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Evyoprotieg

H mapovca dwatpiPn dev Ba pmopovoe va ekmovnOet yopig v moAvtiun Pondeia ko
kaBodnynon tov k. lwdvwn Moapvakn, Aéktopa TOL TUNUHOTOG MMyovik®V
[Mapaywyng kot Awoiknong tov IToAvteyveiov Kpntng. Emiong, Ba mbeha va tov
EVYOPLOTNCM YLOL TNV VITOUOVY|] TOV EMESEEE OAO OVTO TO O1doTNpO. XTO onpeio ovTd
Bo nfela va gvyoplomom kot tovg kK.K. Booiieo Kovwodylov, xabnynt tov
Tunpatog, kot lodavvn NuoArd, enikovpo kabnyntn Tov Tunpatog, yio v forfeia kot
TNV GUVOAMKT TOVG TPOSPOPE OAa ovTd To. YpdVic. AKOUn, gvuyoplotd Oepupd v
OWKOYEVELL oL Yoo TNV MOKN Kot VAIKN vrootpiEn mov pov mapeiye KaBOAN tnv
SUIPKELDL TOV GTOVIMY POV, KOOMG Kot OAOVG TOVG GIAOVG Kol GUVAOEAPOVG TTOV LE
ompi&av 1 mepiodo avtn. Térlog Ba NOeha vo EVYOPIGTINOC® TOVG GLVAGEAPOVS Kot

eidovg Nopyo Taipion kot Odreto Ztnpodmpdkn yio Ty ToAvTun Bonfeld toug.
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Ewooyoyn

H mopovoa odwtpfy  éxer otoxyo v emihvon  mpoPAnudtev  deminedng
BeAtioTomoinomng pe ypNnon YEVETIKOL aAyopifuov mov dNpUovpynoNnKe amoKAEIGTIKA
vy tov okomd owtd. Il ovykexpyéva, emdveton mpoPAnua  ywpoBétnong
EYKOTAOTACE®MY V0 OVTIOY®OVIOTMOV. XTO TPMTO EMIMEDO, O TPDOTOG OVTOUYWOVIGTNG
emAéyel TG KWNoelg tov. O 0e0TEPOG AVTAYWOVIOTNG KAVEL TIG JIKES TOV EMAOYEC
yvopilovtag Tic emhoyég Tov TPOTOV. OVCLOCTIKA TPOKELTOL Yo TNV EMAVOT €VOG

maryviov Stackelberg.

Epocov avagepopacte oe TpoPAnpa ywpobétmong eivar avtovont n avaeopd oty
évvola tov logistics. To TpdTo KeEPAAAO glvar aPlep®uEVO 610 BempnTikd vofadpo

tov logistics.

To endpevo kepdraro acyoreitan pe T y®PoBETNON eyKOTAGTACE®DY GE BE®PNTIKO,
peBodoroyiKd Kol TPOKTIKO eminedo, evad mapovslalovtal Kot KAmolol odyoplipot

emilvong TpoPAnudtov ywpobétnong mov aravidviot 6t PifAtoypapia.

To 1pito xepdiao avaeépetor ot Oewpia moryviov. Boowkd yopaxtnplotikd,
novtého Cournot ko wooppomieg Nash kot Stackelberg etvar kdmowa amd ta Oépata

OV KOADTTOVTOL.

2  OLVEXEWN, TPOYUOTOMOLEITOL o €160y®Yn ota  TpoPAnuote  Seminedng
Beltiotonoinong, n cvusyétion tovg pe ta maiyvia Stackelberg kabmg kot mapovsioon
alyopiBumv mov £yovv avamtuybel Yo v enthivon tétolov gidovg mpofinudtwv. To
KePAAoto KAgivel pe po ovvioun BpAoypa@iky] avackoOnnon Hepidag pyacidv Kot

ONUOCIELGEMVY GYETIKA e TpoPAuata SlEminedng PeATioTomoinong

Kotomy, avaeepdpocte ota gpyadeio Peitictomoinong mov emlé€ape yuo v

EMIALGT] TOV GLYKEKPIUEVOL TPOPANUOTOG, TOVG eEEAKTIKOVS adyopiBuovg. Xe avtd



TO0 KEPAAMIO TEPLYPAPETOL €VOG OMAOG YEVETIKOG aAYOPIOLOG Kol Tapovcstalovtal
EMLYPOUUOTIKA Ol YEVETIKOL TEAEOTEC TNG OLOGTOPMONG, TNG HETOAAAENG KOl TNG

EMAOYNG.

210 €MOUEVO KEQAAOMO E0GYETAL 1) €VVOl0 TMV OVIOY®OVIGTIKOV TPoPANUdTomv
Y®POHETNONG EYKATACTAGEMVY, TAPOLGLALETOL TO GTOTIKO LOVIEAO NYETN — AKOAOVOOL

KOl KOTOYpAQOVIOL KATOEG TOPAOOYES KOl TPOCEYYIOEIS MOV ATAVIMOVIOL GTNV

Biproypapio.

Ev ocvveyela, dwtvndvetar to mpog emihvon deminedo mPOPANUO OVTOYOVIGTIKNG
Y®POBETNONG Kot TapovGlaleTol 0 aAyOplOUOg TOV ¥PNGIULOTOLEITOL YO0 TNV EmiAvon

TOVL.

Téhog, mapovctdloviol avOALTIKE TO OTOTEAECUOTO KOU TO GUUTEPAGUOTO OV

TPOEKLY OV OO TNV EMIAVGT TOL VIO €€ETAIOT SIEMITESOV TPOPANUATOS Y®POOBETNOMG.



1 Logistics

1.1  Oprwopdg — oto)0L

O 06pog logistics amotedel o moAvovvOet évvola, 1 omoia KaAOTTEL £va TEPAOTIO
€0pOg OLOOIKACIOV GYESOGHOV, VAOTOINONG Kol €AEYYOL NG PONG OAAL Kol NG
Ao KELONG TPOTOV VA®V, NUTEADV KaOOG Kol TEAK®V Ttpoidvtev. OvclocTikd,
TPOKELTOL Y10l Lol S1ad1KaGio Tov TEPIAAUPAVEL TO GYESOGUO, TNV EPOPLOYT, KOL TOV
ENEYXO TNG OMOTEAEGUOTIKNG KOl OTOJOTIKNG LETAPOPAS Kol amodnKevong npotwmv
VADOV, EVOIIUEC®V KOl TEAIKOV TPOTOVIMV, KOMS Kot TN d1oyElpLon TANPopopidv Tov
oyetiCovion pe ™ dwokivnon Tov TPoidviov amd TOLG TOTOVLS TAPUYMYNS GTOVGS
TOMOVG KoTOvAAmong. Osmpntikd, to logistics €umnpeTovy TV KepdoPopio HLoG
emyeipnong, eCacpaiilovtag 1 ovveyn SwdecUdTTO TOV TPOTOVIOV Kol TOV
AOWmOV TOPOV NG, EMTPEMOVING TOPUAANAQ TNV OHOAN pON EMTEAEONG TOV

JSKAGLOV TOL OVAPEPON KOV TOPATAV®.

>16y0¢ tov logistics givor 1 TapAdoon KATAAANAOL TEAIKOD TPOIOVTOG 1| VINPEGING
0TO0 KOTOAANAO YMPO, OTOV GMGCTO YPOVO Kol OTNV KATOAANAN KOTAGTOGCN, LE
TOPAAANAN LEYIGTOTOINGN TOV KEPODV. AVTO EMTLYYAVETOL UE UEIMOT TOV KOGTOVG
Tapoy®wyns, pe mAnpn aglomoinon tov VAKOV ooV Kabds kol pe v peimon tov
KOGTOUG UETOQOPEG OAAG Kol amoBnkevong HEDVOVTOS TIS KoBuoTEPNGELS
mopdooons. Ot KvAGE OVTEG €YOVV MG OmOTEAECUO TNV €miteLEN owKovouiog

KMUOKOG Yo TV €TYElpNoN, Kol GUVERTHG TNV eniteLEN KEPOOPOPiag.

1.2 Xdvropn wetopiki) avadpopr)

H avdaykn yo v avdmntoén tov logistics mpoékuye amd v avaykn yuo yopiko Kot
YPOVIKO Oloympopd petald tomv 0Ecemv mOpay®myNs TV TPOTOV LVADV KOl TOV
TPolovtv KaOdg kol petald tov 0écemv Tapay®YNS Kol KOTOVOA®MONG TMV

TPOIOVTWV.
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Av emyelpoel Kaveic po cOVTOUN 16TopIKY avadpoun| tov logistics otnv Tdpodo tov
YPOVOL Tapatnpel OTL apykd ot avOpmmol KoTavdAmvay Hovo 6,1t Tapnyayoyv GTnv
TEPLOYN TOVG AOY® TNG TAVTEAODG EAAELYNG LETOPOPTIKADV KO ATOONKEVTIKOV HECOV.
Apyotepa, kot pe v e€EMEN TOV HETAPOPOV TAPATNPNONKE YEOYPAPIKY] O10.GTOPAL
™G ToPay®YNS. Avtn e€edikedtnKe ava Teployn Kot EEKIVNGE 1| LETOPOPE TPOTOVT®V
o GAAeg ayopés. Ta televtaio ypovia Kuplapyel 1 TAON Y0 TOYKOCUIOTOINGT TOV
ayopmv. H niextpovikn EEMEN Kot 1 TaydTNTA TOV UETAPOPDOV KAOTE TO O1E0VEC
eumoplo  e€opetik@ mepimloko. Xe TMOAAEG TMepmTAGELS, TALOV, ol B€oelg g
TOPOUYOYNG, TOV TOANTH Kol TOV oyopacTty) dapépouvv dpapotikd. H téon avtn eivan
wloitepa avENTIKN Kupiowg AOY®D NG €EEMENG TV TOALEOVIKOV OAAD Kol NG
dteBvomoinomng Tov IKpOTEPMOV EMEPNCE®V (LECH TV e€aymy®V) 1 omoia £YEL G
OTOTEAEGLLOL TOV EMAVATPOGOLOPIGUO TOV TOTOL TTapaywyns (eONvATEPa £PYOATIKA) Ko
EMEKTACT TOV SIKTVOL Stavouns. Emmpdcbeta, 1 e£EMEN g Te)voroyiag dievkoAvveL
o€ peydro PBabud v dwayeipion mopayyeAidv, arobkevong kot anoctoAng. TToAAEC
QOpPES, TEAOG, N Tapoy®yN Kab{ioTaTol o GLUEEPOLGO OIKOVOUIKA €6V peTaPePOEel
nAnociotepo. oV ayopd otnv omoia amevBiveron (AOyo g pelmong v
LETAPOPIKAOV) N €6V TO KOGTOG NG eivar Onvotepo oe GAAeg meployss (Ady® m.y.

EOIKAOV O10TAEEWV Y10l ETEVOVGELS).

1.3 Iledio epappoydv tov logistics
To evpog epappoydv twv logistics elvar 1000 peyddo o6mov Bo pmopovoe va

oyvpLotel Kaveig 6Tt umopohv va epaprocTtovy o€ kKaBe 100G emyelpnoels.

Evdeiktikd xdmoleg mepumtdoelg 0mov 1 dwxeipion tov logistics sivor kpioung
onpaciog teptiapfivouv:

= AcBevopopa (Xmpohétnon kot dpopordyLa)

= Ymnpeoieg extdktov avaykng (Apeon Apdon, [TupocPeotikn)

= ApOULOAOYLO OTTOPPLULOTOPOPOV

= Apopordyla pécwv PolIkng LETOPOPAS

= XwpoBétnon kot ywpotatio vosokopueimv

= Opyavoon Olvumoxk®v Aydvov

= 2IPOTIOTIKEG EMLYEPTOELS
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Y& IKPOOKOVOUIKY] KMpaka (A.x. o€ pia etanpio) o logistics £xovv dtaitepo LeEYAAN
onpocio ywri amotedodv 10 15% — 25% 7100 OULUVOAIKOU KOGTOLG (KOGTN
amofnkevong, dwakiviong kAm.). Emmpocheta, amotelovv Pacikdtato otoryeio yio
TNV OVTOYOVICTIKOTNTA TG €Taipioc. Av, ylo Topadstyla, 1 T TOANoNS Tov 1010V
TeMKoD TTPoidvtog, HETaEL 000 etaupudv, eivor m 1dw, tOTE M €TOpion OV Oa

KOTOPEPEL VO, EMTOYEL GUVEYT] POT| TPOG TOV TEAATN OTOKTE GLYKPITIKO TAEOVEKTT O

Av ka1, 0TS avaQEpae Topamdve, o logistics pmopovv va epaproctody oe kibe
€100Vg emyeipnon, T0 HEYOADTEPO LEPOG ALPOPE EMLYELPNGELG TOV dPOGTHPLOTOLOVVTAL
OTNV €QOOLOCTIKY 0AVGIO0 (EUTOPIKES, UETOPOPIKES, £Tapieg amodnkevong KAm.),
ave€apTNTMG TOL OIKOVOUIKOV TOHEN OTOV 0moio avikovv. O 0pog €POSINCTIKY
aAvcioa TepLypaeel T0 TAEYUO JOOIKOGLOV TOL OTOLTOVLVTOL AOGTE €va, TPOIdV v
nePAoEL amd TN GACT NG TOPAY®YNG 0T eAcn g Katavdiwong [1]. Meta&d tov
dwdwacov oty Eeyopilet N mapaymyr, M Tvmomoinom, M omobnKevomn, 1

dwakivnon Kot 1 016001 ToL TPOTOVTOC,.

Onwg yivetar gokolo avtiinmto, logistics kot €podOOTIKY 0ALGIO0 GLVOEOVTOL
appnkta. o to Adyo avtd mOAAEG QOpEC Ol 0VO £€VVOlEG CLYXEOVTOL 1) OKOUN

YEWPOTEPO BEMPOVVTOL GLVAVVLLES.

2NV TPOYHOTIKOTNTA, 1) EPOJACTIKY 0Avcida ival To Pactkdtepo medio e@apULoYNC
tov logistics, ta omoio amotelobv 10 Pacikdtepo (NTOLUEVO Yoo TNV EMLTLYIO TOV
dwdkacidv c. Ta logistics mapéyovv OAEG EKEIVEG TIC OMAVINGELS GTO TAOC TPEMEL
va opyavewbodv ot dadKacieg ™G €POJICTIKNG 0AVGidas (Tpdmog dlakivinong,

oLYVOTNTO TAPUOOCEMV, OPOpOAdYLa KAT.) [1].

1.4 Awyeipion Tov logistics

H dwyeipron tov logistics apopd tpetg peydrovg topeic [2]:
=  Topéag oxed1GHOV
=  Topéag eréyyov

=  Topéag extéleonc
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Ta 6époto Tov KEAVTTOVTOL GTOV TOUEN TOV GYXEOOGHOV gival Ta akdAovDaL:
= ZTpoTnyikn

= Xpovikdg opilovtog

=  Movdda drakivnong

= Yvokevaoio

= Kavédio dtoavoung kot LeETopopas

= AplBudg popTNY®V KO KEVIPWOV OLOVOUNG

=  TomoBecia KEVTIP®V S10VOUNG

= Teyvoroyia

= Avaxdkimon

Ot onpavtkoTepeg OTPATNYIKEG OMOPACELS TOv TPEMEL va. AneHovv Katd Tov
oxedlocpud eivor petad GAAwv o Kabopiopds tov apBpov, g 0éomg Kot Tov
peyédoug tv amofnkmv, to cvotnua amodnkevone mwov Ba vioBetnBel, N TOALTIKN
mov Ba akoAovOnbel (amobnkevon mPpOTOV VAOV 1/KOL TEMKOV TPOIdVI®V), TO
eMMEdO TOV OLTOUATIGUOV KAODS Kot ot HEBOOOL HETAPOPES TOV TPMOTM®V VADV Kot
JVOUNG TOV TEAK®OV TPotovtwv. Kamoleg amopdcels TaKTIKAG 0popovV GTIG AYELS
anopdoewv yoo Bépata Ommg M evowkioon M 1 ayopd amodnKdV Kot QOpTNY®V
OTOGTOA®V, 0 €E0MMGUOG Katl M 01dtaén Tov anodnk®v kKA. Avtictoyo mpénet va
ANPOoVV Kol KATOEG SUVAIIKES OTOPAGELS OTTMC, Y10, TOPASELY A, O KOOOPIGUOS TOV
apBpo TV epyalolEVaOV KoL TOV EPYOTOMPM®Y, Ol MPES AEITOLPYING TV amodnK®V,
T OPOUOAOYLOL POPTNYDV, Ol TOPAYYEAEG TPAOTM®V VAGDV, TO VYOG TOV amofeUdTmOV, 0
kaBopopdg  amodektng oTdOung mowTNTOG TEAIKOV  mPoidvtog, kabopiopdg

TPOYPOUUUATOV GLVINPNONG EEOTAIGUOD KAT.

Onwg yivetar avtiAnmtd o oyedoUOg TOV GLGTHUATOS 0dNYel ot Aym 1aitepa
coPapmdv amoPAcE®V Ol 0moieg £YOVV 1OYVPO OVTIKTUTO GTN AEITOLPYIKOTNTO TOV
OLOTNHOTOG KOl GUVETMG TOL TEAMKOD KOGTOLG Kol Gpal KOl TOV GUVOMKOD KEPOOLG,.
21 @Aaon Tov oYeOGHOD TOAAES POPEG KpiveTan TEAESIOKA 1 PLOCOTNTO HLOG
enmyeipnong. O oTpatNyIKOc oxedlacUOC elval 1 oNUAVTIKOTEPT £pyacio HEGO GE Lo
emyeipnon. Eivor advvatov va vmapEel metuynuévn emyeipnon yopig otpatnykod
oyxedtoopo. Tletuymuéveg emyelpnoelc, e LYNAN KEPOOPOPIN, Ol OTOieg ayvoohv TNV
£VVOl0. TOL OTPATNYIKOD GYESGHOV, GTNV TPUYUATIKOTNTO TOV £XO0VV €PUPUOCEL

mBavotato dStoncONTIKd.
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Avrtiototya, To OEpoTo TOV HEAETOVTOL GTOV TOUEN TOV EAEYYOV Elvat:
= "EAeyyoc epappoyns Ko anoteAecUdTmv

= Jlopayoywdma

= Koot kot képon

= E&umnpémon mehatdv

= TIowoTKOGg Kol TOGOTIKOG EAEYYOG

= Awpkng amoypaen

= Adyol actoyiog

= A&oAoynon avioyovicpol

= A&ioAdynon mpocomiKoy Kot EE0TMGHOD

= 'Eleyyoc amoBepdrov

O éleyyoc Tov cvoTNUATOG YiveTal Yoo V0 AdYoLS. Apykd eAéyyetol Katd OGO oL
EVIOAEG TNG emyeipnong eoaprooTnKoy cwotd. O EAeyy0c aTOG Elvol TOGOTIKOG Kot
mo10TIKOG. O 3€0TEPOC KOl CNUOVTIKOTEPOG GKOTOG TOL EAEYYOV QPOPA GTNV EMTLYIN
TOV GUGTNHLOTOS OV GYEOIAGTNKE GTO TPONYOVUEVO GTAS0. Q¢ KpLThplo. amdd0oG,
eKTOC omd 10 KEPSOG, Pmopel vo €lvol TOWOTIKA KPLTAPLO. TOV SLUOPPDVOLY TNV
ewova g emyeipnong owypovikd. O €Aeyy0og TOL GULOGTNUATOS TPEMEL VO Elvarl
oLVEYNG KO VL apopd e OAEG TG Pdoelg amobnkevong kot dtokivnong. OvclacTtikd,
0 éAeyyog €xel otoéxo TV ASOAOYNOTN TOV OTOTEAECUATOV, (OCTE VO YIVOLV Ol

amopaitnTeg SoplTiKég EMePPAGELS GTO GCVGTN LA

Téhog, ov kabdnuepwvég epyacieg, ol omoieg oTNV TPOYUOTIKOTNTO TOVTICOVTOL LE TOL
otoyyeio TG dyeipiong Tov logistics, ivor o1 e&ng:

= Ot ayopég (el00¢ TpdTOV VA®V, TPpOoUNOevTEC)

= O petapopéc (KOGTOG HETAPOPAS TPAOTOV VADV)

=  H amoBnkevon (mpoPreymn ydpov Kot KOGTOS amofnKevons TOYLOV TPOIGVTOG)

* Toa anmoBépata (TocoOTNTA KO YPOVOS 0lYOPES TPMTMY LAGDV)

= Ot dvopés (KOOTOG Kou YpOVOC HETAPOPES TOL TEMKOV TPOIOVTOS GTOV

KOTOVOAW®TY)

H extéheon tov epyocidv twv logistics a@opd, OLGLOCTIKA, TNV EKTEAECT TMV
EPYACIAOV TTOV ATOITOLVTOAL 6 KaBnuepv Bdon dote To TEMKSO TPOIOV Vo PTAGEL Omd

tov mpounBevty otov tehkd ypnotn. To telkd amotédecpo e€optdtor amd TNV
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OoMWOTH EKTEAEST] TOV Epyact®v. EmmAéov katd to otédo avtd avripetonilovior oo
exetva to Oépato to omoio dev elyav mpoPrepfel cwoTd kaTdA TO GTASO TOL
oyxedtoopov. Katd kamolo 1pomo 610 6Téd10 0vTo Yivovtal ol terevtaieg 010p0mTIKEG
KIWVNGELS, HECH amd TS KOOMUEPIVES €pYOcies Kol OmOOEKVVETAL QPEVOS 0 Babudg
KOTO TOV 0010 01 apyIKol 6TOYOL TNG EMYEIPNONG ElvaL PEAMGTIKOL KOt OPETEPOV EQV

TO KOOTOG VAOTTOINGMG TV GTOY®V AVTAOV £lval avtd To 0moio lye ekTyunOel apyikd.

1.5 Asgrtovpyieg gvog ovotipatog logistics
Edv emyepniost xavelc po adpn  KOTNyoplomoinomn TV AEITOLPYIOV  €VOG
oAoKANpoUEVOL cuoTiatog logistics pmopel va drakpivel dvo katnyopies. Tig kupieg

KOl TIG GOUTANPOUATIKEG AetTovpyieg [2].

O1 k0peg Aettovpyieg evog ouotiuotog logistics cuvoyilovtal 6TIC TaPAKATO:
= H petagopd kot n dtovoun tpoidvtwv
= H dwyeipion tov omobepdrov

» H enekepyaocia tov mapayyehov

Ot copuTANpOUATIKES AelTOVPYIEG:
= H amoBnkevon

= H dwokivnon vAikov

= H npocrtatevtikn cvokevacio
= Ot mpounBeteg

=  H minpoeopiaxn vrootnpién

H dwyeipion tov logistics (logistics management) sivor peiCovog onuaciog. Xtnv
TPAYUATIKOTNTO TPOKELTOL Yo U0, OldKacio. e OTOYO TNV 1KOVOTMOiNoTm TV
EMYEPNOOKAOV OTOY®OV PE TO HKpOTEPO dvvatd Kootog [3]. TToAd emypappatikd,
epovtilel ®ote vo PpiokeTol To cGTO TPOidV, GTN GOOTH TOLHTNTA GTO GMOGTO TOTO
Kot ¥pOvVo e TO LIKPOTEPO KOGTOC. Me v vvola «IKpOTEPO KOGTOCH dev gvvoeitan
10 HKpOTEPO dLVATO (0AKO BEATIOTO) KOGTOG OV pmopel va emitevyBel, aAld oTO
eMdy1oto (TOmKO PEATIOTO) KOGTOG Yoo Hiol, OPYLKE OPIOUEVT), OMOOEKT] OTAOUN

TOLOTNTOC.
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Ta kvpidtepa molotikd orotyeio ¢ dwyeiptong Tov logistics eivar peta&d GAAwV, N
dwbeopdmra, N duvapkdtTo Kol 1 ovvéneld. Mg v évvoln OlabfectpuoTnTo
EVVOOVLE TNV 1KAVOTNTO TOL GLOTHLOTOG VO O100€TEL 6€ KADE YPOVIKY OTIYUn 1KOVO
amofella TPAOTOV LADV Kot TEAIKOD TPOTOVTOG MGTE VoL ELTNPETOVVTOL TOGO O TOUENS
napay®wyng 660 kot o TeAKOS ypnots. H dvvapkdémto agopd oty emitevén
KOVOTTOUTIKNG TOYVTNTOG EKTEAECTG TOV TTopayyeEM®V o€ Kabnuepwvr| Baon. Téhog N
OUVETELD, AVOPEPETOL GTNV SVVATOTNTO TOV CLGTHHOTOG VO, TOPEYEL TEMKA TPOIOVTOL

gyKaipmg Kot 6T 6MGTH TOdHTNTO GTOV TEAKO PNOTN.

Ta logistics cuyva oyetiCovtot pe:
= JIpoPApota yopobétnong:
- Eykaraotacewv (Facility location problems)
- AmoBnkevtikdv ydhpwv
- Kévrpov davoung
= JIpoPApota emloyng dadpoung oxnuatov (Vehicle routing problems)
= JIpopiqpata oyedracpod dpoporoyinv oxnudatov (Vehicle scheduling problems)
= [IpofApato TowTOXPOVNG EMAOYNG OLOPOUNG Kol GYESOGUOD JPOLOAOYimV

oynuatov (Vehicle routing and scheduling problems)

v mapovoa dttpPn peretdror Eva TpoPANUa yopobitnong eykatactacemv. 'Evag
ONUOVTIKOGS Tapdyovtag PelTiotomoinong tov d1adKacudv ping extyeipnong £yKetton
omv PeAtiotomoinon g Y®PoBETNONG TV £YKATACTACE®V TNG. APUOSI0 Yo TNV

dwdkacio ovtn tvorl To Tunpa logistics.

Ta tedevtaio ypovia Exel onpovpynBel TAN00g EUTOPIKAOV TPOYPAUUATOV AOYIGUIKOD
Y v enilvon mpoPAnudtov yopobiémmonc. Me tov TpoémO avtd 0E10TO00VVTOL
KoAvtepa ol TtexvikéG Peitiotomoinong [4]. Ta mpoPAquota  yopoBEétnong

OVOTTOCOOVTOL EKTEVECTEPX GE ETOUEVO KEPAANLO.
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2 XopoBétnon eyKoTOGTAGEOV

2.1 Ewayoym

H yopobémmon eykoatactdcewv (facility location), yvwot) kot ©¢ avdivon
yopoBétnong (location analysis), anoteAel £va KAAOO TG EMYELPNCIOKNG EPEVVAG TOV
dmteton TG LoONUOTIKNG LOVTEAOTOINONG KOt TG EMIAVGONG TPOPANUATOV GYETIKA e
mv tomobBétnon eykatactdocwv. H ywpobBétmon towv eykatactdoemv yivetar pe
TPOTO OOTE VO, EAOYIOTOTOOVVTAL THOVA HETAPOPIKA KOOTN, VO OTOPEVYETOL M
Ton00ETNON EMKIVOLVOV DAMK®OV KOVTO GE KOTOIKNUEVES TEPLOYES, VAL EMTVYYAVETOL

OLYKPITIKO TAEOVEKTILOL EVAVTL TOV OVTOYMVIGLOV KAT.

‘Eva anAd mpdPfinua ywpobétnone eykotactdoewv eivar to mpoPfinuo Fermat —
Weber 6t0 omoio kdfe po eykatdotaon tomobeteitor pe HOVAOIKO KPLTHPLO TNV
EAAYLOTOTOINON TOV ATOCTAGEWV Ao £va dedopEVO chvoro onueiwv. ITio moAdmrioka
npoPAnuato  meptlapupdvoov TV  TomoBETNON TOAAATADV EYKATOOCTAGE®V, L€
TEPLOPIOUOVS oTIS Tomobesieg eykatdotaong kabmg kor mo ovvBeta Kprrmpl

BeAtioTomoinomnc.

To mpéPinua g yopobétnong &yKatacTtdoe®v o1 PaCIK) TOL  JTVTMOT),
amoteleiton amd éva cOVoAo mOavaV BEcemv OTOV Umopel vor AELITOVPYNCEL L VEQ
gykatdotaon Kabdg Kor amd €va cuvoAo onueiov {Rmong Tto omoia TPEMEL Vo
egummpemBodv. Ztdyog g ywpobétmong elvar m emMAOY] €VOC VTOGLVOLOL
EYKOTOGTAGE®V TPOKEWEVOL VO ehaylotomombel T0 GUVOAO TV OMOcGTACE®V KAOE
onueiov {Nnong amd v TANCIECTEPT EYKATAGTACT] LLE TOVTOYPOVT] EAOYIGTOTOINOT

TOL KOGTOVG EYKATAGTOONG.
Ye yevikKéG ypappéc, €va mpOPAnuo yopoBEtnong amoteAel TPOPANUA KATOVOUNG

moOpwV. Xe mePIMTOON 7OV pio 1] TEPICGOTEPES €YKATAOTAGELS eSumnpetodv Evav

aplpd melatov KpiveTol OKOTIHO 1 Y®wpobBETon Tovg va yivel Le TPOTO MGTE Vo
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EMTLYYAVETAL 1 KOTA TO SuvaTOV KOADTEPN KOU TOYVTEPN OlOVOUN TOV TEMK®OV
nmpoidvtwv. Eav vépyovv non kamoleg vTodopES T0 TPOPANUA EYKEITOL OVCIACTIKA
ot MY1 OTOPACE®V GYETIKA UE TNV TOTOOETNON VEOV £YKOTAGTAGEWV, UE TPOTO
®ote 10 Olktvo g&ummpétnong va Asttovpyel wavomomtikd. Edv avtd dev eivan

JuVaTOV amoLTEITO TANPNG EXAVOTYEIIAGUOC TOV OIKTVLOV.

[T ovykexpyéva, avtd mov eEetdlovv Ta TpoPfAnuata ywpobEong ivar 1 edpeon
™G KaAVTEPNS Béomc Yy pio 1 TEPIOCOTEPEG EYKATUGTAGES OV PEATIGTOMOOVV
KOO0 6TOY0. AVTEG Ol EYKOTAGTAGELS UTOPOVV VO TAPEYOLV TNV VINPEGIO TOVG GE
€va 0€00UEVO GUVOAD TEAATMV, | UTOPOVV VO OVTOYMVIGTOVV UE AALEC ETLYEIPNCELS

Y10 VO TPOGEAKVGOVV TTEAUTES KAT.

Ta mpoPAnpata yopobétnong dev eivar 6Aa idwa. Atapopomolovvial avdioyo pe TV
@Oon Kol Tov aplud TV EYKOTOCTAGEWV, TOV TPOMO HE TOV OMOI0 UETPLETAL M|
andotacn, TV Vmopln mEPOPICUOV Yo TIG Tomobecieg Kou TV QUOTN TOV
napopétpov. [a v enidvon Tov TpofAnpdtov avtdv ypnopomoteitot Eva peydio
€0POC TEYVIKMV, OO cLVOVACTIKEG HeBOSOVG EMG SAPOPES OVOAVTIKEG, OKOUN KoL

EVPETIKEG TEYVIKEC.

2.2 Xdvroun 1oTopIKI| avodpopi

Edv emiyeipioovpe pio cuvtoun 16toptkn S1adpopun 1 TpmTn EQAPUOYT TPOoPANUaT®V
yopobétnong oe Propnyoavikd eninedo viomomdnke and tov Alferd Weber 1o 1909. O
Weber peAétnoe v onuovpyio piog amodnkng pe okomd tv eloyiotomoinon g
AmOCTAGNG TNG Ao €va cLVOAO Ttehatdv. Alya ypodvia apydtepa, to 1929, o Hotelling
acyoAOnKe pe TV YOPoBETNON VO AVIUYOVICTIKOV HETAED TOLG amodnKodv ot

omoieg Ba tomoBeTovvTav 6ToV KEVTIPIKO dpOpo piog TOANG [S].

Ta tehevtaio xpovia, og évo Pabud Kot o emakdAovBo TG TOYKOGHOTOINGNG, 1
EMAOYN TOV TOMOBEGIOV Y10 TNV YOPOOETNOT EYKATAGTAGE®V YIVETAL OAOEVO KO TTLO
mepimhokn owdikacia. EmmAéov, n emdoyn pwog vroPértiotng 0éong pmopei va
amodeyBel waitepa kootofopog. Ta mpoPfAnuata ywpobétnong avikovv otnv
gvpltepn Katnyopia twv NP-hard cuvvdvaoctikdv mpofAnudtov Peitictomoinong,
YEYOVOG OV cLYVA KaBGTA TNV emilvon Tovg apkeTd dSVoKOAN dadikacia.. [ o

AOyo avtd €xel omuiovpyndel mAnBog mpoceyyioTIK®V aAyopiBuwv yoo v emilvon
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TOVG, €V VTAPYEL OPKETO mAovGla PBifAloypagic. 6Tov TOUEd TNG EMUYEPNOLOKNG

épeuvag.

2.3 IMopadeiypota €Qoppoydv Tov apofinpatov yopoditnong

Kamowo mapadeiypota ympobEétnong €ykoTaoTACE®V AmOTEAOVV HETAEL GAA®V M
yopobétmon tpomel®dv, oyoieiwv, oTOOUOV OYMUATOV  EKTOKTNG  avAYKNG,
aepodpopinv, voookopeimv. Xe OAeC TIG AVOTEP® TEPMTMOCELS LOVAOIKOG GKOTOG
etvar n ehaytotonoinon ¢ SOPOUNS HETOED TOV EYKATACTACEWDY KOl TMV TEANUTMOV

OV OVTEC EEVTINPETOVV.

Ta mpoPfiquota yopobiétnong Ppiokovv £paployn KOl GE OVIOYMVICTIKES OyOpEC,
omwg Bevivadika, covmep papket KAT. TELOG, oplopéveg Popég e1cdyovTat Kot GAAOL
TEPLOPIOUOT OTTMG Y10l TOPAOEY LA TO YEYOVOG OTL KATTOLEG EYKATACTAGELS EVOEXETOL VO
Bewpovvtor avemBounteg. Ilapadetypoto TETOIWV €YKOTAGTAGE®V &lval o1 Ydpot

VYELOVOLUKNG TOPTG ATOPPLUUAT®V, 01 QLAOKEG, Ol KEpAieg KIVIITNG TNAEP®VING K.6L.

2.4 OzopnTiki Tpoctyyion

H onovpyio evog amotelecpatikod cvotiuatog olayeipiong mpodmobétel tnv
EMAOYN TOV KATAAANAOL Y®POL GTov omoio Ba dnuovpynbovv pio | TEPLGGOTEPES
gykataotacelg wote va euvmnpetnel pio cvykekpiuévn Kotavour meAAT®V. Avto
TPAYUATOTOLEITOL KOTO TOV oTpatnykd oyedopno. H emdoyn tomobecioc yio v
onuovpyia piog eyKaTaoTooNS, OTMG VO EUTOPIKO KATACTNUA 1] £VOC AmoONKEVTIKOC
XDOPOG, KOBOPILEL ONUAVTIKA TV ETTUYNUEVT] TOPOYN TOV VANPECIOV YO TIG OTOTES
oxeddotnke m eykatdotoon ovt). Emiong, efortiog tov KOGTOLG OMOKTNGONG
WOKTOol0g Kol TV DYNA®V  KOTOOKELOOTIKOV — €£00mv, 1 ywpobétnon
EYKOTAOTAGE®MY AVIUPOCSHOTEVEL HoKpoypdvieg emevovoelc. Emopévac, yio va etvon
EMTUYNUEV M AElTOoVPYlR TNG €YKATACTOONG KOl 1) €MEVOLCOT TOPOYMYIKY, &ivor
amopaitnTn 1 Slpdpewon piog opforoyikng dadikaciog AYng amopace®y 1 omoia
Ba eotidlel GTOVG CNUAVTIKOVG TOPBEYOVTEG KOl TO XOUPUKTNPIGTIKA OV €mnpedlovv

TNV amod0TIKOTNTO TNG EYKOTAGTOCNC.
H avédivon yopoBétnong agopd v avamtuén HaONUATIKOV TPOTUT®V Kol

alyopiBumv tomobétnong eykotactdce®mv kABe TOMOL GE YOPIKO M YEOYPAPIKO

nepifairov. H yopobétnon tov eykataoctdcemy yivetorl pe TETO0 TPOTO MOTE VO
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wavomoobv v {fnon, v KdAvyn TEPLOY®V, TOV AVEPOSIGHO, 1| OKOUN Kol Vo
ovoyetiCovrotl pe v Ymapén GALOV £YKATOGTACEDY. e TETO0V €100VG TPOPALATA,
n 0éon ¢ eykatdotaong ondvia e£etdleTon HEHOVOUEVO MG TTPOS TO. AELTOVPYIKA
YOPOUKTNPLOTIKA TNG SLYKEKPUEVTG eykatdotaong (facility layout). Zvvnbwg, n 6éon
™G €YKATAOTOONG OYeTileTon pe TNV avamtuén Kot To OYeEdoUd €VPVTEP®V
CLOTNUATOV HE PACTN TNV KOTOVOUN TOV TOP®V TOL GLGTNUATOS TOv eELMNPETEL.
AvoAvtikdtepa, 01 TOPOL TOL GLGTHUATOS £ivat Ta. oTABEPA ONUEID TOV CLOTNHUOTOG
T0L OTtoi0L, OVOAOYX e TO TPOPAN L, OVTITPOCHOTEVOVY AALEG EYKOTAGTAGELS, 0YOPEG T
KOTOVOAWTEG, OQPETNPIEG 1| TPOOPIGUOVG, HE TOLG OMOIOVG OAANAEMOPE M pio 1
MEPIGGOTEPES EYKOTACTAGEIS TOV TPOKELTAL Vo Y®poBetnBodv [6]. O yevikevuévog
0po¢ mov mePtypdeel avtn TNV Odtkacia avaltnone BEcewv Yo £YKOTAOTAGELS
péosa oe olkrva géummpétong eival yvootdg og mpofAnuata yopobétnong —
katavopmv (location — allocation problems). Xta moapamdve mpoPfAnpata {nteitotl n
Y®PoBETNON KEVIPOV €ELTINPETNONG GE JOCUEVO YMDPO, ETCL DGTE VO KOAVTTETOL ™

{ftnom 1oV y®Po avTd LE TOV KAADTEPO dLVATO TPOTO.

Ta wpofAnpata yopoHETNoNg — KATAVOUDY GTNV KAOGIKY] TOVS LOPPT SLOTUTMVOVTOL
ooV TPOPANUOTO YPOUUIKOD AKEPALOV TPOYPAUUATIGHOV. To Tapoamdve pobnuatikd
mpdTLTTOL £Y0LV  €VPVTATN YPNON OC€ OEHOTA TPOKTIKOV EPOPUOYDOV Ol OTOlES
oLVOLALovV £peuva amd OLPOPETIKES OKAONUOIKEG TEPLOYES, OTMOC M YEWYPOPia, M

EMYEPNOLOKT] EPELVA, O AGTIKOG KOL O TEPLPEPELOKOS TPOYPAUUATIGUOG.

2.5 MeOoodoroykn mpocéyyion

H yopoBémon eykoatactdoemv amotedel €va moAvdidctato mpoPAnua, to 0omoio
amortel O10POPETIKN TPOGEYYIoN Yo TV €MTELEN TOV EMBLUNTOV GTOYWOV avAAoYQ
HE TNV TOAVTAOKOTNTO TOV EMXEPNOIOKOD TEPPAAAOVTOS KoL TNV omapoitnTn
TPOGOPUOYY OTIG GLYKEKPIUEVEG ovaykeG ToL mpoPAnuatoc. H pebodoroyio mov
epappoletat, apyikd tpodTobETEL TOV TPOGOOPIGUE EVOS GLVOAOL TOTODEGIDOV Y10 TIC
povadeg eéummpétnong pe Poon yopikd Kotoveunpéves mpoimobécels, evod

ouvéxel PEATIOTOTOOVVTOL KATOL0L GLYKEKPIUEVO LETPTGLOL KPLTHPLOL.
To pebBodoroywd miaiclo mov MPOTEIVETAL Yol TNV TPOCEYYIoN TOV TPOPANUATOV
ywpobétnong cuvoyiletar ota akdAovba Prpata [7]:

1. Kotavénon kot kaBopiopog tov mpoPAnpuatog
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Avantoén tov avtioTotyov HoVTEAOL (EVVOLOAOYIKN KO TOGOTIKT))
Avdivon tov HovTEAOL

A&loldynon 1oV anoteAecUATOV

A

Extéleon tov anoteleopdtov

To mo onuavtkd onueio oy dadikacia eniAvong poviédmv yopobEétong lval N
EMAOYN] TOV KATOAANA®V KPUTNPiOV KOl TNG OVTIKEWWEVIKNG ocuvaptnong mov Oa
BeAtiotomotel ta kpurmpro avtd. H @don tov opyaviopod mov Ba acyoindei pe 1o
TPOPANUa, KOOGS Kot 1 eOon TV povadmv eEumnpémong copPfdiiovy onuavTikd
OTOV GYNUOTIGHO 1TNG OVTIKEWEVIKNG ovvaptmons. H ddkpion avapeoco oty
eCumnpétnon WOTIKGOV 1 ONUOCIOV OVOYKOV KOO1oTA £vov TPAOTO Ol0®PIoUO OF

avtd 10 TPOPAnua [8].

