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1.1 Ewoayoy

O topéag g drayeipiong g €QodIGTIKNG aAvcidac, o omoiog apyloe va. eEediooeTon
and T1g apyEg g dekaetiog Tov 1990, Bewpeitar onuepa WO0iTEPA ONUOVTIKOG YOl TIC
EMYEPNGELS KOl TOVG LAPOPOLS OPYAVIGLOVS Wdtaitepa oNuepa oe pio emoyn 6mov o
TOyKOGUL0C avTaywviouog sivar éviovog. H ovykekpiuévn dimiopotiky epyacio Oo
aoyoAnOel pe v emiAvon evog mpoPAnatog dtayeiptong e £QPOSUGTIKNG 0AVGIdOG
KOl CLYKEKPIEVO pHe €va mpoPfinua dpopordynong oynudtov (Vehicle Routing
Problem).

To mpoPAnua dpopoAdyNons oxnUET®V ToL KOAOVIACTE VO EMAVGOVUE £XEL VO KAVEL
pe tn dtavoun mpoioviwv oe ddpopa LEPT OTOV oTEYALOVTOL 01 TEAATESG TNG ETONPTOGC
pog. 't davoun twv mpoidvimv 6 OAOVG TOVG TEANTEG 1] £TALPI EXEL OTN KOTOYN
™G €vol OYMUO  GLYKEKPILEVNC YOPNTIKOTNTOG KABMG Kol pio, KEVTPIKN omodnkmn amnd
Omov YiveTOl O OVEPOOIOGUOC TV TPOIOVIMV. XTOXOG TNG OWMAMUOTIKNG elvar 1
elayloTomoinoM TV OPOLOAOYI®MV KOl KOTE GUVETELN KOl TOV ¥POVOL OLOVOUNG TMV
poidvtwv pe ypnon pebevpetikod odydpOpov yioo v eummpétmon OAwv TV
TEAATAV.

1.2  Logistics : T eivon kon 6€ TOL0VS ALPOPOVY
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O 6pog logistics amoterel TOAVGTLOVTN KO TOALVGVVOETN Evvola, KAAVTTOVTOG L0
TEPACTIO VKA SLOOIKAGIOV GYEOAUC U0V, VAOTOINGTG Kol EAEYYOV GTO EMLYEIPTLOTIKO
nedio. Ta Pacwd otoyein mwov cvvveaivovv ta logistics eivar 1 dwoiknon kot o
oTpATNYIKOG oYedoUOg TG emyeipnong, M Péitiotn aflomoinon tov Epyoyov
(avBpoOTveV) Kol TV AyuY®V (VAIKOV) TOPMOV TG, 1 TOPOy®YY], 1 arodiKevon Kal M
Slvoun tev oyobav, amd TNV TPOTN VAN UEYPL TO ETOUO TPOIOV KOl omd TNV
Topaymy] oto paol. Osopntikd to logistics e&vmnpeTovy TV KePSOoPopio g
emyyeipnong, eEacearifovtag ™ cuveyn SBESILOTNTO TOV TPOTOVIMV KOl TMV AOITMOV
TOPWV TN, EMTPEMOVTAG TOUPAAANAQ TV OUOAY] PO EMTELEGNC TOV OLOOTKAGIDV TOV
avaQEPOMKOY TOPATAVE®.

Ta logistics oamockomoOv otV mopaywyn 7npoidviwv pe 660 10 dvvaTdV
YOUNAOTEPO KOGTOC, GTN OlOTHPNOT TOV TPOIOVIOV LE TOV KAAVTEPO OLVOTO TPOTO,
otV TAPN a&lomoinon TV LVAIKOV HECHOV TNG EMYEIPNONG, OTN UETOPOPH T®V
TPoiOVTOV UE TO YOUNAOTEPO duVOTO KOGTOG KOl TIG MIKPOTEPEG OLVOTEG
KaBVoTEPNGEIC KOl TEMKA OTNV eMiteLén KEPOOPOPING KOl OIKOVOUING KAIHOKOG Yo,
Vv enyeipnon.

Av Kot apopobvv og KaBe gldovg emyelpnuoticd topéa ko kébe gidovg emyeipnon,
exel mov Ppiokovv kateoynv TPOGPOPO E0APOC EPAPLOYNS EIVOL OL ETLYELPNGELS TOV
OpooTNPOTOIOVVTOL  OTNV  €POJWNCTIKY  OAVGIO0  (EUTOPIKES,  LETOPOPIKEG,
ToPAYOYIKEG, etoupieg amodnkevong K.4.), aveEaptNTOC TOL TOUEN TNG OIKOVOUING
otov omoio ovinkovv. O 0poc "ePodaoTikn oAvcida" meprypdpel TO TAEYUO
Ol001KAGIOV OV  OMOLTOVVTIOL (OGTE &Va TPOIOV vo, MEPACEL amd TN QAN NG
TOPAYWOYNG OTN PAcN NG KoTavdAlmong. Meta&d tov dladikacidv avtdv Eexwpilel
TOPAY®YY, M TVTOTOINGN ,N amodnkevon, N Olakivion kol N
d1abeon TOL TPOTOVTOG.

Onwg owpaivetar omd ta mopamave, logistics ko
€QoOl0oTIKN aAvcida cvvoovtal dppnkta. H epodioctikn
alvcida amotedel 10 PooikOTEPO TESIO EQUPUOYNS TOV
logistics, Ta omoia arotehovv 10 Bacikdtepo (nrovpevo Yo v opBoioyikomoinom kot
NV €MTUYIN TOV SOSIKOCIOV TNG €P0d1aoTIkng aAvoidac. Ta logistics amavtobv 6To
TG TPENEL Vo 0pYavwBohv o1 S1adIKaGIEC TNG €POOIACTIKNG OALGIdNG - T.Y. TTMG
péMeEL va yiveTan 1 010Kivnom TV TPoTiOVIMV, LE TL GLYVOTNTA TPENEL VO EKTEAOVVTOL
01 TAPUOOGELS, LECH TOLOL OPOUOAOYIOL K.AT

Ta tedkevtaio ypdvia, VEEG Kol KOVOTOUEG YNOLOKES TEXVOAOYIES ExovV €16EADEL GTO
Y®po TV logistics Kot £xovv emeEPel BeapaTikEG aALOYEC: EKEL TOV M ATTOYPOAPT TNG
amonKng amoitovce HOALPL, yopTi Ko apkeTd YPOVO, TAOPO TPOUYLATOTOIEITOL
QVTOUOTO UECH QOPNTOV TEPUATIKOV (OKAVEP) KOl NAEKTPOVIK®V VIOAOYloT®OV. H
KOKN 0pY&vmon tng amodnkng, 0 ave@odloUOg YWpig TPOYPALN Kol GUCTNHO KOt
oo GAAL apyNTIKA, £X0VV OMGEL TN BE0T TOVG GE OAOKANP®UEVE GLCTHLOTO VYNANG
ELELTOG KO ATTOTEAEGLOTIKOTNTOG.



1.3 T'evika-to npopinpa VRP (vehicle routing problem)

To mpoPinua dpopordynong oynuatwv (VRP) sivar and to mo onuovtikd,
EQUPUOCIUO. KOl HEAETNUEVO TPOPANUATO OVOUNG TNG EPOOIOCTIKNG OAVGIdNG
TAPOLGLAGTNKE Yot TPATY Popd T0 1959 amd tov Dantzig kou Ramser ot omoiot v
emoyn exeivn mepléypayayv Evav tpdmo yio Vv PEATIOTN petapopd ykaloAivng o€ Evav
apOud otabuadv tpoodocioc. Atya ypdvia apydtepa Kot cuykekpiuéva 1o 1964 ot
Wright kot Clarke mpotewvav évav gupetikd aiydpiBpo ominotiog o omoiog nrov
onuavTiKa BeAtiopévog o oyéon pe avtdv tov Danzig-Ramser.

Tic rtelevtoaieg dekaetiec vmbpyer pio  €viovn  avdmtuln TOV  TOKETOV
BeAltiotomoinong Paciouéva oty emyelpnolokny €psvvo Kabmg kot oe uebddovg
LOOMUOTIKOD  TPOYPOUUOTIGUOD, YO TNV OTOTEAEGUATIKY]  OVTILETAOTION
mpofAnuatwv mov oyetiCovrol e TV €poolacTiky aAvcida. O moAd peydriog aplOunog
epapuoymv oe Bopela Apepikn kot Evpdnn kotadeikviouy 6TL 1 ¥p1on EQapuoymv
0€ MAEKTPOVIKO VTOAOYIGTH] YO TNV OVIILETOMION TPOPANUATOV €POOIOGTIKNG
aAVcidag Uropel vo EMPEPEL PLEIMON TOV KOGTOVG HETAPOPAS G TOGOGTO amd 5% £wg
kol 20%. To ovykekplupévo emitevypa eival dwitepo onuovtikd av ovoroylcOel
Kavelg 0Tt 1 ddikacia LeTaPopds TV Tpoidviev aviimpocwnedel o 10-20% tov
TEMKOV KOGTOVLG TOV TTPOIOVTOS. TNV ovcio. To TPOPANUA SPOHOAGYNONS OXNUATOV
elvan éva Pactkd TpoPANUa d1avoung ,<<OOUNUEVO>> KATA TETOLO0 TPOTO £TGL MGTE VO,
EMPEPEL TO LUKPOTEPO OLVATO KOGTOG .

[a v erilvon tov cvykekpluévov mPoPANUATOC TPENEL Vo LITOAOYIGOOVY 01
BéATioTEG S0 OPOUES dLOVOUNG TTPOTOVTIMY TTOL TPEMEL VA, EKTELEGOOVV amd £va GHVOAO
oymudtov €tor dote va wkavomomBei n {fmon tov medatdv. O okomdg TOv
[IpopApatog Apopordoynong Oynmudtov sivor m €haylotomoinomn Tov KOGTOLG
UETAPOPAS TPOIOVTI®MV €VOC GTOAOL OYNUATOV TOV EEKIVOLV KOl KOTAANYOLUV € pia
amonim. Mo 10 cvykekpiuévo mPOPANUO vITApyEL Evag opKeTd Ueydlog aplOudg
SPOPETIKOV TPOYULATIKOV TEPIMTMOCE®V TOL £YOVV VO, KAVOLV peE TNV VIopén
KATOI®V TEPLOPICUDV (OC TPOG TN SLOVOUT TOV TPOTOVIMV KOl GE LEPIKEG TEPUTTOCELG
ovoyetileton pe to IIpdPAnpa tov IMAavddsiov [Hwint (TSP).

Onwg avagépape Aomdv encdn o aplUoc TV TEPUITMOGEMY TOV LIAPYOVV GTO
TPOPANUA dPOHOAOYNONG OYNUATOV ival apkeTd peyaAog Ba mpooeyyicovpe apyikd
To XOPOKTNPOTIKE TOL Pocikoy Bewpntikod mpoPfAnpoTog Kot oty ocvveyel Hoa
TEPACOVILE KO OTIS TPOEKTACELS TOL HE OKOMO Vo KOALEOOHV OAeg ol duvatég
TEPWMTMOEL; TOL TPOPANUOTOS YL TNV  KOADTEPT OLVATH TANPOPOPNON  TOL
avayvVOOTI.



1.4 To mwpopinpa dpoporoynong oynuatov (Vehicle Routing Problem-VRP )
Opropoc- mpopinpatog

TO ITIPOBAHMA

Xe éva Paocwod mpoOPAnUo OpoHOAdYNONG OYNUATOV E£XOVUE €VO GUVOAO OTtd
KOUPOVE TOL OMOTEAOVV TOUG TEANTEG MO EMYElpNONG Kol €YOVV  KATOld,
ocvykekplévn {Nmon availoyo He TIS AmOTNGES TOvg. Avtr n {fmon mpémel va
wKavoromBet omd Eva GHVOLO OYMUATOV AveEOPTHTOC YPOVIKMDV TEPLOPICUAOV OAAL KO
TEPLOPICUDV TPOTEPALOTNTAG EELTNPETNONG.

O XTOXOZ

. O o1610¢ T0V TPOPANUATOC €lval N KATOGKELT] EVOG GLVOAOL O1LOPOUADV-
wo yioo ke oynuo, xoUnAov KOGTovg £Tol MGTE Vo emm@eANn0el n emyeipnon
amd TO HEWWUEVO KOOTOC mopdooong AOy® TNnG GLVOMKNG KaAvgBeiong
amOGTACTC KAl TOV YPOVOL TAPAOOCNS TOV TPOLOVIMV KOOMG KOl TOL TdY1oV
KOOTOUG TO omoio oyetiletar pe tov oplOud TV oYNUATOV OAAL KOl TV
odnywv mov Ba ypnoywomombodv yio TNV HOVIEAOTOINGTN TOL TPOPANUATOGC.
Kabe dwdpopn amoteiel éva ovvoro (axorovbia) tomobecidv (kOpPmv) Tov
TPEMEL VO EMOKEPOOVV TAL OYNUOTO TAPAOOGTG Yo TNV KAALYT TOV EKACTOTE
avaykav. Otav ta oyfuato Eepeivouv amd mTPoldvIo TPEMEL VO EMMOTPEPOVY
oV agetnpia (KeVIpKn amofnkn avepodlaGHo) Yo Vo EPodacTOOV Kol €V
cuveyeia va cuveyicovy 10 £pyo Tovg.

. H ehoyiotomoinon tov apipod TV oynuatov 1 TOV 00NY®OV TOv
ATOLTOVVTOL Y10 TNV EELTNPETNON OA®V TOV TEAUTOV.

. H woopponia petald tov dtadpoudv mov Bo TpokdYyovv 610 TEAIKO LOVTELO
OYETIKA pE TIG OPEG TOV ATOLTOVVTOL Yo Vo dlavuBovv avtég 1 petald Tov
(QOPTI®V OV AVTIGTOLYOVV GE KAOE dladpour).

. H ehayiotomoinon tov mowvdv mOv a@OpolV HEPIKY] KOVOTOINGCT TV
TEAATOV.

To VRP eivar éva yvootd mpoPAnNUe oKEPOLOL TPOYPOUUATIGHOD TO OTO0i0
VRAYETOL GTNV Kotnyopio. T®V U TOAVOVUUIK®OV SVCKOA®V TpoPAnudtov (NP-
HARD) , npdrypo mov onpaivel 6Tt 11 YTOAOYIGTIKY TPOGTADELD TOV OmALTEITAL Y10 TV
eniAvomn avtov Tov TPOoPANHaToC aviavel exbetikd pe to uéyebog tov mTPoPAaTOC.
Mo ta TpofAnpata avtd eivar cuyvd emBountd va EmTUYEL TPOGEYYION TOV AVGEW®V,
wote vo pmopel va Ppebel apretd ypryopa kot eivor apketd akpiPeig yio 10 okomd
avtd. Zuvnbwe, to €pyo aVTO EMTLYYAVETOL HE TN XPNON OPOP®V EVPETIKOV
uefodmv, ot omoieg omnpilovrat o€ Kdmolo EKGVA Yo TV UGN TOV TPOPANLATOG.



To npépinuo propei va oroTvrmOel podnuatikd g e&ng:

‘Eoto 6t11=1 givon n kevrpun amobnkn 1 to kévrpo davounc. Tote 1=2,3,4....,n Oa
elvan ov meldteg poc. Oewpodue 01t KAOe meAdTNG 1 €xet {tmon ¢, mocoOTNTO
TPOIOVT®V Kal T0 KOGTOG petdfaong amd tov meddn 1 otov j opilete o ¢, . Eav n

etapio dwbéter K oynuato mov ektelobV TG UETAPOPES, M YOPNTIKOTNTO KAOE
oynuotog Ba givar Q x . EmmAéov, yivetor n vmobeon mwg OAot ot meAdtec KoL Ta
oynuota Ba e&ummpetovv pe ebivovoa cepd ta q ; kot Q g . Téhog, og kaBe dynua Oa
avtiotoryel P dStadpoun n onoia Ba Eekvdet Kot Oa KaTaANYEL GTO KEVTPO SLOVOUNG.

H avtikepevikn cuvaptnon mov Exovue tpog eaayiotonoinomn Ha eivar:
*_ . v
cF=mind > e x,
Vo
Yno tovg mepropiouoie:

Z [x; <K Yo k6Be v=1,2,....K

) 1,70 oynue v ypnowomoiel o toéo (i,
77| 0, Stoapopenind

ne ¢; ovuPoriCeton n omdotacn oL SlovvEL Eva OxNuo. (To KOGTOG THG S1OPOUNG)
TpoKELEVOL Vo LeTaPel omd Tov merdtn 1 otov meAdtn j. Eniong ta o, , Q, K xot S *
ovuporilovv ta €ENG:



d. = (™o tov meAd 1.
Q = XopntkotNnTo OYNULOTOG.

K = To cdvoro oynuatwv g etarpiog.

S* =To chvoro OA®V TV M AGE®V TOL TPOPANULATOS TOV TEPUTAAVAOUEVOD TOANTY).

210 TOPAKATO oYM TaPoLSLdleTat Ypaptkd Eva amAd Tpdfinua VRP .

\O
/
\

Q
/
O

O
.| ANO®HKH

[TeAdreg

*

Kvurhég dtadpopéc Spopordynong oxnpuatmy.



1.5 Tevikd YopoKTNPLETIKA TOV TPOPANNATOS

EINEEHI'HXH XXHMATOX

To yoporTypleTiKd TOV TPOPANUATOS OGS TAPOVGLALOVTOL GTO TAPATAV®) CYNUA.
Eyovv wg &&ijs.

Kabe wxidKhog amotedel tovg meAdteg g emyeipnong (eSumnpetovviec),ot
onoiol yapaxtnpilovtal and Evav apluo {nongc.

Me ypappés ovoamoplotdtor 1 €KAGTOTE OOPOUN] TOV AKOAOVOOVV TO
oyfuata dpopordynong mpog e&uanpémons Tov melatdv. Mmopobv va givol
Hovig M omANg Katevbuvong avdroyo pe v SvvoTOTNTA TOV JPOUOL GTOV
omoio Bpiokovtat. To péyeBog(unkog) g eKAGTOTE YPOUUNG VITOINADVEL TNV
aOCTOON Kol TO YPOVO TEPATMONG TNG KO AVTIGTOLYEL 0€ KOGTOG SL0dPOUN|G.

Ka0e ypopo aviiotoryel oe S10popeTikn dadpoun Tapadoc.

210 Kévipo Ppioketor 1n amobKN ove@odlaoUod TNG EMYElpNONG 1 omoia
amotehel kol Tov TEPHOTIKO oTalUd (amd ekel Eexkva kol KotoAnyel KaOe
oymua).Ze moAld mpoPinuata. VRP Aettovpyodv mepiocotepeg omd o
amodnKeg pe amotéAecpo Vo TOPOVCIALETAL 1| TEPIMTOGN VO EMOTPEPEL Eval
OyMUaL o€ dAPOPETIKY amodnkn and avtn mov Eekivnoe.

Amo 1o mopombve yivetalr kotavontd OtL éva OAOKANPOUEVO TPOPANUQ

dpopoAOYNONG OYNUATOV amoTeAeitol amd oynuata, amodnkes, mehdtec, 0onyolg
OAAG Kol amd TO YEVIKOTEPO TPOPANUO TNG OLVOUNG, TO YOPUKTNPIOTIKA TOV
omoiwv avaAvoviol apuéomg MeTd Prjpa-pruo, yioo KoAOTEPN KOTOVONoM Kol
TPOGEYYLON TOL TPOPANLATOGC.

Ta kvpra yapaxtypietind Twv oynudrwy gival ta &GG.
H mBavotmra to oynpo LETOPOPAS VoL EMGTPEYEL GE OLAPOPETIKT ATOOT|KN
amd o oL Egkivnoe PeTd To TEPAG NG e&vmnpéTnonc.
H yopnrikdtra tov xdbe oynuatog ywpiotd.(n omoio umopel va ekppactel

™G TO UEYIOTO PAPOG-OYKO OV UTOPEL VO EMOUIGTEL Eval OYMLLL 1) AKOLLOL KO G
TOV HEYIGTO aplOpd TV TOAETMOV TOV UTOPEL VO, LETOPEPEL.)

H xammyoplomoinon tov oynuatov avaioya pe v duvatOTNTa HETOPOPAC
TOVG (YOPNTIKOTNTA) KO TO EI00C TV TPOIOVIMV TOV LETOPEPOLV.
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e Ta k6ot moL oyetTilovTon [LE TNV ¥PNGILOTOINGT TOV KAOE OYNLOTOG XOPLIGTAL.

Ot péBodot pOHPTMONG —EKPOPTOONG.

Ot 6popot Tov duvaTot vo O1VOGEL TO OYMLLAL.

Ta Kvpro yapakKTypieTIKG TOV TEAATAOV Eval Ta ECIG.
e H ypovikn mepiodog Katd StapKe TG NUEPOAS TOV UTOpel 0 mEAATNG VO,
eEumnpem el (kdmoteg dpeg eivar KAEIGTOG).

e XpoOVog TOL OmALTEITAL Y POPTOOTN-EKQOPTOCT TPOTIOVI®V, UETAPAAAETOL
avAiAOYO LE TOV TOTTO TOL OYNUOTOG.

H {qton, evdeyopévmg Kot StapopeTiK®V TPoidoviov mov emiintd o Kdabe
TELATNC.

To €idog Tov oyMuatog mov pmopel va ypnolpwonombel and 10 GTOAO TNG
etoupiag v v eEumnpéton kdmoov weAdn (Ommg Yo Tapdostypo e&ontiog
TEPLOPICUDOV TPOGPAONG 1 EWIKOV OTAITHGEMV GTI POPTOCTN KOl EKPOPTOGCT
TWV TPOIOVTWV).

e Ta onuela maveo oto Yaptn ddpoung 6mov Ppickovtar 6Aot ot meAdtes (ot
KUKAOL GTO O1KO LLOG TAPAOELY L),

Kavoviouoi-nepropiouoi oonywv —oradpouwmv ya.
ACPOLECTEPNY TEPATWGN OLAVOUNS

e To @optio k&Be oyMuatog mpémel va givor LKpPATEPO 1 100 TOL EMTPENTOUEVOUL.
e Trpnon xavoveov aceaoreiog Odmwg avtol &xovv opiobel yio ta oynuoto

LETOQPOPAS TPolOVT®MV amd TtV vopobesio tov kpdtovg (my. 6plo TayhTNTOG,
OPEC KUKAOPOPiaG oTIC £8VIKEG 0000C, KTA).

11



e Trpnon xavoveov acedielag OTmg avtol £govv opiobel and to copoteio
00N Y®V N amd TNV eKAGTOTE ETOUPELD ()Y AYOTEPO ATO BEKA MPEG 001 YNONG TNV
nuépa, drpkela Eekovpaons-HTVov,KTA)

H minpny katavonon gvons apofiguaros olavouns
anautel TIG AK0L0v0sg TANPoPopies

To péyebog Tov 6TOAOL TV OYNUAT®V TOL YPNGILOTTOLEITOL OO TNV £TOPi.

