy tou alyopibuou.

1.3 Katnyoples puebddwy xaboiuxng ehayrotonoinomg

Ou ueBodot mou €youv avantuybel yia Ty edpeon TwV ToXOY ehaylioTwy Slaxpivovtal ot
2 yeydheg xotnyoplec:

e Aitioxpatixés (Deterministic) uébodot

oY toyaoctixés (Stochastic) uebbdor

Ou xatnyoplec autéc dtaxplvtal avdhoya Ue TO av YenoLUonoloVUe 1 YL 6TOYAOTIXd OTOL-
Yela.

1.3.1 Avtioxpatixés (Deterministic) ué6odou

Ou uéfodot mou avixouy ce auth TV xatnyopla, Beloxouy To xafohxd ehdyLoTo, epopud-
Covtag uia e€aviintxy avalhtnon oe 6Ao 10 nedlo oplopol Twv UETABANTOV TN ouvde-
mnone. Ta anoteréouata elval eyyunuéva, ohAd ylol Vo EQUPUOCTOUV TEETEL 1) GUVAQRTNOT
ehayLotonolnong vo TAnpetl xdroleg npounoféceic. H mo dnuoguifc elvar 1 ouvlrixn Lips-
chitz(1.7)

[ xdnowo otafepd L, yio dha tor & xa ¥ vo Loy Vet

[f(z) = f(z")| < Lllz — 2] (1.7)

Avotuyde duwg 1 e€étaom Tou Tapandve xpeltnpelou oe eninedo ulonoinong dev elvan TdvTa
eUxoln undleon xu egueth undbeon. Emnpdobeta, o uébodol autéc xatavah@d@vouy ueydho
UTOAOYLOTIXG YpOVo UéypL TNV Lxavomolnoyn xdmolwou xpitnplou Tepuatiouol. Xuviiog,
rapatnpeeltal exfetiny adinon tou ypdvou ue TNy avénon tou Thboug TwV YETABANTOY Tou
npoPAfuatoc. Ou uéfodol Swwotnudtwy (interval) elvat ol mo dnuogiieic exnpbonnol auThg
e xotnyoplag pwebddwy. Xpnowonolwolv otolyelo g aptbuntixfc SLaoTNUATWY Yo TOV
UTOAOYLOUOG TV SLUOTNUATOY TOV TLWOV TNS CUVAPTNONC, OE GUYXEXPLUEVO SLUCTHUATA TWY
UETUBANTOV TNG.



1.3.2 Xtoyaoctixég uébodol
Ou otoyaotixéc uehddot, nepihauPdvouy ouviog dlo ueydies @doeig:

1. H ohwxn @dorn (Global phase), 6nou n ocuvdptnon anotiudtal, oe évay tuyaio
aptbud onuelwy

2. H tomuxy| @don(local phase), étou xdrowa and 1o onuela tou apyixol Selyuatoc
anoTeNOVY apyxd onuela ya UeBodoug Tomxhc ehayLloTonolnorg.

1.3.3 X0yxpiom tov pebddwy

To ueydho PLeLOVEXTNUO TWV GTOYACTIXGDY UEDOSWY G GUYXELOT UE TIC aLTLOXPATIXES Elval
6Tl avaxahintouy to xabohxd eNdyLtoto ue xdrota thavétnTta Ueca and Evay TETEPACUEVO
aplbud enavahihewv.Autd onuaivel 6Tl QHCOV GE TRPAXTIXES EQUPUOYEC TO ACUUTTOTLXO
6plo (dmelpec emavariidetc) dev elvar epuetd, Ga mpénetl va tepuatiotel 1 dadixaotio tpdiua,
Stavduvevovtag wotéco v Thien emtuyia g, Ilap’éha autd und xdnotec npounobé-
OELC, TOU 0QOPOUY TNV XATAVOUT| TV ONUELDY TOU dpyLxoU SelYUoTOC Xal TNV GUVEETNOT
, N mbavétnTa va €youue eyyunuéveg Aloelg Tou TeofBAfuatog tAnoldlel TN uovdda, 660
audvetol To TARfog Twv onuelwy Tou apyLxol delyuatoc. Emmiéov napatrpolue, 6TL Uia
uéhodoc, 1 omola dev meplhauPBdvel TNV Tomxy Gdor, elval Alydtepn anodotixy| and xdmoLa
dhhn mou TNV TepthauPBdver. 'Onwg xal 6TNY TEPITTWOY TWV ALTLOXEATIXGY UeB6SwY To Ue-
Yého mpdBinua mou tifetar, elvar 1) edpeon xdnotou xatdiniiou xpitnelou tepuatiouoy. Ou
otoyaoTixég uéhodol, tepuatiCouv xuplng Ue éva xptthplo mou miotonotel oe ueydio Babud
6t 1 mbavétnta Yo TV 0phdTnTa TV anoteleoudTwy TAnoldlel T Lovdda. Yndpyouv Bé-
Bowa %ot eldxd xpLthpta Tepuatiouoy, Tou oyetilovtal ue TNy Waltepn @uon Tov uehddwy
xa elvar xatdAAnha UGvVo Yl AUTEC.
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KE®PAAAIO 2

YTOXAXTIKEY MEOOAOI KAI
KAG©OAIKH EAAXIXTOIOIHXH

10 Tapov xegohato Oo avopepfodue EMLYPUUUATIXG OTIC TLO YVOOTES GTOYAOTIXES Uehd-
doug xau Oa emuyetpricouue Wa Bewpntiny| uehétrn, oltwg dote va Slagavel 1 ToldTnTa, 1
opbotnTa xat n allomotio Twy arotedecudtoy Toug. O uebodoloylec mou avagépovtat
elval and g BaoixdTtepec ToL €youv Tpotabel.

2.1 Tuyaia avalhtnon (Random Search)

H Tuyata avalitnon elvar n o amhy uébodoc ehaytotonoinone. AaufBdvetol éva apyixd
delyuo onuelmy xal anAd arotywdtal 1 T otne ouvdptnone f ota onueta autd. H em-
Aoyt Ty onuelowv yivetal ye Bdon wo ogolduopen xatavour xat éyel anodetyfel 6tL 600
augdvetar to TARBoc Tou delyuatog, 16o0 auidvetal xat 1 mbavdtnTa va Bpovue to xabo-
Mx6 ehdyioto. Qotdoo uo Tétola adinom emLpépel xal adEnon Tou yedVou Tou amautTelToL
and TN LEDHOSO YLoL VoL UoC SDOEL IXAVOTOINTIXY ATOTEAECUATA. LAUEQX 1) EMLAOYT UTAV
TV uebddwy evdelxvutal udvo oe cuvapthoelc ue Alyo olxd ehdytota. Evdiagépov mo-
povotdlouv ot uébodou tne edeyyduevne tuyaiac avalitnone (controlled random search),
6ToU TO VEO ONUElo GTO OTOlO ATOTWATAL 1) CUYVARETNOY), TEOXUTTEL UEAETGOVTAUSC TN YVOOT)
TOL €YOUUE YLO TS TLES TNS ouvdptnone and onuela, mou €youue HdN eletdoel. O mo
dnuopihic extpbownog authc e xatnyoploac elval o adydpifuoc tou Price[11].

2.2 TTolanhy exxivnor (Multistart)

AdYw TOV oNUAVTIXOY UELWVEXTNUATWY Tou Tapouotdlel n mponyoluevr uébodog, €youy
mpotafel ddgopeg enextdoec. H uébodoc mou Oa mepiypddouue , apyiler ue éva tuyalo
apyx6 6UVOAO oNUElLY, €0Tw S (0UOLEUoPYA XATAVEUNUEVO), TEPLAAUPBEVEL GUKOS oL DLd-
popec Tomxéc avalntioelc. Autd mpounobétel xdmota Uéhodo Tomxic ehayLtoTonoinang, 1

ormola apyllovtag and éva apywxd onuelo € S, emoTpépel éva Tomxd eNdyloto =¥ oTnV
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yeltovid Tou . Avdhoya pe tn @Uon TS oLVAETNOTC EMAEYOUUE TNV XUTAAATNAT UéBodOo
Tomuxic ehaytotonoinong. H mo amhy uébodog mou cuvdudlel xau tic 8o @doelc Tou me-
erypddope mapandve elvar 1 uéfodoc morharhrg exxivnong (MULTISTART). Ed6 1
uébodoc Tomxic ehaytotomoinong epapudletal oe 6Aa To onuela Tou delyuatog, oL To
UXPOTERO ATO TA TOTUXA EAAYLOTO TOU ETLOTEEQPOVTAL UETE and Sladoyixes xARoeLg,
anotehel 0 xafoAxd endyLoTo.

Axbua xu av auty) n uébodog elval o arodotixr) and tny tuyala avalitnon, urdpyouy
apxetd petwvexthuata. To xnptdtepo agopd tng emAoyng Tou XaATAAANAGTEPOU XpLTNElou
tepuatiopoV. To mpdfBinua avtouetoniletal wéow ula 6TOYACTIXHC TROGEYYLONG, 1) oTold
Baolletar oe ulo Mreuliavij ueAérn mou agopd tov apliud Twv TomXOY ehayloTwY %ol To
uéyeboc xdbe dawopetixnfic mepLoyhs éAEns (region of attraction). H neployn R(z*)
oplletal g T0 6UVOLO GAWV TwV onuelwy Tou S, Ta onola av aroteAovy Ta apyixd onueia
vl utor uéfodo ehaytotoroinong P, Oo odnyricouy oo (do tomxd ehdyioto z*.

