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NepiAnyn

KUplo avtikeipevo tng SUMAWUATIKAG gpyaciag amoteAel n avaiuon Kat n afloAdynon twv
pHeBOSWV emiluong tou mpoPARUATOC SPOUOAGYNCNC OXNUATWY YLOL LOTLKEG EUTIOPEU OTIKEG
HeTadOpPEC (OMWGE AUTEG TpoTElvovTal amd TNV EPEUVNTLKN KOWVOTNTA) WOTE vo Kaboplotouv
Ol TAOELG TTOU 0KOAOUBOUV TOL OXETIKA EPEUVNTIKA €pYa KOL EMILOTNHOVIKA apBpa. H epyacia
OTOOKOTIEL €MIONG KAl OTNV MPOTAON TWV Tio KATAAAnAwv alyoplBuwv emiluvong tou
OUYKEKPLUEVOU TipoBAaTOg yia Tilbavh edoapuoyr toug o MANPodopLaKO cUOTNUO, TO
ormolo Bpioketal otn ¢paon oxedloopol Twv mpodlaypadwy Tou.

ErmumtAéov, n npoavadepbévta Sladikacia BLBALOYpAPLKAC avaoKOTINONG TWV TACEWV TIOU
okohouBel n epeuvnTik Kowodtnta, e£ixe oav amotéAecpa TNV Snuloupyia evog
EMLOTNHOVIKOU apBpou mtou umoBAROnke mpog dnpooicuon oe S1EOVEC TTEPLOBIKO.

H mapouoa SUTAWHATIKY Epyacio EVTACOETAL 0TO MAQLCLO CUUETOXNG OE EPEUVNTLKA OHAda
£pyou Tou Topéa Blopnyavikng Awoiknong kot Emixelpnolakig Epsuvag tou EMM yua tnv
Slepelivnon ¢ avamtuéng evog Sladiktuakol (web-based) Aoylouikol Spopoldynong
oXNUATWVY. To TIEPLEXOLEVO KOL TA TOPIOMATA TNG SUTAWUATIKNAG OVOUEVETAL VA EVIOXUCGOUV
TO 0TASL0 TG Slepelivnong Twy mpodlaypadwy Kal avapévetal va tpododotrioouv To otadlo
vAormoinong Tou cuoTAUATOC.
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Abstract

The main objectives of the present diploma thesis is, initially, to present a methodology for
classifying the main variants of the Vehicle Routing Problem for freight transportation in urban
environment and the trends these variants follow. Secondly, to present the algorithms and
methods developed and applied for solving these variants, and finally, to present the
connection/correlation between the VRP variants and the given algorithms. The research
concludes by proposing/highlighting the algorithms that most efficiently solve the different
variants of the problem, so as to be implemented in an Information System which is currently
at the stage of the specification of its requirements.

The above process of identifying the trends in the given literature, resulted in the creation of
a scientific article which was submitted for publication in the journal Annals of Operations
Research.

The present diploma thesis is part of a research project conducted by the Department of
Industrial Management and Operation Research of the NTUA, concerning the development of
a web-based vehicle routing software. The content and findings of the present thesis are
expected to contribute towards the stage of the design of the specifications of the system and
the latter stage of the implementation of the system of the aforementioned project.
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1. Elcaywyn

1.1 Eumopevpatiké¢ Metadopéc oe Aotikég Meproxég (Urban Freight
Transportation)

Ol EUMOPEVHATIKEG PETAPOPEG adopolv TNV HETAPOPA TWV TPOIOVIWV AT T KEVIPA
Sltavoung ota Siadopa onpeia mapadoong. H kukAodoplak cupdopnon OTLG OOTLKEG
TLEPLOXEC, AOYW KALPLIKWY CUVONKWVY, EKTOKTWVY YEYOVOTWY, TNV WPA TNG NHEPAG AAAA KaL TNV
nieplodo Tou Xpovou, eMNPeATeL TOUC XPOVOUC SLEAEUONC KOL CUVETIWG TOV TIPOYPAULATIOUO
TWV Tapadocewv Kal T §popoAdynon Tou oToAou Twv oxnuatwv (Grolk et al. 2015). Ou
uTteBUvVoL SpopoAdynong avaBEétouv g TOAAA oxUaTa TIOAAEC TapayyeAieg KaBwGg Kal Ttnv
OclpA e TNV omola Ba ektedovvtal WoTe va cuvdUAloUV TIC AELOTILOTEG XPOVIKA HE TLC
OLKOVOULKA amoSoTIKEC apadooelg. Ma tnv elooppdmnon petafl Twv SU0 TPEMEL va
AndBouv unon meploplopol yla TV eVpeon TG KaAUTePNG duvatrc AVong, Omwg gival To
Bdpog N N XwPNTIKOTNTA TOU OXNMOTOG, 0 SlaB£atpog xpovog yla Thv mopadoan, ot xpdvol
dopTwong Kat ekPpoOpTWONC, oL WPECG epyaciag Twv odnywv, oL SLadopeTIKES TAXUTNTEG TWV
oxnuatwy, n Kukhodoplakr cupdopnan, oL meploplopol mpocBaong kat ot meptBaAlovtikol
nieploplopol (Saeheaw & Charoenchai 2016).

OL obikée petadopég ouvexilouv vo £xouv To MPeyoAUTepo pepidlo Twv Eupwmaikwv
EUMOPEVHUATIKWY HETOPOPWV UETALY TwV TPLWV TPOTwV Xepoaiwv petadopwv (0SIKES,
ECWTEPLKEG MAWTEG Kol ol6npodpoikéG) o mooootd 74,9%, to 2014. Ta CUYKEVIPWTLKA
oTolxela yla TIg xwpeg ti¢ Eupwrnaikng Evwaonc deixvouv ot petadépOnkav 2.236 S1¢ Tdvol
ayaOwv ava xAopetpo (t/Km) otig xepoaieg petadopéc nmou avriototyouyv oe 1.675 t/Km yia
10 061K0 SikTuo. O CUVOALKOG KUKAOG epyaciwy (€008a) auTwy Twv Hetadopwv Kupaivetal
arno 0,8% £wg 7,9% Twv CUVOALKWY 008wV Twv SLadopwy xwpwv otnv Evpwnaikn Evwon. O
OUVOALKO T{ipo¢ (€006a) TOU TIPOEPYXETAL QMO TIG LETAPOPEG TOU 08LIKOU SIKTUOU, AVEPXETAL
o€ 300 81¢ eupw, TOCOOTO 2% TOU OKABAPLOTOU EYXWPLOU TIPOIOVTOG yla TNV Eupwrn yla to
2014. ErmutAéov, Ta KOOTN UETAPOPAG cUVLOTOUV To 4% £wg 10% TG TG MwAnong evog
Tpoiovtog avaloya pe tov KAGdo Spaotnplomoinong (Coyle et al.,, 1996). Zuvenwg, o
ATOS0TLKOG TIPOYPALLUOTIOUOG TWV SPOUOAOYLWY TWV OXNUATWY TIOU ELWVEL TLG SLAVUOUEVES
OMOOTAOELS KOL TOUC XpOvoug SLEAEUONG OTO €AAXLOTO, €XEL onUAVTIK emidpacn otnv
kepdodopla Twv eTAPELWV TOU HETADOPLKOU TOPEQ KAl HEYAANO QAVTIKTUTIO OTLC €BVIKEG
OLKOVOLEG.

INUEPQ, €lval KOWWE ATTOSEKTO WG N XPrOoN KAUCIMWV e BAon Tov avBpaka amoteAel pia
oTto TIC ONUAVTLIKOTEPEC ATENEG TOU TiEpLBAAAOVTOC AOYW Tou davopévou Tou Beppoknmiou.
Ztnv Eupwnn, ol petadopEG avtiotoloUVv oTo 25% TwV EKMOUNIWV TwV oegpiwv Tou
Bepuoknmiov (Green House Gas emission) Ko, CUYKEKPLUEVA, OL OBIKEG UeTadOPES elval
unelBuveg yla to 70% TWV TIOPOYOUEVWY EKMOUMWY TOU OdeIAovVIal CUVOAKA OTLG
peTadopEg, Omwe avadEpel OXETIKN avadopd Tng Eupwraikng Emttponnc. Exel mpoPAedOet
Ttw¢ oL 061KEC petadopeg Ba auvgnBouv katd 33% ta enodpeva 30 xpovia (Shihi & Eglese 2007).
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KaBiotatal avaykaio, Aoutdv, n amodotiky SpoloAdyncn KoL O TPOYPOUUATIOUOC HE
ouvBnkeg KUKAOGOPLAKAG CUUPOPNONG, WOTE va PeElwBOOUV oL TepLBAANOVTLKEC EMUTTWOELC,
adou ol ekmoumnég CO2 eival cuvUPAOUEVEG E TOUC XPOVoUC SLEAEUONC, TNV TaxUTNTA TWV
oxnUATwy Kot Ti¢ Stadopeg ouvOnKkeg cupudopnong. ITo TPOTELVOUEVO £pyo, Ba e€etaotel
evbelexwg to MPOPANUa SpopoAdyNoNG OXNUATWY Kal TIPOYPAUUATIOHOU TAPASOCEWY HE
XPOVLKOUG TIEPLOPLOOUG OE CUVOUAGHO HE TIG EKTIOUTTEG CO2, AOYWw TNG XPOVLKNAG £€APTNONG
TOUG HE TIG TaxutnTeG (Qian & Eglese 2016).

JTI QOTIKEG TEPLOXEC, N KukAodoplak cuuddpnon €lvol O TILO LOXUPOG TEPLOPLOTIKOG
napayovrag. Q¢ amotédecpa tNg KukAodoplakng ocupdopnong, oL xpovol SlEAsuong
g€apTwvTalL oo Tov XpOVo KKIVNoNG. ZUVENWC, N SPOUOAOYNCN TWV OXNUATWY TEpAOUBAVEL
TO UTto-TPOPANUa the BeATioTomolnong Tou Xpovou avaxwpenong kabe oxnuartog (amd tv
omoBnkn Kal amod Tov MeAAtn). Evag akOpa XpovIKOG TIEPLOPLOUOG Eival N cUPUOpdWON HE
TOUC KavovlopoU¢ tou wpapiou odnynong. Av autog O TEPLOPLOUOG CUVOUAOTEL UE TNV
KukAodoplakr cupudopnaon, To mPOPANUA SPOUOAGYNCNG KAL TTPOYPOUUATIOUOU YIVETAL TTOAU
SUokoMo va emAuBel (AbdAllah et al. 2017; Wen & Eglese 2015). Ti¢ teAeutaisg Sekaetieg, Ta
povtéda SpopoAoynoncg otoAou oxnuatwy £xouv e€eAixBel kal kabilotavral o PEAALOTIKA.
MapoAa autd, £xouv ayvonbel oL mpayuotikol meploplopol kKukAodoplakng cupdopnong.
Mépav Twv Xpovwv Stéleuaong, mpénel eniong va AndBouv undyn oL xpdvol avapovrg, ELSLKA
yla mopadOOELG UE AUOTNPOUG XPOVIKOUG TIEPLOPLOUOUG, adoU oL LEYAAOL XpOVOL OVALOVIG
dnuloupyolv uPnAd kbéotn picBwong twv oxnuatwv 1 uloBodooiag Twv odnywv Twv
dopTnywv KoL Kavouv Ta oxnuata pn Stabéoipa ylo dAAeg umtnpeoiec.

Ytnv EAN\Gda, n aneAeuBépwon TG ayopds Twv LETAdOpWY AVOUEVETAL VA HLETATPEEL TO
OUYKEKPLUEVO LOVTEAO TWV TMOAWVY 0€ aplBuo aveédptnTwy PETADOPEWY OE EVA ULKPOTEPO
TANB0G opYaVWHEVWY €TALPELWV amoBrnkeuong Kal Slavoung pe PeyaAoug otoloug Kal
moAUmAoka doptia petadopdc. Auth n véa katdotacn Ba av€noel Tn onuacio Snuloupyiog
KOTAAMNAWY pEBOdwY Kal epyoAeiwv AOYLOMLKOU TIOU HMIMOPOUV va UTooTnpiéouv TIg
anodaoel SpopoAdynong oTtOAOU OXNUATWY KOl TIPOYPUUUOTIOMOU TapaSOCEWV Tou
£€apTWVTOL OO XPOVIKOUG TIEPLOPLOMOUG, £L6IKA oTa eAANVIKA QOTIKA KEVTPA TIOU N
oupudopnaon eivat cuvnBeg kal anpoBAenTo daLVOuEVO.

H kukAodoplakr ocupudOpnon O AOTIKEG TEPLOXEG OEV £XEL AVTLUETWIILOTEL ANMOTEAECUOTIKA
yla  Xpovikd efaptwpeva  TpoPAfRpato  SpopoAdynong  oTtOAou  OXNMOTWV Kol
TIPOYPOUUATIOHOU TTApaSOCEWY, OTIWE TTPOKUTTEL Ao TV avaAuon tng BLBAoypadiog (Sohr,
2016). Eav mpooteBolv TepaLTEPW XPOVLIKOL TepLlopLopol, OMwG n odrnynon Kal ot Xpovol
gpyooiag, n BeATioTOoNolNoN TWV AVOXWPNOEWY KAl XpOVWV Topddoong yivetal e€ALPETIKA
SUokoAn. Map’ OAa autd, A€oV ival o eUKOAN N GUAAOYH SES0UEVWV TIPAYUATLIKOU XpOVOU
(Léow kwntwv tnAedwvwv, GPS) kal Slopopdiag tou o0bikol OSilktlou péow GIS
(Geographical Information System) ot omoigg Sivouv tnv Suvatotnta npoPAedng TwWv XpOVwy
SléAeuong ota aotika meplBdllovta. EmutAéov, oL Meploplopol Twv TEePPAANOVTIIKWY
ETUMTWOEWYV ap)Loav mpocdata va AapBdvovtal urmtodn ota MpoBANLATO EUMOPEUUOTIKWY
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UETOPOPWY LE OKOTIO VAL EAAXLOTOTIOLOUVTAL OL EKTIOUTTEC TOU SLogeldiou tou avBpaka (CO2),
ol omolieg e€aptwvtal amd Toug xpovoug SLEAeUONG Kat TIG TaXUTNTES Twv poptnywy (Qian &
Eglese, 2016). OL etalpeieg, Aeltoupywvtag o€ €va €EALPETIKA AVTAYWVLOTIKO TepLBAAAoV,
TMPEMEL VO OLOXELPLOTOUV TIOAAOUG KOl OVTLKPOUOUEVOUC OTOXOUC OXETIKA HE TOV
TMPOYPOUUATIONG TNG OSlavopng, tn Helwon Tou KOOTOug OSLOVOUACG, TNV KOAUTEPN
gfumnpEtnon neAatwy, TN cUPUOPPWON LE TOUG VOULOUC KaL TOUG KAVOVIOUOUG KOL TN Lelwan
TWV NEPLBAANOVTIKWY EMIMTWOEWV. ETOL, N £pEUVA OXETIKA UE TV KUKAOdOopLaKA cupudopnon
péow TOu efaptnuévou Xpovika TipoBARpatog SpopoAdynong Kol TPOYPOUUATLOHOU
napouctalel akadnuaikd evdladEpov Kol TTPAKTIKA amaoXoAel TN eTalpeiec ehoSLACTIKAG
KOL €XEL ONUOVTIKO QVTIKTUTIO othv €Bvik olkovopia, mou pmopel va enmwdeAnBel tng

£kBaong tnc.

1.2 Avtikeipevo AutAwpatikig Epyaciag

Avtikeipevo t™ng mapoloag SUTAWHATIKAG epyaociag eivalt n ekmovnon BLBAoypadLkig
OVAAUGONG KAl €MLOKOTNONG WOTE Vo KaBoplotoUV oL TACELS Twv HeBOdwv emiluong tou
npoBAnuatog SpopoAoynong oxnpatwy (VRP) yla eUmopeupaTIKEG LETADOPEC OE QLOTLKEG
TLEPLOXEC KOl va TipoTaBoUV oL KATAAANAOTEPEG amod auTEG HEBodoL yia tnv emiduon tou. Ot
OlOTIKEG EUTIOPEVHATIKEG peTadopéC mapouotdlouv LSLAlTEpOUC MEePLOPLOPOUG Kal eival
EUAAWTEC OTNV EMLPPON TIOKIAWY TapayOVIwY, OTIWE auTol avadEépBnkav TNV mPonyoUEeVn
evotnta (kukhodoplakr ocupdopnon, mepBAAOVIOAOYIKEG EMUTTWOELG K.0.). To yeyovog
oUTO emnpedlel os peydlo Babuod tnv tehkr popdn mou teAkd Ba AdPel To TPOPBANUa
SpopoAoynong oxnuAtwy. Qotoco, 0 KAtdAANAog cuvSuaouodg Sladopwy mapaAlaywy Tou
VRP mou Aapfadavouv unodn toug avwbev mepLOpLooUC SUMPBAAEL otnv KaAUuTtepn duvarh
T(POCEYYLON TWV LOLALTEPOTATWY TIOU TTAPOUGLALOUV OL AOTIKEG EUTIOPEVUUATLKEG LETOPOPEC.

H épeuva eotlalel otoug aAlyopiBuoug kat otig pebddoug eniluong eTiAeyUEVWVY TTapaANaywV
Tou TpoPANUaTog Spopoloynong Onwe autol £xouv mpotabel amd tnv SleBvr epeuvnTiki
KOLWVOTNTA, Kal akoAouBel ouykekpluévn kot Sdopnuévn pebodoroyia. ISwaitepn éudaon
Slvetal og aAyoplBuoug mou Pmopouv va evowpatwBolv o TAnpodoplokd GCUCTAUAT
UTIOOTAPLENC TWV SLavopEwV (evTOg TIOAEWY).

H BBAloypadikr avaokdnnon mou Sle€nxOn aflomolBnke KAl PAKTIKA OE EPEUVNTLKO £PYO
OXETIKA PE TNV avartuén evog ohokAnpwpévou Sladiktuakol AoyLloptkol tou Ba mapéxetal
WG UMNPECLA OTOUG XPNOTEG TOu (SaaS) yla TV umooTnPLEn TwV CUYXPOVWY QVOYKWY TWV
EMANVIKWV €TALpELWV £h0SLACHOU Kol Stavopuns. Méow Tou cuoThuatog Ba mapéxetal n
Suvatotnta amoSoTKoU TIPOYPAUUATIONOU TWV TIAPadO0EwWY KOl UTIOAOYLOHOU TWwV
SLOSpPOUWV TWV OXNMATWY TOUC UMO XPOVIKA €e€0pTWHEVOUG Xpovoug OléAeuoncg. To
TPOTELVOUEVO cUoTnpa Ba xpnolpomnolel pebddouc emiduong mpoBAnudtwy dpopoAdynaong
OTOAOU OXNUATWY KOL TIPOYPAUUOTIOMOU Ttapaddoswy, AapBavovtag umon Toug mopamavw
TEPLOPLOMOUC KAl KUPLwE AUTOV TNG KUKAOGDOPLAKAC cUPOPNONG.
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QG OUVEXELD TNG MOPOUCLOONG TWV ELCOYWYLKWY gvvolwv TIou Ba avaAuBouv kat Ba
XpnoluomnolnBouy eKTeVWE oTa eMopeva KeddaAala, elval GnUAVTLKO va tapoucLlactel n Soun
mou Ba £xelL n mapouca SuTAwUATIK epyacia kat n Swadlkaocia katd tnv omoia Ba
npokOPoUV cuumepdopaTa Kol TEAKEC TAnpodopieg, PEOW Twv omoilwv eAmiletal va
enwdeAnBoUV HeEANOVTIKEG EPEUVEC KL £pYQL.