O ap1Ouoc TV 00N YDV.

O ap1Budg TV SdPOUdY TOVL TPAYHOTOTOOVVTOL KAONUEPIVA KOl O HEGOG
ap1OUOC GTACE®V 0VE O1OPOLY].

Ot dradpopég evtdg Kot eKTOG TOAEWG,.

To cuVOMKO €TNG10 KOGTOG TV OPAGTNPLOTITOV OLOLVOUNG.

e To k6GTOC TOV TANPOUATOV Kol TOV OYNUATOV (OC TOGOGTO TOL GLUVOALKOD
KOGTOVG.

Ot peAovTikéG amottnoelg kol TpoPAEYELS GTOV TOpEN EVOEYOUEVOV PAaPDV.

e H rtpéyovca vmoroyoTikny dSvvoun g etaupiog ywo TN duvatoTnTO
VIOGTNPLENG TOL HIKTVOV SLOVOUTC.

O cvvdvaopoc dpooroyimy pe GALES dPACTNPLOTNTEG.
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KE®AAAIO 2

2.1 To wpopinpa Tov Ttepumlavopuevov Tt (traveling salesman problem)

Eivar éva xhoooikd cvvovaotikd mpoPAnue Peitiotomoinone kot pmopel va
neprypagel oG eENg: €vag TOANTAG, 0 OMOi0g TPEMEL VO EMICKEPTEL TOVG TEAATEG GE
dlapopetikeég moOAelS, Béhel va Bpet v mo ocOvtoun mopeio. apyilovrag amd Vv
gyYOpoL TOAN TOL KOl TEAEUDVOVTOG TG GTNV apeTnpio apod emiokePtel kdbe TOAN
axpPog po eopd. Tvmikdtepa:

Exovtas wg dedouéva n kouPoos ko ta. kOoTn Tov avvoéovial ue kabe {evydpt Twv
Koupwv, Ppeite pio kAe1aty O100pOoUn EAGYIOTOD GVVOAIKOD KOOTOVS MOV TEPLEYEL KADE

KOUPo oxpifas uio. popd.

Y& VTOAOYIGTIKOVG OPOLG TO TPOPAN LA pmopel va avarapactadel omd Evav ypdaeo
6TOV 01010 OAol 01 KOUPOL avTioToy oV o€ TOAELS Kol o1 cUVOESHOL (edges) petalhd
TOV KOUP®V OVTIGTOWOUY GTOLG GUECOLG OPOUOVG UETAED TV TOAE®V. XTI
TOPAYPAPOVS TOV AKOAOLOOVV 01 OpOL OPOUOC KOl GUVOEGHOG KoOMG emiong kot 1M
TOAN Kol 0 KOUPOG HBal ¥pPNCULOTOOVVTOL EVOALAKTIKA.

210 gvkieidelo TpoPAnua TSP mov eivar wiaitepov evolopépovtog, 1 ArdGTAoT
netalh tov moAewv opiletoan OTMG M evkAgideln andoTacn. Avtd onuaivel yu dvo
mOAElG  pE  ovvieTaypéveg  (Xy,y1) kol (X2,y2) aviiotoyya  €yovpe dp =

\/(xl _x2)2 +(n _y2)2 .

To EvkAeidero (Euclidean) TSP &xel 10 mheovéktnua 0Tt £va cOVorlo mOAewv pali
HE TIG YWOPIKEC GLVIETAYUEVEG TOVG WOG TOPEXEL €va. 6OVOAO cLVOECUWV (edges)
petald tov kOuPov mov sivor mavto emapkég yio N dnpovpyio €vOg TAPOLGS
ouvoedenévoy ypdoov. EmmAéov eivar cuppeTpikd, mov onpaivel 0Tt 11 amdGTOON
neta&y Tov A kot tov B givan iom pe v andctaon petaéd tov B kot tov A.

H nepintoon mpoPAnpatoc (problem instance) mov oamewovileton oto Xynpa 4
AVTITPOCMOTELEL £va TUYaio TpoPAnua 10 méAewv. Ztnv apiotepn TAgLPA, £VOG LITO-
BéAtiotoc (sub-optimal) yOpog mapovoidletar, o omoiog umopel vo Pertiwdel
ONUOVTIKE amd TN SPOUOAOYNOT) TOV TOANTH OTMG QaiveTol 6T deEI8 TAELPA.

13



10

Avon tov [eputhavaopevov Tloint yia Eva tpofAnua 10-téAewv

To mpOPAN A TOV TEPITAAVOUEVOL TOANTH UITOPEL VO povteAomom0el o¢ eENe:

H avtikepevikn ovvéptnon: € =min Y ¢ x,
ijeEn

1,70 o aK oiuoroiei o toéo (i, j
Me TEpiopioobe k{ Synua Kk ypnoworosi o tééo (i, j)

"0, dStapoperixa

Zle.:z, nai=12,..,n (2.1.1)
=
lej =2 (2.1.2)
ja1
Sk =2 (2.13)
jeEl
X(C)<|C -1, y1a 600 ToVG KUKAOVG ¢ €{2,3,...,n}
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Omov n 0 apBpdg kopfov kot C; 10 KO6T0G Ta&I6100 0d TNV TOAN 1 TNV TOAN .

O mepropiopdg (2.1.1) pag deiyver 6t and kabe wOAN I to Oynua Ba Tpémet va pevyet
povo por eopad, evad ot meploptopot (2.1.2) ko (2.1.3) 011 10 KGO OYnuo TPEMEL VoL
Tnyaivel povo pa eopd oe Kae TOAN.

2.2 To wpofApuata 010VOUNS KL Ol TPOEKTAGELS TOVG.

Mepikot amo Tovg o GRUAVTIKOVS TEPLOPIGUOVS Eival 01 EENG:

Kda0e oynua €xel mepropiopévn capacitate (Capacitated VRP - CVRP).

Kdabe merdtng Oo mpémer va epodtdletor péco o€ €va OPIGUEVO YPOVIKO
napdBvpo (VRP pe v népodo tov ypdvov ta mapabvpo — VRPTW).

O moANTg xpNoonolel TOALES amoBNKeS Yoo TOV €POSOGUO TOV TEAATOV
(Multiple Depot VRP — MDVRP).

O melditeg umopel va emotpéyel opiopéva ayadd mpog v amodnkn (VRP pe
pick-up ka1 v anddoon - VRPPD).

O meddteg pmopovv va g&ummpetovvtol amd ta ddpopa oynuato (Split
Delivery VRP - SDVRP).

Mepucég aieg (Omwc aplBud tov melat®v, TIG OKEC TOVUG OMOLTNGELS, VO
e&ummpetel ypdvog N xpovog Ta&dtov) givar tuyaia (Xtoxactikry VRP - SVRP).
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e H napddoon pmopet va yiver oe pepcéc nuepeg (Ieprodun VRP - PVRP).

H ene&niynon tov kébe mepropiopod Eexmplotd TapovctdleTol TopaKATO.

23 To mepropiouévng YwpnTiKOTNTAS TPOPANUA OPOUOLOYNONS OXUATOV
(CVRP)

210 poPAnua Apopordynong Oymudtov pe Iepropiopévn yopntkomro £Y0VUE
éva. ohvolo mehatdv mov M CRtmon tovg eivor mpoxkabopiopévn. Ta oynuota givol
opota petald tovg (idtog yoPNTIKOTNTOS), EKKIVOUV atd TNV KEVIPIKY| omobnKkn Kot
EKTEAOVV TO OPOUOAOYIO TOVC UE HOVAOIKOVS TEPLOPICUOVS, TOLG TEPLOPIGLOVS
yopntkomtag. Me Alya Adyio CVRP givar éva VRP pe 1o emmAéov mpofinua ot
KaOe oynua exel KABOPIOUEVT YOPNTIKOTNTA EVOG CLYKEKPIUUEVOD aryafov.

[TapateiBetor pio Tomikn meptypaen yo 1o CVRP:

o 270y05: O 0T6)0¢ £lval N EAOYIGTOTOINGT TG OLOOPOUNG TOV OYNUATOV KOl TO
GUVOAO TOV YPOVOL HETOPOPAS, KOOGS Kol TO cUVOAO NG {TNoMg TV Pacik®V
Tpoidvtov Yo KéBe dradpoun oev pmopel va vrepPaivel Tic duvatdTNTEG TOL
oynuatoc, n omoia eEumnpetel v ekdotote dradpoun. Emiong mpémer n {nnon
Kd0e meldtn va Kavoroteiton amd poévo Eva Oynpa, Kabmg kot Kabe oymua vo
£xel onueio aeeTnpiag Kol TEPUATIGHOD TNV aodnk.

o  EgixtoTnta: Mio Moo gival epiktn, €0V 1 GUVOAIKY] TOGOTNTO TOL dtoTifeTON
vy v kdBe dadpoun dev vepPaivel TNV KAVOTNTA TOV OYNLLATOC, TO OO0
eEumnpetel v dadpopun).

o Awuoppwon: To Q yapoxtnpiler ™V YOPNTIKOTNTO TOV  OYNHOTOGC.
MofOnpatikog poe Avon yoo 1o CVRP givan n 101 pe to VRP |, aAdd pe 1o
TpOcheTo TEPLOPIGUO OTL 1 GLVOMKY {NTNoN amd OAOVG TOLG TMEANTES TOL
TOPEYOVTOL GE Lo Stadpoun Oev vepPaivel TNV YOPNTIKOTNTO TOV OYNHHOTOC.

> d<0 2.3.1)

210 GLYKEKPYWEVO TOTO TPOPANHaTog £yovpe n tomobecieg Kol KATO GLVETELWD 1
neAdteg ,0mov =1 eivon M kevrpikn amobnkn avepodioopuod katl i=2,3,4...n givon 1
nehdteg. Me (i) ovpPoriCeton n Citnon mpoloviov tov kabe meldtn, evd pe ¢, 10
KOG6TOG dtodpopng amd Tov et 1 otov meldtn j. Télog N etapia dabétel K oynpata
ne yopntikdmmta Q Omm¢ avaeépnke Tponyovuévog.
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Ao ta mapanave Eva CVRP npdpfinua o umopovoe va poviedoromOet pe v

YPNOT LOONUATIKOV GYEGE®V G EENG:

K
min >3 C; >
K=1

ieV jev

iyl.k =1 , Vier\{o},
k=1

K

Z)’Ok:K

k=1

DXy =D %=y VieVk=1..,K

jev jev

K K
Zxo]k = ZXbOk,Vj,b eV

k=1 k=1

Ydy,<C, Vk=1..,K

ieV

D ScV
c.x., =D,

(23.2)

(2.3.3)

(2.3.4)

(23.5)

(2.3.6)

(23.7)

(2.3.8)
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vSclh\ O},heS
X, , = 2.39
Vi e{O,l}, VieV,k=1,..,K (2.3.10)
xijke{O,l},Vi,jeV,k:I,...,K (2.3.11)

H petapint x_ maipver v tiun 0 av 1o to&o {1,j} dev avnkel oty PérTiom
ij

Aoon kot v T 1 av 1o 10E0 avnketl oty BEATIOTN S0 popur].
H petapfinm X naipver v tun 0 av to t6&o {0,j} dev avnkel oty PérTio
j

Aoon, v Ty 1 av 1o 160 avnkel ot PEATIoT dtadpoun Kot TNV TR 2
EPOCOV TO OYNUO TPAYLOTOTOLEL dtadpopn| Yoo TV eEummpétnon evog uovo
meLATY.

To k66T0G Y100 Vo, dtosyicel To dynua To TO&o 1,).

To obvoro TV KOuPwV.

"Evo vmochvolo kouPov.

O ehdyrotog aplpog oynudTov mTov amottovvtal yio v eEumnpETNon ToL
VITO-GLVOAOVL TV KOUP®V S.

To 6hvoAo TV OYMNUATWOV.

H mocdtta tov mpoidvtmv mov arattel o kdbe meAdtng

H oyéon (2.3.2) eivar | mpog erayiotonoinon cuvdptnorn, 1 omoio avaroyo (e TO Tt
ekepdlel n petaPAntn ¢ edolotomolel Tov ¥pOvo N TNV amOCTOCT] TOV OTOLTOVVTOL
i

v TV €ELINPETNON OA®V TOV TEAATOV.
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Ocov apopd toug meploptopovg, n oxéon (2.3.3) epovtilel dote 0 kAOe TEAATNG
va emokéntetor povo o eopd. H oxéon (2.3.4) eEacpariler 6t kou ta K dabécia
OYNUOTO. YPNOLUOTOOVVTIOL Yoo TNV €miAvon tov mpoPAniuatos. H oyxéon (2.3.5)
VIOYPEMVEL TO OYMNLLOL TOV TIYOUVEL GE Evay TEAATN Y10 VO TOV EEVTINPETNCEL VO PEVYEL
and avtov. H oyxéon (2.3.6) eCacparilel 01t kéBe éva Oymua k mov eevyel amd v
amonn (kopPog 0), mwpog tov mehdtn otov KOUPo j Bo emotpéyel Kot TIM oV
amofnkmn 1 petd tov tedevtaio meAdtn mov Ba e&umnpetnoel, £ot® OTL OVTOG Eival O
neddng b. O meplopiopog (2.3.7) givor meplopiodc Tov apopd TV YOPNTIKOTNTO TOV
oyMUatoc evad o (2.3.8) B&tel dpla YIAOUETPIKE 1] XPOVIKA GTNV OITOGTACT) TOL UTOPEL
va dovicel £vo Oynuo kotd v dtapkelo pog dwdpounc. Téhog m oxéom (2.3.9)
e€ac@ailel v cvvéyela g dtadpoung Tov oxfuatog k.

2.4To wpoPinpa dpoporoynons oyNUATOV Y10 TV EVANPETN O TELATOV PEGA,
o€ ovyKeKpuéva ypovika teprdmpra (VRPTW).

To mpoPAnua Apopordynong Oymudtov pe Xpovikd IlapdBvpa amotelet
OVLGLOCTIKA 10 EMEKTOCT TOL TPoPAnpatog Apopordynong Oynudtov Iepropiopévng
yopntikdémtas. O mepropiopoi yopntikdtToag €okorovdovv va, 1oyvovy OU®G 6TV
TPOKEUEVT TEPITTOON IGYVEL KOl O EMITAEOV TEPLOPIGUAC GOLPOVA [LE TOV OTOT0 KAOE
neAdtng mpémetl vo e&umnpetnBel péoa oe pa ypovikn mepiodo («,, F). Ta emumhéov
dedopéva Tov divovral yio v enilvor tov TpoAnpotog ivol:

e H ypovikn otiyun mov KKIvoOV o OYNULATO OTO TNV KEVIPIKT amrobnK.
e O xpdvoc Ta&d100 amd Ty TOAN 1 6TV TOAN J.

e O ypovog eEunnpénong Yo kaOe merdn s, .

o Ta ypovikd mapdBupa eEummpétnong yio KOs meAdT.

[MopatiBeton o Tomikn teprypaen tov VRPTW.
271oyo0s: O otO)0¢ €lval N eAayloTOTOINo™ TNG OOPOUNG TOV OYNUAT®V Kol TOV
GUVOAO TOL YpOVOL HETOPOPAS, kabBmg kot 1 eéummpémnon g {nong tev
TEAMUTOV PEGA 6TOV oprofeTnévo ypovo.

Egixrotyra: To VRPTW o¢e oyxéon pe 10 VRP, yapaxktmpiletor and tovg €Eng
EMMTAEOV TEPLOPIGLOVG:

e M Avom elvor avéewktr, €dv o meidtng efummpeteiton  peTd TOV
oprofetnuévo ypovo (time window)

e 'Eva Omuo mov ¢@Bdver mptv omd TO KOTOTOTO OPlO TOVL YPOVIKOD
nepliwpiov TpokaAel emmALOV ¥POVO OVOLOVIG GTNV OL0OPOLUN.
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e H glummpémon tov kdbe mEAATN 1, TPAYLATOMOEITOL KOTA TO YPOVIKO
dtbotnua [ «,, £, ], Kot To OYnHo GTOHOTE GTOV TEAATN Yo YPOVO S,
1..

o XV mepimtwon yolopov ypovikav meplopiov, N kobvotépnomn g
eEumnpéong Tov meEAaT®V dgv emnpealel katd mOAD TV AVOY, oA
Tipopeitar pe emPoir] mowng (mapopével otnv tomobecia péypt va
EEKIVNOEL TO XPOVIKO TapBupo).

Awauoppwon: Xovibog ot mivakeg KOGTOVG Ko ypdvov UETAPAONG CLUTITTOVV
ko To. Xpovikd Araotipota kabopilovion pe Bdomn v vrodBeon Ot Oha ta oynuaTo
EKKIVOUV a0 TNV KeVIpKN oamodnkn v ypovik otiyur] 0. Emmpdobeta, ot
anortoelg Tov Xpovik®v IHapabdpov amortovv mAnpn mTpocavatoAcoud yuo kébe
dwdpoun axkopo Kt OToV TPOKETOL Yoo TPOPALATO UE TOLG OPYLKOVG TIVOKEG
CUUUETPIKOVE, OOTE 6TO TANDOG TOV TEPIMTOGE®Y TO TPOPANLLA LOVTEAOTOLEITAL MG
UM GLUUETPIKO TPOPANUO. Y Tapyovv d00 €10®V ypovikd mapdbvpa. Ta yorapd, dmov
av éva OYNUO (PTACEL GE KATOOV TMEAATI O YPOVO TOL OEV OVIKEL GTO YPOVIKO
TapABvpo TOL TOV OVTIGTOLYEL, UTOopel va EeKvoEL TNV EELANPETNON TOL KOVOVIKA
eKelvn TN YPOVIKN OTIYUr]. ZTNV MEPITTMOOT TOV GKANPOV XpoviKov Alactnudtov,
OUmG, 0ev emTpémeTOl 1 EELINPETNON TOV TWEAATN OV TO OYNUO PTACEL GE AVTOV
apyotepo amd Tov apydtepo ypovo eSummpémons. Av Op®g 1O OYNUo PTAGEL
vopitepa amd Tov vopitepo xpdvo eEuanpémmons tov TeAdtn 10T UTopel va TEPIUEVEL
péxpt o xpovog taldov va yivel icog pe tov vopitepo ypovo eEumnpénong tov
OGLYKEKPLUEVOL TEAATT).

H enilvon tov mpoPAiuatoc Apopordynong Oymudtov pe Xpovikd Iapdabvpa
cvvictatot oty gvpeon axpiPac K dtadpopudv pe eAdyloto KOGTOG TETO0VG DGTE:

e H {mon xabe meddn kavomoteiton amd £vo Lovo OynuLo.

o  KdéBe kbrhog exkivel Kot KOTAANYEL GTNV KEVTIPIKT| arwodnk.

e To dBpowcpa g nmong tev meAatdv kabe kOKAov dev vmepPaivel
YOPNTIKOTNTO TOL OYNLOTOC.

e Xg KaOe meldtn N edumnpEnon ekkvel péoa 6t ypovikn epiodo (¢, , F, ) Ko
TO OYNUO TOPAUEVEL EKEL Y10l YPOVO TOL 1GOOVVALLEL LE TOV YPOVO EELTINPETNONG
TOV TTEAATY).

H povrtelomoinon evog mpoPfiquatog VRPTW mapovcialetar mopakdtm kot givol n
egng:

Avtikepeviki sovaptnon : C =min ) ¢, Y X,
; v

i
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Lrooynuav ypnowornoisi to to&o(i, j)
ij

Y16 neplopiopong: X, = ;
0, dStapoperixa,

szif" =1 na kébe jeN (2.4.1)
xeE jelV
z Xp =1 yia kobs je N,veK (2.4.2)
ieV— 0}
Z X, — Z X, =0 yia kéle jeN,ve K (2.4.3)
iev-{j} ~ ier-{j}
Z X, =1 yio kéle ve K (2.4.4)
ieV—{nJrl}
X, (W, 5+, +w,)<0 yia kabs ve K, (i, j)e K (2.4.5)
ainy.v <w, < ,BI.injv yia k6l ie N,ve K (2.4.6)
jev jev
E<w, <L via kabs i€ (0,n+1),ve K (2.4.7)
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Zdinijv <C yia kébe ve K (2.4.8)

ieN jev

x. >0 na kabe vekK,(i,j)e A (2.4.9)

2V Topomave dSlaTOTOoT ypnooromdnkay 600 £10n petafAnTov, N x,

i VW
TG petafAntég pofg kol M w, ®G YPOVIKN peToPAnt) mov Kabopiler mote Oa

eEumnpemBet Eva meAdtng 1 omd Eva Oynua v.

H oavrikewpeviky ovvaptnon ek@pdlet 10 ocvvolkd KOGt0oc. Me  TOULG
nepropiopovg (2.4.2)- (2.4.4) yopaxtnpilovpe tn pon ¢ SdPOUNS OV KAVEL TO
omua v. Or mepopiopot (2.4.5), (2.4.7) wou (2.4.8) eréyyovv av elvor QKT 1M
tomobétnon evog meldtn o€ €va KOKAO pe Pdon To ¥povikd OGTHUOTO KO TN
YOPNTIKOTNTO TOL OYNLatog. Me tn yprion tov nepropiopo? (2.4.6) Otovpe 10 w,, ico
pe uUndév av €va Oynuo eV EMCKEMTETOL TOVG MEAATEC 1 KOL ] OTN GUYKEKPLUEVN
SLOPOUT).

210 TopoKAT® oYU PAETOVUE EVa SLAYPOLLLO TTOV TTOPIGTA EVO TOPAOELYLLAL Y10
v enidvon pe VRPTW. Ymdpyovv umle kol Gompec UTAPEG TOL OVOTOUPIGTOVV
ypovikd meplBopro  (dMAadN TG EPYACIUES DPES), OTMOL 1 AELKN TEPLOYN
OVTUTPOCMOMTEVEL TNV YPOVIKN SIUPKELD TTOV UTOPOVLE VAL KAVOLLE TNV TOPEO0CT) GTOV
eKxaotote meAdtn meldtn. Evod pe 1t oepd g m kOKKvn ypopuun dsiyvel mote mpémet
va yiveln mapdadoon yio T CLYKEKPLUEVT ADON.
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2.5 To mpopinpa g vmapéng morhamiov arodnkov (Multi-depot vehicle
routing)

210 ovyKekpyéEVo €100¢ mpoPAuatog 1 eEummpétnon TV TEAATOV Yivetol omd
TeEPLocOTEPEG Omd i amodnKes. Av o1 TEAATEG EIvVOl GUYKEVIPMUEVOL GE OULAOES YOP®
and TG amobnkeg, t0TE TO0 MPOPANUO dltavoung mpEmEL va. povieromonbel o €va
oVvoAo aveEdptntov VRP .