Mo 8LotnTar mou Béhovue va €yel 1 LéBodog TOTXHAC EAAYLOTOTOINOTC TROXELUEVOU OL TE-
pLoyéc €AEng va elvol ouveyOuevee, elval va elval Tpayuatixd Tomxy]. Ouclaotixd evvoolue
va elval oav tnv Gradient descent ue anewpoerdyioto Brua, dnhady) va axoloubolue tnv
xatevhuvon e mapaydyou ue okl uxpd Briua. (BAére 2.1 xa 2.2)

Ly TpdTn exxéva 1 Tomxy ehayloTonolnoy dev eugavilel dhuoato xat €ToL 1 TepLoyEC
€NEne elvan eudldxpitec. Kdtt tétolo Sev yivetal xat o1n deltepn nepltworn énou LextvdvTog
and éva onuelo Tou medlou opLouoy XATAAYOUUE GTNY dAAY dxpr, UE ATOTEAEOUN VA To-
EAXAUTTOVUE YELTWVIXE edyloTa.  Av yvwpilouue to TARoc TwV Tomxdy ehayloTtwy Tng

Adapt results: E[Rmeem

= 0.96972 E[R

: K e = 2
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 06 0.8 1
Stats: Itc =1001, Nftot =129806, Ngtot =1005, Nloc =1000, Nom =49

Eyfua 2.1: Hapdderyua tonuwejc avalijtnons

ouvdptnong tou Bélouue va ehayroTorolficouue, xalde xat To uéyebog xdbe teployric eviia-
pEpovToc (dnAady) To UéTpo NS axtivac auThg Tne TEpLOY S, UE XEVTPO TO TOTXd EAAYLOTO),
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Adapt results: E[R_ . 1= 13915 E[R,_]=1581

= = - )

Ly i P ii__—_
08 = ; ;\\"1,"/%

i @)

R e

08 06 04 02 0 02 0.4 06 08 1
Stats: Itc =592, Nitot =15968, Netot =15374, Nioc =591, Nom =49

Eyfuo 2.2: Hapdderyua un tonwejc avalitnons

THTE UTOPOUUE VoL AVOAUGOUUE TOLOTIXE To ETLOTEEPOUEVA ATOTEAEGUATA. AUCTUYOC OUWS
N YVOOT AUTOY TOVY TopaUETewy dev elval SuVATOY Vo UTAPYEL EX TOY TPOTEPWY. Oewpolue
Aowmdv Tuyaleg xaTavoués yia Tor onueia Tou apylxol Selyuatog xal yio o onuelo mtou Ha
avixouy otny dla Teptoyn evdlagépovtog (ex Twv mpotépwy mbavotnta). Xtn cuvéyelo
ue Bdorn ta anoteréouota e ueHddou xal ypnoluonoldvTaC Tov Xavova Tou Bayes umo-
hoyilouue TV ex TV LoTEPwY ThavdTNTA, 1 enduevn Tomxn avalftnor va odnyroel oe
TOTXO EAGYLOTO OV €YOUUE NON UTONOYLIOEL XAl TNY EX TWV UGTERKY TLOAVOTNTA VA €YOVUE
707 Beel dha o Tomixd ehdylota g ouvdptnong. llepioodtepa otouyela v Ty Dewen-
T UEAETH TV ATOTEAECUATOY NS UeB6d0U ToAMATATC exiynong, avatTUGCOVTAL UT6 TOV
Rinnooy Kann[3],[4].

Hapd to yeyovoc dume 6T 1 Bewpntixt| uehétn tne uebddou tohhanfc exivnong elval eqt-
%A, 1 Tapandve uébodog dev unopel va Bewpnbel anodotuer. H xdpior autio elvar étL Adyo
NS PUomg TN avalATNoNg TomxoV eAaYLGTOY, XoTahyouUe TOMES Popéc Vo utohoyilouue
onuetor Tou €youvue NON Peet.

2.3 MEébBodol Opadonoinorns (Clustering)

Ou wéblodor ouadonoinone [4] elval and toug o anoteAEoUATINOVS XL amod0TIX0US ahoplh-
uoug, mou €youv mpotabel yia xabohuxy| ehaylotonoinon. H Poour wéa nlow and autég
Ti¢ vebodoug elvar, 6t apyllovtag and €va Selyuo ouolduop@a XUTAVEUNUEVLDY onuei®yY,
dnuLovpyolue ouddeg and onueia, Tou avixouvy otny Bla TepLoyn EAENG, €ToL BoTE Vo EQap-
uoéletal n wébodog TomxAc ehayLtoTonolinong udvo ula gopd oe uia tétolo TEPLOY.

H dwduxaota tng opadonoinone yivetar ue Sudgopoug tpdémoug. H Boaount| Wéa duwe napa-
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uével 1) Lo, Xe xdbe oudda (cluster) umopel va undpyet éva onuelo tuphvac (seed point).
Q¢ muphvag uropel vo Bewpnfel To onueio exelvo Tou delyuatog mou €yel T yaunAdTeen
TWh ouvdptnong, B, axoéuo xalltepa, To Tomxd ehdyloTo mou AdPaue apyilovtag Tomxh
ehaytotonoinon and exelvo to onueto. Ta undhoina onuela tpootifevtal otoug Sudgpopoug
clusters ue Bdon xdnolo xavévo yia Ty ouadoroinoy, Uyl vo Lxavorolndel xdmolo xpLTy-
oto tepuatiopol. Ol neploodtepe UEBoBoL dLagépouy GTNY ETLAOYY AUTOU TOU XAVOVAL.

Ou Rinnoy Kan xav Timmer [4] neprypdgpouy ua uéhodo ouadonoinone x enlong neptypd-
pouv ouvlfixeg Yo Tig ontoleg Gha Tar Tomxd ehdytota Ha Bpeboly uetd and éva terepacuévo
aplhud enavarifdewy, ue mbavotnta éva. To onuavtind yetwvéxtnuo aut®dy oy uehddwy
elval oTL dev mopousldlouv xal| anddocn oTNY TEPITTWON CLVAPTAGEWY Ue Tdpa TOAAY
Tomxd ehdytoto. Lo autée Tic ouvaptrioele ypetdlovtal Selyuata TOAGY onuelny, GoTe

va. Beefolv pe avénuévn mbavétnTa autd ol ToTXd EAGYLOTA.

2.4 Simulated annealing

H uéhodoc auth[8],[9],[10], éxer eunveuoel and tn yvwoty dwdixacioa tou annealing otny
QUOLXY YO TNV ATOXTNOT XATACTACEDY YoUNANC EVERYELOC XL amd TIC SLadixaoleg edpeong
ehaylotwv Moewv oe mpofAfuata dtaxpltrc BektioTonolnong.Xe YevxeS YpauUES UTolo-
yiletaw o€ xdmolo onuelo & 1 T e ouvdpTnongxat Bewpdvtag éva yettovixd onuelo @
xdvouue tov e€hc EAeY)O:

Av 1oy leL

1

f') = fla') <0 (2.1)

ToTE deybuaoTE TO XavolpyLo onuelo. AAMAOC To véo onueio to Seyduaote Ue mhavoTnTa

e~ (@ )=f@")/T (2.2)

H Oetuer nopduetpoc T elvon n fepuoxpacia n onola uetdveton ye otabepd pubud, dnwe
yivetar otny dwadixaolo Tou annealing. Apywd, oe xatdotaon vihnirc Bepuoxpaactag, 1
mhavétnTa va Seytoldue onuela, ota ool 1 TLWH TS cuvdpTnong auidvetal, elvol apxetd
ueydhn. To yeyovoc autd xdvel Ty mopandve dadixacta vo €yel yapoxthpa xoboAxnc
ehaylotonoinong. 'Oco 1 Bepuoxpacta uewdvetal, n avalrtnon neplopiletor o€ Toh) Uxpég
TEELOYES TOU eSOV 0pLoUoy TV UeTABANTOVY. Xe okl yauniéc Oepuoxpaocies n avalftnon
meptoptletar oe uta oA uwxpet| TepLoy Y|, 6mou elval Théov adUvaTov Vo aneyxABloToVuE
am6 xdmolo Tonowxd eNdytoto. Elval gavepd étiL doo ueidvetar 1 Hepuoxpacta, 1660 xohi-
tepa tpoooeyyilovue 10 xafohind ehdyloto, ondTE 0 eYXAWBLOUGS OTNY TEALXT| Qdon elvol
emBuuntoc.
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2.5 Tevetxol alyoplbuol

Ou yevetxol alybptBuot [7] tpoépyovion and yevixdtepn 1déa tne eZEMENC TV BLoloyLxdy
uovtéhwv. Ou yevetxol ahyodpluot Siayepilovtal évay apyixd mhnducud and evdeydueveg
Nooelg xu egapuolovtacs TNV apy? e emPlwons Tou mo LoyupoU, TAREYOUY XAAITERES
mpooeyyloeg Mioewy, 660 ouveyiletar 1 dnuLovpyia xoLvolpylwy yevedy. Xe xdfe yeved, o
nopaybuevos TAnfuoude, tpoxintel and tov nponyoluevo elte uéow g emtdoyric(emPBlwon
TOU XoTaAMNAGTEROU UEROUC TOL TANBucuoV) elte UE THY EQapUoYY) SlapdpwV YEVETXOY Te-
AotV (6nwe uetdAdaln xar Siaotalpwon) eunvevouévol and Tov YGpo tne Ploloyixhc
eZéMEng. Autéd €yel w¢ anoTtéleoua To UEAT Tou TANPucUOY TNS ENOUEVNS YEVEAS Vo elval
%xaA0TeEQA G GUYXELOY) UE TOUC TPOYOVOUS TOUC.

2.6 Aval¥tnom pe anayopeloels (Tabu Search)

H uéfodoc autr xplvetal apxetd enttuynuévn yia GUYXEXELUEVA TEOBAAUATA TNS xoBOoAXTC
Behtiotonolnong (6nwe to mnpdPinua tou mAavédiou twinty - Travelling salesman prob-
lem). H Baowd Wéa tne uebddou elvar 1 Siepedvnon tou tediou optouol Twv Tapauétewy
NS oLVApETNoNS, Uéow ulac axodovbias xivijoewy. H xivnorn mou emdéyetol and xdmolo
onueto oe xdmoto dAho, elvar exelvn mou €yel anodelytel and Ta mtponyolueva Bruata, 6T
unopel va 0dnyroeL o yauniotepeg TWES TN ouvdptnone. Exlong xatd tny emhoy autdyv
TWV XWHoELY, xdnotec and autéc Bewpolvtal anayopevuéves(tabu), dote vo anogel-
yovtor xUxhol % eyxAwPBloudc oe tomxd eddytota. Katd v eZéhln tou adyoplHuou
XEATELTAL VOl LOTOPIXO UE TIC EWS TMRA XLVACELS Xdl TS AUOELS 0TLC omolec odnynirxaue
ue Bdomn autéc. Liuguwva howndy Ue autd To LoTopxd, ula xivnon uropel vo yapaxtnelotel
w¢ anayopevuéves(tabu), av éyel yivel apxetéc opéc f oyetxd npbdogata. Enione yia
vo. Slaopaiioouue 6TL dev teploplldunoTe oe €va TepLoplouévo apliud xivicewy, o xdrola
0Tl Tou alyoplfuou deyduacTe xaL xVHGELS TOU €YOUY YUPAXTNELOTEL WG ATAY OPEVULE-
ves [5,[6].
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KEDAAAIO 3

KPITHPIA TEPMATIXMOY I'TA
YTOXAXTIKEY MEOOAOY X
MULTISTART

'Eva and 1o xuptdtepa Oépata twv otoyaoTixdy uehddwv elvar ta xpithpla TepUaTIOUOU
touc. Enewd) ov uébodor autrc tne xatnyoplag avaxarintouv to xafolxd ehdyioto ue
xdmota mbavotnta péoo and évay menepaouévo aptbud emavalfheny Sev elval eyyunuévn
n emtuyla TS eQopUoYhc Touc. Autéd onualvel 6Tl EQOCOY Ge TEAXTIXES EQUPUOYES TO
aoUUTTOTIXG bpLo (drelpec emavahielc) dev elvat epuxtd, B tpénel vo TepuaTioTel 1) da-
duxaoto Tpduua, dlaxtyduvEVoVTAC WOTOCO TNV TATEN emLTUY o TNS.