H yopoBémon tov povadov eiummpétmong otov mtikd Topén, Ommg £va
KOTAoTNO, pio arobnkn 1 évag otafuog eEummpémong TeAat®v, yivetolr cuvnbmg pe
TETOL0 TPOTO DGTE VO EKTANPAOVEL GTOYOVG OTTMOG 1) EAOYLGTOTOINGT TOL KOGTOVG 1 M
LLEYIOTOTOINGT TOL KEPAOLGS, TO. OTOI0, UTOPOVV VO VITOAOYLGTOVV GE YPNLA, XPOVO N

andoTaoT.

AvtiBeta, otov ONUOCIO TOUEN 1 XWPOBETNON EYKATACTACE®V €lval TO TOADTAOKN
emeldn oyetiCetor pe TPOPANUOTIKES KOTOOTAGES KOWVOVIKOOIKOVOUKOD Kot
TOMTIKOV YOPOKTPO, OTIG omoieg eivar OVOKOAO 1 adHVOTOV VO, LVTOAOYIGTOLV
LOVOGTLOVTO. Ol GULVETELEG TOLG. XVYVOL OTIS OMOPACELS OVTEG LILAPYEL ovENUEVN
afeforotnta, n omoio mpokvITEL gite amd TV EAAEYN SbECIUOV oTOLKEIWV Ko
caP®OG KAOOPIOUEVOV GUVETELDV, €1TE EUMITTOVY GE PILOCOPIKES avalNTNOELS GLYVA
AVTIKPOLOUEVES (ATOTIUNGT KOGTOVG OGS OIKOAOYIKNG KOTAGTPOPNS 1} VOGS BovaTov

amd aTHYMH).

[Mopadeiypato £yKatacTdce®V TOL ONUOGIOV TOUEN EVaL TOL OGTUVOULKA TUALLATO, Ol
BiProdnkeg, ov otabuol mopaymyng mMAEKTPIKNG evépyswg k.o H  vmopén
OLLPOPETIKOV OVTIMNYE®V Yo, TNV €MTELEN TOV GTOYWV OTO TPOPANUATO TNG
Y®PoBETNONG 0dNYEl 6TV HETOPOAN avTIGTOYO TOV TIOUVAOV HLOONUATIKOV TPOTOT®V

Y®POBETNOTG — KATAVOUNG OV e@approlovTat.
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H xomyopio mpofAnudrov tov 181mTikod Topéd cuVHBOE ¥PNCLOTOLEL TNV TUTIKY
oLVAPTNOT amodOoTIKOTNTOG minsum, O0nw¢ vrootnpilovv ot Eiselt kot Laporte [9].
2TIG TEPIMTMOELS OVTEG Ol EYKATACTAGELS TOTOHETOVVTOL £TG1 DGTE VO EAAYIOTOTOLOVV
T0 (GOPOIGHO TOV GLVOAMKOD KOGTOVG HETAPOPAS. AmO TNV GAAN TALLPA, OTIS
dpacTNPLOTNTEG TOV ONUOGIOL TOUEN €QPAPUOCETOL EVPEMG 1 TUMIKY GLVAPTNON
100TNTOC Minmax, OTwg Yyl TOPASELYHO 0TI X®OPOBETNON TOV HOVAdWV VYEINS, (MOTE
Vo LELOVETAL 0 YPOVOG TPOGPOCNC TOV TOMTDOV OTIG HLOVAOES EELTNPETNONG OKOUA

KO T®V O OTOUOKPVGUEVOV TEPLOYDV.

2.6 Tomowpofinpdarev yoPodLTNONG EYKATAGTACEMV
21 oyxetkn Ppioypaeia, o TpofAnpata ovaivong yopobitnong dtakpivoviot oTig
aKolovbeg katnyopieg:
= [Ipopinuarta p-péowv (p-median problems)
= JIpoPApota p-kévipwv (p-center problems)
= [IpofApata ywpoBETnong eyKATACTAGEWDY XWPIG TEPLOPIGLOVG
yopntikdtrag (Uncapacitated facility location problems - UFLP)
= TIpoPApota xopoBETnong YKATUGTACEDY e TEPLOPIGHOVG YOPNTIKOTNTOG
(Capacitated facility location problems - CFLP)
= Terpayovikd mpdPinua exydpnong (Quadratic assignment problem - QAP)

[Mopakdto Bo dovpe ywplotd KAbe pia amd TIG KATYopies avTég

2.6.1 Ipofinuazo p-uéowv

Ta mpoPAiuoata p-pécwv omotehovv £€va  dlaitepo  ypnoo epyoieio oty
LOVTEAOTOINGN OPKETMOV TPAYUATIKOV TPOPANUATOV OT®MG Yoo TOPAOELYHO M
Y®POBETNON PLOUNYOVIKOV EYKOTACTAGEWV, amodnKdV KA. To wpofAnuata p-pécmv
dwpépovy amd To. TPOPANUOTE XOPOBETNONG E£YKATACTACEDV Y®PIS TEPLOPIGUOVS
yopntikétmrag (UFLP) oe 600 onuela. Agevdg dev vmdpyel Kamowo KOGTOG
EYKATAOTOONG, APETEPOL LITAPYEL Ave OplO0 GTOV OPOUO TOV EYKATACTACEWDV TOL
UTOPOVV VO AELITOVPYHGOVY. ZTNV TPAYUATIKOTNTA TPOKELTOL Y10l TV HOVTEAOTOINGN
TOV TPOPANUOTOS EVPECTG EVOG EAAYIGTOV GLVOAMKOD KOGTOVG Kol OVIKEL GTO GUVOAO

tov NP-hard npofAnpdrwv.
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Oecowpovpe éva ovvoro mOavav Bécewv eykatdotaong I = {1,...n} yw p
EYKOTOOTACELS, éva. oOVOLo mehotmv J = {1,...,m} kou évav n X m mivaka g Pe T
KOOTN UETOPOPAG TOV TPOKVTTOLV TPOKELUEVOL va kovoromBel 1 {inomn. To
TPOPANUO p-pHécwV EyKeETol oTnV TOmoBETNON p e€yKATOOTACE®WV G 0E0EIC TOL
OLVOLOL [ TPOKEWEVOD VO EAAYIOTOTOIEITAL TO GUVOMKO KOGTOG petapopds. Kabe
meAATNG eSummpeTeital amd TNV TANGLEGTEPT AVOLYTH €YKATAGTACT. To TPOPANUQ
avTOd amoteAel TPOPANUO AKEPOLOV TPOYPOUUUATIGHLOD TO OTOI0 UOVIEAOTOLEITOL (G
edng:

n m

Z=min) Y g, (2.1)

i=l j=1

2.6.2 Ipofinuara p-kévipwv

H endpevn kamyopio mpofAnudtov meptlopupdvel to mpoPANUOTO p-KEVTIPOV. XN
MEPIMTOON OVTN, OVTIKEWWEVIKOG OKOTOG elval 1 Tomofénon  eyKataoTdoemv
npokelévoy va e&ummpetnBodv ta onueion CRTNONG e TPOTO OCTE 1 UEYIOTN TIUN
€VOC LETPOVUEVOL KPLTNpiov, OTT®G 1 amdaTacT 1 0 YPdVog, va givat 660 To duvatdv
HIKpOTEPN M HETAEL KAmol®my opiwv. Avtd elval yvootd Kol oG KPITplo minimax.
M mhoavn e@oapproyn TV TPoPANUATOV oVT®V UTopel va givon n yopobétnon Tmv
EYKOTOGTAGEMV TOV VANPECIOV EKTOKTNG AVAYKNG Ol omoieg amokpivovial o KO
emelyovoa kANnomn evtog evog kabopiopévov ypovikoh opiov. Ot mbBavég Bécelg
TOmoHETNONG VE®V EYKOTACTAGE®V EVOEXETAL Vo £xovv Tpoemideyel pe Pdorn v
dfec1UdTTO ONUEIOV EYKATACTOONC. ZVVETMOC, 1| OVOALGT UTOPEL Vo TEPIAapPaver
P ovykekpipéves 0ol and avtég, N EVOAAAKTIKA, omoladnmote B€on 1 omoio Ha

emAEYeTOL LE ELEVLOEPO N TOAAEG POPEG KON KOl LE TV O TPOTO.

[Ma va povtelomomaoovpe 10 TpoPANuUa og Bempnoovpe Eva cuvoro mhoavov Bécemv
gykatdotaonc I = {1,...,n} yi0 p €yKOTOGTACELS, £va GUVOLO eAatav J = {1,....m}
Kot Evav 1 X m TVOKO g HE Te KOGTN HETAPOPES TOV TPOKVTTOVV TPOKEWEVOL VO,
wavoromBel n (Mnom. To mpoPAnuo p-kévipov Eykeltoar otnv tomofétnon p
EYKATAOTACE®V 0€ BEGELS TOV GLVOAOV [ MOTE 1| PEYIOTN TIUN TOL KOGTOVG LETAUPOPAS
va gtvar 1 pikpotepn dvvor. Kdbe meddtng eumnmpeteiton and v mAnociéotepn

avoyt gykatdotaot). To TpdPAnpa avtd poviehonoteiton wg eENG:

Z =minmax g, (2.2)

iel  jeJ
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M. GAAN YOPOKTNPIOTIKY TEPITTOON TPOPAUOTOC P-KEVIPOV EYKELTAL OTNV
tomoBétnon p eykataotdcemv HETaEd tov mbovov Bécemv eykatdoToong Tov
ovvoAovL [ eEumnpetdvTac TO GUVOAO TEAUTAOV J TPOKEIUEVOL VO EAOYIGTOTOLEITOL 1)
péylotn amootaon petald kdbe mEAGTN KOl TNG E€YKOTAGTAONG T Omoio ToV

e&umnpertel.

2.6.3  Ipofinuata ywpobetnong ywpic mepiopiopovs YwpntikoTnTog

Yta. mpofAnpoTe YoPoBETNONG EYKATUCTACE®V YMPIC TEPLOPIGHOVS YOPNTIKOTNTOS
(UFLP) 10 x60TOG 1KOVOTOINGONG TOV OVOYK®V TOL TEANTN OamoTeEAsital amd dvo
OLVIOTMOEG. ATO éva 6Tabepd KOGTOG £YKATAGTAONG O€ Uio doouévn Béom kot amod
éval LETAPOPIKO KOGTOG. Ot yopnTikdtTeg OAMV TV €yKataotdoemy Bewpovvtan

dmepeg ota TPOPANUATO AVTA.

Ta wpoPfAnuato ywpoBEnong eyKaTaoTACEDV YWPIC TEPLOPIGUOVES YOPNTIKOTNTOGC
enpaviCovtor oty Pphoypaeioc petald GAAov kol G «amhd mpofAnuoTa
yopobétnong eykatactdoewvy (simple facility location problems), «amAd (1 yopic
TEPLOPIGHOVE YOPNTIKOTNTOC) TPoPAHaTa YmpobBitnong amodnkody / eEomAMopovy,

(simple - or uncapacitated - warehouse / plant location problems).

A&iler va onuelmdel 60TL mOALL Tpaypatikd TpoPANpaTe YOPIg EYKOTAGTAGES TPOG
YopoBEtnomn uropovv emniong va povtedomoinbovv wg mpoPfAnpate UFL. Kamowo amd
avtd To TpoPAHata eitvan petah AAA®V:

= tomoBétnon Tpanelikdv AOYOPLUCUOV

" oYedoUOG OIKTO®V

= SpOUHOAOYNON OYNUATOV

= oYe010OUOG SIKTO®V NAEKTPOVIKMOV DTOAOYIGTMV

= avaAivon 0éoung (cluster analysis)

" TPOYPOUUOTIGUOG UNXAVILAT®V

= Swyelpton xoptopuiakiov

e éva TpOPANUO YOPOBETNONG EYKATAGTACEWV YWPIC TEPLOPIGLOVG YOPNTIKOTNTOG
vrapyel évog aplpog Bécewv n kot évag aplBpdc mEANTOV M. XVYKEKPLUEVO,
Bewpovpe éva cdvoro I = {1,...,m} pe tig mbavég Béoeig eykatdotaong. O apBuog

/., 20 amotekei 1o K66TOG OPYIKAG EYKOTAGTACNG G€ e mbavn BEom Tov cuvodrov 1.
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Axoun, v, 20 etvar n péyot T yw v mopoyoyn oe kKabe 0éom. Oeswpodye,
emiong, éva ovvoro mehatav J = {1,....n} mpog eEvmmpétmon. o kéOe Cedyog (if)
EXOVpE ¢; 2 0 T0 KOOTN TaPAYWYNG KoL HETOPOPEG amd kabe BEom i oe kGBe merdtn j.
Agv vdpyel 6pro yopnTikdéTTOS Yo KAOe vmoynela Béon kot n cvvolikn {ftnon
K@0e mehdtn mpémel va kodvmteton and pio poévo 0éom. To {ntovduevo givar n evpeon
ToL apPBUOY TOV €YKATOCTAGEMV TTPOg YwpoBiétnon kabdc kot o kaboplopds Twv

0écewV OOV T0 GLVOAIKO KOGTOG EAOYIGTOTOLEITOL.

Ag Beopnoovpe Otu:
1 edv n eyxatdotaon givol avorytn,
Yi= , (2.3)
0 aAlundg
1 edv 0 meAdtng j eEummperteitan and v €yKataotoon i, (2.4)
X, = .
10 aAldg

H pobnupoatik; popeworn tov mpoPAnpotog ywpobétnong ympis meplopioprovg
YOPNTIKOTNTOS £YEL WG AKOAOVOMG:

Z= min(i X, +Zn:fciyjj
. =

i=l j=1

V.T.. (25)
Z)cij =1,jeJ

iel

X5 Y; E{O,l}, iel, jeJ
omov:
Xjj OVOTTOPLGTA TNV TOGOTNTO TOV TAPEYETAL ATO TNV EYKATACTACT) j GTOV TEAATN 1
¥ VIOJEIKVVEL €AV 1| eyKoTdoTac j lvar avoyt (v;= 1)1 oy (v, = 0)
O mpdtog MEPLOPIGUOG €lodyetanr Yoo va. gyyonbel 0Tt T0 ovvoro g {RIMomng
KOAOTTETOL OO TIG OVOLYTES EYKATOOTACELS Kol O OEVTEPOS Yo Vo eEACPAMOTEL M)
akepatdOTNTo. Agdopévov 0Tl Bewpeital mmg dev VIAPYEL OPLO YOPNTIKOTNTOG Yo
Kapio gykatdotaor, to péyebog g {Rmmong kdbe meldtn ayvoeitat. [a to Adyo

aVTd 0 TPAOTOG TEPLOPIOUOG OV AapPdvel vTdyn TV petafAntn g {fTnong.

2.6.4  Ilpofinuozo ywpobétnong ue mepiopiopois ywpntikoTnTos
Ta wpofAnpato yopPoBETNONG EYKATOCTACEWV [E TEPLOPICUOVG YOPNTIKOTNTOG

(CFLP) amotelobv 61NV ovcia pa yevikevon tov TpofAnuatev yopic meplopiopois
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(UFLP). Zg avtiBeom pe 011 Bewpovoape péxpt topa, kdbe eykotdotacn dvvatol vo
TOPAYEL TEPLOPIGUEVT] TOGOHTNTU GE GYECT HE TNV GLVOMKT Tapaymyr. Kot mapdoro
OV TO. LAONUOTIKA HLOVTEAN TV TPOPANUATOV QVTOV OEV SOPEPOLY TOAD, OGTOGO
ot uébodot emidvong etvar dvokorotepeg. Ot Mo amoterecpatikég pebodot y v
emilvon mpoPAnudtov pe meploptopons gival n péBodog yardpmong Lagrange xot 1

nébodog dnuovpyiag otnAmv wivako (matrix column generation method).

To paBnuotikd povtého pmopel vo  meprypagel ©G TPOPANUA  AKEPOLOL
TPOYPOUUATIGHOD ®G £ENG. Bewpovpe éva cuvoro I = {1,....m} pe tic mbavég Béoeig
gykatdotaons. O apBuog f, 20 anotelel 10 KOGTOG OPYIKNG EYKATACTOONG G [a
mBavr) 0€om Tov GVVOroVL 1. Akoun, v, = 0 givar ) pé€ylotn TN Yo TNV TOPAY®YT GE
KG0e B¢on. Oewpovpe, eniong, Eva chvoro meratav J = {1,...,n} mpog eEvmnpéon.
[N kaOe Cevyog (i) €xovpe ¢; =0 ta KOGTN TOPAYOYNG KoL HETAPOPAG Ko p, >0

TNV TOGOTNTO TPOTOVTOG OO TV EYKATACTOOCT) I Y10 TOV TEAATY) /.

Ag Bewpnoovpe Ot
1 edv M eykatdotaon tvar avoryt,
y,= , (2.6)
0 aAlidg
1 edv 0 meAdng j eumnpeteital amod TV €yKATdoTooN 1, 2.7
X, = .
710 oddg

To mpdPAnua xwpobBémong eykatactdoewy pe meplopiopons yopnrtikotrog (CFLP)

pmopet va ypaptel oc:

Z =min {ZZ%—XU + ch/yj}
=

i=l j=1

VLT

Zpijxij <vy ,iel (2.8)
jeJ

inj =1, jeJ

iel

X5 Y, E{O,l}, iel, jeJ
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2.6.5 Tepoywviko mpofinue ekywpnons

To tetrpayovikd mpoPinua exyopnong (QAP) opiler éva mpdfinua oto omoio n
EYKATOGTAGELS, OTMG 1 UNYOVEG Ol OToieg EYouV pon HETOED TOVS, TOToBETOVVTIUL GE 1
0éce1c TOLTOYPOVA [LE GKOTO TNV EAOYIGTOMOINCT] TOV GLVOALKOV KOGTOVS, TO Omoio
HeTpdTol ™G To Yvopevo porg amdctaons. Edv, yio moapddetypa, €xovue 1€606EpIG
UMY avEG TPog xwpobétnomn, mpokvmtovy 4! cuvdvacpol mbavav Acewv. Avtictorya,
yio éva TpOPANHa eikoot pmyavév, 20! mbovéc Aoelc omatody mepimov 2x10'
a&loroynoels. Mia tétola epyacio stvor advvatov va ekmovnOel axdun kot amd Evav
TOOTATO MAEKTPOVIKO LIOAOYIOTY| TEAEVLTOiOG TEYVOAOYiOG o€ €va €DAOYO YPOVIKO

dtotnuo (LKpATEPO TOV EVOG £TOVC).

2.7  AkyoprOpor mov £rovv ypnoipomon0si yro v enidlvon TpofAnpuatmv
XOPOOETNONG Y WPIS TEPLOPLOROVS YOPNTIKOTTAS
Ta mpofAnpata yopobétnong ywpic mePoPIoHoDS YOPNTIKOTNTOS £XoVV eEeTaoTE

extevag [10] kan &xovv yivel apketéc mpoomdbeieg emilvong Kol TpocEyyiong.

Ot onuavtikoTEPES €€ AVTMOV HTOPOVV VAL YMPLGTOVV GE SLO KVPLES KATIYOPIES.
= AxpPeig adydpiBpot (StoKAGO®ON KOl GPAYLO, YPOUUKOS TPOYPUUATIGUOGC,
amAn Ko OAn pébodog avappiynong, pEBodog yardpwong Lagrange kin.)

= MeBevpetikég pébodot

O Erlenkotter [11] avéntuée po dumAn mpocéyyion ywo to wpoPAnpe UFL. IMapd to
YEYOVOG OTL M SUTAN VTN TTPOGEYYIoT AMOTEAEL TNV ovGia Evav akpiPn alyopiBpuo,
umopet emiong va ypnoporomBel mg evPETIKN TPOKEUEVOL Vo Bpel «KAAEC) AVGELC.
O Kratica et al. éyovv amodeiel 6t o1 yevetkol adyopiBuor Bpiokovv PBértTioTeg
Moelg oe dedopéva amd v Operational Research Library pe mold tkovomomtikm
anodoon. Emiong mpotdOnkav kdmotol evpetikoi adydpifpot, ywpig ®otdGO miTuyiaL.
Ot Alves kot Almeida [12] mopovoiacav KAmTowovg alyopiBHovg TPOGOUOIMUEVNG
avOTTNONG Ol OmMoiol TaPAYoLV AVGELS VYNANG TOOTNTOG, OAAG HE  HEYAAO
vroroyloTikd kootoc. Ov Aydin ko Fogarty [13] mopovsiocav pio epapuoyn
KOTOVEUNUEVOD  EEEMKTIKOV  aAyopiBov Tpocopolopévng avomTons o omoiog

mopayel KAADTEPNG TOLOTNTOS AVGELS GE GUVTOUOTEPO YPOVIKO OACTN LA,
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Ot Al-Sultan ka1 Al-Fawsan [14] napovcioacav évav akydpiBuo tabu search o omoiog
mopdyet MOAD KoAEG AVoElG, oAAG omoutel oNUOVTIKO VTOAOYIOTIKO Y¥pOVo Kot
nmeplopilel T duvvatdtreg epapuoyns Tov  aAyopibBpov. Ot Michel kot Van
Hentenryck [15] mpdtewvav évav oiyopiBupo tabu search mopdyovtog dwitepa
e0pwotec Avoelg. O Sun [16] mapovsioce axoun o pébodo tabu search m omoia
ovykpifnke pe v péBodo Lagrange kabmg kot pe gvpetikég peBodovg mov mpotevay
o Ghosh [17] ka1 ot Resende xar Wemeck [18]. Téhog mpotdOnkav wdmoteg
TPOCEYYIGEIS TEYVINTOV VELPOVIKOV JKTO®OV Yoo TNV  emilvon  mpofinudtov

Y®OPOBETNONG YWOPIg TEPLOPIGLOVG,.

2.8 XopoktnproTikd TV Tpofinpndrov ympoditnonc
H pebodoroyia ywpobétmong e€aptdtot amd Tov TpOno KaHOPIGHOL TOL apPBHod TMV
mopwv p mov yperaleton va torofetnBovv. Ta mpofAnuata avtd yopilovior ce dVO
Kot yopieg:
1. TIpoPAnpa yopig cvykekpiévo aplBud mépwv. Xe ovTn TV TEPIMTMOOT), O
poOnpatikny SlotdTOGoT ToL TPOPALOTOS TO P OVUPEPETAL O LETOPANTY.
2. Ipopinua pe xabopiopévo ek twv mpotépwv aplBud moépwv mov Oa

tomoBetn oV 6TO YMPO PEAETNG.

Av p=1, évag povo mopog yperdletor va tomoBetnfel. Avt eivor n amhovotepn
nepintwon. Av ouwg p>1, 10Te evdgyopévmg va xpeldleTol VITOAOYIGUOS TOV
KOTOUEPIOUOD TV TEANTAOV GTOVG TOPOVG, TOV AAANAETIOPACEDV HETAED TOV TOPOV
N oKOUO KO TOV OAANAETIOPACEDV HETAED TEAATMV KO TOPMV. L& AAAEG TEPUTTOCELG
VIApYEL NOM €vog apBnog mopwv kot yperdletor va tpochécovpe eMmTALOV TOPOLG,
idovg M avtayovioTikovs. Xopoaktnplotikd moapdostypo sivor pio etoipeion otav
avolyet véa vmokataotNUaTa. AVLTO ovaEépeTol ®G VRO Opovg  TPOPANUO

yopobétnong (conditional location problem).

Onwg yivetor e0koho avTiinmtd, To TPOPANUO TOV HEAETANE GTNV TAPOLGA JTPIPN
EVIAGGETAL OTO TPOPANUATO TNG TPDTNG KOTNyopiag dedopévov Ot dev yvopilovpe
Tov akpif] aplBpd TV EYKATOOTACE®V TPOS YPobEétnor, mopd Hovo KAmoleg

mbavég B€oelg eyKaTdoTaoG.
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Kdémow povtéha emPdriiovv mepropiopods otny emdoyn g tomobeciog piog
gykatdotaons. Ot 0vo Pacikég opadeg otig omoieg £xovv tastvounel ta TpoPAnuata
YOPOBETNONG  OVOQOPIKA HE TNV  EQIKTH TEPLOYN] OTNV  ONOI0L  LITOPOVV Vo,
tonofetnBovv ot eykotactdoels sivat o e€1g:

1. Zvvem: H epwctn avt mepoyn eivor didotnpa, vrosvvoro tov R (6tov n=2
TOTE TO TPOPANUO OVOPEPETOL GTO EMIMEDO). Xe VTA T TPOoPANaTa 1 {RTnon
umopel va gppaviCetal oe omolodnmote onueio tov yopov. Ot pébodotl mov
xpnowonoovvior cvvnBmg Yo v emilvon Tov TPOPANUATOS Elvar M
YEQUETPIKY TPOCEYYION, 1M KLPTH OoVAALON Kol O [N YPOUUKOS
TPOYPOUUUOTIGUOG.

2. Awxprra: H gpuetn meployn eivor évag meplopiopévog aptipdg eVOALAKTIK®OV
Béocwv (onueiov). Avtd ta tpofiquota avalntobv doKPITEs AVCELS GYETIKA
HE TOV TPOCIOPIOUO TV BécewVv 0AAG KOl TOV KOBOPIGUO NG TEPLOYNG
evBbvng v omoia Ba EuINPETOVV O CLYKEKPIUEVES eyKataoTdoelg. H Avon
vroAoyileTon GLVNOME HE OKEPOLO TPOYPOUUOTICHO. TNV KOTNnyopio ovtn
OVIKOLV TO TEPIGGOTEPU TPUYUATIKE TpoPARpaTa, KOODS TIG TEPIOCOTEPES
QOpEC M emAoyN yivetor peta&h cVYKEKPUEVOV BEcE®V eE0NTING OIKOVOLK®MV,

TEYVIKAOV, PLOIKOV TEPLOPICUDV KOl EUTOIMV GTO YDPO.

Ev yéver, Aowmodv, ta daxprtd poviéda avalntovv v KoAvtepn tomobecio peta&y
ovykekplpévoy povo 0Bécewv. AvtiBeta, ta ovveyn povtéda emektelvOLvV TNV
avalnon Tovg 610 GHVOAD TOV YMPOL. ZTNV Tapovoa epyacio Bo meploploTOvLE

OTN UEAETN SLOKPLTMOV LOVTEA®V.

"Eva and ta duskordtepa mpofAnpaTe Tov KaAohvTot Vo EMAVCGOVY T TPOPATLOT
yopobétnong eivan 1 kKatavoun g {ftnong. o to Adyo avtd 1 vrd eE€taom meploym
yopiletoar og HKPOTEPES LIOTEPLOYEG OTIG omoieg vroAoyileton  {ntnom. Me tov

TPOTO OVTO AMAOVGTEVETAL OPKETA TO SIKTLO SLOVOUTNG

EmumAéov, ) ekt meployn yopobétnong evdéyetal va elvar Eva diKTvo. Xg avTn TV
mepimtwon ot kOpPor M Ta onueld kATA UNKOG MHiog TAELPAS €VOC SOCUEVOL
ypaeruatog etvar mBavry Béom. Qotdco, avtd eivar éva kKowd mPoOPAnuo otnv
TPOKTIKY] TNG XWPOOBETNONG £YKATACTACEWDV EMEWN Ol TEPLOTOTEPEG MO TIS BEoElg

eCaptovral dpeso omd v VTaPEN KATO0V SIKTVOV (LETAPOPAS, TOPOYNG EVEPYELS),
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ToVv omoiov M eméktaomn pmopel va givar adbvotn 1 owovopkd oacvpeopn. Ta
TOPATAVE EYOVV OC OmMOTEAECHO 1 peAETn Kou 1 avolrtnon vroyneuwv Bécewv
YOPOBETNONG Vo yivetal oTa €0MTEPIKE onueia evog M TEPIGSOTEP®Y SIKTH®OV
napoyng vanpectdv. H pedém ko n enilvon avtdv tov tpofAnudtov oyetileton pe
mv Bewpio YpoenuaToOv. Xe S10QOPETIKEG TEPIMTOGELS, mePLopilovtag T mBAvES
0éoeic eykatdotaong oe €vo memepacuévo aplBud tomobecimdv, to TPOoPANUOTL

SkTO®V e€eTdlovion Gov amAd O1KPITOV TOTTOV TPOPANLATA.

Edv eEetaotel o TpoOPANpHa oYETIKA PE TIG OAANAETIOPAGELS TOV TPOKAAOVVTOL GTOV
mePPAALOVTO YDPO amd pio ardeact xwpoBETNong Kal, TO GLYKEKPIUEVO, GE GYEON
HE TOVG TOMTEG OV OEYOVTIOL TIC EMOPACES TNG EYKATACTAONG, TOTE VTAPYOLV
TEGGEPLG EMAOYEG (OC TPOG TOV XOLPOUKTNPIGHO TOVG [9]:
1. Embountég eykotaotdoelg eivor avtég ywo TIG omoieg ot evOlapePOUEVOL
Katapdrovy mpoonddeia va “tpafrnEovv”’ avtn TV EYKATACTOCT KOVIA TOVG,
Omm¢ €va TapKo N Evag oTabog Tov UETPO.
2. AvemBdunteg eykataotdoelg eivol avtég Yoo TIG Omoieg Ol TOAMTEG QGKOVV
TEGELS Y10, TNV OGO TO dUVATOV UEYOADTEPT OTOUAKPVVGCT] TOVS, OMWS EVOG
ADPOS VYELOVOUIKNG TAPNS OTTOPPIUUATOV.
3. Mepwmg emBountés Kot PEPIK®MG aveMBOUNTEG EYKOTACTACELS €lvOl OVTEG
mov BewpoHvtal YPNOIUES OAAL ATOPEPOLY EVOYANOT OTOV Ppickovtol TOAD
Kovtd o€ Katowkies. TEtoleg eykataotdcels unopel va eivar Eva vosokopeio M
éva aepodpopto. Ot eyKATOOTAGELS AVTES BE®POVVTOL OVOYKOIES KO XPTCUES
oAAG TovTOYpOVO cuvogovtal pe avénon tov BopHPov kol KLKAOPOPLOKE
mpoPAfuato. Xe ovT TNV TEPIMTOON EMOUOKETAL 1) HEYLOTOMOINON TNG
OOCTAGNG TOVS OO TOV KOVIWVOTEPO GTNV EYKATACTOGCT TOALTH, Yio AOYOLg
evoyAnong, kot 1 €loyloTOmOinon NG OMOCTOCNG TOVS Omd TOLG TLO
OTOLLOKPLGUEVOLG TOMTES Y10l AOYOLG TPOCPacIUOTNTOG.
4. Addpopeg eYKOTACTAGELS EIVOL OVTEC Y1d TIG OTOLEC eV aoKeiTol Kopio mTigon

OtO TOLG TOALTEC.

Me Bdaon 10 yopaxtnplotikd TS gyKatdotacng Koabopilovior ot 6TOXOL TOL

mpoPAnuatog Kat kotd cuvénela kabopiletal To pabnuotiKod TpoTLTo ETIAVOTG.
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2.9 H onpoaocio g emioyng TV 0E6E®V £YKATACTAGNG

H emioyn g 0éong eykatdotoaong sivonr peiovog onpaciog yio po emxyeipnor. H
€YKATAGTOON TOGO H0G €TAPlOG OGO KOl HoG OmoONKNG 6 [o cuyKekpuévn Béon
TPoVTOOETEL TN JECUELOT CNUAVTIKAOV TOP®V KOl OTOTEAEL HLOKPOYPOVIO, ETEVOVON
yio v emyeipnon. H emdoyn g 0éong emdpd oe onuoviikd Pabud 1660 ota
otoyeio KOGTOVG OGO KOU GTO. TOLOTIKO YOPUKTNPOTIKG NG €Toupioc, OmMMG M
TOLOTNTO TOPAYMYNG, 1| TAPNON T®V TPoBeGUdV Tapddoons, Kot 1 eEumnpétnon Tomv

TELATAV YEVIKOTEPOL.

Mia AavBaopévn emhoyn g B€onG yKATAGTAONG UTopEel Vo €XEL OOV GUVETELD TNV
HEWOUEVT] AVTIOY®OVICTIKOTNTO TNG £TAPIOG KO, OVLGLOOTIKE, VO ENNPEAGEL TNV
Brwoywomra ™c. Avtibeta, pio cmotm) emoyr 0éong umopel va ovuPdier oy
a&lomoinon TV GLYKPITIKOV TAEOVEKTNUATOV TOV TPOGPEPEL 1] GLYKEKPIUEVN BEon
Kol KOTO GLVEREWD Vo €xel BeTkd amoteléopato ot SWUOPP®OT TOV KOGTOVG,

axoun kot otnv eniPioon g etapiog.

To mpdPAnua g emroyne g Béong eykatdotaong opiletal mg TPOPANUO ETAOYNG
petald evog mAnBovg vroymelov Bécewv €161 OOTE VO IKAVOTOLEITAL £€v0L GUVOAO
TEPLOPICUDV (TEYVOLOYIKMV, OIKOVOLKAV, KAT) Kol VO ELOICTOTOIEITOL 1) GLVAPTN O
TOV KOGTOVG €YKOTACTAONG KOl Agltovpyiag tov cvotiuatos. Epeoaviletar katd 1o
O0TAO0 TOL OPYIKOV GYEOGUOV, GE TEPIMTMOON WHETEYKATAOTOONG KOODS Ko o€
TEPIMTOON EMEKTAONC €VOC NON EYKATESTNUEVOL GULOTHLOTOS OTOV 1 VTAPYOLGA

duvapkoTTa gV EMAPKEL Yo TNV KAALYN NG TpoPAremodpevng CRnong.

To mpoPAnpa g Béong eykatdotacng eivar S06KOAO vo mAvOel Ady® TOL PEYAAOL
ap1fpod Katl TG TOKIAMAG TV GTotYElwV TOv cLVBETOLY TV cLVAPTNOT KOGTOVG. O
Babuoc dvokoriag avEdvetar e€outiag g afefardTnToc Kot TG VTOKEWUEVIKOTNTOG
OV TEPIAAUPAVETOL GTNV EKTIUNGON TOV TAPOUTAV® GTOLXEI®MV, KOOMG Kot e&attiog g
TOAVTAOKOTNTOS TOV TPOPANUOTOC. ZVVERMC, 1 SuoKoAia avaltnong piog PEATIGTNG
0éoncg avédvetar 0tav 0 apludg TOV VIOYNELOV BECE®V Y10 £YKATAGTAOT €VOG
OLOTNHOTOG oVEAVETAL KOt 0 aplBndg Twv medatdv mov Ba eEunnpetel o cHOTNUA
avtd eivor mold peydAog. ‘Eva axdpo onuoviikd aitio duckoAiog emilvong Ttov

mpoPAnuatog elval 1 oOVOESN TOL HE TO TPOPANUO NG OLVOUKOTNTOC. XLYVA
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enpaviCetot Kot otV TPaén 10 TPOPANUA KATAVOUNG OTO YMOPO NG SVVOLUKOTNTOGC
OV OTOLTEITOL Y10 TNV KOALYN NG KATAVEUNUEVNG 0TO Ydpo {tnonc. 'evikd, yn
mv emilvon TOL TPOPANUOTOS YPNOUOTOIOVVTOL TEYVIKEG TNG EMLYELPTCIOKNG
épevvac,  Om®MG  YPOUWKOS — TPOYPOUUOTIGUOC,  TOALKPUINPWOK  ovOAvoT,
TPOCOUOIMOT, TPOYPAUUATIONOS OTOY®V, eupeTikés pébodor kAm, ot omoieg

KOTOANYOUV 61NV €0peon piog cuvilwe voPértiong Avonc.

2.10 Awodwkooio ETLOYNS KOl GYEOLUGHOV EYKATACTACEMV

O oyedoopdc TV gykatactacemy elval pio moAvovvletn dwdwkasio. Ot 600 mo
ONUOPIAEIG TPOTOL EMAOYNG TOL YMDOPOL TMV &gyKoTaoTAcE®V Pocilovior o1
LEYIOTOTTOINGT TV KPLITNpiov TS YpNYyopdtepng €Summpétnong Kot Tov pepldiov
ayopds avtiotoyo. Xty mpOTN mEPITT®OON M gyKatdotaon Tomobeteitar 660 TO
duvaTOV £YYVTEPO GTOVG TEAATES, EVMD TN 0g0TEPN 1 ToMoBETNON YiveTtan pe faon tov
Y®PO dPAONG TOV AVIAYOVIGHOV. XNV TeEAevTaia TepimT®mon 1 avEnon Tov peptdiov

ayOpag EVOVTL TOV AVTAYOVIGHOD £XEL WG ATOTEAEGLA TV OOENGT TOL KEPAOLG.

To minBog TV gykatactdoewv omotelel amd UOVO TOV TOPEYOVTO TOAVTAOKOTNTOG.
H povtehomoinon evoc mpoPAnuatog ywpobétnong eykataoctdoewv ovédvel o€
ToALTAOKOTNTO KaODG avEdvetor o aplBuog tov eykataoctdcewv. A&iler va
onpedel 6tL akdU KoL 6TV GYETIKA OTAVIa TEPITTMON UEAETNG TPOPANUATOV Liog
€YKOTAGTOONG, OLVNO®MG TO TPOPANUO HETOTPEMETOL GE  UEAETN  TOAAUTADV

EYKOTAOTAGEMV.

"Evag dALoc kpiciog mapdyovtag yio v emAoyn tonobeciog amoteiel 10 QUOIKO

neptPdAlov, to omoio kabopilel o peydro Babuod v amdcTaoT and TOVG TEAATES.

Mmropovpue va dtaxpivovpe 600 €1om TpoPAnudtmv. Exeiva 6Tov o1 £ykaTaoTtdoelg Kot
T onueio {Rong Pplokovtal oto eminedo ko ekeivo ota omoia ol amocTdoelg ival
MOAD  peydAeg Kot omouteitol  GLVOLOCHOG Kol GAA®V  peBOdV  PETAPOPAS

(agpomAdiva, TAOLOL KAT).
Ot meplocotepeg HEAETEG EMIKEVIPOVOVTOL OTNV TPOTY TEPINT®ON, OMOL O

VIOAOYIGUOG TG ATOCTOGNG YIVETOL LE TOVG aKOAOVOOVG TPOTOVG:

=  Evkkeidewn andotaon: 6tav dvo onueio {tnong Ppiokovtal tave oe gubeia.
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=  EvBOypopun oamdotacn (omdotacn Manhattan): 6tav n petaxivinon petadd
dvo onuelov emrpémetar pOvo KoTd UNKOS TV aOvav Boppd- vOTOL 1
OVOTOANG- OVOT|G.

»  Tevikn andotaon: TpoceYYilel TIC 001KES AMOGTACELS Le HEYOADTEPT aKpiPeLL.

Xy 0e0TtEpPN TEPIMTOON HUTOPOVUE Vo Be®@PGOVE OTL 01 KOUPOL SIKTVOV HETAPOPAG
Bpiockovtol Thve TNV ETPAVELD GOAIPOS, €V TPOKEWEV®, TS YNG. Ta mpofAnuata
OUTAG TNG KATNYOPIOG OLCLUGTIKG OMOTEAOVV MO EMEKTOCT]) TV TPOTYOVUEVMV

TpoPANUdTOV.

2.11 Akyop@por emidvong Tov Tpofinuatov yopoditnong
Ta mo anid mpoPfAnuato yopoBétmong pumopodv va emthivfodv pe ypnon omA®V
HaONUOTIK®OV AOYICUIKOV, 0twg To Excel, evd ta mo moAvmAoko arattodv ™ xprion

KATOL0G AvAOTEPNS YADGGAG TPOYPUUUATIGHOV [E pEYAAeS dvvatdtnteg, Ommg 1 C++.