Ye évo MDVRP «dé0e amobnkn elvmmpetel ovykekpyuévoug meddtes. "Evog
GLYKEKPEVOG OTOAOG  oynudtav £xel v Pacn tov oe KaOe amobnkn Eexwpiotd.
Kabe dynpo mov mpoépyetar(€xel v Pdon tov) amd pio amobnkn, eEvmnpetel Tovg
meldteg mov €yovv avorebel oty amodnkn ,kal emoTpéesl oy da arobnkn and
Vv omoia TpoépyeTon. ApKETA cLYVE TaPOLGIALETAL Kol | TEPIMTOGT OTTOL £Vl OYM Lo

23



Eexwvdel and o amofninm kot teppatifel oe o GAAN Leite EVOLAUEGH GTOUATAEL CE
Kémolo GAAN amoBKN Yo VoL OPTMOCEL ,Y10 TAPAOELY LA, EMUTAEOV TPOIOVTO KOl GTN
GUVEYELD VAL GLVEYIGEL TNV SO POLT TOL.

O ot1o)x0g tov TPOoPAUaTOC givar va eEumnpetnBovv OAOL Ol TEAATES, EVOD
TopdAANAL Vo eElayloTomoleital 0 aplBudc ¥pnong oyMUAT®VY KabmG Kot 1 SLvuOUEVT
anOGTAoT).

[TapatiBeton pa tomkn teprypaen Yo to MDVRP:
o 270y05: O 016)0¢ €lvor N gAa1oTOTOINGT TS SOPOUNS TOV OYNUATOV Kot

TOL GLVOAOL TOL YPOVOL UETAPOPAS, LE TNV TTPoLTOBeon OTL M eEumnpétnon
TV teAatov(ikavomoinon {nmong) yivetor and diipopeg amodnKec.

o Egixtotnyra:: Mo Aon eivor epiktn, edv kabe dadpoun manpoi tovg VRP
TEPLOPICHOVG Kat apyilel Kot TEAEW®VEL GTNV 1010 aoBTKN.

o Awauopopwon: Eva epodlocTikng aAvciong e moAAamAés TpoPAnua amobnKeg
umopel va. povteromombel wg e&€ng:

EAlayiotomoinon
depots nodes nodes nodes
min » 3¢’ Zx,,ﬁ >y ,,Zx,,k (2.5.1)
i=l  j=1 =1 j=1 k=1
K
YVu =1, Vi=1,..,nodes (2.5.2)
k=1

depots K

S Yy, =K (253)

i=1 k=l
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Vi=1,...,depots

K K
=%x,
kZ:lZyk ;21 bik {Vj,b ey

ieS jeSs

ScV
T

Z injk Z Vi,

ieS, j&S;

VS, cV,hes,
k=1,.,K

(2.5.4)

(2.5.5)

(2.5.6)

(2.5.7)

(25.8)

(2.5.9)

(2.5.10)
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OmoL
depots: O ap1Ouo¢ TV amodnkdv amod Tig omoieg SlovELOVTOL TO TPOIOVTOL.
nodes : O ap1OudS TV TPog eELINPETNON TEAATOV.

K :0 apbudg tov @optny®dv mov amottobvtol yioo v TAnpn eSumnpétnon tov
TEAATOV.
C : H yopntikoém T TOUL KAOE 0YMLLOTOG.

D : H péyiot emrpendpevn Ty k66tovg (to péyebog avtd pmopel va givon xpovog M
amooTOoN) MoV pmopel va emitpanel o £va dynuo va d1oviceL Kotd v dldpkela
LG 0100 POUNG.

¢’ : To k60TOC Yio TNV HETOPOPE TOV TPOIOVT®V amtd TOV TEANTN 1 OTOV TEAATT | OTAV
ij
10 OyMua eumnpetel po oelpd amd TEAATES.

d. : H mocotta teov mpoidoviwv mov omattel o Kabe meddnc.
1

X H petafinm X naipver v tun 1 6tav 1o t6&o {i,j} draoyileton amd To Oymua k
ij ij

evod o€ avtifetn mepintwon eivan iom pe 0.
Y, H petapfinm Yo maipver v Tiun 1 av o meAdng i euvmnpeteiton amd Tov oynua k.

S : 'Eva. vTooUVOAO TEAATMOV TOV OTOIMV TIG aVAYKEG TO OYNUO. KOAVTTEL GE Lo
ddpoUn apov 0 GLVOMKOS OYKOG TV TPOTOVIMV TOV GUYKEKPIUEVOV TEAATMV
elvol LUKPOTEPOG AO TOV YOPNTIKOTNTO TOL OYNLOTOC.

S1 :"Evo vtoohvolo TeEAaTOV.

H oyéom (2.5.1) etvar | mpog ehayiotonoinoem cuvaptnon N omoio amwotedeitol amod
dvo abpoicpata. To mpdTO ekEPALEL TO KOOGTOG LETAPOPES TOV TPOTOVI®MV OTOV TO
OYMUOL TPAYLLOTOTOLEL TNV TTPMTY TOL dtadpopn| amd TV amob KN TPOg KATO10 TEAGTN
EVOD TO EVTEPO EKPPALEL TO KOGTOG Y10, TNV LETAPOPA TOV TPOTOVI®OV HETAED TEAATMOV
KOTA TNV SLAPKELDL Lo OLOPOUTG.

Ooov agopd Toug TEPLOPIGHOVS, 1 oYEon (2.5.2) ppovtilel dote 0 KABe TEAITNG VaL
emokénteTol povo pa eopd. H oyéon (2.5.3) e€acpariler 61t ko ta K drobéoiua
OYNUOTO. YPNOLUOTOOVVTOL Yoo TNV €miAvon Tov mpoPAiniuatog. H oyxéon (2.5.4)
VIOYPEMVEL TO OYMNLLOL TOV TIYOUVEL GE Evay TEAATN Y10 VO TOV EEVTNPETNGEL VAL PEVYEL
and avtov. H oyéon (2.5.5) eEaocparilel 6t kdbe €va oynupa k mov @evyel and v
amoOnKn 1 Tpog Tov meLdtn otov KOUPo j Ba emoTpéyel Kot TdAL 6TV amodnkn 1 petd
oV teEAevTaio meAdTn mov Ba e&ummpetnoel, ot OTL awTO¢ givor o mehdtng b. O
[Tepropiopdg (2.5.6) eivar meplopiopdg mov a@opd TNV YOPNTIKOTNTO TOL OYNUOTOG
evd o (2.5.7) Béter Opla YUMOUETPIKA 1 XPOVIKA GTNV OmOGTOCT TOL WUTOPEl va
davvoel éva dymuo kKatd v odpkeln pog oadpouns. Télog m oyxéon (2.5.8)
e€acealilel Tnv cvvéyela g dtadpoung Tov oynuatog k.

26



2.6 To TpoPfAnua opoporoynons oyNUATOV HE OVO £I0M TEAATOV KOTA TN dLdpKELO
¢ owadpoprg(vehicle routing Problem with backhauls and line-hauls
customers).

To VRPPD eivor pua enéktaon tov Bacikod mpoPfAnuatoc VRP (pe tovg 1oydov
TEPLOPIGHOVG) Omov o1 eEAdTES Ywpilovtor og 60O VTocHVOrA.To TPDOTO VTOGHVOLO
elvatl o1 TeAdTeG OV AmOUTOVV TNV SlOVOUT KATOL0G TOGOTNTOS TPOOVIMV ,EVAD TO
de0TEPO VITOGVVOAO amoteAeital amd meAdteg mov o kdbe Evag amd Tov omoio amortel
Lo TOGOTNTO TOL TTPOLOVTOG Vo TEPIGLAAEYDEl amd avtdv. 'Etor oto VRPPD givan
avaykoio va Anedeil voéy”n o0 TEPLOPIGUOS TG YOPNTIKOTNTAG KABE OYNUOTOS KUOMC
EYOVUE TEPICLAAOYN TPOWOVT®V OO TEANTEG TOL TPEMEL Vo,  Kavomoinfovv.O
TEPLOPIGUOC  OVTOG KAVEL TOV TPOYPUUUATICUO 7O SVOKOAO UTOPEL VO 0O YNOEL GE
KoKY| a&lomoinon g YopNTIKOTNTAG TOV OYNUAT®V,0TNV dvénon TV YIMOUETPIKOV
OmocTAcE®Y M LoV ovaykn Yoo ypnon emmAéov oynudtov.O miéov Poaocikdg
TEPLOPICHOGC TOV TPOPALOATOG €ivar OTL OAOL TEAATEG TOL TPMTOL TOHTOVL TPEMEL VO
eEumnpenBovV TP amd 1oV TELATEG TOV dEVTEPOV THTTOV.

o 270y0s: O o10)0¢ €ival N elayloTonoinon ¢ SdPOUNG TOV OYNUATOV Kot
TOL GLVOAOVL TOV YPOVOL UETAPOPAS, LLE TOV TEPLOPIGUO OTL TO OYNUOL TPETEL VL
EXEL EMOPKN YOPNTIKOTNTO YO TN HETOAPOPH TOV EUTOPELHATOV 7oL Oa
Tapad00ovV 0ALA Kot TV EUTOPEVUAT®V oL Ba TEPIGLAAEYOOVV.

o  Egixtotnra:: Mo Mon givor gQiktr], €av 1 GLVOMKN TOGOTNTA OyofdV TOV
owrtiBetar yioo v kdBe Oadpour| dev  vrepPaivel TNV YOPNTIKOTNTA TOV
OYNUOTOC TOV EENTINPETEL Kol TO OYNUaL EYEL ,EMIONC, EMOPKN YOPNTIKOTNTO Y10
1 6VAAOYN ayaBdV amd TEAATEC.

o Awauopowon: 110 Pocwo npofinua VRPPD, o kdéBe mehdng oyetiCeton pe
000 mocdtTEC, d Kot p,, 01 0OTOlEG AVTUTPOGHOTEVOVV TIG ATTOLTI|OELS TOL TEAATN

1, Yy mopddoon kot mopaiafn mpoidvtwv, avtictoryo. Mepkég QOpES
ypnoponoteitonr povo o petafAnty anaitmong, d, yio kabe meldtn i, 1 omoio
elvar ion pe d = d - p. ko ekppdler v kabapn Swwpopd petald ToV

TOGOTHT®V TPOG Tapddoon kot maparafn yio tov kabe meAdtn. e avtiVv TV
nepintwon, n petafantn d etvon mbovo va etvon axoun kot apvnriky. o kabe

welatn 1, n petafinm O, vmwodniovel Tov kOpPo and tov omoio mponibe n
TOCOTNTA TOV TPOTOVTOC TOV EPOJAGTNKE, VD M petafinti D, tov mpoopioud

MG TOGOHTNTOS TOV TPOTOVTOG TOL TTOPEdMGE. e Kabe meAdTN 1 TAPAdOoT TV
TPoidVT®V Tporyeitarl g Taparafis. 'Etot to goptio mov pépet to dynua Tpv
@tacel 6ToV KAOE meLdTn TpocsolopileTat dv amd TO apyKO POPTio apalpefovy
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Olec o1 mocOTMTEG MOV €Yovv Tapadobel Ge mponyovUEVOLS GTAOUOVS Kot
pocteBoUV OAEG EKEIVEG TOV TOPUANPON KAV .

‘Eva VRPPD mpofinua €xet og otdxo v gupeon ag opddag ond axpipaog K
OL0OPOUES, O1 OTTOLEC IKAVOTTOLOVY  TIG OTTOTIGELS TMV TEAUTMV Kol EAOYIGTOTOLOVV TO
KOGTOC, EVEM TOTOYPOVAL:

o Kabe dradpoun Oa mpémet va emokénTETOL TOV KOUPO-0modn K.

e To goptio Tov oyMuaTOC dev TPEMEL Vo €ivar apvnTikd Kot vo, unv Eemepvd
YOPNTIKOTNTA TOL OYTOTOG.

o KdéBe meddng o mpémetl va emoxkénTeTALl Amd 0KPPOS EVvo OYMLLL.

o Ta kdBe meddtn 1, o meddtng O, 6tav glvarl daupopetikdg and v amodnkn,
1

npénel va eumnpeteital otny 1o Stodpopn| Kol TPty amd ToV TEAAT i.

e [ xKaBe meldtn 1, o meAdng D, 6tav eivar dtapopetikdg amd v amodnk,
1

npémel vo eEumnpeteitan oty 1010 S10OPOUT Kot LETE amd TOV TEAAT 1.

Kot omv mepintoon tov VRPB givor gdkodn 1 koTookev 100 HoOnUoticod
pnovtédov pe PBdon v HOvIEAOTOINoN TNG TOPAYPAPOL Yo TNV TEPIMTOON €VOC
npoPAnuatoc CVRP. H oyéon mov mpénet va tpomonomBel oty mepintmon avt gival
n (2.2.6). [To ovykekpuéva Oa TpEmeL 1 01 TEAATEG VO YOPIGTOVY GE dVO VITOGVVOAQ
S1 Kol Sz' To S1 Oa avaeépeton oe Linehaul meddteg kot 1o 82 o¢ Backhaul. 'Etol n

oyéon ( 2.2.6 ) Ba omdoel o dVO:

Vk=1,..K
Zdiyik <C, .
= ies,
Vk=1,...K
Zdiyik <C, )
ieV ZESZ

Me v mpd™) oyéon eEoceariletor O6tTL To OYMuUO TpdTa Bo TOPAdIdEL GE
Linehaul neldteg v mocotnTa e TV omoio. amoympel amd TV amobnkn Kol otnv
ovvéyewn Ba eSummpetel Backhaul meldtec €xovtag OAn v yopntikdtnto TOL
0YNUOTOG OLBEGTUN Y10 POPTOOT).
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2.7 poPinpa Apopordynong Oynuatov pe Xpovika lapdBvpa kor pe
Hoparoféc kar Avavopéc (VRPTWPD )

To mpoPinua Apopordoynone Oynudtov pe Xpovikd IoapdBupa kot Iaparafég
Kol Ovopég tvan n ovvheon v 600 TPOPANUAT®OY TOL TOPOLGIAGTNKAY GTIC dVO
TPONYOVUEVEG TTOPAYPAPOVG, TOL TPOoPANLatog Apopordynong Oynudtov pe Xpovikd
[TapdBvpa kar tov mpoPAnuatog Apopordynong Oynudtov pe IHoaporapéc ko
Alovopés. 1o cuykekpluévo mpoPAnua éxovue €va ohvoro amd merdteg N={2,.,n}
nov mpénel va, e&ummpetnBovy and Evav dedopévo apBud oynudtov K mov ekkivovv
Kot oA oo TV KEVIPIKY omobnin g etaipiog. Kabe meddng yapaxtnpiletor and
™MV YEOYPOQIKT ToL B0, Tov apBpd mpoidviwv mapaiapng Kot dtavoung d, Kou p,
KaBdg ko and ta ypovikd mapdbupa (¢, , B, ) ota omoila npémet vo e&umnpetnOet. 'Eva

oynuo pmopel v @Tdoel oe évav mEAAT vopitepo amnd TOV voOpitepo ypoOVo
eCumnpémong Tov Kol vo mopapeivel ekel yopic emmAéov kOGTOG HEXPL VO TOV
eCumnpetmoetl. Q01000 o€ Kapio mepintwon dev emTpénetal 1 ELANPETNON KOVEVOCS
meAdT pHeTd TOo TEPOG TOL PpadvTepov ypdvov ebumnpétnong tov .Me Tovg
cuuPoliopols ¢, Kol f; MAMVOLHE TO KOGTOG KOl YPOVO SlaOpOUNG Yio. Va

uetokivnOet Eva Oynuo omd tov KOpuPo 1 otov kOuPo j.

2 KOOGS TOL TPOPANLATOC Eivar | EELTNPETNON TOV TEAATMOV LLE EAOYIGTOTOINGT TOV
KOGTOVG Kot £YEL T EENG YOPUKTNPLOTIKAL:

o KdaBe xOhxhog ekKivel Kot KATOAYEL GTNV KEVIPIKN OmoOK).

o  KdBe meddng déxeTon emiokeyn o€ £va LOVoO KOKAO

e To @optio Tov oyNpOTOG KATA TN d1dpKEI EVOG KUKAOV dev pumopel va.  mdpet
aPVNTIKEG TILES OAAG OVTE Kot Vo VITEPPEL TNV YOPNTIKOTNTA TOV OYNLATOC.

o Y& k@Oe meddtn 1 e&umnpétnon ekKivel uéca otn ypovikn mepiodo (o LB i) Ko
T0 Oynuo mopoapével ekel yioo ypoOvo TOL 1codLVOUEL HE TOV  YpOVO
eEumnpéong Tov meLdT.

o T kaBe meddtm 1 0 k6uPog Oi mpémel va eEummpetn el amd Vv 10100 d1adpoun
Kot Tpwv omd tov KOuPo D i ,apkel va gival d10popeTikdg amd TV KEVIPIKN
amoO1K.

o [ kdBe mehdn 1 0 KOUPog D i mpémer va eEummpenBel amd v 1010 dradpoun
Kol petd amd tov kouPo Oi ,apkel va eival SLOPOPETIKOC OO TNV KEVIPIKN
amoOnk.

To npopAnpa Apopordynong Oymudtov pe Xpovikd Iapabupa kot Iapoarafég ko
Awvopég pmopet vo povteromomBel mg e&ng:

Me avTIKEWEVIKT
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TuvapTnon C'=min) c,> x,
ij v
Omov

D! :0 apBpdg TV SVOU®Y TOL £XOVV YIVEL 0O TO OYNULO V LOAG (EVYEL OO TOV
e 1.

P’: 0 apBpog tov maparafdv mov Egovv yivel amd To Oxnua v LOAS GEVYEL ATO TOV
e T 1.

V. 14 14 14 Ié /4 .
T :0 xp6vOG 6TOV 0moio TO oMU vV OTével oToV KOUPO 1.
Y16 nepropiopone

, | Lrodynua v ypnowonowei to 1650 (i, j)
70, OlAPOPETIKA.

ZZxUV =1 jyaxkdbeie N (2.7.1)
veE jev
Zx; :Zx;j nakibe peN,ve K (2.7.2)
ieV jev
levj <1 nakabeve K (2.7.3)
jev
) ) 1a kdlOsve K 2.74
in,n+1 = le,j 7 ( )
ieN JjeN
D'+P"'<Q niakabeieV,ve K (2.7.5)
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D:+l = 0
Df = z z xl.’;di
ieN jeN

an+1 = z z x;‘pi

ieN jeN

Xy (B +p,~P)=0

x(D —d,~D))=0

rakabeve K

riakabeve K

naxabeve K

rakabeve K

nakabei,jeV,ve K

rniakabei,jeV,ve K

nakebei,jeV,veK

rnakabei,eV,ve K

rnakabei,eV,ve K

rnakabei,eV,ve K

(2.7.6)

(2.7.7)

(2.7.8)

(2.7.9)

(2.7.10)

(2.7.11)

(2.7.12)

(2.7.13)

(2.7.14)

(2.7.15)
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210Y0C NG AVTIKEWEVIKNG CLVAPTNONG Elval 1 EAOYLGTOTOINGT TOL GLUVOAIKOD
KOGTOVG NG ekdotote dtadpouns. O mepropiouog (2.7.1) eréyyet 1o 6TL KéOBe mTeAd NG
eEummpeteiton amd va Lovo oynuo eve o (2.7.2) decpevEl Tmg TO OYMLLO TOV TN YOiveL
o€ éva kopPo ivar To 1d1o0 pe avtd mov eEEpyetTan amd Tov id1o kOpPo. O mepropiopol
(2.7.3), (2.7.4) deopebouv kabe Oynua vo ypnoiponoteiton poévo pio eopd. Me tov
ePLopopnd (2.7.5) ehéyyovue av 10 GOPTio TOV OYNUOTOG, OTaV eEEPYETAL OO KAOE
KOuPo, eivar pikpdtepo TG YOPNTIKOTNTAG TOL PopTNYoV. Ot TEpropiopol (2.7.7) kot
(2.7.9) decpebovv kdbe dynua vo ekkivel omd TNV KeVIPIKN OmoOfKn YeUdTo pHE
npoidvta mpog d1ibeon evad 10 Poptio maparapnc eivor ico pe unodév. O mepropiopol
(2.7.6) xou (2.7.8) eyyvdvtolr mmG OTOV TO OYNUOTO EMICTPEPOVY GTNV KEVIPIKN
amofnkm, &yovv Olaveipel Kot ovtictolyo mapoAdpel OAa To mPoidvta Oomd TOLG
KOppovg mov dmMABav. Ot tepropicuoi- 1otnTeg (2.7.10) ko (2.7.11)dnAdvovy Twg av
éva, Oymua mdel oe Evav kKOUPo, TOTE 1 TOGOTNTO SLVOUNG HEIDOVETAL KOTA TOGO {60
LE TO TOCGO TOL OEVEWE OTOV GLYKEKPIUEVO KOUPO Kol 1 TOCOTNTO TOPUAPNC
avéavetar avtiotoro. O meplopiopnds (2.7.12) eréyyer to ypdvo mov e&umnpetel Eva
oynuoa kamwolov KOpPo awote 0 ¥podvog ELTNPETNONG Vo Elval TOLAGYIGTOV 100G LE TOV
vopitepo. ypoévo tov kouPov. O mepropiouog (2.7.13), téhog, dNAGVEL To YPOVIKA
dwotnuato Yo Kébe kKouPo.
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KE®AAAIO 3 :Evpetikoi ahyopiOpor eridvong tpofinquatov stavopnc.

3.1 Ewayoyn

2NV EMOTHUT TOV VTOAOYIGTAOV, £VO. EVPETIKOG OAYOP1OL0G elval Evag alydptOuog
7oV givan o€ Béom va Tapdyet po amodeKTn Avon o€ Eva TPOPANU GE TOAAL TPAKTIKE,
oevdplo, OAAG Yoo To omoia Ogv vmapyel emionun amodeln g opBotntag.
Evolloktikd, pmopel va givol cwotd, aAld dev umopel va amoderyBel 6TL mapdyet pio
BéATiom Adon. Ot evpetikol alyopiBuotl ypnoiomolovvion GLVROWS OTOV OV LITAPYEL
kapio yvoory pébodog vy va Bpovpe ™ PéAtiotn AVoT, VIO TIC OEOOUEVEG
TEPLOPIGHOVS (TOV YpdVov, YDpov k.Am.) 1| kKaBOAov. Avo Bepelddels oTdY0l GTNV
EMOTNUN TOV VTOAOYIGTOV €ivol O0micT®on oAyopiOu®my pHE OmOdEKTMOS KOAOVS
YPOVOLG TpeEipatog oAAG Kot M gupecn  KaAng mowdtnrag Avcemv. Ot gupetikot
aAyoplOpol  Tapovclalovy o TEPLOPICUEVT] OYETIKA ££EPEVVNOT TOL YMOPOL OTOV
ava{nTtobvTol 0l ADGELS KOl T OTOTEAEGILOTO TTOV TPOKVITOVV EIVOIL APKETA KA KoL
YOPIG LEYEAO YpOVO LTOAOYIGHOD. YTApYEL OU®G KOl 1] OLVATOTNTO GE OPKETEC OO
avtég Tic pebodovg va emextabodv pe térolo TPOMO MOV Vva glval dvvoTdS O
GLVLTTOAOYIGLOG SLOPOPOV TEPLOPIGUDY TOV EUQOUVILOVTOL GE SAPOPES TPOEKTAGELG
oL TPpoPANaTtog Apopordynong Oynuatwy.