Mo ouykekplpuéva oto Kepalawo 2 availetal to mpoPAnpa g SpopoAdynaong oxnUatwy,
yivetal kamola otopikn avadpopr, mapouctdlovral ot TapaAAayEG Tou TPOBAAOTOG TToU
eTAEXONKav (ot TtapaAAayEg mou adopolV TIC AOTIKEG EUMOPEVHUATIKEG HETAPOPEC) KABWG
Kot n Stadkaoia mou akoAouBnOnKe yla TNV €MAOYH TWV TTOPAANQYWV.

Y10 KedpdAato 3 mapouoialovral avaAUTIKOTEPA OL KUPLEG KATNYOopPLeg aAyopiBuwy emiluong
tou TpoPARuatog SpopoAoynong KoBwg Kal ol onuavilkotepol aAyoplOpotl amd kabe
katnyoplia.

Y10 KedpaAawo 4 amotuntwvetal n BLpAoypadiki avaokomnon tng dtebvig BLBAloypadiag mou
TIPAYHOTOTOONKE WOTE VO AVOYVWPLOTOUV Ol TAOEL TWV EPEUVNTWV W TPOC TIG
TPOTELVOEVEG HeBOSoUG emiluong Twv emheypévwy TapoAlaywv Tou TPoPARUATOC
SpOoUOAOYNONC OXNUATWV.

210 Keddahawo 5 mepllapPdvovtal, ava katnyopla Twv mpoPAnudtwv SpopoAoynong
OXNUATWY, Ol CNUOVTLKOTEPEC LEBOSOL eMIAUGNC TTOU €XOUV TIPOTAOEL ATIO TOUG EPEUVNTES
OTWG AUTEC BpEBnkav amd tnv BLBAloypadikr) €pguva.

Y10 KeddAawo 6 mapouactdlovtol Ta EMUEPOUG CUUTIEPACHATA TIOU TIPOEKUAV Ao TNV
BBAoypadikr €peuva Kol ylvetal mPOTOon CUYKEKPLUEVWY HeBOSwVY emiluong wote va
aélomolnBolv oTo eMopPEVO 0TASL0 UAOTIoiNoNG Tou AOYLOULKOU cuaTthuatog Spopoldynong
OXNUATWV.

Y10 KeddAao 7 mapouctalovTal To YEVIKA CUUIEPACHOTA TTOU TIPOoEKUYaV amo TNV £€peuva.
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2. NpoBAnua tng ApopoAdynong OxnpUatwv

2.1 lotopikn Avadpoun

To Bepéllo oto omoio otnpixBnke n €€€AEn tng Slepelvnong tou TPOPAAUATOC TNC
Spopoloynong Bewpeital to mMPOPAnUa tou meplodelovtog wAntr (Traveling Salesman
Problem  TSP). H yevikn popdn tou mpoBAnuatog autol eudaviotnke nepi to 1930 amnd tov
poBnuatikd Karl Menger (1902-1985) kol ommooKomel otnv €UPECn TNG CUVTOMOTEPNG
SL06poUNE N omola EVWVEL EVAV CUYKEKPLUEVO KaL TIPOKABOPLOPEVO apLOUO TIEPLOXWV.

Eotw £vag mwAntn¢ Eekwvwvtag amo TNV TOAN Tou TIPEMEL va eMOKEPOEL n meldrteg os
SLadOPETIKEC TOAELG , ATTO TIG OTTOLEG EMBUUEL va MEpAOEL pia LOVO popa Kal val ETILOTPEYEL
Tiow otnv moAn tou. To MPOPANUA AoUToV SLOTUTIWVETAL WG N EUPECN TNEG CUVIOUOTEPNG N
XAUNAOTEPOU KOOTOUG SLadpOor] TIOU Va LKAVOTIOLEL TOUG AVWw TEPLOPLOOUG. MapaKATw oTo
Ixnua 2.1 mapouotaletal ypodLkd To mpoBAnUa e Evav TTARPN LN TTPOCAVATOALOUEVO ypAdo
otov omoio 6Aot ot koppol (0, 1, 2, 3) avilotolouv og KOUPBOUG Kal oL akueEg (edges) mou
ouVE£0UV TOUG KOUPBOUG avTLOTOLXOUV 0TO 061KO SIKTUO HETALY TwV TIOAEWV.

4

IxAna 2.1 : To npdPAnua tou Meprodsvovrog NwAnth

To MpoBAnpa tng Apoporoynong Oxnuatwv (VRP — Vehicle Routing Problem) mapouaotaotnke
yla mpwtn ¢$opd amd toug (Dantzig and Ramser, 1959) to 1959 w¢ tO MPOBANUA TNG
anootoAng ¢optiwv (Truck Dispatching Problem). O oplopog tou mpoPAnuarog €heye OTL
nipenet «Na PBpebel n BéAtotn Spopordynon (oxedlaopog Stadpopnc ), dnhadn n
g\aylotomoinon TG oUVOAKA SLAVUOUEVNC amdOTOCNG, EVOG OTOAOU GopTnywy SLavoung
Kouoipou, petafl evog teppatikol otabuol avedodlaopoU Kal evog peydlou aplBuou
otaBuwv efumnpétnong». Xpnolpomowwvtog pia péBodo Paclouévn OTIC APXEC TOU
Mpappikol Mpoypappatiopol ol Dantzig kot Ramser katéAngav o€ pia MPOCEYYLOTIKA
BéAtiotn Auon n omola meplAdpPave téaoeplg SLadpopéG yia Eva poPBAnua dwdeka oTtabuwv
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gfunnpetnong. Otav n xwpnTKOTNTA EVOG LOVO GopTNyoU Elval OPKETH yLa TNV EEUTNPETNON
OAwv Twv otaBuwv (mehatwv), Tote To MPOPANUA TAUTI(eTOL Pe aUTO Tou Meplodeliovtog
NwAntA (TSP). Emopévwe, to moAAamAd mpoPAnua tou MNeplrodevovtog MwAnt (multi
Travelling Salesman Problem - m- TSP) tautiletatl pe auto tou TDP, 6mou undpxel €va mARB6og
OXNUATWV.

Ixnua 2.2 : Napadsypa MpofAnpatog ApopoAoynong Oxnuatwv

To 1964 ol Clarke kot Wright Atav autol mou yevikeuoav to mpdfAnuo To omoio cuvavtdtal
okOpa Kal onuepo otov kAado twv logistics kal petadopwv Omou éva cUVOAO MeAATWV,
SLOOKOPTIOMEVO YUPW Ao Hia KEVIPLKA amoBbnkn, eEunnpeteital and éva otdéAo popTtnywv
SL0POPETIKNG XWPNTIKOTNTAG TO KaBEva Kol TIPOTEWVAV €vav EUPETIKO  aAyoplOuo
g€olkovopunong, o omolog TapPoucLAlel CNUOVTIKEG BEATIWOELC O OXEON HE QUTOV TWV
Dantzing & Ramser.

To «MpoBAnua ApopoAoynong Oxnuatwvy» (Vehicle Routing Problem - VRP) w¢ 6pog §66nke
oand toug (Golden, Magnanti and Nguyen, 1975) to 1975 oe pia peydAn kotnyopia
npoBAnuatwy BeAtiotonoinong, e OKOMO TO OXeSLAOUO Twv Sladpopwv BEATIOTOU
OUVOALKOU KOOTOUC YLO. CUYKEKPLUEVO OTOAO OXNUATWY UE TIPOKAOOPLOUEVN XWPNTIKOTNTA,
mou €ekwvoUV amo Miol Kevrplkrl omoBnkn, wote va €fUMnpPeTioouv Tn {ATNON &VOg
TPOKAOOPLOUEVOU GUVOAOU TIEAATWY, LKAVOTIOLWVTAG CUYKEKPLUEVOUC TIEPLOPLOUOUCG.

Itn ouvéxela dladopeg mapaAdayec tou VRP dpyxloav va eudavidovtal otn Siebvn
BBAoypadia otnv mMpoomdbelo TWV EPEUVNTWV VO £PapUOCcoUV TO TPOPBANUA QUTO Of
TPAKTLKA TIPoPANpoTa pe SladOopETIKOUC TEPLOPLOMOUC To KABe éva. To 1984 o Solomon
napouciace 1o VRP pe xpovikda meplBwpla (VRPTW) (Solomon, 1984) kol oplopéva
“npoPAiuata avadopdc” yvwotd Kal w¢ “Solomon instances”. H £psuva oto VRP
gmtayuvlnke tn Oekaetioa Tou 1990 pe TNV OApATWwOn TPOOSO TWV NAEKTPOVIKWV
umoAoyloTwyv KaBw¢ twpa TAEOV OL gpeuvnTtéC NTav o B€on va avamtufouv Kot va
epapudoouv Mol mo epimAokoug alyopiBuoug emiAuong.

15



MéBobol EniAuong tou MpoBAnuartoc ApopoAoynong Oxnuatwv
AoTikwv Epmopeupatikwy Metadopwv kat Epappoyr] Toug o
MAnpodoplako uotnua

310 Ixnua 2.3 daivetal n mopeia twv mapoariaywv tou VRP Kal mwe €xetl StapopdpwOel to
TMPOBANUA [LE TO TEPACHLA TOU XPOVOU.

Capacitated Stochastic VAP VRP with Time VRP with Loading  Grewr
VAP Multi-Depot VRP Windows Constraints

IxAna 2.3: Xpovikf EEEALEN NapaAlaywv VRP

TNV ouvéxela mopatiBetal évag evoelktikog mivakag (Mivakag 2.1), otov omoio ¢aivovrat
OPLOMEVO TTIOLOTLKA XAPAKTNPLOTIKA TwV TPoBAnudtwy Stavoung. EmumAéov otov MNivaka 2.2
napouctalovtal oL €MIAOYEG Tou mapéxovtol katd thv Stadikacio tng oxediaong tng
BéAtiotng SpopoAdynong Twy oxnuatwy kabwce Kat ot Stadopol eploplopol (Mkayilaing et
al. 2007).
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XapaKTNPLOTIKA

ErtAoyEg

MéyeBoc 2toAou

m Eva oxnua
m MoA\G oxrpata

JUvBeon ItoAou- QUOLKA XOPOKTNPLOTLKA

m Opola oxruata
B Atadopetikol TUTIOL OXNUATWY
B EL5IKA YOpOKTNPLOTIKA OXNUATWY

Baon otoAou

mMia
mMoMarmAgg

Zuotatikd Kootoug

m Kootog dpopoloyiwv: kbotog setup,
MeTaBANTO KOGTOG avVA WpA, XIALOUETPO, aplOuo
eToKEPEWV KdaTOoC Slodiwv

m Kootog loktnoiag otdéAou (otabepd k60TOG)
B KOOoTOG UTINPECLWY TPITWV PeTaPOpEWV

®oon tng {nTnong

m [vwoth {NTtnon (VIEPTEULVLOTLKN)

m Tuyaia {Atnon 600 adopd TNV mocoTnTa
(otoxaotikn)

m Tuyaia {Atnon 600 adopd Tov Xpovo Kal Thv
tomnoBeoia (oToxaotikn)

B AuvaTtoTnTa UEPLKNG LKavoToinaong {tnong

Eido¢ Apopoloyiwv (Aettoupyieg mou
gktehovvral)

m Movo cul\oyEg
m Movo mopadooeLg
B MIKTEG OUAAOYEC Kal mapadOoELS EexwploTd

AplOuog Spopoloyiwy ava oxnua Kot
XPOVLKO SLdotnua

m Eva popoAdyLo

m MoAAd SpopoAoyla

m Eva 6poploAdyLo Tou pmopet va ektelveTal Kat
TEPAV TOU ouVNBoUC XpovIKoU SLaOTHATOC

AVTIKELEVIKOG OTOXOG

m EAaylotomnoinon cuvoAlkoU KOGTOUG

m EAaylotomnoinon Twv SLavuouevwy
QIMOOTACEWV N XPOVOU ekTEAECNC SpooAoyiwv
m EAaylotomnoinon Tou aplBuol Twv oxnUATwv
m EAaylotomoinon tng xpriong oxnUatwy tpitwy
peTadopEwv

Nivakag 2.1: Xapaktnplotika kot Emdoyég MpofAnpatog ApopoAdynong
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Neplopiopol

Ikavormoinon Wiaitepwyv
XOPAKTNPLOTLKWY TTOU
oxetilovral pe Ta oxnuata

B [1EPLOPLOUOG 0T XWPNTLKA OXNUATWY WG GUVOUACUOG
Bapoucg Kat oykou

B ALOXWPLOUOG TTOPOYYEALWY METAED OXNUATWY (UEPLKEG
napadooelg)

B Metadop£g MPolovIwY HETAEY TWV OXNUATWY

m Oxrjuata mou Sev eMLOTPEDOUV OTLG EYKATACTACELG OTO
TéNoG Tou SpopoAoyiou

W YTIOXPEWON YLt EKTEAECT €VOG EAAXLOTOU LETADOPLKOU
€pyou amno tpitoug petadopeis (Bacel cupfacewv)

B AMeG el81IKEC oUpPdWVIEC pe Toug petadopeilg

B JupBatotnta HeTall oxAUAToS - eyKaTdotoong GOpTwaong
B JupBatotnTa HeTall oxAUATOG - EAGTN

W JupBatotnTa LETALL OXNATOG - TPOLOVTOC

W Yoxp£won TMARPoUG 1 KABOAOU XProNG CUYKEKPLUEVWV
OXNUATWV

m Yriapén npokaBoplopévwy Spopoloyiwv

Ikavormoinon WLaitepwy
XOPOKTNPLOTIKWY TIOU
oxetilovtal e Toug
TLEAQTEG

m KaBoplopéva xpovikd neplBwpta (time windows)
B Xpovol ¢popTtwaong Kal ekPOPTWONG WG CUVAPTNON TWV
B€oewv TWV MEAATWV Kal ToU peyéBouc tng mapayyeAiag

Ikavormoinon Wiaitepwyv
XOPAKTNPLOTLKWY TTOU
oxetifovral pe ta
npoidvta

B Evalhaktikd onueia poptwong/mpogAeuong twy
POLOVTWV

B AladOopETIKO KOOTOC TPOIOVTOC YLa To EVOAAAKTIKA onUeia
déptwong/mpoghevong

m MoA)oi Stadopetikol TUMOL MTPoidVTWV ot SladopeTKA
SlopepiopaTa TwWV OXNUATWY

Ikavormoinon Wiaitepwyv
XOPAKTNPLOTLKWY TTOU
oxetilovral Ue Tig
EYKOTOOTAOELG

B ALOXWPLOMOG TTOPAYYEALWY METOED EYKATAOTACEWY

m Eykataotdoelg mou Sgv xpnolonolouvtal wg Bacn anod
oxnuarta

B EM\elelg mpoldvTwy 0 CUYKEKPLUEVEG EYKATOOTOOELG
H Juudopnon SPOUWV O CUYKEKPLUEVEG WPEG TNG NUEPOG
B AladopeTIKA Opla ToXUTNTAG avaloya Ue TNV Katnyopia
Tou Spouou

B AtadopeTika opla petadepopevou dpoptiou yla
OUYKEKPLUEVOUG SpOUOUG

Nivakag 2.2: TuvABeig Neplopilopoi NpoBARpatog ApopoAdynong
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2.2 AvdaAvon NapaAlaywv tou NpofARpatog tng ApopoAdynong

Ou duadopeg maparrayég tou VRP meplopilovtal otnv PEALETN AlywVv KOl OUYKEKPLUEVWV
XOPAKTNPLOTIKWY Kol TEPLOPLOHWY KABe dopd  wote va mpooeyyilouv BewpnTKwg
UTIOTIPOBAN AT TOU YeVIKOTEPOU KAASou Twv petadopwv (my. n maparlayry VRPPD
evlladEpeTal ylo TIEPUTTWOELG OMOoU Yivovtal mopadooelg aAd Kat mapalafeg xwplg va
Aappavetl umoPn GAAoug cUVNBLOUEVOUG TIEPLOPLOOUG OTIWG TA XPOVLKA TapdBupa KATL. Ko
XQPOKTNPLOTIKA OMWC N oUOTACN TOU OTOAOU OXNUATWV KATL.), &vw &gV UTIAPXEL KATIOLO
mapallayr] mou va TPOoeyyLleL TIC AMALTAOELS TOU cUVOETOU TPOPANLATOC TWV QOTLKWV
EUMOPEVHATIKWY LETADOPWV.

/ Fields of Study \ ﬂ:ases Logistics Companieﬁ

VRP Variants Face due to E-commerce

Unexpected and Scattered

CVRP Delivery Locations
Different Vehicles and
HFVRP Capacities
Customer Defined Service
VRPTW

Time Windows

Operating Multiple

/ \ MDVRP N Warehouses
Characteristics in

Owned Vehicles and Partner

City Logistics OVRP Vehicles
Mon-5tationary Routes Every \ /
Day | ] VRPSPD & VRPB

DVRP

Appear Dynamically

Delivery and Pickup Orders /

Traffic Condition and |

Unforeseen Events A

Environmental Regulations GVRP & HVRP

Short Routes due to Large
Orders from Few Customers MIVBE

o N\ /

IxAna 2.4 fuoxétion MNoapaAlaywv tou VRP kot Actikwv Epmopgupatikwv Metadopwv

Ol OOTIKEG EUMOPEUMOTIKEG MeTadOpPEG elval olUvOeto TPOPANUO KAl £XOuv  va
OVTLUETWITIOOUV €L8IKA XOPAKTNPLOTIKA OMWE OUVONKEG KUKAODOPLAKAG CUdOPNOoNG Kot
anpdopeva ouppavta, mepBAAAOVTLKOUC KAVOVIOUOUC, WIKPEG SLabpopéc AOyw HeyAAwv
napayyeAlwv and Alyoug MEAATEG, TNV LKAVOTIOLNGN XPOVIKWY TapaBlpwy Twv TEAATWY,
OTOAOG OXNUATWY (8LoU A Kot SLoPOPETIKOU TUTIOU OXNUATWY KATL. Mo TV BewpnTikr LEAETN
TOUG OL OOTIKEG EUTIOPEVHATIKEG HETADOPEC UMTOPOUV VO TIPOCEYYLOTOUV amo £va cUVOAo
amAwv mopoAliaywv tou VRP oL omoieg kavomololVv Ta XApaKTNPLOTIKA KOl TG TILO
OUVNBLOUEVEG TIEPLUTTWOELG TWV ALOTLKWV LETAPOPWV.
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Ito ZxAua 2.4 amelkoviletal n cuoxeton Twv mapalaywv tou VRP pe ta Wlaitepa
XOPAKTNPLOTIKA TWV OOTIKWV EUMOPEVHATIKWY peTtadopwv. OL mapaAlayeg mou daivovrtal
OTOV Heoaio mivaka Tou oxAUAToC ival AuTEC TIOU TPOCEYYL{ouV To UTO PEAETN TPOBANUO
Ko Ba avaAuBoUv oTnV CUVEXELA LE TIEPLOCOTEPN AEMTOUEPELQL.