"Eyouv avantuynfel Sidgopol "xavédvee tepuationol” mou oToyelouv 6TO Vo dlaTnpovy
ueydhn mbavotTnTa EMTUYOUC ATOTEAECUATOS XOL TAUTOY POV VoL UV amottoly udhnid uro-
AoYLoTind x60toc. LNy BiBAhoypapla €youy eugaviotel apxetol xavoveg 6w Tov Zielinski
[12], Betro et al [13], Rinnooy Kan [14], Hart[16]. M Bihoypagixy| emtoxdnnon tov xo-
vévov tepuatiouol divetal oto [15].

Y1y enduevn mapdypago yivetar uio olvtoun avagopd ota xpitfipla tTwv Boender, Rin-
nooy Kan xoat Zielinski o otnv ocuvéyela meplypd@pouue TEELC VEOUC XAVOVES, HTOL TOV
xavéva Tou " dimhdotou xoutot” (double box), Tov xavéva " twv napatneRctuey ueyeHdY”

xaL TEAOC " TWV AVOUEVOUEVWY ehayioTwy”.
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3.1 Ta xpitripla Twv Rinnooy Kan, Boender xat Zielinski
YOugova UE To XpLThpLo Tepuatiopol tou Statundinxe and tov Kan [17], av yio Ty éupeon
w ehayloTwy €youy yivel t tomxée avalnthocelg, T6Te Wa extiunon v to TARbog TV

Tomx®V ehaylotwv TN ouvaptioene divetal and tov Tirno:

w(t—1)

w2 (3.1)

W =
Ye moluderyuatixéc uebddoug xabohxrc ehaylotomotioens énwe 1 Topographical Multi-
level Single Linkgage Clustering [18], to t otnv mapandvw eilowon avixabiotatar and
10 6UVoho TV derypatornddy mou €yel mpayuatonolfoel o akybdplbuog. O ahydplfuog

ENAYLOTOTOLOEWS BLAXOTTETOL OTAY:

1

2616060 %dvovTac TEALELS OTNY AVLEOTNTO BLATLOTMOVETOL TWS TEETEL AV Loy Vel OTL:
2
t> 2w + 3w+ 2 (3.3)

Me dhha Aoyl Oa mpénet o apliudc Tov Tomxdy elaytotonofioewy (A detyudtoy oe dhheg
TEPNTOOELS) Va elval avdAOYOS TOU TETPAYH)VOU TwY ehaylotwy ou éyouv Ppedel, Tpoxel-
uévou va otapathoel o ahybptiuoc. Av éyouv Bpebet Ty, 1000 ehdytota o amontnfodv 106
emnAéoy onuela xotd TNV Sdpxela Twv TpdcheTwy TomXGV ehayloTonooEWY. O xavdvoc
autég dev elvarl Wlaltepa arodoTindg xol entong dev EXUETAAAEVETAL TNV YVOOT TOU ATOXTd
and v detypatondio. O Zielinski [12] extiud to 1060616 T0U YdEoL avalnTHoEWS TOU
dev €yel xohuglel ue tnv Setyuoatorndia we:

w(w + 1)
P e St v 3.4
(W) = ST (3.4
Y’authy NV nepintwon 1 uébodog xabohixfc ehayloTonoloews SlaxdTTETAL HTAV:
P(w) <e (3.5)

6mou & évac uxpode Betixnde aplbude, Ty, & = 1074

3.2 O xavévag Tou dimhol xoutiol (double box)

IIpoormafolue uéoa Tic mAnpogopiec mou e&dyouue and Ta Tomxd eAdyYLOTA Vo TO 7 d1-
utovpyroouue” to xpLtrplo tepuatiouoV. Mia trivial Aon avtiwetdniong tou TpolAfuaTog
elvan va tepuatilouue Tov ahyodplbuo dtayv Ba €youue Bper dha Ta Tomxd eAdyLoTo TNS OU-
véptnons. Mia tétola mAnpogopia duwe Sev elval SuUVATOHY VoL TNV EYOUUE EX TOY TEOTERWV.
'Etol tpoonafodue ue SLa@opetind TpoT0O Vo EXUETAAEUTOVUE TNV TANEOQopla Tou Uag Sivel
x40 Tomxd ehdyioto mou Peloxouue xatd T Sidpxela Tng avaliTnone.

'Eotw 6tL €youue ua ouvdptnon f, éva onuelo = xou pia uéhodo ehayiotonolnone Lo
xatahyw oto tomxd eddyloto y*. Opilouue to olvoro A(y) = {z|L(z) = y} nou ovo-
udletar meptoyric éAEnc. 'Onwe PrAénouue xat and tnv exdva 4.3, ta olvola A(y;) elvar
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lepioxng EAéng Tou
TOTTIKOU eAayioTou

Eyfua 3.1: Heproyr éAénc ouvdptnone Rastrigin

avoLy Td oUvoha xaL oTa dxpa €xw Tomxd ueytota. Edhoya umopolue va mopatnericouvue
6t x8be A(y) eZoaptdral i) and to elpoc Tou y, ii) and ) ouvdptnon f xou iil) and n ou-
vdptnon elaytotonoinonc.Enlong Prénouvue 6tu oL neployéc A(y;) elvon Eéveg uetall toug,
dnhadt| dev €youv onueta Tourc. Télog ou neployéc éAENg €xouv éva UETPO Tou avdhoya UE
N Lop®n) Tou oUvoho TGV dwagépet. 'Etol oe ula Sidotaon To uétpo elval To unxog, oTiC
2 elvan to euPadoy, evd otic 3 elvat o 6yxoc.

'Eotw 61L 0éhw va egapudow 0 uébodo multistart oe pa ouvdptnomn mou €yxer k Tomxd
ehdytota. %ol €0Tw OTL EMAEYW TO EAdYLOTO TOU avixel otny meploy” Ag, dnhady| T0 y4.
To epdtnua mou tibetar oe autd To onueio elvar mota Bo elvon 1 mhavéTnTa Vo Bew T0 Ys
Cexwvadvtog ond éva Tuyato onueto. Me tnv mpoundbeon 6t Ta onuela emtAéyovtal UECK
ouoLouopPNe xatavoung, n mbavétnta va PBew To ys TV TedTH Qopd elval:

P(y) = n;(éé) (3.6)

Gpo 1 mbavéTnTa Vo uny To Bew UETd amd ula tpoondbela elval
1 — P(ya), (3.7)

ev®d N mhavotnta va uny 1o Bew uetd and 2 tpoondfeleg elvat:
(1= P(ya)* (3.8)
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Tehxd uetd and k mpoondbeiec n mbavotnta va uny Bew to eAdytoto Ho elvol:

(1= P(ya))", (3.9)
ondte N mhdvotnta va 1o Pew uetd and x mpoondbeleg Ha elvat:
1—(1—P(ys)* (3.10)
Axbua xoL petd and apxetéc npoondbetec yia Ty edpeon tou minimum (k >>) PAémovue
oTL:
1—(1—Ply)) =1—P(y)* 21, (3.11)

dnhady n mbavétnta vo Bew To Y4, elval xovtd oto 1. Yuvende acuuntotixd Oa Pew To
Tomxd eNdyloto.. [ xd0e tomxd eNdyioto, 1 avtiotoryn mbavéTnTa LooUToL UE:

p = m(A;)

(3.12)

Opllw v nocédTnTA

U=1- Zw: m(4:) (3.13)

6mou w elval 0 opliudg TV ehayloTwY Tou €yw BpEL. X To TELPGUOTO TOU TEAYUUTOTOLOVVTOL
elvol avdyxn vo Yvwplloupe To Tuud Tou Y Gdpou avalnthoen tou Sev €xel xalughel and Tic
TOTUXES EAAYLOTOTOLAOEL IOV €Yoy Tpayuatorolndel. Av to Tuua autd elvan wxpd, T6Te
1 uébodoc xafoluxric ehaytotonoiioewe unopel va tepuatiotel. To mocootd tng meployric
avalntioewe mou dev €yetl xahuglel divetat and Ty tocdHTHTA:

U=1- 2 Z((’;i)) (3.14)

m(A;)
m(S)
elvar 1o mARfog Ty egapuoYdyV e uebddou ehdyLOTOTOOEWS TOU O8YYNoAY 01O TO-

Yy napandvw egloworn, n tocdHTNTA mpooeyylletaw ané v mocéTnTo &, 6mou ¢
mx6 eldytoto y; xou T elvar o ouvohixde aplBude egapuoydy TNg TOTXAC ENLYLOTOTOLT -
oewc. AuoTtuy®g oe xdfe emavdindn n tocdtnTa U €xet tny Tiun 0 wog xon

XalL o0V GUVETELX 1) Tapamdve ellowor dev umopel va yernoiuorounel yio TNy TpocéyyLon
TOU TUAUATOC TOL YGeou avalnTtioens Tou dev €yel axdua xaingbel. o Tov oxond autdy,
xataoxevdletat évag Ueyahlitepog Ydeog avalntioews So ToU TEPLEYEL TOV apyiXs YOPOo
S, étol Hote va toylelt m(Sz) = 2m(S). Enlong éva xat povadixd (xat Pedtixo) erdytoto
Bewpeltar g undpyel otny neployh Ag = Sz — 5. O 6yxog ng meployhic EAENS Yol auTo
T0 eNdyoto elvar m(Ag) = m(S).

UZl_; m((S)) éU:l_; m(<5)) éU:l_; m(<S)) éU:l_QZ« m((S))

(3.15)

19



Enouévwe n tocdtnta U npooeyylletal we:

Nl

U=1-2) (3.16)
=1

Ye xdfe enavdindm, N onuela culiéyovtor ouobuopga Tuyala otov yoeo Sz. 'Eotw 6Tt

uetd and k emavaridelc o ouvolixde apluds Twy onuelny mou €youv Angbet otov yheo So
Ky

elvar My, xon and autd ta ky Beloxoviaw otov yédpeo S. H mosbtnra 6y = 37,

W

EYEL ULaL UEDT)

’ ’ 7 m(S) _ 1 A 7 7 ’
, N omola telver oty mocdTTY e = 5 xafdg o uetpntic enavarfewy k telvel oto

dretpo. H Staxduavon tne (dag tocdtntac divetal and tov tuno:

0;(8) = (0%)x — () (3.17)

n omola tetvel 610 0 xabde o k Ttelvel oto dnepo. H nocdtnra auty| elva tepiocdtepo opoahd
UETABOAAOUEYY amd TNV UECT) TLUT XOL ETOUEVKDS TLO XATIAANAY Yo v yenoluortoinfel yia
ToV oynuaTious evoc xpltnplou tepuatiouol. H xabohuxn uébodog ehaytotonotioens dtay
Loy ouy oL ouVOTxeS:

6) ~ 51 < 04(0), 04(6) < P07 () (318)

omou o2, (0) N TR e Slxduavong e mocbdTTag O oty enavdndn mou Beébnxe To
tehevtalo Tomxd eENGyLoTo Xau p elvar pla tosdtnta oto ddotnua (0, 1) xau yenowuonotei-
Tal ooy évac ovuPlBacudc avdueoo oe uia eZavtintxd avalhimmon (p — 0) xou oe ula
avalhtnon Behtiotonowuévn v tayltnta (p — 1).. H npotewvéuevn Aon yia authy tny
mopdueteo elvar 1 twr 0.5. O akydplfuog éxer wg e€ig:

1 Apywd Gétovue a = 0
2 Acevyuatoindia N onuelwv ye v Swadixacto mtou Swatundinxe mpornyouuévoq.
3 Yroloyiouéc tnc nocdtntac o2(6).