O1 evpetikoi alyopiBuot ywpilovral 6& 6vo PocGIKES KATNYOPIES UE TO JIKD TOVS
xopoxtypiotikd. O1 KaTnyopies avtés sivai:

1. Ov adyopiBuor diadoyixng emavinons ytilovv o
Abon amd ™V apy” (PNOYLOTOIOVTOS i OladtKaciol
avdmtuéng m omoio emtvyydveror pe aAydpduo
amAnotiog Kot teppatifeton 60tov KataAnEovy og o

mhavr) Avom. Téroor aAdyopiBuor ovopdlovior oAyOPOUOL  KOTAGKEVLNG

opoporoyiov. H omotelespatikdTNTo TV GLYKEKPEVOV OAyopiBumv degv
etval 10woitepa VYNAN KaB®OG M ATOKAMOT TOV OTOTEAEGUAT®OV TOVG OO TNV

BéATioTn Abon kvpaiveror oto 15% mepimov.

2. Ov adydpiBuor tomixng avalntyons dev Kataokevalovv e€apyng tm AVOT aAAd

N ,_;‘- BeAtidvouy  otadlokd  pwe Mom  vmdpyovoa. H
v ATOTEAEGLOTIKOTNTA TOV OAYOPIOU®V vtV givol ELEAVOS
./ KOADTEPT KOl 1 omOKAIoN Tovg amd v Péltiotn Adon

Kopaivetor 6to 4% mepinov.
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3.2 Movtépvol gupetikol aryoprOpotl (pedevperikoi)

O1 uebevpetiroi aiyopiBuor mov Exovv avortuyOel yio TV eniAvomn Tov TpoPANHaTOg
dpopordynomng oxnudtev otnpilovrol otnv tomiky| avalntnon. Ze avutéc Tig peboddovg
eepevvaton 10 medio Aomng. Adym g moAVTAOKOTNTOG TOVG £ival dhoKoA0 va doBel
KATO10G OPIGHOC, 0TOGO £vag mlavog opiopog mov Ba propovoe va d00el yio Tovg
pebevpeTicong adyopBuovg copemve pe to project metaheuristics network givar o
edng:

Evoc uebesvpetikoc oAyopiBuoc umopel vo. mepiypapel wc Evo. YEVIKO TAQLGLO EPYOCIOC
olyopiBuwy (algorithmic framework) 1o omoio umopei vo._epopuoclsi oe O10QpopETIKG,
mpofinuoto_Peitiotomoinons kol ue UIKpEC TPOmOTOoINoElS vo. violstnbsl yio thv
ETIAVOT OVYKEKPIUEVWY TPOPANUATOV..

Ta mévre yvwoTotepo 0N UOVTEPYWY EVPETIKOV (HebcvpeTinoi) alyopiBuwy
givaz:

1. IIpocopowwuévn avontnon.

2. [lepropiopévn avalnnon.

3. 'evetwcol adyopBpot.

4. Nevpovika dixtoa.

5. O alyopBpog Bertiotomoinong amotkiog HupUNyKI®V.

3.3 IIpocoporwpévny avomtnon

H mpocopoiwpévn avomtnon (simulated annealing) amotelel yevikevom g
nuefddov Monte Carlo yo ™) peAémn KOTACTATIKOV £5IGMGEMV 1) KATOOTACE®V OE
oA younAn Beppokpacio. Avapépbnie mpota and toug S. Kirkpatrick, C.D. Gelatt
kot M.P. Vecchi ot omoiot peAétnoov v Katootatikn €£i6mon Kot TIG mo-YOUEVES
KOTOGTAGES CVOTNUATOV TOALDV copatidiov. H ovopacio mpoépyetatl amd exeivn )
Oepuikn| depyacio kotd v omoio Eva VAKO EKTIOETOL Yo Lol TOPATETAUEVT] YPOVIKT
mePi0d00 6e VYNAN Beprokpacio Kol 0T GLVEYEWD YOXETOL LE YOUNAODS puORovE, T
Aeyopevn avomtnon. O yaunAog puBuoc eyyvdtor Tmc o VAIKO PpiokeTon oe cuvOnKeg
Bepprodvvapikng 16oppomiag (TPoceyyIoTIKA) KAOE YPOVIKT CTUYUT.

Mia mpocopoimon Monte Carlo AapPdver yopo xdto ond kdmown ctabepm
Bepuoxpacio 7 kdbBe popd Kol KOT' ETEKTOCT Ol TIHEG TOV OAPOP®V UEYED®Y OOV
vrohoyifovtal avtiotoryobv o1 Ogpuokpacio avtn. Emopuévog de maipvoovpe Kopud
TAnpoeopia Yoo Tov TPOTO e TOV Omoio peTafdilovior to peyEdn cuvaptioel g
Oepuoxpaciog péca oe €va gvpog TwmV ¢ 0evTepnc. EEGALOL axdpo kol otnv
nmepimtwon Omov  BElovue Vo HEAETIIGOLUE TO GVUOTNUO KAT® omd  KAmTold
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ovyKkekplpuévn Beprokpacio tpénetl va HOGTE TPOCEXTIKOL MGTE 0 AAYOPIOLOG VO UV
TOY1OEVTEL G€ KAMO10 TOMKO EAAYIOTO GTO YDOPO TV AVGEMV. AvTO Yivetol 0KoA
aVTIANTTO HEAETOVTOG GLOTHHATA 6€ TOAD younAn Beppokpacio. Exovtag vrdym pog
tov alyopilBpo tov Metropolis gvkolo kotoAafaivovope TG KATO ond TETOEG
ocuvOnKkec N amodoyn KABe KATAGTOONG HE LEYOADTEPY] EVEPYELD OO TNV TPEYOLCA
amoppinteTon oxeddv mavta. To cOHoTNU ETOUEVOC deV €xEL TNV gukoupion vo KivnOel
OTOLONTOTE TTAPA TPOG KATAGTAGELS YaUnAdTepNG evépyeroc. H mo ciyovpn katdAnén
TOTE Y10 V0L GUGTNLO TO OTOT0 EKKIVEITAL AT oL TVY A0 KOTAGTACT), TPOKELEVOD Y10,
mopdostypo va peietnOel n Poacikn tov kaTdotoon, €ivar 0 €yKAOPIGUOC TOV
alyopiBuov o100 KovIVOTEPO TOMIKO €Adyloto. H ocwot) mpocséyyion, kot €M
VTEGEPYETOAL 1] EVVOLLL TNG TPOCOUOLMUEVIG OVOTTNONG, €lvVOL 1| TPOGOUOI®OT TOV
CUCTNUOTOG G€ KOOl OpPKETA LYNAN Oeppokpacio 10 amotélecpo TG omoia
YPNOOTOLEITAL GOV OPYIKY] KATAGTOGN Yo (o VEQ TPOGOUOIMOT GE YoUNAOTEPT
Oepuoxpacia.

[Ipéner woTOG0 va avaeepHel OTL 1| TPOGOUOIOUEVT OVOTTNOT OMOTEAEL, €V YEVEL,
UeTa-aAyopifuo yio v emiAvon TPoPANUATOV 0LIKHC SEATIOTOTOINGNC KON 1] EPAPLLOYN
TOV € GLVOLACUO pe aAyoplBuovg Monte Carlo dev amotelel mapd vromepinToN.
Qot6co N pebodoroyion avt) givor 1660 cuvnONg dmov Bewpeiton dedopévn oe kbe
avaeopd og mpocopoimon Monte Carlo extog ki av eummmbel d1- apopeTikd.

Meta-adyopiBuor (meta-algorithm)
Ovopalovton o1 dgvtepoyeveic adyopBuol, twv onoiwv dopkd ototyeio amoTteAovV
dAAol amAobGTEPOL, OTTOL pE KOTAAANAN cvvepyacio peTad Tovg EMAVOLY TO O00EV

TPOPAN QL.

Olikn peiniotomoinan (global optimization)

Ovopdletor 0 KAAOOC TV EPOPUOCUEVOV HOONUATIKOV KOl TV oplOunTiknig
avdAvong o omoiog dtampoyuateveTonl T PEATIGTONOINON HOG cvvaptnong 1 evog
cuvolov cvvaptnoewv. H mo ocvvndng popen g eivor m ehayotonoinon (M
LLEYIGTOTTOINGT]) HOG TTPOYUOTIKNG CUVAPTNONG LE TNV EDPECT] TOL OMKOV EANYIGTOVG
(M peyiotov) TOV YOPOL TV AVCEWMV

H apyn Aetrovpyiog e mpocopotmpévng avomtnong eivat va EeKivd amd o opykn
Aoon ko Tpoywpd o kdBe emavAAnyn Ge plo KOvovplo AVGT GTY YEITOVIA TNG
TPONYOVUEVIC AVOTG HEXPL £VOL KPLTHPLO TEPLLATIGLLOV V. IKOvOTTotnOel.

Ta tpio Pacikd KpITHpLo TEPULATIGILOD TOL YPTCULOTOLOVVTOL EIVOL:

o H Béhtiom Tiun £ dev €xet Peltiwbel yia éva mocootd TovAd)IoTOV K1 GUVEXDV
OVOKVKADGE®VY amd T emavaAnyeLC.

o O opBudc TV amodeyoHUeEVEOY KIVAGE®V £ival LIKPATEPOG Ad V0L TOGOGTO
TOVAGYLIOTOV K, GLVEXDV OVOKVKADGEWV amd T emavainyelc.

o 'Eyet extedeotel évag peydiog aplOpnog cuveydpevov avokvukAmocewy ornd T
EMOVOANYELC.

[Mopaxdto tapatiBetar o S1dypoppo pong TG TPOSTUEIOUEVIS OVOTTTNONG
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3.4 Iepropropévn avalntmon (Tabu-Search)

O alyopBuog avalntmong toumov avamtvydnke oveEapra amd tovg Glover
(1986) xou Hansen (1986)yi v emilvon TOV CLVOLOCTIKOV TPOPANUATOV
BeAitiotomoinong. Eivan éva €idog emavainmtikng avalnmong kot yapoaktnpileton omd
mv xpron evkaumtne pvnung (flexible memory). Eivon 6g 0éom va amofdiet Ta tomukd
eMdLoTo Ko va WAgeL TG mePloyEg mEpa amd £vo TomiKO eAdytoto. Emopévmc, €xet
duvatotnta vo Bpet T0 OMKO EAAYIGTO £VOG TOAVHOPPIKOV O10GTHUATOS avalnTnong.
H dwdikacio pe tnv omoia 1 weploptopévn avalnnon vaepvikKa o TPOPANLO TOTUKOV
BeAtiotov eivar Baciopévn G€ Lo GLVAPTNOT ATOTIUNONG TOL ETAEYEL TV LYNAOTEPT
amOTILOVEV ADoT o€ KGO emovaAnyn. Avtd onuaivel 6Tt o adyoplBpog petaxkveiton
TPOG TNV KAAVTEPN OTOOEKTH AVOT GTNV YELTOVIA TNG TPEYOLGOS AVCTG OGOV aPopd
TOV OVTIKEYLEVIKOVG TTEPLOPIoUOVS a&log Kot meploptopévng avalntnone. H cvuvdptnon
OmoTiUNoNG EMAEYEL TNV KIVNOT TOV TAPAYEL TNV TEPIOGOTEPT PerTicoon 1 T AryoTepn
EMOEIVOOT OTNV OVTIKEWEVIKT] GLVAPTNOT. ZNUEIDVETOL OTL €xel vioBetnBel évag
KATOAOYOG TOUTOV, Y10 VO OTOONKEVGEL TO YAPOUKTNPIOTIKA TV OMOOEKTMV KIVICEDV
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€161 OOTE OLTA VO LITOPOVV VO XPNGILOTOIN 00UV Yo vo. 060UV 0pIGUEVES KIVIIGELS OG
Taumov (OnA. Yo va amo@evyBobv) 6TIC To TPOGPOTEG EMOVOANYELS. Me AALa Adyal,
0 kotdAoyoc meplopiopévng avalnmong kabopilelr moleg Avoglg pmopovdv  vo
emtevyBovv e pia kivnon and v Tp€yovca AVon).

Amo ™V otiyun] mov oty avalntnon Toumol yivoviol amodEKTEG Ol KIVIOELS TOV
dev odnyovv oty PBertioon, ivor dSuvatd o aAyOpOHOg va ETGTPEYEL GE AVGELS TOV
&xel Non emokePBel. 'Etor Ba mpoxvyel éva mpdfinua avaxvkimong. O KatdAoyog
TOUTOD YPNOOTOLEITAL YIOL VO DTEPVIKNGEL avTO TO TPOPANUa, vwoBeTOVTOS Lo
OTPUTNYIKY] OMOKOAOVUEVY) «aTpaTnyiky amayopevanc» (forbidding strategy), yu va
eréyEel Ko va evnuepdcEl Tov KotdAoyo meplopiopévn avalnmmon . Mg 1
YPNOOTOINGT TNG OTPOATNYIKNG OVTNG AmOPEVYETOL £val HOVOTdTL avalntnong ov
avtd €xel Mom e€epevvnBel, wor yiveton efepedivnon TV VEOV TEPLOYDV TOV
o THATOG avalnTNoNG.

‘Evag amhdg aAyopiBuog meplopiopévng avalntnong ypnotpomolel pa omd  Tig
TOPOKATO TPELG KUPLEG GTPATNYIKEG:

Srpatnyikn anaydpevong (forbidding strategy)
Zrpotnyikn anelevBépwong (freeing strategy)
Ztpamnyiky] pe BpayvnpdOecpovg 6povg (short — term strategy)

H otpatnyum amaydpevong eAéyyet Tt elcdyeTon Tov Katdhoyo toumov. H otpatnykn
aneAevfépmong eréyyetl Tt Pyaivel amd Tov KotdAloyo meplopiopévng avaliTnong Ko
note. H otpatnywm pe Bpayvnpdbesovg 6povg katophmvel TV cuvepyasio Twv dvo
TPOOVAPEPHEVTMV GTPATNYIKAOV Y1 VO EMAEEEL TIG SOKIUACTIKES AVGELC.

Extoc amd avtéc Tic otpatnykéc, umopel va vmipEel emiong ML GTPOATNYIKN
expabnong mov cuvvictotow ot ¥PHoN TOV EVOAPES®V Kol HoKpompdOesumv
AELTOVPYLOV PVAUNG. AVTY 1] OTPATNYIKY] GLAAEYEL TIG TANPOPOPIES KOTA TN SldpKELn
evog Tpe&ipatog avalTnong ToUmod Kol ot TANPOPOPIES OVTES YPNGUYLOTOLOVVTAL Y1dL
va, katevfvvouv v avalntnon oto exdpeva tpesipara.

o) XTPOTNYIKN OTOYOPELONC. AVTH 1| GTPATNYIKN LwoBeTEITAL Yo VO amoPevyovVTaL TOL
TpoPANHATO, HE TNV OTAYOPELOT OPICUEVOV KIVNGE®Y 1 UE QAL Adylo TOV
YOPOKTNPIGUO TOVG MG Tepopopuévn avalnmon. Ilpokewévov vo amotpamel 10
PO avaxdKAmong apkel va eheyydet ebv mpokerton va EavaemokeeOel o Advon
oV €xel TPONYOLUEVMG emokePOel. [davikd, o KatdAoyog meproptopévng avalntmong
Oa énpene vo amoBnkedoel OAEC TIC TPONYOLUEVOS EMOKEUUEVEG ADGELS KOL TPV OTTO
omotodNmote véa, Kivnom va eheyybel o katdhoyoc. Evtovrtolg, avtd amortel mhpa
TOAAN LVAUN KOl VITOAOYIOTIKY Ttpoomdbeio. 'Evag anmhdg kavovag yia vo amopevydel
10 TPOPANUO avokOKA®oNG Ba NTtav va amo@evYEL TV ADGT TTOV EMCKEPTNKE GTNV
tedevtaio emavaAnym. Eivol cagéc ot aut n mpo@OAacn dev gyyvdtal otL dev Ba
enpaviotel avokdxkimon. ‘Evog evorliaxtikdc tpdmog eivar va amo@edyel Tig AGELS
oL eMOKEPTNKE MO Katd T Sbpkela Tov tedevtaiov (T) ermavalnyewnv (avtég ot
Moelg amobnkevovtor otov kotdAoyo meploptopevng avalrmong). To (T) koAeitan
néyebog Kataldymv meplopiopévng avalnong 1 UNKoOLS KoTaAdyov TEPLOPICUEVIC
avalnmong. Me 1t Ponfein pog KatdAinAng tywng tov (T), n mbavotnrta
avakOxhoong eCapaviletal amotedespatikd. Edv avt n tiun eivon mdpo moAd pupn,
N mhavotTa TS avakOKA®ong ivar vymAn. Edv elval mdpa mold peydin tote M
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avalrmmon umopel vo odnyndetl pokpld amd t1g KoAég meployég AHong mPoTov va
eEepeuvnBovv eviEADC QVTEG O1 TEPLOYES,.

O «xatdloyog meploptopévng ovalTnong EVOOUOTAOVEL UKL om0 TS OPYIKESG
Aertovpyieg BpoyvmpoBesung pvnung g meploptopévng avalnmongs . Onwg eényeiton
Topamdve, epapuoleTot Le TV Katoy®pnorn povo tov mo tpoceatwv (T) kivncewv.
MoMc o katdAoyog gival TANPNG, N kaBe véa kivnon ypdopetor aviikabioTOvTag TNV
moAodtepn kivnomn otov katdhoyo. O KATAAOYOG TEPLOPICUEVIC  avallrTNONG
enelepydletarl wg oepa first in — first out (FIFO).

‘Eva xpumplo  @uwodoiag ypnoilomoteitar yw vo  gievbepdoel o Adon
TEPLOPIGUEVIS avalNTnong €av avty 1 AboM €ivol KOVOTONTIKYG TOWdTNTAG KOl
umopel va. amotpéyel v avakOkimon. ‘Eva kpumplo @ilodoéiog éxer poAo oty
kaBodnynon ¢ Jwdkaciag oavaltnons, €eved Ol TEPLOPICUOL  TEPLOPICUEVG
avalnTnong GToXEVOVY GTOV TEPLOPICUO TOL JoTHHATOS avalnnons. Mo Avon
elvarl amodektn €dv €yovv kavomombel ot meplopicpol mePLopiopévNg avalntnong.
Evtovtolg, o Avon mepropiopévng avalntnong Bempeiton amodekt dv 1oyvel Eva
KpLTNplo erhodosiag, aveEdptnTo amd TN KATAGTOCT TNG TEPLOPICUEVNS ovalTNoNG -

Ot VM TEG KivoNg KATAYPAPOVTOL KOl YPNCUYLOTOI0VVTOL otV avalTnon
ePLOPIoUEVNC avalTnong Yo vo eTBEAOVY TOVE TEPLOPIGLOVE TOV ATOTPETOVV TIG
KWWNOELS amd TNV €MA0YN TOV Bal AVTESTPEPE TIC AALOYEG TTOV OVTITPOGMOTEVOVTOL OO
avtég TG 100t Teg. O meplopiopol meplopiopévng avaltnons yPNCLOTOIOVVTOL
EMIONG YOl VO OITOPUYOLV TIC EMOVOANYELS TPl TIG avTioTpo®éc. 'Eyxouv 10 pdAo g
TOPEUTOOIONG TNG ETAVAANYNG Hag Topeiog avalntnong mov odnyel pokpld amd po
dedopévn Adon. Le avtifeon, ol TEPLOPICUOL TOV AMOTPEMOVY TIG OVTIGTPOPES £XOVV TO
POAO TNG MOPEUTOOIONG EMGTPOPNC GE Lo Tponyovuevn Avon. Evag meplopiopdg
TEPLOPIGUEVIC avalNTNONG EVEPYOTOLEITOL TUTIKA WHOVO OTNV TEPImTOON OTOL Ol
WO0TNTEG TOV EPPAVICTNKAY HEGH GE Evay TEPLOPICUEVO aplOUO Ao ETOVOAYELS TPV
Ao TNV TOPOVCH EXAVAANYT 1] ELPOVIGTIKOV LE U0 OPIGUEVT] CLYVOTNTA TEPOL OO
évav  peyoAlvtepo  aplud  emavoAnyewv.  Axpiéotepo, €vag  mEPLOPIGUOG
ePLopopéVNG avalnmong emiPdiietor poévo dtav ot 110TNTEG TOL KPLPOVTOL KATM
and Tov KoBopIopd TOV, 1KAVOTOOUV OPICUEVE, KATMTATO Oplo. TG TPOSPOTNG
KOTAGTOONG 1] TG GLYVOTNTOC.

21ov eproptopd mov Pacileton oty TpodceaTn Katdotoor, Kabopiletal n didpkeia,
MG TMEPLOPICUEVNG avalntnong kot m Avon meploplopévne  avalnmong eivol
ATOYOPELUEVN GE OAN TN dLapKeLd TG TeEPLoplopévne avalntmong. Ot kavoveg yia
SLAPKELD TNG TEPLOPIGUEVTS avalnTnoNg ivat TaEvounUEVOL WG GTATIKOT 1] SUVOULKOL.
Ot ototiKol Kavoveg EMAEYOLV L0, T TOL TOPOUEVEL 6TOOEPT] KATA TN SLOPKELL TNG
avalmone. Ot duvapikol kKovOveG €MITPEMOVY TNV TN VO OAAAEEL KOTO TNV
oldpketa e avalntnong.