2.2.1 Auvopiko Kat Ztatiko MNpopAnpa ApopoAdynong (Dynamic Vehicle
Routing Problem — DVRP)

Ztatiko NpoBAnpa ApopoAdynong

JUpudwva pe TOV OPLOPO Tou (Larsen, 2000) pmopoUUE va TIOUHE WG €va TPOBAnUa
Spopohdynong Bewpeital oTaTikO 0TV OAEG oL TANPODOPLEG GXETIKA |LE TOV TIPOYPOLUATIONO
Twv Sltadpopwv BewpolvTal YWWOTEG OTOV OMOCTOAEQ. TIPLV TNV €vapén Tou oxedloouol TG
Sladpopung kat oL mAnpodopieg mou adopouv thv Spopoldynaon Sev petaBdrlovral PETA ToV
oxedlaouod tng SLadpoung.

OL mAnpodopiec oL omoieg Bewpouvtal OXETIKEG PE TO MPOBANUA mephapfdavouy, OAa ta
dUOLKA YOPAKTNPLOTIKA TWV TEAATWV ONMwE £ival n yeswypadikn toug B£con, o Xpovocg
gfumnpétnong tou eAdTn Kat n {ntnon. Emiong Oa mpémel va gival yvwota amno tov dispatcher
KoL opLopEVeG MAnpodopieg mou adopolv To cUoTNUA, OTIWG E(val OL XpOVOL TwWV SLadpopwv
METAEL TWV TEAATWV.

Avvopiko NpopAnpa ApopoAdynong

Me tov 6po SUVOUIKO YeVIKA evvoeital OTL Ta otolyeia petaBallovtal pe tnv mapodo tou
XPOVOU Kal Sev mapapévouy otabepd. Ytnv nepinmtwon tou DVRP autd onuaivel mwg dev eivat
YVWOTEG OTOV OUMOCTOAEQ OAEG OL TMANPOGOPIEC OXETIKA HE TOV TPOYPAUUOTIONO TWV
Slodpopwv KaBwe autog Eekvdel va oxedlalel Tig Stadpopég aAld Kat OTL ol Anpodopieg
propel va aAa€ouv peTd Tov oxedLlacpo Tt apxtkic Stadpounc (Larsen, 2000).

Mapakdtw napouaotdletal éva mapadelypa tou (Pillac et al., 2013) oto ZxAua 2.5 pe éva pévo
OXNMOL. ZTNV TPWTHN ELKOVA TTOPATNPOULE TO SPOUOAGYLO TOU OXNHATOC KOTA TNV EKTEAECT TOU
opxLkoV mAdvou SpopoAroynaong (A-B-C-D-E), otn Seltepn ewova amekoviletal n epdavion
600 véwv mehatwv (meAdteg X kat Y) mpog SpopoAdynon Kol otnv Tpitn mapouctdleTal n
METaTpOTr) Tou ap)lkol SpooAoyiou Tou oXNUaToG wote va toug e€untnpetnoet (A-B-C-D-Y-E-
X).

Ytnv Suvapikr SpopoAoynon, n duvatdtnta va avakateuBuvelg évo KlvolUeVo Oxnua otav
6éxecal pia véa ailtnon, Kovtd otnv mapoloo TomoBecia Tou oxAUATOC, TPoodEPEL
emunpooBeta, pelwon Twv €£06wv (savings). MNa va emteuxBel kATl TETOLO WOTOOO,
amottouvtol mpayuatikd dedopéva (real-time data) mou va mpocodlopilouv tnv B€on tou
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oXNUATog KaBwc Katl n SuvatdtnTa EMLKOWVWVLOG LE TOV 08NyO WOTE va Tou avateBouv ol véol
TipoopLlopoL.

I g n 'E

é"

Ixqua 2.5 Napadeypa Auvaptkol VRP (Pillac et al., 2013)

Ye avtiBeon pe To avtiotowo oTaTKO POPBANUA, n Suvaulky SpopoAdynon €UMAEKEL VEQ
otolela ta omoia avédvouv tnv MoAumAokoTnTa Twv amodpdcewy (meplocotepol Babuot
eheuBepiag) kat SnuloupyolV VEEC amaLTAOELG Kal ipokAnoelg (Pillac et al., 2013). Mépa ano
aUTO, £vag Top£ag otov omoio StadEpouv cuvnBwC eival n AVILKELULEVIKH cuvapTnon. TV
ouvnOwopévn popdr TG OTO OTATIKO TPOBANUA TNG OpopoAdynong emAEyeTol n
g\aylotomoinon tou kdotoug Spopoldynong. AvtiBeta, n Suvautky Spopoloynon emAEyel
Vv BeAtiotomnoinon GAAwv evvolwy OTwG elval n Peylotonoinon tou Babuol eEunnpetnong
KoL n peylotomnoinon Twv ec6dwv. H Suvapikr dpopoAdynon amnattel anodpAcelg o ansubeiag
ouvéeon n omoia cuvdudlel TNV avtidpacon pe TV moldTNTA TNG Anodaong.

2.2.2 To NpoBAnua ApopoAoynong Oxnuatwv E§aptnuévo and tov Xpovo
(Time Dependent VRP — TDVRP)

Mua @AANn ekdoxn tou mpoBAnuatog SpopoAoynong mapopola pe to DVRP , émou aAAdalouv
CUVEXWG oL Xpovol SLEAsuong, ival auTto tou e€aptnuévou amd tov Xpovo. QoTdoo o AUTHV
TV mopoAAayry, 0 TAPAYOVTIAG TIOU EMNPEALEL TOUG XPOVoUG SLEAeuoNnG lval, N wpa TG
nuépag mou E&ekivnoe to TafidL oe aut) tnv Sladpopn. OL xpovolL autol MpPEMeL va
umoloyilovtal pe peydAn akpifeta kat £gouv vPnNASG avtiktumo otnv amodoTKOTNTA TNE
teAkng AUong.

H ektipnon twv xpévwy SLEAEUONG YIVETOL HECW MOBONUATIKWY HOVTEAWY. ApXLKA, oL Xpdvol
SléAdeuong petal SVo kOPPwv umoAoyilovtal eite VIETEPUWVIOTIKA (AapPBdvovtag umoyn
KOTTOLEG LEOEC TLUEC TTIOU £XOUV UTIOAOYLOTEL yiveTal n ektipnon Twv Xpovwy) €ite 0TOXAOTIKA.
Eav Sev eival n aflomotioc 0 MPWTEVOV OTOXOC, TPOTLUWVTAL TO VIETEPULVIOTIKA LOVIEAQ
KaBwg Sev epmAékouv TNV afeBatdtnta otoug xpovoug SLtEAeuaon evw otav elval emBupuntn n
oflomiotio XpnNOLUOTIOLOUVTAL TA OTOXAOTIKA HOVTEAQ UTOAOYLOUOU, KaBW¢ mapéxouv pia
CUVEXI OVATOPACTOON TWV XPOVWV KAl TwV SLAKUPAVOEWVY TouG. H xprion katavopuwy BonBdet
otV Tapoyr aflomioTwy MAnpodopLWwV ePpOoOV N KATAVOUN ATELKOVIEL CWOTA TNV pUCNH TWV
XPOVWV PLETAPOPAC OTLG AOTIKEC TIEPLOXEC. EVW N TEPIMTWON TNG KAVOVLIKAG KATAVOUNG Ba ATav
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LWSavIKN AOYW HOBNUATIKWY KoL EVKOALOC Xpriong Kot epopuoyng, Sev amelkovilel cwotd To
MPOBAnUa, oe avtiBeon pe GAAEC TLO oUVOETEG KATAVOUEG OTwe n Burr Il Type XII n omoia
WOTOO0O0 TTAPOUCLALEL KOL AUTH OPLOUEVA TIPOBANLATA TTOU TIPETEL VA AVTILETWITLOTOUV. [EVIKA
gival apupAeyOEVO €AV UTIAPXEL KOTOVOLLN TIOU VOl £lval LOOVIKI] YLOL TOUG XpOVoUG SLEAEUONC
Og 00TIKA TteplBaAAovta, va amelkovilel TV ¢Ucn Tou TPORANUATOC LKAVOTIOLNTIKA KAl val
elvat ediktn yLa mpaktikég edpappoyeg (Grold et al. 2016; Susilawati et al. 2013).

H PBeAtiotonoinon tou mpoPARuatog amoteAeital amd tnv elpecn tng ALONG Tou
ghaylotomolel Kal Tov aplOpo tafldlwv mou eKTEAOUV TOL OXHUATA KOL TO GUVOALKO XPOVO
S1€Aeuong 1) To GUVOALKO KOOTOC.

2.2.3 To npoBAnpa tng SpopoAoynong Neploplopévng XwpnTikoTnTog
(Capacitated VRP — CVRP)

To CVRP £xet meplypadnBei wg to 1o koo mpoAnpa Stakivnong otov Topéa Twy Tpodipwy,
TWV KAUGlpwy Kol otnv Slavopr mpoidovtwyv Alavikng mwAnong. 0udwva pe tov (Toth and
Vigo, 2002) n Baotkn £€kdoan tou mpoBAnuatog SpopoAoynong oxnuatwv (VRP) ivatl auto tng
TIEPLOPLOUEVNG XWPNTIKOTNTAS TIPOPANHa dpopoloynong oxnuatwyv (CVRP). I0udwva pe to
CVRP £vog OUYKEKPLUEVOG OTOAOC OXNUATWY SLOVOUNC, OTou KABOe OXNUa £XEL OPLOMEVN Kall
OpoLa XWPNTIKOTNTA, Ba TPEMEL vaL EEUTINPETHOEL TOUG TTEAGTEG OL OTtoloL £X0UV YyVWoTH {1Ttnon
€VOG TpOIOVTOC, amd i Kown eykataotoon (amobnKeuTikd Xwpo), UE EAAXLOTO KOOTOG
petadopdg tou mpoiovrog (MkayiaAng et al. 2007). Baolkd XOpaKTNPLOTIKO TOU €ival OTL oL
INTAOCELG ELVOL VTETEPULVLOTLKEG, ELlVAL YVWOTEC Kal 6ev uTtapXeL aBepatdtnta.

Katd toug (Hasle and Kloster, 2007), TO TEPLOPLOMEVNG XWPNTIKOTNTAG TPORANUA
SpopoAoynong oxnuatwv (CVRP) eival yevikeuon tou MPoPARHATOG TOU TEPUTAQVWUEVOU
niwAntn (TSP). O avtikelpevikog okomdcg tou CVRP eival n evpeon AUong anoteAoUEVNC ATIO
K S1a8popEg (T, pia KUKALKN Sladpopr) yia kaBes oxnua To omoio ekvAel amo tnv anobrkn
KOL KATOANYEL O OQUTAV HE EAAXLOTO OUVOALKO KOoToC Tafldol). OAloL ol meldteg
gfunnpetolvrtal povo pia dopd KoL N XwpnTIKOTNTO TOU oxAHatog dev unepPaivetal.

O g\dyLotog aplOudc Twy Stadpopwy umtoloyiletal pepikég hopég Alvovtag €va «bin packing»
MPOBANUA, KABWE N XWPENTIKOTNTA TOU OXAUATOC E(VOL O HLOVOG TTEPLOPLOOG TTOU UTtoAOYILEL
oUTOV Tov aplOpd. Autd eival eplktd okOpa Kat pe ToAAOUG Tehdtsg. AvilOétwg e
pHpeTaBANTEG Tou amlol mpoPAnpotog dpopoldynoncg oxnuatwy (VRP) Sev woxvel. Tuvibwg
ta otolxeio mou Sivovtar oe éva CVRP mpoPAnua elval ol BEoelg Twv MeAATWVY TOU
ovamnopiotavral w¢ onueia, To kGotog Tafldlol Kot n eukAsibela amdotoon.

2.2.4 To NpoBAnpa tng ApopoAoynong pe Xpovika NeptOwpra (VRP with
Time Windows — VRPTW)

Autn n mapallayr Tou PoPARUATOC SPOUOAOYNGCNG EXEL ETUKEVIPWOEL TO VOLADEPOV TWV
EPELVNTWY Kal €XeL UeAeTnBel meplocotepo amd kaBe AAAn. To VRPTW €xel toug iSloug
TLEPLOPLOUOUG HE TO KAQOLKO TtpOPANUa Spopoldynong VRP kal emumAéov Tnv Umapén xpovikou
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nieplBwplou oto omoio pmnopei va e€unnpetnOel o KAOe TEAATNC, YEYOVOC TIOU QTTOPPEEL OO
TO Yeyovog OTL peplkol meAdteg emParlouv mpoBeopieg napdadoong kal KAmolo vwpltepo
Xpovo adLeng (Solomon, 1983). Me tnv UTAPEN XPOVIKWV TIEPLOWPLWY TO GUVOALKO KOOTOG
Spopohoynong mAéov mepAapBavel mEpa amod TA KOOTN TNG OUVOALKNG  SLOVUOUEVNG
amooTaoNg Kal XpOvou oAAA Kal TO KOOTOC TOU XPOVOU AVOOVAC TTOU TIPOKUTITEL OTAV £va
oxnua PooéABeL pLv TNV Evapén Tou Xpovou mopadoon oTov EAATN

Yriapxouv dadopetikég ekdoxeg tou VRPTW, avdloya e To av Ta mapdbupa xpovou Twv
nedatwv eivat avotnpd (Hard Time Windows), 6mou ta oxnpata Sev enitpénetot va ¢pBdacouv
og KAmolov TeAATn PeTd Tt AREN Tou XxpovikoU mapabupou, eite mo yohapd (Soft Time
Windows), omou n efunmnpétnon emITPENETAL va ViveEl vwpltepa 1 apyotepa amd Tov
TIPOKOOOPLOUEVO XpOVO, OAAA LE TO KOOTOC KATIOLOG TIOWVNG N OTola Umopel va elval otnv
pHopdr MOWIKNAE pATPOC N 0 Pelwon Tng e€unnpétnong tou neldtn (Beheshti et al., 2015).

2.2.5 To NpoBAnua tng ApopoAoynong and NMoAAanAég EykataotaoeLg
(Multi-Depot VRP — MDVRP)

Ot eTalpeieg mou Spaotnplomololvtal otov KAGdo twv logistics kal Twv petadopwyv cuvnBwg
Sl00gtouv OxL pOvVo pe €va Kkévipo Slavoung oAAG meplocotepo. EGv ol mehdreg
opadomnolouvtal gUKOAQ yUpw amo pia eyKotAoTacn TOTE TO OUYKEKPLUEVO TPOBANUA
MeTaoxnuatiletal o€ €va oUvolo amd KAaolkd mpoPAnuata SpopoAoynong amd uia
gykataotaon. To ouolactikd POPBAnUa Tng SpopoAoynong amd MOANQMAEC EYKOTOOTACELG
eudaviletal edv n anddaon yla TV gykatdotocn mou eEunnpetel kaBs meldtn Sev sival
EekaBapn (Mkaylaing 2007).

‘Eva T€Tolo MPOBANUA amattel tTnv avabeon Twv mMeAaTwy oTLG SLaBEoies amobnKkeg. 2 KAOe
omoBnKkn UTtApXEL £VOC 0TOAOG OXNUATWY Kal KABe dxnua mou avaywpel and pia anobnkn,
adol eEumnpeToel Toug MEAATEG TOU €xouv avatebel, emotpédel oto onuelo am’ omou
£ekivnoe. AVTIKELLEVIKOC OTOXOG lval eAayLotomoinon Tou aplOpol Twv oXNUATWY TOU 0TOAOU
KoL TOU 00poiopaTog Twy XpOvwV PeTdBacng amd KOpPo og kOpPBo (kdotn). H cuvoAikn IRtnon
TWV EUMOPEVUATWY KABe OSladpoung eEumnpeteital amd OUYKEKPLUEVN amoBnkn, Tou
YVWOTOTOLETAL ApéowG PETA TNV Stadikacia tng avabeonc.
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VRP (single depot)

VRP with multiple
depots (MDVRP)

IxAua 2.6: Z0ykpion VRP pe MDVRP (Montoya-Torres et al.2015)

2.2.6 To NpoBAnpa tng ApopoAoynong pe MoAAanAég Aradpopég (Multi Trip
Vehicle Routing Problem — MTVRP)

To mpoPAnua Spoporoynong pe MoAlamAég Atadpopég (MTVRP) eival kot quto mopOUoLo UE
10 KAaoOWKO VRP 0AAQ €XeL KATIOLOUG ETUTAEOV TIEPLOPLOKOUG . Katd tnv mapaAlayr auth
Bewpeltal mMw¢ éva OxNUaA UMOPEl va KAVEL TIEPLOCOTEPA TOU EVOC SpOopOoAoYiwy KaTd TV
Slapkela tng nuépocg (Brandao et al., 2014). To MTVRP Bplokel epoppoyn Kupiwg otig
SLOVOUEG €VTOG TwV TTOAEWY OTOU ATIOUTOUVTOL MLKPOU HEYEBOUC 1 NAEKTPLKA OXNHATO YL
Aoyouc Tou €xouv Nén meplypodel. Autd odelletal oTo yeyovog OTL Ta pIKpA peyéBoug
oxNUoTa 8ev £XOUV XWPNTIKOTNTA N OTtola val ETMITPETEL TNV EKTEAEON HeYAAWY Spopoloyiwv
Ta omoia va KaAUTITouV To wpaplo epyaciag. Avtiotolyo eival to mpoPAnUa otnv nmepimtwon
TWV NAEKTPOKIVNTWV oxnUATwv ToU &gv  £Youv HeyaAn outovopio Aoyw Twv
XPNOLLOTIOLOUEVWY CUCOWPEUTWYV (Hmatapieg). Ol moANAMAEC SLaSpopEG WOTOCO Slvouv TNV
Suvatotnta oe TéTolou eldoug oxnuata ite va emavadopTwoouy MPoidvTa eite TIg unatapleg
TOU KoL va eKteAéoouv Kal dAAa SpopoloyLa otnv Stdpkela Tou wpapiov epyaciag (Cattaruzza
et al. 2016).