4 Extéleon uac emavolidens e Stadixaolc xabohxnic eAayloTOTOAoEWS Y ENOLULO-
ToldvTag Ta onuela Ttou eAfplincay tponyouuévoc. Avdroyo Ue T1 Y pNOLULOTOLOUUEVT
uéfodo (Multistart, TMLSL. xt\.) autd to onuela uropolv va yenoiuonotnfoly ooy
onueto exxvioews uebddou tomxrg ehayTioTonooens 1) va ewoayfoly oe xdrowa
oudda.

5 Av Bpebel Touldytotoy éva véo ehdyioto, Béoe o = po?(8) ot uetdPaon oto Prua 2.

6 Tepuatiousc av [(0) — 2| < 04(0) xou 02(8) < a, dagopeTind uetdBaon oto Prhua 2.
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3.3 O xavévag TV napatnencipwy ueyeddy

O xavévag autde Baoiletar 0Ty GUYXALOT TWV AVOUEVOUEVDY TWUOV 0pLOUEVODY UEYEDDY
mou unoloyilovtol xatd 1 Sidpxela TN Stadixaciag, 0T acuUTTLTIXES Tou TYéS. [ivetol
UL oUyxpLom avdueoo ot toootnta t; (to mAhfoc Twy ehaylotonoticewy Tou odrynooy
070 ENYLOTO Y)) XL TNV ovaUeVOUEYY TWH Yio aUTA TNy Toed TN T,

"Eotw noc €youy Peebel w tomxd ehdytoto o and tic ouvolxd T emavalrelc t1 popéc
Begbnxe to eldytoto 1, to 10 eAdytoto 2 x.0.x. Ilpogavde woylel ot t; > 1,Ve = 1, ...w.
Eniong ouuPBoAilovue ue ny to mhifog Twv enavorihewy Touv uecoldfBnoay yia TNy €upeoT)
Tou J ehaylotou and to mponyovuevo. Me Bdon Ta mapamdve xal AauBdvovtag urnédny
6TL yenotdonoteitol oyoduopyn deryuatohndlo o avauevéuevog aptbudc LY twv Tomxdyv
avalntioewy tou odnyHinxayv oto eAdyloto J Ty otiyuy tou evtoniletal Yo TedTY Popd

TO EAAYLOTO W ElvoL:

m(A;)
m(S)

6mou m(A) etvan to uétpo Lebesque tou ouvéhouv A. Eivaw npogavéc twc uio tétola no-

7= Lujil%’(nw - 1)

(3.19)

ootnta dev elvan Suvatdy va extiunfel avalutixd, ahid unopel vo extiuniel aouunTwTXS
ue v xeron Ty tocotitwy L;. Kafde o mAihboc tov tomxdy avalntiocny auldvel Oa

Loy UeL OTL:
t; A;
b mid) (3.20)
2ty m(S)
Yuvddlouye toug 2 TopaTd Ve TUTOUS XoL TEOXUTTEL OTL:
t; t;
LY=L5"4+(ny— )5 =LY "+ (nw — ) 57— (3.21)
Zj:l tj Zj:l U
xou toylel 6Ly = 1,J <w —1 %o LY =10 Topandve TUnog Loyvel 6Tayv €yel Peebel

TO W eNYLOTO YLt TP®TN Yopd. 20T600 UETA omd TNV EUPEST) UTOV TOL EAAYLOTOU Elvol
mhavov va €youv yivel xal dhheg tomxég avalnthoelg mou va elval dxapneg, éotw K. Ye
QUTAY TNV TeplnTwoT 0 avauevouevog aplfudc eugavicewy tou elaylotou J diveton and:
N S
(w)

ue v Wotnta 6t L7 (0) = LSW). "Onwg xal 0Ty TEATH TEYLXT TEPUAUTIOUOU TOU TAROU-

LYKy = LYK —1)+ (3.22)

oldoTNXE OE QUTH TO XEPANALO, ETOL XOL EC) TO XPLTAPLO TEPUATLOUOU TOU Yenoluoroliinxe

Baolotnxe otny dloxduovon Tng TocoTNTIUC:

W W) ey s\
B K) = = % (3.23)

J=1 i=1 li

H uéfodoc xaboluxrc ehayiotonofioews Slaxdntetal 6Tov:
Eo(w, k) < 0p(Ey),0*(Ey) < pop,e(Es) (3.24)
omou oi,,(Fa) etvar n draxduavon tne tocdtntac By 6nwc auth utoloylotnxe Ty teheu-

Tata @opd mou Beébnxe xavolpylo eEAdyLoTO XaL 1) TooOTNTA p €yel TNV (Bta Aettoupyia ue
v meplntwon g ueboddou Tou dimhaciou xouTlo.
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3.4 O xovovog T®V AVOUUEVOUEVLY EAAYICTWLY

H teyvuer auth| aoiletar otnv npoondfeia utoloyiouod tou tAfoug Twv ehaylotwy ULog
ouvdptnone. H péfodoc dwaxdntetar 6tav Hewprioel twe dev undpyouv Théov diha eAdyLoTa
VoL XoAUPeL.

'Eoto 611 ue P, oupPoiileton n mbavétnta otepa and m egopuoyéc tne uehddou tomxic
ehaytotonolioene va éyouy Beebel 1 tomxd eNdylota. Ernlone éotw dtL ue 7, ouuPoiileta
n mbavétnta oe ulo egapuoyr tng uebodou va Peel 1o eldyioto yi. Auty n mbavétnta
elval Yvwoth ex twv mpotépwy xat divetat and tov TUNOo!

_ m(A4)
= ) (3.25)

H mfavétnta Pl unopel va utohoyiotel avadpouxd ané tov tino:
-1 !
l Z -1 Z l
i—1 i=1

Mapatnpovue 6t P} = 0, P} = 1. Yty yevuxd| teplntwon Ha toydel 6t PL = 0 6tavl > m
xaw P2 = 0,Ym > 1. H doywA nlow and v elowon tne mhavétntac tou xavolpytou
ehayloTou, elvat 6TL UeTd and m egupUoYES ToTXTC ehaytoToRo|oEwS va Beeboly | ehdyt-
ota, ouvdéetar pe Ty mhavétnta otic (m — 1) egapuoyéc elte va éyouy Beebel ta (I — 1)
Tomuxd ehdytota (xaL To 1 Tomxd eAdyLoTo avaxahUTTETOL TNV ETGUEVY EQapUOYT) ElTE Va
€youv Peebel axpBdc 1 Tomxd ehdytota xar va unv Beebel otny enduevrn npoondfeo. H

TOGHTNTA
!
2™
i=1

, elvar m mBavotnta 6Tl éva and ta 1 eAdylota Beloxetal oe ula npoondbela xal ouolng 1

TOGOTNTA
-1
1-— E 5
i=1

! 7/ ! z 7 z ! z z
elvon 1 mbavotnTa va uny Beebel xavéva and ta l—1 ehdytota oe uta tpoondbeia. Emmiéoy,
ol oL toobtntee Pl optler mbavétnres Bu mpéner av toydel o TURoC:

d PL=1 (3.27)
=1

[ var amodetytel o mapandve tonog ag Hewprioovue TNy TocdHTNTA

l
S = E 5
i=1

Egapuélovtac 1o dfpotoua xar ota dvo uéhn tne woétnrag Yo tny mhavétnta Pl oxou

€)(OVUE:
m m

Zm: PL=> PN =) sl + ij siP (3.28)
=1 =1

=1 =1
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Muc xou P2, = 0,P™ | = 0 tapatnpolue 6TL:

m m—1
I !
2 Fn= Po
I=1 =1
And gatlvetal 6TL To dbpotoua
m

dev e€aptdrtol and TNV tocdHTNTA M, 0noTE BéTovTag m = 1 otny e€lowon 3.27 enaknfedouue
v e&loworn 3.28.
O avauevouevog aplbude ehaylotwy mou €youy Beelel Uotepa and m eqapuoyéc tng Uebddou

dlvetal anod:

(w) = i IP! (3.29)

xau 7 Sraxduavon and tov TUno:

o(w)? = iﬁp& — (i zp&) (3.30)
=1 =1

H rocétnta

_ m(A4y)
m(S)

dev umopet va utoloyiotel axpPBde tapd udvo tpoceyyLoTixd. Mo tpocéyyion tou unopet

(3.31)

Tk

vo. tparyuatoroinfel, n onolo e€aptdtar and to mAHfoc egapuoydy tne uebddou Tomxrc
ehaytotonofioewe (m) divetar and Tov tino:

L™
aim = - (3.32)
6Tou Lgm) elvol 1o mARfog Ty egopuoydy g uebddou Tomixhc EAAYLOTOTOCEWS TOU

odfiynoav oto ehdyioto y*. 'Etol 1 véo popgr tng e€lodoenws yia ToV UTOAOYLOUS TNS
mhavotnrog elval:

-1 l
pl = (1 - Zﬂ”*”) P+ (Z 7r§m‘”> P, (3.33)
i=1 =1

Kou otov véo xavédva tepuatiouol, n xaboluxr uébodoc tepuatilel ue éva xpltriplo mou
Baolletar otV SLaxbUAYOT) ULOS TOGOTNTOS XUl TLO GUYXEXPLUEVI OTAV:

| {w) — w| < (W), 03 (W)m < PO (W) 1ast (3.34)
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KED®PAAAIO 4

KAGOAIKH EAAXIXTOIIOIHXH ME
XPHXYH KANONIKHY KATANOMHX

MéypL oTtiyurc éyouue Tapouaidoel uehddoug Tomxrc ehayLoTonolnome XaL €Y0LUE XaAVpEL
10 TEOPANUa TNg emhoYrig xpttnplou TepuaTtiouoy. X'autd To xepdholo Ha avalicouue Toug
ahyopLhuoug tohhaninig exxivnong xabodg xat ua tapailayr tou, Ty Adapt multistart xat
Oa mapoucidoovue Ty TedTAcT Lo Yo xafohuxy| BedtioTtonolnen n onola PBaciletol oty
emhoyY) onuelwy and ToAudLdoTaTn XaTavour. Oo avahlcouue To TpéT0 delyuatolndlog
XAl TOV TELOV aAYoplfuwy %ol eVNUEPmOT TOY TapAUETEWY ThavopdveLac.
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4.1 TToM\arhr) Exxivnorn - Multistart

H uéfodoc mohhandivic exivnong elvar and tng mo dadedouéves uéhodoug xabohixrc ehoyt-
otonolnong. Zexwvdue emAéyovtag éva onuelo T and 10 6UVOAO TLUOY TNG CUVEETNONS XAl
extehoVue Lo Tomxr) avalitnon o’autd To onuelo. Av 1o onuelo y mou U ETLOTEEPEL 7
avalrtnon elvatl xavolpylo EAGYLOTO, To xpaTdue aAAGS ouveyilovue TNV avalATnoT ewg
6Tou va TETUYoUUE To XpLThplo Tepuationol (ahydptbuog 1).