Ytov  mepopopd  Poaciopévo oV oLYVOTNTA, XPNOOTOLEITOL  éval  HETPO
ocvyvomtas. To pétpo owtd mpokHMTEL MG TO KAAGUA TOL OMOioL O OPOUNTIC
AVTUTPOCMOTEVEL TOV  OPlOUd  TEPIGTATIKOV €VOC  1010iTEPOL  YEYOVATOG KOl O
TOPOVOLLOGTIG OVTITPOGMOTEVEL YEVIKA Lol a0 TIG aKOAOVOES TOGOTNTEG:

(o) ABpotopa TV aplunTov
(B) Méyiotn tipn aplduntdv
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(y) Méon tun apbuntodv

H xoatdAAnin ypron tov kpurnpiov ¢riodoéiog umopet va eival ToAD GUOVTIKT Yo
) O01evkdAvVeN oG ovalTNonG TOUTOD Kol Y10 VO EXLTVUYEL TNV KAAVTEPT amdOO0oN
mc. 'Eva xpurmpro prrodoéiog pmopel va eivon gite ypovikd avedptmrto eite ypovikd
eCapmmuévo. Ot apyikéc  VAOTOMGELS NG  meplopopévng  avalntmong
YPNCLLOTOOVGAY EVOV ATTAO TOTO YPOVIKA aveSApTnToL Kprtnpiov eriodosiag.

[Tpaypotomolel amoyapoaktpod MG OOKIOOTIKNG AVONG ®OC TEPLOPIOUEVIG
avalong, 6tav mopovctalel KaAvtepn amddoor amd TV KaAvtepo amoktnOsica
uéxpt Topa. H Aoy avt mopapével evpémg ypMOIULOTOoVpEV] G onpepa. 'Eva
GAAO €VPEMC YPNOYLOTOMUEVO KPLITNPLO PrAodoiag etvat To «e¢ oprauod». Me avtd 1o
KpLITnplo, €av OAeg ot Ownbéouec Kvnoelg eivol TaStvounuéveg ¢ MEPLOPIGUEVNG
avalnmong, kot dev Kabictaviotl amodekTés amd aAlo Kprtipla prhodosiog, emAgyetal
N Adon mov etvan «Aryotepo toumod». Avty Bo umopovoe va givar 1 AOor, Tov Yavel
mv TaSvOUnNon TEPLOPICUOD NG, AOY® TG HKpOTEPNG adénong otnv T Tov
Topdvtog aptBpov eravdinynms. Extoc amd avtd ta kpitipia, vadpyovy d1dpopa. AL
KPUTNplo. TOV PNGULOTOOVVTOAL Yiot TN A0d0&ia OTme 1 P1iodoéio amd T0 6ToOY0, M
@1odo&ia amd v Katevbuvon avalrnong kot n errodoio amd v enppon.

B) Ztpatnyikn anedevBépwonc. H otpatnykn ameievbiépwong ypnoporoteitol yio va
anopacicel Tt o vOyel amd Tov KatdAoyo meploptopov. H otpatnyikn oaypdeet toug
TEPLOPIGUOVG TEPLOPIGUEVNG avalTNonNG TV AVGE®V £T61 OCTE VO UTOpPovV Vol
eMOVEEETAOTOVV oTa TeEpoTépw Prjpata g avalnmong. Ot Wuteg pwog Advong
TEPLOPIGUEVIS  avalNTNoNG TOPAUEVOVY GTOV KATOAOYO TEPLOPIGHOL KOTA o
odpkela tov (T) eravoiqyemnv. Mo Avon Bempeitor amodektny €av ot WOOTNTES NG
dev glvarl Tapmov 1 eqv £yl TEPAGEL TN OOKIUN Kp1Tnpiov eAodo&i0G.

v) Evduduecsec ko paxporpdBeouec otpatnykéc expddnone. Avtég ol oTpaTnyikég
eQopUOLOVTOL YPNCIUOTOIOVTOS TIC EVOLAUECSES KOl HOKPOTPOBEGUES AelTovpyieg
uwnuns. H evoldpeon Aettovpyia mapéyel £va otoryeio evduvdpmong. Agttovpyet pe
TNV KOTOYPOPT] TOV KOADV YOPAKTNPIOTIKAOV YVOPIGUATOV EVOG EMAEYUEVOL aptOpon
KWWINGE®MV TTOV TOPAYovTol KOTé TN S1dpKeEW TG EKTEAEONC TOV alyopiBuov. Mmopel
va BewpnBel g otpatnykn eKUAONONG TOL EMOIOKEL TIC VEEG AVGELS OV EYOLV
TOPOUOLD  XOPOKTNPLOTIKG yvopiopoto pe  exkeiva  mov  €yovv  kotaypogel
TPONYOLUEVAOS. AVTO EMITUYYAVETOL HE TOV TEPLOPICUO TOV KIWWNCEWV TOV OgV
KOTEYOLV TOL ELVOTKA YOPAKTNPIOTIKA YVOPICUOTAL.

0) BpoyvrpdBesoun otpotnyikr]  (yeViKY)  GTPOTNYIKY). Avt] m  oTpoTnyKn
dyepiletor v aAANAERiOpao HETAED TOV OVOTEP® OLOPOPETIKAOV GTPUTNYIKMV.
‘Evog xatdAoyoc vroyneiov sivar évag vmo-katdhoyog tov mbavav kwvinoewv. Ot
OTPATNYIKEG e KOTOAOYOLG voymeiov sival yevikd eEaptnuéves amd to TpoPAnua
KOl WITopovV va Tapoy0ovv pe dtapopeg pebddovg OTTmg 1 Tuyoio derypotoAnyia.

H otpammywn emhoyng xKaAdTtepNg ADoNG emAEyel UL OmMOOEKT) AVOT Omd TIG
TpéYovoeg €dv mapdysl T pé€ylotn PeAtioon N T Ayotepn emdeivoon oty
OVTIKEWEVIKT] OLVAPTNOT HE TOVLG TMEPLOPIGUOVS OvolnTNong Kol to KPurnplo
@10d0&l0c va tkavortotovvtat. Avtd givar £va emBetikd Kprnplo kot eivon Paciopuévo
otV vrdbeon OTL o1 AOGES HE TIC VYNAOTEPEC OMOTIUNGELS £YOLV LYNAOTEPN
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mhavotTa gite vo 00MYNcovV Gg pio. Kovivy] BEATIOTN AVOT €lT€ VA 001 Y|GOLY GE
g koA Abon pe tov Mydtepo apud Pnudtov. Edv o Adon ikavomotel 1o kpitiplo
eurooo&iag etvar amodektn, aveEdptmra pe to av ivor tapmod 1 Oyt Edv po Avon dev
Kovomotel auTd To KpUTpla TOTE eivan omodekTn dv dev givol Tapmo.

H owdikacio avt) oAokAnpadvetal pe €va KPITNPLO TEPUATIGUOD, APOTOV EXEL
extelecBel évag opiopévog apluog eravalyemy ite cuvolkd gite amd TNV oTIyUn
mov Ppédnke n péxpt oTrypng Kohbtepn Ao

[Tapakdtm tapovsidleton To drdypappo pong evog TS.

i Apyir hian ;

¥

ANUIOUDYNTTE LG UTTOW (I
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EKNpATTE TIC
AITEL
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EmingfTe Ty kahlTepn
arTodekTr Alan

Oyl
To KpITARIO TEQHATIOUOU
IKQYOTTOIE T

EvnpepwaTe
TV Hvin

3.5 Tevetkoi alyoprOpol

Ot T'evetikol alyopiBupor avinkovv o100 KAGOO TNG
EMOTAUNG VTOAOYIOTOV Kol OmOoTeEAOVV pio  péBodo
avoalnmong Pértictov AVCE®V GE  GUGTHUOTO  TTOL
UTOpOovV Vo TEPTYPAPOVV ¢ podnuatiko tpofinua. Eivat
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YPNOWOL GE TPOPANUOTA TOL TEPLEXOVY TOAAEC TOAPUUETPOVG/O1OCTACELS KOl OEV
Vdpyel avaAivTiky HEB0dog mov va umopel va. fpel o PEATIGTO GLVOVOGUO TILAOV Yo,
T1G petafintég mote 10 VIO €E€Taom GVGTNUA Vo avTdpd Le OGO TO dVVATOV UE TO
Bepitd TpoOTO.

O 1pomog Aettovpyiag Tov I'evetikdv AdyopiBuwv elvol eumvevouévog omo v
Bloioyia. Xpnowomotel v 10€a ™ €EEMENG LEC® YEVETIKNG UETAAAAENC, PUGIKNC
emioyng kot oaotavpwong . Ot I'evetwkol AlyopiBuotr eivor apketd amioi otnv
vAomoinon tovg. Ot TWEG Yo TIC TOPOUETPOVS TOL GULGTHNUOTOS TPETEL VO
K®OIKOTO100VTAL LE TPOTO MGTE VO avamapacTafodv amd o LeTaAnTr) mTov TepPEyeL
oEPA YopaKTNPOV 1 OLAOKOV Yyneiov (0/1). Avt) n petafinti Hipeiton To YEVETIKO
KOS 1oL LILAPYEL 6TOVG {OVTAVOVG opyaviopovs. Apywkd, o I'evetikdc AdydpiOpog
TopAyEL TOAAATAN OVTIYypOPOL TNG LETAPANTAC/YEVVITIKOV KOOWKA, GUVINOMC LE Tuyoieg
TIUEG, dMovpydvtag Eva TAnduoud Aoewv. Kdbe Adon (Tipég yuo Tic mopapéTpous
TOV GLOTNUATOS) OoKlAleTol Y TO TOGO KOVIA QEPVEL TNV OVTIOPOUGT TOV
CLGTNUATOG OTNV EMBLUNTY, LECH OGS CLVAPTNONG TOV JIVEL TO HETPO KOVOTNTOG
NG AOong Ko 1 omoia ovoudletal cuvdptnon kavotntag (X.1).

Ot AWoelg mov Ppiokovtor wo Kovtd oty embounty, o€ oyéon UE TIG GAMNEC,
COUPOVA LE TO HETPO TTOV pag diver | X.1, avarapdyovtal oty endpevn YeVid AVcE®V
Kot AapPdvoouv pia toyoio petdAroln. EmavolapBavovtac avt) tn dwdikacio yo
OpKETEG YeEVIEG, Ol Tuyoieg petaAAdEels oe ovvovaoud pe v emPioon Kot
avamopay®yn TV yovidiov/Avcewv mov mAnclalovv koAVTEpA TO  emBuuntod
amotéhecpo Bo mwoapdyovv €va yoviolo/Avon mov Oa mepi€xel TG TWEG Yo TIG
TOPAUETPOVS TOV IKOVOTOL0VV OG0 KoAvTEPA YiveTan Ty X.1.

Yrhpyovv d14popes eK0YEG TNG TOPATAVED dladtKaciog Yio Tovg I A amd T1g omoieg
Kkamoleg meptlapPdvovyv kKot 1 dactavpwon (Levydpopa) yovidiov/Abcewv ®GTE O
alyopiBuoc va @tdoel 6to amotélecpa mo ypnyopa. Kaboc vrapyel to otoy0ctikd
(Tuyaio) cvotaTikd TG petdAAagng kot (evyapmduatoc, kabe ektédeon tov I.A pmopet
Vo GUYKAIVEL GE J1POPETIKN Avom kol og dtapopetikd ypdvo. H anddoon tov I'.A
e€aptdton eni To MAEIGTOV GO TNV GLVAPTNON KAVOTNTOG KOl GLYKEKPIUEVA OO TO
KATA TGO TO PETPO TNG TTEPLYPApeL TNV PEATIOTN AVoT. Ot yevetikol akydpiBuot eival
&Va, TEMEPAGUEVO GHVOAO 0ONYLOV Y10l TV EKTANP®OT VOGS £PYOV, TO OO0 dEGOUEVIC
LLOG OPYIKNG KOTAGTACNG Bl 001 YNOEL GE oL OvVayVOPIoIUN TEMKT KATAOGTOO, KOl TO
omoio mpoomabel va punOel v dwdwkacio g Proroyikng eE€MEng. Ot yevetikol
alyopiOuor mpoomabodv va Ppovv T Abon evOdg mWPOPANUATOC UE TO VA
TPOGOUOLDVOLY TNV eEEMEN evOG TANBVGLOD «AVGEMVY TOV TPOPANLATOG.

Etvat pua teyvikn mpoypaplaticov Tov elenyoye ot TéAN TG dekaetiag tov 1960
o TCov Xoravt, epguynng Tov Ivatitovtov g Zavra De .

Ot yevetwkol adyopilBuor givor po and t1g Paceig tov Ipoypappdtov Teyvntg
ZoNG. Zuykekpipéva, emyelpel va avomapdsel 6Toug VITOAOYIGTEG TOVG UNYOVICHOVG
™G Proroyikng eEEMENG pe tov 1010 TPOTO TOV M TEYVNTI VONUOCLVT| EMEPEL val
AVaTOPACTNOEL Ko va ppumBet Tig dtadikascieg g yvaong.

Ta mpoypdupato eehiooovralr  péYpL va  OTAGOLV, HECH  UETOAAAEE®V,
Ol0CTOVPAOCEDV KOl PUGIKNG EMAOYNG, GE L0 ATOTEAECUATIKT @OPLOLAQ 1 omoia Oa
eKTeLel e TOV KOADTEPO SVVATO TPOTO 0L GLYKEKPIUEVT] EPYACINL

Ta focika YopaKTHPIGTIKA TMWV YEVETIKWOY alYoplOuwmy gival ta e€HG:
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e Aoviebouvv pe o KOIKOTOINo Tov cuVOAOL TIU®V TOL UTopohV vo Adfovv
o1 petafPAnTég Kat Oyt e 1§ 1d1eg T1g petaANTEG TOV TPOPANUATOG .

o Kévouv avalntnon oe moAAd onueia Tovtdypova Kot Oyt LOvVo G £val.

e  Xpnowomotohv HUOVO TNV OVTIKEYEVIKY] GLVAPTNON Kol Kouio ETmpoOchetn
TAnpoopia. .

e Xpnowomolovv  mBavobewpntikodg  kavoveg  petafaong kot Oyt
VIETEPUIVIGTIKOVC.

Ta focika micovekTiuatd Tovg gival to GG

Mmopovv va emAvoVY d0cKoAN TPoPA LT YT YOopa Kot aSldmioTa.
Mmnopohv €0k0oAa VoL GUVEPYOIGTOVV LE TA VILAPYOVTO LOVTELD KO GUGTHLOTOL
Eivat edkola emektdoytot Ko eEeAiEpot.

Mmopovv vo, GUUUETEYOVV GE VPPLOKEG LOPPES L dAAES neBOdoVG.
Epappolovral e moAd mepiocoTepa medio amd Kabe GAAN pnébodo.

Agv amotovy TEPLOPIGUOVE OTIS CLVAPTIGELS TOL eneCepyalovTat.

Agv gvdlapépel  onpocio g vd eE€Taon TANPoPopioc.

"Exovv amd ™ ¢Oon T0ug T0 6TO1YXEI0 TOL TAPUAANAGLOV.

Eival pio péBodog mov kdvel Tantdypovo ££EpELYNGN TOL YOPOL avalHTNoNG
Kol EKHETAAAELON TNG O EMECEPYAGUEVIC TTA|POPOPLNG.

o Emdéyovtal mapdAinin vAomoinon

3.6 Nevpovikd dikToa

Ta teyvmtd vevpwvikd diktva ivoat TpoypapLoToL _
Y10 VTOAOYIGTEG TTOV TPOGOHOIDVOLY TN PLOAOYUKN s ; ¥ m oY )
opybvwon kot TN Aerrovpylo Tov Proroyikmdv o ES ﬂ};. *.?'EE; o m kL
vevpdvov. Bacwkd Tovg mAsovéKTNUMO Eivor T il bl
EVMANCTOTNTO, OMMG GLUPAivEL HE TO EYKEQUAIKE
HoG KOTTOpa £T01 TO TEXVNTA VEVPOVIKA dikTva O | o
YXPEWLETOL VO EMAVOTPOYPOUUUATIOTOOV OV OALAEEL ;- ka J-;! PR R #‘r‘}" ;' ¥
10 TEPIPAAAOV. R L I 1k ¥ ;

Emutiéov umopovv va "pabaivouv" amd pdva toug i
aVTO TOV TPEMEL VO VTOAOYICOLV, YAPN GE EWIKA TPOYPAUUATO TTOV GTOOLKA
dopBmvovy ta AdB Tovg Kabhg peTafAALETOL 1] KATAGTOGON.

Enwvonnkav to 1943 and tov Apepikavd vevpopuotordyo I'ovopev MakKovAok
kot o pobnuatikd 'ovodtep It Enuepa Ppiockoviar oe edon toyeiog avamTugnc.
To mepiPdAiovio oto OmOiol ¥PNOIUOTOIOVVTOL EVPEWMS EIVOL OVTA TNG SLOYVOOTIKNG
WTPIKNG, TNG TPOANYTG TOV PLGIKADV KATOGTPOP®V Kot NG TPoPAreyng tov eEedilemv
OTO XPNUOTIGTAPLO, TOUEIG GTOVG 0TOI0VE OmOdEiYONKOY APKETH AMOTEAEGLLATIKA.

To vevpowvikd oiktvo amoteleiton amd LWOAOYIGTIKOVG KOUPOLG (VELPMVEG,
VELPOVIN), GLVOEdEUEVOVS UeTaED Tovg. Elvan eumvevopévo and to Kevipikd Nevpucod
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Xvomua (KNX), (to omolo mapateifeton mapokdtm), 10 omoio mpoomabovv vo
TPOGOLOIDGOLV.

To Nevpwod Kottapo

Agovikég
Alakhadwaoelg

ZOvayn

Eicodog ‘E&odog
Alovikés daxiaddoerg ) ASV(;[H’TSQ‘
dAhwv vevpwviev @AV vevpwviwv

Ot vevparveg sivar T dopkd ototyeia Tov diktHov. Ydapyovv dvo €101 vevpdveV,
Ol VEVPWVES €10000D KOL Ol vmoloyiotikoi vevpwves: Ol vevpdves €16000V dev
vroAoyiCovv timota, pecolafoldv avapeco ot €6000VC TOL SIKTHOL KOl TOVG
VIOAOYIGTIKOVG VEVPMOVES. O1 VTOAOYIGTIKOTL VELPDOVES TOALUTAAGIALOVVY TIG E16OO0VG
TOVG L€ TOL GUVOTTIKA Bdpn Kon vtoAoyilovv 1o dBpoicpa Tov yvopévov. To dOpoisua
TOL TPOKVTTEL EIvaL TO OPIGLO TNG GLVAPTNON EVEPYOTOINGTC.

To Teyvnto Nevpavio
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ZUVATITIKA
& Bapn
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I MoAwan
0

v

d

Eigobol

Edv & elvar n i-oot €l60d0g 0V £ vevpmdva, wy;: 10 i-06Td cLVOTTTIKO PBépog Tov k
vevpova kal g() N cuvapTNoN EVEPYOTOINGNG TOL VELP®VIKOD SIKTVOV, TOTE 1 ££000C
Vi Tov k vevpdva diveton amd v e&icwon:

N
Up = @ fz Thilki )
i=0

210V k-00TO veELpDVO VTTAPYEL VO GLVOTTIKO PApoc wyy He Wwaitepn onpocio, TO
omoio kaAeiton méAmon 1N kat®@M (bias, threshold). H tyun g €16660v tov €ivar
Tavra 1 povaoa, xi = 1. Edv to cuvolko dBpoiopa and Tig vmOAoUmES 1600V TOV
vevpmva etval peyaAdTeEPO Omd TNV TN OVTY), TOTE O VELPOVOS gvepyomoteitat. Edav
elvar pikpotepo, tOte 0 veEvpOVaG Topapevel ovevepyos. H 18éa mpoékvye and ta
Blodoyikd vevpikd kdTTOPO.

Mo 1o oyedlacpd evog vevpoVIKoD SIKTVOV OTOLTEITOL 1) EQAPUOYN TOV TOPAKATO
otadiov:

e TomoBéton tev vevpovav e ddpopa otpaopata (layers).

e Emloyn g o0vdeomng HETOED TOV VELPOVOV OVALLEGO GTO dLAPOPO. GTPMLLOTO
KaOMOC KO AVALESO GTOVG VELPMVEG GTO 1010 GTPAOLLOL.

e EmAoyn tov TpOTOV UE TOV 0TOl0 £Vag VELPDOVAS dEXETUL dedOUEVA KABMG Kot

TOV TPOTOVL e TOV 0T010 £EAYEL dedOUEVOL.

e KaBopiopdc g 10y00g TG oLVOECNC UEGOH GTO OIKTLO EMTPEMOVING GTO
dikTvo va pabet-ddaydet Tic Tnég TV Papdv xpnoyorotdvtag pio dtudikacio
expadnong.
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e 'Evo vevpwvikd 51Ktvo amotedeital amd oTpOUOTO TOL GUVEEOVTAL LETAED TOVG.
[TapateiBetor GyMUATIKY OTEKOVIO.

AvomapdoTact] VEVPOVIKOV OIKTVOV

Neural network model
Input Hidden Output

Layer Layer Layer
Wij

Input
Pattern

Onmg deiyvel TO TOPATAV® YN0 Ol VELPAOVES LITAPYOLY GTO. S1APOPO GTPMULOTO
oV dkTOoL. To oTpdpa eloaymyng (input layer) amotedeital amd vevpwveg ol omoiot
déyovtar T dedopéva 16000V amd to eEmtepikd mepiPdAiov. To eEmtepkd GTpOLQ
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amoteleitol amd VELPOVEG Ol OMOioL EMKOWV®VOVV HE TO YPNOTN=eEMTEPIKO
mepIParrov yioo va dmoel to amoteAéopata. MetaEd TV 2 auTdV GTPOUATOV
VILAPYOVV TOAAL Kpupd otpopata. O gyképoroc pabaivel amd eumepieg ToL
napelBovtog. Ta vevpwvikd diktva ovopdlovror amd mToAlovs kot unyoveg expudinong
alyopiBuwv (machine learning algorithms), Adyw tov Ot1 aArdloviag to Papn
OUVOEONC TPOKAAOLUE TNV eKUAONnomn 10V JKTHOL (BOTE VO ODGEL GHOOTA
arotehécpato. To GOoTNUO ATOKTA VEES YVAGELS KAOE popd Tov aAidlovpe Ta Bapn
avtd. H wovomta expddnong evog vevpwvikoh OKtoov eEaptdTor amd Tnv
OPYITEKTOVIKT] TOV KaB®MG kol omd Tov aAyoplOpo mov ypnoillomoleital yioo v
expadno” tov.

3.7 AkyopOpog BeATIoTOTOIN GG OTOIKING HUPUNYKIAOV

Evo. mopadetyuo pe texvnTo. LopunyKLaL.