2.2.7 To NpoBAnpa ApopoAOynonG HE ETEPOYEVH OTOAO OXNUATWV
(Heterogenous Fleet VRP — HFVRP)

Onwc avadépbnke mponyoupévwe oto KAaoolkd VRP o SlaB£olpog otoAog oxnUoTwy
Bswpeitat opoloyevig, SnAadn amoteleital amd oxfpata idlag xwpnTikOTNTOC Ta omoia givat
KoL OAa SlaBéoipa. oto MpoPAnua §popoAdynong e eTepoyev) 6TOAO TIAUEL va LOXUEL QUTH
n Bswpnon koL o0 otoho¢ Bewpeital TMwg amoteAsital amd oxnuata SLadopETIKAG
XWPNTLKOTNTAG TO KABEVA (TTY. LEyAAa Kal LKPA pOoPTNYA) KAl OKOTIOC LG elval va eTiAEEou e
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TOoV aplBuo Kol Twv TUTIO TWV OXNHATWY WOTE va eEumnpetooupe TNV Intnon. (Desrochers
and Verhoog, 1991). Autoé Tto MpoBANUa MPOKUTTEL OTav 0 anootoAfag (distributor) emBupet
va avaBewpnoeL TNV cUCTACH TOU OTOAOU TWV OXNUATWY TOU yla Vo KOAUTITEL KAAUTEPQ TNV
{NTNoN TWV MEAATWYV TOU. ITOXOG MOG OE QUTO TO POPANUA €lval va EAAXLOTOTIOLICOUE TO
abpolopa Tou KOOTOUG SpPOoHOAOYNONG Kal TOU KOOTOUG XPRoNG Twv oxnuatwv. Ot
KaOnuePLVEG AslToupyieg omoloudnmote petadopea cuvdéovtal appnkta Ue th Slaxeiplon
TOU OTOAOU. Z€ TIOANEG TTEPUTTWOELG N KATAANAN SLaXElpLON TOU GTOAOU OXNUATWY POCPEPEL
OLKOVOULKA 0pEAN otnv peTadoplkn etalpsia oAAA Kol emnpedlel os peyalo Boabud tnv
ikavoroinon Twv nehatwv (Zak, Redmer and Sawicki, 2011).

2.2.8 To Avouyto NpoBAnua ApopoAdynong (Open Vehicle Routing Problem —
OVRP)

To avolyto mpofAnuo SpopoAoynong amoteAeital and Tov MPoodloplopd Twv BEATIOTWY
Sladpopwv evog O0TOAOU OXNUATWY TOL OTOLOL KOl TIPETIEL VO LKOWVOTIOLGOUV €va GUVOAO
niedatwv pe dedopgvn Intnon kat tonobeoia, kot ot omoieg Ba Eekvouv amo tnv anobnkn Kat
Ba teppartilouv og kamolov amod toug neAdteg (Branddo, 2004).

OL meploplopol mou AapBavovtal untoPn 0To CUYKEKPLUEVO TIPOBANUA ival oL €€AG: OAa T
oxnUaTa €xouv (Sla XwPNTIKOTNTA, 0 XPOVOG TAESLoU KABE OXNUOTOG £lval OPLOREVOG, N
OUVOALKA TATNOoN Twv TteAatwy oe pio Stadpour va punv EEMEPVAEL TNV XWPNTLKOTNTA TOU
OXNMOTOG KOl OTL KABE TEAATNG ETLOKEMTETAL Uia popd amo Eva LOVO OXNIA. AVTIKELUEVIKOG
OTOXO0G ElvaL TTAAL N EAaXLOTOTOLNGN TOU aplBOU TWV OXNUATWY KaL yLa éva dedopévo aplBuo
OXNUATWY N €AOXLOTOMOINGCN TNE CUVOALKAC SLOVUOUEVNG QmMOOTAONG OAWV TWV OXNUATWY
(Branddo, 2004). AnAadn, n dadpoun tou kabe oxnuatog 6e oxnuartilel kUkAo Hamilton
(kAewot Swabpopn) omwg oto VRP, avtiBeta oxnupoatilel povomatt Hamilton (avouytni
Stadpoun) (W. Wang, Wu, Zhao, & Feng, 2006). Yuvenwg, to mpopAnua OVRP avayestol oto
MPOPANUa eVpeong tou PBéATiotou povormatiol Hamilton (Hamiltonian Path), petd tov
KATAUEPLOMO TWV TeEAOTWY 0To KABe oxnua (P. P. Repoussis, Tarantilis, Braysy, & loannou,
2010).

To OVRP Bpiokel ebappoyn Kuplwg otig kat oikov mapadooelg depdtwy Kot epnpepidwy.
JuvABwg, mpoKeltol yla EWTEPIKOUG OUVEPYATEG oL omoilol dev eival gpyaldpevol TG
EKAOTOTE ETALPELOC KAl XPNOLUOTIOOUV Ta SIKA TOUG OXNMOTA, HE OMOTEAECHA VO NV
ETLOTPEDOUV OTNV AmoBnKN.

2.2.9 To NpoPBAnua tng ApopoAoynong pe Napadooelg ka ZuAAoyEg (Pickup
and Delivery VRP — VRPPD)

To kAaoolko VRP gival cuvnBwg eite povo npdPAnua mapalafng eite povo napdadoong Kat
ayvoouv Tnv tautoxpovn Umapén moapaafwv Kat mapadocswv (Min, 1989). Auti n ekdoxn
Aoutov aoyoAeital pe mpoBARpata 6mou enBUUEiTE Ta IpolovVTa va UnV HeTadEpovTal HOVo
amo TIC KUPLEC amoBnkeg otoug meAdteg oAAd va SlapopdwVETAL KAl TO avIioTpodo
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SpopoAdylo, SnAadn amo toug MeAATES TPOG TG amoBbnkes. To VRPPD sival éva mpopAnua pe
TOAAEG edaployEC, Kupilwg ota logistics kal 6n otic emtotpodeg (reverse) (Wassan & Nagy
2014). OL emiotpodEC mou yivovral, odeilovral Kupilwg eite oe Aadn, eite AOyw evdexouevng
aglag mou propel va €XeL KATIOLO TPOIOV ETA TNV XPRoN f AKOUN KAl PETA TNV AREN Tou Ko
AOyw Twv mepParovIKwY 0hEAWV TIOU TPOEPXOVTAL ATIO TNV CUAAOYN OVAKUKAWGCLUWY
TPOLOVTWV.

BaolkOg TEPLOPLOUOG OTO POPANUA AUTO €lval va UTIAPXEL XWPOG Yla Ta UTO emLotpodn
TpoilovVTa TOU TMEeAATN OTo OXNUa Tou Tov efumnpetel. O TMEPLOPLOUOC QAUTOG OE TIOAAEC
TEPUTTWOELG 0dNyel Un BEATIOTN XPron TNG XWPNTLKOTNTOC TWV OXNUATWY, OTOV aUEnUévo
apPLOUO OXNUATWVY KoL TEALKA 0TV aUENON TNG CUVOALKA SLaVUOEVNC amOOTOONG KOL AP0 KOl
TOU OUVOALKOU KOOTOUG. MTTOpEL val OVTLUETWTTLOTEL aUTr) N TPOKANnon pe Stadopeg mapadoxEG
OTIWG VA NV €lval UTIOXPEWTLKO yLo KABe TteAdtn va e€umnpeteital amd £va pdévo oxnua n to
KAOE OxnUO VO TIPAYLOTOTIOLEL APXLKA TIG TTAPASOOELG LOVO KAl ETIELTA TIG TtapaAaBEC.

2.2.10 To “Npaowvo” kot to “YBpLdikd” MNpofAnua ApopoAoynong (Green
VRP) / (Hybrid VRP)

Npdowo NpoBAnua ApopoAoynong

Ta tedeutaio xpovia mapatnpeital avénon tng KUKAodopilag Kol TwV 0SLKWV EUTTOPEUUATIKWY
METADOPWY SNLOUPYWVTAG AVNOUXLES YLa TIG TIEPLBAAAOVTLKEG EMUMTWOELG KoL TNV LOAUvVon
Tou pokaAeital. ELS8Ikd ot 081kéC petadopEg eivol o Kuplapxog TpOMog SLavopng oyadwy Kot
KATAVAAWVOUV TTAYKOOUIWG Ta LeYaAUTEPA TOOOOTA eVEPYELAS (76% To 2011 oUWV pE TO
World Energy Council, 2011 ) evw 0 KUpLOG TUTOG KAUGLUWY TIOU XPNOLUOTOOUV Elvat
nipoiovta metpelaiov. H {ATnon yla Ta mpoidvia autd avapévetal va avgnbel 30-82% amd to
2010 £wc¢ to 2050 aufavovtag emakolouBa Kol TIG EKMOUTEG Kavoaepiwv CO2 og avtioTolya
enineda. H avénon Twv ekmopnwy eivatl cuvbeSeUEVN, KOL OE APKETECG TIEPUTTWOELG OVAAOYN,
TOU apLBoL TWV OXNUATWY TTOU KUKAOGOPOUV KoL Apa KAl TNG KATOVAAWONG KOUGLHOoU, EVW
£XEL QUECEC KOL EUPECEC EMUMTWOELG OTNV UYsia Twv avOpwnwv oAAd Kol OTO YEVIKOTEPO
olkoouotnua. Emopévwg, elval avaykalo o€ KABe eumopsupaTiky petadopd, n
ghaylotomoinon twv TEPIBAANOVIIKWY EMUMTWOEWV KOL TWV €KMOUNwv punwv CO2. To
npoBAnua tng Spopoldynonc PacllOpevo oTnV EAAXLOTOMOLNGN TWV EKTIOUMWY OVOUATETAL
Mpaowo MpoBAnua ApopoAdynonc.

To Green VRP ywpiletal oe 600 KUPLEG KATNYOPLES, OTIOU Ol KUKAOGDOPLOKES OUVONRKEG OTNV
TPWTN KaTnyopia efaptwvtol and tov Xpovo evw otnv SsUTepn eivol avefdptnTeg amo Tov
XPOVO. ITO LOVTEAQ AVEEAPTNTA TOU XPOVOU OL TAXUTNTEC TWV OXNUATWYV €ival eite n elcodog
glte n petaPAntn anddpaong tou MPoPARUaTOG. AvtiBeTa, ota POVIEAA EQPTWHEVA OO TOV
XPOVO, XPNOoLUomoLoUVTOL Ol TTANPOGOPIEG TTOU CUYKEVTPWVOVTOL amd To 08kO Siktuo,
Snuloupywvtag éva o81ko xpovodiaypaupa (Road Timetable) To omolo mapouactdlel Toug mo
YPNYOPOUG XpOVouG LeTafl SUo onuelwv (adetnpla - TEPUATIONOG), EeKVWVTAG SLADOPETIKEG
WPEC TNG NUEpPOC (Eglese, Maden and Slater, 2006).
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YBpL61ko NpofAnpa ApopoAdynong

Avtiotolya e to Green VRP, 6mou n peiwon Twv agpiwv mouv cuuBAAAouv 6To GaLvOUEVO TOU
BepuoknTiou €xel peTatparel og £va MOALTIKO, KOWVWVLKO KAl OLKOVOULKO TIpOPANa B£Tovtog
VOLIOUC KOl TIEPLOPLOPOUC WOTE va UTAPEEL Pelwon Twv PUTIWV O OAEG TIC QVETITUYUEVEC
XWPeC, £tol Kal oto Hybrid VRP o otdxo¢ mapapével i6log. Qotoco to uPpldikd VRP
Sladoporoleital oto yeyovog OTL 0 0TOAOG TWV OXNUATWY TtepAaBAveL UBPLOIKA oxAuaTa
TIoU AELToupyoUV Kal wG NAEKTPLKA AN Kal pe tapadootakd kavaotpa (Mancini, 2017). Ta
oxnuota Bewpouvtal mwe eival oe Béon avd maca otypn va aAlaéouv cvotnua wbnong
(nAektpLkd/ e KOWUGOLHO) Kol TIWE TO KOOTOC TNC SLadpoUng eival HikpOTePO OTav Asltoupyel
w¢ NAeKTPLKO. EMiong n NASKTPLKN pmotaplo TOU OXAUOTOG EXEL TIEPLOPLOPEVN XWPNTLKOTNTA
Kot adol efavtAnbel pmopel va emnavadoptiotel oe kamolo otabud emavadoptiong, o
oplBudc Twv omolwv Bewpeital MePLOPIOUEVOCG, EVW TO OXNUA UTopel va cuveyiosl tnv
Aeltoupyia tou pe mapadootakad kavaa (Mancini 2017).

2.3 Movtelonoinon NpoBAnpatog ApopoAoynong OxnUAaTwv

Onwc avadepbnke to CVRP avadépetal otov nmpooSloplopo Twv Sladpopwv evog oTtolou
oXNUATwWY, OMou To KABe oxnua dlaoyilel o Stadpoun n omoia apyilel amo €va onpeio
otaBbuog (amobnkn, xwpog otdbueucnG oxNUATWY K.a.) SLEpYeTal amd €va UTTIOGUVOAWV
onueiwv - mehatwv pe SeS0UEVEG AMOLTHOELS HETAPOPAS Kal eMIOTPEDEL Eavd oTo onpeio
otaBbuog. To oxnua Ba mpénel va emokedTel OAoUC Toug MEAATEG TToU Pplokovial evtog Tng
SLadpoung Tou akpLPwS pia popd Kal n cuvoAlkn InTnon Twv meAatwyv tng dtadpopung dev Ba
TPEMEL va UTEPPAIVEL TNV XWPNTLKOTNTO TOU OXAMUATOC. XTOXOC TwV TPORANUATWY
SpopoAoynong oxnuatwy eilvat cuvnbwg n elaxlotomoinon Tou CUVOALKOU KOOTOUG TNG
SLadpoung. Ito Zxnua 2.7 mapouolaletal ypadika n “sicodocg” kat n “€£€0d0¢” tou CVRP wg
ypadoc.

© . . f‘.’g’ RED
Depot RP
. ‘k. Aatial

o |

N 3
i} >
° v L

IxAna 2.7: Mpadwkn Napdaoctacn Eloodou kat'E§odou CVRP pe Oswpia Mpadpwv

To CVRP umnopel va oplotel pe tnv Bewpia Mpddwv pe Tov akdAouBo Tpomo. TUUGWVA LLE TOUG
(Toth and Vigo, 2002) &idetau évag npocavatoAlopevog ypddog G = (V ,A ) dmou
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V ={Vy,Vi,...,Vy} eivarto cbvoho twvn  + 1kopudwv V' kat
A =,V / Vi, VieV ; i+ j)ouvolo twv akpwv (ASV xV )

OL KOpUDEC j=1,...,n AVTLOTOLXOUV OTOUG MEAATEG Kal N kopudr 0 avtioTtolkel otnv amodnkn.
Ztov KABe meAdtn avtiotolxel éva Stdvuopa {ATNoNnG qi TOU TEPLEXEL TG YVWOTEG LN-O0PVNTLKEG
TOoOTNTEG {ATNONG TwV IeAaTwy (otnv amobnkn avtiotowxel {ntnon q0=0). Av pag Sivetat éva
ouvolo nedatwv SSV tote n cuvoAikn {ntnon slvat :

d(s) = ) d()

j €S

Eniong éva pn apvntiko Slavuopa KOOTOUG ¢;; OXeTiletal pe kdBe akun (i,j) € A mou
QVOTaPLOTA TO KOOTOG va Ta§ldePelg amd o kopudn ioe pa kopudn j. Mevikd n xprion
KAeloTWV akpwv, (i, 1) 6ev emrpénetal kat auto emBdrietat opifovrag ta kdotn ¢;; = +ooyia
k&Oe i € V. EQv LoXVEL ¢;; = Cj;TOTE TO TPOBANHQA OVOUATETAL CUHUETPLKO KOLL GUXVA TO GUVOAO
TwV akpwv A avtikabiotatal and éva cUVOAO N TPOCAVATOALOUEVO GKpwV E, Ta otolxeia Tou
omolou AapPdavouv TAEoV pLa LOVo TN e.

Ytnv amoBnkn sival Stabéoipo éva oclvolo K Opolwv oxNUATWY, To KaBéva pe XwpnTkotnTa
C. KaBe oxnua pmopel va ekteAéoel éva ovo dpopoAdylo kal Bewpolpe mwg o K Sev eival
ULKPOTEPO amo Ui TN Koy in, 010U Ky €lvat 0 eAdXLotog aplOudg oxnpaTwy mTou PimopouV
va eEUNNPETOoOUV OAOUC TouC TteAdTeC. EmumAéov yia va e€aodalicouvpe Abon Bewpolpe mwg
d; < Cyw kabe j = 1,...,n.0tav o apBpodg Twv dlabécipwy oxnuatwy eival peyoditepog
arnd 1o Ky, elval mBavo oplopéva oxrpata va pnv xpnotpomnotnBouv. Xpeldletal £€ToL va
KoBopioou e To €vav eAdxLoto aplBpd Spopoloylwy. e AUTAV TNV MEPIMTWON MPOCOBETOUNE
Karmola emumAéov otaBepd Kootn mou oxetilovral PE TNV XPRon Twv OoXNUATwv. Auto
evowpatwvetal oto CVRP pe tnv mpooBeon pLog otabepnG TLUNG ,TTOU AVIUTPOCWIIEVEL TO
otaBepd KOOTOC XPronNg TwV OXNUATWY, OTO KOOTOG TWV OKHUWV TIOU €YKATAAEIOUV TNV
oamnodnkn.