1 Enéyw onuelo z ané S C R”
2 Egopudéle tonu ehaytotonoinon (L) nou uac odnyel oto onuelo y
3 k=1

4 Eravalinmrixd:
EIMIAOTH ¥HMEIOY =z
Av (z € UL, A)) 16t eméyo xavolpyio o
alde k =k + 1 xau yp = L(x)
EAEI'XOY I'TA "KPITHPIO TEPMATIYMOY”
EIITAOT'H KAINOYPI'IOY YHMEIOY

Ahyépifuog 1: Holhamhh Exxivnon

4.2 Adapt Multistart

H emloy?) twv onueiwy tou O Eexivioouue Tomxh ehayloTonolnor ylvetal Ue ouotduopyn
xatavour. 'Ouwg oe ouvapthoelg ue ueydro aplbud ehaylotwv, 1 avalitnon elvar ToAY
AT TATLX XoL aUTO YLoth, xotd Tn Stdpxeta TNng avalitnong uropel vo T€GOUUE GE EAAYLOTO

TOL EYOVUE 1O eL TopaTdve antd ula wopéc xdTL Tou galvetol otny ewxdva 4.1.
\

Enlong xdfe gopd yia va emhélw xatvolpylo onuelo z mopatned OTL ehéyyw av TO X
avixel oty meploy ) €AENS Tou ehaylotou y. Ou Aayoprc xat Béying otnyv npdtach toug
[19] npotelvouy uéow to ahybplBud touc, Adapt Multistart, uta Stagopetind npocéyyion ue
yerion mhavothitov. Algoporololy tov alydpliuo €Tol HoTe Vo EAEYYOLY OV TO XALYOURYLO
onuelo dev avixel oe meployéc €NEnc ehaylotwy (ahybpluog 2).
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Yyfua 4.1: Arotédeoua extéleons adyoplbuov multistart otny ouvdptnon Rastrigin, oto
nedlo tudyv [-1.2,1.2]. IHapatneovue dte n avalitnon tomxod edaylotou noAlés gopés
odnyel onuela oto (S0, mapandve and uia popd.

1 Apyixornoinon:

k=1
Enéyw z € S
yr = L(z)

2 Tepuatiouds: LTouaTdw CUUPOYO UE TO XPLTHELO TEPUATLOUOU

3 'Eleyyog:
Av z ¢ Ule A(y;) téte
y=Lx),k=k+ 1Ly =k+1

4 Eraviingn EAETXQ KPITHPIO TEPMATIEMOY

Alyobpfuog 2: Adapt Multistart

To npdBinua tou utohoyLouoy TwY TepLoY GV EAENC xdbe ehayloTou Tapauével uLag xoL
ue TNy elpect Tou xowvolpyLou elaylotou y Sev €yw unoloyioel Tnv meployn €AENC Tou.
I'evixd o umohoyioude tne meptoyfic énEne (uéyeboc, oyfua) evéc ehaylotou, dedouévou
uévo To eAdyloTo, elval dloxohoc. ['Vautd tpomomololve tov alydplfuo xat elodyouy
mhavétnTeg yia va extiuioouy tny teptoy ) eAinc. H adhhayéc yivovtat 6to xouudtt ehéyyou
Tou xOdxa (ahyodpLhuog 3).

'Etol ue autd tov tpémo dev ypetdletal va utohoyilouy Tic meployéc EAENC Tapd udvo vo
ehéylouv uéow mbavotntag av Ho Cextvicouv tomxy ehaytotonolnoy. To mpdBinud uog
TOpa £yyutar oty extiunon e mbavotnrac.Emiéyw onuela z € S xou v xdbe onuelo

x; ToL odNyel 6TO eAdyLoTO ¥Y; uToloyilw TNV TocoHTNTA:
R, = maximum|x§i) — i (4.1)

dnhady) dnutovpyolue opaipec Ylpw and To ehdytoto ue axtiva lon ue tn yeyaldtepn and-
otaon and To onuelo z;.'Eotw to ehdyloto y; éyxer axtiva R xau éotw onuelo z. Av
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1. "EXéyyoc:
Yroléyioe p €tol Gote x ¢ Ule Aly;)
Eniéyouue € € (0,1)
Av(€ < p) tbte

y = L(x)

Ay (y ¢ Y1,Y2, Y3, 7yn) 167TE
kE=k+1

Ye =Y

AlyoplBuoc 3: "Eleyyoc

ly — x| < R t61€ 10 & éyeL W apxetd ueydhn mbavétnta va avixel oty neployr €AEne
Tou 1, Srhadh oto A(y). Eav (¥ — 2)TVf(z) > 0 16te n xatedhuvon elvar atEouoa,
Tou onuatvel 6TL av xdve Tomixég avalnthoelg, Oo Bpw Tiwég ueyalitepeg and mpv. ‘Eotw

z = @ € (0,1) 6tav |y — z| < R. Opilw téte Vv mhavotnta 1o x ¢ A(y) g elfc

Lavz>14(y —2)'Vf(x) >0

—)7—) TV ,
(2, D1+ =2k, o

Pz ¢ Aly)) = {

orou 1 elvat to mhifog mou €youue Bpel To eAdYLOTO Y, XxaTd TN SLdEXEL TNS TOTUXNC ENO-
yiotorolnone. Biéroupe 6t 1 mopandve mhavétnta yivetor 1 étav 1o Sidvuoua Y — T
elvan xdfeto oto Vf(x), dnadh cos(Vf(z), ¥ — @) = 0 xou 0 6tav éyouv avtifeteg
xateubiovoelg, Snhadh cos(Vf(z), ¥y — @) = —1.
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To mbavouxd woviého p(z,1) mou ypnotuomololve Yo Tov utohoytoud tne mhavétn-
Tag,0éhovue va ixavorolel Tic Tapaxdtw WLdTNTEC:

1. lin% 0(z,1) =0
2. lin% o(z,0) =1

3. lim ¢(z,1) =0

Z—00

4. 0 < p(z,0) <1
H ouvdptnomn mou wavornotel T mapandvew cuvirixeg elvor 1 4.2.
o(z,1) = ze D (4.2)

TO 0OTOlo LXAVOTOLEL XaL TLC ToPATAVE GUVOTXEC.

MéyptL onyuric unohoyloaue tny nbavétnta to ¢ A(y). 'Otay €xw Y1, Yo, --., Yk ENGYLOTA
Oo éyw avtlotowya Ay, Ag, ..., Ay mepoyéc €AEng,ondte Ydyvouue tny mhavétnta 10 T Vo
unv avixer oe xoula teploy” EAENC, Snhady:

k k k
v¢ A Jrg Ao Av=ag | JA=Pag¢|JA) =][Ple¢ ) (43)
i=1 i=1 i=1
'Oung ue Tov tapandve 1eémo tou utohoyilouue Ty mbavéTnTa Yio éva xavolpylo ornueio
Vo Uy avixel oe uo teploy ) €AEng dmutovpyeltar éva mpdfinua.  Xuyxexpluéva, xdbe
repLoyf éNEne etvar o ogalpa ue axtiva ton ue v andotacn y — . Me autd Tov 1p6T0
€)OLUE TNV TLOAVOTNTA ELPAVIOTC ETXAANDYNS, dnhadh éva onuelo Tou mbavdy vo xatéhnye
oe xawvovpylo ehdyloto va Bploxetal Uéoo oe mepLoyés €MENC eAayloTwy Tou €youue HdM
Beet, ue anotéheoua 1) TomxY ehayloTonolnon va unv extvioeL.
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Ac nopatnpricovue v exdva 4.2 Av ndpw €vo onuelo Tou avixel 6Ty TELOY Y| EAENC

Yyhuo 4.2 Bugdvion emuxdAngns oe tomxy avalitnon edaylotou.

X0l TOU Y1 ohAE oL Tou Yo Oa émpene v unoloyloouue To p(r ¢ Ay)p(z ¢ As) to onolo Ha
elval oA Uixpd UE aTOTEAECUA, YLOL TO GUYXEXPLUEVO ONUELD, VO UNY EEXLVACOUUE TOTLXY)
ehayLtotonolnon.

[ va Aoouue to Tapandve Bétouue:

k k

P ¢ JA) =] Pla ¢ 4) = Ple ¢ Ay) (4.4)

=1 =1

, 6mou A, = A(yy) xaL y,) T0 X0VTLVOTEPO EAGYLOTO.
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4.3 Tomxy ehaLoTOTOINOT UE YPNOT KAVOVIXNG XATAVOUNS

Elyaote étolol vo avalboouue tny tpdtacy uac. O ahyoplfudc yog mpotelvel uio xat-
voUpyla uéfodo deryuatoindiog mou evioylel Tic 13N undpyouoec.