Avantoypévor and tov M. Dorigo kot tovg cuvepydteg tov, ol alyopifuol kot
YEVIKOTEPO, TOL GUGTNUOTO, LLVPUNYKIOV EIVOL EUTVEVGUEVA OO TN GLUTEPIPOPA TV
TPAYUATI-KOV popunykidv . ‘Eva {jmua mov anacyoAnce toug epeuvntéc NTov UE
OOV TPOTO TO TPOYHOTIKA HUPUNYKIL KOTAPEPVOLV Vo Bpovv, HOAOVOTL GYeddV
TUPAQ, TN cvvtopdtepn dwdpoun amd T EOAME TOLg TPOG Mo Ty TPoens. To
GULUTEPOG L GTO 0To{0 KaTEANEAY NTav OTL TOL LUPUYKLOL OVTOAAAGGOLY TTAN|POPOPIES
HETOED TOVLG TPOKEWEVOL Vo emAéEovv T dwdpouny mov Oa  akoAovOncovv,
YPNOUOTOLOVTOG MG HEGO Tyvn pepoudvng (pheromone), (o ovcio TOL APHVEL GTO
€da@pog kabe popunykt. Otav  petaxivoduevo evtomicel {yvoc @epoudvng, &va
popunykl amopacilel pe peyain mbavotnto vo akolovbncet 1o iyvog avédvovtog v
mocdTNTO. TG QPePOUdOVNG o€ TovTN TN Odpour. Ilpodkertanr yio owtoevioyvopevn
Swdwkacio pe v €vvola 0Tt OGO TEPIGGATEPA LLPUNYKIOL £YOVV OKOAOVONGEL o
ddpoun, T6co avEdveton 1 mOavoOTNTA £va GAAO PVUPUT YKL Vo akoAovBnceL TV 1010
dtadpoun. Aedopévou 4Ti 1 TOGOTNTA GTY GLVTOUOTEPT OLAOPOUT] AVEAVETAL TAYVTEPO,
OYETIKA YpIyopa OAQ TO, LUPUIYKLOL KOTAATYOUV VO ETAEYOLV QTN TN SL0OPOUN).

[a mopdoctypo, vwoBETovpe OTL LLPUNYKLIO HETAKIVOOVTAL OO T GOAA Tovg O
pog TV YN TPoPnc T Kal EMGTPEPOLV GTI POALL TOVS, £YOVTag va. EmMAECOVV pia
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and dvo dvuvatég odpopés [ Eotw ot 1 dwadpoun @-I'-B-A-T eivon cuvropotepn amnod
™ owdpour] O-I'-A-A-T. Kat’ avdykn, ta popuiykio mov petokivovvror and 1o @
npoc T (T mpog @) Ba mpéner oto onueio I' (onpeio A) va amopacicovv av Ha
oTPaPOLY TPog T aplotepd N Ta 0egid. Koatd ) petakivnon tovg, o puppiykio
evamofétouy o TosOTNTO PEPOUOVIG GTO £00p0C, M omoio eSatpileTon pe €vav
optopévo puduod. Ta tpodta popunykia mov edvovy oto I', otpifovv apiotepd 1 de&id
ue mbavomta 0,5. 'Extote, emedon n dwdpour] F'AA eivor paxpotepn, pépog g
nocdtTag TG @epoudvng e€atuiletar, n owdpounn I'BA mepiéyer peyaivtepn
TOCOTNTA PEPOUOVNG K01, EMOUEVMOS, TO HUPUNYKIOL KOTE TNV ETIGTPOQPYT] TOLG
emAéyovv oto A 1 Owdpoun ABIT pe peyodvtepn mbBavomnto omd ovtn g
Swdpoung AAT. H xatdotaom avt eravarapfavetonr anyaivovrag ond to © oto T,
avédvovtog axoun meplocdtepo v mhavotnta emloyne g dwdpouns I'BA (ko
ABI). TehMkn katdAnén eivor vo emAEyeTon 1 cLVTOpOTEPN OdPOUT| HE TOAVOTNTA
ton pe 1, av vrap&et emapkng aptBpdg LETAKIVIGEWDV.

e kafe mepintmwon, n enilvon evog vVToAoyloTikod TpoPAnuatoc PacileTon oe o
elevbepn  UETOPOPIKN YPNON NG TPOYUOTIKNG OCLUTEPIPOPAC UG  OTOIKiog
popunykov. Katd v meprypagn tov oiyopiBuwmv, givor tpé€yovco TPOKTIKY va
YPNOLUOTOOVVTOL OpoL (LY. @EPOUOVN, €EATHION, O10POUN) Ol OTOIOl TPOPUVMOG
ovOEUia GYEOT EYOVV LE TO LEAETOVUEVO TTPOPANLLAL.

H ovumepipopd evoc teyvntod pupunykiov Kotd v emxilvon vog mpofANUaToc
kaBopiletonr xoatd wovova omd 600 mapapétpovs. Ilpotov, omd to Wwitepa
YOPOKTNPIOTIKA TOL TPOPANUATOC. AgDTEPOV, OO TANPOPOPIES OV E£YOVV GLYKE-
vipwbel péypt o€ €va OPIGUEVO GTAOO0 TNG VLTOAOYIOTIKNG OdIKAGIOG amd TIC
OLdpoUES (ADGELS) TV AAADV LUPUNYKIODV.

[Ipokewévoy va petatpéyovpe To  QLOIKA Proloyikd poviéla o€ TEQVNTA
«oAyoplOKGy, ONANON O VTOAOYIOTIKA epyoieio Yoo TNV emiAvomn mpoPAnudTmv
aplotonoinong, 0o mpémer va kavovue opiopéveg mopadoyés. Ilpoeavag, To
«YNEWKE» popunykio 0o amroteAobv Lo 0TAOTOINGT| TOV TPOYUATIKOV LOPUNYKUDV
aAAG ko B eumlovtiotodv pe emmpdobeteg 1010TTEG OV OV gpPavilovTol oTo
QLoKd popunyko kot 8o kabopilovtal amd 1o avtictoryo TpdPAnua Tpog Abon 1 ard
TIC OVAYKEC TOL YPNOTN Y10 YPYOPN GVYKAOT KTA.

O1 OHOIOTNTEG TOV «YNOLOKDOV» HUPUNYKIDV LE TO PLGIKEA EX0VV G €ENG :

H amowia. Onoc oo puoikd poppiykio £T61 Ko 6T, «YNQOLOKE DITAPYEL Lo oTotKio,
aTOL®V To Omoiol GVVEPYALOVTAL TPOKEUEVOD VO, ONUIOVPYNGOVY U0 CLYKEKPLULEVT
doun oto cvotnua tovc. H dopn avth] ota vmod peiétn mpofAnpata oty mapodco
gpyoacia avtiotolyel ommv gvpeon PéATiotng Avong. O TAnOLGUOS TOV «YNELIKOV
HLPUNYKIOV glvor pua TapaueTpog 1 omoia ivol 6 GUECT) GLVAPTNGN UE TO €100G TOV
TPOPANUATOC.

H ogpopdvn. Opiopéveg «moKIMeS) TPOYUOTIKOV —HUPUNYKIOV  evamoBETovy
@ePOUOVT 0TO £d0POG KATA TNV Kiviion Tovc. Opoime Kot To «ynelokdy» popunykio 0o
evamoBétouy otig Obpopec BE0Elg TIC OMOIEC EMOKEMTOVIOL MO GUYKEKPUEVN
aplOunNTIKn TANpoPOpia, TNV «YNOLOKI» QEPOUOVY, ontdTe Kol Oa dnpovpyovvTon
pHovomatio Gepopdvng (pheromone trails). Avtqy n aplOuntikn mAnpogopia Ha
eCaptdtor oamd TNV emidOON KOL TNV TPONYOVUEVN 10TOPIOl TOL  «YNPLOKOV
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popunykod kot Ba eivor mpoosPfdoyun kot amd ta vEOAOWmA PEAN NG ATOIKIOG
eyKafdpvovTog Le aVTdV TOV TPOTO CTIYUEPYETIKN (Stigmergetic) emkowvmvia. TEAoG,
N «ynEKN» eepopdvn onwg kot 1 texvnt Bo mpémel va veictatol edTon €16t
MGTE VO VILAPYEL APVNTIKY ovadpaoct kot vo unv eykioPilovion ta dropa cg Tomkd
BéATioTa.

H amé@aon. Onmc 1o puokd €161 Kol T0. «YNQuoKe» HopUnyKlo omo@ocsilovv v
endpevn kivnon tovg pe kdmola otoyacTikotnTa. Ta dedopéva Tov £xovv otn 01d0eom
Tovg givol KaBapd TOTIKE GTO YDPO Kol TO ¥POVO. AVAAVTIKOTEPO, TO LUPUNYKLQ, E1TE
TPAYHOTIKA €ITE «ymOaKa», 0gv €xovv yvdomn tov Tt cvpfaivel oe kdmowo GALO
onueio 6oL SPACTNPLOTOIOVVTAL LVPUNYKLO TIG ATOKioG aAAG OVTE KOt TN YEVIKOTEPT
Katdotoon g omowiag. Emiong, dev yvopilovv Tt £ytve TIC TPONYOOUEVES YPOVIKES
oTIyUéG oTo onueio 6mov Ppiokovrol aAld 00TE HTOPOVV Vo TPOPAEYOVY HUEALOVTIKES
KOTOOTAGELS
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KE®AAAIO 4:Avantoén aiyopifpov.

4.1 Ewoaymyn otnyv neprypagt] tTov Tpofiqpatoc.

210Y0C NG CLYKEKPLUEVNC OUTAMUATIKNG NTOV 1 dnuovpyio. EVOC TPOYPELLLATOC
enilvong tov mpoPAnpatoc Apopordynong Oynudatov Kou n BeAtioon g Avong pe
v xpron aryopiBuwv Tomiknig Avalnmong. O Tpoypappaticpog Eyve e m xpnon
¢ YA®ooag matlab 2008 . £10o kepdloro avtd Oa yiver pio Aentopepng avamtoén tov
TPOYPALLOTOG TOV GUVOTTIKA 0KOAOVONGE TNV TOPOKAT® SLOOPOUT:

1.Exilvon tov mpoPiiyuatog tov Ilepimhavopevov ITloAnt| pe ™ ypnion Ttov
aiyopiBuov Nearest Neighborhood (ITAnciéstepov I'eitova).

2.Metatpony) TOL TPOYPAUMOTOS EMIALONG TOV TPOPANUOATOS TOV TEPITAOVMUEVOL
TOAMTY 6€ TPOYPAULO ETIALGNG TOV TPOPANUATOS dPOUOADYNONG OYMUATOV uE
YPNOT OTADV TEPLOPICUDV YOPNTIKOTNTAG OYNUAT®V.

3. Anuovpyio emavoAnmTiKOTTOG Yoo vay aplBpd ETOVOANYEDV U0GC KOUVOOPLOG
Tuyoiag AVoNnG yia To TPOPANUE SPOUOAOYNONG OYNUATOV.

4.Beltiowon g Avong mov Ppédnke oto mponyoduevo Pripa pe v ypnom aryopibpov
TomkN G avalntnong 2- opt.

5.Bektioon ¢ Avong mov Ppédnke oto Tponyovuevo Pripa e v xpnon aiyopibuov
TOTIKNG avalnmong 3- opt.

6.Bedtimon g Abong mov Ppédnke oto mponyoduevo PrApo pe v ypNoN TOL
aiyopiBuov path-relinking.

7.X20yKkpion g AVoMG OV TPOEKLYE OO TNV EXAVAGUVOEST] SIOPOUDV LE TNV OPYIKT|
Aoon ko emPBimon g KaAvTepnc.

4.2 Ieprypaen Tov adyopiOpov emilvong

O 6yKog TV 0ed0UEVOV TTOV TTPEMEL VO ENECEPYACTOVV €lval TETOLOC TOL 1) XPNOM
TOV TTPOYPOUUATIGHOV givorl avaykaio .To povtédo enilvong avanthydnke ce matlab.
Meg v ¥pnon ToL GLYKEKPIUEVOL LOVTEAOL KOl TOL TPOTOL dNUOVPYING TOV KMOTKO
T0 TPOYPOAUH givar €DKOAO va ypnoporombel kot yioo v emilvon GAA®V Opolmv
npofAnudTov apkel va mpaypatorombel pe KatdAAnio tpdmo N TANPOEOPN O TOL Yo
T0. OJOUEVO TTOV 1GYVOVV GTNV €KdoTOTE MEpinTmon. H sicaymyn tov dedopévav 61o
Tpdypoppo yiveTor pe tnv ypnon tov excel émov ta dedopéva eivarl amodnkevpuéva pe

v e€ng oepd:
o  Ap1Buoc melatwv.

o Yyvietayuéveg X 6TO YDOPO Y10 KOTACTLOTO TEAATAOV.
o Yvyvietayuéveg Y 6To YOPO Y10 KOTACTHLOTO TEAATOV.
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AT oIS TOGHTNTOG TPOTOVI®MV TOL KAOE TEAATN S1opOopETIKE
AplBuodg péylomg ovvatotnrtag petapopds (Papovg mpoidoviwv) tov HECOL
LETOPOPABLC.

Kotaokgvn aiyopiOpov

["a TV KaTaGKELY] TOL TPOYPAUUOTOS LG YPNCLOTOmONKaY 01 £ENG aAyOp1OOoL TTOV
aVOTTOYONKOV OVOALTIKE KO TOPOTAV:

Nearest neighbor
2-opt

3-opt

Path relinking

[Mapakdtm tapatifetor avaivtikd o TpdTog GVVOEGNG TOV TPOYPELUATOC

Brjua 1 :Apyuwd vroioyiCovpe pior apyikny Avom pe v ypnon tov oiyopidpov

nearest neighbor kot vroAoyilovpe T0 KOGTOG TNG.

Brjua 2:Ztmv cuvéyeta yio éva aplOud emovoryewy.

Brjua 2.1:Tiveton vmodoyiopdg pog toyoiog Aong .
Brjua 2.2:Yrmoloyilovpe 10 K6GTOG TG GUYKEKPUEVIS ADONG .

Brjua  3:AkyépBuog 2-opt.

Bnua 3.1:Ta évav apBuod emovorinyewnv

Brjua 3.2:Epapupolovpe tov adyopiBuo 2-opt pe toyaieg arlayéc mve otnv
VYO0 AVOT).

Brjua 3.3:Ymoloyilovpe 10 K6GTOG TG GUYKEKPUEVIS ADONG .

Brjua 3.4:Xvykpivovpe 10 k00610¢ TOL Pripatog 2.2 pe tov 3.3 kol KPATAUE TO
KOAOTEPO aTd TO OLO.

Brjua 3.5:Ztmv enduevn emavainyn tov 2-opt ¥pNOYOTOOVUE TNV AVCT TOV
TpoEkvye amd o Prina 3.4

Brua 3.6:Tého¢ emavaiqyemv 2-opt.

Brjua  4:AlyopBpoc 3-opt

Brjua 4.1:T'a évav apBpd eravoinyemv
Brjua 4.2:Epappolovpe tov alyopiBpo 3-opt pe toyaieg aAloayéc méveo oty
KaAVTEPT ADon Tov 2-0pt.
Brjua 4.3:Yrmoloyilovpe 10 K6GTOG TNG GUYKEKPIUEVIC AVOT|G .
Brjua 4.4:Zvykpivovpe to k60T0¢ TOL Prinatog 2.2 pe tov 4.3 Kol KPOTAUE TO
KOAAVTEPO amd TOL SVO.
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Brjua 4.5:Ztmv endpevn emavainyn tov 3-opt ypNGUYLOTOOVUE TNV ADGT TOV
wposkvye amd To Pripa 4.4
Brjua 4.6:Télog emavainyemv 3-opt.

Brjua  5: AdyopiBuog path-relinking

Bruo 5.1/Exovpe v Avom mov tpoékvye and tov nearest neighbor kot o
TOL TNPOLE GOV KAADTEPT TOV 3-0pt.

Bruo 5.2:Ze ka0e arloyn g Avong tov 3-opt vroAoyilovpe 10 KOGTOG Ko
ocvykpivovpe v kovovpla Aon mov wpape omd tov path relinking
HE TNV KAADTEPT AVoT TOV 3-0pt Kot KPATAUE TNV KOADTEPN.

Brua 5.3:To Path relinking teleidver pe v kadvtepn Avon tov 3-opt va £xet
yivel id1a pe v Adom tov nearest neighbor KpatdvTOg TNV KOADTEPT
Abon mov wpokvmtel and to Prpa 5.2

Brjua  5.4:Z0ykpion g Adong tov nearest neighbor pe tov Prpartog 5.2 kot
EMAOYN NG KAADTEPNG.

Brua 5.5:Emotpoen oto fripa 2.

4.3 O aryoprOpog Tov TAnoiéetepov yeitova (nearest neighbour)

H dwdwoacio tov mAnociéotepov yeitova ypnoLomomOnke yio Tov VIOAOYIGUO
¢ dtadpoung mov Bo akolovfovoe 0 TOANTAG. ZOUPOVO LE AVTIV, 0 TOANTAG Eekvdl
OPYIKA OO U0 TTOAN KOl GTH GUVEYELN EMOCKENTETOL KAOE POPA TNV TANGLEGTEPT] TOAN
and avtv mov Pprokdtav mponyovuévec. H ouykekpiuévn dwdkacio cvveyileton
uéYpL 0 TOANTNG va €yl emoke@el OAec TIG TOAELS aveEapétmg and wo eopd. H
televtaio TOAN TOL EMGKENTETOL EIval 1 apyIkn 0O OOV EKKIVIIGE MOGTE VO KAEIGEL O
KOKAoG. [apaxkdto mapovsialetar fnuatikd n néBodog Tov TANGIESTEPOL YEITOVAL:

1.Exkivnon and évav omolovonmote kOUPo yia T dnpiovpyio TOV LOVOTATION.

2.Bpiokovpe tov kOuPo mov elvor mAnciéotepa otov TEAELTAIO KOUPO TOL
mpootédnke otn dadpour] Kol Tov TpocshEtovpe 6N SladpouT LG,

3. Emavainyn tov mpomyodpevov Pripatog péxpt vo copmepiinefodv Olot ot
KOuPor oy  darypapdpevn dadpoun).

O voAoyIoUOC TV amOoTAcEMV TV KOUP®V petald toug yivetal pe Bdomn tov tHmo:

51



D;_ \/(xj—xi)2+(yj—yi)2 ,OTOL

D, : m vrohoyilopevn amdotacn Tov KOpBov j amd tov kopupo i.
x; : M 0€omn tov kOpuPov 1 ®¢ TPog ToV X- A&ova.
y; =M 6éon tov kopPov j wg Tpog Tov y- GEova.

[Mopaxdto mapovcidleton Puo- Pua o tpdémog avdmtuéng tov adyopiduov
nAnoiéotepov yeitovo( nearest- neighbour) oe éva mpoPAnua dpoporodoynong 10
norev. Onmg givar pavepd axorovbeiton n Pnpatikr] péBodog mov mapovcldoTnKe
TPONYOLUEVAG,.
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Q61660 TOPOAO TOV GYETIKA €D0KOAO KOl KOtavontd Tpodmo Agttovpyiog Tov
nearest neighbour o ovykekpiuévog aAyopOpog dev divel KOAL OTOTEAEGUOTA,
Wwitepa oe mpofAnpata pe peyaro aplBud morewv. Kdati tétoto yivetar gvxola
Katovontod av peketcovpe v PéATIoT Avon  Tov 1d1ov mpoPAnuaTog M omoia
ameloVI(ETOL E YKPL YPOUUES OTO KOTOTEPO GYNUO Kot divovv KoAvtepn Avon.
[Tapéra avtd, ypnowywomombnke otn cvykekpiuévn epyacio Kabmg n Adon mov
TPOEKLYE WE TN (PNON TOL GLYKEKPYWEVOL aAyopiBuov amotéiece tn Pdaon ywo ™
YPNON EVPETIKOV OAyopiOumv mov mETLYAV ONUOVTIKY KEIMON TOL KOGTOLG TMOV
dpoporoyimv.

O norerg H Adon pe ypron nearest neighbour

H Bértiot Aon H andéxhion BéATiotng Avong
ue nearest neighbour

54



[Tapokdrm tapotiBeton YopakmPIoTIKO TOPAIELY IO TANGIEGTEPOL YEITOVA LE TIC
TIWEG OmOSTOONG LETOED KAOE TOANG :

Ekkivnon ato Tov KOuBo 1.

[MpooBnkn Aladpoun

1 1

2 1-2

5 1-2-5

3 1-2-5-3

4 1-2-5-3-4
1-2-5-3-4-1

4.4 AlyoprOpor ferriwong owedpopdv k-opt

Ot aAyopiBuor mov Ba ypnoipomombBodv o1 cvykekpiuévn epyocio ivar ot
evpeTikoi aAyopBpotl tomkng avalmmong 2-opt kot 3-opt. Ot arlydpiBuot 2-opt ko 3-
opt ®¢ aAyoépBpot Tomikng avalnmmong Asttovpyobv mave ce pion 1on vIEapyovco
AOom, OMAadn mave o€ €vo MOM LIAPYOV OPOUOADYIO KOl AEITOLPYOLV GTOOIOKE
BeAtidvovtag t Avom. ‘Etol peidvouv 1o unkog tov dpopoioyiov pEypt vo. umv
VILAPYOLV TAEOV AAAUYEC TOL VO 001 YOOV o€ Tepantép® Peitioon. O akydpiBuot 2-
opt ka1 3-opt elvar o1 mo dradedopévotl adyopBpot Tomkng avalnTnong.

H wéa: Aviicatdotaon ka0e popa K (=2 1 3 ) akpudv Oote 1 vEa EPIKTY| O10OPOUT| VAL
elvol KaAVTEPT At TNV TPOTYOVUEVT).
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Koataokedooe pio apykn otadpopn| 0.

Evtomoe tig k akpég otn 8 e 10 peyarhtepo kOGTOC.

Aéypaye T1g K axpég kot mpdobece k véegs.

Av 1 véa Swdpopr; & N mov mpoékuye eivan koddtepn amd TV & ToTE
0éoe 6= & VA kot Tyawve oTo Pripo 2.

5. Enéotpeye wg Avon 1 8 Kot otapdro.

b

4.5 AkyoprOpog 2-opt

[Toapakdto mopatiBetonr 1 Owdikacio g pebdoov 2-opt kabdC Kot Vo
mopadeiypato PeAtioonc stadpounc 2-opt, 6mov 2 axpég onalovv 10 Oporoidylo o 2
KOULULATLO KOl GTT) GUVEYELD EVAOVOLV TO 2 KOUUATIH VT LE SopopeTikd Tpdmo, OCTE
va €yovpue LEIMOT TOV GLVOAKOV KOGTOVCG,

H dwodkaoio g pebodov 2-opt givar | akdAovdn:

Bijpa 1’ Eoto Ta n tpéyovca dtadpoun

Bijpa 2. ka0 képuPo i=1,...,n:Eetdlovpe OAeg T1g mBavég 2-opt KIVIOELS TOV
umopel va. yivoov amd v I ko v enduevn g péoa oty St dpoun.Av pe
avTd TOV TPOTO UTOPOVUE VO UEIMGOLUE TO KOGTOG TNG O0dpoung, TOTE
emAgyovpe v koAvtepn 2-opt kiviion Kot eappolovpe TG oAAyEC otV
dwopoun T.