O o yvowotég néBodot HITOAOYIGHOV TG amOoTUONG Eival pHeTalh AAA®V:

*  BEukkeidewn omdotaon: d,(x,y) = \/(x —a,)’ +(y-b,)’

=  EvB0ypapun ondotaon: d,(x,y) = |x - ai| + |y — bi|

* T'evikn andotaon: d,(x,y) = \/|x—ai|p +|y—bl.|p

y_bi|}

* Amndotaon Chebyshev: d,(x,y) = max{[x —-a,l,
onov, (a,,b;) ot cvvietaypéveg Tov onpeiov CrfTnong
(x,y) ot ovvtetaypéveg TG Lo avalntnon torobesiog Kot

d.(x,y) n amdctacn Tov onpeiov {Ntnong 1 anod v tonobecia (X,y)

H mo an\n nepintwon mpoPAnpdrtov yopobimong avaeépetat otn yowpobétnon piog
puoévo eykotdotaong. H emilvon té€totov €idovg mpoPAnpdtov yivetal pe xprion g
Evkeidelag andotaong, tov yevikevpévov aiyopibuov Weiszfeld, pe ypnon g
opBoydviag andotaong K.q. Ta peaiiotikd mpoPAnpata yopobEitnong avagépovon
oLVNBWG o€ TEPIOTOTEPES TNG LA EYKATACTACELS. TNV TOPOVGH JATPPn) HEAETATOL

Eva TPOPANLLO TOALOTADY EYKOTACTAGEMY LE PNOT EVKAEIDELNG OmOGTAONG.
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2.12 TlpofMpato @poBiTNoNg TOALUTAMOV EYKUTUGCTAGEDV

H mo ankn nepintoon mpofAnpatog yopobétnong eyKatactdoemy eival auty oty
omoio pior kot povodikn gykatdotaorn oyedwdletor pe tpéno mote vo e&umnpetel
OAOVG TOUG TEAATEG. XTNV TMPAYUOTIKOTNTA, TOGO OMAGQ GULGTHLOTO OTOVTOVTOL

ondvia, 1I6m¢ Kol KaBOoAov.

YUVEN®MG, TO TPOPAHOTO Y®POBETNONG EYKATAOTAGE®V TIG TEPIOCOTEPEG (POPES
apOopOVV TPOPAUATO TOAAATADV EYKATACTACEW®V. XTO TPOPANUATO OVTE KAOE
meAatnG umopel va e§umnpeteiton gite and OAeg elte and pio pdvo gykotdotoon, Ty
ninociéotepn o€ avtdv. Ta mpofAnpata avtd eivor yvootd kot o tpofAnuota 0Eong
— KOTOVOUNG, OgV €ivat KupTd Kot cuviBwg mapovctdlovy ToAAd Tomikd PéErTioTa. [
0 AMOYyo avtd amoteiton o EAey)0g OAMV TV MOAVAOV TOTIKOV PEATICTOV OGTE VO

Bpebei To0 oAk BéLTIOTO.

YKomog G mopovoag owtpPng sivor m edpeon g PEATIoTNG Béomg Yo kdOe
€YKOTAoTOON, a0 £vo GUVOAO EYKOTOOTACE®V, HE OKOMO Vo €SLANPETOVV TOVG
meEMATEG KOTd TOV 1010 I KO KOTd O1popeTIKovg Tpomovs. TIpofAquata avtov tov
gldovg etvar yvowotd g mpofAuato ympobBETnong TOAATADY EYKATOCTACE®V Kol
dwakpivovron og dvo Pacikéc katnyopies.

*  Eykotaotdoelg 10iov tOmov: OAEg Ol €yKaTaoTAcElS €ELANPETOHV TOV 1010
okomo. O meldteg dwoywpilovror pe tpdmo dote Kébe évag va eEummpeteiton
amd pio povo véa £yKOTAGTAOT).

*  Eykoatactdoelg dtpopeticod thmov: Kabe £idog eykatdotaong wkavonotel
{Mon g Mo vrdpyovcag pepidag meratmv. EmmAéov, eivar opatd to

evogyOLEVO VTTOPENS {NTNONG LETAED TOV VEMV EYKOTACTAGEWDV.

2mv mapovoo dwtpPn Ba acyoAnBodpe pe v TpdT KoTyopia, dnAadr OAEg ot
mBavég eykatootdoels Ba eivar idov tHmov Kot Kabe meddtng Ba eSumnpeteitor amod

Lo KOl LOVO £YKATAGTAOT).
Ye k0be mepintmon, To KOOTOG pPeTaKiviong UETOED TOV E£YKATACTACE®MV Kol TMV

TEAATOV, KAODG KOl TOV €YKOTOOTACE®V UETAED TOLG, OmMOTEAEl TOV 1GYLPOTEPO

TopAyovTa Yio T AYn omoPAcE®V 6T TPOPANHATA Y®PoBETHOTC.
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2.13 Aiktvo y0podiTnong EYKUTAGTACEMV

H ypagir| avamapdotacn pe tn popen OwTOov oamotedel éva oyvpd epyaleio
napovcioong TANOmpag TpofAnudtov. Xty BipAloypoeio cuyva amavtdvTal, HETOED
GAA@V, OTTEWKOVIGEIS e LOPOT SIKTVOL Y10 TPOPANUOTO LETAPOPDV, TAPUYMYNG Kot
TPOYPOUUOTICHOD. ZuviBme, ol kouPotl oe €va diKTvO OavamOPIoTOVV &ite onueia
Mong eite meldtec, M oképo Kou mOovég 0écelg eykatdotaomng, &ved Ot
SKAAOMGEIS OV GLVOEOVV TOLG KOUPOoVG avtovc cupPoiilovv Tic dSrabéoiueg
dwdpopés. Néeg eykataotdoelg pmopovv va torofetnbovv omovdnmote 6to dikTLO,
o€ OlaKAGdmon N og kouPo. Térolov &ldovg mpofAuate avaPEPOVTAL OC HLOVTEAN
diktdmv  ywpobétmong eykatactdoemv. Ot koOpPor evog dktHov evoeyeTaL VL
avamoplotody  mOAEG M onueio. peEYAANG ovykévipwong mAnBuopdv, dniadn
OLCLIOTIKA  TapEYoLy Mo  peoMotikés Béoceic ywo v tomoBétmon  véwv

EYKOTAOTAGE®MV EELTNPETNONG.

H avédivon evdg diktbov pmopel vo epoppootel v v €0peon €vog PEATIGTOV
aplfpod £YKOTACTAGE®Y MOTE, VIO KATO10VG TEPLOPIOUOVS, VO EANYIOTOTTOLEITAL TO
KO6GTOG Ko TavTdYpova vo, eEumnpetohvtal OAol ot tehdtec. Ag vrobécovpe Ot pia
HEYOAN emixeipnomn €xEl LROKATOCTNUOTO € Oldpopeg mOAelS kot embouel va
dnpovpynoetl emmAéov onueio eEumnpémonc. Kabe térolo véo onueio cvvendyston
TPOCHETO KOOTOG, OAAL OMOPEPEL ONUOVTIKA OQEAN AdGY® NG Peitioong g
eEumpétmong tov medatov. o tov Adyo avtd mn emyeipnon oamookomel o1
onuovpyia evog eAd1oTov aplBoD TETolmY onueimv eELINPETNONG OTIS VITAPYOVGES
TOAELS, e TPOTMO MOCTE M AMOCTOCT KAOE KEVIPOL amd TIC MOAELS OVTEG Vo PNV
vrepPaivel pio optopévn omdoTaoN OVAPOPAC. X& Vo OLAYPOUMO OIKTVOV Ot

SOKAAODGELS ameKOVILOVV TIG AMOGTACELS OVAUETO GTOVG KOUBOLG.
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3 Ocopio Horyviov

3.1 Ewoayoy

H Bewpia moryviov (game theory) ekivnoe cov KAAO0G TV otkovopk®y. To kvplo
aVTIKEIHEVO NG elval M avdAvon TeV amoQACEDY GE KOTUOTACES (o vion)
oTpotnyIKng oAAnAenidpaonc. Ta tedevtaia yxpovia n Bewpia moryviov xel evpvtotn
EQOPUOYN OTO OKOVOUIKG (Y. PBrounyaviky opydvmon), aAld kot oty [ToAttikn

Owovopia, v e&ghiktikn Proroyia, v yoyoroyia, TNV KOvovioAoyia, K.o.

H Bewpia moaryviov acyoieitor pe t Aqyn amopdcemv, cuvibwg vtd afefardotnra,
OOV gUTAEKOVTOL 0VO0 1) KO TEPIGGOTEPOL VONILOVES KOVTITAAO), KOl OOV 0 KaBEVOC
TOVG PLL000&EL va PEATIGTOTTOMGEL TV J1KT| TOL ATOPACT] €1C PAPOG TOV AAA®V 1| GE
ouvepyacio pe GAAOLG, JHOPP®OVOVTNG {omg cuvacmiopovs. Epdoov cuupetéyovv
TOLAGYIOTOV VO TOAKTEG, LE TOVAYIGTOV 000 oTpatnyikés o Kabévag, pe avtifeta
OLUPEPOVTA, TO OMOTEAECHO Yo KéOe maiktn wkobopiletar amd TG GCLUVOLUGUEVES
EMAOYEC OLMV TOV TOUKTAOV KOt OIVETOL Atd TOV TIVOKO ATOTEAECUATMV TOV TOLYVIOL
[19]. Z& avt) TV Tepinton pmopovv va ypnoiponomBodv epyareia amd v Bempio
TOLYVIOV Y10 TV OVAALGT TNG GUYKEKPIUEVTG KATAGTOONG KoL TV EVPECT] 1GOPPOTILOG

N Aoywng Adong.

[No v e&&étaon moyviov elvar  omopaitmto vo  AapuPdvetar vroyn oS
ocvumeprpépvovtatl ot dArot (dtopa, etoupeieg) Otav maipvouv TIG OMOPAGES TOVG,
aeov 1M 1ooppomia e&aptdrtal ond TS amoedoelg OAwv poll (atou®v, ETAPLOV).
Xpetdletar, Aoudv, YvmdOT TOL TAOS AVTIOPOVY aVTA To dTopa Kot Tt Oa Byel amd v
aAnienidpacn tovg. Ovopdleton Aowmdv maiyvio m katdotaon cOyKpovons 1
AVTOYOVIGHOD 1] KOl GUVEPYOCING HETAED TV OVTUTOA®MVY 1 HETOED TOV OUAO®V TMV

OVTUTAA®V.
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3.2 Iotopui) avadpoun

>tov John von Neumann amodideton n apykn avantuén g Bewpiog moryviov (1928),
0 Omoi0G MEAETMVTOG TO OVTIKEIUEVO OLTO OVOKAALYWE Kol Oploe TNV OYECM NG
Bewplag maryviov pe tov ypopukd tpoypappatiopnd. Apyotepa o George B. Dantzig
avéntuée v Bempio Simplex tov YpoUUKoD TPOYPOUUATIGHOD Kol £T61 060NKe 1
duvatdtta vo emAvBodv ToAAG TpofAnpata g Bewpiag maryviov. v cvvéyela
He TNV TOAOTIUN TPOGEOPE Tov Apepikavoy podnuoatikod Nash ovomtoybnke mo
oAb 1M Oewpia mworyviov. o v epyacio tov avt) o ApepKavog HodnUaTikOg
TunOnke pe to PpaPeio Nobel owovopiag. Xe g edwn kornyopio g Oewpiog
noryviov, To Talyvio pe cuvepyasio, ToAvTun fTav n tpoceopd tov Shapley. Téhog
o Lemke, pe v avdntuén 1ov op@vupov adyopiBuov, ékave T0 TP®OTO Pripo otV

avaKaALYT aAyopiOU®V TOL ¥PNGILOTOIOVVTAL Y1 TNV EMIAVGT Oy VImV.

3.3 Boowkd yopoKTNPLOTIKG

O 6pog «Bewpio mouyviovy mopaméunel oe emrponéllo maiyvia. O 6pog avtdg
YpPNopomomOnke ened] amd HoONUATIKNG Gmoyne n UEAETN OLTOV TOV TOLyVimv
powalel pe v HeEAETN TV mePLoTdoemv Omov AapPdvovior coPapéc OtKOVOKEG,
TOMTIKEG, OTPOTIOTIKEG T GAAEG AMOQPACEL; Omd TEPIOCOTEPOVS TOL  EVOG
anopaciCovtes. ITo avalvtikd, oe KGOe maiyvio o KaOe avtimadlog avagépetal g
nmoiktng . Kdébe maiktng éxel otnv diabeom tov Evav aplBuod, menepacuévo 1 Ao,
EMAOYDV, Ol OTOIEC aVOPEPOVTOL MG OTPOTNYIKEC. Ta amoteAéopato evog maryviov
STLTTAOVOVTAL MG CLVOPTNCELS ATMAELNG 1| CUVOPTNGELG KEPOOVS 1) OLOPNG, Lo Yo
Kd0e maiktn, mov dpmg ennpedloviol amd TIG ATOPACELS TOV GAA®V ToukT®V. 'Eva
moiyvio yopaktnpiletal amd po GLAAOYN KOVOVOV TOV TO OETOLV Kol 7oV givat
YVoOoTol 68 OAOVE Tovg TalikTeG. Ot Kavovee avtoi opilovv Tt pmopel kot Tt dev pmopel
va k@vel évag maiktmge. Ot idtot kavoveg opilovv emiong kot tig apoPEc N ammAELEG
OV OTOPPEOVY OO TIG EMAOYEC TV ToKT®V. Mio kivnon givar éva onueio tov
Toyviov 610 0moi0 01 TATKTEG TPEMEL VO SIUAEEOLV avapeESa OTIG OBETIIEG ETAOYEG
k@O popd. 'Eva cuvoro Kiviioemv Kot EMAOYOV amoTeLel Eval «mai&lo» Tov matyviov.
O1 oTpatnykés etvor Kevepikn £Evvolo 6To Talyvia, To OToiol GLYXVE CVOPEPOVTOL (G
natyvie otpatnyikng. Mo otpatnyikn pmopel va yapoktnpiotel g éva chHvoro
OTOPACEDYV TTOV OLOTLIIMVETOL TPV TO «TOIEO» Kot oL Opilel AEMTOUEPDS TIG

EMAOYEG TTOL Yivovtal o€ kaOe dvvarr| mepintwon [19].

37



3.4 Toa&wvopnon maryviov

H ta&wvopnon tov moryviov yivetoar cvoyvd oe owbdpopo €101 pécw mowiimv
kpumnpiov. Apywd éva Pacwkd kpitiplo, Pacer ToL 0mOlOV UTOPOVUE VA
ta&tvouncovpe éva moiyvio eitvatl o aplfpog TV TAKTMOV OV GUUUETEYOLY. AV AOTOV
OCLUUETEYOVV OVO ToUKTEG T ayvio. ovopdlovtol «maiyvia 000 TOKTOVY), EVD EQV
GUUUETEYOVV 1 TOUKTES EYOVIE TO «TOLyVIOL 2 TUKTMOV , OTov 1 > 2. H mapovasio 600
TOIKTOV givor 1 Aot amaitnon Yo vo. €(OVUE QUIVOUEVE OVTOY®VIGHOV Kol
ovvepyosioc. H mapovsia tpudv 1 TEPIGGOTEPOV TOUKTOV 00NYEL TEPAUTEP® Kl GTNV
dLVATOTNTO, GYNUOTIGHOD GUVOACTIGUAOV, OOV o OpAdd amd VO 1| TEPIGGOTEPOVS
TOUKTEG EVOVOLV TO EVOLLPEPOVTA TOVS Kol GLVOPLOVILOVVY TIS oTpaTYIKES TOVS. 'ETot
VILAPYOVV «Taiyvia Le I dvey cuvepyaciogy, (o tavounon mov Paciletal 61o Katd
OGO 01 TOUKTEG TPV TTAEOVV TO TTATYVIO UITOPOVV VO LOPPAOCOVV GLVOCTICHOVS Kot

VoL EMTOYOVV OEGUEVTIKES GUUPMOVIES Y10 TIG GTPUTNYIKEG.

Ta moaiyvia pmopovv emiong va ta&tvopunBovv cOpeove pe To €0V 11 CEPA TOL
Aappavovtar ov amoedoelg mailer poro N Oxt. 'Etol €yovpe 1o «dvvopkdy maiyvia
Omov M oepd pe v omoio AapPdvovtol ot amoPicels mailel pOAO Kol TO, «OTOTIKO
natyvia, oto omoio 1 GEPA e TNV omoio 0 TaiKTNG TaipVeL TIG OMOPAGELS, OV €)El

onuocio.

EmnAéov, o aplBuog otpatnyikdv Talivopel To moiyvio 6€ «TETEPUGUEVO KoL GE «UN
MENEPACUEVA, » 1| G omelpomaiyvia. Emeidn ot apoiBég 1 ot anmAeieg 600 TaKTOV, e
TEMEPOUCUEVO OPOUO GTPUTNYIKAV, UTOpoLV va dtotayBovv og mivakeg 1| UNTPES, T

malyvio auTd €ivol YVOOTE O UNTPIKA 1 TIVOKOTOLYVLOL.

‘Evag axoun tpoémog tasvounone tov moryviov elval avtdg mov  aeopd  To
YOPOKTINPIOTIKA TV cuvaptioewv dapolng 1 amwiewns. ‘Etor oe moaiyvia 600
TOKTAOV, OOV 1 apoPn Tov evog eivat {om pe Kot TPOEPYETOL OO TNV OTMAELL TOV
dAAov, ot moikteg Ppiockoviol G€ GUYKPOLGTN KOl OTOONTOTE GLVEPYOSio &lval
avépiktn. Ta maiyvio ovtd ovopdlovion maiyvia «undevikod abpoicpotocy agol to

dBpotopo TV apoodv givor undeviko.
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Yto. moiyvio Yevikoy pn pndevikov afpoicpatog Pmopobv Vo Ladpyovv cuviiwmg
otoyeio TOGO avVTAY®VIGHOV 060 Kot cuvepyaciag. Exovpe 600 akpaieg mepimtdoels.
2V 101K TEPIMTOON TOyvimv un undevikov abpoiocuatoc ol maikteg Ppickovrol o€
oLYKPOLGN Kot 1) apoPr] Tov €vOG ONUAIVEL OTAOAELD Y10l TOV GAAOV, EVD GTNV E01KN
nepintwon moryviov otafepng dopopds, ol maikteg mPEmel Vo cuvepyacsHovv S16tt

elte kepdilovv glte yavouv pali.

Téhog, vhpyetl kan pia axoun katnyopio maryviov 1 omoio kabopiletar and 10 €dv o
K@0e maiktng emiéyel dakpirég otpatnykés [20]. [To ovykekpyéva, v o ToikTng
EMALYEL SLOKPITEG oTPOTNYIKEG (. TV 1 N Vv 2,...) Aéue 6Tt 0 moaiktng mailel pe
kabopn oTpaTNYIKN, OMOTE KOl OWTOV TOL €idovg ta maiyvio ovoudlovtal maiyvia
«kaBopng oTpatnykney. Xtnv avtifemn mepintwon, omov o kdbe moiktng eivon

duvatdv vo EMAEEEL £VAV GUVOVOGHO GTPOATNYIK®V, AEUE OTL EXOVUE TOLYVIO «UIKTNG

OTPOTNYIKNGY.

3.5 Tpomor meprypo@ns Kol avaAvong TOV ToLyvVimv

Ynapyoovv S1dpopot TpOTOL TEPYPOAPNS Kot avaivong tov moryviov. Eva maiyvio
elval og exTETOUEVT LOPOT OTOV Ol KAVOVEG TTOV TO OLEMOVV TEPTYPAPOVTOL LEG® EVOG
d€vOpOL, TOV dEVOPOL TaYViov, OOV Ol KIVIGELS OMNADVOVTOL M KAGOOL Kot 0 KAOe
ToiKTNG TOV €YEL GEPA Y1 VoL KAveL pa kivinon og Kopven M koppog. Ioapiotdvovton
eMIoNG 01 TANPOPOPIES KOl O EMAOYEC OV €lval GTNV JIADECT] TOV TOKTMOV, OTMG Kol

01 TEMKEG OUOIPES 1] ATOAELEG OA®V TOV TAKTMOV GTO TEAOS TOV «TOUEILOTOGY.

Ortav og éva maiyvio dgv yivovtal TonTOXpoveS KIVIGELS Kat Yo kéOe Kivnon olot ot
naikteg Yvopilouv Tig EMA0YEC TOL EyvoV G€ OAEG TIG TPOTYOVUEVES KIVIGELG, OKOLLOL
KOl 0V Ol KIVIGELS NTav TUYaiES, TOTE TO MO{YVIO O EKTETANEVT LOopON €lvor TEAELOG
mAnpoeopnons. To oxdkt eivon mwapdderypo moryviov téAEC TANPOPOPNONG, EVA TO

nokep dev gtvon [20].

"Evag de0tepog tpdmog meptypapng maryviov amattel tnv Bedpnon 0Amv TV duvaTodv
oTpoTYIK®V KaBe maiktn ko yivetar p€ow ¢ SNAMONS TV OUOPOV 1 ATOAEIDV
TOV TOKTOV, Ol OTOIEG Elval OMOTEAEGHO OAWV TOV EVOAAKTIKOV GLUVOVAGUADV TMV
oTpaTNYIK®OV Tov emAéyovv. ‘Etol, my. To mMEmEPAGUEVO TOiyvi dV0 TOIKTMV

meptypapovtol cuvnlmg pe v Pondeta Vo PNTPAOV (TIVAK®V) Kot TOTE LAGLLE Y10 TO
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dunTpikd maiyvia 1 dutvakomoaiyvie. Ot untpeg avtég mapovotdlovy HECH TV
oTolEl®V TOVg TNV apoPn N TV anOAEW TOV TUKTOV KiBe (edyovg oTpaTyIK®V,
OTOV Ol OTPUTNYIKEC TOV €VOG OVTIGTOLYOLV OTIS YPOUUEG TOV TIVAK®V, VO Ol

OTPATNYIKES TOV BALOV GTIG GTHAEC.

H neprypaen evog maryviov dev yiveton amapaitnra pe v Ponfeia untpov. Edv, A.y.
0 0opluoc TV oTpaATNYIK®OV TOL KA TaikTn 0ev €ivol TEMEPACUEVOS, TOTE Ol
OTPATNYIKES aVTEG Bol UmopovGaV Vo TEPLYpaPovV cav ototyeiol KAmowov Guvoiov,
VO Ol oUOPBEG M Ol OMMOAEEG TV TOKTOV O pmopovoav va ekppacHovv cav
TPAYUATIKEG GUVOAPTIOELS UE TEOIO0 OPIGUOD TO KAPTESIAVO YIVOUEVO TMV GLUVOAMDV
Tov otpatnyikev. Otav 1 meprypaen £vog moryviov yivetal pe avtd tov TpOTo AEue
0T 10 TO{yVio €ivol G€ KOVOVIKT LOPPT]. ZE OVTN TNV HOPPT], O SQUVOULKOS YOPAKTIPOG
TV Toryviov vroBaduiletat. Yrdpyovv dniadn maiyvia evog «mai&ipatogy, 0mov ot
ToiKTES EVEPYODV HOVO o popd Kot ympig Kamola eSaptopévn oepd amopacemy. Ta
motyvia pe avt) v popoen stvar otatikd. Ta maiyvia oe koavovikny popen eivon
oLV O KATAAANAQ Y10 TV TTEPLYPAPT] TEPITAOK®V TPOLYLOTIKOV EPOPLOYDV TNG
ayopdg, tng owovopiag k.o. Eivar emiong mo katdAinio yioo v Oewpntiky] Kot
aAyoplOkn HeAETN, 101G GTNV TEPITTMOT) TOL TOL GUVOAL TV GTPATNYIK®V OV E1val

TEMEPACUEVOL.

3.6 Xnpeiowopporniog Nash (Nash Equilibrium)

To onueio Nash, og éva maiyvio pe 600 maikteg, eivar éva Levydpt otpatnykav (pio
vy kGOe maiktn) mov 1 pia givon N KOAVTEPN OmAVTINON OTNV GAAN KOl OVTIOTPOPOL.
I'evikeveton yuo moiyvie pe n>2 moiktec. Xe kbbe maiyvio vdpyet TovAdyiotov Eva
onueio 1ooppomiag, avtd opilel to Bedpnuo Nash. Ovoilactikd, 1coppomnio Nash
ovopaletor M 1ooppomio. OOV KAOE ToUKTNG EMAEYEL TNV GPLOTN OTPATNYIKY HE

O€JOUEVT TN GTPAUTNYIKN TOV GAA®V TOIKTOV.

Mua 1oopporio katd Nash etvar:
= ¢va OvuGHO OO OTPOATNYIKEG, £T0L (OGTE OEOOUEVAOV TOV VLTOAOITWV
OTPOTNYIK®V, 0 TOUKTNG 7oL &£eTdleTon KAVEL TO KOALTEPO OvvaTtd, OTAV

aKOAOLONGEL TNV GTPATNYIKY TOV LILAPYEL GTO OLEVUGLLAL.
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= ¢va OBVUGHO OTPOTNYIKAV, TETO0 MOTE KOVEIG omd Tovg maikteg dev €xel
KivnTpo va aAAGEEL TNV GLUTEPLPOPE TOV, FEGOUEVOD OTL O1 VTTOAOUTOL TTOUKTEG

OKOAOVOOVV TIC GTPATNYIKEG TTOV VITOYOPEVEL TO LEPTOLO TOVG.

Mo 1ooppomics oe avopd Kuplapyeg oTpatnyikég eivar Kot wooppomio katd Nash.
[Mapoéra avtd, m 1coppomion ce aVLOTNPA KLPIOPYES OTPOATNYIKEG Eivol TOAD O
AmToLTNTIKN ooV 1ooppomion and OtL M 1woppomion Katd Nash. Opiopéves @opéc, o
aplBpdc tov woppomdv katd Nash, elvar peyodvtepoc amd €va. Xto moiyvia
OUVTOVIGHOV 1 EMIAOYN TNG 100pPOTiog €ivol 7O €OUKOAN, €V OTa Taiyvia
AVTOYOVIGHOV 1 ETA0YN HETAED TOV 160PPOTI®V Eivol 0 OVGKOAN. ZTNV 1G0PPOTia
kot Nash, ot Taikteg oKEPTOVTOL TL GKEPTETOL O AALOG Kol TPV TOHEOLV, £YOVV KAVEL
o oOAOKANPT SVVOAIKY) TPOGOPUOYN OtV 1ooppomic. AnAadn OvolaoTIKE TPV
noytel T0 moryvidl, VIAPYEL UL OAOKANPT AOYIK TOL odnyel Kol GUYKAIVEL GTNV
ooppomia. To TpoPAnua pe v woppomio katd Nash, sivor 6Tt amattel o1 maikteg va
elvar mohd opBoroyikoi. No pmopovv oniadr], vo kOvouv OAEG TIG OKEWYELS TPV
TAPOLV TV TEAKN TOVG OmOPacT Kot va EEpouv Alyo mOAD TS oKEPTETAL O AAAOG.
Otav vrapyovv moArég 1ooppomieg katd Nash, mpémer va PpeBodv otoryeio ektog

moryviov ta omoia Oa pag Bondnocovy oty emhoyn PETAED TOV 1IGOPPOTLDV.

Otav mapovoidlovtal mepiocdtepa and Eva onueio iooppomiog kKatd Nash wpénet va
ypnoworomBel kdmolog TpoémOg O1dtatng tovg, €161 dote va Ppebel 10 KaAvTEPO
duvatd onpeio and avtd, dONAadn To onueio 16oppomiag Tov Ba ETPEPEL TO KAADTEPO
duvaTO OMOTEAEGUO GTOVG TOAKTEG. YTAPYOLV TEPIMTMCELS TOLYVIOV 7oL &lvan
EUPOVEC T €ivol TO KOADTEPO oNUEID 100pPOTHNG, OUMS VITAPYOVY Kol TOLYVIO TOV
dev elvan dpeca evromionuo 1o KaAvtepo onpeio wooppomiag katd Nash avépesa oto
oVUVoLo OA®V TV onueiwv 1ooppomiag. v deVTepn mepintwon amorteiton didtaln
TOV oNUEi®V aTOV Ko £merto mMA0YN TOV KoAOTEPOL omd ovtd. [lapdia avtd
VILAPYEL TO €VOEYOUEVO VO UMV Elval €QIKTA o OAKN Oldtaén moAvdldotoTmv
onuelmv Kol £€T61 KATOQEVYOVUE GE UEPIKN OATOEN TOV GLVOAOL KOl GUUOOVOL LE
Kdmotleg cuvinkeg mov €yovve opiotel oto VIO e&€taom maiyvio, emAEyETOl TEMKA
exeivo to onpeio 1ooppomiog Tov EMPEPEL TO KAADTEPO dVVATO ATOTEAEGHO GE OAOVG

TOVG TOUKTEG 1 TNV TAELOYMPIa AVTAOV.
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"Eva (gbyog otpatnyikav (k,/) Kadeitonr «aToUIK®OG EVGTAOEG) OV ELval [ CLVEPYATIKO
onpeio wwoppomiog Kot «GLALOYIKE €VGTABES) €AV deV KuplopyEital amd KAmolo GAAO
Cevyog otpamnyikdv. Ta ocvAhoywd evotabr| (evyn otpatnyikov eivor «Pareto
Bértioton N «Pareto amoteleopatikd onueio». Eniong, éva onueio icopponiag Nash
(p,q) evar «mpoTdTEPO» Oamd €va devtepo onueio ooppomiag Nash (k,/), av to
onueio (p,q) xuprapyel. 'Eva onueio wooppomiag Nash 1o omoio tavtdypova givar ko

Pareto eldyioto ovoudletan «amodexto» [21].

3.7 Movtéio Cournot

To povtého tov maryviov pe 600 TOLAAYIGTOV TAIKTES, OTAV Ol TOUKTES OTOPAGiLovV
TOLTOYPOVO, TNV OTPATNYIKY oL B akolovOncovv, amotelel To poviédo Cournot.
Y10 povtého Cournot 1 TowTOXPOVN EMAOYN GLVERAyeTol WUn VEapEN TANPOLG
TANPOEOPNONG. ZuykekpLéva, 0tav eEetdleTon éva aiyvio pe dvo emyelpnoelg kaoe
pio omd avtég Kaheital va anopacicel ympig va yvopiletl Tt TPOKELTAL VO OTOPAGIGEL

N GAAN emyeipnon.

3.8 Ioopponia Stackelberg

To vmdoerypo Stackelberg meprypdoper v mepintwon Vmaping VO EMXEPNCEDV
omov M plo ek aVTOV €Yl KAmolo mAeovékTa (peyéBovg 1 omotodnmote GAAO) Kot
Aoppdaver Tig amopdoelg g mpdTn. Avty givor n nyetikn emyeipnon 1 o Hyémg
(leader). H nyetikn enyeipnon maipvel cav dEG0UEVT TV GLVAPTNOT OVTIOPOCNG TG
GAANG emyeipnong (akoAovBov — follower) 6tav Avvel To TPOPANLUO pEYIGTOTOINGONG
TV kepd®V ™G H dmapén avtod tov {evyaprod dev elvar teyvnmy OGOV pe TNV

eméuPacn Tov ¥pdvov aAhalel kot 1 0éon TG Woppomiog.

H Mbon tov Stackelberg eivor dtopopetiki] amd T GULUUETPIKN 10OPPOTIO. TOV
npoépyetal and 1 un npdcsfaoct oty TAnpoeopia. Méow g pebodoroyiog avg
pumopel 0 ypoévog va epunvevbel g pECO TANPOEOPMNONG KOl HAMOTO TANPOVS
TANPOEOPNONG OTN GLYKEKPIUEVT] TTEPIMTOOT). ANpIOVPYEITUL e VTOV TOV TPOTO Eval
TAOIG10 €VOLAUEGO ©E OYEOT HE TO TOAYVIOL GLVEPYACIOG Kol TO Taiyvio un
ovvepyoosiog. Xvvemmg, 1 mpocéyywon tov Stackelberg efetaler ko epunvevel
STPAYUATEVTIKEG TEPUTTAGELS OOV 0 YPOVOG, LEGH NG dtdTaéng TV encupdoemy,

elvatl onuavTikog.
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Otav 0 nyémg €xet va emréEel and €va GeT gvepyeldv A katl 0 akOAovboc, epOGoV
yYvopilel TNV €TAOYN TOL MNYETN, EMALYEL OO EVa GET EVEPYELDV Ay, TOTE 1| ADGT TOL

moryviov cvvnBmg divetar amd 1o TPOPANUL LEYIoTOTOIMONG:

max #(a,,a,)
(ay,a,)€4, x4,

V.T.: (3.1)

a, € argmax u,(a,,a,)

ayed,
Omnov u; etvon n cuvapTnon amddOcNS TOL dEl)VEL TIC TPOTIUNCELS TOV Tkt i. Edv to
OET EVEPYELMV A; TOV TOUKTN i €lvVOl COUTAYEC KOL Ol GUVAPTNOELS OOO00ONG U; Elval

ovveyelg  tote To TPOPAN U peyioTonoinong £xet Avon [22].

3.9 Xvykpion Cournot ko Stackelberg

Yta povtéha Cournot kou Stackelberg, m emyeipnon n omola dwdéysr mpot TV
nocoTNTA TG (NYETNG) £xel cLVNOMC TO TAEOVEKTNUO. KOl TETVYOIVEL pHeyoldTEPOL
KEPOM. Avtd Opmg dev amoterel kavova. TToArEG popéc o vikntg e€aptdtor and To
moyvior, onAadn omd TG petaPAntéc. Avtd onuaivel 0Tl opiopéveg PopEC TO

TAEOVEKTN LA EVOEYETOL VAL TO £XEL O aKOAOVOOGC.

Yta povtédo Cournot ot emyelpnoels dadéyovv tavtdypova moco Ba mapa&ovv. H
T ommv omoio Ba movAncovv kabopiletar ot cuvéxeln omd TNV GLVAPTNON
{monc. Ta oAyordia Cournot pe n €miePNOE KOAODTTOUY &va gvplh QAGHA
mOovoTHTOV, Omd TNV MEPITTOOYN TOL HOVOT®AIoL Omov n=1 &m¢ TOV TEAELO
AVTOYOVIGHO 0oL n—00. Kabdg 10 1 avgdvetat, o1 KOTaVOAMTEG EMOPEAOVVTOL OO
v peioon g g ndinone. Ta povtéda Stackelberg diapopomolodvral povo 6To

YEYOVOG OTL 01 EMYEPNGELS KAVOLV TIG EMAOYEG TAPAYM®YNG TOVS dtadoykd [21].

YV mapovoa dwTpiPr| peietdue £va maiyvio Tomov Stackelberg 6mov o nyétng kot o
aKOAOVOOC lval VO AVTOY®OVIGTEG O1 00101 TPOGTAOOVV VO «KEPOIGOVVY TNV ayopd.
HeKVAEL TPOTOG O MYETNG EMAEYOVTOS TOCEG KOl TOEG EYKATACTACELS O
AELTOVPYNOEL. TNV GLUVEXELN OTAVTOEL O AKOAOLOOG 0 010G EMALYEL [UE TN GEPA TOV
TIC OIKEG TOL EYKATOCTAGELS AAUPAvVOVTOS, OLMG, LITOYN TOL TNV EMAOYT TOL NYETH.
Kot ot o0 aviaymviotég o©Toyxedovv oTnv  EAN)IOTOTTOINGY, TOV  KOGTOLG

TPOCTAODVTOS TOPAAANAL VO LLEYIGTOTOMGOLV TO HEPIOIO OyopdG TOVG, AapfavovTog
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voymn kot v mon. Ta v akpifela o Nyétng emiéyel Tig Béoelg ekeiveg mov
A6 TOTO0VV TO GUVOAKO KOGTOG eV 0 akOAoLBog Tpoomadel va emAEEEL, LeETOED

TV eAe0Bepav BEcemV, ekelveg TOV ALEAVOLY TO PEPidLo ayopds TOv.
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4 Awemimeon Peltiotomoinon

4.1 Ewoyoym

Or  1eyviKéc TOAVETIMEOOL  TPOYPAUUATIGHOD  avarTuyOnkay pe okomd v
OATOKEVIPOON TOV TPOPANUATOV TYEACUOD UE TOAAATAOVS amoacilovtes o€ Evav
epapykd opyoviopd. Ta  mpoPAuata  demimedov mpoypappaticpov  (ITAIT)
AmOTEAOVV €KY TEPITTOON TOV TPOPANUATOV TOAVETITEIOV TPOYPUUUOTIGLOV.
YUYKEKPUEVO, TPOKELTAL Y10 TPOPANLOTO TOAVEMITEOOV TPOYPOUUOTIGHOD HE 0VO
uévo emimedo. Ta mpoPAnuata avtd eivor dwitepo ONUAVIIKG GV UN KLPTN
BeAtioTomoinom Kot amoteAovV atyvia nyET-akoAov0wv 6t omoia To Taryvidt etvat

GEPLOKO Ko Y®pig cvvepyaoieg [23].

Ta meprocdtepa LOOMUOTIKE HOVTEAQ TPOYPAUUATIOUOD OGYOAOVVTOL UE Evay HOVO
amo@ocilovto Kot pio HOVO OVTIKEWEVIKY] GLVAPTNON KOl YPNGLLOTO0VVIOL Yo
OLYKEVTIPOUEVO CLOTHUOTE OYedopoy. Avtifeto, ta mpoPAnuata  dieminedov
TPOYPOUUOTIGHOD OGYOAOVVTOL LLE ATOKEVIPOUEVO GUGTIILATO GYEIOGLOV GTO OTTOoin
TO OvOTEPO emMimedo ovopdletar MyETMG, &VO TO KATMTEPO OAVAPEPETOL GTNV
OVTIKEWEVIKT] OLVAPTNON TOL okoAoVOov. Zta Jlemimeda mpoPfAnquate  KdaOe
aropacilovtag mpoonabel vo PEATIOTOTOMGEL TN SIKT| TOV OVTIKELLEVIKT GLVAPTNON
Yopic, ®oTdG0, va AdpPAvEL LIOYN TOV TIS OVTIKEWEVIKEG GLVOPTNHCELS TMV
voAoim®wy pepwv. Avtibeta, n andeacn tov kabe pEpovg emmpedlel v TN TOV

OVTIKELEVIKDOV GUVOPTNCEDV TWV VITOAOIT®V HEPOV KOOMS KAl TOV YDPO OmOPUoNG.

Yuvenmg, éva dlemimedo mpdypappo pmopel vo datvmwbel yioo €var TpOPANH 61O
omoio dvo amopacilovies Aapupdvouv amopacelg dadoyikd. o mapddstypa, ce pa
OTOKEVIPOUEV ETOUPTO, 1 OVAOTEPT] O101KNON 1 TO S10IKNTIKO Guufovito Aapupdvouv
o ardPact), Onmsg AGYoL YApT TOV TPOVTOAOYICUO TG £TOPING, KOl GTI GLVEXEL
KkdOe TpuMpo g etanpiog KaBopilel £va oY€S10 Tapay®YNG EXOVIOG TANPN YVAOOT TOV
mpovToAOYIGHOU [24]. Mmopobdpe axope vo mopafEcovpe Kol T0 OVOTOAED KATA

Stackelberg 6mov 6v0 etaupiec mpounbevovy opoloyevny mpoidvta otV ayopd. Ag
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vroBécovpe OTL N (o gtonpion Kuplapyel Evavtt g GAANG otV oyopd. Zvvem®s, M
TPAOTN amopacilel 10 emimedo mpounbelog TG KoL 6T GLVEYEW M GAAN eTaupia

kaBopilel 1o d1kO TS aPoV Exel AAPeL VITOYN TNG TIG ATOPACELS TS TPADTNG.

H pébodog mov avémtuée o Stackelberg €xer ypnowomomBel wg apyn emilvong
deminedwv mpoPAnudtov, eved €xovv avamtuyBel apketol adydpiBupor Pacilopevor
ot Aoyikn avt) [25]. v mapodoa dTpiPn avarTOGGoLUE Evav KOO TETO0
alyopiBpo pe okomd TNV €Vpeon PEATIOTNG OTPOUTNYIKNAG YL TNV €TOpiot TOL

Kuplopyet.

4.2  Opropog TpoPfrpatog dLEMInTEOOV TPOYPOURPATIGNOD

H yevikn popon evog mpoPAUaTog SIETITESOV TPOYPAUUATICHOD Efva:

min F(x,y)

xeX,y

V.7
G(x,y)<0

4.1
min f(x,y)
VT

g(x,y)<0

o6mov xe R" xou yeR™.