'Onwg eldaue otov akydpliuo Adapt Multistart, n emhoyy| evog onuelo yio v extvnon
Tomuxic ehaytotonoinone yivetoaw uéow tne mbavétnrac P(x ¢ A,). Lty npdtacy tou Ha
nopouctdoovue ypnotuonoteltar Kavovixh xatavour| (Gaussian distribution). Zuyxexpt-
uévo uetd amd xdbe evpeomn Tomxol ehaylotou y*, avabétovue oto onuelo TNy cuvdpTnon
xatavourc f mou dlvetar and tov TUno 4.5.

fo L1 dewreriew (4.5)
Vo 3]
OToU p1 = Péon T xaL X =0 Tivaxag dlaoTopdc.
Baowotixaue otnv xavovix) xatavour| v ddo Aéyouc. llpdtov €yel mopauétpoug mou
unopovy av extiunfolv xa deltepov mapovotdlel Tomxég WLoTNTEC. Aobévtwy N onuelwy
T1, T2, ... TN UTOpoUUE Vo utohoyioouue 1 Uuéor Tur xat Tov Tivaxa StaoTopdc og:

p=BX) =+ > (16)
S= B ((X = (X ") = 5 S i — )" (4.7)

i=1

Ta Bruata tou akyoplBuou éyouy we e&hc:
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Apyixornoinon:

Eméyw tuyalo onuelo xat egopudlon Tomxr ehaylotonolnon xot xatahiyw 6To EAdYLOTO
y* xa avaféto Ty Twn f1,0mee v oploaue Tapandve, utohoyilw Tov mivaxa Slaomopdc

xaL TNy UEon T
Ye xdbe emavdindn yivovrow ta e

1 Aevyparoderpia: 'Eva onuelo x emhéyetol eav ya xdnowo € € (0, 1) oylet £ x max >

f, omou f elvaw n T g ouvdptnong xatavounc xat max elval N UEYLoTn T

mhavétnTag, oto onuelo x .
2 Bvnuépwon:I'a xdfe ehdyioto nou Peloxw evnuepdve Tta e&hc:

i Ta extywodueva f; xou X
ii Metpnty| p; méoec popéc Beéhnxe to ehdyioto

iii T Oéon %o Ty TLWH ToU EhayLoTOL

3 'Eheyyoc xpitnplov tepuatiouol

Alyépluoc 4: KaBohuxr) Ehayrtotonoinone ue yefion Kavovixre Katavourc

4.3.1 Acwypatorndio
Or uéBodol deryuatorndloc elvar mohd onuavtixég 8LoTL ue tnv Borfeld Toug eyyudvTal Ty
xdAudmn Ghou Tou Ydpou Aicewy.XTtny BiBAloypapla €youv tpotalel Sidpopeg uehddol dnwe:

1. Ouotbuoppn xatavour

2. Kavovue xatavouy) (BA. Simulated Annealing)
3. Quasi-Random xatavouéc

4. Importance Sampling

5. Rejection Sampling

LNV oUOoLOUopPT XoTovouY UTopoVue vo Bpoldue ulo avohutixy| éxgpoaon xal €Tol YLo
X, U,V onuela emdeyuéva oto U(0, 1) urnopolue va €youue:

o Koavovuxt| xatavour N(0,1): Y = /—2In(U) cos(27V)
o ExOetuer xatavour ue mopduetpo A: Y = —@

o [B-xatavour| ue mapduetpo 1 xar v YV =1— XY

Ot Quasi-Random xatavouéc nopdyovtat and axolovbaxoic alyoptfuouc tou haufdvouy
umodny mponyolueva onuelo xou UeTd and drelpeg emavalfelc npooeyyilouy TNV ouoLs-
uoppn. Mepuéc axoloubieg autric tne xatnyoplac elvar ot Halton, ot Sobol xau ou Nierder-
reiter. Ilap’éhou nou tpoceyyllouv Tnv ouolduopen xatavouy n xdiudn Tou ydeou yivetol
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XOAOTEQO XUl AUTO UTOPOVUE VO TO S0VUE TORAXATO.
[opatnpolue twc 1 ouolduop@ XaTavouy, apivel axdAuTtec Teployéc evd ot Quasi-

of 2 03 04 05 96 o7 0a 05 1 o o1 02 83 04 05 0é or 08 o8 | % 81 @er o3 o4 5 06 or o8 08

(a) Sobol sequence (b) Niederreiter (¢) Uniform

Random xatavouéc xaAintouy mo 7 ouolduopna” Tov Y&Oeo.

To rejection sampling ypnotuonoteitan yio derypoatodndio and tohinhoxes xatavoués f(x).
Xenowonotel pio Bonfnuxs; xatavour g(z) pe ty npoundleon 6t f(z) < Mg(z), énou
M > 1. Ta Bruata tou akyoplBuou rejection sampling divovtat otov akyoplbuo 5

Ytnv vhonoinot wac Bétovue 6nou f(x) = N(z),g(z) = U(0,1) xor M = maxN(z)

* Agvypoatonmtd x and g(z) xow u and U(0, 1)

[(=@)
Mg(z)"

* ENMyyo u <

0 Av woylet, anodéyoual To = as a realization of f(x);

o Av oy, anoplnte TNy WY Tou T xat enavohauldve T Setyuoatoindia.

AlyépiBuoc 5: Rejection Sampling

H péfodoc deryuatorndlac mou yenowdonoiocaue otny mpdTach Uag 6Tny oucia elval To
inverse rejection sampling. 'Eotw 6Tt xatd 1 didpexela Tomxic eAdyLOTOTOINOEDS GTO
dudotnua [a, b] éxyouue Beet 3 Tomxd eNdytota xat é0Ttw 6L To  elvan uodriglo onueio yia
évapln Tomxic ehaylotonotioewc. Kd&be y1, ya, y3 axohoubel tny xatavour V(u, X).
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— = Mormal iI
0.18 Normal 2 1
Probability Normal 3 ——
to sample ighted Sum

0.02

Eyfua 4.3: Emidoyr nibavod onueiov

O alyobplfuog emhéyer To xawvolpylo onuelo yia vo CEXLYVACOULUE TOTIXES EAAYLOTO-
nolnon 6tav yw xdnowo € € (0,1) woyldet £ x max > f. H toodtnra max elvar 1 uéytom
T TOU YROUUXOU GUVBLIOUOY TWV XATAYOU®OY Tou onuetou © , evd n N elvan 1 TLuh g
xatavourc oto aviiotolryo onueto.

Avadutind o ahyoplBuog deryuatorndloc etvat o 6.
Y10 oynfua 4.3, ue xbxavn ypouur ouuforiletol o Ypouuixos cuVSLIGUOS TV XATAVO-

function sample_of_gaussians(Xmin, mx, x1, xu) while(1)
testx <- uniform(xl, xu)
f <- sum_of_gaussians(Xmin, testx);
ksi = uniform(0, 1);
if (ksi * mx > f)
x = testx; /* AéyopoL To onueio */
return
end
end

Alyopfuoc 6: Inverse Rejection Sampling
uov. Xto onueto = Peloxovue ) UEYLOTN TLWT TOU YROUUIXOU GUVBLAGUOU %ol EAEYYOUUE
Tov "y ®eo” mou Peloxetal avauEsH ond T LEYLOTY TLUN TNS XATAVOUNC XL TNY TYULY) TNS X0l

Tavourc oto onuelo T.médvew xat xdtw and TRV xoxavn yeauuy. ‘Oco ueyalitepo 7y dhpo”
€youue T600 ueyalUtepn elval 1 mbavotnta va deybolue to onuelo.
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H uébodoc anodidel mohd xohd xat anoppeintel onueta tou Ha pac odnyolvoay oto dLo Tomxd
ehdyLoto. Av Solue to mapaxdTw Topadelyuata Tou agopoly Tic cuvapthoelc Six Hump
xat Rastrigin Oo dolue eugavelc Siagopéc oto tpdém0 emhoyric onueiwy oe oUyxpion ue uia
ouoLouopeT xatavour.  Xto mapadelyuata mou napabétovue €youue emhélel 200 Tuyata

(a) Siz Hump ue xavovixiy xatavoul (b) Siz Hump e yphion oupoiduopen
xaTavous)

Eyfua 4.4: Aevypatoindia otn cuvdptnon Six Hump ue yprion opolduopeng xat xavovixic
XOTOVOUT

(a) Rastrigin ue xavovixij xatavouy (b) Rastrigin ue ouowuopen xata-
vour

Eyfuo 4.5: Aeryuatodnpia onuelwy otn ovvdptnon Rastrigin ue ypron ouoduopyns xat
HAVOVIXTC XATAVOUTS

onuetor xol EeEXLVOAUE TOTUXES ENAYLOTOTOLNOELS. TNV CUVEYELX ETAECAUE onuelo Ue Bdom
Tov aAy6pliud pag ahhd oL Ue ouotduopen xotavour. Ot exdveg aneixoviCouy Ty xoto-
vout| Tov cuvapthoewy. O teployéc ue oxolpo ypdua €youv uPnhotepes Xaurdvee, dniadt
To oLYXEXELUEVO eNdytoTo €xel PBpebel Tohhéc gopéc. 'Etol otny emhoy evéc xatvolpyLou
ornuetou Béhouue va amo@lyouue aUTES TIC TEPLOYEC xaBADC Ui Tomuxy| ehaytoTtornoinor Oa
uag odnynoeL o€ eEAdyLOTO ToL Exouue 10T utoloyloeL.
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Biénouvue 61t 0 alydplude uag anogeldyel Tic oxolpeg teployéc, xateufvovtag ta mhovd
ornueta mou N mbavotnta edpeong xavolpyLou ehayloTou elvol UeYdAn, Ve 1 ouolbuopdn
xaTavour oyL.

[Map’édha autd Tapatneolue 6tL, xatd T Sudpxeta Tne detyuatoindlog, umdpyet ua UeYdAn
OLYXEVTPWOT) ONUELWY TEOC TA 6pLO NS CLVEETNOYS X4TL Tou unopel va xafuoteprioel Ty
extéheon Tou alyoplBuou pac xabde yio exelva ta onuela Oa Eextviioel Tomxn ehaytoto-
moinon. Ilepioodtepa anoteréouata telpaudTwy Tapabétovue 0To ToEdETNUA.
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4.3.2 Online extiynoy TapAUETEWY XAVOVLXNS XATAVOUNS

H evnuépwon tov extuntdv yeylotne nbavogdvelag yivetol xatd tn didpxelo extéheong
Tou alyopiBuou. T'a xdbe ehdyloto mou unohoyllouue EVNUERGVOLUE TLS TOEAXATW TOGO-
TNTEC WS eENC:

pi = pri—1 + (@i — 1) (4.8)

i =B+ ag(w — pg)(w; — Mi)Ta a; € (0,1), 40 = (0,0,... ,O)T, Yo = aly, (4.9)

H nocétmnta oy elvar o pubude udlnong e xatavourc xar uropetl va etvar elte yetafin-

ToU ueyéboug elte otabepol. Xny mepintwon tou petofintol ueyéhouc To @; LooUTtol ue
1

X (min).Count’

Auté éyel we anotéheoua va divel TeplocdTepo Bdpog oTa TEOTA oNUEld TOU £Y0UY XATAAY-

dnhadr) To TAfog TV Qopdy Tou €youue BpEL TO GUYXEXPWEVO EAGYLOTO.

Eel 0TO OLUYXEXPWEVO ENEYLOTO. TNy Tepintwon mou elvar otabepol ueyéhoug emAéyouue
évar b aplBud e télewe 1074 Auth 1 oot Ta duLC, avakdYwS TN GLVEETNGT, dla-
pépeL xat mpénel vor extiunlel TetpauaTixd.

H evnuépwon tou nivaxa Staonopdg elval Rank-1, ondte uéoa and Cholesky decomposition
éxovue 6Tt ¥ = LLT, dpa oe xébe enavddndn anobnxedovue uévo tov napdyovta L(6mou
elvat évac mivaxac tptywixde, Betind opltouévoc) ol 1 evuépwot| Tou YIVETaL Xal aUTh o€
Rank-1. Me autdv tov 1p6m0 emTuYYdvouue evnuépwon Tou mivaxa L oe O(n?). Extone 1
opllouca Tou mivaxa daomopdc unopel av uToloYLoTeL TOAY UxOA WS

det(3) = ﬁ L (4.10)

6ToU ElvaL TO YLVOUEVO TOU TETPAYMVOL TV oTolyelwy g daywviou tou mivaxa L.
Téhog yua Tov utohoyLoud Tou exbetixol Tapdyovia auTtd ToU EYOUUE Vo XAVOUUE elval va
avTLXaTaoTHAoOUUE Tov Tvaxa daonopdc X ue LLT xau éyouue:

(=S @ —p) = (L@ =) (L7 (@ = p) (4.11)

Av Béoovue L™z — p) =y = Ly = x — p, autd mou poc Pével elvar va NIGOUUE WS Tpo Y
X0l OTNV GUVEYELA VA TOAMATAAGLIGOUUE UE TOV AVAOTROPO TOU.