Bijpa 3.Av dev unopodpe va Bpovpe emmiéov Pedtioon, STOUATALLE.

2mv xepotepn mepintmon , umopel povaya va gyyonfet 0Tt o kivnon PeAitioong
LELDOVEL TO UNKOG TNG SLOOPOUNG TOVAYIGTOV L LOVADO.

AxorovBovv mapadeiypora:
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Hapdderypa 2-opt Yo TSP pe 7 norers.

‘Ecto I'-A kot H-B ot dvo akpég mov emdéydnkav yio doypagn Kot Oa
onuovpynBotv ot axpég I'-H kot A-B

Enideién g nebodov 2-opt

‘Eocto 6t pog dideton | apykn dwadpoun 1-2-3-4-5 pe kdotog 15.
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Aladikacia
Tpéxouga Avon X: (1,2,3,4,5) 2KOZTOZ= 15

Swap (2,3)  (1,3,2,4,5) > KOSTOz= 18
Swap (2.4)  (14,325) >
Swap (2,5) (1,5,3.4,2) 2
Swap (3,4) (1,2,4,35) 2>
Swap (3,5) (1,25473) >

Swap (4,5) (1,2,3,54) 2

EmiAéyoupe auTth Trou gival KaAutepn amo Tnv X Kai
otroia 9a amoTeAéoel Tn véa Tpéxouoa Auon. H diadikacia
ouveyiletal

4.6 AkyopOpog 3 — opt

Mio BeAtimon tov akyopiBuov 2-opt amoterel o 3-opt. Me tov cuLYKEKPLUEVO
alyopiBpo mn dwdpour dokonteTor o Tpiol KoOppdtio yo peyorvtepn sveMéio oy
TPOTOTOINGT TOL OPOLOAOYIOV Kot aKoAoVOEL TNV 10100 AOYIKY| pe ToV aAyOp1Opo 2-opt.
O aryépBuog 3-opt elvar moAhd mo amotedecpaTikdg and Tov 2-opt kol mpoceyyilet
KaAVtepa T PBéATIoTN AVom apkel oe KAOe dadpoun va VIAPYovY TOLALYIGTOV €6
dwpopetikol kOuPot. O alyoplOpog 3-opt umopel va mpoypotomoindel pe 8
cuvdvacuovg 3 Cevyapiov. Topaxkdto mopateiBetor yopaktnplotikd mopdderypo 3-
opt.
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(
.

b a b ¢ b

Axolovbei 1 dradikacio g pebodov 3-opt:
Bijpa 1'Ecto T n tpéyovca dtadpopun).
Bipa 2.1'a ka0e k6ppo 1, vroroyilovpe Eva chivoro amod kopfovg N(i).

Bipa 3.INa ka0e xopPo i=1,...,n: E&etdlovpe OAeg 11 mbBavég 3-opt KIviGeElg mTov
Umopel va yivouv Kot ot 0Toieg d1aypa@ovy amd TPEIS TAEVPES ExovTag 1) KaOe
po and avtég po TAevpad otnv N(1). Av pe avtd 1oV TPOTO UITOPOVUE VO
LUEIMGOLIE TO KOGTOG TNG Oldpouns t0te emAEyovue TV KoAOTEPN 3-0pt
Kivnon kot epapuodlovpe Tic aAlayéc otnv dwadpoun T.

Bijpa 4.Av dev unopodpe va Bpovpe emmiéov PeAtioon, STOUATALLE.

4.7 ALlyoprOpog emavacvvoesng dradpopm|g

H dwdwoscio g dnpuovpyiag yYpoUUK®Y GUVIVACU®Y VOGS GLVOAOL OVOPOPAS
Abcemv  umopel va xopakTNPIoTEL ¢ ONovPYia S10dPOUMOV HETAED Kol TEPAV OVTMOV
TOV ADGEWV, OOV o€ TETOEG ADGELS Ol d100poUEG UmopohV EMIONG VO YPTCIUEDCOVY
®G TYEC Yo TNV TOPpAy®YN EMTAEOV dpopoAoyiwv. Avtd 0dnyel oe o evpoTEPN
cOAMNYN TG évvolag e onuovpyiog ocovvovaouwy Aocewv. Amd v @O TOLG
1610101 GLVOLOAGHOL Umopel va gival oYESIAGUEVOL OGTE VO TPOKLYOLV OO TNV
dnuovpyic SedPopdY PETAED Kot TEPAV EMAEYUEVOV ADGEMV GTO YMDPO TNG YELTOVIAG

avalnmong .
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Ot Pactkol 6TOYOL TOL EMOUDKOVUE VO EMITUYOVUE UE TNV YPNOT EMAVOGVVOESNG
Sadpoung etvar o1 €€ng:

e  Anuovpyio dStodpopdv peta&d Kot TEPA ADGE®V [Le GKOTO TNV ONIIovpyio VE®V
Moewv mov emiong pmopodv va ypnoipomombovv oty dnovpyia vEwv
S dPOUDOV (GLVIVACUOG AVCEMV).

e Avoelg oty dwdpoun HeTaEL VO YovEwV-AOGE®V polpdlovior Kowvd
YOPAKTNPIOTIKA LLE TOVS YOVEIC TOVG o€ Totkilo Babuo peiEng.

e Kowd «oAd yopoktnplotikd AVGE®V TPOAyoviol KOl  KOWE — KOKG
YOPOKTNPIOTIKA KOTATIECOVTOL OTIC VEES AVGELG.

o Ilpodyetor m mowiAior (=véeg evapktpleg AVGCELS) KOL 1) EVIOTIKOTOINOM
(=ovykévipwon onueiov oe Kahég meployés ) g avalntmong (diversification
and intensification).

[Tapakdtom mopovstalovior OAPopeS EKOOYES TOL YPTCUYLOTOOVVTIOL TOGO Yol TNV
EMAOYT NG EVOPKTIPLOG AVOTC OGO KO YOl TV EMAOYT TG TEAMKNC AVOTG.

e Ilpog ta eunpdg emavacvvoeon owadpopdv(forward relinking):m evopktipilo
AOon ¢ etvan xepotepn amd v Avomn otdyo x’

e [lpog ta micw emavacvvdeon dwdpoudv (backward relinking):m evopxtipia

Abon " elvo KaAvtepn amd v Aom 6100 ¥ .

e [lpog ta micw Kou Tpog ta eumpds enavacHvoeon dtdpopav (back and forward
relinking):xoi o1 6vo S1dPOUES TAPAYOVTOL.

o Avduekmn emavacHvoon odwdpoumv (mixed relinking):or dvo Oldpopég
mopdyovtor  pEYPL UG EVOLOUMEONC  Avone —iong oamdotoong  —Omov
GLUVOVTAOVTOL.

o Tuyoomomuévn enavacvvoeon dwdpoumv (randomized relinking) :0ev

emALyETOL M KOADTEPN Kiviom OALG Lo Tuyoio amd Evov KOTAAOYO LE TIC MO
VTOGYOUEVEC.
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o [lepwcontdpevn emovocvvoeot dadpoumy (truncated relinking): pdévov uépog
™G oadpoung amd v x omv .~ egetdletal.

[Mapdoetypa Aettovpyiag adyopBpov eravacHvoeong dadpoung (path relinking)
‘Eoto 6t m apyikry Abon pov yuoo éva 0popoAdylo mapddoong Tpoidvimv eivol To

akoAovBo(omov ot Téc and 2 €wog 11 amotelodv tovg otabuovg mapddoonc,10
otafpol Tapadoong)

APXIKH AYZH
] 2 3 4 5 6 7 8 9 10
3 | 5 | 8 | 1| 4 ] 6 | 7 | 10| 9 |

‘Eoto topa pia tuoyaio Avon yio avtiotoryo dpopordylo mapddoons tpoidvimv pe 10
otafpovg.

TYXAIA AYSH
1 2 3 4 5 6 7 8 9 10
5 | 6 | 2 ] 10 ] 3 | 11| 9 | 4 | 8 | 7

O path relinking Aettovpyet €xovtag cav <<odnyo>> pa apykn Avon kot tpocmadel
HECH MG TuYaiag ADONG VO TPOGEYYICEL TNV OPYIKN EVEATIOTOVTAG OVTEC Ol
YETOVIKEG aAAaYEG Tov Oa mpoaypotomromBovy vo emeEpovy o kaAdtepn AOGT and
dmoymg KOGTOLS Yo TO TPOPAN O SPOUOAOYNONG LLOG.

O aly6pBuog path relinking eEglMooeton og €ENG:

Apyikd tpoonabel va evtormicel T B€om Tov GTOLEiOL TG TPDOTNG BEOMG TG APYIKNG
AMong OnA. 10 3 otV TuYoio AVOM. XTO GLYKEKPLUEVO TTAPAdELYO TO oTotyEio 3
Bpioketar omv Béon 5 g tuyaiag Avong. Xy cuvéxeln KAvel avtipuetdbeon to
otoryeio g Béong 5 g Tuyaiag Avong pe to otoryeio 1 ¢ Tuyaing Avong Kot 1 véa
Toyaio AVom mov TPoKHTTEL EXEL G EENG:

NEA TYXAIA AYZH
1 2 3 4 5 6 7 8 9 10
| 6 | 2 |10 |5 [ 1n | 9 | 4 [ 8 | 7

Ymv ovvéyewn mpoomadei va gvromicetl ™) B¢om tov oToryEiov TG devTEPNS BEOoNG TNG
apykng Avong dni. 10 5 otV véa tuyaio AHoN. TO GUYKEKPUEVO TOAPAOELYLLO TO
otoyeio 5 Ppioketar otnv Béon 5 g tuyaiag Adong. XV ocvvéxEw KAvel
avtetdfeon to otoryeio g Béong 5 g véag Tuyaiag Abong pe To otoryeio 2 g
véag Tuyaiog Abong Kot 1 véa Tuyaio AVGT| TOL TPOKVTTEL EYEL WG EENG:

NEA TYXAIA AYSH
1 2 3 4 5 6 7 8 9 10
3 | 5 ] 2 ] 10 ] 6 | 11| 9 | 4 | 8 | 7




Ymv ovvéyewn mpoomabel va evromicel ) B€on Tov oToryeiov g Tpitng BEong g
apykng Avong dnA. 1o 8 ,otnv véa Tuyaio AOoN. £TO CLYKEKPIUEVO TAPASELYUO TO
otoyeio 8 Ppioketar omv Béon 9 g toyoiog Adong. v cuvéxsln Kdvel
avtyetdfeon 1o otoryeio g Béong 9 g véag Tuyaing Adong pe o otoeio 3 g
véag Tuyaiog Adong Ko 1 véa Tuyaio ADGT TOV TPOKVTTEL EYEL OC EENG:

NEA TYXAIA AYSH
1 2 3 4 5 6 7 8 9 10
3 | 5 | 8 |10 |6 | 11 ] 9 | 4 | 2 |

2mv ovvéxela o adlyoplBunog covveyilel pe tov 010 tpomo péypic 6tov 1 véa tuyoio
Aoon yiver idwa pe v apywun. [Hopakdtom tapovcidletar 1 e£EMEN Tov aAdyopifuov:

I'IA 4" @EZH NEA TYXAIA AYSH

1 2 3 4 5 6 7 8 9 10
. 3 | 5 | 8 |11 ] 6 | 10] 9 | 4 | 2 |

I'IA 5" @EZH NEA TYXAIA AYSH

1 2 3 4 5 6 7 8 9 10
3 | 5 | 8 |11 ] 4 | 10] 9 | 6 | 2 |

I'IA 6" OEZH NEA TYXAIA AYZH

1 2 3 4 5 6 7 8 9 10
3 | 5 | 8 |11 | 4 | 6 | 9 | 10] 2 |

I'IA 7" OEZH NEA TYXAIA AYSZH

1 2 3 4 5 6 7 8 9 10
3 | s | 8 |1t | 4 | 6 | 7 | 10] 2 |

Xe autn TV oTtyun PAEmovpe 0Tt otn B€on oKT® NG aPYIKNG Hog Avong Ppioketon 10
otoeio 10 ,0pm¢ 6mwg gaivete kol otn 0€on okt® ™G vEag pag Tuyaiog Avong
Bpioketar to otoyeio 10 , omdTe oMV WEpimTmon avt M véa pag Tuyaio Avon
TOPOAUEVEL AUETAPANTN.

I'TA 8" @EXH NEA TYXAIA AYZH
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3 | 5 | 8 |11 | 4 | 6 | 7 | 10| 2 |
I'IA 9" @EZH NEA TYXAIA AYZH
1 2 3 4 5 6 7 8 9 10
3 | 5 | 8 |11 | 4 | 6 | 7 | 100] 9 |

e avtn Vv otiyun PAémovpe 6t otn B€om déka TG apykng pag Avong PpickeTon 10
otoyeio 2 ,0pm¢ 6mmwg @aivere kol otn 0€om Oéka TG vEoS oG Tuyoiag Avong
Bpioketar 10 otoyeio 2 , omdte oV mepimTon avTR N vED HOG TuYoio AVOT|
TOPOUEVEL QUETAPANTY, Kol oAokAnpodveTor o odyopiBuog path relinking kabdg n
aPYIKN HOG AVCT cuumintel pe v véa Tuyaio AVon.
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KE®AAAIO 5:Anoteléopata

5.1 Apyikd amoteréopata

To amoteAéopato mov TPoEKLYOV OO TN YPNON TOL TPOYPAUUATOS MHOG (TTOL
nepthapPdvel tov nearest neighbor, 2-opt, 3-opt, path relinking) Mtav Wwitepa
evBappuovtikd. To mpdypappo pog tpéyer ywr OAo To dedopévo pog (meAdrteq)
EEKIVAVTOC TAVTO OTO TNV KEVIPIKN oroOnKmn ave@odlaciol mov ival To vOLEPO Eval
ota dedopéva pag , emiong Bempovpe 6TL 1 dtovoun) yiveton amd Eva Kot Lévo dymua
70 01010 KAVEL TOAAES O1ULOPOLES.

To omoteAécpota mpoékvyav Pdaloviag va tpéxet 25,50,75,100 ocvvorukég
eEMTEPIKEC EMAVOANYELG, LLE ECMOTEPIKEG EMAVAANYELS OAOL 01 JVVOTOL GLVOLOGHOL TOV
dedopévav avd 600 yuo Tov 2-0pt Kol E0MTEPIKES EMAVAANYELS Yo ToV 3-opt GAoL o1
duvartol cuvdvacpol Twv dedopévav ava tpia, evd yio tov path relinking tpéyet pe
TOGEG ECMTEPIKEG EMAVAANYELS 0G0 0 aplBUOC Yo KAOE TaKETO dedoUEVDV. AC dOVUE
TO OOTEAECLOTO TTOV TTPOEKVYOV Yoo KABe Evav aplBud emavolyenv eEetaloviog
apYIKd To YIMOUETPO TOL dPOUOAOYIOL Kot TG AT LEWDVOVTAL 6€ KAOE ETAVAANYT
o KaBévav amd tovg 4 adyopibuovg. Dvoikd o aryopiBuog Nearest Neighbor dev
emoEyxeTol PEATIOON OTIC EMOVOANYELG.

210 AmOTEAEGHATA OV TAPOLGLALOVTOL TTAPOKAT® £YOLUE TNV SVVATOTNTO VO
dovpe g eEediooeTor 0 aAyOPIOLOG ETAVOANTTIKNG ETAVAGHVOESNC OLOOPOUDY E
¥pPNon TomKNG avalfTnong oL KOTOCKEVACOUE Yo TNV EMIALGCT OPOUOADYNONG
OYNUATOV GE VO GUVOAO OKTM ETAVOAYEDY Y10 TO TPMTO TOKETO OEOOUEVOV LLOGC.

Onwg yivetor ovtiinmtd mopovcsidlovior méEvie TWEC o€ kAbe emavaAnym Tov
alyopiBuov. Ot tipég avtég eivon o1 €ng:

Initial:Onov  avtupocwnedel 10 YUMOUETPIKO KOGTOG NG OapYKNG AOoNG Tov
TPOPANUATOC O TTOL TPOKVTTEL Ad TNV TVUY i OMovpyict StdPOuNS.

2-opt: Omov  AVTITPOGOTEVEL TO YIMOUETPIKO KOGTOG TNG AHONG TOV TPOKVTTEL OO
™V EQUPUOYN TOV adyopiBuov 2-opt Tavm oty TuYaio AV dTmg avapépinke
TOPOATAVE.

3-opt: Onov avtmpoownedel TO YUMOUETPIKO KOGTOG TNG AVOTG TOL TPOKVTTEL OO
v €QOpUOYn ToL oAyopifpov 3-opt mhve oV KOAVTEPT Omd TAELPAC
YAOUETPIKOV KOGTOLG AVOTC TOL adyopiBuov 2-opt.
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After path relinking: Avtimpocsmnevel T0 YIAMOUETPIKO KOGTOS TOV TPOKVTTEL OO TNV
epapuoyn tov aiyopibuov path relinking méveo oty kaAdtepn
amd TAEVPAG YIMOUETPIKOV KOGTOVE AVGTG TOV 3-0pt.

Best:Avtinpoconeder v koAOtepn AVon omd TAEVPAS YIAMOUETPIKOD KOGTOLG
avéapeca omd Tig AOGELS TOV TPOKVTTOLV Otd TOVS TPOoovaPePBEY adydpOpovg 2-
opt kot 3-opt ko path relinking kou 0nwg eivar puceloloyikd givor 1 petaAnt
oL pag oivel v kaAdtepn Avom tov tpoPAnuatog. [pénel va avapépovpe 0Tt 0
alyopiOpoc mov kotackevdoope kpotdel v Pédtiom (best) Avon g KdaOe
EMOVOANYNG KOl OTNV GLVEYEWD EMELTO amd oLYKPION OA®V TeV PEATIGTOV
AMoGe®v 10V ap1BoD ETAVOANYEDY TOL TPOPANUATOC LOG KPOTAEL TNV KOADTEPN.

AK0AOVOOVV OVOALTIKA TO OTOTEAEGUATO TOL TPOYPAULOTOS YO GUVOAO OKT®
EMAVAAYEDV

1/8

initial:1712.0334
2-0pt:660.803
3-opt:650.8582
best:650.8582, after path relinking:650.8582

Metd 10 1éAOC NG TMPAOTNG emaviAnyng mapotnpodue Ott aAydpiBupog 2-opt
BeAtiwver katd 1051.2304 yaodpetpa (62 %), evd o 3-opt Bertidvel Tov 2-opt Katd
9.9448 ywaopetpa (1.5 %) poévo. Ev  ovveyeio PAEmovpe 611 0 aAdyopiBpog path
relinking oev emeépel KaAvtepT Peitioon and tov 3-opt.

2/8

initial:1719.7837

2-0pt:562.5884

3-opt:562.5884

best:562.5884, after path relinking:562.5884

Metd to téhog NG deVTEPNG EMAVAANYNG TOPpATNPOLUE OTL O aAlyopiBuoc 2-opt
Bertiover koatd 1157.1953 yilopetpa (67 %) ,evd o 3-opt kaBadg kot o path relinking
dev empépovv mepatépw Pertioon, mpdypa mov cupPaivel Kot 6TIG VTOAOITES OKTM
EMOVOANYELS. AVTO 0QEIAETOL GTO YEYOVOS OTL aAyOpIOLOC 2-opt HEG® TV GAAYDV
OV TPOYUOTOTOEL KAAVTTEL TO UEYAAVTEPO €DPOG TV SVVATAOV EVOEYOUEVOV , LE
amotélecpo ot adlyopiduot 3-opt kot path relinking vo duvokoAgbovtal vo EvIomicovV
KaAVTEPES AOGELG.
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3/8

initial: 1651.0034
2-opt:578.4592
3-0pt:578.4592
best:578.4592, after path relinking:578.4592

4/8

initial: 1807.5751
2-0pt:619.1248
3-0pt:619.1248
best:619.1248, after path relinking:619.1248

5/8

initial:1636.6162
2-0pt:628.2944
3-0pt:628.2944
best:628.2944, after path relinking:628.2944

6/8

initial:1646.9867
2-0pt:607.5298
3-0pt:607.5298
best:607.5298, after path relinking:607.5298

7/8

initial: 1586.8031

2-opt:636.3242

3-0pt:636.3242

best:636.3242, after path relinking:636.3242




8/8

initial:1705.339
2-0pt:608.5436
3-0pt:608.5436
best:608.5436, after path relinking:608.5436

H 8w axpipag dwdwosio mtapovsioong anotehecpdtov akolovdeitor yio OAeS Tig
EMAVAAYELS OADV TOV TOKETMOV dEGOUEVMV TOL TPOPANUATOC LA,

210 ovykekpluévo onueio  mapovotdleTor  €vag  GUVOTMTIKOG — TvVOKOG — TMV
ATOTEAEGUATOV TOV TPOPANUOTOC HETE TO TEPAS TOV EMOVOAYE®V HOG KaOMG Kot 0
TPOTOG e Tov omoiov e&eAlyOnkav ot adyopilBupolr mov ypnopomomdnkav yo. v
enilvon Tov TpoPApaTOG.

AIIOTEAEXMATA
TTAKETA APIOMOX API®MOX APIOMOX API®MOX BEATIETH
AEAOMENON | EITANAAHYEQN | EMANAAHYEQN | ETANAAHYEQN | EIIANAAHYEQN | AYZH
25 50 75 100
LITAKETO
AEAOMENOQN 555.8 540.3 554.2

2.ITAKETO

AEAOMENQN 935.5 893,9
3.ITAKETO

AEAOMENQN 914.51 936.31
4.ITAKETO

AEAOMENQN 1315.83 1248.57 1284.13
5.ITAKETO

AEAOMENQN 1705.32 1612.12 1587.54

*Me kokkwvo ypoupo yopaktnpilovror ot koAvtepec dvvatég Avoelg omd
Bhoypapio Tov TPOPANUATOS EVD HE TPAGIVO YPOUE Ol KOADTEPEG AVCELS TOV
aAyopiBpov pog Tov EVTOTIGTNKOV GTOV OvTioTOlX0 apBud eravainyeny. Onwg eival
QLGIOAOYIKO Ol KOAVTEPES ADGEIS TOL adyopiBuov pog dev evromilovtal mhvio GTovV
HeyoAVTepo apBpd emavalnyemv oAAd Kou oe HkpOTEPO ,KaBMG o1 drdikacio
EMAOYNG SdpopdV HEG® TOv oAyopiBuov pag yivetar tvyoio. Av Tpéyoue TOV
aAyoplOpo poc oe PeEYoADTEPO aplBRd eTaVOAYE®Y eVOEYOUEVOC Ba PTAVAUE OTIG
KOAOTEPES OLVATEG ADGELG TOV TPOPANOTOG LG (KOKKIVO PO ).
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To mopakdto® ypaenuote mTOPOVGIALOVY  AVOAVTIKA TOV TPOTO  €EEMENG TOL
alyopiBuov emiAvong tov TPOPAUATOC HOG YioL OA TO TAKETA OEGOUEVMV KoL Y10l
aplBpd emavoryemv €KATO.