MetaBAntég anddaong opilovrat ot :

xi’§ : talpvel tnv T 1 dv 1o oxnpa k 0deleL amd tn O€on i otn B€on j, aAALWG TtapVEL TV

TN 0
Y;j : maipvertnv tiun 1 edv kdoto Oxnpa 0deveL amo tn Beon i otn B€on j, aMwwg 0

Apa to CVRP cuviotatal otnv elpeon K amAwy KUKAWUATWY, TTOU avTLoTOoLXoUV o€ SLadpOopEG
OXNMATWVY HE TO EAAXLOTO KOOTOC, TO OTOl0 0pileTal WG TO ABPOLOLA TOU KOOTOUG TWV AKPWV
TIOU amoTteAoUV KABe KUKAWUA., £TOL WOTE :

(i) kaBe dLadpopn) va eMIOKEMTETAL TNV ATOBRKN

28



MéBobol EniAuong tou MpoBAnuartoc ApopoAoynong Oxnuatwv
Acotikwv Epmopevpatikwv Metadopwv kat Epapuoyr toug os
MAnpodoplakod Tuotnua

(ii) k&Be Kopudh je V\{O}va ETULOKETTETOL OO V0L KOLL LOVO 8pORoAdyLO

(iii) To aBpolopa NG INTNONG TWV KOPUPWVY TTOU ETILOKENMTETAL VA SPOUOAOYLO VO NV EeMepva
TNV XWPNTIKOTNTO TWV oxnuatwy C

Ma6fnpatiki Atatunwon :
AVTIKELEVLIKN cuvdptnon 1

> D% (1)

keK jeC

AVTIKELYEVLKA ocuvapTnon 2

2, 2, il )

keK (i,j)eA
Y16 TouG IEPLOPLOUOUG :
iec jev
keK jeV
jev
Yk b =ovieNviek )
iev jev
Zx}f, =1,Vk €K (7)
jev
x5 €{0,1}, V(i,j)) EAVk €K (8)

Onou
o xf maipvermy Ty 1 6tav to dynua k extedel v Stadpopn i - j, aAAiag 0
® d;;naméotaot HETaE) TwV KOUPwVi-j
® ¢, (ntnom meAat i
® gk xwpnTkdéTNTA TOV O)XNpaToS K
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3. AAyopilBpoL — M£0obdor Emiduong MNpofAnpatog ApopoAdynong
OxnuatTwv

To 1981, ot Lenstra kat Rinnooy Kan amédeiav otL to VRP avikel oe pla kKAdon
TLOAUTIAOKOTNTOC TIOU XPNOLUOTOLE(TAL yLa TNV EPLypadr OpLOHEVWY TUTIWV TTPORANUATWY
APng amoddcewv mou Aéyovtat NP-hard (Non-Polynomial time solvable). NP-hard
ovopalovtal ta mPoBARpaTa Tou AUVOVTOL O€ TIOAUWVUULKO XPOVO HOVO armo BewpnTIKnA 1N
VIETEPULVLOTIKI LNXOVA LKAVI) VO TIPAY LOTOTIOLEL ATelpou ¢ mapAAANAoUG uTtoOAOYLoHOUC (Non
deterministic Turing Machine). AnAadn n enihuon toug, 1 kal n emBePaiwon LMapéng Avong,
gival olaitepa SUOKOAN KoL 0 TIOAAEC TIEPIMTWOELG AVEDIKTN. TUYKEKPLUEVA, N SlEpelivnan
™¢ umapéng N Un edktwv AVoswv KaBwg KoL n evpeon pLog KNG AUonNg O KATIOLO
npoBAnua VRP sival mpofArpata tumou duckoAiog NP-Complete (Savelsbergh, 1985). Ma tov
AOyo auTd aAAQ KoL TO HeyAAo TTANB0¢ SedopEvwy Kal ayvwoTtwy Tou enefepyalovtal TAEoV
ol £peVVNTEG €xouv avarmtuxBel oplopévol alyoplBuol ou Sev Bpiokouv tnv BéATiotn Alon
oAAa AUon Tou mpooeyyilel TNV BEATLOTN, MAPAYOVTAG UL | TIEPLOCOTEPEC LKOWVOTIOLNTLKES
Sladpopécg. Me Baon autod To KpLTiplo oL aAyoplBuol emiluong Stakpivovtal og akplBeig Kat
TPOCEYYLOTIKOUG (approximate), pe toug teheutaioug va Slakpivovtal os U0 KaTnyopleg,
TOUG EUPETLIKOUG KOLL TOUG LETOLEUPETIKOUG OAYOpLOUOUG.

Mo avtda ta npoPAnuota BeAtiotonoinong , éxouv avamtuxBel Tpelg katnyopieg pebddwv
entAuong (Panagiotis P Repoussis et al., 2009):

I.  OuakpBeic N avalutikol adyoptBuol ou PBpiokouv tn BEAtiotn Avon alld eivol
edapuoool yla mpoPAnuata pe Hikpo mAnbog mehatwy (<100)
II.  Oteupetikoi alyopiBpol (heuristic algorithms) oL onolol mapéXouv CUYKPLTIKA TAXEWG
pla ediktn) Abon pe amodektr molotnTa
lll.  Oupetasupetikoi alyoplBuol (metaheuristic algorithms) ot amoteAoUv pebddoug mou
XPNOLLOTIOLOUV EUPETIKEG HEBOSOUC LE ELBLIKEC TOKTIKEG WOTE va 0dnynBoulyv, HeTd
aro MoAAAMAd «Tpe€ipata» oe KAAUTEPNG MOLOTNTAC AUCELS

210 Zxnua 3.1 mapouctaletal n taflvopnon tTwv KUpwwv alyopiBuwv eniluong tou VRP
ocUudwva pe Touc (Labadie et al. 2016) kot n omoia xpnotponol|BnKe KAt TV SLAPKELD TNC
BBAloypadikng €peuvag yla TV Kotnyoplomoinon twv pebodwv emihuong. OL akpiPeig
HEBOSOL AOYW TNG ULKPNG TIAEOV EdOPOYN G TOUG SeV avaAlBnKa TEPALTEPW OE KATNYOPLES
EVW Ol EUPETIKEC PEBOSOL Staywpilovtal os KATOOKEUAOTIKEG HeBOdoucg, pebddoug SuLo
daoswv Kol peBodoug PBeATiwong Kal oL UETAEUPETIKEG Slakpivovtal oe pebBoSoug mou
BaoilovtalL oe mMAnBuopd AUoswv Kol oe PeBOSOUC TOTKNG avalTtnong. XITnNV CUVEXELD
ovaAlovtal WE TIEPLOCOTEPN AEMTOMEPELD OL Tilo ouvnBlopévol amd autoug TOUG
aAyoplOpouc.
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IxAna 3.1 Tafwvopnon Kopiwv MeBo6dwv Entiluong tou VRP

3.1 AkpBeic AAyopiBpot (Exact Algorithms)

Ot avohutikég pEBobdol (f akpPBeic péBodol) eival ouvnBwe eite alyoplOpol ypappkol 1
SuvaputkoL poypappotiopoU (linear or dynamic programming) eite TeXVIKEG TEPLOPLOOU KalL
StakAadwong (branch and bound techniques). Ol uéBodol autol unopei va Bplokouv mavtote
™ BEATIOTN AUON, OUWC £XOUV TO HELOVEKTNHO TWV HEYAAWY UTTOAOYLOTIKWY XPOVWY, ELSLKA
o mpoPAfuata peydou aplBuol meAatwy, TOU KaBLOoTA tn XPAon toug MOANEC dOopEC
acUudopn 1 kat aduvatn. O avaAuTikéG pEBodoL ou €xouv avarmtuxBel eival Baclopéveg
OTO YPAUULKO KL OTOV OKEPALO TIPOYPAUUATIONO. Ol KUPLEG KATEUOUVOELC TWV AVAAUTIKWY
peBOSWV elval 0 SUVOULIKOC TIPOYPAUUATIONOC, N «XOAGpwaon» TIEPLOPLOUWY Tou Lagrange
(Langrangian Relaxation) kat n péBodog mapaywyng otnAwv (Column Generation). Ot o
televtaiec kateuBlvoelg otnpilovtal otnv apxn tg amoikodounong (decomposition),
6nAadn to KUplo TPOPANUa Stoomdtal o SU0 N TePLOOOTEPA TPOBARUAT yla TN
SleukoAuvaon tng emiduong tou. Mevikd ota pofAnpata VRP epapuolovral ylo pkpd LeyEdn
nedotwv (éwg 100) 4 ouvbuaotikd pe Kamoita AAn péBodo oe kamoloug uPpPLSLKOUC
aAyopiBuouc.

3.1.1 AAyopLBpog Avanapaywyns ZtnAwv (Column Generation)

O Gilmore kat o0 Gomory to 1961, napouciacayv pla pHEBodo ypap kol mTpoypaplaTiopuou. H
Kuplopyxn O6€a elval OTL TTOAAG YPQUULKA TIPOYPAMUATA ELVOL TIOAU HEYAAQ YLO VA EEETACOUV
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PNTA OAEG TLG HETAPANTEG. AeSOUEVOU OTL OL TIEPLOCOTEPEG o TIG LETAPANTEG Sev Ba elvat
Baolkeg kat dev Ba emibpouv otnv BEATIOTN AUGT, TOTE LOVO £Va UTIOCUVOAO TWV PETABANTWY
nipéneL va BewpnBel katd tnv emiluon tou mpoPAnpatoc. H avamapaywyn otnAwv aglomotel
auTA TNV WEQ yla va TTapAayeL LOVo TIG HETABANTEG TTou €xouv T SuvatotnTa va BEATIWOOULY
TNV QVTLIKELUEVIKA ocuvaptnon - dnAadn, va Bpouv LETABANTEG e OPVNTIKO UELWHUEVO KOOTOG
(utoBétovtag XWPLG amMWAELL  YEVIKOTNTAG OTL TO TPOPANUA eival éva TMPORANua
ehaylotomoinong).

To uno emiduon mPoBAnua xwpiletal oe VO emPEPOUG TPOPARUATA : TO KUPLWE TPOBANU
(master problem-MP) kat to umo-mipoPAnua (subproblem). To kupiwg MpoPANUa ival to
aPXIKO TIPOPANUa Omou e€etalovtal HOVO €va UTIOGUVOAO TwWV METAPANTWY EVW TO UTO-
TPOPANUa gival éva véo TPOPANUA TIOU SNULOUPYEITAL WOTE va TIPOOSLOPLOTEL HLa VEQ
HETAPBANTH. AVIIKELLEVIKA) CUVAPTNON TOU UTIO-TIPOPRAAMOTOG £vol TO LELWUEVO KOOTOC TNG
VEOC UETOPANTAC OE OXEON ME TIG TPEXOUOEC SUOSIKEC PETABANTEC KoL OL TEPLOPLOMOL
QmaLTouV N HeTaBANTr va UTIOKOUEL 6TOUC GUGCLKA UTIAPYOVTEG TEPLOPLOOUG.

H Sladikacia Aettoupyel wg €€AG: ApxIKA eTUAVETOL TO KUPLWG TIPOBANUA - Ao tTnv AUon mou
TPOKUTITEL, AapPBavovtal SUASIKEG TIUEC Yo KABE TEpLOPLOPO TOU Kuplwg mpoPAnuartoc.
AUTEC oL TAnpodopieg otn cuvéxeLa eKUETAANEVOVTOL QIO TNV AVTLKELLLEVLKI) CUVAPTNON TOU
UTIO-TIPOPBAAATOC Kol €MAUETOL TO UTO-MPOPANUA. EAv n T TNG QVTLKELUEVIKNG
ouvaptnong eivat apvntikn mpoodlopiletal o PeTaBANT HE 0pvNTIKO KOOTOC. H véa
petaBAntn mpootiBetal oto KUpiwg MPOPANUa To omoio kat emlvetol avd. H emiAuon tou
Kuplwg TpoPAnuatog Sivel éva véo cUvolo Suadlkwy TWHWV Kal emavolapBavetal n 6An
Sladikaoia £€wg 0tou To UTO-TIPOPRANUA va punv ipocadlopilel AANAN peTtaBANTH HE ApVNTLKO
HELWUEVO KOOTOG Kol BpeBel pe autov tpodmo n BéAtiotn Avon.

3.1.2 Auvapikog Npoypappatiopos (Dynamic Programming)

O 6po¢ SuVALKOG TIpoYPAUUATIONOG (Al), BepeAlwBdnke to 1953 and tov Richard Bellman.
Mo to VRP ot mpwtol mou edpdpuocav thv pébBodo ntav ot ot (Eilon, Watson-Gandy and
Christofides, 1971). Mpokettal yta pa yevikn pebodoloyia oxedlaopol alyopiBuwv kat gv
UTIApXEL €va TPOTUTIo Slatumwong N emiluong mpoPAnudtwyv. Apxika Eekivnoes oav
poOnuatiki pébodog yia tn AP oelpdg aAAnAo-cuvdedpevwy anoddcewv (sequence of
interrelated decisions) kat otn ouvéxela eEelixBnke oe nEBobo eniluong mpofAnUATWY Ue
erukaAumtopeva (overlapping) uno-npofAnuata. Baoikr apyn tou Al ival n unodiaipeon
ToU apxlkoU TpoBAnpatog os umo-ntpoPAfuarta (otadia). To amotéheoua tou Al sival o
«TOALTIKA» (policy) n omoia mpoodlopilel TL mpemel va yivel o kGBs otadlo. H péBodog
propel va xpnolomotnBel yla YypOoUpLKA Kal Un-ypaupikd mpofAnuata kabwe eniong yla
VIETEPULVIOTIKA KOl OTOXOOTIKA TIPOBAALATO TWV OMOLWY OL TIOPAUETPOL Elval YWWOTOL LE
BeBardtnTa KABWC KOl ylot 0TOXAOTIKA TpoPAnuata. Baowkn 6éa tou AN elval n xpron
MVAUNG yla va amoBnkevovtal ol AUCEL] TwWV UNO-MIPOBANUATWY £TOL WOTE va Unv eivat
avaykaia n emiluon Toug MoAAAmAEG hopEG
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3.2 Eupetikoi AAyopiLOpol — Heuristic Algorithms

Q¢ gupetikn LEB0SOC oplleTal pia Aoyikr akolouBia Bnudtwy, n omola & Sivel anapaltnta
™ BéATiotn AUon, aAAA pa AUon apKeTd KaAr wote va Unmopet va aglomotnBet mpaktikd. Ot
EUPETIKEG HEBOSOL yla TO TPOPBANUa SpopoAdynong oxnuatwyv Bpiokouv AUCELC TTOU KaTA
Kovova £Xouv amOKALON 5-25% armo Tn BEATLOTN VW XAPOKTNPLOTIKO TOUC TAEOVEKTNUA lval
N amAOTNTA TOUC, O ULIKPOG XPOVOG EKTEAECKC TOUG KOL TO YEYOVOC OTL UImopoUV eUKoAQ val
TpomonolnBouv yLa va ImopouV Vo AVTLETWTILoOUV S1ddopoug EPLOPLOLOUCG.

OuL eupetikég pEBodol ywpilovtalr oe pebddoug mou kotaokevadlouv Avoelg (Route
Construction Heuristics), og pebodoug Vo dpaocewv (2-Phase Heuristics) kat oe pebddoucg
Tormikn ¢ avalntnong (Local Search Methods) (Labadie, Prins and Prodhon, 2016). Elval oAU
onuavtkol yia ta mpoPAnpata SpooAoynong oxNUATWY SLOTL av KoL GTTAVLA CUVOVTLOUVTAL
TAEOV HOVOL TOUG elval avarmoomaoTo KOUMATL Tou oxedlaopol Twv oUyxpovwy PeBodwv
eniAvong.

3.2.1 Kataokevaotikoi Eupetikoi AAyopLOpot

Ot Kataokevaotikéc MéBodol yia ta mpoBAnuata VRP, maipvouv cav eicodo £va cUvolo pn
SpopoAOYNUEVWVY OXNUATWY Kal €va cUVOAO Un SpopoAoynuéVwy TTEAOTWY Kol SnpLoupyolv
plo kawoUpyla AUon ToU IKAVOTIOLEL TOUG TIEPLOPLOMOUE Tou TtpoPAnatoc. Xwpilovtal oe
600 katnyopieg, avaloya e TOV TPOTO KATOOKEUNG TG AUoNG:

1. Ztnv mpwtn Katnyopia avikouv oL péBodot mou kataokeudalouv KABe SLadpopr OxXHHATOG
EexwploTd - oelplaka (sequential). Autég EekvoUv amo pia adslo Stadpopn Kot mpoaBetouv
O€ aUTAV TIEAATEC EXPL VO OAOKANPwWOEL, SnAadn va pn punopei va mpooteBel AAAOG eAATNG
AOyw kamolou neplopLopol (ouvhBwe xwpntkotntag oto KAaokd CVRP). Adbou oAokAnpwBel
n mpwtn dtadpopn dnpoupyolv deUtepn K.0.K. HEXPL VA GTACOUV oL SLadSpOoUEG Tov aplOud
Twv SLBEéouWY oxnUatwy, N HEXPL va eEumnpetnBolv OAoL oL TEAATEG. Z€ QUTAV TNV
nepintwon eivat duokolo va mpoPAéelg mdéoa oxnuata Ba xpnowdomotnBolv evw TO
televutaio oxnua svoéxetal va €xel pkpO doptio oe oxeéon pe ta umdAouto. Mapddelypa
sequential 6popoAoynong mapouolaletal oto oxnua 3.2 a) 6mou dpaivetal va oAokAnpwvetal
mpwTa £va SpopoAdyLo mpLy opxiosl va kataokeudletal to SeUtepo.

2. Ytn 6gltepn Kotnyopla avrkouv oL pEBodol ou Kataokeualouv apdAAnAa- Tautoxpova
T Sadpouég twv doptnywv (parallel routing). Autég ot péBobdol  Eekwvolv pe TOOEC
SL08poUEG O0EC Kal Ta oxnpata K Kal KATaveoUV OELpLOKA OAOUG TOUG TTEAATEG O€ KATIOL
omd auvtéc. Mapdha avta dev e€oodaliletal otL oto Téhog Ba £xoupe K Stadpopég (6oeg Kot
T oxfuata), Lot edv o Kamolo smavaAnn dev pmopel va mpooteBei meAdtng, totTE
npootiBevral emutAéov SLadpopEg OMwG otnv nepimtwon 1 ( Napadelypa oto IxNnua 3.2 b).
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Route R;
(completed)

Route R; <)

(emerging)

Depot Depot

(a) Sequential Routing (b) Parallel Routing

Ixnua 3.2: Napadeiypata Sequential ko Parallel ApopoAdynong

3.2.1.1 AAyop1Bpuog MAnciéatepou leitova ( Nearest Neighbor Algoritm)

To 1o am\o mapAdelypa KATAOKEUAOTLKNG LeBOSoU gival o alyoplBuog tou MAnoléotepou
leitova. Zekwvwvtag amod tnv anobnkn pia Sladpopr cUVEXWE EMEKTELVETAL TTPOCOETOVTOC TOV
TANGLEoTEPO KABe dopd meAdtn ,mou SeV MPOYPOUUATIOTEL yla KATIOLO SPOOAGYLO PEXPL
gKelvn TN oty Kat n NTnon Tou LKOWOTIOLEL TOV TTEPLOPLOUO TN SLABECLUNG XWPNTLKOTNTOG
Tou oxNuatog. Otav Sev punopet va mpooteBei GANOC EAGTNC TO OXNUA ETLOTPEDEL TToW TNV
amoBnkn kat Snuioupyeital véa dtadpopn).