O1 petafintég Tov mapandve TpoPAnpatog xwpilovtol o 600 KaTnyopies, G AVTEG

TOU avOTEPOL emmédov x € R™ kol 6g avtég TOL KOTOTEPOL EMmESOL y € R™ .
Opoimg, ot cvvaptoelg F:R"xR™ 5> R ka f:R"xR™ - R amotehodv Tig
OVTIKEEVIKEG GUVOAPTIOELS OVOTEPOV KOl KATMOTEPOV EMUTEIOL OVTIGTOLYO, EVM Ol
davoopatikég cvvaptioelg G:R™ xR™ — R™ kot g:R" xR™ — R™ ovopdalovron
TEPLOPIOUOT AVOTEPOL KO KATWTEPOL EMITEOOL avTioTorya. O1 TEPLOPIGHOL AVOTEPOV
EMMEOOV EUMEPLEYOVV UETAPANTEG Ko amd Ta dVO emineda (o€ avtifeon pe ovtovg
nmov mpoodopilovtar amd To oVvoho X) KOl £QOLV TOAD GLYKEKPUEVO POAO.
Yvykekpiéva, mtpémetl va eniPAnovv Eupeca, kKobmg de decpevovy Tov anopacilovta

TOV KATMTEPOV EMITEIOV.
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4.3 Xvoyétion mpofinuarmv oeninedng fertioromoinong ko Stackelberg

H molveninedn Peltictomoinomn, n omoia Ady® moAvmAokoOTnTag, Kobiototor moAy
dvokolo va peketndet, oyetiletal dpeca pe o owkovoutkd TpoPAanua tov Stackelberg
otov Topéa ¢ Oewpiog moryviov dmwg Exer Non avaeepbel. o va damotwOel
KOaAVOTEPA OVTO, aG Be®PCOLE U0l O1OIKAGIO OTKOVOLIKOD GYESOGHOD GTNV OToi
gumAékovtarl dadpacTikol mpaktopes ce 000 dlakprtd emineda. O myémng (leader)
dtvel 0dnyleg otovg vTdAOUTOVG, ToVg emovopalopevoug akdAovBoug (followers). Xto
ovyKeKpIéEVo TAaiocto Twv maryviov Stackelberg o nyéng Bewpeiton 6t1 TEPIUEVEL TIG
avTOPAcELS TV aKoAoVBmY. Me tov Tpdmo avtd, 0 NYETNG Umopel va emMALYEL TV
Bértiom Yo ovtdv otpatnykn. [T cvykekpiéva, o nyETng emMAEYEL Lo CTPATYIKN
x and éva cdovoro X < R”, ko kdBe axdrovboc i €xel évo cHVOAO GTPATNYIKOV

Y (x) c R" ot omoieg avtiotoryovv o k@be x € X . Ta odvora Y(x) Oswpovvrol

KAewotd kot kuptd. Kdbe axolovbog i £xel mapaiinia kot pio cuvapTnon KOGTOVE M
omoio. €€aptdton amd TG OTPATNYIKEG TOGO TOL MYETN OGO KOl TMV VLIOAOUT®V

axorlovOwv. H cuvdptnon avt propel va amodobel og eENg:

0.(x,) ﬁRm’ SR (4.2)

j=1
omov M eivan o apBpdg tov akorovbwv. EmmAéov Bsmpeitarl 6t yio otabepég Tyég
oV X € X xou y,(j#i) novvapton 6, givor Kupth Kot cuvexdg Topay®YiGIUN 6To
v, €Y (x). Ot axdrovBot CLUTEPIPEPOVTOL GLALOYIKA GOUP®VO e TNV APy TNG U
Yvvepyooiog tov Nash [26] copgwva pe v omoia yo kébe x € X , Bo emAéEovy pia
KOWMN amoKpIon

y" =" e Cx) (4.3)

M
omov C(x) =] [Y.(x), étor dote, yia kabe i =1,..., M 1oydeL:

i=l1
y*¥ e arg min{@i(x, Yy iy, € Z(x)} 4.4)

H 1epapyikn doun tov mpoPAnudtov Stackelberg eivar mopdpolo pe ooty tov
npoPAnudtov deminedng PeAtictomoinong, upe povn dweopd Ot 10 TPOPANUA

KOTOTEPOL EMTEOOL givarl TPOPANO tIooppoTiag Kot Oyt BeATioTONOINGTC.
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4.4 Mkp1] l6TOPIKI] OVOOPOUT

Ta denineda mpoypappata ewonydnocav and tovg Bracken ko McGrill [27] og o
oelpd epyacudv ot omoieg oyetiloviav e OTPATIOTIKEG €PUPUOYEG KAODG Kot
EPOPUOYES OTN ANYTM ATOPAGEMY GTOVG TOWELS Tapoy®mYNg Kol pdpkeTvyk. Méypt
TOTE, TETON TPOPANLATO NTOV YVOOGTH O LOONUATIKE TPOYPAULOTO LLE TPOPANUATO
Beltiotonoinong otovg meplopopovs. Or Opot  diemimedoc Kot mOALETINESOG
TPOYPOUUATICHOG elonyOnoav Alyo apydtepa amd tovg Candler ko Norton [28].
A&iler va onuewwdel 0tL To TpoPAnuata wov peletiOnkav oty terevtaio epyacio
dgv mePlElyaV TEPLOPIOUOVE OVOTEPOV EMMEOOV OV VO €EOPTOVTAL TOGO A0 TIG
petafintég x 6co kot and Tig y. H yevikn dtoatdnwon teplopioidv aveotépov EmmEdon

o¢ G(x,y) <0 gppaviotke Yo TpdT™ POPA amd Tovg Aiyoshi kot Shimizu [29].

4.5 Ilgpintoon morlhamhOV BEATIGTOV AMVCEMV KATATEPOL ETUTEOOV

Yndpyovv mepTOOCELS OTIG OTOIEG 1] SOTOTOOT TOV TTPOPANpatog gival apueiBoin.
Avtd ovpPaivel Otav vrapyovv moOAAATAEG PEATIoTEC AVOES OTO TPOPANU
KOTMOTEPOV EMUTEIOL YL GUYKEKPIUEVES TUEC TOV TOPAUETPOV. XTI TEPITTMOCEL
avtég 0 MyEg dev umopel va ekPfracel tov akoilovbo va emdéfel o amd TG
BérTioteg Aoelg mov JBETel. XUVERMG, 0 MyEtng Ogv umopel va wpoPArdyet v
TPAYUATIKY TN TNG OKNG TOV OVTIKEWWEVIKNG GLVAPTNONG £mMG OTOL 0 akOAoLOOg
KAVEL TNV ETIAOYY] TOV Kol TNV YVOGTOTOMGEL 6ToV NYETN. Me oKomd v amopuyn
avTg TG OvokoAiag, €xovv mpotabel VO mpooeyyicel, M 0oOO0EN Kot M

anostodoén [30].

H dwgpopd petacd twv 6vo npoceyyicemv pmopet vo e€nyndet amd v cvumeprpopd
TV akoAoVOwV. DK 1| CLVEPYOTIKT] GUUTEPLPOPE EYEL MG ATOTEAEGLO OUGLO00EN
AOom. Avrtifeta, gmbetikol axolovBor odnyodv ce amauciddoln Avomn. [HoapakdTm

Tapovctalovpe avaAvTIKOTEPA TIG dV0 TTpoceyyioels [31].

2V a1o1000EN TPOGEYYIoN 0 NYETNG EUMGTEVETOL TOV aKOAOVOO VIO TV Evvola OTL
0o tov Ponbnoer va meTOYEL TNV KOADTEPN OVTIKEWEVIKY] ovvaptnon. Amd
poOnpatikng amdyewc, vrobétovrag 0Tt TG0 0 NYETNG 660 Kol 0 akOAovBog BE oLV
VO EAOYIOTOTTON|GOVV TIG OVTIKEYEVIKEG TOVS GLVOPTNGELS, TO a1o1000E0 OlEminedo

mpoPAnua PeAtiotomoinong puropel va povrelomombetl og €ENG:
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min f(x, y)
X,y

V.TT..

(x,y)eQ

) (4.5)
y € argmin g(x, w)

V.

(x,w)e¥
Omov f kot Q givol ovTIGTOL(O 1] OVTIKELEVIKT] GLUVAPTIOT) KOl TO GUVOAO TOV EPIKTMOV
AMoewVv Yo Tov NyE, evod g kot ¥ glvat ot avtiotoryeg HETOPANTES Yo TOV akOAovbo.
Onwc umopet va mapatnpnoel kaveic o akdAovbog amopacilel pdévo to y(w), EVd T0 X

amoteAel pio TapdpeTpo mov emPdAletar omd Tov NYE.

H oo1000En mpocéyyion ¢aivetor va unv eival epikty yopic SVoKOMES oOTIC
TEPWTAOCEIS OOV 1] cvvepyocio dOev emTpémetal (Yo mopdoetypuo Otov £YOVUE
avTay®VIGHO), | 0Tav 1M cuvepyooio dev efval ek, N téhog Otav dev eipaote
oiyovpot 0Tt 0 axkdAovBoc Bo tnpnoel ™V cvpeovic. M A0on 6TV TOPATAVED
SVoAPESTN YL TOV NYETN KATAGTOOT EPYETAL VO ODGEL O TEPLOPIGUOS TNG {npiag mov

elval amotéAespa pog avemBoun g ETAOYNG TOV aKoAoVHOoVL.

YUVENMG, o€ avtifeon pe TV TPONYOVUEVN TPOGEYYION, €0 O NYETNG GTOYXEVEL OTN
peimon tov K6GTOVE oV ExEl TPokANOel amd Tov akdAoVOO £Gv 0 devTEPOC EMAELEL

™ BEATIOTN (A1YOTEPO ETMPEAT] Y100 TOV NYETN) AOON.
To anos1000&0 deminedo TpoPAnpa Pertiotomoinong povieronoleitor og €ENG:

minmax f(x,))
Xy

V.T..
(x,y)eQ

. (4.6)
y € argmin g(x,w)

V.
(x,w)e¥

4.6 Iledio epappoy®v
ApKeETA TPOPALOTO LETAPOPDOY UITOPOVV Vo povteromoinbovv pe ypnon deminedmv

npoypopupdtov. [evikdtepo, o OlEminedog MPOYPOUUOTIONOS e@apuoletal o€
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TPOYUATIKE TPOPANLOTA TOV APOPOLV pia tepapykn oyéor avduecso og 600 emineda
aropdacewv. TETolov idovg TPOPANLATA ATOVIOVTIOL GE JLAPOPO ETIGTNUOVIKG TESTN
omwg 10 pbvatluevt (tomobecio eykotdotoonc, mepPorioviikol  KOVOVIGLOL,
KOTOVOUN TIGTMOGEWMY, EVEPYEWNKN TOMTIKY, EMKIVOLVO VAIKA), O OIKOVOUIKOS
oYEOOUOC (KOWMVIKEG KOl YEOPYIKEG TOMTIKEG, TIHOAOGYNON 1TNG MAEKTPIKNG
EVEPYELNG, TOPUY®YN TETPEAAIOV), 1 EMOTAUN TOL UnyavikoL (BéAtiotn oyedioon,

KOTOOKEVEG), 1 yNMEl, 01 TEPIPAAAOVTIKEG EMGTNUEG, O PEATIOTOG EAEYYOG, KAT.

Mmnopet va. BempnBel 611 01 TEPIocOTEPEG JOIKNTIKEG OmOPAoELS gival deminedng
QvoMG, He TNV £vvola OTL EMOPOVLV GE GLOTNUOTO HE KAmolo Pabud avtovouiog Kot
GLYKPOVOUEVOVS OVTIKEIUEVIKOVG OTOYO0VS. Q0TdG0, o1 £pevveg oL V10OETOLV TO
nopamdveo mopadetypo Kot PBacilovior oe mpaypotikd mpoPAnuoto eivor oxetkd
Myec. Hopaxdrm, mapéyetor éva dsiypo mediov epappoyng mov efetdletonr otnv

BiBroypapio.

4.6.1 Awayeipion kepoopopiog

O 06pog dayeipton kepdoPopiog KOAOTTEL £va, PAGHO JAOIKAGLOV PEATIGTOTOINGNC
OV GTOYEVOVV OTNV UEYIOTONOINGN 1TNG KEPSOPOPIOG TMV EMYEPNOE®Y OV
yapaxtpiCovtar amd vYNAd kOGTOG emEVOLONG, YOAPNAO Aertovpykd KOGTOC Kot
evrodn anobépata. H mpodtn epapuoyn £yve oTtov TOpER TOV GEPOUETAPOPDV UE TO
6vopa “yield management” kot a@opovce Técoepa OEpoTo: TNV KOGTOAOYNON
gwoutnpiov, v Katavoun Bécemv, v Tpofieyn e {RTNong Kot TV LIEPKPATNON
(overbooking). To povtélo mov mepthapPavel TOAMTIKES KOGTOAGYNONG KO KOTOVOUNG

Béoecwv meprypdotre and toug Cote et al. [32].

4.6.2 Awoyeipion kvklopopiog

[leprpepetaxd 0oTIKOV TEPLOYDOV UTOPOHV Vo ypnoipomomBovv ddd yoo TV
EAOYLOTOTOINGT TOV GLVOAKOV KVKAOQOpLakoD TpofAnuatoc. Edv teBodv dtoda ot
OPIOUEVOVG HOVO  TTEPLPEPELOKOVG OPOUOVE, TOTE TO TEAMKO oy€do Ogv  eivan
EQOPUOGIHO KO gRQavileTon To TPOPANUL TNG deVTEPTG KAADTEPNG ADONG, TO 0Toi0
gtvon deminedng ouonc. Ilepiocdtepeg Aemtopépetec 610 BERa AVTO VILAPYOLY OTIC

epyaoieg twv Hearn kon Ramana [33] kot tov Larsson ko Patriksson [34].
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4.6.3 Ektiunon mwivoko mpoElEvans — mpoopLopuon

‘Eva. kA06o1kd TPOPANUA TOV OCTIKOV HEAETOV GLVIOTOTOL GTNV EKTIUNGON NG
{nomg o LETaPopiKd HEGO avapeso 6Toug KOUPOVS VOG KUKAOPOPLOKOD IKTVOV,
N omoio. cVVNOWE EKUOIEVETOL OO OTOTIOTIKEG EPEVVEG, KOl YPNCULOTOIEITOL MG
gloodog ¢ dwdikaciog kabopiopod 1coppomiag. Edv ot mo mpdopatec poig
amOO06NG dapopomotoVvToL and T poEc mov £xovv mapatnpndel (agomotec), tote
umopel kdmowog va Béoet éva deminedo mpoPAnuo 6mov Ba eEetaletanr o mivakog
{ong (1o avdtePo HEPOC TOV) 0 0moiog ToTICETaL 6GO TO dVVATO KAAVTEPO LE TIC
QEPOVGEC POES 1ooppomiag (TpoPAnua Kabopiopod youniov erinedov KvkAopopiag).

Florian kot Chen [35].

4.6.4 Mioyeipion emikivovvwy vAikov

Kotd ™ oyedloon evdg vmo-diktvov mov mpoopiletar yio PETOQOPEIS eMKivOLVE®V
VAMKAV, B Tpémel vo ANeOel vTOYN 1 GLUTEPLPOPE TOV HETAPOPEMVY, OL OTOioL givart
mOovoe vo. TPOTWOLV TIC MO GUVIOUEG OdpOpES EVOVTL TOV MO  OCPOADY
dpoporoyiwv. Mia dieninedn S10TOT®GN TOV AVIOTOKPIVETOL GE QLT TNV KATAGTOOM

avaAveTon amd tovg Kara ko Verter [36].

4.6.5 Ilpofinuazo oyedioons oiktowv

Ta tpopfiquata oyediaonc, ota omoia eumAékovtal AVTOVOLOL TPAKTOPES, ATOTEAOVV
mhovoa Tnyn deninedwv poviédwv. ‘Eva tétolo mopddetypa amoterel n Peitioon g
YOPNTIKOTNTOS €VOC 001K0D O1KTOLOL, Omov oamouteitol eElcoppdnnon petald Tov
KOGTOVG €MEVOLONG KOt TNG UeElmOoNG TG SLUEOPNONG, o€ €va diKTVO OOV Ol POEC
KUKAOQOPIOG KOt 01 GYENNOTIKEG TapAUETPOL PBpickovion og 1ooppomio. To povtédo
avtd ewonydn apywd and tov LeBlanc [37] kot avaidbOnke mepiocdtepo amd Tov
Marcotte [38], o omoiog mpdtewve Kamow Opto VIO yeiproteg cuvONKeg (Worst-case
bounds) otV amdd00m €OKOAN EQPUPUOCIUOV EVPETIKOV Sladkactdv. TEAog, ot
Constantin kot Florian [39] mpotewvav éva dALo mopdoetypa, avtd e PeAtioong tov
GLYVOTNTOV GE £Va SIKTVO LETOPOPDOV OTOV Ol YPTOTES EAYIGTOTOLOVV TOV UTOUKO

poOvo ta&idiov Tovg.

4.6.6 Evepysiarxog touéog
O evepyelakdc TOUENG, KOl TO GLYKEKPLUEVO O TOUENS 1oYVOG, £xel Lvdpiel GTo

napelBov avtikeipevo épevvag deminedov mpoypoppaticpod. Ot Hobbs kat Nelson
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[40] pedénoav TV NAEKTPIKY| XPNOUOTNTO, 1) OTOlN EMLYELPEL VO ELOYICTOTOU|OEL TO,
KOOTN 1M VO UEYIOTOTOWGEL TA OQEAN, eA&yyovtag tnv afla Kol EmYOPNYOVIOG
TpoyphupaTo dlTNpnong evépyelng. xto poviého tov Haurie et al. [41], 7
aAnAenidpaon petalld TG YPNOUOTNTOG EVEPYELNS KOL TMV YEVWNTPLOV NAEKTPIKNG
napoywyng tibetor o éva mhaicto mwaryviov “nyét — akolovBov”, dTov N TAEVPA TNG
{nong povtedomoteital ¢ £va. TEYVO-0IKOVOUKO TPOPANUe peEYAANGg KATpaKoc. Xe
Koo gvepyeloko - aypotikd voPabpo, ot Bard et al. [42] avélvoay To TpoPAnpa Tov
avtpetonilel pio Kofépynon (o nyémg) mov embupel va ennpedoet T LETOTPOTT TOL
VAKOU avamtuéng oe kaAlépyeleg Prokavoipumy. To povtédo avtd, mov teptiapPavet
OLYPOUUIKEG GUVOPTNGELS KOl 6To. 000 emimeda TG dwdKkaciog amndeaong, Ovuilet

oAV T0 HoVTELD ToToBETNONG 01001V TOV TEONKE TOPOTAV®.

4.6.7 Ilpofinuazo unyovikod

[TpopAnuata Bertiotonoinong oto omoio, EUTAEKOVTOL YNUIKES 1] PLGIKES 1GOPPOTIES
(equilibria) pmopodv va povieAomomboiv ©¢ paOnpoTikd TPOyphupoTo e
nePLOPIopoVs woppomiag. Tétoov €100VC TPOYPAUUOTH EIVAL GTEVA GUVOEOEUEVOL LIE
mv Oeminedn Peltictomoinon. [Ipdceata, dGpopol EpELVNTEG OVOUACHY OVTA TO
npoypappoto MPEC (Mathematical Programs with Equilibrium Constraints). Meta&o
AoV Egxympilouv, N epyacia twv Pang kot Trinkle [43] otn Popmotwn ko avtn) tov
Outrata xou Kocvara [44] oe éva mpofAnpa oyedacpod otpiEng pe m Ponbewa

vrooTnplypdtev (truss design problem).

4.6.8 Ilpofinua apyns rpoxropwv

To mapdderypa e apyng TOV TPOKTOP®V EVIACCETAL GTNV £upLTEPT Bewpia TOL
dlemimedov mpoypappaticpov. [pdkettal yio Eva KAAGIKO 0IKOVOUIKO TpdPANUe 6To
omoio o Myémc (apyn) oavabétel pa epyacio oe €vov akdAovbo (mpaktopag). O
TPAKTOPOG avVTapEPETOL O TNV OPYT] COUPOVA LLE TNV TOLOTNTO OPIGUEVEOV TUYOLMV
OKOVOUKAOV amoterecdtov mov kabopilovv to 1660MHa TOL NYETN. XTO KOTDTEPO
eminedo, 0 MPAKTOPOS HEYIOTOMOIElL M0 OVTIKEWWEVIKY] GLVAPTNOY, ONAadn Lo
ouvapTnNon NG AVTOUOPNG Kol TOv EMTEOOV NG Tpoomadeldg tov. Onwg yiveton
avTIANmTo, 660 PEYOADTEPO Eivat TO emimedo TG mpoomdbelag, TOG0 HeyaAVTEPO Elvar
KOl TO TPOGOOKAOUEVO ELGOOMNUN TOV OYETILETOL LE TO. OIKOVOUIKG OTOTEAEGLLOTO.

Otav 10 6GOVOAO TWV OIKOVOUIKAV OTOTEAECUATOV &lval ovveEXES, TO TPOPANUA
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KOTOTEPOL EMMEOOV TOV TPOKVMTEL, &ival amelpodidotato. To mpoOPAnua avtod

AVOADETOL EKTEVAOG TNV epyocio Tov Van Ackere [45].

4.6.9 Iloiyvio Stackelberg — Nash

e éva oMyomdAlo 6oL [ eTapion dpa ¢ NYETNG, Ol LITOAOUTEG EMTVYYAVOLY LidL
wopponiac Cournot — Nash mapoapeTpomomuévne amd To EMIMEIN TAPAYMYNG TOV
nyét (Sherali et al. [46]). H avdivon avty umopel vo enektabel €161 dote vo
oLUTEPIAAPEL TTEPIGGATEPOVG NYETEG, N OKOUN KOl TEPIGGOTEPA EMIMEdA 1EpAPYIOg,

®oTOG0 KATL TETOL0 EEPEVYEL 0 TO AVTIKEIUEVO TNG JlETImEdNG PEATIOTONTOIN GG,

4.7 ’Epgvva vaapyovriov pgdodmv erilvong npopfinpdrov dieminedng

BeitioTomoinong

Ol Tp®TEC PEAETEG TTAVM GTOV SIEMIMESO TPOYPUULATIOUO XPOVOAOYOUVTOL ATYO HETA
10 1970. Evtovtolg, énpene va mepdoovy apketd xpovia, dote, Alyo petd to 1980, n
YPNOWOTNTO  OVTOV  TOV  UAUONUATIKOV  TPOYPOUUAT®V  GTNV  HOVIEAOTOINOT
EPOUPYIKDY  SadIKOCIOV ANYNG OTOPACEMY KOl TPOPANUATOV UNYOVOAOYIKOV
OYESOGLLOV VO MONGEL EPELYNTEG GE TTEPIGGOTEPO £VOEAEYT £EETOOT TWV OEMIMEO WV
npoypoppdtov. H tpodt Biprloypaeikn épgvva 610 avTikeipevo ypaotnke and tov
Kolstad [47]. KoBnhg taor mpoPfAnpato Seminedov TpoypoUUOTIGHOD TopoLGIAlovV
gyyeveig duokoMMeg, ivar AoyKO OTL TO PEYAAVTEPO UEPOG TNG OAYOPIOUKNG £pELVOG
puéxpr onuepa €xel emkevipmBel oTIC OMAOVOTEPES MEPIMTMOELS TOV OETMIMEOWV
TPOYPAUUATOV, ONANOT GE OVTA TOV £XOVV GUYKEKPIUEVES «KAAESH 1010TNTEC, OMM®G
YPOUUIKEG, TETPAYOVIKEG 1] KULPTEC OVIIKEWWEVIKEG GLVOPTNGEIS 1 GLUVOAPTHGELS
nepropop®v. [ToArol epevvntéc, 6mmg ot Hsu kot Wen [48] kaBd¢ kot o Ben-Ayed
[49], emyeipnoav va Tpoceyyicouy YPOUMKO HOVTEAN OIETITESOV TPOYPOUUUATICUOD
(BLPP 7 III"'AIT) 6mov 6Aeg o1 cuVapTHGELS Elval YPOUIKES. AVTH 1| LOPOT| LOVTEA®V
elvar ko ovt mov €xer peiembel meprocotepo. Me v mApodo TovL YPSHVOL
peietnOnKov o mEPITAOKA OEMMEdQ TPOYPAUUOTO, EVD €EETACTNKAY OKOUO KOt
mpofAuato pe dwaxkptéc petafantéc. O Colson [50] acyoAnOnke 1600 pe U
YPOUUIKE TPpOPANUOTO  OEMIMEOOL TPOYPOUUUOTICHOD OGO KOl HE  UaONUOTIKA
TPOYPAUUOTO LE TEPLOPIGUOVG tooppomios. Térog, or Marcotte kou Savard [51]

EMOVEEETAGOV TNV GLVOVOGTIKN PVOT) TOV JIETITESOV TPOYPULULUOATIGLOV.
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Extog and 11 mpoavagepbeioeg perétec, a&iCel va onueiwbei 6Tt tar teElevtaio ypovia
&xovv ekdobel kal optopéva Pipiia. Meta&d avtdv tov cuyypappdtov Eexwpilovv
avtd twv Shimizu [52] xou Bard [53] ta omoia éxovv ypaetel and mpmtepydteg oTOV
topéa TG moAveninedne Pertictomoinonc. A&iler, emiong, va avoaeepbel ko pio
novoypaopio tov Migdalas et al. [54] otnv ool e&gtdotnKe 1 TO gvpeia TepinT®ON,

QLT TOV TOAVETITESOV TPOYPOUUATIGHOD.

4.8 IowtnTeg deminedmv mpoypappdTmv

Agdopévov 6Tt ta dteminedo TPOYPALIATO GTNY TAEOYNPIN TOVG Eval Un KupTa Kot
un mopaywyica, eivor Aoykd va givor eEapeTIKE TOADTAOKN. AKOWO KO 1) TTO OTAN
nePInTOON, TO YPUUUIKO deminedo mpoPAnua, arodeiydnke ond tov Jeroslow [55] o6t
elvar dUOKOAO Un VIETEPUIVIOTIKO TPOPANU moAvwvupkoy ypdévov (NP-hard).
[ToAA&d ovvdvaoTikd mpoPAnuata  Peitictomoinong umopovv va  ovayxBodv oe
dtemineda TPoypappaTo, OT®S Y. TOPASEYUO OVTO TOL SVASIKOD OKEPUIOL UIKTOV

TPOYPUULOTIGHLOV.

Emiong, €yovv peietnOel kot dAlec avtiotoryieg HeTa&) KAOGIKOV GUVOLAGTIKMV
mpofAnuatwv BeAtiotomoinong (m.y. N YEVIKELUEVT] YPOUKT GUUTATPOUOTIKOTNTO,
70 TPOPANUA TOV TAAVOSIOV TOANTH, O U1 KUPTOS TETPUYOVIKOS TPOYPAUUATIGHOG, M
noAvkpltnpa. Bertictonoinom) kot denimedov mpoypoppaticpod. To evolapépov e
ATEG TIG avay®YES dev éykettal povo o BEpata ToAVTAOKOTNTOS, ALY £xel maiEet
KATOAVTIKO pOAO OTNV OVATTUEN OmMOTEAEGUHOTIKOV aAyopifpumv Baciopévov ot
AOYIKT TV aAyopifu®mV EVOOUATOONG. X& OAEG OVTEC TIG KT Yopieg TpoPAnudtmv N
SLAOIKN HOPPT) GUUTEPIAAUPAVEL £Vl KATMOTEPO EMIMEDO TO OMOT0 JEYETAL EEMTEPIKES
AOoELG, o 10TNTO TOL EMITPEMEL TV AVATTVEN HEBOO®V TOVL VO £YYLAOVTOL OAMKO
BéAtioto. Avtifeta, o1 pun YPOUUKES TEPUTTAOGELS OETITEIOV TPOYPUUUATICUOD £YOVV
Kupimg epevvnBel o¢ mpog T TomIKA PEATIOTA TOV divouv. ApKETOL GLYYPAPEIC ExouV
e€dyer T avaykoieg cvuvOnkeg PeATioTOTNTOG Yoo TO. TPOPANUATO TOVL SEMIMEOOV
TPOYPOUUOTIGHOV. Zuykekpuéva, ot Savard kot Gauvin [56] kabmg kot ot Vicente
kot Calamai [57] avértuéav cuvOnkeg Peltiototog Pacilopevol otn ye®UeTpia TG
emmpealopevne meproyne. Kamowor amd toug cuyypagpeis viobétnoav ™ Bewpio g
amotoung kotapaong (steepest descent) otnv mepintwon TV deminedwv
TPOYPOUUATOV, €V® GAAOL Yevikevoav Tig ouvOnkeg PeAtiotdTTOg TPAOTNG KO

OEVTEPTG TAENG YPNOIUOTOIDVTOS TETPOYMVIKA KOl QVOTNPE KUPTA TPOPANLATO GTO
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Katotepo eminedo Tov Oteminedov mpoypdupotoc. IMapdin v mpoavapepbeica
EPELVO, TO TOPATAV®D OV EQPUPUOCTNKOV TPUKTIKG TOTE GE TPUYUOTIKG TPOPAN LT,
AMOY® NG €yyevovg dLOKOAIOG oTn JloyEiplon TOV HOOMUATIKOV OVTIKEWEV®V TOU

gumAékovtar 6Tig cvvnkeg PertiotdtnTag.

4.9 AkyopOpor Tov €QUPUOGTNKOAY Y10 TNV ENiAVGT TPOPANRATOV demiTEING

peitioTomoinonc

4.9.1 Ilpoaceyyioeis axpaiov anueiov yLo. Ty TEPITTWON YPOUULKOD TPOPINUOTOS
Mo oNUaVTIKY 1010TNTO TOV YPOUUIKOD JIETITEIOV TPOYPOUUUATIGHOD €ivol OTL GTO

GVUVOAD AVGEMV, OTAV PUOTKAE 0WTO deV Elval TO KEVO, LITAPYEL TOVAGYLIGTOV Lo AVOT 1|

omoia avTIoTOLEl O€ PaL amd TIG KOPLPES TOV TAPAKAT® TOAVEOPOV:

Q:{(x,y):xeX,G(x,y)SO/\g(x,y)SO} 4.7)

YVVETMG, VIAPYOLY apKeTEG PEBodOL emilvong YPoUUKOY TPoPAnudTov deminedov

TPOYPOUUOTIGHOV oV Bacilovion otV amapifunorn Kopueov.

4.9.2 MéBooog droxladwans Kar ppayuoTos

Otav 10 MPOPANHA KOTAOTEPOL EMMEOOV €lvarl KLPTO KO OUAAO, TOTE UTOPEl va
avtikotaotobel and 11 ovvOnkeg Karush-Kuhn-Tucker (KKT) mov npoxvntovv amod
avtd. H petatponn avt) av epapproctel 61N yevik) Hopen tov mpoPAnuatog (4.1)

divel To mapoKaT® TPOPANUA EVOG EMTESOL:

min F(x,y)

xeX,y,A

V.

G(x,y)<0

g(x,y)<0 (4.8)
A20, i=1,.,m,

Ag(x,y)=0, i=1..m,

V. L(x,y,4)=0

o6mov L givor 1 Aaykpaviiovy cuvaptnon tov TPoPALOTOS KOTOTEPOV EMTESOL, M

omoia didetal oc:

ny

L(x,y,A) = f(x, )+ D 4g,(x,¥) (4.9)

i=1
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Axopo kot av Bewprioovpe 6t ot cvvapmoelg F, G kot 10 cOvoro X TOv
wpoPAnuatog (4.8) givar kKuptd, To pobnpoatiKd avtd TpoOPANUa eivol apkeTd SVGKOAO
va emAvBel, kKupiwg Adym ™¢ un Kuptdtrog e Aaykpaviiovng cuvéptnone. ' to
AOYO avTO apKeTEC QOpec emPdAletar m yprion aryopibuwv, Ommg mn péBodoc
SKAGO®ONG Kot GpayHatog, 6to mapondve mTpoPAnua. EmmAéov, o cuvdvacudc
LTS TNG LEBOOOV e apyEG LOVOTOVIOG KOl GLUVAPTHOELS TOWNG EXEL AVOTTVEEL Evay
oAyopBuo kavd va emidoel pecaiov peyéBovg ypoupkd mpoPAnpoTe JlEminedov
TPOYPOUUUOTIGHOD, dNAadT] TG TAENG TV OKociwV HETOPANTOV Kol Sl0KOGimV

nepropopmv (Hansen et al. [58]).

4.9.3  AAyopiQuog oourinpwuotikng Oéong-kie1dl

H pébodog avt epaprootnke yio mpdtn @opa yio ETIALGT YPOUUKOD TPORANLOTOC
deminedov wpoypapupaticpod o 1980 [59]. O aAydpiBuog otov omoio Paciotnke
eMiALGT ovOpAleTol TOPAUETPIKOS OAYOPIOUOC CUUTANPOUATIKNG Oéonc-kAeldl Kat
Baoiletor otV TpOmOTOINGT TOL YPAUUIKOD SEMITEOOV TPOYPAUUOTOS LLE TN XPNON
tov cvvOnkdv KKT yio 1o mpdfAnpa katowtépov emmédov. Xe kabe emavaAnyr tov
alyopiBpov vroAroyileton éva onpueio, To omoio avamaplotd pa epikty Avon (x, y) yio
TO aPYIKO TPOPANUO, TETO0 MOTE APEVOG 1| CLVEAPTNOT OVOTEPOL emESOL F(x, ¥) va
maipvel T 10 TOAD iom pe a ko apetépov vo petaPinbdel o mepropiopog (4.8)
mpocHitovtag Evav 6po eHy, dmov 1o H elvar €vag apvnTikd 0pIGUEVOS TIVOKAG EVD
T0 & glval 1000 KPO £T61 OCTE 1 ADON TOL OAPYIKOV TPOPAAUATOS v uUnv
petopdrietar. H mapduetpoc a evnuepdveton o kabe emavainym kot 1 dodkocio
emavorapPavetal péxpic 6tov vo unv vdpyel epikto (x, y). Metd and épevva TV
Ben-Ayed kot Blair [60] amodeiyOnke 011 avtdg 0 adydp1Bog dev cGuykAivel mhvta oe

BéAtiomn Avon).

4.9.4 MéOooor karafaons

Av vmoBécovpe 6t yuoo k0Be x M Pértiotn Abom TOL TPOPANUOTOS KATOTEPOV
emumédov givol povadikn kot 0Tt opilel T0 y oG po TEMAEYUEV] GLUVAPTNGT TOV X,
oniaon y(x), téte 10 mTpOPAnua (4.1) eivon dvvatd va egetaoctel Aapupdvovroc povo
voyn 15 petafintéc x € R™ tov avotépov emmédov. Agdopévov evog £QKToD

onueiov x, yiveror po Tpoomddelo va vIToAoyloTel po @ikt devbuvon d € R™ pe
TOPAAANAN LEI®ON NG OVTIKEWEVIKNG GLVAPTNONG TOL aVAOTEPOL emmédov. [Ma va

TETOYOVUE H10L IKOVOTTONTIKY Helwon otn cuvaptnon F vroroyileton £va véo onpeio
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x+od (0>0), evd 1o deninedo mpoPAnua mapapéver epikto. Eva onpovtikd Opmg
0éua mapopéver n S100ecIUOTNTO TG KAMONG TNG OVTIKEWEVIKNG GUVAPTNONG TOV

AVOTEPOL EMTEOOV GE EVa PIKTO onpeio, yio TV omoia 1oy vEL:

AXF(x,y(x)) =AF(x,y)+A F(x,y)A y(x) (4.10)

O6mov ot cuvvaptioelg afloAoyodvior otnv Tpéyovca emoviinyn. H moapamdveo
uéboodog mpotabnke amd tovg Kolstad kou Lasdon [61] pe oxond v mpocéyyion g

KMong.

Emiong, mpotdbnke o pébodog kotdfacng yio emiAvon KLUPTOV TETPUYOVIK®OV
JlEMmEd WV TPOPANUAT®V, INAAOT TPOPANUATOV GTA OOl KOl 01 dVO OVTIKEIUEVIKEG
oLVAPTNOELS EIVOL TETPAYOVIKEG OAAG 01 TTeplopiopol elvar Kuptoi [62]. Télog, o1 Falk
kot Liu [63] mapovcsiccav po péBodo otmv omoion m pel®ON NG GVTIKEWEVIKNG
GLVAPTNOTNG AVAOTEPOV EMTEIOV TPOKVNTEL PAGEL VTO-OLUPOPIKMV TANPOPOPLDV TOL

ATOKTAOVTOL 0td TO TPOPANLLO TOL KATMOTEPOL EMTESOV.

4.9.5 MéBooor ue ovvaptioeig moivig

Ot pébodot mov ¥PNGYOTOIOVY GUVOPTNGELS TOWVNG ATOTEAOVV GAAN L0, OT)LLOVTIKN
Katnyopio adyopifumv yoo v emiAvon un yPoppIK®OV TpoPAnudtov deminedng
Bertiotonoinong. Ilpénet wotdc0 va onpetwBel 6Tt ot péBodor avtég mOALEG POPES

vroAoyilovv povo TomiKd BEATIGTO Kol GTAGLLO GNUETD.

Apywcd ot Aiyoshi ko Shimizu [29] mpocéyyicav to {fmnuo avtikabotdvtag to
TPOPANUE KATOTEPOL €MTEOOL TOL YeEVIKOD TpoPAnuatoc (4.1) pe to mpoOPANua
TOWG:

min p(x, y,r) = f(x,y) +ré(g(x, ) (4.11)

omov r glval po Betikn otafepd Kol @ o CLVENNG GLVAPTNOY TOWNG 1 Omoia

KOVOTIOEL TIG TTOPAKAT® GYEGELS:

#(g(x,y))>0 edv yeintS(x)

) (4.12)
#(g(x,y)) >+ €hv y— bd S(x)

omov intS(x) Ko bd S(x) OMADOVOLV OVTIGTOIY®G TO ECMTEPIKO TUNUO Kot Ta Oplo

700 GLVOAOL S(x) ={y: g(x,y) <0} . Etot 10 mpopAnpa (4.1) Swpopedvetar wg:
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min F(x, " (x,7))

xeX,y

VT

G(x,y (x,r)) <0
p(x,y"(x,r),r) = min p(x, y.r)

(4.13)

Ot Aiyoshi xot Shimizu [29] oamédeiav 61t M akoAovBio TV petafAntov
{(xk,y*(xk,rk ))}, ol omoiec amotelovv PéATioTec AVcel Tov TpofAuaTog (4.13),

ovykAivel ot BértioTn Avon tov mpoPAnuatog (4.1). To Pacikd peovéktnua g
pedddov avtng glvan OtL, Yo va emAvOet to TpoPanpa (4.13) ywo otabepéc Tipég Tov 7,
amorteitolr M yevikn Avon o€ KABe evMUEPMOY TOV UETAPANTOV TOL OVOTEPOL
emumédov. Kdébe vronpdfinua dev eival, ®ot660, mOAD To g0koAo va emAvOel amd

OTL TO apyIKO dleminedo TPOPAN L.

On Ishizuku kot Aiyoshi [64] wpdtevav o dutdn péBodo mowng oty omoia Exouvv
o Kat ot 0Vo avtikelevikég cuvaptnoelg (4.1). Kot oe avty mv mepintoon
YPNOUOTOIEITOL 1) EMAVENUEVT] OVTIKEEVIKT] GLVAPTNON TOV KATMTEPOV EMITEOOV

(4.11) evd n ovvapmon mowng ¢ mpooceyyileton ond v (4.12). To mpoPAnua

KOTOTEPOL EMESOL avtikabictatal and ) cuvbikn ctacpottag A, p (x,, r) =0.

Yuvenmg, 1o dleminedo mpoPAnua (4.1) petatpéneton 610 axoiovho mpOPANuUa vog
EMMEOOL:
min F(x,y)
V.
G(x,y)<0 (4.14)
Ayp(x,y,r):O
g(x,y)<0
Mo dedopévo r 1o mpoPAnua (4.14) pmopet va emhvbel pe ypnom pwog dedTEPNS

GLVAPTNOTNG TOWNG TOV EPAPUOLETOL GTOVG TEPLOPLGLOVG,

Metayevéotepa, o Case [65] avémtuée pioL TEYVIKN Yo YPOUUIKE Olemineda
npoPAnuata Poaciopéva oty (4.8), ONAad YPOUUIKE TPOYPAPHOTO 6To Omoic TO
TPOPANUO KATOTEPOV EMTESOL £xel avtikataoTadel amd Tig cuvinkeg Karush-Kuhn-

Tucker. H pébodoc avt) cvpmeptrappdvel cuvaptnon mowvng e Lopeng:
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p(x,y, A, 1) = F(x,y) + uv(x, y,4) (4.15)
Omov u etvon pia 0TIk TOPAUETPOC TOVNG KOL 1] OVTIKELLEVIKT] GLUVAPTIOT] AVADTEPOL
emmédov F(x,y) eivon emavEnuévn He o apvnTiky oTafUIGUEVT] GLVAPTNON TOWVNG
oXeTIK pe TV TpéYovca emoviinyn. O aiydépiBuog mov mpoékvye omd TNV
TOPOTAVE  Slodkacio EUTEPIEXEL TNV  EAOYIOTONOINGCT TNG OLVAPTNONG TOWNG
pxy,Au) Yoo dedopévn Kot otadepn T Tov 4. AOY® TG TOAVTAOKOTNTAG TG OOUNG
NG TOPATAV® CLVAPTNONG, Ol GLYYPaEEls avérntvEav o pnéBodo otnv omoio M
povteAomoinon g p yivetor oviikofiotdviag KAOe mePEXOUEVT) GLVAPTNOT TNG

px,y,4,u1) pe ta avoartoypoto Taylor devtepng 1aENG o€ kbBe emavainyn.