H evnuépwon tou nivaxa dteonopdc urnopel va yivel ue dbo tpdmouc:

1. Apywornoinor ue Tov Ecolavé mivaxa unohoylouévo 6Tto onuelo and 6mou Eextvicaue
TNV TOTLXY| eEAayloToTolnom

’ 7

2. Apyworoinon ue tov wovadwto wivaxa I, tolarhactaouévo Ue ulo uxpr tocétnTa

a;

Y1y neplntwon nou apyxorololue Ue tov Eoolavd nivaxa emituyydvouue tny xohltepn
avanapdotaon Te Uop@hc Tou ehaylotou aviAdvTag Thnpogopleg and ta Wioduavdouata
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Tou mivaxa, eve otny deltepn meplntwon mpoorabolue 1 xotavour va elvol EVIOTLOUEVT
%0VT8 0T0 eMdyLoTo. LNV ouctia dnutovpyd TNy ehdylotn Suvath teployy) EAEng. Kat edd
7 TOGOTNTA €; TOU AVUPEQAUE TEETEL VoL UTONOYLOTEL TELRAUUTING.

Ondte 10 TeAXd UOVTEAD %aTOVOUNS ELVOL O YRUUULXOC GUYSVAOUOS TWY XATAVOURDY TOU
€yovue unoloyloel yio xdfe eNdyLoTto Tou Berixaye.

O tUroc elvat:
M

N(z) = Zﬁi]\/'(x;ui, ), Zm =1 (4.12)

=1

H rocdtnra m; wooltol ue
Pi

Zij\g Pi

, Smhady elvar to mhvflog evpeong Tou ehayloTou ¥; TEog Tov cUVOAXS aplud ToTXGOY Ela-

VT

(4.13)

Ytotonolioewy Tou Tpayuatonotfooue. H tocdtnta auty) Béhovue va toodtol ue 0 wovada
oUtwe Gote To ohoxhpwua tne xatavourc N(z)va elvat (oo ue 1.

Y10 napoxdtew mapdderyua Cextviooue évay akyopliuo ehaytotonolnong ue tn uéhodo uac
xal BAémovue xatd TN didpxelo exTEAEONS TS AANACEL 1) LOPYT TNG XATAVOUTC XUl TWS
auTH xaTaAfyel v elval LoodUvaur ue 0 Lop@n Tou elayiotou.

(d) Iter 9 (e) Tter 12 (f) Mopgn ehayiotou

Yyfua 4.6: On-line mpoodloploudc Tapauétpwy ehdyloto oto x* = [4,0]"
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4.3.3 Acswypatolndla wg uébodog tepuationon

Kotd tn Sudpxelo tou inverse rejection sampling elvar hoyuxd va Oewprioovue 611 dtav o
YEUUUXOS GLUVBLIOUOC TV XAVOVIXDY XaTavoU®Y Yeuloel Tov ydpo Oa mpérnel va otaya-
Thoouue TNV avalitnon. Autd yotl xoatd tn didexewa g emhoyrc véou onuetou, xdbe
uroiglo onueto Ho anopinteton xafig To yivduevo £ - maz dev Ho umopel va yiver ueyohv-
tepo tou f (6mou € € U(0,1), mazx péyiotn 1wy tou abfpolouatoc xatavoudy xat f tiun
tou afpolouatoc xatavounv oto unodPriglo onueio). Ondte o alydpliude uac urnopel vo
tepuatiler 6tay anoppintoviar Tohhd onuelo xatd to inverse rejection sampling (threshold
based rule). To uetwvéxtnua oe auth Ty neplntwon elvat 6Tl T0 PEdYUL TOV ATOTUYNUE-
vov Soxuuoy o meénel va extiunfel yia xdfe ouvdptnon.

"Eva dettepo xptthipLo Ha elval 6tay o mnAixo

N(x)
max {N(z)}g(z)

mhnoldlel otny wovdda mou dnAdvel 6Tt 1 mbavotnta va Peovue véo onuelo avalhtnong

(4.14)

minowdlel oto 0. Me autd to xpithplo evdd Bev ypeldletal vo exTiUcouUe Tov aplbud
ATOTUYLAY, OTWC OVAUPEQOUE, 0 aAYOELOUOC TEénel Vo Tdpel opxetd Selyuoato oltwe GoTe
VO UTIOPEGEL YOI IXAVOTIOLACEL TO XELTHPLO.
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KE®PAAAIO 5

[TEIPAMATA KAI METPHXEIX

Y10 mopdv xe@dhato tapalféTouue TELpUUATIXG ATOTEAEGUATA TOU TpoyUaToTollnxay e
neptBdihov Linux (Ubuntu 7.3). To oVotnud uac anaptilovtav and enelepyaotr Intel
Pentium 4 pe ouyvétnta 2.8 GHZ ue 1 GB RAM. H vhonoinon twv akyoplBuny xol twy
ouvapThRoEwY €YLve o YA®ooo mpoypaudatiouol C xau yenowonohinxe to mep3dilov
Behtiotonoinone Merlin [1].

Ye xd0e melpapo yetpoaue Tov aplbud Tomxdy avalnthoewy Tou yeeldotnxe o ahyoplb-
uog Yl TNV eVpeon) ouyxexpLuévo aptBud ehaylotov. H othin Uni avagépetal 6to mhrbog
eTAVOAPEDY YENOWOTOLOVTAC THY OUoLOUop®n xatavoun wc uébodog deryuatoindloc. H
othhn Normd avagépetar oto mAffoc emavalideny SetyuatolnmTdvtag 5 apyixd onueia
UECW OUOLOUOPYNE XATAVOUNS XOL OTT) GUVEYELX YETOLULOTONCOUE TNY TedTacy| uac. Avti-
otolywe to dlo toylel v Tic othiec Norm10, Norm20, Norm50 ot Norm100.
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'Onwe Brénoupe (nivaxac 5), n Pertiwon mou napatnpeltar elvar e tdewe tou 15
TOlC eXOTO , TOU elval Ul opXeTd onuoavTixy uelwon. Biémouue mwe o alydplfud uac
expeToheUeTOL TNV TANEoYopeia Tou eZdyel and Ta TOTXS EAGYLOTO XOULUE AUTOV TOV TPOTO
dev emavahauBdvouue avalntioelc ehayloTwy oe TEPLOYEC Tou €youue 10T eLepeuVOEL.
Axbua xou o ouvapthoes ue Uxpd aptBud ehaylotwv(énwe n Bra, Hyper xau Matyas)
Topatneeital Behtioon

Number of Local Searches

Function | Uni | Norm)5 | Norm10 | Norm20 | Norm50 | Norm100
Rast 6829.2 | 5853.4 | 5817.1 6113.6 5744.4 6566.4
Tube 879.3 | 735.6 941.5 719.9 641 846.8
Bird 932 731.6 790.8 785.2 589.6 689.4
Griew 1733.9 | 1509.7 | 1635.6 1685.6 1796.4 1636.5
Six-Hump | 252.3 | 192.9 239.8 264.8 206.3 237.7
Bra 28 28.8 32.3 22.4 30.5 22.4
Hyper 14 13.3 15.1 13.1 14 14
Matyas 7.2 7.8 7.9 7.3 7.4 7.7

[Tivaxag 5.1: Tlivaxag arotelecudtoy Ue tivaxa Slaonopds apyLxoroinuévo ue tov Ecolavé
xal UeTaBANTOC pubude udhnone

Yty mepintwon mou o pubude udhnone Tapapéver otabepde (tivaxag 5.2),loog pe 1074
dev mopaTnEoUUE TNV (Blol CUUTERLPOEA OTA ATOTEAEOUATA TV TEWAUdTOY. Onwg mo-
EUTNEOVUE OTOV TORAXAT® TVOXA, OF APXETEC MEQLITMOELS aVTL YL UELWOT) TWV TOTUXDY
avalntioewy éyouue abinon (BAéne ouvdptnon Rast, Griew, Tube).

H ouureptpopd auth| ogethetar otnyv emthoyy| Tou pufuol udhnone nou avd cuvdpetnon dua-
pépel xafde alhdlel  wopt| TV ehayiotwy xol 10 Tedlo TLOV.
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Number of Local Searches

Function | Uni | Norm5 | Norm10 | Norm20 | Norm50 | Norm100
Rast 6469.9 | 5484.6 7122 6050.9 6261 6351
Tube 813 1002.1 891.3 884.1 973.2 899.2
Bird 457.8 | 290.3 321.9 203 220.6 244.4
Griew 1605.7 | 1624.3 | 1554.8 1695.1 1496.1 1765.2
Six-Hump | 229.5 | 260.3 230.6 281.3 231.7 207.8
Bra 22 21.6 20.6 19.6 29.2 19.6
Hyper 14.7 14 13.8 13.1 14.3 14.1
Matyas 7.7 8.2 7.5 8.2 7.9 6.9

Iivaxag 5.2: Iivaxag arotedeoudtoy ue nivaxa Staoxopdg apytxononuevo ue tov Ecolavé
xat otabepdc pubude udfnone

AxpBdg Ty (Blor ouuTEpLPoRd TAPATHEOVUE XaL TNV TERITTWON Tou 1) apyLxoTolnoy
Tou mivaxa dtaomopds elval (oog ue Tov wovadialo tivaxa tolanioclalouevo ue ulo uxe
rocéTTa T Té€ewe tou 1074 (nlvaxec 5.3 xat 5.4). Kot otic 2 mepintdioeic 6Tou o pubude
udnone elvon elte yetaPAntoc eite otabepde, BAénovue dtL 0 apliudc TwY TomxdY avaln-

ThoEwY auédvetol avtl vo UetdveToL.