2Tn OUVEXELA TAPOUCLATETAL O APXLKOG aAyoplBog «Nearest Neighbor» :

1. 0600 unapyouv un dpopoioynuevol meAateg emavélape
a. Onuolpynoe pLa véa Stadpoun
b. Béoe tnv Kkeviplk amobrnkn w¢ tnv TpEXouca BEon TOU OXNUATOC TNG
SLadpoung
c. 000 umdpxsl un Opouodoynuévoc meddtng kait Sev mapabialetal o
TIEPLOPLOUOC XWPNTLKOTNTOG OYNUATOC EMAVENABE
i. mnpbdbobeoe tov KOVILVOTEPO TMeAATN (LN SpopoAoynuévo) oto TEAOG
™G TpEYovcoc Sladpounc
ii. B£oe tov véo meAATN WG TpEXouCa BEDN TOU OXNUATOG
2. emnéotpee ta SpopoloyLla

3.2.1.2 AAyOpLOuoG Savings

AuTA N KAOOLKA EUPETIKA KATOoKELAOTIKA HEBodog mpotadnke amd touc (Clarke and Wright,
1964) yra 1o CVRP pe eAeUBepo aplBUO oxNUATWY Kal avrKel otnv katnyopla Parallel Routing.
O aAydplOuoc Eekva kotaokeualovtag Tooeg SLadpopég 6ooL Kat oL meAdteg SnAadn kabe
Slabpopun efumnpetel évav kat pévo mehdtn. e KAOe emopevo Bripo cuvevwvovtal dUo
Sladpopeg avaloywg ma Ba amodépel To peyoAutepo kEpSog (savings). H Stadikaoia mou
akoAouBeital pnopei va meplypadnBei wg e€ng:
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Brina 1 : YroAdyloe to kEPSOG (savings) s; = ¢j1 + €15 — ¢ Yl kaBe i,j = 2,..... ,MKOLD #
jAnuwoupynoe n — 1 Stadpopég oxnuatwy (1,4,1) émov i = 2,...,n

Brpa 2 : Tagwvounoe ta savings oe pBivouoa oelpa.

Brina 3: Oewpnoe dUo Sladpoueg ou nepiexouv tatoda (i, 1) kau (1, j) avtiotoya. EQv s;; >
0 ouvévwoe SOKLLOOTIKA QUTEG TLG SLadpopeg elodyovtag to 1680 (i, j) kat Staypadoviag ta
to8a (i, 1) kat (1,)). Yhomoinoe tnv cuvévwon €dv n mpokumntovoa Stadpopn eivatl edikrn.
Enavélafe auto To Brpa £wg 0tou va Unv eivat mBavr aAAn BeAtiwon. Stop.

H Swadikacia auth xpetdletal unmohoytotikd xpovo 0(n? log n)ald pnopel va uelwBel pe
xpnon katdAAnAwv Sopwv dedopévwy (Golden, Magnanti and Nguyen, 1975). O aAyopLBuog
Clarke kat Wright ayvoel ta otaBepd KOOTN TWV OXNUATWY Kol To PEYeBoCg Tou oTOAoU TWV
oxnNUatwy. Ta otabepd k6oTN pUnopolv eUkoAa va AndBouv umoP v pe tnv mpocbnkn autol
TOU KOOTOUG Ot KABe ¢1;(j = 2,....n)evw AUoelG yla kaboplopevo aplBpd oxnuatwv
umopouv va Bpebouv emavaAapBavovtag to BAua 3 péxpt va AndBei o cuykekpluévog
opLlOpoC Stadpopwyv /oxnUaTwy.

3.2.2 Eupetikoi AAyopLBpuol Avo Pacswv (Two Phase Heuristics)

H 16€a niow amoé tnv pébodo dVo dpaoewv ival va petaoynuaticoupe to mpdPAnua VRP os
TSP. Awakpivovtal oe Cluster-first, Route-second kat oe Route-first,Cluster-second, emiteAovv
Snhadn pe Stadopetikn oelpd tig Svo daoelg. Katd tnv Cluster-first, Route-second o mpwtn
daon dnuoupyel opadeg mehatwy (Clusters) twv omoiwv n abpolotikn {NTnon LKavomoLel Tov
TIEPLOPLOUO XWPNTIKOTNTAG TOU OXNIOTOG KAl OTNV CUVEXELA AUVEL éva pOBAnua TSP yua
kKaBe ouada, taflvopuel oe oOepd TN OUCTASO WOTE Vo ETITUYXAVOUUE TO €emMLBUUNTO
anotéAeopa. Kalo mapadstypa autrg tng nebodou sival o ahydplBuog Sweep tou (Gillett and
Miller, 1974), 6mou oL cuoTtadeg opillovtal ooV YWVLOKOL TOUELG e KEVTPO TNV amoBnkn.

H Stadkaoia meplypddetal 0To mapakatw IxNua 3.3, 0mou oL aplBpol KOVTd 6TouG MEAATEG
umodnAwvouv tnv {Atnon toug. Katd t paon tng Snutovpyiag opddwy, évag mehdtng (seed
customer) emAéyetal oauBaipeta Kol ocapwvovtoal ol urndhoutol TieAdteg (0To oXAUA
avTLoTPO WS TNG Popag Twv SeKTWY poAoylol) yla va KOTAANEOUE OTOV MAVW OpPLOTEPA
Topéa (sector 1). KaBe topéag oAokAnpwvetal edv n pocdrkn enumAéov mehdtn rnapafLalst
TOV TEPLOPLOUO XwpPNTIKOTNTAG Tou oxnuatog ( xwpntikotnta C = 10 oto mapddSslypa tou
OXNMOTOG). ITN CGUVEXELA E €VAV OTTIOLOSHATIOTE AVOAUTLKO ] EUPETLKO aAyOpLOpOo emAUETAL N
$don g 6popoAdynong tng SLadbpopng.
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IxAna 3.3: Napadstypa AAyopibuou 2 Pdoswv

AvtiBeta oL eupetikol tUmou Route-first,Cluster-second “yalapwvouv” apxlkd TNV
XWPNTIKOTNTA TWV OXNUATWY wote va AuBel to TSP oe éva mpwto PrRua. Auto £xeL oav
QTMOTEAETHA TNV SnpLoupyia pog LeEyAANG SLad PO TTIOU ETLOKEMTETAL OAOUC TOUG TTEAGTEC.
Ytnv ouvéxela pe pla Stadikaocio Siailpeong (splitting procedure) Saxwpilel TNV peydin
Sladpoun og SpopoAoyla CVRP.

3.2.3 Eupetikoi AAyopLBpot BeAtiwong (Improvement Heuristic Methods)

‘Evag aAyoplBuog BeAtiwong f torikng avalntnong Eekva amod uia apxkn Avon S, n omnola
oUVNBWC AIMOKTATAL ATIO KATIOLOV KATAOKEUOOTIKO EUPETIKO, Kal Bewpel £va urtocUvolo N(S)
AUogwV KOVTIVEG otnv S amno anodn Sounc, mou ovopdletal yettovid tng S (Neighborhood). H
yeltovia emiBewpeitol wote va Ppebel plo kaAutepn Abon S'. Eav BpeBel n S, yivetal n
KoBOlepwpévn AUon kat n dtadikaoia emavalapBavetal. Me autov Tov TPOTOo n apxtkn Avon
ouvexwe BeAtiwvetal pEXpL va Ppebel KATTOLO TOTUKO BEATLOTO TNG YELTOVLAG.

o To oXeSLAOUO VOGS AAYOPLOOU TOTILKOU BEATIOTOU TIPETEL VA KABOPLOTOUV TA TTAPAKATW,
Snhadn nwg Bploketal n apxtki AVon, LE TTOLo UNXAVIoUO Yivetal n aAlayn tou Spopoloyiou,
TO KpLTAplo amodoxng Kat n Sokiun teppatiopol. Ta anoteAéopata eEapTwVToL 08 HEYOAO
BaBuod amd tnv apxkn AUon Kol oo Tov HNXOVLIOMO €MAOYNG VEQG YELTVIAONG.

3.2.3.1 KAaooikéc M£€Bodot

Ot 1o amAég pEBodol €xouv oplatel yia to TSP Kat urmopouv va epoappootouyv kat oto VRP og
KABe SpopoAoylo. MNa mapddelypa, £vag MeAATNG Unopet va adapedel ano éva SpouoAoyLo
Kol va petartorniotel os Stadopetikn B£on (node relocation) 1 8o meldteg va avtaAAdéouy
B£on (node exchange). Ot yeltovIEG o8 QUTEG TIC HeBOSoUG prtopolv va e€sTactolv og XpOvo
0(n?)yia n meAdreg.
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Ou 1o ouvnBeLg eupetikol alyopLBpuol Torkng avalntnong eivat ot k-opt (Lin and Kernighan,
1973), omou ot £va §popoldyLo avtikadiotol e k akpég Tou pe k GAAeg akpég. Mia Auon (éva
SpopoAdyLo) mou dev pmopei va BeAtiwBel dAAo amod k-exchange, Aéyetal k-optimal. MNa va
g€eTaoTolV OAeC ol TuBavég k-opt kwAoelg amatteital xpovocO(nk), cuvenwg yua va
TLEPLOPLOTEL 0 UTIOAOYLOTIKOC XPOVOG TIPOTIHWVTAL Ol 2-0pt Kat 3-opt péBodol. 2-opt* heuristic
gival o ocuvbuaoudg 2 dpopoloyiwv €Tol WOTE oL TeAeutaiol MeAATEC evog dpopoloyiou
£l0AYOVTOL META OO TOUC TMPWTOUG MEAATEC £vO¢ GAAou Spopoloylou £tol wote va
Slatnpeitat n popd tng SLadpopng.

AMnN péBobdoc avtolhayng sival n CROSS- Exchange kotd tnv omola adalpolpe anod pia
Sladpopn 2 akpeg, To iSlo yivetal kal og pia Seutepn Stadpoun. OL evolapeoeg SLaSPOUES,
mou TepLExouv éva aubaipeto oplBpd meAatwy, OVIAAAACOOVTOL HE OTMOTEAECUO TN
Snulovpyia 2 véwv SLadpopwv.

H uéboboc Or-opt mopouolaotnke amnod tov Or Kol HeTABLTEL pla oelpd amnod 1 €wg A meAdTeg,
evw n péBodocg A-interchange tou Osman (Osman, 1993) avtaAAdoosl 2 o€lpEG TO TOAU A
neAotwy N KaBepio. e QUTEC TG MEPUTTWOELG yla TNV TANPN £€epelivnon tng yeltvioong
amnatteital unohoytotikdg xpovog O (An?)kat 0(A2n?)avtiotolya, Kat cuVABWE mpoTLUdTaL
A=3. H ué€Bobdog A-interchange eival blaitepa evdladépov KabBwg UMO KATOLEG OUVONKEG
nepthappavel tig puebddoug node relocation, node exchange, 2- opt kot Or-opt moves
(Labadie, Prins and Prodhon, 2016). 1o mapakdtw oxnua 3.4 napouactalovrol mapadeiypata
avtaAAayng meAatwy Twv HeBodwv 2-opt Kat A-interchange oe éva kal oe U0 SpopoAsdYLa.

Ixnua 3.4: Napadeiypata KwvRoswv Tomikrg Avalitnong

depot —>

2-opt move on one route 2-opt on two routes (2-opt* version)

Osman’s A-interchange move on one route

3.3 Metaegupetikoi AAyopLOpuot

OL petasupetikol aAyoplBuol omwe Kal ol eupetikol divouv AUCELG mou mpooeyyilouv tnv
BéATiotn AUon. Zav 6pog MOPoUCLACTNKE TPpWTN Popd amo tov (Glover, 1986). Mmopouv va
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0pLOTOUV WG YEVIKEC LEBOoSOL eMiAUCNC TTOU EAEYXOUV TNV £€EpEUVNON TOU TIESIOU TV AUGEWV
MEOW TEXVIKWY, aVeEAPTNTWY aTtd To MPOPBANUA, He oTpaTnYIKEG UPNAOTEPOU eTMéSou. Autd
TOUC emuTpenel vo e€epeuvolv 1o medio AUCEWV TIO EKTETOMEVO LE OTOXO VO LNV
TayLSeVoVTaL O€ TOTILKA OKPOTATA KAl dpa va Bpiokouv KaAUTepeg AVCELG. OL TEXVIKEG QUTEG
nepthappavouv omolodnmote oxeSlo Tou Katadelyel, ylo TAPAdelyua, o Mio n
TIEPLOCOTEPEG SOUEG VELTOVIWY, O€ SLASLKACLEC KOTAOTPONC I KATAGKEUNG 1| OE GUVSUACUO
MEpWV amod Stddopes AUoeL (Labadie, Prins and Prodhon, 2016). MapdAn tnv yeviki Soun twv
TEXVIKWV autwv, eival amapaitnto va npocapudlovial oto mpoPAnua mou kaAouvtal va
EMAUCOUV HE TPOTIOTOINON TWV EYYEVWV TOUC MAPAUETPWY. ANN onuavtiki dtadopd and
TIC EUPETIKEG PeEBOBOUG gival MWE OL PETAEUPETLKOL EMLTPEMOUV AUCELG TIOU XELPOTEPEVOUV
NV Tapayopevn AUon i akopa Kot pn ePKTEG evlldpeosg AUOELG KATA TtV SLAPKELA TNG
Sladkaoiag efepevvnong. OL petasupetikol alyoplbuol €xouv amodelyBel Slaitepa
amodotikol yla tv emiluon moAAwv TUNMwV oUVOeTwV TPOPANUATWY ald teivouv va
KOTAVOAWVYOUV KoL TIEPLOGOTEPO UTIOAOYLOTLKO XPOVO.

3.3.1 Metaegupetikoi AAyopLOpot mou Asttoupyouv o€ £0VoAo AUGEwV

AUTH n eVOTNTA O.0XOAELTAL LUE TOUG LETAEUPETIKOUG aAyopiBpouc mou e€eAiooouv €va apyLko
oUvolo AUoewv Kot SnuloupyolVv véeg AUoeLg eite ouvdudlovtag TIc O UMApXoUOeG eite
“kavovtag”’ TG AUoelg va “ouvepyaoTtolv’ péow plag Stadikaciag padnong. Alakpivovtal o
npooeyyioelg mou ouvdudlouv AUCELG ETUAEYUEVEG amO KATIOLOV MANBUOUS amoBnkeupévo
oTNV VAN (OTIWG 0 YEVETIKOS aAyOpLlOUOC, 0 ULUNTKOG adyoplBuog, scatter search kAT.) kot
oe peBOdoug ounvoug mou Paocilovtal otnv ouvepyaciot OUOYEVWV TPAKTIOPWVY OTO
neplBdAlov toug (6mwg n PBeAtiotomoinon amolkiag HUpUNYKLWwY Kol n BeAtiotomoinon
OUAVOUC CWHATLSLWVY).

3.3.1.1 Fevetikog AAyopLOpo¢ (Genetic Algorithm - GA)

O yevetikog alyoplBuog (FA) eival pia texvikn BeAtiotonoinong POoLoUEVN OTIG APXEC TNG
duaoikng emroyng, dnhadn tng Stadikaciog e€€ALENC Twv eldwv (cUvolo opyavicpwy). O TA
eMAvVeEIANUUEVWE TpoTtoTtoLel évav TTANBuopO, Omou KABe dtouo ovamoplotd po Avon. 3
KABe Brua o aAyoplBuoc emAEyeL Tuxaia KAmola ATopa-AUCELG amd Tov MANBUoUO va lval
YOVEIG KOl TA XPNOLUOTIOLEL YL VoL TTOpAYEL TTOULSLA VLo TNV EMOEVN YeVLA. Me Tnv mdpodo Twv
vevewv o mMAnBuopog e€elicoetal mpog tnv BéATiotn Abon Auth n néBodoc avamtuxbnke to
1975 amno tov John Holland evw n mpwtn edappoyr o€ ToAUTIAOKA UTIOAOYLOTIKA TTpo AN HaTa
£ywve amd touc David Goldberg, kal De Jong.

H e€ehktiky Stadikacio tou TA amoteAeital amd TPelg PBaotkouc teleotég : Emhoyn
(Selection), Alaotavpwon (Crossover), kat MetdAAaén (Mutation). Me Bdon éva mAnBuoud
AUogwv ToU avamapiotavtol WG XpWHooWHATO (Oslpd aképalwy aplBpwv pnkoug K), to
BrApa tng emhoyng ouviototal otnv emthoyr] U0 yovEwV-AUOEWV Ao tov MANBUGoUO UE pia
Tpotipnon otoug KaAUtepoug Yovel¢ (ue tnv kaAUtepn fitness). Katomiv oL yoveig
ocuvbualovtal PECW KATIOLOU TEAEOTH SLacTAUPWONG AVATTAPAYOVTAG £T0L KATOLEG AUCELG-
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natdla (amoyovoug). TEAOG n HETAANAEN TPOTIOTOLEL KATIOLO OO TA XOPOKTNPLOTIKA TWV
omoyovwy HE OUYKEKPLUEVN TBavotnta wote va efaodaliosl tnv moklopopdia Tou
mAnBuaopoU. OL mapandavw TEAECTEG apouoialovtal ypadlkd oto Ixnua 3.5.

IxAna 3.5 MNapdadeypa Asttovpyiog Mevetikol AAyopiBupou

Population
®
(o]
® ®
(o]
T °
(o) @ o o o
o .
® [
Selection
Replacement
o e Crossover
Mutation
o ©

O teleotn¢ SlooTalpwong f avamapaywyng ivat tblaitepa kaboploTtikdg yia Tov oxedLacuo
evoc anodotikol alyopiBuou (Kumar 2017) kol Ba TApoUOLOOTEL CUVOTTIKA MOPOKATW. Kotd
Vv Slaotavpwon emAéyovtal {gvyn amod XPWUOCWHOTO YOVELG Kol aviaAAdooovtal ta
yovidla Toug pe ouykekpluévo Tpomo wote va mpokUPouv amoyovol pe tv embupntn
mowkhopopdia. Exouv mpotabei moMol TeAeotéC avamopaywyng amo gPeuvnTéC oTnV
TMPOOTIABELA TOUG VA BEATLWOOUV TNV MOLOTNTA TWV ATIOYOVWYV Kal dpa va Bplokouv KAAEG
AOoelg oe oxéon pe tv BéAtiotn, (Ombuki, Ross and Hanshar, 2006; Chand and Mohanty,
2013) k.a.

O mo amAog TeAeoTn¢ avamapaywyng elval o one-point crossover. Y& auth ™ pEBodo
eTUAEYETAL TUXALO Eva ONUELD KOTING TWV XPWHOCWHATWY TWV YOVEWV XwpLllovtog ta £T0L o€
600 umooTolyieg, pia mpLv Kal pio LETA TO ONUELO KOTIAC . 2TO Mapddelypa Tou oxnuatog 3.6
To onuelo 4 emAEXONKe yla onpueio Komng to omnolo Ppioketal avapeoa ota yovidia 4 kot 5
Tou yovéa 1 kal ota yovidia 1 kot 8 tou yovéa 2. ITn GUVEXELD QVILYPADETAL N TPWTNH
umootolxia Tou yovéa 1 (1,2,3,4) Kal elodyetal otov anoyovo 1. Ta undAouta yovidio tou
amnoyévou 1 mpokumrtouv avtlypddoviag éva pog £va Ta yovidla tou yovea 2 mapaleimovtog
00EC TIUEG £Xouv NON eudaviotel. TEAOG oL pOAOL TwWV YOVEWV avTLOTpEDOVTAlL WOTE va
npokU et kat o SeUtepog amdyovoc.
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Crossover Pomt
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IxAna 3.6: Napadsypa TeAeot Avanapaywyrg 1-point Crossover

Yrnidpyxouv 600 €idn yeveTikwv alyopiBuwv avaloyo pe Tov TPOTO ToU avtlkadlotouvtal oL
TmaALég AVoelg (yoveic) otav dnuloupyouvtal kawvolpyleg (amoyovol): Generational kal
Incremental (Goldberg and Holland, 1988). H kAa.oolkn popdn sival o generational yevetikog
oAyoplOuog, kotd tnv omoia oe KAOe yeved o aAyoplOpog dnuoupyel véo mMAnBuoud amo
XPWUOCWHOTA, EVW OV UTIAPXEL EALTIOTIKOG UNXAVLOUOC SLOTNPOUVTOL OTNV ETIOUEVN YEVLA T
KoAUtepa amd autd. Katd tov incremental yevetikd alyoplOuo Sev Snuloupyeital vEog
mANnBuopog mapad mpootibevtol kdbe dopd ol amoyovol. MNa va diatnpnbei otabepod to
pEyeBog Tou MANBUGUOU TA XPWUOCWHOTA TIOU TIPOKELTAL VO AVTIKATAOTAO0UV amd Toug
amoydvoug emAEyovTal HECW KATIOLOC OTPATNYIKAG AVTIKATACTOONC.