4.9.6 MéQooor meproyng eumotoodvng

Ot alyopBpol meproyng epmotosvvng gival emavoinmrikég pébodot mov Pacilovion
OTNV TPOGEYYIOT) TOV 0PYIKOD TPOPALATOC LE £VOL LOVTELO YOP® amd TNV TPEXOLGA
emavaAnyn. Il ovykekpyévo, oc Bewprioovpe 10 TOPAKAT® TPOPANUA Y®PIC
TEPLOPIGUOVG:

min f(x) (4.16)

Agdopévng g petafAntig x, otnv emavainyn k, kataokevaletat £vo Loviéo m, TO
omoio TpoceYyilel TNV AVIIKELEVIKT GLVAPTNOT EVIOC LOG TEPLOYNG EUTIGTOGVUVIG M
onoia opiletar cvvbwg and o ceaipo (Bdoet kdnowag vopurag) axtivag A, pe
KEVIPO TO X, . ZTNV GLVEXELD VIToAoYileTar ) Ao s, 6T0 VIOTPOPANA TG TEPLOYNG
EUMIGTOCVVNG:

msin m, (x, +5)

V. (4.17)

sl <4,
H mopondve pébodog perembnke amd tovg Conn et al [66]. Metayevéotepa ot
Colson et al. [67] avéntuEav évav alyoplBpo meployng EUMIGTOCHVNG Yo ETIALGN Un
YPOUUK®OV OETITEd®V Tpoypappdtov 6mov 1 cvvaptnon G eéaptdror pévo amd 1o
Savuo o X avOTEPOL EMTEOOV. O GUYKEKPIUEVOS aAYOPIOUOG EIVOIL 10l ETTOVOANTTTIKY|
puébodog mn omoia, dedouévng g TpEYovcoc Avong(x,y), Pacileton otO0 €ENG

YPOULKO TETPAYMVIKO OlEMinEdO povTéEAO Tov TpoPAnpatog (4.1):
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min F,(x, )
V.T..
G,(x)<0 4.18)
min £, (x,y) '
y

V.

g,(%,y)<0
Onov F,, G, xar g, eivar ypoppukd poviéro tov F, G ko g oto (X,y) ovtictoya,
evod n f, elvar To tETpOyOVIKO HOVTEAO NG f 610 (X,)). ZUVEMMG, TO TOPATAVE®
dleminedo mpOPAnua opilert to vmompdPAnua TG TEPOYNG EUmoTOGUVNG. To
VIOTTPOPAN U aVTO pmopet va emilvbel pe oxomd vo Ppedei n oAkn Ao Tov, €lte e
YPNON €VOG EEEIOIKEVUEVOL OAYOpiOOoV, €1TE HLOPPOTOLDVTOG TO GE £va TPOPANUL
HWKTOV oKEpalov Tpoypappotiopov. ‘Eoto (x™,y™) n Adon tov vrompoPfAnpatog, n
omoia, UM, OV POIVETOL VO, EIVOL AOYIKN. ZVVETMDC, Y10 VOL VTTOAOYIGTEL 1| TPAYLLATIKN
aflo g mopamdve AVONG, MPEMEL VO VIOAOYIOTEL 1 AVTIOPUCT TOL KATMTEPOL

emmédov 610 x™, Snhadn 1 BEATIoT) Aon ¥ Tov TpoPAfipoToc:

min f(x", y)
1):7'5.: (4.19)
g(x",»)<0
O aAyopBpog avtodg £xel OOKIUOOTEL 08 aPKETA TPOPANaTH Kot PaiveTon 0Tl Ady®
mg okpifelag mpocEyyiong tov Hovtélov, €xel KOAES €MBOCELS OGOV 0POPE GTNV

To1dTNTA TNG AVOTG, ONAAOT TOAD GLUYVE ETTVYYAVETOL OAMKO BEATIGTO.

4.10 MoOnpotikd Tpoypapupata pe TEPLOPLGROVS LGOPPOTTING

Ta podnuatikd Tpoypaupata pe meplopiopoVs ooppomiog (MIIIII) amoteAovv o
KOO CNUOVTIKY Katnyopio oyeTik®v TpoPfAnudatov. ALilel va onueimbet 6t1, Ady®
™G TOAD OTEVIG OYEONG HETOED TPOPANUATOV OEMIMEOOV TPOYPOUUOTIOHUOD KOt
MIIIII, moAhoi GuYYpaQEic XPNOLLOTOOVV KOV 0OpoAoyia Kat Yy TG 000 Katrnyopieg

TPOoPANUATOV, KATL TOL GLYVA 001 YEL GE GUYYLOT).
Ta padnuotikd Tpoypdupato Pe TEPIOPIGHOVS 1GOPPOTING UTopovV vo BempnBovv g
dlemimeda mpoyplpupata ot onoio T0 TPOPANLE KATDOTEPOL EMMEGOL OmMOTEAEITAL QUTTO

po «mopekkAivovson avicdtta. ['a o dedopévn cuvdptmon y : R" — R” kot evog
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Kuptod cuvorov C < R”, 10 dibvoopa x € C Bewpeiton AMdon e mapekkAivovsog

avicomtog Vi(y, C), 6tov vt IKavomolel Ty oxéon:

(x—x) w(x)=0 ya x4e xeC (4.20)
Ot mapekkAivovoeg avicdTNTeg eivar pHodNUaTIKE TPOYPAUIOTE TO OTTOT0 EMTPETOVY
TNV LOVTEAOTOINGT TOAADY QUIVOUEV®V 1GOPPOTIOG TOL ATAVIDOVIOL GE TOUEIG OTWS

1N QLGIKT, 1 YNUELD, TO OIKOVOUIKE KO 1) ETLGTUN TOV UNYAVIKOV.

H yevuc popen) evog pobnpatikod mpoypappatog e Teploplopods wwoppomiog etvarl
N axo6lovn:
min F(x,y)
X,y

V. 4.21)
(x,y)eZ

yeS(x)
omov Z < R"™ givar éva pun kevo kAeotd chvoro kot S(x) t0 cHVoro ADGE®V TG

aKOAOVONG TOPAUETPOTONUEVTG TAPEKKATVOLGOG AVICOTNTOG

yeS(x) & yeC(x) xou (L—y) w(x,y)=0 e k6P veC(x) (4.22)
nov opiletor Baoet Tov KAeGTOL KLPTOV cLvOrov C(x) = R™ . H popeomoinon avty

dlpopornoleiton omd eKeivn TV SETINTEOOV TPOYPOUUATOV KAODG o1 HETAPANTEC

AVATEPTG KU KATAOTEPNG TAENS YPNOLOTOIOVVTOL Y10 TOV KOOOPIGHO TMV X Ko V.

H oyéon peta&d mpoPAnudtov Oeminedov TPOYPOUUATIGHOD KOl HOOMUOTIK®V
TPOYPOUUATOV LE TEPLOPIOUOVS 100PPOTING UTOPEl Vo amelkovioTel Bewpdvtag 000

OLYKEKPIEVEC TEPUTTOGEIS. ' Eotm 0Tl 1 avamapdotoon w(x,:) ivon | pepikn kiion

LLoG GLVEYOVG Kal Tapay®yiowung cuvapmmong f:R™™ - R pe npaypatikég Tipéc:
w(x,y)=A,f(x,) (4.23)

21 ovvéyela, Yo kabe otabepd x, 1 mapekkiivovca avicotnta (4.22) yapoktnpiletl

TO GUVOAO TMV TEPLOPIGUMV GTACIUOTNTAG TOL TPOPANUATOG PEATIGTONOINONG:
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min f(x, y)
i
V.T: (4.24)
yeC(x)
Emumhéov, av to mapapetpomompévo C(x) AdBer m popen C(x)={y:g(x,») <0},

TO1E 10 TPOPANUa (4.24) dev givor AAAO amd TO TPOPANUA KATDTEPOL EMITEOVL TOV
otemimedov mpoypappatog (4.1). H mapandve owmictmon osiyvel OtL ta demineda
Tpoypappota evidocovtor ota MIIIIL, pe v mpodmdBeon 4Tt Ta TpdTA EUTEPIEXOVY
éva kuptd Kol Stopopicipo TpdPAnua Katdtepov emmédov. Avtiotoyyo, Eva MIIIII
umopel va  popeomombBel ¢ €va deminedo mPOYPOUUO  OVTIKOOIOTOVIOG TNV

TOPEKKAVOLGA OVIGOTNTO KATAOTEPOV EMTEOL e Evo TPOPANUa BeATioTONOINGNC.

4.11 Biloypag@iki] avaokoémnon tpofinpuatov £QodlacTIKNS aAveidag

Ot Y. Marinakis ko1t M. Marinaki [68] avémntuéov €vav ypnyopo, €0pmGTO Kot
ATOTEAECUATIKO OAYOPIOHO Yoo TNV €miAvon &vOC TPOPANUOTOg YOPOoBETNONG
dwdpopmv (LRP). O alyopBpoc avtdg avoamtoydnke yio Aoyaplooud piog omd Tic
peyoAvtepeg etanpeieg dtavoung Euieiag oty EAAGSa. T v emiAvomn mpotdnke
piee Lope®on tov TPOPANUOTOS e ¥pNoN OlEmimedov TPoypopUaTIGHoD. Agdopévon
ot ota tpoPAnuata LRP ot amopdoelg Aappdvovtal 1660 6€ oTpatnyikd 660 Kot o€
Aertovpyikd eninedo, 10 TPOPANUN SOTLTOONKE e TPOTO MGTE GTO TPMTO EMIMESO VoL
Aappavoviar ot otpatnyikeés amopacels (BEATioTn ywpobétnon) eved oto 0evTEPO
emingdo ol Asrtovpykéc amopdoelg (Bértiomn dwdpoun). o o mpodfAnue avtd
eloNyOn évog yevetikdg alyopbpog deminedng Peitiotonoinong, o onoiog mapeiye

TPOKTIKEG ADGELS KO GNUOVTIKG OIKOVOULKA OPEAT Y10 TNV ETAPELQL.

Ot H. Sun et al. [69] mpdtetvay €va poviElo SEMNESOV TPOYPALUATIGHOD Yo TV
gbpeon tov PéATIoTOV Bécev TV KEVIPpWV dtavouns tov logistics Aapfdavovtog
VIOYT TO OQEAN TOGO TOV TEAATMOV OGO KoL TOV TUNUATOV oyedtocpol tov logistics.
To povtélo Tov TPOTOL EMTEIOL aPopA 6TOoV KaBOopIopd ¢ PEATIOTNG TomoBeTing
EAOYLOTOTOIOVTIOG TO KOOTOG OYEOWCHOV, €V ©TO OgLTEPO Emimedo odideTor M
Katavopun {NIong eAdyIGTOTOIOVTOG TO KOGTOG TV TEAAT®V. ['lol Tov oKomd avtod
glonydn évag amhdg evpeTikdg oAyoplOuog, Pacel TG E€WOIKNG HOPONG TV

TEPLOPICUMDV.
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O deninedog mpoypappaticpds mepthapfavel 600 tpofAnuota BeAtiotonoinong 6mov
N TEPLOYN TOV TEPLOPICUADV TOV TPADTOL EMTEIOL Uropel va kaboprotet and Eva dALo
npoPAnua Bertiotomoinong. Ot Calvete et al. [70] avéntvEav Eva yeveTikod adlydpiOpo
Yo T0 ypoppukd demimedo mPOPANUE 610 omoio kol Ot 000  OVTIKELUEVIKEG
GUVOPTNGCELG €IVl YPOUUIKES KOL 1) KOWN TTEPLOYN TEPLOPICUDV givorl Eva TOAVEDPO.
Aoppdavovtag voym v Omapén evog akpoiov onueiov Tov TOAVEIPOVL, TO OTOI0
amotelel Abon 010 TPOPANUA, 0 OAYOPIOLOC ATOGKOTEL GTOV GLVOVOCUO KAUGIKMV
TeEYVIKOV amopifunong axpaiov onueiov pe yevetikés pebodovg avalrnong,
ocvoyetilovtag ypopocopoto pe okpoio onueio Tov ToAvédpov. Emmpdodeta, avtdg
0 YeveTkodg ohyopiOuog pmopel va ypnowomomBel oty emilvon nui-koilwv
dteninedwv mPoPANUATOV, TOV OTOIMV 1 OVTIKEYEVIKI] GUVAPTNOTN TOL OELTEPOL

EMTESOL VUL YPOLLLUIKTY].

Ta tedevtaio Tevivia ypdvia £xovv mpotabel moAlol dtapopeTikol adydpiBuot yio v
emiAvon tov poPAnuatog dpoporidynong oxnuatov (VRP). Ot Marinakis et al. [71]
glonyoyav éva TpoPAnua 600 emMmEOOV OMOPACNC. £TO TPMOTO EMIMEOO O OMOPAGILWV
eEKY®PEl TEAATEG OTO OYNLLOTO EAEYYOVTOS TAPAAANAL TV EPIKTOHTNTA TOV JLOOPOUDV
(Tepropiopol yopnTIKdOTNTAG OYNUATOV) X®PIG Vo AapuPdvel vTOYN TOL TN GEPA pE TN
omoloL TO. OYNUOTO EMICKEMTOVIOL TOVG TEAATEG. XTO OgVTEPO emimedo Ppiokel
Bértiot dwdpoun TtV ekywpnoewv avtdv. O amo@acil®v Tov TPMOTOL EMTEIOV
EMAEYEL TNV KOADTEPT] EKYDOPNOT APoV VTOAOYIOTEL TO KOGTOG KAOE dradpouUng oto
dgvtepo eminedo. Bdoel avtig g datummong or Marinakis et al. wpdtevav évav
YEVETIKO alyOppo diemimedng Pertiotonoinong. Xto mpdTo eminedo vroloyileTal o
TANOLGUOC TOV KOADTEP®V AVCE®V HE YpPNOTM €VOC YEVETIKOV aAlyopifuov. Xto
0eVTePO emimedo emAveTon Eva TPOPANUa meputhavopevov toint) (TSP) yuu kdbe
pérog tov TANBvouov ywprotd. A&ilel va onuelmdel 6TL 0 VTOAOYIOTIKOG YPOVOS TOL
alyopiBpov elvarl eEapeTikd HEIOUEVOG GE GYECT HE GAAOVG EVPETIKOVG KO LETOL-
ELPETIKOVG aAyopiBuovg efoutiog TG ¥PNONS TNG OTPATNYIKNG TNG EKTETOUEVNC

YETOVIKNG avalnTnong.

Ot Osman et al. [72] pelémmooav éva mpdPAnuo oto omoio dVo amoPacilovieg
Aapavouv amopacelg 01000y tkd. o tov okomd avtd oyediacav kot peréTnoav Evo
YEVETIKO 0AYOPOLO SLEMTEIOV TPOYPAUUATIGHOD, LE TNV KATAGKELT] TNG GLVAPTNONG

TPOCUPUOYNG TOV OVAOTEPOL EMTESOL, UE PAcT TOV OPIGUO TOL BabLoD eQIKTOTNTOGS.
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O aAyOopBpHog aVTOG ATOPEVYEL TN YPNON CLVAPTHGEMV TOWVNG Y10 VO EVOMUOTOCEL
TOVG TEPLOPIGUOVG. AVTIOETO, M KOVOTNTO OlOXEIPIONG TOV TEPLOPICUADV OO TOV
alyopiBuo emruyydvetar aAlalovtoc Tov tuyoio apyikd mAnBuoud oe €vav véo o
onoiog Ba kavomotel Tovg mepopiopovs. Ot Osman et al. ektdg amd Tov aAyopdo

aVETTLEAY TOPAAANAQ Kot AOYIGUIKO Yia TV €n{Avon Tov TPOoPANHATOS QL TOD.

210 aVTOY®OVIOTIKO TpoPAnuata p-pécmv 0vo amogociloviec, o My&e Kot o
axorlovBoc, cuvaymvifovtol 6To Vo TPOGEAKOGOVV TEAATEG amd piot dSOCUEVN ayopdL.
O nyétng avoiyet Tig £YKOTAOTAGELS TOV TPOGUEVOVTOS OTL 0 akOAOVBOG Bl avTIdpdoet
0€ 0TI TOL TNV ATOPACT] AVOLYOVTOS TIG OIKEG TOV €YKATAGTACEL,. TOGO 0 MyEtng
000 Kol 0 aKOAoVOOC TPOooTAHOVY VO LLEYIGTOTOCOLVV TO, KEPON TOVS. AVTO amoTeAEl
éva moiyvio Stackelberg. O Alekseeva et al. [73] 10 mapovcidlovv mg £va YPOLLLKO
otemimedo 0-1 mpoPAnua. ITo cvykekpéva, avérntvéav évav LVPPOKO HUNTIKO
alyoplBpo O6mov To TPOPANUA TOL OKOAOLOOL EMAVETOL OO KATOO EUTOPIKO
Aoyopko. Tlpokewévou va emtevyBel €vo dvo O0plo yu ovtd 10 TPOPANUL
peywotonoinong ot Alekseeva et al. avadwtdnwcov 1o Oteminedo mpOPANUO ©C
TPOPANUO MKTOD OKEPOLOV TPOYPOUUOTIGULOD HOVOD EMMESOL e ekOETIKO aplBuod
neploplopdv kot petafantov. To embountd dveo Opo AopPdveton pe v
amopdkpuven pHeEPK®V oamd avtdv. [ v edpeon  KATtdAAnAov  GLVOLOL
TEPLOPICUMV KOl LETAPANTOV YiveTon ¥prion HeBELPETIKOV ahyopiBuwy. AvTo Exel oG
AmOTEAEC O, TNV EVPECT] OYEOOV PEATIOT®V ADGEWV Y10 TO Oeminmedo TpOPANUa LE Eval

€K TOV VOTEPAOV OPl0 OTOKAGNG 0d TO OMKO BEATIOTO.

O OJeminedoc  ypapKdS  TPOYPOUUOTIOUOS, O Omolog OmoTEAEITOL amd  TIG
OVTIKELEVIKEG GLVOPTNGES TOV OVAOTEPOL KOl KOTAOTEPOL EMMEIOL, &ivar Eva
YPNOWO gpyarelo Yo TNV HOVIEAOTMOINON  OMOKEVIPOUEVODV — TPOPANUAT®DV
artopdacewv. 'Eyovv mpotabel obpopeg pébBodolr ywoo v emilvon ovTtOV TOV
TpoPfANUATOV, WGTOGO, LOVO Ol YEVETIKOL alyOplOol amoTeAOVV EVOAAUKTIKY] ADOM
o115 cupupatikég mpooeyyioeic. Ot Wang et al. [74] mepiéypayav évav TpocaprocTikd
YEVETIKO adlyOptOpo yio TV eMiALGN TPOPANUATOV JETIMEOOV TPOYPOUUOTIGLOD Y10l
va emepdoovy TG SVoKOAIES TOV KaBOPIGUOD TV TOAVOTHTOV TOL EMLYLOGLOD KOl
™G petdAlaéne. EmumpocOeta, ypnowomoincav kdémoleg teXVIKES, TOGO Yo vo

OVTWETONIGOUV TN OLGKOAlDL TOL YeYOVOTOg OTL TOL YPOUOCOUOTO UTopel va
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Bpiokoviot EKTOC TOL YMPOL TOV EPIKTAOV AVGE®V AOY® TEPLOPICUDV, OGO KOl Y10l VOl

BEATIOGOVV TNV OMOTEAEGHOTIKOTITO TOV 0AyopiOLov.

Ot Yanh et al. [75] xataokebooay £va 6TATIKO LOVIELO HETITEIOV TPOYPUULUATIGUOV
Y T Otgpedvnon Tov TPOTOL PEATIGTOMOINGNG NG OTPATNYIKNG Y®pobitnomng
eykataotdoewv. [ v enilvon tov TPOPANUATOS GYESACTNKE EVOG EVPETIKOG
alyopiBpog mheovalovoog avalntnong (greedy search). EmumpocOeta, mpotdOnke Eva
OEMIMEOD HOVIEAO LE TEPLOPICUOVS TLYOOTNTOS GTOXOOGTIKNG PONG KOl AGOPOVS
0pLoKoy KOGTOLg dtadpopns. T v amoteleopatiky enthvon avtod tov aféfaiov
povtédov ot Yanh et al. oyediacav Evav evpun vppidtkd aAyoplOpo ¥PNCILOTOUDVTOG
™ péBodo simplex 6e GUVIVACUO HE YEVETIKOVS aAYOpifOVS, CTOYOGTIKN KOl OLGOPT

TPOGOLOION.

Ov Mathieu et al. [76] ypnowomoincav pio texvikn (GABBA) Baciopévn otovg
YEVETIKOVG OAYOpIOHOVE Y TV emiAvon TPoPANUATOV  OETIMESOVL  YPOUUIKOD
npoypappaticpov. H  teyvikn avt) ypnowyomoleiton ywoo TNV mOPOY®YN ]  TOL
SVOGLOTOG OTOPOAoNG TOV NYETH, EVA 1 avTidpaot Tov akolovBov AapPdavetol amod
v emilvon evog ypouutkov mpoypdupatos. H texvikn GABBA dwépel amd toug
oLVNOIGUEVOLE YEVETIKOVG OAYOPIOLOVS O10TL ¥PNGILOTOIEL LOVO TOV TEAECTN TNG
HETOAOENG, aAANAOHOpea Paong - 10 kot pio otpatnykn eniPioonc mov Toupralet
ota poPAnuata deminedng ywpobétmonc. Mdiota, M TEYVIK 0oVTH TANGLALEL
TEPIOCOTEPO TO OAKO PEATIOTO, GE GYEOT LE AAAEG TEYVIKES, Y10 TOL TEPLOTOTEPO E10M

TpoPANUaT@V.

Ot Wang et al. [77] mpotevav pia péBodo entivong Kuptmdv TETPAYOVIKOV SETITES MV
npoPAnudtov  pe  ypnon  yevetik®v  aAyopiBuwv. ITlpoPAnupata  deminedov
TPOYPOUUATICHOD eppaviovior Otav éva TPOPANUA BEATIGTOTOINGNE, TO AVAOTEPO,
Bpioketor vwd TOV TEPLOPIGUO €VOC GAAOL TpoPAnuatog PeAtictomoinong, Tov
katotepov. ITo  ovykekpyéva, 10 KVPTO TETPAYOVIKO dleminedo mTPOPAN oL
petacynuotifetor oe TpOPANUO LOVOL EMITESOL [E PapHoY TV cuvOnkov Kuhn-
Tucker kot otn cuvéyela Tpoteivetal pio amoTeEAESHATIKY LEBODOG, PACIGUEVN GTOVG
YEVETIKOVG alyopiBuovg, yio tnv emiAvon tov petasynuoatiocpévov tpoPinuotog. Me

YPNON KATOL0L KavOva TO PeTAcyNUoTiCopevo mpdfAnpa arlomoteital Mote va, gival
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duvatn 1 avalntnon PEATIGTNG ADGNG GTNV TEPLOYT TOV EPIKTMOV AVGE®V, LELDVOVTOG

£TG1 GNUOVTIKAE TOV YDOpO ovalnTnong.

Ot Jaramillo et al. [78] mpoondOncov va aElohoyicovy TNV amdd00T TOV YEVETIKMOV
alyopiBumv g pio evorlaktiky péBodo edpeong PEATIoTOV 1| 6Yedov BéATiIoTOV
Moewv yoo wpoPAnuate yopobitnong. Zvykekpuyuéva, HEAETNOOV TPOPANLOT
0100epoV KOGTOVG LE KOl YOPIG TEPLOPIOUOVS YOPNTIKOTNTOC, TO TPOPANUO UEYIOTNG
KéAvYMG, kaBmg Kol avToyovioTikd povtéda yopobétonc. Télog, yivetar chykpion
TOV OTOTELECUATOV TOV TPOEKLYOV A0 AVTOV TOV EVPETIKO ahydpiBuo (Baciopuévo
OTOVG YEVETIKOVG) WE YVOOTES LPETIKES peBodove g Piproypapioc. Ot yevetikol
oAyopiBuol omotelobv éva 1oxLPO EPYOAEID Yl TNV EMIAVON  GUVIVACTIKMOV

npofAnpdtov Bedtiotonoinong peydang KAipaxog.

‘Eva. avtayoviotikd dieminedo mpoPAnua ywpobétmong eykatactdoemv (BFLP) oto
eMimedo pe 0VO TOHMOVS AMOPACILOVIMV, AVATEPOL KOl KATMTEPOV EMUTEOOV, E£XEL
ocownbog g Adon o Péitiomn tomobesio, m omoio avamapictatol G Avon
Stacklberg. Xto mpdPAnua avtd ot meAdteg EMAEYOLV TNV €YKATAGTOCON 7oL O
xpNoonotcovy AapuBdavovioag vdymn povo v HeTaEL Toug amdotacn. Ot Uno et al.
[79] Oeswpnoav éva mpoPAnua BFL pe modmta eykatactdoeswv. [lpokeyévon va

emAvoovy anotereopatikd 1o BFLP potevav pia péodo ounvouvg copatidiov.
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5 EelkTikol adyoprOpol

5.1 Xvvropn wetopikn avadpoun

O géghktikol alyopOpol epeavifovtol 6e TPELS OPOPETIKEG LOPPEG, Ol OTOLES
aKoAovBovv dakprry mopeia, aAAd pe 1oyvpéc aAniemdpdoelg petald tovg. Ot
popeég avtég etvon ot yevetikol alyopiBuor (Genetic Algorithms 1) GA), o e€eMKTiKOC
npoypoppatiopog (Evolutionary Programming v EP) kot ot e€ehktikég otpatnyikés
(Evolutionary Strategies 1 ES). Q¢ mopakdddt twv yevetikadv akyopiBuwv eEeliydnke

TPOGPATO O YEVETIKOC Tpoypappatiopnog (Genetic Programming 1 GP).

Ta eEehiktikd cvoTiuota peietiOnioy ot dekaetio Tov 'S0 kot ) dekaetio Tov '60
Ao JAPOPOVS EMGTHLOVES VITOAOYIGTAOV UE TNV 10€a OTL 1 «eEEMEN» Ba pmopovoe
va ypnowonombel og epyareio PeAtioromoinong oto TPOPANUATO EQOPUOCUEVNG
unyovikng. H 10éa og 6ha avtd ta cvotruata frav va e&elybet évag minbuopog and
VIOYNQLEG AVGES o€ €va dedopévo mpoPAnua, mov Bo ypnoiponolel TeEAEOTEG
EUMVELGUEVOVS 0t TN PLGIKY] YEVETIKY petafAntdtra (natural genetic variation) Kot

™ QLGIKY emAoyN (natural selection).

Ot yevetucot aryopBpot [80], [81], pe tovg omoiovg Ba acyoAnbovue oty mapovca
StTp1Pn], amoteAoVV o amd TIG o TOAAY VITOGYOUEVES EQPUPUOYEG TV EEEMKTIKMV

alyopiOuomv.

Ot yevetikol arydpiBpor epevpédnkoav amd tov John Holland [82] katd ) dexaetio
tov ’60 xor avartdyOnkav ommv opy amd Tov 1010 Kol TOLG POITNTES TOV OTO
movemoT o tov Michigan avapeca oto 1960 kar to 1970. O mepiocdtepeg
gpyacieg og BempnTikd emimedo Yoo TOVG YEVETIKOVS aAyopiBuovg avapépovion oe
avTOV TOV apYIKO YeVeETIKO aAyopBpo mov swonyaye o Holland. Qotdco vpée wa
agBovia TapaAlay®dv Tov aAyopiBuov amd GAAOVG EPELVNTEG TTOL TPOCAPLOGAY TOV
apykd YEVETIKO OAYyOpOUO oTO TPOPANUOTA TOLG. Xe avtifBeon He TIC VITOAOUTEG

teyvikés, o Holland elye wg otdéyo Oyt 10 oyedooud adyopibumv mov vo eTAvovy
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OLYKEKPIUEVO TPOPANUATO, OAAG TEPICCOTEPO VO €EETACEL KATO TPOTO YEVIKO TO
(QOVOUEVO TNG TPOGUPUOYNG, OO oVTO TTOPATNPEITAL 6T QVOT Kol VO ovOTTOEEL
TPOTOVG, £TGL MOTE OL PUNYOVIGHOL TNG PUOIKNG TPOCAPLOYNS VO TPOCAPLOGHOVY Gg
vroloywotikd cvotnuate. O Holland [83], [84] mapovoidlet Tovg YeveTikovg
alyopiBuovg g por apnpnuévn évvota, mov mnyalel amd ™ Proloywkn eEEMEN Ko
ekbétel 10 BePNTIKO TEPIYPOUUO TNG TPOGOUPUOYNG KAT® OO TOVG YEVETIKOVG
alyopiBuovg. Tehkd Opwg n KOpow eQappoyn Tovg amodeiydnke n Peitiotomoinon
TPOPANUATOV Kot LE aVTH TOVS TV €Pappoyn Ba aoyoAnbodue otn cuvéyea. Adyw
TOV OPYLIKOL GKOTOV Y10 TOV 0Toio avamtOyOnKav, TPocopotdlovy TeEPIGGOTEPO ATO

T1G VTOAOUTEG TEXVIKES GTY| PLGIKT| YEVETIKY| O1001K0GiaL.

O Holland pe v epyacio tov mpmdTog gionyaye évav aryopdpo, o onoiog Paciletan
o€ TANOLG O TBAVAOV ADGEWV, 01 0TTOieC VITOKEIVTOL OE TEAECTES TTOV OVTIGTOLYOVV GE

QLOIKES Olepyaciec OTMG N LETAALOEN KOt 1) S10.6TAOPOOT 1] ETLYLUGHOG.

Ot yevetikol aAdydpiBpor kmowomowovy e mhovr) AV €VOG GLYKEKPLEVOL
TPOPANOTOG GE HioL SO XPOUOCHUOTOS KO EPUPUOLOVY TOVG TEAEGTESG YEVETIKNG
dotavpmong (crossover) kot petdAiaéng (mutation) ce ovti v doun. H Paocikn
10éa glvar n apyn g emPioong tov KataAinAidtepov, mov onuaivel 6Tt ot mBavEg
Moelg avtayoviCovtal 1 po v GAAN pE TETO0 TPOTO MOTE T YPOUOCHUUTH TOV
AVTITPOCOTEVOVY  TIG KOAVTEPES AVGELS OTO  O€OOUEVO  TPOPANUO  vo  EXovv

TEPLOCOTEPEG THAVOTNTEG Y10 AVOTOPAYWDYT.

5.2 Efghktikoi aiyoprOpor ko froroyia

[Ma va propovv va ypnotpomomBovy ot eEghiktikol akydpiBpot yio v emilvon evog
npoPAnuatog PBeitiotonoinong o mpémel apyikd ot AVGES TOV TPOPAUATOC Vo
TEPLYPOPOVV GE TOPAUETPIKN HOpPN. [ avtd T0 AOY0 €)0VV EQUPUOCTEL apyES Ko
opoioyia and tn Proroyic. O wapdpetpot Tov TpoPfAnpatoc propet vo Ppickovrol e
dvadikny popen (kKhaowkol yevetwkol adyopiBuot), o€ GLUPOAKT HOPEN, GE HOPOY|

akepaiov N Tpaypatikov aplfpod (vPpdkoi e&elktikol alyopOpol kol EEEMKTIKA

TPOYPALUOTO).

Mia vroym@io. AVom TEPLYpAeETOL Ao Vo XPOUOCMOLLN, TO OTTO10 Elval OVCUCTIKA M

akolovbio TV TUPAUETPOV TOL TPOPANUATOC. XTOVG €EEMKTIKOVG OaAyopifuovg
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YPNOLOTOLOVVTOL KOPYOVIGHOD) EVOC YPOUOGHOUATOS (amAogdn dtopa), e avtiBeon

LE TN QUOoT).

H dwotadpoon copPaiver 6tav aviorlrdcoetar yevetikd LVAKO avdpeco e 600
amAogdeic yovelg. H petdAdioaén AapPdver yopo HE OVIIKOTAGTOON €VOS Tuyoia
emheypévou yneiov og pia toyoio emheypévn 0éon, pe éva emiong toyoio ETIAEYUEVO

yneio.

Iovotumog evog atopov etvar 1 aAAniovyio TV YyNeiov 6To YPOUOCOLLE TOV ATOLOV
avtov (m.y. 0110-0101-0010-1000-1010-1000-0110-1111, 6mov pe — ywpilovion ta
yoviolo petald tovg). Garvotumog givor n vAoToinon NG AVONG GTO GUYKEKPIUEVO
TPOPANUE pe PAOT TG CLYKEKPUEVEG TILEG TOV TOPAUETP®V TOL YovoTumov. O
QoVOTLTOG £lval Tov a&loAoyeiTat (Le KATOo KPITNPLoL avAAOYa e TO TPOPANLLOL) Kot
o€ avutdv Oidetarl n TN TG cvvaptnong mpocsoppoyng (fitness function) n omoia

npénel va. fedtiotomoindel. [85]

5.3 Twrti e€ehktikol alyoprOpor

Koatd ™ Beitiotomoinom avalnteitar va katevBuvlel pio mpoomadeia mpog kdmoto
Bértioto onueio 1 onueto. TiBevior €tor 6v0 Opol katd tn PeAtictomoinon: m
Swdwaocia Pertioong ko m KoatevBuvon oty omoion mpémer va avalntnOel to

BértioTo.

>m Piproypapio avagpépovtor Katd KOplo AdGYo TpeEl KLPLOL TOTOL HEBAO®V
avalnmong: ot GLUPATIKES TOPAOOGLUKES TEXVIKES, dNAadN avtég mov Paciloviot
omv podnuatikny avédivon (calculus-based), ov amapBuntikéc (enumerative) Kot ot

Baciopéveg og Tuyaia avalrtnon (random search).

Ot mapadocokés texvikég Pertiotomoinong Omwg m kébodog kAlong (gradient
descent) &yovv tomikd medio. Ta PEATIOTOL TOV EMSOKOVY OVTEG Ol TEYVIKEG elvor
ekelva To onpueion Tov glval To KAAVTEPO GE Lol TOMIKY UOVO TTEPLoyn YOP® Omd TO
Tpé€Yov onueio. Avtd onuovpyel mpoPfAnuata, €4v N cuvapToN £XEL TOAALL TOTIKA
Bértiota M, akOua yewpodTepa, €dv M KAion dev glvar vmoroyioun. Ot anapOuntikés
pédodor avalnmmong oamd v GAAN, sivor epappooiueg udévo €av To SAGTNUA

avalnong eivat d1akpttd kot oyt Tapa TOAD peydAo.
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Yvumepaivoope Aowmdv 0Tl 01 dVO TPMTEG Katnyopieg nebdomv dev eivar Wdwaitepa
duvatésg, yopic PEPata avtd va onuaiver 0tL dev etvar ypnowes. [oArég amd Tig
vrdpyovoeg HeBAOOVE, OALA Kol aKOUo TEPIGGOTEPOL VPPLOKOL GLVOLAGHOL AVTAOV,
eoaivovtol vo avtamokpivovtol EKTANKTIKE KaAd oe TOAAEG epappoyés. [Tapdra avtd
ot uéB0dOL amodEKVHOVTOL KATMTEPES TMOV TEPIGTACEMV GE TPOPANLATA TEPICCOTEPO
TOAOTAOKO, ATOSEIKVOOVTAG OTL AEITOVPYOVV TOAD KOAL HOVO Ge €va oTEVO GYETIKA

QAo TPOPANUAT®V.

Ot akydp1Bpot mov meptrapPdvovv tuyaia avalnmmon (random search) €yovv apyicet
va yivovtor dwaitepa dNUoPIAelg 6g mpoPAnuate 6mov o ¥povog Avong dev eivat
moAvwvoutkdg (NP-hard problems). ‘Eyet apyicel Aowtdv va otpépetal o evolapépov
TPOS TLYXAIOVG TEPUTATOVG, KATA TOLG Omoiovg ovalnteitonr kol amobnkeveTon 1M
KaAOTEPN ADOoM, M omoio cvvovidtor Kotd Ttov mepimato avtd. Ot e€ehtikol
alyopBpol eivar évo Aapmpd mapddetypo pog dtdikaciog avalnmong, Katd Ty
omoio ypnowonoteital n Tvyaio eTA0Y Gov epyareio, TpokeEVoL va Kabodnynoet
Vv €pevva pésa o€ Eva ympo Acemv. Towg va gaivetar mepiepyo va ypnoyLonoteiton
N Tuyaio emAoyn cov epyaleio o pia katevBuvopevn avalntnon, oA dev Tpémet va
Anouoveitor 0t n @Oon mepi€yel mOAAG TéTOow Tapadeiypata. AAAN SMUOPIANG
TEYVIKN avalnTnong, ekT0g TV eEeMKTIKGOV aAyopiBumy, eival Kot 1 TPOCOUOI®UEV
avénnon (simulated annealing), n omoia emiong ypnoonotel o Tuyoio StadtKacio

Yl voL 001 YNoEL TNV aval|TNon TNG O€ TEPLOYES EAAYLOTNG EVEPYELNG,.

To mheovékTuo TV €EEMKTIKOV ahyopiBuwv évovtt Tov cupPatikdv pefddmv eivor
Ot 0ev yperalovtol TOAAEG TANPOPOPIES Yo TN CLVAPTNOT TOV PBEATIGTOTOOVY Kot
eEMMAEOV amodidovV aKopo Kt av to dtbdotnuo avalntnong etvar modd peydro. Ot
e€eliticol aAyopIOuol YPNOOTOOVY TV TLYOMO EMIAOYY ®C EPYOAEID Yid Vv
odnynoovv o wWwitepa  eovuyloTikn avalnmon péca omd o SlKplTn
Kootkomoinon tov ootnuoatog avaltnone. Emopéveog, m petdfoon ond o
Katdotoon oto dotnuo avalnmons oe o dAAn eivol mBavokpoTik) Kot Oyl
artokpatiky|. 'Eva dAlo yapoaktnpiotikd tov egeMktik®dv alyopiBuwv gival, 61l oev
yéyvouv amd €va povo onueio, aAld amd Evav TAnBucud onueiov tavtdypova. Avtd
onuoaivel 0Tt EKTEAOVV oL oQOPIKY] dtodkacio avalnmong, €pOcov €PEVVOVV TO
dionuo avalnmong omd moAdd onpueio mopdAinia. Me avtdv tov TpOTO UITOPOLV

va omo@Oyovv mBavo eyKAoPIGUO og TomKA BEATIOTOL.
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JUYKEKPUEVE, UTOPOVE VoL TOVUE OTL 01 EEEMKTIKOL OAyOp1lOpoL dtopépovy amd Tig

ocvpPotikég odtkaoieg avalnmong o 1écoepa Pacikd onueion cOUPOVO LE TOV

Goldberg [81]:

AovAgDOVY LE KMOKOTOINOT) KATOU®Y TOPAUETP®V KoL OYL P aVTEG KaBovTég
TIG TOPAUETPOVS (GTOVG YEVETIKOVS ahyopifpovg).

Avolntovv Abon péca amd Eva TAnBucud onpeiov Kot Oyt amd £vo Lovadtkd
onueio.

XPpNOIWOTOOHV  TANPOPOPIES TOV  TPOEPYOVTIOL OMO TNV  OVIIKEUEVIKY|
ouvapmnon (v omoia Kot Tpoomabovv va. PEATIGTOTOMGOVV) Kot Oyl omd
TaPOydYous Kot GAla Bondnuata.

XPNOWOTOOVV  KOVOVEG UETAPOONG UM OUTIOKPATIKOVS, Pociopévoug o€

mOavoTNTEG.

Ot kVprot Adyol ¢ peydAng emtvyiog tov eEeMkTik®v odyopiBuwmv cuvoyiloviat

ota oaKkOAovOa:

[Topovcidlovv pio mpwtogavn 1csoppomios (o€ oxéon He TOL VRLOAOUTOVG
Toyoiovg odyopiBuovg) petaEy g wovotnTog eEepedhivnong Tov mediov
Moewv (exploration) wor tng mieong ywo gvpeon TG PEATIOTC Adong
(exploitation). To yapaktnpiotikd avTd TOVG divel peyddn evotddeta.