Number of Local Searches

Function | Uni | Norm)5 | Norm10 | Norm20 | Norm50 | Norm100
Rast 5940.2 | 7055.3 | 5659.5 | 6105.7 | 5908.7 7210.6
Tube 872.1 | 814.5 997.7 1089.8 908.7 892.7
Bird 189.2 | 471.9 292.2 263.8 393.2 331.4
Griew 1848.9 | 1602.2 | 1875.7 | 1667.1 1686.5 1806.9
Six-Hump | 221.5 232 203.1 258.1 231 108.7
Bra 22.8 21.6 23.7 22 27.8 24.9
Hyper 14.4 13.9 14.4 13.4 14.1 13.1
Matyas 7.7 7 8.2 7.7 7.2 7.5

ivoaxog 5.3: [livaxag Slaomopdc apytxonolnuévog Ue Tov povadiato xol uetaBAntog pubude

udbnone
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Number of Local Searches

Function | Uni | Norm5 | Norm10 | Norm20 | Norm50 | Norm100
Rast 5153.3 | 6248.7 | 7255.8 5523.7 | 6709.1 5764.6
Tube 766.3 913 726.5 1026.2 1169.1 925.2
Bird 225.5 | 280.3 287.9 249.4 384.1 288.1
Griew 1815.5 | 1774.3 | 1903.7 1674.7 1772.5 1749.4
Six-Hump | 234.4 | 288.4 280.3 224 236.4 196.1
Bra 21.7 22.8 22.6 22.9 23.6 24.7
Hyper 14.1 13.9 14 13.9 14.3 13
Matyas 7.6 7.7 8.2 7.7 7.8 6.9

Hivoaxog 5.4: Ilivaxag Siaomopdc apyixoroinuévog ue Tov povadiaio xol otabepds pubude
udbnone

'Onwe Brénovue 1 uébodog deryuatohndlog mou mpotelvouue unepéyel dtav o mivaxag
dtaomopdc apytxornoteltar ue Tov Eootavd mivaxa xar o pubude udfnone elval yetafSAntoc.
Ye onowdfnote dAAN tepinTwon o ahydplfuog dev anodidel to (8lo xahd ue Tov Multistart.
Auté ogelhetar oto Yeyovog 6T xdbe cuvdptnom €yel Slagopetixy) Lopen xal TARHog ela-
ylotwy, ondTe oL TapdUETEOL TOU AQOPOUY TOV Tivaxa SLaoTopag xal Tov puud udbnong
meénel vo extiunfolv melpapatixd. Ye ouvopthoelc 6mou To TAfoc Twv ehayloTtwy elvol
utxed %4t tétolo Sev anotehel tpdxAnom. ‘Otav dune 1 didotaot xat to Thvfog ehayloTwy
Tou TpofAfuaTog augdvouy, uia Tétola extiuncy xplvetol SUGXOAN xoL aolugop.
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KE®PAAAIO 6

EITAOTI'OY

H rapodoa Swateldh acyolhinxe ue tnv xabohx) ehaylotonolnoyn cuvopthoewny. Xen-
owornowoaue ulo xawvolpyla pébodo deryuatohndlog onuelwy and xavovixée xatavoués.
[Tepuypdgetar uta Stadixaaoto mou elvar uhomoinuévn oe Yhdooo C xat yenotuonoliinxe To
repBdihov Bertiotonoinong Merlin. 'Onwg umopel xdnolog va Slamotdoet, and ta telpd-
uata, 1 uébodog unepéyel oe oUYxplom Ue TNy LEHodo Tohhamhic exxivnong.

Koté tn didpxeia exndévnong tng nagoloog epyaciag avaxahihaue apxetéc xalvoTouleg Tou
unopolyv va yenowonoinfoly yio uehhoviixéc epyaoteg. H yprion xatavoudyv elvat éva and
To onuavTixdtepa onuelo xabde pag divetatl 1 duvatdTnTa YeRong EVAANAXTIXGY TANY TS
xavovixic xatavour. Enlong n evnuépwon twv napauétowy tng xatavounc yivovtol on
line, ye anoTtéleouo oL TOEAUETEOL TNS XAVOVXTC XaTavoUnc vor aAAdlouy xatd Tn didpxela
Tou ahyoplBuou xou €tol 1 emhoyy| onuelwy Yoo avalhtnon Tomxdy ehayloTwy va yiveTtol
ue Bdomn ta Hdn undpyovTa.

'Onwe avagépaue uéow Cholesky decomposition xatagépaue vo €youue evnuépmaon Twv
napauétpwy mbavogdvetag oe O(n?).

"Eva axdua onuoaviixd otovyeto elval 1 duvatdtnta yprong apywxonownuévou Eoolavol mii-
VOXOL YLOL oy LX) TROOEYYLOT Xl ETAOYT UeTady uetaBAnTtol xat otabepol pubuol udbnong.
Tehewdvovtag, dev mpémel va mapakeldouvue v yerion Tou inverse sampling xabdc uéoa
an6 auth TN Sdxaota eluacte oe Béon va e€dyouue €va xpLThplo TEPUATIOUOU.

Ov yehhovtixég enextdoelg 6To ouYxexpévo Béua elval torhhée, xabde n xabolue Pehti-
otonolnon arotelel Eva onuavtixd aviixelpevo épeuvag. H Bedtiwon tng on line evnuépw-
oNe TV TapaUTewY Ho unopéact va G oeL TepalTépw alinom oty anddoaor Tou alyopibuou.
Eniornc nepoutépw uehétn unopel va yivel yio Ty emAoyY A xpttneldv tepuationol (6Tws ent-
Aoy xalUtepou threshold yia to mA%Bog anotuyynuévey Soxtudy), ue Baon Ty xavovixt
XOTOVOUT).
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KE®PAAAIO 7

[TAPAPTHMA

[opaxdtw PAénovue To anotéheouota ond melpduata Setypatondlag Tou TpayUdToTOoLY -
coue otic ouvaptroelc Goldstein, Booth, Sphere, Shubert.

(a) Goldstein ue xavovuxy xara- (b) Goldstein ue yerion opois-
vour UOPPN XATAVOUT

Eyfua 7.1: Aevyuotorndia otn ocuvdptnon Goldstein ue yprion ouolduoppng xaL xovovixnc
XATAVOUT

46



(a) Booth ue xavovuxy xatavoul (b) Booth ue ypfion ouoiduopen
xoTavous

Eyfua 7.2: Aevypatodndia oty ouvdptnorn Booth ue yprion ouolbuoppng xar xavovixic
XOTOVOUT

(a) Sphere ue xavovixy xaravour (b) Sphere ue yerion ouoiduoppn
xaTavous

Eyhua 7.3: Aeryyatohndlo otn ouvdptnor Sphere Ue yefior oUOLOLORPNC XOL XAVOVIXTHC
XATAVOUTR
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(a) Shubert ue xavovixy xara- (b) Shubert ue ypiion ouoiduopen
voun xoTavous

Eyfua 7.4: Aevyyatohndlo oty ouvdptnor Shubert ue yprion ouolduoppne xaw xavovixic
XOTOVOUT
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apyixonotfion objfun, nom, x1, xu, k, init_hess, Xmin = record {y,
yval, Count, Mean, Sigma} while(xpLthpLo TEPHATLOWOV)
if i<=k /* Kéve npbrta k deiypatohndies and opoidpopeyn */
x <- uniform(xl, xu)
alse
mx <- max_of_gaussians(Xmin);
x <- sample_of _gaussians(Xmin, mx, x1, xu);
end
[y, yval, fcall, hessian] <- LocalSearch(objfun, x, x1, xu); /* Extélece Tominf ehoyLotomolnet */
im <- new_minimum(y, Xmin, eps); /* Exeyyog av Ppébnue véo eldyLoto */
if im == -1
nom = nom + 1
Xmin(nom).Count = 1
Xmin(nom) .Mean = (x + y)/2;
if init_hess ==
Xmin(nom) .Sigma = 1/det (hessian) * hessian;
else
Xmin(nom) .Sigma = alpha * eye(n);
end
alse
Xmin(im) .Count = Xmin(im).Count + 1;
if const_rate == 1
a <- const_a
else
a <~ (1/Xmin(im).Count)
Xmin(im) .Mean = Xmin(im).Mean + a * (x - Xmin(im).Mean);

Xmin(im) .Sigma = Xmin(im).Sigma + a * ((x - Xmin(im).Mean)*(x - Xmin(im).Mean)’);

Alyépibuoc T: AhyodplBuoc Aeryuatodnblog pe ypron xavovixhc TOAUSLAGTATNC XATAVOUNS
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Yuvaptrioelg [ty extéleon TEPAUATOY YENOLWOTOLRONXOY Ol ToEAXATW GUVIPTHOELS,
TOU OTOTEAOVY £VOL AVTITPOGWTEUTIXO Selyua yio Soxiuég oe TpoPiAuata ehaytoTonoinong:

1. Rastrigin
Apifude yetafBintdv: n

YuvdpTtnon:

f(z)=10n+ Z(x? — 10cos(2mz;))
i=1
[edlo twwdv: z; € [—5.12,5.12]
Olx6 ehdyoto: 2* = (0, ...,0), f(x*) =0

Yyfua 7.5: Rastrigin function
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2. Shubert
AplBude uetafintdyv: 2

YuvdpTtnon:
5

f(z) = (Z icos((1 + 1)xy + Z))(Z icos((i + 1)xg +1)

i=1 =1

[Tedlo wudv: z; € [—10.0,10.0],i = 1,2,...,n
Ohx6 ehdyoto: f(z*) = —186.7309

Yyfua 7.6: Shubert function
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3. Hump
AplBude uetafintdyv: 2

1
Yuvdptnon: f(x) = 4a? + 2.1z] + gx’f — 4z3 + 425
[Tedlo wwdv: z; € [—5, 5]
Ohx6 ehdyroto: xz* = (0.0898, —0.7126), (—0.0898, 07126), f(z*) =0

Yyfuo 7.7: Hump function
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4.Grienwank
AplBudec yetafintdv: n

YuvdpTtnon:
noo2

f(z) = 24060 —Hcos(j;) +1

[Tedlo wwdv: z; € [—600,600],7 =1,2,...,n
Ohx6 ehdyroto: z* = (0, ...,0), f(z*) =0

Yyfua 7.8: Grienwank function
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5.Michalevic
AplBudec yetafintdv: n

YuvdpTtnon:
n 72
Z sin(z;)(sin( i L)) m = 10

T
=1

[Tedlo wdv: z; € [0,7],i=1,2,...,n

*

= —1.8013
v n=5, f(x —4.687658
v n=10, f(z*) = —9.66015

Ohx6 ehdyroto: yioa n=2, f(x

)
)

Eyfua 7.9: Michalevic function

04



6.Schwefel
AplBudec yetafintdv: n

YuvdpTtnon:

n

fla) = 418.9820n — > "(z;siny/||z]))

=1

[Tedlo wwdv: z; € [—500,500],i =1,2,...,n
Ohx6 ehdyroto: z* = (1, ...,), f(z*) =0

e (a3
==

0 A

Eyuo 7.10: Schwefel function
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7.Goldstein & Price Function
AplBude uetafintdyv: 2

YuvdpTtnon:

f(x) = (1+ (z1+ 20+ 1)2(19 — 142, + 1322 — 1429 + 62129 + 323) ) (30 + (221 — 322)?) (18 —
3221 + 1222 — 4819 — 361129 + 2723)

[Medio twwov: z; € [-2,2],i = 1,2

Olx6 eldyroto: z* = (0,1), f(z*) =3

Yyfuo 7.11: Goldstein function
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