[poapikr] ovomapdoTtoon OmOTEAECUATOV YO0 TPOTO TOKETO OEOOUEVOV  TOV
neprioppdavel 51 onueio Topddoonc Le TOV TEPLOPIGHUO YOPNTIKOTNTAS TOV POPTIYOD
va kopatveton otig 160 povades yuo 100 emavainyelg

Kdarog perdfoon

?DD T T T T T T T T T
2-opt, 3-opt Path relinking
- —Mearest Neighbour
*  Béhngrm Aban
= Bal .
i
=
E
< \
E=
=
—
L]
% A
L B00 - /\
w10
Y2942
|
55'] 1 | | 1 | | | | |
a 10 20 30 40 a0 G0 70 80 a0 100

# Emrova hfpeig

Onwg PAEmovpe N BéXTIOTN Ao oL vtomilel 0 alyopOuog pog o 100 emavaAnyelg
Bpioketar otnv 10" emovaAnym ko éxet v T 554.2 (vopEPETaL Kol GTOV AVOTEP®
TIVOKO OTOTEAEGUATOV TOV TPOPANLLATOG).

Eniong yiveron avtiinmtd 6Tt o1 S1aKVUAVGES TV AVce®V eplopilovtat péca o
€vo. aVAOTEPO KOl KATAOTEPO 0akpdTEPO. Omov avmdtepo akpotato givor 1n AV mov
TPocdidel 0 nearest neighbor, evd 10 KATOTEPO aKPOTATO £ivol KOVTO GTNV KOADTEP
dvvatny AVor Tov TPOPANUATOG OTMG Elval KOl PUGIOAOYIKO.
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Me tov 1010 tpémo avoAhoviol Kol TO OTOTEAECUOTO TMOV VTOAOITOV TOKETMV
dedopéEvmV.

[poapikr] ovomapdoTtocn omOTEAECUATOV Yo, OEVTEPO TOKETO OEOOUEVAOV  TTOV
mepiappdavel 76 onueio TopddooNC LE TOV TEPLOPIGUO YOPNTIKOTNTASC TOV POPTITYOD
va kopaiveton otig 140 povadeg yuo 100 emavainyelg

Kdarog perdfoon
1040 . . . T . . . . .
2-opt, 3-opt Path relinking
- —Mearest Meighbour 14
*  Béhngrm Aban
1000 - \{ -

1020

(]
]
-
T
|

SE0 .

840

v okl ATTagTaor

520

500

=l

T
=
oo
=
=
[}

|

BED | | | 1 | | | | |
a 10 20 30 40 a0 B0 70 80 80 100

# Emrova hfpeig

Onwg PAEmovpe N BéXTIOTN Ao oL vtomilel 0 alyopOuog pog o 100 emavaAnyelg
Bpioketar otnv 20" emovdAnym ko éxet v T 870.3 (avopEpETal Kol 6TOV aveTEP®
TIVOKO OTOTEAEGUATOV TOV TPOPANLLATOG).

Eniong yiveron avtiinmtd 6Tt o1 S1aKVUAVGES TV AVce®V eplopilovtat péca o
€vo. aVAOTEPO KOl KATAOTEPO 0akpdTEPO. Omov avmdtepo akpotato givor 1n AV mov
TPocdidel 0 nearest neighbor, evd 10 KATOTEPO aKPOTATO £ivol KOVTO GTNV KOADTEP
dvvatny AVor Tov TPOPANUATOG OTMG Elval KOl PUGIOAOYIKO.
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[papikr] avomapdotoon omoTeAECUATOV Yoo TPITO  TOKETO  OEOOUEVAOV  TTOV
neptioppdavel 101 onueia mopddoonc pe ToV TEPLOPIGUO YOPNTIKOTNTOS TOV POPTI YOV
va kopatveton 6tig 200 povadeg yuo 100 emavalnyers.

Kaarag perdfaong

13':":' T T T T T T T T T
Z-opt, 3-apt Path relinking
19280 b - — Mearest Meighbour =
*  Bghngrn Adar

1200 - .
=
2 1150 i
=
E
<L 1100 .
=
=
—Z
[}
= 1050 -
L]

1000 - U =

950 ¥ B .

WE129
]
9':":' | 1 | | | | | | 1
a 10 20 30 40 a0 B0 70 80 80 100

# ETravaysc

Onwg PAémovpe mn PéAtiotn Adon mov eviomiler o aiyopiOuog pog oe 100
enavolqyels Ppioketor oty 66" emaviinyn ko £xel v Tipn 912.9 (avaeépetar kot
GTOV OVAOTEP® TIVOKO OTOTELEGULATOV TOL TPOPANUATOC).

Eniong yiveron avtiinmtd 6t ot dtakvpdvoelg tov Avcemv meplopilovion HEca 6g
€vo, OVOTEPO KOl KATAOTEPO 0kpdTEPO. Omov avmdtepo axpotato givor 1 AV 1oL
mpoacodidel o nearest neighbor, evd 10 KOTOTEPO AKPOTUTO EIVOL KOVTA GTNV KAADTEPT
dvvatn AVom Tov TPOPANUATOS OTMG Elval KOl PUGIOAOYIKO.
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Ipopikn  avomapdoTacy) OTOTEAEGUATOV Y0 TETOPTO MOKETO OESOUEVOV OV
neprioppdavel 151 onueia mopddoonc pe ToV TEPLOPIGUO YOPNTIKOTNTOS TOV POPTI YOV
va kopaiveton otig 200 povadeg yio 100 eravaAnyerc.

Kdarog perdfoon

155':' T T T T X T T T T T
2-opt, 3-opt Path relinking
1600 - - —Mearest Neighbour .
*  Béhngrm Aban
1550 .
= 1500 - .
=
2 1480
=
g
£ 1400 F
[}
=
L1350 - V .
1300 “\ .
12650 =
*
12[":' | | | 1 | | | | |
a 10 20 30 40 a0 G0 70 80 a0 100

# Emrova hfpeig
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Onwg PAémovpe m PBéAtTiot Adon mov eviomiler o aiyopiBuoc pog oe 100
enavolqyelg Ppioketan oty 30" eraviinyn kot et v Tipn 1222 (avoeépeton Kot
GTOV OVOTEP® TTIVOKO OTOTEAEGUATOV TOV TPOPANLLATOG).

Eniong yiveron avtiinmtd 6t ot dtakvpdvoelg tov Avcemv meplopiloviot pEca 6g
€vo, OVAOTEPO KOl KATOTEPO 0kpdTEPO. Omov avmdtepo akpotato givor 1n AV 1oL
TPocdidel 0 nearest neighbor, evd 10 KATOTEPO aKPOTATO £ivOl KOVTO GTNV KOADTEPY
dvvatn AVor Tov TPOPANUATOG OTMG Elval KOl PUGIOAOYIKO.

I'pagikn avomapdoTaoy OTOTEAEGUAT®OV Yol TETOPTO TOKETO OEOOUEVAOV  TOV
nepthapPavel 201 onpeio Topadoons Le TOV TEPLOPICUO YOPNTIKOTNTAG TOV POPTN YOV
va kopaiveton otig 200 povadeg yio 100 eravoAnyerc.

Kdarog perdfoon

19':":' ] 5 R | ? z T T T T T
[ 2-opt, 3-opt Path relinking
- —Mearest Neighbour
Haalls +*  BaAnaTn Al |
| T

1800 - i
=
=
=
E 1750
=
g
= 1700 1
[}
=
L~J

1650 - I'l .

1600 - .

*
155'] | | | 1 | | | | |
a 10 20 30 40 a0 G0 70 80 a0 100

# Emrova hfpeig

Onwg PAémovpe m PBéAtTiotn Adon mov eviomiler o aiyopiBuoc poag oe 100
enavolqyelg Ppioketon otnv 12" emovddinyn kol éxet v Ty 1558 mepimov
(VOPEPETOL KO GTOV OVOTEPM TIVOKO, ATOTEAEGLATOV TOL TPOPANUOTOC).

Emiong yiveron avtiinmtd 6t ot dtakvpdvoelg tov Avcemv meplopiloviot pEca 6g
€vo, OVOTEPO KOl KATOTEPO 0kpdTEPO. Omov avmdtepo axpotato givor 1 AV 1oL
mpoacodidel o nearest neighbor, evd 10 KOTOTEPO AKPOTUTO EIVOL KOVTA GTNV KAADTEPT
dvvatn AVoT Tov TPOPANUATOG OTMG Elval KOl PUGIOAOYIKO.
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5.2 IMapovciaocn 0edopuévav

[Mopakdtm Bo yivel Tapovcioon TOV TAKETOV 0E00UEVAOV TOL YPNCLOTOMONKAY Yid
TV €niAvon Tov aAdyopibuov.

ITAKETO AEAOMENQN 1

Avvotodmta yopntikotnrag: 160

Ap1Ouoc otabumv Yuvtetaypéveg oTofudv Xopntikotra
eEummpEnong eEumnpétnong TapoyyeEAog
NN S

51

1 30 40 0
2 37 52 7
3 49 49 30
4 52 64 16
5 20 26 9
6 40 30 21
7 21 47 15
8 17 63 19
9 31 62 23
10 52 33 11
11 51 21 5
12 42 41 19
13 31 32 29
14 5 25 23
15 12 42 21
16 36 16 10
17 52 41 15
18 27 23 3
19 17 33 41
20 13 13 9
21 57 58 28
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22 62 42
23 42 57
24 16 57
25 8 52
26 7 38
27 27 68
28 30 48
29 43 67
30 58 48
31 58 27
32 37 69
33 38 46
34 46 10
35 61 33
36 62 63
37 63 69
38 32 22
39 45 35
40 59 15
41 5 6
42 10 17
43 21 10
44 5 64
45 30 15
46 39 10
47 32 39
48 25 32
49 25 55
50 48 28
51 56 37
I[TAKETO AEAOMENQON 2

Avvatdmta yoprrikotrog: 140

Ap1Ouo¢ otabumv
eEumnpétnong

\

76

ga b~ WN P

16
10
28

15
14

19
11
12
23
26
17

15
14

27
13
11
16
10

25
17
18
10

Yuvtetayuéveg oToOUmOV

gEummpétnong

Xopntkotnro
ToparyyeAiog

NS

40
22
36
21
45

40
22
26
45
35

18
26
11
30
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© 00 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

55
33
50
55
26
40
55
35
62
62
62
21
33

62
66
44
26
11

17
41
55
35
52
43
31
22
26
50
55
54
60
47
30
30
12
15
16
21
50
51
50
48
12
15
29
54
55
67
10

65

20
34
50
45
59
66
65
51
35
57
24
36
44
56
48
14
13
13
28
43
64
46
34
16
26
26
76
53
29
40
50
10
15
66
60
50
17
14
19
48
30
42
15
21
38
56
39
38
57
41
70
25
27

21
19
15
16
29
26
37
16
12
31

19
20
13
15
22
28
12

27
14
18
17
29
13
22
25
28
27
19
10
12
14
24
16
33
15
11
18
17
21
27
19
20

22
12
19
22
16

26
14

75



59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

40
70
64
36
30
20
15
50
57
45
38
50
66
59
35
27
40
40

60
64

20
30

70
72
42
33

oo

60
24
20
37

ITAKETO AEAOMENQN 3

Avvatotta yopntikotnroc:200

Ap1Ouoc otabumv
eEumnpénong

\

101

© 00N Ul WN P

e
(N )

12
13
14
15
16
17
18
19
20

21
24
13
15
18
11
28

37
30
10

11

[N

10
20

Yuvtetaypuéveg oTodpdV

eEumnpénong

Xopntkotnro
ToparyyeAiog

SN

35
41
35
55
55
15
25
20
10
55
30
20
50
30
15
30
10

5
20
15

35
49
17
45
20
30
30
50
43
60
60
65
35
25
10

5
20
30
40
60

10

13
19
26

a1

16
16
12
19
23
20

19

12
17
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

45
45
45
55
65
65
45
35
41
64
40
31
35
53
65
63

20

60
40
42
24
23
11

N

13

47
49
27
37
57
63
53
32
36
21
17
12
24
27
15
62
49
67
56
37
37
57
47

65
20
10

35
20
30
40
37
42
60
52
69
52
55
65
60
20

12
25

12

14
38
48
56
52
68
47
58
43
31
29
23
12
12
26
24
34
24
58
69
77
77
73

39
47
56
68
16

11
18
29

17
16
16

21
27
23
11
14

)]

16
31

(6200, ]

18
16

27
36
30
13
10

14
18

()]

18
28

13
19
10

20
25
25
36

15
25
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74 44 17
75 46 13
76 49 11
77 49 42
78 53 43
79 61 52
80 57 48
81 56 37
82 55 54
83 15 47
84 14 37
85 11 31
86 16 22
87 4 18
88 28 18
89 26 52
90 26 35
91 31 67
92 15 19
93 22 22
94 18 24
95 26 27
96 25 24
97 22 27
98 25 21
99 19 21
100 20 26
101 18 18
I[TAKETO AEAOMENQN 4

Avvatotnta yopntikoétntag :200

ApOuods otabumv
gEumnpénong

\

151

© 0O ~NO UL WNPF

18
13
14

23
26
16
11
41
35
26

15

[N

22
27
20
11
12
10

17

Yuvtetayéveg oTofpdv

gEumnpénong

Xopnrikotnta
TapoyyeEAiog

SN

35
41
35
55
55
15
25
20
10

35
49
17
45
20
30
30
50
43

10

13
19
26

© U1 W
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

55
30
20
50
30
15
30
10

20
15
45
45
45
55
65
65
45
35
41
64
40
31
35
53
65
63

20

60
40
42
24
23
11

N

13

47
49
27
37
57
63
53
32
36
21
17
12

60
60
65
35
25
10

20
30
40
60
65
20
10

35
20
30
40
37
42
60
52
69
52
55
65
60
20

12
25

12

14
38
48
56
52
68
47
58
43
31
29
23
12
12
26
24
34
24

16
16
12
19
23
20

19

12
17

11
18
29

17
16
16

21
27
23
11
14

(&)

16
31

(6206, ]

18
16

27
36
30
13
10

14
18

()]

18
28

13
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

24
27
15
62
49
67
56
37
37
57
47
44
46
49
49
53
61
57
56
55
15
14
11
16

28
26
26
31
15
22
18
26
25
22
25
19
20
18
37
49
52
20
40
21
17
31
52
51
42
31

12

58
69
77
77
73

39
47
56
68
16
17
13
11
42
43
52
48
37
54
47
37
31
22
18
18
52
35
67
19
22
24
27
24
27
21
21
26
18
52
49
64
26
30
47
63
62
33
21
41
32
25
42

19
10

20
25
25
36

15
25

18
13
14

23
26
16
11
41
35
26

15

[

22
27
20
11
12
10

17

30
16

21
15
19
23
11

19
29
23
21
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116 36 16 10
117 52 41 15
118 27 23 3
119 17 33 41
120 13 13 9
121 57 58 28
122 62 42 8
123 42 57 8
124 16 57 16
125 8 52 10
126 7 38 28
127 27 68 7
128 30 48 15
129 43 67 14
130 58 48 6
131 58 27 19
132 37 69 11
133 38 46 12
134 46 10 23
135 61 33 26
136 62 63 17
137 63 69 6
138 32 22 9
139 45 35 15
140 59 15 14
141 5 6 7
142 10 17 27
143 21 10 13
144 5 64 11
145 30 15 16
146 39 10 10
147 32 39 5
148 25 32 25
149 25 55 17
150 48 28 18
151 56 37 10
I[TAKETO AEAOMENQN 5
Avvoatdmta yopntikdttag:200
ApOuods otabumv SVVTETAYUEVES OTAOUMV
eEumnpémong eEumnpémong

\

Xopntikdtnra
TapoyyeEAiog

SN
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35
41
35
55
55
15
25
20
10
55
30
20
50
30
15
30
10

20
15
45
45
45
55
65
65
45
35
41
64
40
31
35
53
65
63

20

60
40
42
24
23
11

N

13

47
49

35
49
17
45
20
30
30
50
43
60
60
65
35
25
10

20
30
40
60
65
20
10

35
20
30
40
37
42
60
52
69
52
55
65
60
20

12
25

12

14
38
48
56
52
68
47
58

10

13
19
26

)]

16
16
12
19
23
20

19

12
17

11
18
29

17
16
16

21
27
23
11
14

al

16
31

g1 o

18
16

27
36
30
13
10
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

27
37
57
63
53
32
36
21
17
12
24
27
15
62
49
67
56
37
37
57
47
44
46
49
49
53
61
57
56
55
15
14
11
16

28
26
26
31
15
22
18
26
25
22
25
19
20
18
37
49
52
20

43
31
29
23
12
12
26
24
34
24
58
69
77
77
73

39
47
56
68
16
17
13
11
42
43
52
48
37
54
47
37
31
22
18
18
52
35
67
19
22
24
27
24
27
21
21
26
18
52
49
64
26

14
18

)]

18
28

13
19
10

20
25
25
36

15
25

18
13
14

23
26
16
11
41
35
26

15

=

22
27
20
11
12
10

17

30
16
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106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

40
21
17
31
52
51
42
31

12
36
52
27
17
13
57
62
42
16

27
30
43
58
58
37
38
46
61
62
63
32
45
59

10
21

30
39
32
25
25
48
56
22
36
21
45
55
33
50

30
47
63
62
33
21
41
32
25
42
16
41
23
33
13
58
42
57
57
52
38
68
48
67
48
27
69
46
10
33
63
69
22
35
15

17
10
64
15
10
39
32
55
28
37
22
26
45
35
20
34
50

21
15
19
23
11

19
29
23
21
10
15

41

28

16
10
28

15
14

19
11
12
23
26
17

15
14

27
13
11
16
10

25
17
18
10
18
26
11
30
21
19
15
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159 55 45 16

160 26 59 29
161 40 66 26
162 55 65 37
163 35 51 16
164 62 35 12
165 62 57 31
166 62 24 8
167 21 36 19
168 33 44 20
169 9 56 13
170 62 48 15
171 66 14 22
172 44 13 28
173 26 13 12
174 11 28 6
175 7 43 27
176 17 64 14
177 41 46 18
178 55 34 17
179 35 16 29
180 52 26 13
181 43 26 22
182 31 76 25
183 22 53 28
184 26 29 27
185 50 40 19
186 55 50 10
187 54 10 12
188 60 15 14
189 a7 66 24
190 30 60 16
191 30 50 33
192 12 17 15
193 15 14 11
194 16 19 18
195 21 48 17
196 50 30 21
197 51 42 27
198 50 15 19
199 48 21 20
200 12 38 5

[Mapakdtm tapovoidletarl Evog evoekTikog wivakag 10 otoryeimv mov amotedeital
TIC OMOCTAGELS TOV GLYKEKPWEVOV otoryeiov petald tovg .Ta undevikd mov
TP TNPOVUE OPEILOVTOL GTO OTL AVOPEPOVTOL GTNV aOGTACT) TOL KBE GTOrKElOVL OO
tov €00Td Tov. O TOPUKAT® TiVaKoS ATocTAcE®V dnpovpyeitanl og KaOe TpE€ipo Tov
TPOYPAULATOS LG AVAAOYOL LLE TO TOKETO OEOOUEVMVY TTOL dtayepileTar.
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0
13,89244
21,0238
32,55764
17,20465
14,14214
11,40175
26,41969
22,02272
23,08679
28,3196
12,04159

13,89244
0
12,36932
19,20937
31,06445
22,2036
16,76305
22,82542
11,6619
24,20744
34,0147
12,08305

ITINAKAX AITOXTAXZEQN 10 XTOIXEIQN

21,0238
12,36932
0
15,29706
37,01351
21,0238
28,07134
34,9285
22,2036
16,27882
28,07134
10,63015

5.3 Xvpnepaopora

32,55764
19,20937
15,29706
0
49,67897
36,05551
35,35534
35,01428
21,09502
31
43,01163
25,07987

17,20465
31,06445
37,01351
49,67897
0
20,39608
21,0238
37,12142
37,64306
32,75668
31,40064
26,62705

14,14214
22,2036
21,0238

36,05551

20,39608

0
25,4951

40,22437

33,24154

12,36932

14,21267

11,18034

11,40175
16,76305
28,07134
35,35534
21,0238
25,4951
0
16,49242
18,02776
34,0147
39,69887
21,84033

26,41969
22,82542
34,9285
35,01428
37,12142
40,22437
16,49242
0
14,03567
46,09772
54,03702
33,30165

22,02272
11,6619
22,2036

21,09502

37,64306

33,24154

18,02776

14,03567

0

35,80503

45,61798

23,70654

23,08679
24,20744
16,27882
31
32,75668
12,36932
34,0147
46,09772
35,80503
0
12,04159
12,80625

H ovykekpipévn miopatiky] epyocio emilvel 10 mpofAnua dpopordynong
oynudTov yoo T dtavoun mwpoidvtwv oe Evav apliud TEAATOV HE GLYKEKPUUEVES
ovvtetayuéves. o v emilvon tov mpoPAnuatoc avtod ypnoiomombnKoy ot
alyopiBuol nearest neighbor, 2-opt, 3-opt, path relinking, Kou o amoteAécpoTo TOV
TPOEKLYOAY UE TN YPNOY TOLG NTOV 1OGHTEPE TKOVOTOMTIKA a@oy O 0AyOp1Ouog
dOVAEYE CYETIKA YPTYOPO Kol E0(DGE KAAL OTTOTEAEGLLOTAL.

A&ilel va onueudoovpe OTL KOTOALTIKO pOro Yy TNV e&oymyn XPNOW®V Kot
Kovtd ot PEATIOTN Abon anotelecudtov Enaiée Wwaitepa o alyoptOpog 2-opt, KoM
Ntav o aAyoplOnog mov KoTdeepve T0 PEYIGTO TOGOGTO Pertioong Tng AVonG TpoTov
gvepyomomBobv ot vmorouror aAdyopiduol. Tvetar kotavontd Aowmdv to yloti ot
alyopiBuotr 3-opt kar path relinking ywoti advvoatodv va emitdyovv 1660 peYAAO
1060616 Pedtimong Kabdg £xel 101 emitevyDel and tov 2-opt.
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