Eivor amd ™ @von 1ouvg mapdiinAiot adyopiBupol, kdtt mwov tovg oivel
duvatdtTo.  HEYEANG  emTOLVONG  HE  XPNON  TEXVIKOV  TAPUAANANG

eneEepyaociog.

‘Exovv peydAn mpocapuooTiKOTNTE OTO  OOPOPETIKE TPOPAALOTE  TOL

KaAovvTol vo AbGovy. Avtd onuaivel Twg e EAAYIOTES OALOYEC UTOPOVV VoL
OVTILETOTIGOVV TOAD SLPOPETIKA TPOPANLOTA.

Eivor moAd €OkoAo va tpomomomBovv ot TEAESTEG SLOPOPOTOINCNG TV
YPOUOCOUATOV, Kol Vo TPOGUPUOGH0VV GTo 131iTEPA YOPAKTNPICTIKA TOV

EKAOTOTE TPOPANUATOC.

5.4 Ileprypoa@n €vog amhov YEVETIKOD alyopiOpov

Ta Prpata Tov amdov yevetikov adyopBpov coppova pe tov Goldberg [81] stvat:

(a) Apywcd, mapdyovpe toyoio Evav aplpd ypopocopudtov N amd 1o yOpo AGE®V

TPOKEEVOD VO APYIKOTOMGOLE Evav TAnBuopd Avcewv. H dadikacio avtr yiveton

HE YEVVNTPLEG TUYOI®V aplBumv kot ovoudleton apywonoinon (initialization). Oco
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peyoAvTepn gtvor n mowkthopopeio Tv mBavav Acewmv TG60 To amodotikn Oa etvat
Kot 1 Agrtovpyio Tov adyopiduov.
(B) YmoloyiCovue tnv ovvdptnon mpocapupoyns (fitness function) F; KkdOe
YPOUOGOUATOG 1 6TOV TANBLGUO, KATL TTOL £lval YvmoTo g aSloAdynon (evaluation).
(v) Eravorappdvovpe ta akdérovba frpato Eog 6tov onpiovpyndovv N andyovot.
i. Emdéyovpe toyxaio évav aplBpd yxpopocOUITOV omd TOV TPEYOVTO
minboopd mov Ba AdPer pépog ko amd avtd emAfyetor €vo pOvo, TO
KAADTEPO, TO 01010 avTIKANGTA Eva YEPATEPO TOL GTOV TANBLGUO.
il. Awoctavpovoope £€va  (gbhyog ypopocopdtov, pe mhavotnta P,
(mBavotta Sactadpwong), o €vo Tuxoio EMAEYHEVO onueio doTe vo
dwpopembotv dvo véor amdyovol. Edv dev mpaypatomrombel dactavpwon, ot
véol amdyovot ivor akpiPn avtiypaga TV yovémv.
iii. Metodddoovpe kabe onueio twv Vo amoydvev pe mbovomta P,
(mBavoTa pHeTdArlaENG), Kol TOTOOETOVUE TO. TPOKVTTOVTO YPOUOCHUATO
010 v€o mAnBucuo.
(0) AvtikaBiotovpe Tov Tpéxovto TAnBvoud pe o véo TAnBuspd Tov dnpovpynOnke.
(¢) Emavoroppdvoope ta Pruata (B) €og (€) péypt va kavomomBel 1 cvvOnkm

TEPUOTICLOVD.

5.5 Teverkoi tehectég

A&iler va avapepBodpe avoALTIKOTEPO GTOVS TEAEGTEG TNG SLOCTAVPMONG KOl TNG
petdArlaéng kobmg kol ot dadikacio ¢ emthoyng. I'evikd P.>P,,. Meydiec Tuég
¢ mBavotnTag HETAAAAENG 001 yoUV ToVv aAydpBuo oe aoctdbela. H daoctavpwon
(nali pe v emioyn) xuping mbel Tig Aoelg mpog to BéATioTo (exploitation), evd
petdALaEN Kupimg divel T dvvoTdTTa €EEPEHVNONG TOV YMPOL TMOV AVGE®V
(exploration). Tlapaxdto 6o Jdodue kamw¢ ewWkdTEpa Kobepioo amd TIC SVO

TEPUTTAOGELS KOOMS KoL TNV O1001KAG10 TG EMAOYTG.

5.5.1 Miaotadpwon i emiyiaouog (crossover)

Mo xabe ypopdocouo tov véov mAnBvouov, mapdyovpe £€vov oplBud Tuyaia,
axorovfdvTog Kot TdAL TNV opodpopen katavour. O apBudc avtdg Oa Ppioketon
oto Swwomua [0, 1]. Av o apBudg avtdg eivor pkpotepog tov P., toH1E TO
OLYKEKPIUEVO YPOUOCOUN ETALYETAL Yo SOGTADPOOT), SOPOPETIKA 1 SOOIKAGIN

emavoAapPavetal yio 1o emopevo ypopocopa. H swdwkacio teppatifeton étav yio
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KkdOe ypopdcopo €xet mopaybel €voc TuXOMOC O OMOI0G KOl (QOVEPMDVEL OV TO

avtioToro ypwpocope o vrootel | Oyt T0 ovopevo. Ioapactatikd Exovpe :

-_'*.mﬁﬂu';p{-ml!

Yyua 5.1: Avamoapdotaon Sietadpmong S0 YPOUOCHUATOV

H dwotavpwon ovpPaiver avapeso ce 600 ypopocodpoto (0tov TPOKELTAL Yo
AmAOEIOEIG OpYOVIGHOVS) e TPOTO (BOTE PéESH amd TNV apotPaio avtaAlayn yovidiov
Vo Tapdyovtol dVo amdyovol ol 0moiot Bo EUTEPLEYOVV YEVETIKO VAIKO Kot 0md TOVG

000 yoveic.

"Exovv ypnoyomomn0el apketég dStapopeTikég TeXVIKEG emtylacoon. Ot onUavVTIKOTEPES
amd OVTEG EMYPOUUOTIKGE €IVl O EVPETIKOC EMYLAGUOC, O TVYXAI0G EMLOCUOS A, O

TVYoiog emylaoog B, 0 aplOuntikog emylacog Kot 0 EMLUGUOC YPOUUNG.

5.5.2 MetaAloén (mutation)

Kotd ™ petdAroén, emAdyetal toyoio Eva Yovidlo £vOg YPOUOCOUATOS Kol aAAACEL
TV T TOV UEGO OTO EMTPEMTO QACUO TUOV TOL, Tov kobopiletor amd Ta
aAnAdpoped tov. o kébe ypoudoopo Kot kdbe yovidlo ToL YPOUOCOUTOC,
mapdyovpe Evav toyoio apBud petadd 0 kot 1. Av o apBpuog avtdg eivar pikpdtepog
0V Py, T0TE TO GLYKEKPIUEVO YOVISLO AALALEL TNV TIUN TOV, JAPOPETIKE 1 Stodikaciol
ovveyileton ylo to emdpevo yovidlo, uéxpt va €yel mapbel amdoon yioo o pEAAOV
oAV TOV YOVIOI®OV OA®OV TOV YPOUOCOUATOV GYETIKA LE TO av Ba VTTOGTOLV 1| Oyl TN

petdAraén. H daducosio tg petdAAaéng @aivetol mopacToTiKd 6To oynua 5.2
H petddioln eivor o pnyoviopdg owtog mov eEacpaiilel v 01apopomoinomn Tov

nediov TV mBoavov AVcemv, arapaitntn mpoimddeon yoo TNV SELYN ond TOTIKE

BértioTa.
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l Kiooown Metalrialin

Zyua 5.2: Avamopdotacr HETAAAAENG EVOC YPOUOGMUIOTOG

Evdewktikd ovagépovpe KAmoleg amd TG CNUAVTIKOTEPES TEXVIKEG UETAAAAENG TTOV
aroviovior ot PipAoypagio. Avtég sivor n toyaio un-opodpopen petdiiaén I, n
Toyaio un-opotopopen petdAroén I ko n petdAroén aninotiog (greedy mutation).

5.5.3 Emloyn (Selection)

Ye avtifeon pe Tig 000 AAAeG KOTNYOPIEG TEAECTMV, O TEAEGTNG TNG EMAOYNG €lval
aveEdptroc TOmov efeMKTIKOU oAyopiBuov 1M Kwdwomoinong kot pmopel va

petapepOel ebkoAd amd KOSKA G KOIKAL.

O 06poc mov exepalel v vrepioyvon g exploitation oe Pdpog ¢ exploration
womrog, ovoudletal «mieon emloyne» (selective pressure). Me avénon g mieong
avtg av&dvetot M TaXOTNTO GUYKAONG TOL €EEAMKTIKOD aAyopiBov, aAld pepiKéc

QopEC av&avetat Kot 1 mbavotta eykA®BIopnol og Tomikd BEATIOTO.

Ot péBodot emA0YNG, Y10 VO LITOPOVV VA EAEYYOVV TO YOPAKTNPIOTIKA TNG EPELVOS TOV
YOPOL TV AVGE®V, Bo Tpémel va d1aBETouy Ta akOAOVOA YOPUKTPIOTIKA:
= H enidpaon tov napopétpov eréyyov oty «mieon emioyne» o mpémel va
etvar oA ko TpofAdyun.
* Eivor emBount) n Omapén HOVOOIKNG TOPAUETPOV EAEYYOL TNG «TIEONG
EMAOYNGY.
= To g0pog g «mieomg emMA0yNS» oL pmopel va epappootel Bo mpémet vo eivorn

10 HéY1oTOo dVVATO.

>m BPMoypapio amavtd kavelg apketéc pebodoovg emAoyng, ot Pactkdtepec TV

omoiwv givat ot akdAovBeg:
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Proportional selection: "Exel mpotafei and tov Holland ko ovopdletor ko péBodog
g povAétag (roulette procedure). Ot mbBavotnteg emhoyng kdbe atdpov eivar ioeg e

TNV CYETIKT GLVAPTNOT TPOGAPUOYNG TOVG (relative fitness):

_#la)
29(a))

J=1

P = (5.1)

Omov @ glvon 1 GLVAPTNON TPOGAPLOYNS KOt f 1] AVTIKEEVIKT] GLVAPTNOT|, EVO 1| TTLO
evotkn emaoyn ywo v @ givon @ = f. H pébodog pmopet va dwayepiletor povo
OeTIKEG TIUEG TNG OVTIKEWEVIKNG GLUVAPTNONG Kot TpoPAnuata peyiotomoinons. o
OPVNTIKEG TWWEG TNG OVIIKEWWEVIKNG OLVOAPTNONG OMOLTEITOL TPOTOMOINGON NG

GLVAPTNONG TPOCUPLOYNS, YVMOSTH ¢ scaling.

Tournament selection: Mmopel va. AelTovpynoet pe piypa BETIKOV — apvnTiK®OV TIHAV
NG GLVAPTNONG TPOGUPUOYNG, EVA OVTIHETOTILEL TOGO TPOPANUATA LEYIGTOTOINONG
600 ka1 ghaylotomoinone. H evel&la g avt) elvar kot o Pacikdg AOyog mov
npotyundnke ommv mapovoa oatpPn. o va emiéEovpe €va véo pEAOC TOL
evolquecov mAnBvopov, pe opodopopen mlavotTe emAEyovpe g UEAN TOL
nAnbouopov, pe g >1. v nopovoa epyacio emAélape g =3. And ta g avtd péEAN
EMALYOVUE TO KOAVTEPO Y10l VO TTAEL GTOV EVOLAUESO TANOVoUO. Emavarapfdavoope
dwdkacio péxpt vo copmAnpwdel o aptBpdc v aTOU®V TOL EVOLAUEGOL TANBVGLOV.
A&iler va onuewmBel 6t 1 ocvykekpévn pébodog emAoyng emiPdiel peyoAddtepn
nieon yw PBeitioon otov mAnOvoud, oe oyfon pe ™V omA ovoroyikny HEBodo
eEMAOYNG. Avtd €xel ¢ amotéAlespa TayvTePN ovYKMon tov aiyopiBuov. Télog, N

nieon emAoyng puBuileton evkora petafdArovtog to pEyeBog Tng TapaUETPOD g.
Linear ranking selection: Ta dtopo tov TANOVCHOD KOTATAGGOVTOL COUPOVO, LIE TNV
OVTIKEWEVIKT] TOLG cvvaptnon (=1 yo 10 KaAOTEPO). TN GLVEYELN XPNOLOTTOLEITOL

pio ypoppuKy cuvaptnon yio vo. arodmacet pio tiun mboavotntog emhoyng P; kéfe i. H

mBavotnTo emAoyng dideTon omd v akdAovd oyéon:

p= (17 —(n"=n")- i_lj/i (5.2)
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Enedn Oa mpémet 1 cuvoAikn mboavotnTa va givol povado, TpokuITouy ot aKOAovdeg

oY£GELC YOl TIS avTioTOl EC OTAOEPEC:

1<p*<2, n=2-n" (5.3)
Nonlinear ranking selection: To dtopo Tov TANBLVGUOD KATATAGGOVTOL CUUPOVOL LE
TNV OVTIKEWWEVIKN] TOLG ovvapnon (i=1 7y 10 KoAOTEPO). XN GLVEXEWN
YPNOLOTOEITOL Pio U1 YPOLUIKY) CLUVAPTIOT Yol VA OTOdMGEL ol T mhavOTnToS

emAoyng p; ywa kaOe i. H mbavotnta emhoyng didetar and tnv akorovdn oyion:

p=c-(1-¢)" (5.4)
H otobepd ¢ onAwver v mbBavotmra emAOyNG TOL KOADTEPOL OTOUOV TOV
minBvcpov (i =1). To dBpotoua tov mBavotitwv dev divel 1. H pnébodog eivar otnv
ovcio 0w pe tnv tournament selection, eqv emileyel c=1-(1-1/1)7, omdte dev

gwoqyeton véog unyaviopds emroyne. ' A=100 wxor ¢=0.04 o1 mOoavoTnTES

eMAOYNG avTioTolyoVV G€ tournament selection pe g = 4. Emmiéov, eivar adyopiBpikd

YEPOTEPN TG tournament selection, d10TL amottel katdtaén TV AGE®V pe Baon v

OVTIKELEVIKT] GLVAPTNON.
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6 AvtoyovieTikd mpopfipata

YOPOOETNGNS EYKUTAGTAGEMV

6.1 Tevika

Ta avroyovietkd mpofinpate yopobétong eykatactdcewv (competitive facility
location problem) omoteAovv ocvvnbiopuéva, mAéov, mpoPAnuate oTo.  omoin
CUUUETEYOVV  OVTOYMVIOTIKEG EYKOTOOTACES OMM®C, Yol TOPASEIYUM, EUTOPIKA
KaTooTNUaTo, supermarkets KAT. Xt avioyovioTikG mpoPAnuoto yopobEitmong
EYOVLE VO OVTILETOTICOVUE VO OVTOY®VIGTEG Ol omoiot Bélovv va gléABovy otV
ayopd tavtdypove (SLOTMAELD) KOL GTOXEDOVV GTNV WEYIGTOMOINGT TOL UEPOIOL

ayopdg Toug N TOL KEPSOLG TOVS YEVIKOTEPQL.

KéOe amopacilov €xel ot duwdbeom tov éva mAnbog onpeiwv oto YOpo c6To omoia
umopel vo. ToToBETNOEL TIC EYKATAGTACELS TOV. XT0 onueio avtd tibeton 0 BEpa ™G
Bértiomg emAoyng TOG0 TV KOTAAANA®V onueiov 660 Kot Tov TANOovg TV
gykotaotdoemv mov Ba avolybovv. Oco mePIGGATEPES EYKATAGTACELS AEITOVPYIGOLV
TOG0 HEYOAVTEPO TO pePIOO ayopds O0AAG Kou TOGO peyoAOTEPO TO KOGTOG
gykatactaons. Kabe anopacilowv — avtayoviotig avalntd, Aowmdyv, ) ¥puct Tou.

Av10 givar Ko 1o B€pa mov Bal oG amacyOANGEL GTNV TAPOVGO EPYACIL.

Ta avtayoviotikd tpofAnuata yopobiétnong eykatactdoewy eEetdonkay amd Tov

Hotelling [5] vrtd 1 axdAovbec mpodmobécerc:

1. Ot meldTe KATOVELOVTOL OLOIOLOPPO. TAV® GE Ll evOeial Ypoppn.

2. KéBe amopacilmv pumopel vo TomobeToel Kot Vo LETOKIVIOEL TIG EYKOTUGTAGELS
TOV 00EG POPEG EMBLLEL.

3. 'Olot ot TeELATEG XPNOLUOTOLOVY HOVO TNV TANGLEGTEPT EYKATACTACN

>mv mpocéyyion tov Hotelling, n BéAtioTn Tom06éToN OAMV TOV €YKOTAOTAGE®V

mopovotaletor cav pia Avon Nash. Ot Wendell kow McKelvey [86] mpotevay kdmola
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AVTOYOVIGTIKA TPoPANUHOTO Y®POoBETNONG OTOL Ol TEAATEG KOTOVELOVTOL GE VOV
nemepoopuévo  aplud onueiov, yvootd o¢ onueia (Rmonc. Ta onueio ovtd
amoteEAOVV TOVG KOUPOVE EVOG OIKTVOV GTO 0TOI0 TOTOOETOVV TIC EYKATAGTAGELS TOVG

ot amopacilovtec.

Me Bdorn 1o mpoPiquota ovtd, o Hakimi [87] e&étace oemineda mpoPAnuota

YOPOOETNONG EYKATACTAGEMY VIO TIC TOPAKAT® TPOVTOOEGELS:

1. Ymapyovv 600 tOmot amo@acilovimy, VYNAOD Kol XUUNAOD ETITESOL

2. O amogacilov vyniol emmédon emALYEL TPAOTOG TIG BEGELS TV EYKOTACTAGEDV
OV avoiyeL

3. Ot amogoacilovieg (aveEaptNTmOg TOMOV) OV UTOPOLV VO ULETAKIVIIGOVV TIG

EYKATACTACELS TOVG

Ymv mpocéyylion ovt), M PéAtiomn TomoBétmon OhwV TV EYKOTAOTAGEMV
mopovotaletar ocov po Aon Stackelberg. Eniong, o Hakimi anédeile 611 ta diemineda
avtd mpoPAnuata eivor NP-hard. O Drezner [88] pelétnoe deminedo mpofinpota
ywpobétnong pe onpeio NTMoNg Kot TPATEVE Lo ATOTEAEGUATIKY HLEB0JO emiAvong

HE XPNOM YPOLUIKOD TPOYPOLUUATIOHOD Kot TG HeBddov dyotounong yuor Tig

TEPMTOGELS KATA TIC 0Toieg KAOe amopacilwv Tomobetel pia povo eykatdotaot.

2t mopandve tpoPfAnpata Bewpndnke 0Tl o TeAdteg eEumnpeTovvion povo and v
mAnciEotepn o€ avTovg eykatdotaot. [lapoia avtd, av vrdpyel d1POPH TOLOTNTOG
peTtald TV  EYKATOOTACE®V, OM®MG Yo mopaderypo KoAvtepn e&umnpétnon,
HEYOAVTEPN TOIKIAIDL TTPOTOVI®MV KA, Ol TEAATEC OV YPNOUYLOTOOVV TAVTO TNV
ninciéotepn eykotdotacn. O Karkazis [89] Oedpnoe odemineda mpofinuarta
YOPoBETNONG €YKATOOTAGEWV G OlKTLO AauPdvovtag LVIOYN TNV TOWTNTU TOV
gykotaotdoewv. [Mapd to yeyovog o6t mpoteve o pebodoroyia emilvong yio v
gvpeon PEAtTioTg Aong tov amo@acilovta Tov KOTOTEPOL EMUTESOV, EVIOVTOIS TO

mpofAnpata avtd evrdccovtal oty kotnyopio tov NP-hard mpofAnudtov.

6.2 To povréro yopoBétnong NyETn — akorov00v
Me Bdon 1o owovopkd povtédo tov Stackelberg [90], to mpdPfAnpa xwpoBEtnong

nyém — akohlovbov amotereitan omd Tov KaBopiopd pag PEATIOTNG GTPATNYIKNG Yo

dV0  avtoywviotég ot omoiot  AauPdvovv  oamoedcels  dwdoyikd. O mpdTOC
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avtoyoviot|g Fy, 0 Myétg, AouPAveEl amoQACELS OVOUEVOVTOG TIG EVEPYELEG TOV
aviayoviot F,, tov akolovBov. O nyétng yvepilel 01t 6tav o akdAovbog det Tig
0éoe1c Tic omoieg avtog emédele, Oa mpoomadnoel pe TNV GEPE TOL Vo TOTOOETNOEL TIg
OKEG TOV £YKOTAGTAGELS L TPOTO MOTE VO LEYIGTOMO|GEL TO LEPISLO ayopds Tov 1|
10 K€EPOOG. O My€ng, pe v oepd Tov, Tpocmadel vo KaBopIicEL TNV GTPOUTNYIKY TOV
Bo peyiotomomocel To S1Kd Tov peEPido ayopds, Aappdvovtag veoyn TV avtidpoaon
oV akoAovBov. To TPOPANUA avTo NYETN — akoAovBov gival éva Taiyvio Stackelberg.
AAlo povtéha  Stackelberg mpokOmTouv AmO TOLG OLOPOPETIKOVG GTOYOVS TMOV
TOLYTOV. ZOVETADGS, TO TPOPANUa (7|p)-Kévipmv mov pereOnke amd tov Hakimi [87]
amoteLel TNV PEATIOTN GTPATNYIKY Y10 TOV MYETN TOL OTOIOL O CVTIKELUEVIKOG GTOYOG
elvarl n ehaiotomoinom Tov HEYIGTOV peEPdiov ayopdg tov akorlovbov. To mpoPANnua
(r|Xy)-uéowv eivan n PéATioTn Adon y o TpoOPAnpe Tov axorovOov Tov omoiov
o10)X0¢ €ivar M peylotomoinon tov pepdiov ayopdg tov. M Avor Stackelberg,
ocLVNOMC TPOKVTTEL PUEGH OGS TTEPLOOIKA emavaAapPoavopevng dadkociog. Apyikd
vroAoyileTon n cuVAPTNON TOV OKOAOVOOV, 1 OOl EVOMUATMVETOL GTI GUVEXELN

OTNV OVTIKEEVIKT] GLVAPTNON TOL NYETN, 1 ool mpémel va PedtiotomomBet [91].

6.3 Movtelomoinon waryviov nyET — aKoAoVOOV

Oewpodpue éva ovvoro F e Tig vmoyneieg Béoelg eykatdotaonc. [a X, Y < F, to
W(X |Y) oetyver nv {ftnon mov KOAOTTETOL OO LI EMLYEIPNON UE EYKATAGTAGELS
nov Ppiokoviotl o€ onpeio. Tov GLVOLOL X, SEG0UEVOD EVOC OVTOYMVIGTH TOVL OTO10V

ol gykotaotdoel Pplokovtalr oe onuein tov ocvvorov Y. To povrého myétn-

axolovBov €xel og e&Ng:

=  To npdPAnpa tov akoAovBov
H emiyeipnon F Aertovpyel oty ayopd Le p YKATOOTAGELS Ol OToieG PpiokovTal

oto onuela X, ={x,...x,} © F. H F, 0¢ket k1 onth pe mv ogpd g vo pmet

OTNV ayopd ovolyovtag 7 €yKoTooTacelg oto onueto Y, = {x }c Fta

p+1""’xp+r

omoio. HEYIOTOTOOVV TO pepidlo ayopdc G To mpoPfAnuo ykettar otov

* *

4 14 * I4
Kabopiopd tov cuvorov ¥V = {x } < F yw. 1o omoio:

p+l"“’xp+r

/408 IXp)=ry{lg;<W(Y, | X,) (6.1)
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=  To mpoPAinuo Tov Nyé
Agv vrdpyovv gykatoctaoels oty ayopd. H emyeipnon Fy 6érel va pner oty

oyopd TomobeTMOVTAG p £YKATAGTAGELS 6Ta oNpeio X | = {x,...x,} © F 10 omoia

LEYIGTOTOOVV TO HEPIdL0 ayopds g, AauPdvovioc voyn pio aviayoviotpo
enyeipnon F, n omola Bo AdPet amopdoels wg axdAovbos. To mpofinua tov

y ’ , , * * * ,
nyém givar va Bpet éva cbvoro X, = {x,,...x,} © F dote:

WX, 1Y, (X)) = max (X, | ¥, (X,) 6.2)

omov Y, (X ,) €lvar M Bédtiotn Aoon o to TpdPAnHa Tov akorovbov dedopévon

01t Ol gyKkaTaocTdcEl Tov avtaymviot) Ppiokovior oto onpeia X,. To Cevyog

(X ;’ Y (X ;’))sivou pa Avon nyét-akolovbov 1 Adon Stackelberg.

2V mopovca dTptP] £YOVUE VO OVTILETOTIGOVUE Eva Ttatyvio NyETn — akoAlovBov
Om®G oVTO 7OV HOAMG OVOQEPOUE HE TN HOVN Opopd OTL OKOTOS T®V OV0
amoQucILOVTIOV — aVTAYOVICTOV 0V givol 11 HOVO 1 LEYIOTOTOINGCT TOL UEPLOIOV

ayopag OALGQ KOl 1) EACYLGTOTTOINGT TOV GUVOAIKOV KOGTOVC.

6.4 Koavoveg dvikOTnTag, PEPIKIG OVIKOTNTAS KAl OVUAOYIKOS KAVOVag

O Hakimi [92] perémnoe 1o mpoPinuata (7|X,)-nécwv xar (r|p)-kévipov ce €6
oevdplo. To omoio. TPOEKLYAV Omd TOV GLVOLOCUO OVEAAGTIKNG KOl EAUGTIKNG
{nomg e TPELS dpopETIKONS KAVOVEG ETAOYNG: TOV dVIKO, TOV HEPIKMG OLIKO Ko

TOV OVOAOYIKO.

H avelaotin kot  ghaotikn {TNom avo@EPOvVIoL GTo. OVGLOdN Kol ETOLGLONM
ayafd, avtictorya. Xe avtibBeon pe v averaotiky] {\Tnon, yo v onoio ot TEAUTES
e€avtAohv TNV OyopaoTIK TOLG dvvaumn, otnv elooTikn (fTnon ot JumAvVeS
eCaptavtol amd ™V andotaot HeTad TEAATOV Kol eyKataoTacemy. ['a avehaoTikn
o to TpoPAanua (r|p)-kévipov kot To TpdPANLe Tov Nyétn Tavtiovat. Zuvenng,
poe BEATIOT OTPATNYIKN YOO TOV MYETN TOV TPOPANUATOS MNYETN-0KOAOVOOL 7oL

peAetdpe ivar n tpocéyyion (7|p)-KEvipwv.
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YOoppova pe tov kavoéve g dukotnToag, o meAdtng efummpeteiton amd TV
minoiéotepn eykatdotoon. Edv m oamndotacn tov onueiov Rtmong omd Vv
TANGLESTEPN €yKaTdoTaon NG emyeipnong F, eivon dw pe v amdctoon TOv
oNUEloOL aVTOV pE TV TANGIEGTEPT EYKOTAGTACT TNG Emxeipnong Fy, n {nnon o1o
onueio avtd KoAvmteton amd v emyeipnon Fyr. H mapadoyn avty eyesipet kdmowa
EPOTNUATIKA Kol TEMKE 160G B NTaV To 6mMGTO Vo TOVUE OTL GTIC TEPMTMGELS AVTEG
N oyopaotiky] dvvaun tov mehdtn (ko cvven®g m {tnomn) popdlovtal 1 0Tt 0

TEAATNG EMAEYEL La VEQ EYKATACTOOT).

SOUQmVE PE TOV KOVOVO TNG HEPIKNG OVIKOTNTOAG, O TEANTNG YPNOUWOTOlEl TNV
mAnciéotepn eykotdotoon kabe emyyeipnong. TéAoc, vwd TOoV avaloyikd Koavovo
EMAOYNG, O TEAATNG KATOVEUEL TNV OYOPOCTIKN) TOV JUVOUN UETOED T®V
EYKOTAGTAGEMV TOL AEITOVPYOVV GTNV AYOPd. XTIG TEPITTAOGELS AVTES, TO UEPIOO NG
aYOPOGTIKNG OUVOUNG EVOG onpeiov {NTNoNg To 0moio EKYMPEITOL GE LI EYKOTACTAON

e€aptdror omd TV HETAED TOVG OTOGTOON.

Edv 0lo ta mpoidvta kol ol €yKOTOOTAGES €lval OpOyeveig, M HETOpOpd elvan
O0OKOAN N Ol TEAATEG YPNOWOMOOVV [0 EYKOTACTACN HOVO Y0  OYOPEC
GLYKEKPIUEVOV TPOTOVT®V, AOYOL YapN Hio EPNUEPTdA, O OLIKOG KAVOVOS ETIAOYNG
TEPLYPAPEL TNV CLUTEPLPOPA €VOG Tuyaiov meAdtn [93]. Qotdco, N epunveia tov
Kavovo  peptkng ouvikdtmrag etvor  Arydtepo mpogovie. Ag vmoBécovpe, Yo
ToPAdEY LA, OTL 1] TANGIEGTEPT EYKATACTOCT GE £Va TEAATN QVIKEL GTNV EMLYEIPNON
F. xon emiong kdmoteg akdun eykotaotdoelc g ot emyeipnong Ppickovrol mo
KOVTG amd TNV TANGLEGTEPN EYKOTAGTACT TNG £ntyeipnong F,. Edv dev vrdpyet kopio
dpopomoinctn oto TPOIOVTA 1| OTIG EYKATACTACELS O TEAATNG OV £XEL KIvITPO Yia Vo
emokeptel Kopio eykardotaon g entyeipnong £y O avoroykdg kovovag sivar o

PEOAMOTIKOC.
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7 AweTtdTOon Tov TPOPAUETOS Kot

mopovoilact aryopiOuov smiivong

7.1 Ewayoy
2t0x0c¢ G moapovoag OtpPrg  amoterel M emilvon  evog  mpofANuoToc
AVTOYOVIGTIKNG Y®PoBETNONG dVO OVIOY®VIGTOV, TOV €xel ekANEOel ®G TPOPANLQ

OLEMMESOV TPOYPAUUATICUOD, LLE ¥PNON YEVETIKOD OAyOPLOLLOL.

['o tov oxomd avtd Bempove évo chvoro F e Tig voyneleg B€oelg eykatdoTaong
1060 Yo Tov Nyét Fy 660 kot Yo tov akoiovbo Fy. I'a X, Y < F, 10 C(X|Y)
delyvel T0 GLVOAMKSO KOGTOG OV TPOKVLITEL Y10 10, EMEVOVOT| LE EYKOTACTACELS TOV
Bpiokovtar og onueio Tov GLVOAOL X, OEOOUEVOL EVOC OVTOY®OVIGTY] TOL OTOI0VL Ol
gykataotdoels Ppiokoviar e onueio Tov GVVOAOL Y. ZVYKEKPIUEVO, O MYETNG EXEL

ot déBeon tov to onueie X ={x,,...,x, } < F o¢ vroyneleg 0éoelg eyxatdotaong

eved 0 akoilovbog ta onueia ¥ ={x

m+12°°

X fCF.

7.2  Movtého nyéTn-0Kk0ro000v

To povtédo Ny€n-axoAoHOov Yo T0 GLYKEKPIUEVO TPOPAN LA £xEL G EENG:

=  To mpoPAinua Tov axorovbov
H emygipnon Fy (Myétng) €10épyetor otnv ayopd LE p EYKOTAGTAGELS Ol OTOlEg

Bpiokovror ota onuein X, = {x,,...,x,} = X . H emyeipnon F), (axdiovbog) Beret

KL 0TI HE TNV CEPA TNG VO UTEL TNV 0YOpd TOTOOETOVTOG 7 EYKOTAGTAGES GTA

onueia ¥, ={x,,,,.. } < Y 10 onoio. EAoyloTOTO0UV TO GUVOAIKO KOGTOG TG

"xp+r

VO apaiAnia 6ivouv éva tkavomomTikd pepidto ayopds. To mpoPAnua Eykettal

oToV KafopIopd Tov GUVOLOY Y, = {x;l,...,x;r} c Y yw 1o omoio:
C(Y|X,) =minC(1, | X,) (7.1)
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=  To wpdPAnua tov nyém
Agv vrdpyovv gykatactdoelg oty ayopd. H emyeipnon Fy 0éhel va pmel otnv

ayopd. tomobetdvTag p eyKatacTdoels ota onpein X, = {x,,...,x,} = X 10 onoia

EAOYIGTOTOOVY  TO GUVOAMKO KOGTOC TNG, €&vd mapdAinio divouv  éva
IKOVOTTOMTIKO  pepidto  ayopds, AapPdavovtag vmoyn Mo avioyovioTplo
enyeipnon F, n omola Ba AdPer amopdoelg wg axdiovbos. To mpdfinua tov

4 ’ r r * * * ,
nyém givan va fpet éva cbvoro X, ={x,,...,x,} € X oote:

C(X, | ¥, (X)) = min C(X, |Y, (X)) (7.2)

/4 * r /4 4 14 4 /4
omov Y, (X ,)etvon  Bétiotn Aoon v 1o TpdPAnua tov akorovbov dedopsvov
0Tl Ol €yKATACTAGES TOV ovtaywviot) Ppiokovior oto onueia X,. To Cevyog

(X ;, JYI(X ;,))sivou po Avon nyem-axoiovdov yvmotr kot g Avor Stackelberg.

Bewpovpe TIC VITOYNPLEG BEGEIC £YKOTAGTAONG MG ONUEi0 6TO KOPTESIAVO EMIMESO
(x, ). K&voope ooty tnv mopadoyn yio vo LWTopEGOVUE VO VITOAOYIGOVUE TIG HETAED

TOVG amooTAcElS Bacet Tov THmov g Evkieideiag amdotaong

d(a,b) =(x,=x,)* + (3, =7, (73)
[Ipémer va onuewwbel €dd 011 okomdg tov aAyopibuov emthvong mov Oa
TOPOLGIICOVUE TOPAKAT® glvar 1 emitevén PéAtioTng Avong ywoo Tov Myét.
Mmnopovpe vo Tovpe omAd 0Tt «PAETOLUE) TO TPOPANUO 0md TNV  OTMTIKY TOL NYETN

(Tp®TOG OVTAYOVIGTNG) Kot BEAOLLE VO «KEPFIGE OWTOG GTO TOPATAV® TALYVIO.

7.3  AvdAvon OVTIKEPEVIKNG GUVAPTIONS KOGTOVS

To k60T0C 10pLONG HIKG EYKATACTAONG UTOPEL VO amoTEAEITOL OTO TOAAG EMUEPOVC
KOOTN OTMG TO KOGTOG AELTOVPYING, TO KOGTOG EYKOTAGTAONG, TO KOOTI UETUPOPES
TOV TPOIOVI®MV Omd TPOUNOELTEG KOl TPOG TOVG TEANTES, TO KOGTOG TOV TPOKVTTEL
amd TNV Un wKavomoinom g {Nong, 10 KO6o6Tog Tov oyeTileTon Pe TNV TOWOTNTO TOV

OlEPYACIOV — TPOTOVI®V KAT.

2V mopovca SoTpiP) 1 OVTIKELLEVIKT] GLVAPTIOT|, TOV ONAMVEL TO GLVOAKSO KOGTOG

Yo KAOE avToy®vioTy), cupmeptAapfavel to e&ng kéot:
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=  Kootog gykatdotaons: Kabe eykatdotaon Pploketor o€ Sopopetikny meployn
omv O TOAN, M| o€ OPOPETIKEG TOAEIS TNG 101G YOPOS M OKOUO, KoL GE
SlapopeTikéc yopes. Eivar Aowmdv Aoywkn cuvémelo ovtod, ta KOGTN 1dpvong
gykotaotdoemv va owpépovv o khBe mepimtowon. To ocvvolkd kdoTOg
€YKOTAGTOONG TPOKOTTEL av afpoicovpe ta KOGTH OA®V TV &V Agitovpyia
EYKOTAOTAGE®V Y10 KAOE OVTOY®VIOTY YOPLOTAL.

= Kdéotog petapopds: Avtd 1o onueio amacyoiel Kupimg EXLYEIPNGEIS TOV OVIIKOLV
otov topéa Tov logistics kaBmg kol avtég mov ypNiovv GLYVIG TPOPOdOGiag,
KaOhg peydleg AmooTAGELS oNUAivouy peYdAa KOOTN LETAPOPAS. ATd TV GAAN,
L0 OTTOLOONTTOTE EYKATAGTOOT, OKOUO Kol Vo UIKPO EUTOPIKO KOTAGTNHO, £XEL
dtapopd av avoi&el 0To KEVIPO oG TOANG, KATL TOL TO KafoTd DKOAN TPOCITO,
N o€ Kamowo mpodotio. Etot, oe ke mepintmon vdpyel KOGTOS LETAPOPAS it
avtd emPapovvel dueco v enyeipnon (tpo@odocio | ATOGTOAY TPOIOVIWV GE
TEMATEG) €lTe EUUESH TPOGEAKVOVTAG AYOTEPOVS 1 TEPIOTOTEPOLS TTEAdTEG. KdbOe
vroynele. Béom eykatdotaong Omm¢ kot kabe onueio {Ntmong (merdreg)
Bpiokovion o©t10 emimedo (x,y). XUVEM®G TO GLVOMKO KOOTOC UETOPOPAS
TPOKVTTEL OV 0OPOIGOVLLE TO EMUEPOVG KOGTN, ONAON TIG ATOCTAGELG LETAED TV
ONUEI®V £YKATAGTAONG Kol T®V onpeiov {tnone.

= Kdéotog {nmong: Kdébe onpeio mehatov €xetl pa dedopévn {non. Edd ko mér
nopatnpeitar t0 1010 @awvopevo Ommg kot 610 kOoTog petapopds. Oco
Kevipwotepn N mo kouPikr etvor M 6éom eykotdotaong 1000  avENUEVN
napovctaletor 1 {Nnon ot 6éon avtr). Me dedopévn ™ (Rnon oe kébe onpeio
UTTOPOVLE VO, LVTOAOYIGOVUE TO KOGTOG TOV TPOKLATEL av OV emideybel To
OUYKEKPIUEVO omueio yu idpvomn eykotdotaong M ov Ogv  HITOPEGEL Va
TpoPodoTNOel amd o GAAN KOVTIVY €YKATAGTOCT TOV 810V avtayoviotn. Ondrte,
060 peyodvtepn eivan mn {fnom oe éva onueio, 1660 TEPIGGOTEPO «YAVEL O
EKACTOTE OVTAYOVIOTNG OV 08V UTOPECEL VO TO TPOPOdoTHoel. To GuvoAlkd
k06010 {NTNoNg mpokvmtel av abpoicovpe to k6GTOG {NTNoNg kabe onueiov Tov

OgV TPOPOSOTEITAL OO TIG EYKATACTAGELS TOV EKAGTOTE OVTUY(MVIOTH).
O VTOAOYIGHOG TOV GUVOAIKOD KOGTOVC, TTOV OMOTEAEL TNV TPOG €AAYIGTOTOINON

OVTIKEWEVIKT] GLVAPTNOY, 0EV TPOKVATEL OO TO AOPOICUO TOV TPLOV ETUEPOVS

KOOTAV. XuyKeKpluéva, kdbe empépovg kO0Tog £xel Opopetikny Papvnta otnv
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OVTIKEUEVIKT] cuvapTnotn. Avtd copfaivel apevog yuoo Adyovg kAipakog (eSaptdTon
amo o 0edopéva) Kol APeETEPOL YTl lvar oty Kpion Tov amopacifovta av 0EAhetl va
dmoel BoapdnTa 68 KATO0 cVYKeKPLUEVO KOoTOC. [ mapddetypa, av 0éhel kamolog
BpayvmpdBeopo €otw ko pkpd kéPdog divel peydAn Popvutnro 6To KOGTOC
€YKOTAGTOONG TTOL MG OPYIKN €MEVOLON elvarl cuvnBwg apketd damovnpn. Avtibeta,
po emloyn kouPikng 0éong pe peyddo K00T0G £yKatdoTOong OAAY LE Glyovupn Kot
HEYAAN {NTNoM Kot pE PELOUEVO GUVOAIKO KOGTOG UETOPOPAS Ba apynoel vo dMcel
kaBapd k€POOc aALd pakpompdBeopa Bo amolnUudGEL TOV OVIOY®VIGTH 0£00UEVOL

OTL B £YEL LEYIGTOMOMGEL TO LEPIOIO AYOPAS TOV.