Mapakdtw mapouotaletal PeuSokwdLKag ou meplypadel TNV Pacikn apxn Twv incremental
VEVETIKWV aAyopiBuwv.

Sdnuovpynoe évav apxtko mMAnBuopd Pop

EVOOW TO KPLTHPLO TEPUATIOUOU SEV LKAVOTTOLE(TAL EMAVENAPBE
emloyn): Stale€e tuyaia vo yoveig Py kat P,
avamapaywyn: ebapUooe TEAEOTN avamapaywyng yLo TIAPELC ATTOYOVOUG
MeTAAagn: Slatdpate Tuxaia T AUoelg-moudid (pe pikpn mbavotnta)
avtikataotaon: Stdhe€e kamoleg AVGELG oo Tov TANBuouO Kalt

ok wnN P

OVTLKOTEOTNOE TEC HE TIG AVOELG TTaLSLA
7. enéotpee TV KAAUTEPN AUon
3.3.1.2 Miyuntikog AAyopLOpog (Memetic Algorithm - MA)

OL yevetikol adyoplBpol, otn popdn mou mpotabnkav and tov Holland, dev eival apketa
gmBetikol yLa ta TpoPANHaTa BEATLOTOMOLNGNG CUYKPLTIKA e GAAOUC LETOEUPETLKOUG OTIWG
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n neploplopévn avalntnon (TS). EtolL o Moscato to 1989 npdteLve pia OAU TiLo Loxupn popdn
TWV YEVETIKWY aAYOPIBUWY, TOV HIUNTIKO aAyoplBuo KoTtd Tov onolo epapuoleTal TEXVLKN
TOTIKA G avalitnong o€ k&Bs AUoN amoyovo BEATLWVOVTAG LE OLUTOV TOV TPOTIO TNV anddoon
oe moA\A mpoPAnuata BeAtiotonoinong. H tomikn avalntnon oToV UNTIKO aAyoplOuo
anodépel evtatikomnoinon (Moscato 1989). Ot AUOELC TOU TIPOKUTITOUV Ao To oTtAadlo TNG
avamapoaywyng PeAtiwvovtal pe pEBodo TomIKNG avalTtnong PV UTOoToUV UETAANagN.
MNapakatw napouolaletal Le xprion Peudokwdika n yevikr Soun evog incremental pipunTtikou
oAyoplOpou.

1. &nuioupynoe évav apxtko mAnbucud Pop
2. €EVOOW TO KPLTHPLO TEPUATIOUOU SEV LKAVOTTOLE(TAL EMAVENAPE

3. emloyn): StaAege tuxaia duo yoveig Py kat P,

4, avarnapaywyn: ebApUooE TEAEOTH AvVaTTaApaywynG yLo TIAPELG ATIOYOVOUG

5 BeAtiwon: edappooe Tomikn avalitnon otig AUl atdLd pe SeSopévn

mbavotnta

6. petaMaén: Satapale Tuxaia tig AUoetg-moudid (pe pikpn mbavotnta)

7. avtikataotaon: SLahete kamoleg AUGELG oo Tov MANBuoUO Kat
OVTLKOTEOTNOE TEC HE TIG AVOELC TaLSLA

8. enéotpee TRV KOAUTEPN AUON

3.3.1.3 BeAtwotonoinon Anowiag Muppnykwwv (Ant Colony Optimization -
ACO)

H uéBobog PBeAtiotomoinong amoikiag pupunykiwv (ACO) elval gumveucpévn amd tnv
KOLWWVLKN CUUTEPLDOPA HUPUNYKLWV TIOU XPNOLUOTOLOUV OTPATNYIKEG PBOCLOHEVEG OTNV
depopdvn otav Payvouv yla paynto. Ta LUpHUAYKLA, 0TO PUOLKO Toug epLBAAAov, adrivouv
xvn amno ¢epopdvn yLa va L6OTIOLICOUV TO UTIOAOUTA UPLAYKLOL OXETLKA LLE TINYEC TPODNG.
MeTd amo kamolo dtdotnua n mocdtnta tng GEPOUOVNG O KATIOLO. LOVOTIATLA QUEAVEL EAV
OAO KOl TEPLOCOTEPA HUPUAYKLA T akoAouBoUv 1 e€adaviletal edv ta akoAouBouv Alya
puppnykla. H pébodog ACO eivat n mwo Swadedopévn amo TG pebdSouc oaAyopiOuwv
Baolopévwyv 0 OUVEPYAOLO OUAVOUC TIPAKTOPWY Kot Bplokel moAly koA edappoyr oe
npoBARUata Omou n kataokeur Abong pnopel va BewpnBel wg Snuoupyia Stadpopwv oe
Sebopévo ypado onwe otnv mepintwon npofAnuatwy Spopoldynong ( n mpwtn sdappoyn
™¢ uebdSou Atay yia to mpoPAnpo tou mAavodiou mwANTH).

To yeviko mAaioclo tng pebodou amoteheital amd tpia otddla. Katd to mpwto otadlo
XPNOLLOTIOLOUVTAL TO TEXVNTA LUPHUAYKLA VO KATOOKEUAOGOUV AUCELG LE KAVOVEC TILOAVOTNTAG
eKpeTOAAELOPEVA TIANPOdOpieg amd eupeTkoUG Kol Ta povomdtia ¢pepopdvng. To eltepo
oTadLo amoteAsital amd KWoeLg ou gV UMopoUV va EKTEAECOUV TOL LLUPHAYKLO amto pHova
tou¢ . lNa mapddelypo n evepyomoinon TomknG avalitnong r thv xpnon mpdcBetng
depopovne ocupdwva Ue oAlkEG TANpodopleg mou Sev pmopoulv va culAexBouv amd ta
HUPUAYKLA. ITO TEAEUTOLO OTASLO AVAVEWVOVTOL TA LOVOTATIA PEPOUOVNG KOL OL TIUEG TWV
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xvwv (pepopdvng), evioxlovTaL yLo TOL XAPAKTNPLOTLKA TTOU TIEPLEXOVTAL O€ KAAEG AUCELG EVW
LELWVOVTAL YLO. XOPOKTNPLOTLKA TIou &gV XpnoLomnolouvtal oAU, Napakdtw napouctaletat
n vevikn Soun evog ACO

apxlkomoinon povomatiwy Gepopudvng
00O TO KPLTNPLO TEPUATIOUOU SEV LKOVOTTOLE(TOL EMOVEAABE
KotookeVaoe AUOELG

1.
2.
3
4, K@Aeos Daemon Action (TpoalLpeTIKA)
5 OVOVEWOE TO LOVOTIATLA HEPOUOVNG
6 oAlKN avavéwaon depopudvng

7.

enéotpePe TNV KOAUTEPN AUon

H kivnon Daemon , n omoia xpnollomoleital ouxva wg pEBodog tomikng avalntnong, sivat
TIPOAULPETLKI, OAAA TTOPOAD AUTA OL TeEPLOOOTEPEG Tipooeyyioelg pe ACO oe mpoBAnuata NP-
hard ypnoluomololv TeEXVIKEG TOTIKAG avalAtnong yla va BeAtiwoouv thv anddoon Toug.
Xwplc autd To ouoTatiko n HEB0SOC Telvel va elval AlyOTEPO AVTAYWVLOTLKH OItO TOUG OTAOUC
TA. H oAk avavéwon ¢depoudvng £xel OKOMO va KAVEL TILO €EAKUCTIKA OPLOPEVA
XOPAKTNPLOTIKA TIOU OVAKOUV Ot KOAEC AUCELC ylo TIG emoOpeveg emavaAnpelg. Auto
OUGCLOOTIKA ETLTUYXAVETAL UE TNV Xpnon 6Uo pnxaviopwv. O MPWTog £lval 0 HUNXAVIGUOG
katdBeong depouovng, o omoiog aufdvel to eminedo ¢GePOUOVNG OE CUCTATIKWY KOAWV
A0oewv evw 0 SeUTEPOC PELWVEL oTAdLAKA TNV GEPOUOVN TIOU £XOUV adOEL TIPONYOULEVWE
TOL LUPHAYKLAL.

Ynapyxouv Sadopeg maparlayeg tng pebodou ACO otn 6ebvny BLBAloypadia avaloya pe
TOUG KaVOVeC avavéwong tng depopdvng mou xpnoiwdoroleitat. Ot mo dnuodheig
mapalayEg sivat :

1. oclothpa pupunykuwv (ant system - AS) : xpnolpormolel tuxaio avaloylkd Kavova
METABAONG KABWC CUYKEVTPWVETAL N GEPOUOVN ATIO TA LUPUAYKLA avAAoya UE TV
moldtnTa TG AVoNg

2. olotnua amotkiag pupunykwwyv (ant colony system - ACS) : xpnoipomotet Peubo-
tuxaio kavova petapaong, Kat n GEPOUOVN CUYKEVIPWVETAL HOVO Kol adatpeital,
oo CUOTATIKA HEPN TN KaAUTeEPNC AUonG.

3. MAX-MIN cUotnua pupunykiwv (MMAS) : mepthapBavel Gvw Kal KATw Opla otnv
dbepopdvn, N omola EMITPEMETAL VAL GUYKEVTPWVETOL LOVO 0TNV KAAUTEPN Auon.

3.3.1.4 AAyopilOpog BeAtiotonoinong Ipunvous Zwuatidiwv (Particle Swarm
Optimization - PSO)

Mo dAAN p€Bobdog ounvoug eivat o alyoplBuog BeAtiotonoinong oprvous cwpatidiwv (PSO)
Kol Paoiletal oe éva TMANBUOUO aATOMWV TIoU KaAouvtal owpotidia. H péBodog
TIOPOUCLACTNKE TPWTN dopd amnod toucg Kennedy kat Eberhart to 1985 yia cuvexn mpoBAnuata
BeAtiotonoinong. To cwpatidlo avamoplota pia mBavry AVCn TOU KLVE(TAL OTO XwpPo
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avalitnong pe otoxo va ¢ptacel oto oAlkd BEATioto. H ouvoAikn Stadikacio pabnong tou
OUAVOUC €XEL OOV QTOTEAECOUO TOTUKEG aAANAemdpdoel peTall Twv cwpatibiwv mou
amoteAoUV TO OUAVOG. KABe cwpaTidLo £XeL pvnun, 0Ttou amoBnkeV L TNV KaAUTtepn AUon Tou
£XEL CUVAVTNOEL LEXPL OTLYUAG KOL TNV LKAVOTNTA VA ETILKOWWVEL PE TO cwpaTtidla yupw Tou.
AT6 autnv tnv mMAnpodopia umoloyiletal pLo taxuTnTa ylo To Kdbe cwpatibio n omoia Ba
KaBopioel Tig aAAayEg mou Ba yivouv otnv eMOUEVN EMAVAANY.

Ye k@Be emavaAnyn otnv PSO, kaBe cwpatidlo petaklveital amd tnv B€on tou Ot Pl
KoAUTepn B€on oe évav Xwpo N-Sl00TACEWV HE KAmolo toxutnta. H taxutnta twv
oWUOTOlWY eMnpedleTal amnod TIC TPOOWTIKEG KAl KOWWVIKEG TAnpodopleg . H mpoowrtikn
mAnpodopia evog cwpatidiou gival n kaAutepn B€on, pbest, mou €xeL NN eniokedOel evw
KOWWVLIKN TAnpodopia Twv cwpatdiwv eival n kaAutepn B£€on mou £€xet BpeBel cuVOALKA oo
10 ounvog owpatidiwy, Shest. tnv mpwtn emavaAnn ywa kabe owpatidio in Bgon x;
TP AyeTaL Tuxaia kat n taxvtnta v; Bewpeital ion pe pndév. g EMOEVEG EMOVOANYPELG OL
TLUA TNG B€0NG KaL TNC TaxUTNTAG KABE CWUATLO0U aVaVEWVOVTOL CUUGWVOL HE TIC TTOPOKATW
OXEOELG:

k+1 _ k

vt =w- v +cq-aq - (pbest; — xik) +c, - a, - (sbest; — xik) (taxutnta)

X = x4 vt

(B€on)

OTOU Ol CUVTEAEDTEG BAPOUG €4, €, XPNOLUOTIOLOUVTAL Yo TNV £§LOOPPOMINGN TNG Kivnong wg
TpoG TG B€oelg pbsest, shest. aq,a, elval tuxaieg LetafAnTeg amd opoldopopdn KOTAVOun
[0,1] kot welvat cuvteheotn¢ adpdavelag mou BonBad tov EAeyxo Twv GACEWVY EVTOTIKOTONONG
kat Stadopormnoinong tng PSO. H yevikr Sopn tng uebddou PSO meplypddeTal MAPOKATW :

apxlkomoinoe TV TaxuTnTa v; Ko 8éon x; kABe cwpatidiou
000 TO KPLTNPLO TEPUATIOUOU SEV LKAVOTTOLE(TAL EMAVENAPE
QVaVEWOE TIG BEOELG (xik“) KOLL TLC TaXUTNTES (vl-k“)

QVAVEWOE TIG KOAUTEPEG BECELG

vk wNE

enéotpePe TNV KaAUTePN AUoN
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3.3.2 Metacgupetikoi AAyopLlOpot mou Napdayouv AkoAouBia AUoswv

AUTH n Katnyopilo UETOEUPETIKWY HEBOSWV aoyoAeital pe pia povo Avon kabe ¢opa,
efellooovtag tn péoa amo pia Slaitepn emavaAnmuikn Siadikacia. Autd To €160¢
g€epelivnong amaltel va oplooUpE TOUAGXLOTOV Hia YELTOVLA WOTE va ‘YeTanndnosl’ amo pia
KOTEOTNUEVN AUON o€ pia AAAN KovTwr oto nedio AUcewv. ITn cuvEXELa Ba MapPoucLACTOUY
Ol TILO OUXVA XPNOLUOTOLOUHEVOL aAyoplBuoL yia To mPOoBAnua SpoploAdynong Omwe o
Simulated Annealing, Tabu Search katL Neighborhood Search kal ka@moleg mapaAlayeg Tou
teleutaiou.

3.3.2.1 Npooopewwpévn Avontnon (Simulated Annealing - SA)

H uébodog Mpooopowwpévng AvOmtnong mapouclaotnke amo toug (Kirkpatrick et al 1983).
Elval epmveuopévn amo éva Guolkod GOLVOUEVO OXETIKO HE TNV CUUTEPLPOPA TWV ATOUWV
~E/KT 4mou k n otaBepd

Boltzmann. H Siepyaocia tng avomtnong UETAMwWVY £xel otdxo tnv Snuioupyia TEAELAG

(evépyela E) o aAlayEc tng Bepuokpaociag (T) kat Baon Tou TUMoU e

KPUOTOAALKNG SOUAC TWV ATOHWY TOU HETAAAOU péoa amd KOTAANAN pelwon g
Beppokpaciag tou. Andtoun pelwon tng Beppokpaciag €Xxel WG AMOTEAECUA ATEAELEC, TIG
ormolec ot Kirkpatrick et al cuykpivouv pe torika BEAtiota. AvtiBeta pe otadlakr Heiwaon tng
Bepuokpaciag Ta dtopa €(ouv XpOvo va oxnuotioouv TéAela KpuotaAAlky Soun, n omola
propel va BswpnBel wg oAko BEATioTO.

Zta mpoPAnparta BeAtiotonoinong n ekBeTIK ocuvaptnon elval to Baolko epyadeio yla tnv
avalAtnon BéAtlotwv AVoswv. H tun E/k avtupoownevetal amd tnv PetaBoAn tng
OVTLKELUEVIKNG OUVAPTNONG UETA omd €KTEAEON WL Kivnong O PLot YELTOVIA Of Lo
OUYKeKPLUEVN ‘Oeppokpacia’ T, omou T mpaypatikdg oplOpdc. Mo ouykekpluéva,
aflohoyeital o tuxaia mapaldayrn tng TPEXOUcog Along. Edav n petafoAn, tng
OVTLKELUEVIKNG ouvaptnong, Af mpokaAel BeAtiwon tg Abong (apvntikn petafoln) tote
yivetal anodektn kal ekteAeltal evw o€ avtiBetn neplntwon yivetal anodektr Le ubavotnta
e~ 4f/T ‘Etoy, yia pua ouykekpLuévn Beppokpaotia, eivat mbavotepo va mpaypatonotndel pia
Klvnon mou TpoKaAel pkpotepn umtofabduion. H Stadlkacio Tng avomTnong mPocoUoLWVETaL
pe otadlakn pelwon tng TG T KaTd TG eMavaAfPeLg, LELWVOVTAG TNV TIBavoTnNTa va yivel
pLa kivnon anodektn mou va pnv BeAtiwvel tnv Avon. H péBodog otapata étav o 6pog T AGPeL
HLOL CUYKEKPLLEVN TN, KOVTA OTO UNSEV, N LETA ATO KATIOLO Se80EVO aplBUO emavaARPewy
KOl €TLOTPEPEL TNV KOAUTEPN AUON Tou €xel PBpel. MapouoLAlETAL OTNV CUVEXELD £VaG
Peudokwdikag mou meplypadel TG BaoLKEG apXEC TN HeBodou.

1. Anulovpynoe pla apxikn Avon S

2. §*:§

3. T :=Tnax

4. gVOOW TO KPLTNPLO TEPUATIOUOU SV LKOVOTTOLE(TAL EMAVENABE
5 S":= tuyaia mapaAiayy (S)

6 extiunoe 4 f
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7. gav A f<0fe 2f/T < U ~ (0,1)téte
8. S:=5

9. gav S’ BeAtiwver tnv S* tote

10. S* =5

11. T:=o.T

12. enéotpePe tnv (S7¥)

omou U ~ (0,1) elvat yevvAtpla tuxaiwv aplBpwyv opoldpopdng Katavoung kot a otabepd
Heiwong tng Beppokpaociag (m.x. a=0.999)

AvtiBeta pe TOUG TEPLOCOTEPOUG HETAEUPETIKOUC O aAyoplBuog SA Sev amoattel va
KATAoKEVOOTEL apXk AUon KoAng moldtntag edpooov ol uPnAéc Beppokpacieg katd to
apxLkO otadlo Tou alyopibuou Ba tnv KataoToouv AxpnoTn.