7.4 Movteghomoinen Tov TpofrqnaTog

Bdoel tov mopamdve, oty mapodoo epyacio emAéyOnke m €ENg aVTIKEUEVIKY|

OULVAPTNOT TPOG EAAYLGTOTOINGT Y10 TOV TPMTO OVTAY®VIGTH (MYETNC):

m p m+n m+n
minC =Y x.f,+5).> a,y,d,+10> z,D, (7.4)
i=1 k=1 j=1 Jj=1
omov:
C 10 GLVOAIKO KOGTOG TOV TPMTOV OVTOYWOVIGTH oL BEAOVUE VO ELAYLOTOTOWGOVUE
m 10 TAN00G TV VITOYNPLOV BEGEDV EYKATAGTAONS Y10 TOV TPATO OVTOYMVIOTY|
n 10 TAN00¢ TV LTOYNELOV BEGEMVY £YKATAGTAONG Y10l TOV OEVTEPO AVTAYWOVICTN
x; axépaiog mov maipvel e 0N 1 (0 av n cuykekppévn eykataotaon i ival
KAewot Kou 1 av Aettovpyet)
fi 10 K6610G £yKaTAOTOONG GTO oMpeio i
P 10 TAM00G TV £YKOTAGTAGE®V OV EMEAEEE O TPADTOS AVTUYMVIGTNG
v; axéparog mov maipvel Tyés 01 1 (1 av to onpeio {ftmongj eSvmnpeteitar amd v
eykatdotaon i ko 0 o€ avtifen mepintoon)
0 LOVaOL010 KOGTOG LETOPOPAS amd TNV eyKatdotaot k o€ kabe onpeio {nmong mov
e&ummpetel
dj; evideidelo andotaom and Ty eykatdotaon k oto onueio (Rmongj
z; axképoog mov moipvel Tiég 0 M 1 (1 av to onpeio {ftnongj e&umnpeteitan amd Tov
Tp®OTO avtayoviot Kot 0 og avtiBetn nepintmon)

Dj k6o706 {fitnong onpeiov fnmong
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[Mopatnpodpe 6Tt N AVTIKEWEVIKY] GUVAPTNON amotereital amd GBpolsHa TPLDV OpmV.
O 7mpmTOg O0pOG¢ OVTICTOWXEL GTO GLVOAMKO KOGTOG EYKOTAGTAONG 7OV Eivol TO
dBpoiloua TV KOOTOV £YKOTAGTOONS OAMV TV oNueiov To omoia &yel emAEEEL O
TPOTOC OVTIOYWOVIOTNG YL v ovoigel Tig eykataotdoelg tov. O dgdtepoc Opog
amoTeEAEl TO CLVOAKO KOGTOG HETaPOPEG OAmV TV onueiov {Rtnong mov e&umnpetet
0 TPATOC OVTAYOVICTNG OO TIG OVIIGTOLES €YKATAOTAGELS. TEAOG, 0 Tpitog Opog
VoAOYi(EL TO GLVOAMKO KOGTOG (NTNOMG TOV TPOKVTTEL MG AOPOICUA TOV EMUEPOVG

KootV {Tnomng amd to onein Tov TPOPOOOTEL TEMKA O TPMTOG AVTAYOVIGTG.

AvTioTO(0, M OVTIKEWEVIK] CLUVAPTNGCT TPOG EAOYIOTOTOINGCT Yot TOV OEVTEPO

avTayoviot (akoAovbog):

n p+r m+n m+n
minC2=le.fl. +52 Zakyjdkj+1022ij (7.5)
i=1 k=p+l j=1 Jj=1

omov:

C> 10 GLVOAIKO, TPOG EAUYIGTOTOINGT), KOGTOG TOL JEVTEPOL OVTOYOVIGTN

m 10 TAN00G TV VITOYNPLOV BEGEDV EYKATAGTAONG Y10 TOV TPATO OVTOYMVIOTY

n 10 TAN00¢ TV LTOYNELOV BECEMV £YKATAGTAONG Y10 TOV OEVTEPO OVTAYWOVICTN

x; axépaiog mov maipvel e 0N 1 (0 av n suykekppévn eykataotaon i vl
Kiewom) Ko 1 av Asrtovpyet)

fi 10 K6610G £yKaTAGTOONG GTO oNpeio i

P 10 TAMB0G TV £YKOTAGTAGE®V OV EMEAEEE O TPADTOS OVTUYMVIGTNG

7 10 TAN00G TOV £YKATAGTACE®DY TOL ETEAEEE O SEVTEPOG AVTAYOVIGTNG

v; aképarog mov moipver Tiég 0 M 1 (1 av to onueio {tmongj e€umnpeteitan and v
gykataotaon i kot 0 og avtiBetn nepintmon)

0 Lovad1loio KOGTOG LETOPOPAS amd TNV eyKatdotaot k o€ kabe onpeio {Rmong mov
eEumnpetel

dij evkAeidero andotoon and Ty gykatdotocn k oto onueio {jtnong j

z; aképoog mov moipvel Tiég 0 M 1 (1 av to onpeio {ftnongj e&umnpeteitan and Tov
TpOTO avtayoviotn Kot 0 og avtiBetn nepintwon)

D; x6ot0g {Tnong onueiov {ntnongj

H avtwcepevikn cvvéptnon onoteleital and tovg 10100g Tpelg Opovg Kat 1oYHOLVV Ta.

{010 OGS KOl GTNV TEPIMTMOOT TOV TPDTOV OVTAYWOVICT.
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Ot mapadoyég Tov TpoPAnpatog cuvoyiloviot g e&ng:

Ot Béoelg vmoynelOV gyKotaoTdoemy Kot To onueic (Rmong cvurintovy. Otav
yivel TeMkd 1 emAoyn TV 0EcEmV £YKATAGTAONG, TOTE APEVOS Ta ONUEID OVTA
eEummpeTovv €€ OPIGUOL TOV EAVTO TOVS KOL OPETEPOV T LITOAOUTH. GTUEIN TOV
aPYIKOD GLVOAOL ATOTELOVV TALOV onpeia {RTnomng.

Kd&be onueio {nong e&umnpeteitor vmoxpe®tikd omd €va Kot povo €va, onpeio
EYKATAOTAONG EVOC €K TMV SVO OVTAYWOVIGTOV.

Kd&Be eykatdotaon pmopel va efumnpetoet éva onueio {nmong (tov eavtd g
VIOYPEMTIKA) 1 KOl TEPIGGATEPQ. AgV LILAPYEL Aved Op1o TEPA amd avTd oL opilet
0 ap1Bu6g onueiowv {fTnomg Tov VILAPYOVY GTO SIKTVO.

Av o eykataotaon eEumnpetel LGvVo Tov €00TO TNG, TOTE EAEYYETOL OV CLULPEPEL
0UTO TOV GUYKEKPIUEVO OVIOYMVIOTH. XTHV TEPIMTMON TOL OEV TOV GUUPEPEL,
KAelvel v €yKaTdoTaoT Kot Tpo@odotel 1o onueio {Rong amd v Kovtvotepn
o€ avTO, o6& Agttovpyio, €YKATACTOON 7OV OVAKEL GTOV 1010 oviaywmvioty. H
Topadoy ot £yve YTt apol apyikd eixe «kepdicewy 1o onueio {nnong o évag
avtayoviotig Bewproape dikato va cuveyicet vo 10 Tpo@odoTel 0 1010¢ KO Kot
av KAEIGEL 1 OPYIKT EYKATACTOOT).

Kd&0e onueio {fnmong emiéyet and mota eykatdotoon Oa tpopodotnOel Bdoet tng
evkieidelag amdotaong tovc. Eaipeon amotedel povo m mepintwon m omoio
avapEPONKE GTNV TPONYOLLEVN TOPOTPNON. ZTNV TEPINTOON avTY £va onueio
{nong pmopet va Tpo@odoTEiTOL amd EYKOTAGTOCT EVOG OVTAY®OVICT OKOUN Ko
oV VILAPYOVV EYKATUGTAGELS TOV GAAOL OVTOYWVIGTY] TANGIECTEPA.

INa Adyovg amromoinomng, 10 Hovadiaio KOGTOG LETOPOPAS ¢; 1GOVTOL UE LOVAIO
0,=1 Y100 OAEG TIG EYKATACTAGELS KO OAES TIC OATOCTAGELC.

Kpimpro enitevéng otdyov amoterel 1 €A0YIGTONOINGT TOV GLVOAIKOD KOGTOLG
TOL TPAOTOV OVTOYMOVIGTY), ONAadT ToL NYETn. Avto Tpaxtikd onpaiver 0Tt C, < C,
EVO TOpAAANAQ TO pepidio ayopdc (MA) tov nyémn va eivorl tKoavoromTikd Evavt

avTov TOL aKoAoVOoV. AvTo petagpaletar ¢ MA . >70%MA

nyém akolovbov *
O1 000 CLUUETEYOVTEG OTO TalYVIo (NYETT - AKOAOVOOV) EMALYOLV TIG GTPATNYIKES

TOVG EVOALAE, eved 0&ilet va onueiwdet 6TL Tailovv pe Tovg 1010VE 6POLG.

Metd and v napandve avéivon ipacte, TAéov, ce BEon v LOVIELOTOMGOVLE TO

OEMIMEDO AVTAYMVIGTIKO TPOPAN LA Y®OPOBETNONG EYKATACTACEDYV MG AKOAOVOMG:
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m+n m+n

min C, = fo +522aky d, +IOZZ D,

k=1 j=1
L.TT.
X5 V52, E{O,l}, iel,..m, jel,...m+n
fi,dk/,Dj >0,iel,...m, jel,..,m+n,kel,...,p

a =1,kel,..p
(7.6)
p+r m+n m+n
min C, fo+5 > Dayd, +1ozz D,
k=p+1 j=l1
L.TT.

X5 Y52, e{O 1} iel,.,n, jel,...m+n

ﬁ,dk/,Dj >0,iel,...m, jel,...m+n, ke p+1,.,p+r

a=1,kep+l,..p+r

[Mopakdto B acyoinBode pe v Teptypar] ToL aAyopibpov mov avarthynke yio

v entAvon tov deninedov TPoPANUATOC.

7.5 AkyoprOpog emilvong oeminedov TPOPANRATOS AVTAYOVIGTIKNG
XOPOOETNONG EYKUTAGTAGEMV

®élovpe va emAvcovpe To TpoPAnua (7.6) To omoio aviKel 6TV evpLTEPN KATYOpia
nmpoPAinudtov deninedne Pertiotonoinong. I'ia Tov okomd avtd emAEYONKe 1 ypnon
EVPETIKAOV aAyopiBpmv Kot cuykekpiévo evog yevetikov aiyopifuov. O aiydpiBpoc
avtdg, 0 omoiog cvvtdydnke oe yAdooa mpoypoppatiopod C, déxetar wg dedopéva
amd tov xpNotn (o€ apyeio KEWEVOD), KoL Y10l TOVS OVO AVTOYMOVICTES, TIG KOPTEGLUVES
OUVTETAYIEVEG KOt TO TAN00G TV VITOYNELOV BEGE®V AEITOVPYING EYKOTAGTAGE®V, TO.
K601 gyKatdotaong o€ KaOe BEon kan téhog T {ntnomn kabe onpeiov, mov extdg amod

mBavo onueio eykotdotaong stvol kot onpeio {ntmong (meddtng).

Ta mopomdve dedopévo omobnkevovtol Kol TO0 TPOYPOUUO €ivorl €TOMO VO TO
eneCepyootel. No onueiwbel €dd 6Tt 10 7ANBog TtV vroynouwv Bécemv

€YKOTAGTAONG Y10 KAOE avTaymvioTh pumopel va givat 1010 1) S10popETIKO.

H Aoywn tov adlyopiBuov eivor ovclactikd mn emiAvon &vog maryviov myétn —
axoAoVBov GOPPMVA e TO 0TOl0 0 NYETNG KAVEL TNV TPMOTYN Kivnomn emthéyovtag Eva
TAN0o¢ eykaTooTAcE®V Kot Tpo@odotel amd avtég OAa ta onuein {ntmong. Ev

ocvveyeia, o akolovhoc, yvopilovtag Tig ETAOYEG TOL NYETN, KOTAVIAE ETIAEYOVTOG
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70 O1KO TOV GUVOAO EYKATAGTACE®MV, Ol 0OOieg AOY® TNG PVONG TOL TPOPANUOTOS dEV
umopel va givor 6e Kopio mePImTOON KOWEG pe avTEC TOL MYETN. AkoAovOwc,
KatavEpovTon OAa to onpeio {Tnong otig 01BECIUEG EYKOTAGTAGELS TOGO TOL MYET
660 ka1 Tov akoAovBov. H dradikacio avth cvveyileton pe S1od0yKEG KIVIGELS NYETT
kot akohovBov. Kabe kivnon avomapictator pe évav yevetikd aiydpiBuo o omoiog
BeAtioTomolel TNV TAKTIKY TOL NYETN 1 TOL OKOAOVOOL EANYIGTOTOIDVTAG TO KOGTOG
NG GLVOMKNG TOL &emévovone. Me 1o mépoc KABe emavainyng (onAaon opov
«TPEEOLVY KO 01 000 yevETIKOTL 0AyOp1Opol) vIToAoYileTal TO GLVOAKSO KOGTOG Kol TV
d00 avTayOVIOTOV PACEL TNG OVTIKEWEVIKNG oLuvaptnong koctovs. To maiyvio
teppotiCetar 0TOV T0 GUVOAIKO TOV KOGTOG TOV NYETN Yivel LIKPOTEPO Omd TO KOGTOG
TOV aKoA0VO0L KOl TAPAAANAL IKOVOTTOEITAL 1) GLVONKT TEPLLATIGHOV TTOL QPOPE GTO
pepido ayopds ocdpemva pe v oxéon MA_ . >T70%MA Téhog, av dev

nyém akolovbov *
emrevyfodv TOvTOYPOVA Ol VO OaVTEG GLVONKES TepdTmong, o aAyoplOuog Oa
OTOLOTICEL HETEL TNV EKATOGTN EMAVOANYT Y0pic uowd va £xet Ppet ™ Pértio

Abon.

Otav ohoxkAnpmbOel 1 Topamdve SodIKOGI0 TUTMOVOVTOL TO OTOTEAECLOTO GE apyeia
KEWEVOL To omoia glvar ot 0160eom TOL YPNOTH VO To. LEAETNGEL KOl VAL EQUPUOGEL
™ PéAtiotn Abon mov mpoteivetal. Ta apyeio tov amotelecudtov neptlappdvouy
OAo To. oTAdLL TNG OAYOPIOKNG S10dIKOGT0G, ONAAOT EUTEPLEYOLY TN AVGN HETH Omd
KGO emavainym tov alyopiBuov €161 MoTE 0 YPNOTNG va eivan oe BEon va yvopilet
TOGEC EMAVAANYELS YPEWICTNKE O YEVETIKOG OAYOPIOUOC Yo Vo GLYKAIvEL Kot Ti
ovppaivel og kdBe emavainyrn. Or mAnpoopieg mov moapEyovTol TEPIAAUPAVOVY TO
OUVOAMKO KOOTOG KdABe aviayovior| oe KaOBe emoavainym, Tt1c Oéoeic TtV
EYKOTAOTACE®MY TOGO TOV NYETN OGO Kol TOv akoAovOov KaOMd¢ Kol To. onueio TOLv

TPOPOSOTOVV Ol EYKOTACTAGELS AVTEG.

7.6  Avdlvon yeveTikoU aAdyopiOpov — petofAnTtég Ko TELESTEG
O1 dVo yevetwkol adydpiBpotl mov ypnoiporomdnkay, £vag yio Tov NyET Kot £vag yio
oV aKOAoLOO, £xouv Ta 1010 YOPUKTNPIOTIKA, YPNOUYLOTOOVV TOVG 10100G TEAECTES

Omm¢ Kal TIg 101E¢ TOAVOTNTES dGTAVP®ONG Kot LETAAAAENG.

[Mopaxdto Tapabétovpe Ta Pactkd XopaKTNPIGTIKA TV 000 YEVETIKOV aAyopiOumy:

=  [TIBavotnta dStuctavpwong P.=0.6
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*  [TBavomta petarraéng Pn,=0.20

= [TAnBvouog 100 ypopocoudtov (Popsize)

= ApBuodg yevedv (emavolyelg yevetikov) = 500

= ApiOudg petofintov mpoPfAnuotoc (yovidwa) = apBudg vmoymelov Bécewmv

EYKATOOTAGE®V (S10POPETIKOG Yot KAOE aVTAY®OVIGTN)

[Tapamnpodpue 6tL ot TIéG TV MOAVOTHTOV JCTAOPOONG KOl UETAAAAENS Elvor
apKeTd HIKPEG. ALTO TPoEKLYE Omd TPOKTIKEG €QAPUOYES OAAG e&nyeiton Kou
BewpnTiKd. ZvyKekpyéva, oVTO TOV KOAVOLV, OVCLUGTIKA, Ol VO TEAECTEC GTO
OLYKEKPIUEVO TPOPANU efvar Vo mopdyovy SopopeTIKEG AVCELS (YPOUOCHOTO)
000V QPOPA GTO TOLEG EYKATAOTACELS EIVOL AVOLYTEG 1| KAEIOTES. ZVVETMG, LITAPYOVV
pévo dvo Kotaotdoels, avoryt Kot kKAslot gykatdotoon (1 kot 0 avtictoyya). ‘Etot,
KaOe opd mov yivetal N dadIKaGio TNG SACTOVP®ONG N TNG LETAAAAENG ivarl TOAD
mOavO va avoiEovv TOAAEG VEEC eYKOTAGTAGELS (1 T Tov Yovidiov amd 0 yivetou 1),
EVO Ol MOM avoytég iomg va unv kigicovv (gbv ta yoviola pe tiun 1 dev emieyBodv
vo petodhayBovv). Avtd evoéyetor va €xel O amoTéEAECUO GTNV TEMKN ADon va
VILAPYOVV TTAPO TOALES AVOLYTEG EYKOATACTAGELS, KATL TTOL, YEVIKA, 0V €lval emBuunTtd
KOO avEdvetar kotd mOAD T0 GLVOAMKO KOoToG. EEAAAOVL, 1oyvel yevikdtepa OTL

peydAeg Tipég g mavoTNTag LETAAAAENS 00N YOV TOV aAYOp1OU0 GE aoTdOEL.

"o ™ dwwostavpmon, ) PeTdAAAEN Kol TV EMAOYT Ypnooromdnkay ot akdiovhot

YEVETIKOL TEAEGTES OVTIOTOTYOC:

= Jiootadpmwon 1 ETLYIOOUOS HOVOD onueiov (single-point crossover):. & 0VTOV TOV
TOTO SGTAVPOONG, AV 0 TVYOIOG aPBUAC TOV YeEVVATIL Elvon LIKPOTEPOG O TNV
mhavoOTNTO SGTAVPMONG, TOTE 0l GUUPOAOGELPES TV YPOUOCOUATOV TV 0VO
yovidv, téuvovtal o€ éva onpeio. Koatéomy ta ypopocodpato avioAAdscovy to
KOO TOLG TUN L.

= Toyaio ouoiduopen uetaiioln (random uniform mutation): & oavtdv TOV TOTO
petdAAaéng, av o tuyxoiog apudg mov yevvdton eivor pkpoTEPOG amd TNV
mOoavoTTO LETAAAAENGS, TOTE TO EMAEYUEVO TPOG UETAALOEN YOVidlo oAAACEL TIUN
and 0 og 1 kou avtioTpoa.

= Tournament selection: EmAéyOnke o¢ KotdAANAN Vo OVTILETOTIGEL TPOPANUATO

ehayrotonoinonc. o va emdégovpe éva véo pEAOG TOv evaldpecov TAnBvcpov,
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pe opotopopen mhovoOTNTU EMAEYOVUE ¢ UEAN TOL TANBVGHOV, pe g >1. Xy
napovoo epyacio emiééape g =3. Ao o g ovtd péAN emAEyovpe TO0 KOADTEPO
v va el otov evolapueso tAnbvopd. Eravaioppdvoope ) dtdikacio péypt va
ocupumAnpwOel 0 apBpdg Tov atdpwv Tov evordpecov TAnducopov. H cuykekpipévn
pébodog emhoyng emPdiet peyodvtepn mieon yo Pertioon otov TAnOLGUO, GE
oxéon uHe v amAn avoroyikn péfodo emAoyng. Avtd €xel ®G AMOTEAEGUO
TayOTEPN GVYKALON TOL aAyopiBuov. Téhog, n wieon emhoyng puvBuiletor evkola

petafaiiovtag o péyebog e mapaptETpou q.

Téhog, a&iler va onueiwbel O6tL kdbe yevetikdc aryopiBuog kaver éva mAnBog

EMOVOANYEDV £€0C OTOV OLYKAIvel (apBRdg yevemv). Xe kdbe (o omd oVTEC TIC

emovoAyelg amofnkedel v KoAOTEPT AVOT TOL ExEl PpEl ®G TV TPEYOLG

emovainym. ‘Etol, 6tav mepatwbel o alyoptBpoc vapyet amodnkevpuévn 1 KoAOTEPT

AOon (ot pe To PIKPATEPO KOGTOC) Ko yprnoipomoteitor ¢ n PEATIoT Abdon Tov

alyopifuov. [Tapaxdtw wapatiBetor avaALTIKE 0 WYELOOKMIKAG TOV TPOYPALULUTOG.

7.7 Yevdokmokag alyopiOpov

AwiPace o dedopéva (teTpumuévn onueiov x, teETAYUEVT ONUElOL Y, KOGTOG
gykatdotaons kabe mbavig Béong eykatdotaong f kot {ftnon nehatdv Kabe
onpeiov D) and ta apyeio £166600.
Kave 11¢ amopaitnteg deGUEVCELG HVAUNG KOl OPYIKOTOINGT OOUMV Kol TIVAK®OV
KOl Ao KELGE T OEOOUEVO GTOVS OVTIGTOLYOVG TTIVOIKEG,.
Y7noAdyioe TIG amocTdoelg HeTa&d OA®mV TV onUei®V Tov £XElS ™G dedopéva GTO
KOPTEGLOVO EMUTEO GLVIETAYUEV@OV LLE XPTOT| TNG EVKAEIDELNG AmOGTAOTG.
Metétpeye ™ (mon mov €xelg amd to. dedopévo o€ KOOTOg {nmmong kdéde
onueiov mehatwv Pacet ™ Aoyikng 0Tt 660 peyordtepn eivor n {inom evog
onueiov TOG0 PEYOADTEPO KOOTOC EYEL EVOG OVTAYMOVIOTNG oV gV eELTMPETEL TO
GUYKEKPLULEVO GMUELD.
Hexiva v emovoinmtiky dtadkocio

— Tonwoe og apyeio €660V TOV aP1OUO NG EMAVAANYNG.

—  Eekiva ToV YEVETIKO OAYOPIOLO Y10 TOV TPAOTO OVIOY®OVIGTY| (MYETN).

o Awmce Tuyoieg apykéc TIMEG OTO YOVIOl KOU M0 LEYOAN

aKépalo. TIU OTNV GLUVAPTNGT TPOGAPUOYNG (CLVTIKELLEVIKN
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ouvapmnon KOctovg) Yo kdbe pélog tov  TANOLGHOD
(XpoudcoOpa).

YmoAdyloe ™V TN TNG OVTIKEWWEVIKNG oLVAPTNONG KAOe
YPOUOCHUATOG (AVoMg) PAcEl TOV TWOV TOV YOVISI®V TOV
TPONYOLLEVOL ProTog.

Kpdta ywoo peAdovtikr ypnon ™ Avon pe v KOAOTEPT
GLVAPTNGT TPOGOPHOYNS, OMAUdN TO EAGYIGTO GLUVOAKO
K60T0G , ¢ PEATIOTN Vo).

Hekiva TIG €MOVOANWELS TOVL YEVETIKOL OAyOpiOuo Yy tov
TPMOTO OVTOYOVIOTY] €0¢ OTOV QTACELS OTNV TEAEVTOiO YEVIA
(max generation=500).

o T xaBe éva omd to ekatd pEAN TOL TANOLGLOV
eméhele tuyala to Tpia Ypopocodpata mov Ba AdPfovv
puépog otnv emioyn (tournament selection) kot &v
ocvovexelol  OVTIKOTESTNGE TO €KACTOTE WEAOG TOL
mAnBvcpov e to éva amd to tpia emheyxfévia (avTod pe
TNV LIKPOTEPT TN OVTIKELEVIKNG GUVAPTNOTC).

o Tévwa éva toyxaio apiBud amd 0 éwg 1. Av elvan
pikpotepog omd v tun P, 1018 dactavpwce 600
YPOLOCOUOTO, KOl OVTIKATESTNOE TO. 6TOV TANBVGUO e
avtd Tov Ba TPOKHWYOLV ad TN SUGTAVPOGCT).

o Téwa éva toyxaio apBud amd 0 éwg 1. Av elvan
kpdteEPOg amd Vv TN Py, 10TE GAAOEE TV TN TOV
yovidiov (voymela Béon eykatdotaong) and 0 oe 1 Ko
avticTpoQa.

o YmolOyloe TNV TN TNG OVTIKEWEVIKNG GLVAPTNONG
Kd0e ypopoodpotog (Aong) tov mAnbucpod Pdoset Twv
TILDOV TOV YOVISI®V OTwg £xovv olapopembel petd amd
TOVG TEAECTEG EMAOYNG, OLULOTAVPMOONG KOl LETAAAOENC.

o ZVUYKpWe TNV KOADTEPN AVGM NG EKACTOTE YEVIAG LE
NV Tponyov eV «BEATIOTI ADON Kot amobnKevoe TV

KOADTEPT TV OVO ®G v BEATIOTN AVOT.
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o Ilpoydpa oe emduevn emavAANYY TOL YEVETIKOV
alyopiBuov vy TOV TPAOTO avTOY®VIOT (£®G OTOV
(QTACELG OTNV TEVTAKOGLOOTH YEVIA).

AN&e T1G EMAVOANYELG TOV YEVETIKOD OAYOPIOO Y10 TOV TPAOTO

avToyovioT (y£mm).

ANEe Tov yeveTIKO adyOpBLLO Y10 TOV TPMTO OVTOY®VIGTH (MYETn)

Hexiva tov yevetkd oAyOplOpo Yo TOV  OELTEPO  AVTIOYWVIOTY|

(axo6A0V00).

Amoce toyoiec opyKES TIWEG OTO Yoviolo KoL M0 HEYAAN
OKEPOLO. TIUN OTNV GLVAPTNON TPOCAPUOYNG (CVTIKEUEVIKY|
ocuvdptnon «o6ctovg) Yoo kéBe péLog TOL  TANOLGHOV
(XpOHOCOU).

Y7noAdyloe TV TN NG OVIIKEWWEVIKNG GLVApTNong ke
YPOLOCHOUATOG (AVomMGg) PAceEl TOV TGOV TOV YOVISI®V TOV
TPONYOLLEVOL ProTog.

Kpdta ywoo peAdovtikr] ypnon ™ Avon pe v KoAOTEPT
OLVAPTNGCT TPOCUPUOYNG, ONAdN TO €AAYIOTO GULVOAKO
KOOTOC , WG PEATIOTN AVoT).

Hekiva TIG EMAVOANYEIS TOL YEVETIKOU OAYOpOpO Yy TOV
JEVTEPO AVTAYOVIOTN £0C OTOL QTACELS OTNV TEAELTAIN YEVIAL
(max generation=500).

o T kéBe éva oamd ta exotd péEAN tov TANBLGHOV
enédele Tuyoio Ta Tpio Ypopocopate mov Ba AdBovv
uépog otnv emAoyn (tournament selection) koi ev
ocvveyelo  OVTIKATESTNGE TO €KAGTOTE UEAOG TOV
TANBvopov pe 1o €va amd ta Tpia emieyBiévia (To pE
TNV LIKPOTEPT TN OVTIKEWEVIKNG GUVAPTNOTG).

o T'évwa éva toyaio aplBud and 0 éog 1. Av elvor
mkpotepog amd v T P, tote dwnotavpwoe 600
YPOUOGOUOTO KO OVTIKATEGTNGE TO, 6TOV TANBLoUO pe
avtd Tov Ba TPoKHYOLV ad TN SUGTAVPOOT).

o T'évwa éva toyaio aplBud and 0 éog 1. Av elvor

HkpoTEPOG amd TV TN P, tote dANaEE TNV TIUN TOL
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yovidiov (vmoynela Béomn eykatdotaonc) and 0 o 1 ko
avTioTPOQaL.

YmolOyloe TNV TN TNG OVIIKEWWEVIKNG OLVAPTNONG
KGO ypopocopatog (AMong) tov mAnbvcuov Pacet v
TILOV TOV Yovidiov 6nwg £xovv dtapopewbel petd amnd
TOVG TEAECTEG EMAOYNG, OLLOTAVPMOONG KOl LETAAAAENC.
XOykpve TV KOAOTEPN ADOM NG EKACTOTE YEVIAG e
v Tponyoduevn «BEATIGTN» AVon Kot amodnkevse v
KaAOTEPN G VE PEATIOTN AVoT).

[Ipoydpa o€ enduevn emovOANYN TOL  YEVETIKOV
alyopiBuov yio tov SeLTEPO OVTAYWOVIOT! (€mMG OTOV

QTAGELS GTNV MEVIOKOGLOGTH YEVIA).

ANée TG emavoAyelS TOv YeveTkoD aAyopiBuov yw Tov

devtepo avtaymvioth (akdAov0o).

Anée TOV yeveTikd oAyOplOuo Yy TOV  OEVTEPO  AVTOYMVICTH

(axo6A0v00)

Mo xdbe aviayovior| €ieyée av omv Pértiomn Adon vadpyel M

nepinTOOoN UG €YKOTAGTAONG 7OV €ivon avoryth GAAL TPOPOJOTE

Hovo Tov eowtd G Kou €AeyEe oV CUUQPEPEL TOV GLYKEKPIUEVO

AVTOYOVIOTY].

Av 0ev TOV GLUEEPEL, ONANON OV LITAPYEL [ GAAN avolyTh
EYKOTAGTOON KOVTA oty B€om NG TPpOTNG £YKOTAGTAONG KoL
umopel va e&umnpetnoet 1 devtepn T Béom avtn, TtOTE KAgloe
™MV PO  eykatdotacn Kot GAAaEE Ta  omoTEAEGHOTO
TPOPOSOTMOVTAG TAEOV TO GNUEID GTO OMOI0 VINPYE M TPOTN
eyKatdotaon and TNV TANGIECTEPT TOVL OVOLYTH E£YKATAGTOON
TOV 1310V AVTOYWVIOTY.

AV OV GLUEEPEL, UV 0ALAEELS TimoTal.

YmolOyloe OVOALTIKA TO GUVOAKO KOGTOG KAOMG Kol TO ETUEPOLS

KOG NG PEATIOTNG AMVoNG Yo KEOe avTayvioT.

Tonwoe ota apyelo €£6dov 100 Mapomdved kOGTH KAODS Kot ol

onueio {Mmnong eummpetel kdBe avoryty €yKATAGTAOT YOPIGTE Vi

KGO avTayovioTy|.
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— Kpunpo teppoticpod  adyopiBuov: XOykpwve TG TIHEG TGV
OVTIKEWEVIKAOV GUVAPTNCEDV TOV 000 OVTOYOVIGTOV HETAED TOLG
kaBmg kat o onueia {nnong mov eévmnpetel o KaOe avTaymvioTg.

e Av N T NG OVTIKEWWEVIKNG OLVAPTNONG TOV TPDOTOL
aviayoviot| (nyétn) elvar pikpotepn N ion pe v tun g
OVTIKEYEVIKNG  GLVAPTNONG TOL  OELTEPOVL  OVTAY®OVIGTN
(axorovBov)

KAI

O oapBudg tov onueiov (nmong (XZ) mov e&umnpetel o
TPOTOG AVIOYOVICTNG dgv gfval moAD iKpOTEPOS omd TOV
apBud avtictoya onpeio {Rong mov e&umnpetet o devTEPOC,

S\ SZ. . > T70%3Z

nyém akolovbov

'H
"Exeic ptdoel 61NV €K0TO0TY| ETOAVAAYM
o Tepudtioce v emavoinmTiky dodtkacio
e Av n T NG OVTIKEWWEVIKNG OLVAPTNONG TOV TPDOTOL
avtayoviot (myém) eivor peyoAdtepn amd MV TN NG
OVTIKEYEVIKNG  OLVAPTNONG TOL  OELTEPOVL  OVTAY®OVICTN
(axorovBov)
'H
Ioyder yio tov apiud tov onueiowv mmong (X£Z) mov

e&ummpetovv ot 60 avtaywviotég X7 . < 70%ZZ

nyém akxolovbov *
0 ZUVEYIOE GE EMOLEVT] ETAVOANYM
*  Amodéopevce OAeg TG BE0Elg VUG OV OPYIKG KPATNGCEG Kol TEPUATIOE TOV

alyopifpo.

210 €ndpEVO KEPAAOO 0kOAOVOEL TOPOVGIOOT KOt OVOAVOT) TV OMOTEAEGUATOV PETA
™MV €QOapUOYN TOv Topamdve oiyopiBuov. Tlapovsidlovior emtypoppatikd olo to
OMOTEAECUATO GTO GUVOAO TOV €ik0ool GET dedouévav mov ypnotipomomdnkay. Ta

OTOTEAECLLOTOL TOV TPMTOV GET TOPOLGLALOVTOL EKTEVECTEPAL.
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8 Amoterhionata

Mo tig avhykeg tov TPOPANUOTOC KOTOCKEVAGOUE €IKOCL GET OEOOUEVMV. XTOVG
mivaxeg 8.1 kot 8.2 gaivovtal EMLypOLUOTIKA TO ATOTEAEGUOTO Y10l TOL OEOOUEVO QT

Yl TOV TPATO KOl TOV SEVTEPO OAVTOLYWOVIGTY OLVTIGTOLYMC.

ool ITnBog IiBave, onueio, ITAnBog ITAnBog 2vvoliko
EMOVOINWEY  EYKOTAOTOONG EYKOTAOTATEDY TELOTOV Koéarog

1 12 25 7 25 21328.26

2 35 50 15 45 39806.91

3 19 50 15 45 36640.64

4 9 50 16 46 34675.19
5 19 100 24 78 64759.61
6 9 200 48 160 111876.95
7 6 250 63 220 135756.48
8 7 20 6 22 23319.79
9 11 40 10 42 39795.05

10 8 60 13 44 36348.46

11 40 50 10 47 37984.80

12 20 75 18 85 70452.91

13 11 230 61 199 121887.12
14 8 200 52 193 145879.44
15 11 25 5 23 23363.20

16 42 50 10 46 38365.34

17 13 50 13 45 36271.49

18 47 30 10 43 44002.13

19 25 120 30 92 63913.07

20 8 180 45 171 126535.07

Hivaxog 8.1: Amoteléouaro Tov TPATOL AVIOYWVIOTH Y10, TO GOVOAO TV GET FEOOUEVOIV
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ool InBog IiBave, onueio, ITAnBog ITAnBog 2vvaptnon

EMOVOINWEWY — EYKOTAOTOONS EYKOTATTATEWY reAaTary KOGTOVG
1 12 25 5 25 26660.57
2 35 50 14 55 40063.31
3 19 50 13 55 40358.19
4 9 50 13 54 47964.20
5 19 100 28 122 71393.55
6 9 200 62 240 133114.72
7 6 250 64 280 141771.51
8 7 30 8 28 26566.57
9 11 60 14 58 45205.90
10 8 40 14 56 43564.53
11 40 50 15 53 39830.96
12 20 125 35 115 74792.66
13 11 170 46 201 125234.03
14 8 300 75 307 168711.20
15 11 25 7 27 24494.02
16 42 50 14 54 38618.50
17 13 50 13 55 39454.40
18 47 70 15 57 46366.52
19 25 80 25 108 73420.42
20 8 220 59 229 133672.44

Hivaxog 8.2: AmoteAéauaro, Tov deDTEPOD AVTAYWVIGTH VLA TO GUVOLO TWV TET OEOOUEVDV

Kabe aviayoviotg emiéyel, péoa and Eva minbog mbavav onueiov eyKatdoToong,
T1¢ 0éoe1g oTig omoieg Oa «avoiEe eykataotdoels. H emAoyn avt) mpokidntel péca
and 1t Jwdkacio g Pertiotomoinong. Ta vmdéiowma onpeio amoteAovv mALoV
neAdTeG ot omoiol umopovv va. eEumnpemBovy amd omowadnTote gykatdotoot. Ot
TEMITEG KOTAVELOVTOL OTIG OVTIGTOLYES £YKATAOTACELS PAGEL TOV GLVOMKOV KOGTOVG

70 0010 TEPIAAUPAVEL TOL KOOTN EYKATAGTOONGS, LETAPOPAS Kot CHTNoNG,.

Ta cet dedopévev amoteAovv éva chHVOro TV TOAVAOV oNUei®V £YKOTAGTAONG TO

omoio pmopet va dapépet Yoo kabe aviayoviot. Kabe apyeio e16660v meprrappdvet
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TG ovvtetaypéveg (x,y) kabe onueiov, v mon kabdc Kot T0 KOGTOG

gykatdotaong mov Oa TpokOYEL €AV «OovoiEED EYKATAGTACT] GTO OMLELD OVTO.

a/a

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

765

791

491

137

37

608

131

180

749

732

950

453

366

325

961

834

446

812

57

233

746

183

762

215

Avroyowviorig 1

Y

104

515

797

91

430

390

876

983

788

744

782

254

481

413

864

605

776

203

244

396

806

333

106

991

964

Zijtion
18
26
20
27
13
20

9
17
27
21
34

9
11

6
26
33
24

5
23
25
21
12
12
23

26

Koorog
1054
1206
1271
843
735
1073
813
688
1155
1038
1089
698
1076
707
848
1317
938
1114
997
1332
699
472
808
918

1058

28

29

30

31

32

33

39

40

41

42

43

44

45

46

47

48

49

50

722

437

84

963

97

443

210

305

392

550

88

748

547

531

135

724

44

683

602

498

142

162

364

449

151

Avroywviorig 2
y Znjenon
4 31
701 20
548 21
63 29
311 23
475 18
100 20
768 25
941 26
941 11
983 9
77 13
369 26
206 12
971 18
865 9
491 29
283 29
658 14
742 11
918 27
570 25
953 9
765 33
364 31

Koorog
1154
1306
1371
943
835
1173
913
788
1255
1138
1189
798
1176
807
948
1417
1038
1214
1097
1432
799
572
908
1018

1158

Hivaxog 8.3: Aegdouéva e160000 TpaTov o€t Yia KOs aVIoywVIoTH (OPLOTEPG. Y10, TOV TPWTO)
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Ytov mivaka 8.3 mapovstdloviot To SEGOUEVH EIGOO0V TOV OVAPEPUE TOPOUTAVED Y10l
TO TPOTO GET OEOOUEVOV. XTO TPAOTA €Koowévte onueio (aplotepd) pmopel va

avoi&el YKATOOTACELS O TPDOTOG AVIAYMOVIGTNG, EVA 6T VITOAOUTA (d€EIH) O dEVTEPOG,.

Metd v €16050 TV ded0UEVOV GTOV aAYOPIOLO EMAEYOVTAL O BEGELS EYKATAGTAONG
Kol vroAoyilovtol Ta KOGTN HeETOPOPES Kot {NTNong, T0 0moio GE GLVOLOCUO LE TO
KO60T0¢ eyKatdotaong kabopilovv 10 cLVOMKO KOGTOG. Me €viovoug YOpPOKTNPES

onuewdvovtal ot TeMkég BEoelg eyKatdotaong Kabe avioymvioTy.

Ta avalvtikd omoteléopoto kabe emavdAnymg tov aAdyopifuov yioo T0 TPAOTO GET
dedopévaov (mAnboc eykotactdcewv KaOe oviaywoviotn, oplOuog mehatmdv, KOG
EYKOTAGTOONG, LETOPOPAS Kol (NTNoNG KAOADS Kol GUVOMKO TPOKVTTOV KOGTOG) TMV

Vo avtaywviotdv Tapatifevtor otoug Tivakeg 8.4 kot 8.5 avrtiototya.

o 1n6og 1TAn6og Kootog Kootog Koorog 2ovoliko
EYKOTAOTACEWY — TEAOTDV EYKOTAOTAONG — UETAPOPAS {ong KOOTOG
1 8 36 6380.00 5169.64 342.00 35648.21
2 7 34 6832.00 4372.60 365.00 32345.04
3 8 32 7635.00 2761.50 343.00 24872.52
4 7 27 5669.00 2194.78 323.00 19872.91
5 7 36 6656.00 8132.49 388.00 51198.45
6 6 28 5831.00 3742.74 317.00 27714.72
7 8 39 8640.00 6076.57 412.00 43142.00
8 10 31 9500.00 2819.31 341.00 27006.59
9 6 27 5625.00 6515.58 252.00 40722.94
10 6 22 5356.00 5286.02 281.00 34596.12
11 6 30 6033.00 6599.24 340.00 42429.21
12 7 25 6853.00 2435.05 230.00 21328.26

Hivaxog 8.4: AvoAvTiKG amoTeléouato, Tov TPHTOD AVIAYWVIOTH YI0. TO TPOTO GET OEOOUEVDV
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ool ITnBog 1TAn6og Koorog Koorog Koorog 2vvoliko

EYKATOOTACEQY — TEAOTAV EYKATOOTAONS — UETOPOPOS Cntnong Koaorog
1 5 14 5072.00 1045.04 153.00 11827.22
2 6 16 6206.00 1115.59 194.00 13723.96
3 5 18 4705.00 1558.95 155.00 14049.76
4 6 23 6061.00 2035.95 261.00 18850.78
5 4 14 3811.00 1749.06 188.00 14436.31
6 6 22 6175.00 2108.55 247.00 19187.76
7 4 11 4123.00 885.35 140.00 9949.79
8 5 19 5868.00 1803.64 273.00 17616.22
9 6 23 6694.00 2572.66 288.00 22437.31
10 7 28 6993.00 3256.76 310.00 26376.81
11 4 20 4541.00 2685.29 236.00 20327.45
12 5 25 6178.00 3594.51 251.00 26660.57

Hivaxog 8.5: Avolvtika amote Aéouata 100 OEVTEPOD AVIOYWVIGTH YIO. TO TPWTO GET OEOOUEVDV

O alyopiBpog teppatileTon OTOV TO GLVOAMKO KOGTOC TOV TPMTOL OVTAYWOVIGTI Yivel
HIKPOTEPO amd oVTO TOL dgvTEPOL. Tawvtdypova, o aplBudg TOV TEANTOV TOL
e&ummpetel 0 TPAOTOG avTayOVIGTNS dev umopet va givor pkpotepog amd 60% mg 80%
OV aplpoy TV TEAUTOV Tov e&umnpetel 0 devtePog. To mocooTd aWTd e€apTdTan
and 1o mAnbog Tov mhavav Béocewv gykatdotaons kdbe avtaywviot). Ot mapadoyis
avtég Aappdvoviar S10TL, OTMC avaEEPONKE TOPATAV®, GTOYXOG EIVOL 1| ETIKPATNON
TOV TPATOL OVIAYOVIOTH. X& KAOe mepimtwon o aplBuog Tov emavIANYE®OV OeV
umopel va vrepPaivel T1g ekatd. Lto TPOPANUO TOL TOPOVCIALOVUE YPELBOTHKOV

HOAIS ODOEKD EMOVOAYELS.
Yta owypappata 8.1 kot 8.2 aivovtor ot mbavég Béoelg eykatdoTaong TV 600

AVIOYOVIOTOV KOOMG Kol Ol EYKOTAOTAGES TIG OMoieg «avoiyeyy TeMkd o KdOe

aviayoviots. Ta evamopeivavta onueio amoteAodv TALOV amAoV TEAATES.
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Zynuo. 8.1: IhBova onueio eyratdoroons Twv 000 aVIaywVIGTOV
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Zynua 8.2: Eykataotdoels twv 000 aviaywvioToV Kol TEAGTES Tpos eComnpétnon

To dbypappa 8.3 amotedel Ypopikn anewovion g eELaNPETNONG TOV TEAATOV Od
TIG €YKOTAOTAGES. Noo onueliwdel 0tTL o T0EQ OEV VTOOEIKVVOLVY TNV SLOPOUT ATTO
KkéOe eykatdotaon mpog kébe meAdn mopd Poévo TV HETOED TOVG GuoyETion. Omwmg

&xel mpoavapepOel, AAAwoTE, 1 omdcsTaon HETAED dVo onueiwv vtoloyileTar pe Pdon
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TOV TOMO NG €LKAEideg amdotaong. No onueiwbel, akdun, OTL Ol £YKOTAGTAGELS

amoTeLOVV emiong TEAATES 01 omoiol paAoTa, €€’ 0plopoD, avToeSLTNPETOVVTOL.

B Eykorootdoes aviayovioryy 1 B Eykataotdoeis ovtoyoviorn 2 O Ileldres

1000 -

s —

400

200 +

0 100 200 300 400 500 600 700 800 900 1000

Zynuo. 8.3: EEomnpétnon meAat@v amo Tig eYKOTOOTATELS TV 000 AVIOYWVIGTOV

Onwg gaiveton 6to Tapamdve oyfua 8.3 0 Tp®dTog avIaymvioTtig Ba «avoieyy entd
EYKOATACTAGELS Ol OOIES EEVMNPETOVV GLVOAIKA EWKOCITEVTE TEAdTES. AvtioTol(Q, O
Oe0TEPOG AVTOYWVIOTNG AETOLPYEl TEVTIE €YKOTAOTAGES €EUMNPETAOVTNG EMIoNG
ewoowmévte meddteg. H xoatavopr] avt mpoékvye £metto amd OMOEKN GUVOAIKA

EMOVOANYELG TOV aAyopiBuov BerticTonoinong.

Onwg avaeépape mo mivm, 6TOY0G LG glval 1 VTEPIGYVOT TOV TPAOTOV AVIOYMOVIGTY|
&vavtt Tov 0gvTEPOL. AvTO, TPayUaTt cupPaivel ot dwoEKATN EmavVAANYN OOV TO
OUVOAIKO KOGTOG TOL eu@avileTon pikpoTepo omd ovtd Tov dgvTEpov. Emiomng, to
TAN00G TV TEAUTAOV OV EELANPETOVY 01 JVO AVTAYWOVICTES TVYYAVEL VoL €ivat To 1010
IKOVOTIOIMVTAG, TNV TAPAd0Y| TOV KAVOLE TOPATAVE® Y10 TO TAN00G TV TEAUTOV TOV
umopovv va eEumnpetodv ot Vo avTaywvioTés. Na onuelmdel, emiong, 0TL 1 10oUEPNC

KOTOVOUN TOV TEAUTAOV GTOVS OVO AVTAYMVICTEG OPEILETOL GE TVYOLO YEYOVOG.
210 oyfua 8.3 mapatnpolpe emiong OTL N KOTOVOUY TV TEAUTAOV GTIG EYKOTAGTAGELS

Yivetal pHe 1KOVOTOMTIKO TPOTO, YWPIG Vo TOPATPOVVIOL GNUOVTIKE (aivOpeva

Aoywng acvvenelag. Ot eykaTaoTdoElS mov emAéydnkay va avoiovv mapovcialovy
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KOVOTIOMTIKY S106Topd 6TO XDPO Kol EMTPOcHeETA, eELTNPETOHV KLPIWG YEITOVIKODS

nelddteg. Emiong, 0nwg €xovpe avoeépel kol wo mave, ke eykatdotaocr omotelel

TaVTOYPOVA Kol TELATN 0 omoiog avtosEumnpeteitat. Aedopévon, HOMoTa, OTL QVTO

woyveL €€’ optopol dev kpibnke okdmIpO va KoTaderOel 0TO TOPATAVED SLUYPOULLLLAL.

KAetvovtag 10 kepdAoto Tov amotelespdTOV, KPIvETOL GKOTILO VA YIVOUV OPIoUEVES

YPNOUES TOPOT PN CELS.

H npot mopatipnon agopd oto Pabud eEdptons tov omoTeAeGHATOV amd To.
dedopéva. ITo ovykekpyéva, oTIC TEPUWITOOES OmMOL To mMBavE  onueio
EYKOTAOTOONG OEYOVV OPKETA UETAED TOVG «avoiyouvy acntd meplocdTePE]
EYKOTAOTAGELS Ol Oomoieg eELMMPETOVY Alyoug meAdteg. AmO v GAAN, OTIg
TEPIMTOGELS OOV TO. onueia peovifovtal TO CLYKEVIPOUEVO TOPATNPEITAL TO
axplPag avtiBeto eavopevo, OnAadN HKPOS aptBpds eykataotdcewy eEummpetel
peydio aplfud melotdv. Xe ovto, BéPora, mpémer va Aappdveton, kabe @opd,
VIOYT KO TO KOGTOG £YKOTAGTAONG KO omueiov.

Eniong, mapoammpodpe 411 1 emovéAnymn otnv omoio TEPATOVETOL O aAYOPLOLOG
nowilel og KAOe oet dedopévav. ALilel va onueiwbel Tog og Kabe mepintwon, N
TEPATOON TOL OAyopiBpov £ytve mpv 10 Opl0 TOV €KOTO  ETOVOANYEWV.
Enopévmg, yioo v mepdtoon tov aiyopiBuov ANednkav vrdyn povo ot dAAeg
dv0 cvvOnKeC TEPLATIOUOD (TOV APOPOVY TO KOGTOG Kot TO TAN00G TV TEAATMV).
Ocov agpopd otic dAleg dV0 cuvONKeg Tepdtmong elvar Gopég 0TL 1 dgvTEPT, TOV
aQopd oto TANB0G TV TEAATOV oL eSumnpetel KABE avTay®VIGTNG, eREavVIfEL
oentd avénuévn morlvmaokotnra Kabwmg petafdrieton kdbe popd mov aArdlovv
ta ogdopéva. H ovvOnikm tepuaticpov yuo 0o mAnboc mibovov 0écemv
EYKOTAGTOONG TOV dV0 AVTAYOVIGTAOV VIOYPEDVEL TOV aAYOpOo vo cuveyiletl va
extedeital €0¢ OTOV TO GUVOAIKO KOGTOG TOL TPMTOV OVINYMVIOTH VO, Yivel
UiKpotTEpO amd avtd tov dgvTEPOoV. [lapdiinia to mANBoc twv onueiov mov
eEummpetel 0 TPOTOG AVTAYOVIGTNG TPEMEL va elvar peyaivtepo amd to 70% tov
mBovg TV onueiov mov efumnpetel 0 devTEPOG. e mepimTON OTOL Ol dVO
AVTOYOVIGTEG EXOLV OPOPETIKO TAN00¢ TOAVAOY onuUEl®V £YKOTAGTOONG, TO
10600TO avtd petafaiietar. No onuewiwbel O6tTL Yoo T GLYKEKPIUEV OET

de00LEVOV TO TOG0GTO aVTO KLupdvOnke and 60% Emg 80%.
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9 YoumepaocnoTo Kot HEALOVTIKY

Epeova

H mowmra tov dedopévav mailer kabBopiotikd poro ot eayoyn Tov
anotereocudtov. o Tapddetypa, peydho eHpog amoctdcemy, ONANOT CUVIETOYLEVES
(x,y) pE HEYAAN Ol0oTOPa Ko HEYOAO €DPOG TILDV, GE GLVOLAGUO LE UIKPA KOGTN
EYKOTAGTOONG £XEL OC OMOTEAEGHO TN AELTOVPYIN TOAADV €YKOTAOTAGE®MV KAOE pio
and TG omoieg e&ummpetel pikpd aplBud melotdv. Avtifeta, piKpEG OmMOGTACELS OE
oLVOLACUO UE PEYAAN KOOTY EYKATACTOONG 00N YOLV GTY AELTOVPYid LKPOU aplOpov

gykotaotdoemv kbbe o omd Tig onoieg eEummpetel peydro TAn0og TELATOV.

H {qmon mailet emiong pdro, addd Oyt tOc0 kabopiotikd. Enueia avénpévng {nmong
TPOTIUMOVTOL KOL LIAPYEL TEPIMTMON VO EMAEYOVV MG EYKOTACTAGES TAPA TO
EVOEYOUEVO VYNAD KOGTOG EYKATAGTOONG. XVVETMG, OOV TAPOINPEiTaL dnpovpyio

TOALDV EYKATAGTACE®MV, GLVIOMG OQEIAETOL GTIG TOPATAVED TOPOTNPTCELC.

Otav 0 apBuog vroynelov BEcemv £yKATAGTACNS TV 000 AVIOY®VICTOV SLUPEPEL,
1OtE OVTOG OV €Yel oTN O010ecn TOV TEPIGGOTEPEC EMAOYEC elval mBavoTEPO VoL
eMALEEL «KAADTEPO», TLO OTOJOTIKA, oNEln Kot VO «OvOIEEY €V TEAEL TEPIGGATEPEC
€YKOTAOTAGELS Ao ToV AAL0. Me Tov TpOTo 0vTd Umopet va Tpoceyyicel peyadhtepo

AN 00G TEAAT®V YEYOVOG TOL KAGTA T1 GUVOALKY| TOV ETEVOLGT TTLO OTTOOOTIKT).

Ta xoéotn eykatdotaong, {NTnong kot UETOPOPAS €GAyovIol GTafHopHéve otV
OVTIKEUEVIKT] ovvdptnon. Me petafoir tov cvvieheot| (Bdpovg) kdbe kdoTOLG
umopovue vo eotidcovpe 6mov emiBopovpue. o mapddetypa, av eipaocte BEPatot 6T N
emévovon Bo  eivar  KePOOPOPO  UOKPOTPODESUO KOl OEV  HOG EVOLUPEPEL TO
BpayvmpodBeopo kéPdog T0TE dev Ba PEmel va pog amacyoAel daitepa 10 KOGTOG
EYKATAGTOONG, TOL 0moiov 1 andsPeor Ba oAokANpwOel 6e KATOL0 OPICUEVO YPOVIKO

SAGTNUA. TN TEPIMTOGT OVTH, ATAG LELWVOVLE TOV GUVTEAEGT] TOV GTI GLVAPTNOT).
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H dmoapén aviikpovdpevov kpunpiov Peitiotonoinong kabiotd T0 avioy®vieTIKO
TpOPANUa yopoBétnong molvkprriplo pOPANua Bertiotomoinong. Xvykekpiuéva,
{nroduevo amotedel 1 €AayIOTOTOINGN TOV KOGTOVLG HE TOVTOXPOVY] UEYIGTOTOINGM
oV pepdiov ayopdg kdbe avtayoviot. Xkomdg TG mapovoas epyociog eivor M
EMIKPATNON TOL TPMTOL AVIOYOVIGTH] OTO Taiyvio mov emivetal. Tovto cupPaivet
otV TEPITT®OT OOV 0 TPDOTOG OVIOYWOVIGTNG KATUPEPEL VO, EAOYIGTOMOCEL TO
GUVOAKO KOGTOC TOVL TPOKVATEL OO TO, KOGTY EYKATAGTOONC, {NTNONG KOt LETOPOPAS

Kot TOPAAANAO «KEPHIGEL OCOVE TEPICTOTEPOVS TEAAUTES UTOPEL.

H ovykexpipévn emihvon pe yprion oEminedov mpoypappoTicpuoy Baciouévonv cg
YEVETIKOVG aAyopifuovg 0ev pmopel voo TPOCEYYICEL TO TOPATAVE® TOAVKPLTIPLO
TpoOPA U emakpPdg. Avtikeipevo peAhovTikng épgvvag Ba pmopovoe, kdAMoTa, Vo
ATOTEAEGEL 1] TPOGEYYIOT TOV BEpaTOG pe pia péBodo molvkprtiplag PeATIoTOTOINGNG
LE XpNOoN YEVETIK®V adyopifumv kot va e&oydel To didrypappa Pareto amd 1o onoio Ha
UTOpel 0 €KAOTOTE aVTAYWOVIOTNG Vo emAEEel v PéATioT ADon, avdioyo pe v

BapHtnra mov divel 6To KOGTOG Kot TO TAN00G TV TEAATMV OV BELEL VO «KEPITTEL).

Xmv TmopoLoO  EPYOCIO 1 OMOTEPA TPOGEYYIONG TOV  TOAVKPITPOV  OVTOV
wpoPAnuatog éywve Bétovtag Bapn oty avtikeleviky cvvaptnon. ‘Etol, Bewproape
OT1 T0 KOGTOG EYKATACTAONG TAPAUEVEL G EYEL, EVA TO KOOTN HETAPOPAS Kot {NTNong
Ba mpémer va avénBodv (MTol Vo TOAAATANGIOCTOOV e KATOWOV BeTKOd aKEPOLO).

Qo61660, 1 TEMKN LOPPT TNG GLVAPTNONG EEAPTATAL KO A0 T EKAGTOTE dEdOUEVAL.

Q¢ avtikeipevo peAAoVTIKNG £pevvog Ba pmopovoe kavelg va mpocicel TePLOPIGLOVG
oYETWKE pe TNV woavonoinom g {NTNomg TV TEAUTOV 1| TNV TOOTNTO TOV TEAKMV
npotévtwv. Téhoc Ba pmopovoe vo coumeptnedel kot 1 «gvkoAia mpdsPaong» o€

KkéBe onpeio eEummpénong (ATOUAKPLGUEVES TTEPLOYES, VNOLE, KAT).

O avtaymviopog, kot ek To SLVOTOAELO givat TOAD £vTOovo 6T GOYXPOVN ETOYN KoL
BpiBer mepetaipm perétng kot épevvoc. H ypnon deminedov Tpoypaplatiocpon pe v
pope1| moaryviov givor dovikn yio v enihvon tétolov gidovg mpoPfAnuatwv. Kabe
OVTOY®OVIGTNG LWTOPEL VO OTOKTIGEL GLUYKPITIKO TAEOVEKTNLO £VOVTL TOV «OVTUTOAOVY

TOV oV KOTAPEPEL VL TPOPAEYEL TIG KIVGELS TOV.

105



Bifloypagia

[1] Taylor, D.A.,: Supply Chains: A Manager’s Guide, Addison — Wesley (2004)

[2] Zipviotng, K. X.,: Logistics management: Ocwpia kot [Tpd&n, Exddoeig
[Moamwalnon, Adva (1997)

[3] Ballou, R.H.,: Business Logistics Management, 5th Edition, Prentice Hall (2004)

[4] Sule, D.R.,: Logistics of Facility Location and Allocation, Louisiana Tech
University, Marcel Dekker, Inc. (2001)

[5] Hotelling, H. (1929). Stability in competition, The Economic Journal, 30(39), 41-
57.

[6] Plastria F.: Continuous location problems In: Drezner Z. (Ed.) Facility Location:

A survey of applications and methods, Springer-Verlag, New York (1995)
[7] Rahman, S.,U., Smith, D.,K.,: Use of location-allocation models in health service
development planning in developing nations, Vol.123, European Journal of

Operational Research (2000) 437-452

[8] Cohon J.L.: Multiobjective programming and planning, Academic Press, New

York (1978)

[9] Eiselt, H., Laport, G.,: Objectives in facility location, In: Drezner Z.(Ed) Facility
Location: A survey of applications and methods, Springer-Verlag, New York (1995)

[10] Kratica, J., Tosic, D., Filipovic, V., Ljubic, L.: Solving the simple plant location
problems by genetic algorithm, Vol. 35, RAIRO Operations Research (2001) 127-142

106



[11] Erlenkotter, D.: A dual-based procedure for uncapacitated facility location, Vol.
26, Operations Research (1978) 992—-1009

[12] Alves, M.L., Almeida, M.T.,: Simulated annealing algorithm for simple plant

location problems, Vol. 12, Revista Investigacao Operacional (1992)

[13] Aydin, M.E., Fogarty, T.C.: A Distributed Evolutionary Simulated Annealing
Algorithm for Combinatorial Optimization Problems, Vol. 10, Journal of Heuristics

(2004) 269-292

[14] Al-Sultan, K.S., Al-Fawzan, M.A.,: A tabu search approach to the uncapacitated
facility location problem, Vol. 86, Annals of Operations Research (1999) 91-103

[15] Michel, L., Van Hentenryck, P.,: A simple tabu search for warechouse location,

Vol. 157, European Journal of Operational Research (2004) 576591

[16] Sun, M.,: Solving the uncapacitated facility location problem using tabu search,

Computers & Operations Research, Corrected Proof, in press (2005)

[17] Ghosh, D.,: Neighborhood Search Heuristics for the Uncapacitated Facility
Location Problem, European Journal of Operation Research, (2002) 150-162

[18] Resende, M.G.C., Werneck, R.F.: A hybrid multistart heuristic for the
uncapacitated facility location problem, Research Technical Report TD-SRELRR,
AT&T Labs (2003)

[19] Iletpaxng E., wabnyntig oto tuqua  Owovopuk®v Emotmuov  tov
[Mavemommuiov Kpnmg. YAKO amd Tic onueidoel; ota mAoicio Tov pobnuotog

“Oewpia aropacewv Kot Oempio toaryviov” (2009)

[20] Binmore, K,: Playing for real: a text on game theory, New York: Oxford
University Press, Inc. (2007)

107



[21] Stuart, H.-W. Jr.,: Cooperative Games and Business Strategy, in “Game theory
and business applications”, ed. Chatterjee, K., Samuelson, F.W., Kluwer Academic

Publishers (2002) 189-213

[22] Chatterjee, K.,: Game Theory and the Practice of Bargaining, in “Game theory
and business applications”, ed. Chatterjee, K., Samuelson, F.W., Kluwer Academic

Publishers (2002) 273-295

[23] Langham, A.E., Grant P.W.,: A multilevel k-way portioning algorithm for finite
element meshes using competing ant colonies. Proceedings of the Genetic and
Evolutionary Computation Conference, July 13-17, San Francisco, CA., USA (1999)
1602-1608

[24] Bialas, W.F., Karwan, M.H.,: Two-level linear programming, Vol. 30, Manage.
Sci. (1984) 1004-1020

[25] Sakawa, M., Nishizaki, 1., Oka, Y.,: Interactive fuzzy programming for
multiobjective two-level linear programming problems with partial information of

preference, Vol. 2, Int. J. Fuzzy Syst., (2000) 79-86

[26] Nash, J.: Non-cooperative games, Vol. 54, Annals of Mathematics (1951) 286—
295

[27] Bracken, J., McGill, J.: Mathematical programs with optimization problems in

the constraints, Vol. 21, Operations Research (1973) 37-44

[28] Candler, W., Norton, R.,: Multilevel programming. Technical Report 20, World
Bank Development Research Center, Washington D.C., USA (1977)

[29] Aiyoshi, E., Shimizu, K.,: Hierarchical decentralized systems and its new
solution by a barrier method, Vol. 11, IEEE Transactions on Systems, Man, and

Cybernetics (1981) 444449

108



[30] Dempe, S.,: Foundations of Bilevel Programming, Kluwer Academie Publishers,

Dordrecht (2002)

[31] Dempe, S.,: Annotated bibliography on bilevel programming and mathematical
programming with equilibrium constraints, Vol.52, Optimization (2003) 333-359

[32] Cote, J.P., Marcotte, P., Savard, G.,: A bilevel modeling approach to pricing and
fare optimization in the airline industry, Vol. 2, Journal of Revenue and Pricing

Management (2003) 23-36

[33] Hearn, D.W., Ramana, M.V.,: Solving congestion toll pricing models. In P.
Marcotte (Ed.), Equilibrium and advanced transportation modelling (1998) 109-124,

Dordrecht: Kluwer Academic

[34] Larsson, T., Patriksson, M.,: Side constrained traffic equilibrium models—traffic
management through link tolls, In P. Marcotte, S. Nguyen (Eds.), Equilibrium and
advanced transportation modelling (1998) 125-151, Dordrecht: Kluwer Academic.

[35] Florian, M., Chen, Y.,: A coordinate descent method for the bi-level o-d matrix
adjustment problem, Vol. 2, International Transactions in Operational Research

(1995) 165-179

[36] Kara, B.Y., Verter, V.,: Designing a road network for hazardous materials

transportation, Vol. 38, TransportationScience (2004) 188—196
[37] LeBlanc, L.J.,: Meathematical programming algorithms for large scale network
equilibrium and network design problems, PhD thesis, Northwestern University,

Evanston, Illinois (1973)

[38] Marcotte, P.,: Network design problem with congestion effects: a case of bilevel

programming, Vol. 34, Mathematical Programming (1986) 23-36

109



[39] Constantin, 1., Florian, M.,: Optimizing frequencies in a transit network: a
nonlinear bi-level programming approach, Vol. 2, International Transactions in

Operational Research (1995) 149-164

[40] Hobbs, B.F., Nelson, S.K.,: A nonlinear bilevel model for analysis of electric
utility demand-side planning issues, Vol. 34, Annals of Operations Research (1992)
255-274

[41] Haurie, A., Loulou, R., Savard, G.,; A two player game model of power
cogeneration in new England, Vol. 37, IEEE Transactions on Automatic Control

(1992) 14511456

[42] Bard, J.F., Plummer, J., Sourie, J.C.,: A bilevel programming approach to
determining tax credits for biofuel production, Vol. 120, European Journal of

Operational Research (2000) 3046

[43] Pang, J.S., Trinkle, J.C.: Complementarity formulations and existence of
solutions of dynamic multi-rigid-body contact problems with coulomb friction, Vol.

73, Mathematical Programming (1996) 199-226

[44] Outrata, J., Kocvara, M.,: Effective reformulations of the truss topology design
problem, Vol. 7, Optimization and Engineering (2006) 201-219

[45] Van Ackere, A.,. The principal/agent paradigm: characterizations and

computations, Vol. 70, European Journal of Operations Research (1993) 83-103

[46] Sherali, H.D., Soyster, A.L., Murphy, F.H.,: Stackelberg-Nash-Cournot
equilibria: characterizations and computations, Vol. 31, Operations Research (1983)

253-276
[47] Kolstad, C.D.,: A review of the literature on bi-level mathematical programming.

Technical Report LA-10284-MS, Los Alamos National Laboratory, Los Alamos, New
Mexico, USA (1985)

110



[48] Hsu, S., Wen, U.,: A review of linear bilevel programming problems, Vol. 13,
Proceedings of the National Science Council, Republic of China, Part A: Physical
Science and Engineering (1989) 53-61

[49] Ben-Ayed, O.,: Bilevel linear programming, Vol. 20, Computers and Operations
Research (1993) 485-501

[50] Colson, B.,: Mathematical programs with equilibrium constraints and nonlinear
bilevel programming problems, Master’s thesis, Department of Mathematics,

FUNDP, Namur, Belgium (1999)

[51] Marcotte, P., Savard, G.,: Bilevel programming: a combinatorial perspective, In:
D. Avis, A. Hertz, & O. Marcotte (Eds.), Graph theory and combinatorial

optimization, Boston: Kluwer Academic (2005)

[52] Shimizu, K., Ishizuka, Y., Bard, J. F.: Nondifferentiable and two-level

mathematical programming, Dordrecht: Kluwer Academic (1997)

[53] Bard, J.F.,: Practical bilevel optimization, Vol. 30, Nonconvex optimization and

its applications, Dordrecht: Kluwer Academic (1998)
[54] Migdalas, A., Pardalos, P.M., Vérbrand, P.: Multilevel optimization: algorithms
and applications, nonconvex optimization and its applications, Vol. 20, Dordrecht:

Kluwer Academic (1997)

[55] Jeroslow, R.G.,: The polynomial hierarchy and a simple model for competitive

analysis, Vol. 32, Mathematical Programming (1985) 146—164.

[56] Savard, G., Gauvin, J.,: The steepest descent direction for the nonlinear bilevel

programming problem, Vol. 15, Operations Research Letters (1994) 265-272

111



[57] Vicente, L.N., Calamai, P.H.: Geometry and local optimality conditions for
bilevel programs with quadratic strictly convex lower levels, In: D. Du, & M.
Pardalos (Eds.), Minimax and applications. Nonconvex optimization and its

applications, Vol. 4, Dordrecht: Kluwer Academic (1995) 141-151

[58] Hansen, P., Jaumard, B., Savard, G.,: New branch-and-bound rules for linear
bilevel programming, Vol. 13, SIAM Journal on Scientific and Statistical Computing

(1992) 1194-1217

[59] Bialas, W., Karwan, M., Shaw, J.,: A parametric complementarity pivot approach
for two-level linear programming. Technical Report 80-2, State University of New

York at Buffalo, Operations Research Program (1980)

[60] Ben-Ayed, O., Blair, C.,; Computational difficulties of bilevel linear
programming, Vol. 38, Operations Research (1990) 556-560

[61] Kolstad, C.D., Lasdon, L.S.,: Derivative estimation and computational
experience with large bilevel mathematical programs, Vol. 65, Journal of

Optimization Theory and Applications (1990) 485-499
[62] Vicente, L.N., Savard, G., Judice, J.J.,: Descent approaches for quadratic bilevel
programming, Vol. 81, Journal of Optimization Theory and Applications (1994) 379—

399

[63] Falk, J.E., Liu, J.,: On bilevel programming, Part I: General nonlinear cases, Vol.
70, Mathematical Programming (1995) 47-72

[64] Ishizuka, Y., Aiyoshi, E.,; Double penalty method for bilevel optimization
problems, Vol. 34, Annals of Operations Research (1992) 73—-88

[65] Case, L.M.: An 1 penalty function approach to the nonlinear bilevel
programming problem, PhD thesis, University of Waterloo, Ontario, Canada (1999)

112



[66] Conn, A.R., Gould, N.LM., Toint, Ph.L.,: Trust-region methods. Philadelphia:
SIAM (2000)

[67] Colson, B., Marcotte, P., Savard, G.,: A trust-region method for nonlinear
programming: algorithm and computational experience, Vol. 30, Computational

Optimization and Applications (2005)

[68] Marinakis, Y., Marinaki, M., Michel, L.,: A Bilevel Genetic Algorithm for a real
life location routing problem. Vol. 11, No.l, International Journal of Logistics:

Research and Applications (2008) 49-65

[69] Sun, H., Gao, Z., Wu, J.,: A bi-level programming model and solution algorithm
for the location of logistics distribution centers. Vol. 32, Applied Mathematical
Modelling (2008) 610-616

[70] Calvete, H.I., Galé, C., Mateo, P.M.,: A new approach for solving linear bilevel

problems using genetic algoriths. European Journal of Operational Research (2007)

[71] Marinakis, Y., Migdalas, A., Pardalos, P.M.,: A new bilevel formulation for the
vehicle routing problem and a solution method using a genetic algorithm, Vol. 38, J

Glob Optim (2007) 555-580

[72] Osman, M.S., Abd El-Wahed, W.F., El Shafei, M.M.K., Abd El Wahad, H.B.,: A
Solution Methodology of Bi-Level Programming Based on Genetic Algorithm, Vol.
4, Journal of Mathematics and Statistics 5 (2009) 352-359

[73] Alekseeva, E., Kochetova, N., Kochetov, Y., Plyastnov, A.,: A Hybrid Memetic
Algorithm for the Competitive p-Median Problem, 13th IFAC Symposium on
Information Control Problems in Manufacturing, Moscow, Russia (2009) 1516-1520

[74] Wang Guang-min, Wang Xian-jia, Wan Zhong-ping, Jia Shi-hui,: An adaptive

genetic algorithm for solving bilevel linear programming problem, Vol. 28 (12),

Applied Mathematics and Mechanics (English Edition) (2007) 1605-1612

113



[75] Yanh, J., Zhang, M., He, B., Yanh, C.,: Bi-level programming model and hybrid
genetic algorithm for the flow interception problem with customer choice, Vol. 57,

Computing and Mathematics Application (2009) 1985-1994

[76] Mathieu, R., Pittard, L., Anandalingam, G.,: Genetic algorithm based approach to
bi-level linear programming, Vol. 28, Recherrche opérationnelle/ Operations

Research (1994) 1-21

[77] Wang Guang-Min, Wan Zhong-Ping, Wang Xian-Jia, An Zhong-Hua,: Genetic
Algorithm for Solving Convex Quadratic Bilevel Programming Problem, eprints for

the optimization community (2003)

[78] Jaramillo, J.H., Bhadury, J., Batta, R.,: On the use of genetic algorithms to solve
location problems, Vol. 29, Computers and Operations Research (2002) 761-779

[79] Uno, T., Katagiri, H., Kato, K.,: An application of Particle Swarm Optimization
to Bilevel Facility Location Problems with Quality of Facilities, Vol. 12, Asia pacific
management review (2007) 183-190

[80] Whitley, D.,: A Genetic Algorithm Tutorial, Department of Computer Science,
Colorado State University (1993)

[81] Goldberg, D.,: Genetic Algorithms in Search, Optimization in Machine Learning,
Addison Wesley, Reading (1989)

[82] Holland, J.H.,: Outline for a logical theory of adaptive systems,Vil. 3, J. Assoc.
Comput. Mach. (1962) 297-314

[83] Holland, J.H.,: Adaption in Natural and Artificial Systems, University of
Michigan Press, Ann Arbor (1975)

[84] Holland, J.H.,: Adaptation in Natural and Artificial Systems: An Introductory
Analysis with Applications to Biology, Control and Artificial Intelligence, MIT Press
(1992)

114



[85] Michalewicz, Z.,: Genetic Algorithms + Data Structures = Evolution Programs,

(2nd ed.), Springer-Verlag (1994)

[86] Wendell, R.E. and McKelvey, R.D. (1981). New perspectives in competitive
location theory, European Journal of Operational Research, 6(2), 174-182.

[87] Hakimi, S.L. (1983). On locating new facilities in a competitive environment.

European Journal of Operational Research, 12(1), 29-35.

[88] Drezner, Z. (1982). Competitive location strategies for two facilities. Regional

Science and Urban Economics, 12(4), 85-493.

[89] Karkazis, J. (1989). Facilities location in a competitive environment: A
promethee based multiple, criteria analysis. European Journal of Operational

Research, 42(3), 294-304.

[90] Stackelberg H (1934) Markform and Gleichgewicht. Springer, Berlin Heidelberg
New York

[91] Eiselt HA, Laporte G (1996) Sequential location problems. Eur J Oper Res
96:217-231

[92] Hakimi SL (1990) Location with spatial interactions: competitive locations and
games. In: Mirchandani PB, Francis RL (eds) Discrete location theory. Wiley, New
York, pp 439478

[93] Drezner T, Eiselt HA (2002) Comsumers in competitive location models. In:
Drezner Z, Hamacher HW (eds) Facility location: applications and theory. Springer,
Berlin Heidelberg New York, pp 151-178

[94] Robeson, J.F., Copacino, W.C.,: The Logistics Handbook, The Free Press (1994)

[95] Stock & Lambert: Strategic Logistics Management, 3rd Edition, [rwin Mc-Graw
Hill (1993)

115



[96] Cristofides, N.,: Graph Theory. An Algorithm Approach, New York: Academic
Press (1975)

[97] Hansen, P., Jaumard, B.,: Cluster Analysis and Mathematical Programming, Vol.
79, Mathematical Programming (1997) 191-215

[98] Krarup, J., Pruzan, P.,: The simple plant location problem: survey and synthesis,

Vol.12, N 1, European J. Oper. (1983) 36-81

[99] Mirchandani, P., Francis, R., (eds.): Discrete Location Theory, Wiley-Intersience
(1990)

[100] Beresnev, V., Gimadi, E., Dementev, V.,: Extremal Standartization Problems,

Novosibirsk: Nauka (1978)

[101] Diaz, J.A., Fernandez, E.,: Column generation for the single source capacitated

plant location problem, Vol.1, Technical report DR 2000/17, UPC Barcelona (2000)

[102] Sridharan, R.,: The capacitated plant location problem, Vol. 87, European
Journal of Operational Research (1995) 203-213

[103] Holmberg, K., Ronnqvist, M., Yuan, D.,: An exact algorithm for the capacitated
facility location problems with single sourcing, Vol.113, European Journal of

Operational Research (1999) 544-559

[104] AvkoBavéong Z., kafnyntg oto tuue Mnyoavikeov H/Y kot ITAnpogopikng
tov [Moavemommuiov Iatpodv. YAKd and 11 onpeldcels oto mAaicio tov pobnuoatog
«Bewpia amoedoewv”’ ToL gpyaoctnpiov Avayvopiong Ilpotvmwv otov Topén

OepeMaoocwv kot Epappoydv g Emomung tov Yroloyiotov (2008)
[105] Rasmusen, E., Petrakis, E.,: Defining the Mean Preserving Spread: 3-pt versus

4-pt, in “Decision Making under Risk and Uncertainty: New Models and Empirical
Findings”, ed. John Geweke, Kluwer Academic Publishers (1992) 53-58

116



[106] Colson, B., Marcotte, P., Savard, G.,: Bilevel programming: a survey, Vol. 3,
40R (2005) 87-107

[107] Delong, K.,: An Analysis of the Behavious of a Class of Genetic Adaptive
Systems, PhD Dissertion, Department of Computer and Communication Sciences,

University of Michigan, Ann Arbor (1975)

[108] Wang, G., Wan, Z., Wang, X.,: Solving Method for a Class of Bilevel Linear
Programming based on Genetic Algorithms, eprints for the optimization community

(2003)

[109] Santos-Penate, D., R., Suarez-Vega, R., Dorta-Gonzéalez, P.,; The Leader-
Follower Location Madel, Vol. 7, Netw Spat Econ (2007) 45-61

[110] Aboolian, R., Berman, O., Krass, D.,: Competitive facility location model with
concave demand, Vol. 181, European Journal of Operational Research (2007) 598-
619

[111] Shmoys, D.B., Tardos, E., Aardal, K,.: Approximation algorithms for facility
location problems, Proceedings of the 29™ Annual ACM Symposium on the Theory of
Computing (1998)

[112] Alexandrov, N., Dennis, J.E.Jr.,: Algorithms for bilevel optimization, AIAA/

NASA/ USAF/ ISSMO Symposium on Multidisciplinary Analyis and Optimization
(1994)

117



	 Εισαγωγή
	1  Logistics
	1.1 Ορισμός – στόχοι
	1.2 Σύντομη ιστορική αναδρομή
	1.3 Πεδίο εφαρμογών των logistics
	1.4 Διαχείριση των logistics
	1.5 Λειτουργίες ενός συστήματος logistics

	2  Χωροθέτηση εγκαταστάσεων 
	2.1 Εισαγωγή
	2.2 Σύντομη ιστορική αναδρομή
	2.3 Παραδείγματα εφαρμογών των προβλημάτων χωροθέτησης
	2.4 Θεωρητική προσέγγιση
	2.5 Μεθοδολογική προσέγγιση
	2.6 Τύποι προβλημάτων χωροθέτησης εγκαταστάσεων
	2.6.1 Προβλήματα p-μέσων
	2.6.2 Προβλήματα p-κέντρων 
	2.6.3 Προβλήματα χωροθέτησης χωρίς περιορισμούς χωρητικότητας
	2.6.4 Προβλήματα χωροθέτησης με περιορισμούς χωρητικότητας
	2.6.5 Τετραγωνικό πρόβλημα εκχώρησης

	2.7 Αλγόριθμοι που έχουν χρησιμοποιηθεί για την επίλυση προβλημάτων χωροθέτησης χωρίς περιορισμούς χωρητικότητας
	2.8 Χαρακτηριστικά των προβλημάτων χωροθέτησης
	2.9 Η σημασία της επιλογής των θέσεων εγκατάστασης
	2.10 Διαδικασία επιλογής και σχεδιασμού εγκαταστάσεων
	2.11 Αλγόριθμοι επίλυσης των προβλημάτων χωροθέτησης
	2.12 Προβλήματα χωροθέτησης πολλαπλών εγκαταστάσεων
	2.13 Δίκτυο χωροθέτησης εγκαταστάσεων

	3  Θεωρία Παιγνίων
	3.1 Εισαγωγή
	3.2 Ιστορική αναδρομή
	3.3 Βασικά χαρακτηριστικά
	3.4 Ταξινόμηση παιγνίων
	3.5 Τρόποι περιγραφής και ανάλυσης των παιγνίων
	3.6 Σημείο ισορροπίας Νash (Νash Equilibrium)
	4.6.1 Διαχείριση κερδοφορίας
	4.6.2 Διαχείριση κυκλοφορίας
	4.6.3 Εκτίμηση πίνακα προέλευσης – προορισμού
	4.6.4 Διαχείριση επικίνδυνων υλικών
	4.6.5 Προβλήματα σχεδίασης δικτύων
	4.6.6 Ενεργειακός τομέας
	4.6.7 Προβλήματα μηχανικού
	4.6.8 Πρόβλημα αρχής πρακτόρων
	4.6.9 Παίγνιο Stackelberg – Nash
	4.9.1 Προσεγγίσεις ακραίου σημείου για την περίπτωση γραμμικού  προβλήματος
	4.9.2 Μέθοδος διακλάδωσης και φράγματος
	4.9.3 Αλγόριθμος συμπληρωματικής θέσης-κλειδί
	4.9.4 Μέθοδοι κατάβασης
	4.9.5 Μέθοδοι με συναρτήσεις ποινής
	4.9.6 Μέθοδοι περιοχής εμπιστοσύνης
	5.5.1 Διασταύρωση ή επιχιασμός (crossover)
	5.5.2 Μετάλλαξη (mutation)
	5.5.3 Επιλογή (Selection)