3.3.2.2 Neplopilopévn avalntnon (Tabu Search - TS)

O aAyoplOpog meploplopévng avalitnong mapouctlactnke amnd tov (Glover, 1986) kol og
avtiBeon He TNV MPOCOUOLWHEVN QVOTTNON Elval MARPWSG VIETEPULVIOTIKA HEBoSoc. O
aAyoplBuog Tabu Search mapéxel moAU KaAEg AUOELG 0 TTOAMEG TIEPUTTWOELG KOl EMaKOAOUBa
elvat amo pia tig o anodotikég pebodoug enihuong mpofAnudtwy BeAtiotonoinonc.

H Baowkn apxn tng pebodou Tabu Search eival va cuveyioel tnv Tomkn avaltnon akopa Kol

av BpeBel oe tomiko BéAtioto. Etol n 1&€a elval va capwaoeL TIANPWCE KA YELTOVLA TNG TILO
npoodatng AUong Kal va KAVeL TNV KOAUTEPN Suvatr Kivnon, akopa Kol av amokAlvel n
OVTLKELUEVIK ouvdptnon. H emotpodn os pio AUon Tou £xeL mponyouuévwe SlepeuvnBet
QTTOTPETETAL JE TN XPNON MVAUNG, N omoia ovoudletal Alota Tapmol Kol Kataypddel tnv
npoodatn Lotopia tng avalntnong. H kaAutepn Abon mou PplokeTal katd tnv SLapKeLA TOU
oAyopiBuou amoBnkeletal Kal £MIOTPEPETAL OTO TEAOG OTAV TO KPLTAPLO TEPHUATLOHOU
wkavorotwnBel. H Alota tapmou BonBd tnv avalntnon voa anodelyel YELTOVIEG TIOU E€XEL
enokedBel (cycling) kdvovtag TNV £T0L TILO EKTETOUEVN.

H amoBnkeuon mAnpwv AUoewv otn Alota Tapmol cuxva KOTavaAwVeL TIOAU pvrpn Kol Sgv
glvat emBupntd. M emtdoyr) OVTWHETWIONG €ival va omoBnkelovtal UOVO HEPLKA
XOPAKTNPLOTIKA , OMWG N TN TNG QVTIKELWEVIKNG ouvaptnong. Emiong n Alota tapmou
XPNOLUOTIOLEL Kal BpaxumpdBsopn pvnun, thv mopapovr) oe tapmou. Ot KAaoLkeEC Aloteg
topnol ouvNBwg epapuolouv KUKALKEG Aloteg otaBepol puAKoug alld UTIapXEL emAoyn va
SladopomoinBel to pRKog tTng Alotag tapmol Katd tnv Sldpkela TG avalitnong n tnv
mapaywyn Tuxaiwv mapapovwy Tapmol Kabe Kivnong.

Eva GAAO TUTILKO XOPOKTNPLOTIKO TNG avalntnong toumol &elval To KPLTAPLo aspiration
(criteria) mou emutpémel tnv Slepelivnon YELTOVIAC LLAG ammayopeuévng AUong (tapmou) av
autn amodEpel KAAUTEPN AUon. ZuvnBLOPEVO TETOLO KPLTHPLO €lval vol ETILTPEMETAL HLA
kivnon, akopa kat av ival tapmou, av n Abcn mou Ba Bpet eival KaAUTepN amnod tnv BEATLOTN
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AUon mou €xeL Bpebel €wg toOTE. ITNV OUVEXELA TTapouoLlaletal évag Peubokwdikag mou
TEPLYPADEL TIC PACIKEG OPXEG TNC HeBOSOU.

Anpolpynoe pLa apxikn Avon S

ALY

EVOOW TO KPLTHPLO TEPUATIOUOU SEV LKAVOTTOLE(TAL EMAVENAPE
enélee TNV KAAUTEPN Kivnon otn yeltovid

1.

2

3

4

5. €AV n kivnon eNLTPEMETAL TOTE

6 // emtpénetal and to aspiration (criteria) 1y v eivat TouToU
7 EKTENEOE TNV Kivnon otny S
8 gav SPeAtlwveL TNV S* TOTE

9. §* =8

10. enéotpedPe NV S*

3.3.2.3 Avalitnon petaBAntr¢ Mewtoviag (Variable Neighborhood Search -
VNS)

H avalntnon petafAntig yewtovidg (VNS) kat n mo amAn mapoAlayr thg n kaBodog
petaBAntic yettovidg (VND) eival ypriyopoL Kol OUUMOYE(C METOEUPETIKOL Zuyva
oxeélalovral va avtikaBlotoUv To oTtddLo TOTKAG avalntnong evog GAAOU peTaEUpPETIKOU. H
HEB0SOG VNS napouoiaotnke and toug (Mladenovi & Hanshen 1997). H kevipikn b€a tou
VNS eival eumveuopévn amo Lo armAn apxrn: cuoTtnuatikn oAAayn yeltoviag kabe dopd mou
Sev Bpioketal BeAtiwon amoé tov aAlyoplBuo TomknG avalitnong. TNV MPAYHATIKOTNTA EVa
TOTIKO BEATIOTO pLag yettovidg dev eival deopeutikd wg Ba sival Tomikd BEATIOTO OE LA
GAAN yeLtovia.

Tic meploootepec popec o VNS Slepsuvd ONO KAl TILO OUITOLOKPUGCUEVEC TIEPLOXEC TNG
udLoTAPEVNC AUONG, YEYOVOG TTOU UTIOVOEL OTL lval Lkavog va aglodoyel tnv anmdotacn pHetau
600 AUoswv Otav ektelel pLa kivnon. O TpOmoC pe Tov omoio aAGleL yeltovid pmopet va yivel
UE TPELC SLOPOPETIKEG ETIAOYEC: O) VIETEPULVIOTIKA, B) OTOXOOTIKA, V) VIETEPULVIOTIKA KO
OTOXOOTLKA Hall. Me VIETEPULVLOTIKY aAAayr] YELTOVLAG N LEBoSo¢ petatpémnetal oe VND. Av
€Va TIEMEPACEVO GUVOAO k TipoeTAeypéVwY Sopwv yettovidg eivat N = N; ywa i =1,...,k, 10
olvolo twv AUoswv otnv i Tyertovid tou S pmopsi va ypadel wg Nl-i(S). TN OUVEXELD
napouotalovral pe Peudokwdika n Paocikr apxn tou VND.

1. o¢tdge pa apyikn Avon S

2. =1

3. 0600i < k enavéhape

4 S":= Torukr_Avaintnon(N; (S)
5. edv S’ BeAtwveLtny S toéte

6 S:=S'

7 i:=1

8 oAALWG
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9. i:=i+1

Otav n tomkn avalntnon &ev Bpel kaAUtepn AUon otnv TwpLvr YELTovid, e§epeuvd tnv
EMOUEVN Kal N LEBO0SOG oUVEXILEL [LE AUTOV TOV TPOTIO KAL OTLG UTTOAOUTEG YELTOVLEG LEXPL VAL
BpeL pLa kivnon mou va BeAtiwvel TV AUoN 1) LkowvoToLlnBel KATIOLO KPLTHPLO TEPUATLONOU (0TO
napdadeypa i=k). Qotéco otav Ppebel kaAltepn Auvon, o alyoplBuog emavagekvd tnv
avalntnon yupw amo tnv véa AUCN OTLG KOVTLVOTEPEG YELTOVLEG (i=1) MpLv SlepeUVNOEL TILO
QTOUOKPUOUEVEG AUOELG. Méow pLag Sdtadikaoiag , mou ovopdletat shaking, StaAéyovray,
OTOXAOTIKG, Tuxaio onuela pag yettovidg N; (S) kot epappdlovtal otnv mo npdodatn
AOon, pe anotéeopa tnv petwpévn VNS (RVNS). H néBodog VNS sumAoutilel meplocdtepo
Vv RVNS pe xprion tomkng avalitnong peta tv Stadikacia shaking. Ol yeltoviég mou
Slepeuvwvtal amo TtV Toriky avalntnon TPEMEL va gival SLapOopPeTIKEG amd OQUTEC TTOU
opilovtal yia to shaking, aAAlwg akupwveTal n Kivnon.

Tic meplocotepeg dopeG o aAyoplBpoc VNS cuvdUAlel VIETEPULVIOTIKEG KOl OTOXOOTLKEC
OAAOYEC YELTOVIAG HE TO va avilkablotd tnv pébodo tormikng avalntnong pe éva VND.
Kpttriplo teppatiopol MMoOpel va €lval 0 UTOAOYLOTIKOG XPOVOG, £va QvWTIATo Oplo
gnavaAnPewv f éva avwtato oplo emavaAnPewv petaty Svo BeAtiwoswv tNg Avong. Itn
OUVEXELX TTAPOUCLALETAL N YEVIKA Sopn evog adyopiBuou VNS. Itnv mpaén onwe avadEpbnke,
n tormikn avalntnon (oewpad 7) eivat cuyva VND.

dTage pa apyikn Avon S
S := ToruknAvalntnon(S)
i:=1
000 TO KPLTNPLO TEPUATIOUOU SEV IKAVOTTOLE(TAL EMAVENAPE
0co0 i < k emavélape
S":= Shaking(N; (S))
S":= TorukAAvalitnon(S’)
gav S’ BeAtwwveL Ty S TotE
S:=S'
i:=1
oAALWG
i:= i+l

LN U WDN PR

[
N = O

3.4 YBpdikoi AAyopiOpol ( Hybrid Algorithm)

H épsuva OTOUC HETOEUPETIKOUC aAyopiBpoug vy ocuvbuooTikd TpoBAfuata
BeAtiotomoinong, kal apa Kal yla to mpoPAnpata SpopoAoynong, otpEdetal €vtova otnv
peAETN UBPLEIKWY cuoTNUATwyY. To KUPLO KIvNTPO aUTAG TNG TAoNG €lval vo EKUETOAAEUTOUV
™V oupmAnpwpatikétnTa Staddpwv pedBddwv BeAtiotomoinong KoL vo TG KAVOUv Vo
ouvepyaotoUv oe ouvépyela (Blum, 2012). Abo eilval oL KUpLeG KAAOELG UBPLOLKWV
aAyopiBuwv: gite o cuvduaouog amd Oladopa CUCTOTIKA EUPETIKWY KAl HLETAEUPETIKWY
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pneBodwv (YBpdikoi Metagupetikol) eite n Slaotavpwon akplPwv aAyopiBuwy PE KATOLo
METAEUPETIKO (Matheuristics).

Map’ OAa autd o oxeSlaopog evog amodotikoU UBPLSIKol alyopiBuou eival blaitepa
SuokoAog. Ma va €xel mpayuatikd evlladépov, n mpokuntouoa PEBOSOC TIPEMEL va sival
amoSoTIKN 600V adopd TNV MOLOTNTA AUCEWV TTOU TIAPAYEL KOL TOV UTTOAOYLOTLKO XpOVO TTOU
Xpelaletal Ywpic wotdoo va gival oAU CUYKEKPLUEVN yLo TO TIPOPANUA TTou eMAUEL | KoL
SuokoAn va edappootel. Etol, n emhoyr) Tou KatdAAnAou cuvduacpol HeBOdwV eival
anmodaCLOTIKAC onuaciog yla £vav anodotikd UBpLSikd alyoplBuo.

3.4.1 YBpdikoi Metaeupetikol

H mpwtn popdn uPpldlkol alyopiBuou Tou mapouctdotnke cuvduale SladopeTikolg
UETOEUPETIKOUG OE EVAV KEVIPIKO OKEAETO HE OTOXO va aAANAOGUUMANPWVOVTOL KoL va
Tapayouv KaAUTepa amoteAéopata amd av £tpexav exwplotd. O oxedlaopdg uPBpLdikwy
pueBOdwv umopel va Boolotel 0TOV EUMAOUTIONO EVOC CUYKEKPLUEVOU HETAEUPETIKOU WE
mpooBnkn Kkamotag Siadlkaciag emavekkivnong, £vog MANBuopol AUcswv (OMwG oToug
VEVETIKOUC aAyoplBuoug), petaPAntéc dopég yewtoviag (VNS) kKA. ZUpdpwva He TOUC
(Labadie, Prins and Prodhon, 2016) ot uBpldikol pmopouv va Slaxwplotolv avaloya tov
TPOTO TToU cUVSUATOUV TIC ETMLUEPOUG LEBOSOUC O TEGOEPLS KATNYOPLEG:

1) YBpidikol mou cuvictavial oTNV EVOWUATWON CUYKEKPLUEVA XOPOKTNPLOTIKA EVOG
UETAEVPETIKOU Og KAmoLlov AANo. TL.X. n xpron evoc mAinbuopol Aboewv oTov omnoio
e€etaletal kaBe AUoN Ao €vav PETAEUPETLKO povadikig Avong(3.3.2)

2) YBpldikol mou avtikablotouv Eva LEPOG TOU TIPWTOTUTIOU ETAEUPETIKOU UE KATIOLOV
GAAO OAOKANPO UETOEUPETIKO. NNa apadelypa o uBpLSLKOC Twy Lozano and Garcia-
Martinez (Lozano and Garcia-Martinez, 2010) ou xpnotomnolei eEeALKTIKO aAyopLOpo
WG TEXVIKA Slatdpagng tou petasupetikoU Iterated Local Search (ILS)

3) YPBpLdikoi mou kahoUv SU0 N TEPLOCOTEPOUC UETAEUPETIKOUG Sladoyikd, dnAadn ot
TIAPAYOUEVEC AUCELG TOU £VOG SilvovTtal we ELOPOEG oToV SeUTEPO WOTE va PBeATlwOEl
n Avon.

4) YBpwdikol mou amodopolv to Kupiwg mMPoPAnua oe umo-mpoBAnuata. Ta umo-
npoBAfUata otnv ouvéxela AUvovtal amd SladopeTikoUg HUETOEUPETIKOUG TOU
ouvepyalovtal kal avtaAldooouv TAnpodopiec péoa oe pla pHEBodO avwtépou
emumédou  yla va mapouv AUoelg uPnAnRc moldtnTag yia oAOkAnpo to mpoBAnua. H
HEBOSOG avwTepou eTUMESOU TIPETEL Vol elval oxeSLOOUEVN €TOL WOTE OL MANPELG
AUOELG va KANPOVOUOUV KOAQ XApAKTNPLOTIKA Ao TG AUCELG TOU UTIO- PO BARUATOC.

3.4.2 MaBsupetikoi (Matheuristics)

H katnyopia auti twv uPpldikwyv oto mAaiclo tng dpopoAdynong amoteAsital amno
ouvbuaoUO KAToLag aKPLBNG LEBOSOU LE KATIOLOV UETAEUPETLKO . ZUUbwWVA Pe To (Boschetti
et al., 2009) umopel va 500el 0 €€\G OpPLOUOG, “EUPETIKOC aAyOpLOUOC anoteAoUEVOC amd
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UETOEUPETIKOUG KOl TEXVIKEG HABNUATIKOU TPOYPOUUOTIOHOU”. QOoTO00 O OPLOHOG AUTOG
elval apketa avotnpog kabwg kamolol uPpLdikol cuvbualouv Kal GAAEG aKPLBELG TEXVLKES
OTWG SUVALLKOC TIPOYPOAULATIOUOC, alyoplBuol ypddwv Kal constraint programming.

MoAAa eldika mpofAnpata  pmopoulv va eéaxbouv wg umo-ripoBAiuata tou VRP Kkal otn
OUVEXELQ VO ETUAUBOUV e BEATLOTO TPOTIO XPNOLUOTIOLWVTOC Lo akpLBr HEBodo. Autd mAgéov
,LOG TO ETUTPEMEL N TIPO0SOC TWV OKPLRWY PeEBOSWV Kal TG Texvoloyiag Aoylopkwy. Etal
HELWVOVTOG TO HEYEDOC TOU TIPOPANATOC LE TEXVIKEG ATTOSOUNONG LG ETUTPETEL VAL AUVOULE
ULKPOTEPQ KoL amAovotepa TpoPANUata e akplBr tpomo. Ot KUPLEG TEXVLKEG amodopnong
Tou Xpnotuomnolovvrtal yia to VRP eivat ot g€ng:

1) Aopikn amodounon Kotd TV onoia emAEYOVTaL OPLOUEVEG UETOPANTEG TOU OPXLKOU
npoPAnuatog vo €xouv otabepn T( ME KATOLA KPLTAPLR) KOL KATIOLEG Vol
BeAtlotonowinBolv oto pewwpévo TAfov meblo avalitnong. H béa elval va
avayvwpilovtal to UTo-TiPOo AR AT TTOU UtopouV va emthuBoUyv BEATioTa Kat OxL va
oANGZouv oL HETABANTEC TTOU €XOUV apXLKa BewpnBel otaBepég pe TIg emavalfPeLg.

2) Set covering kal partitioning. H 186¢éa eival va povtelomownBel to mpoPAnua  wg
npoBAnua set covering/partitioning Twv omoilwv oL OTAHAEG OVTLOTOLXOUV O€ TILBOVEG
Sladpopc.

3) TexVIKEC HElWONG TOU HEYEOBOUC YELTOVIAC YPOUUKOU TIPOYPOUUATIOHOU. Agv
Baoiletal og amodopnon tou mpoPARUATOC, GAAA ETUAEYOVTAG TLG TOTILKEC SLOOTACELG
tou medilou AUONG ToOU TPOKELTAL va. peuvnOel, €vag METAEUPETIKOG odnyel TNV
e€epelvnon pe akplpn tpomo.
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4. Aopnpévn BiAoypadikry Avaokonnon twv Me0ddwv Eniluong tou
VRP

To VRP €xelL mMOANQIAEG TPAKTLKEG edappOYEC otnV Blopnyavia. H AUon Tou GUYKEKPLUEVOU
npoBARUATOC Uropel va BonBoEL TIC EMLXELPHOELS VA LELWOOUV TA KOOTH TOUG KABwG LeyaAo
TLOOOOTO TNG TLUAG EVOC TIPOiovTog odeiletal otig petadopec. OL eEMXELPAOELS EMSLWKOUV TNV
edpappoyn AUGEwWV AOYLOUKOU HE TOUG KATAAANAOUC aAyopiBUoug WOTE Vo LELWOOUV KOOTN
peTadopwy, TIC SLOVUOLEVEG OMOOCTACELS TWV OXNMATWY KOL TOUG XPOVOUG TIOU aUTA
UAOTTIOLOUV TO £pY0 TOUG VW TOPAAANAQ va au€noouv TNV e€umnpETnon Twv MeAatwv. lowg n
pHeyaAUTepn TTPOKANGN YLO TIC ETALPEIEG €lval Ol HETAPOPEC OE QOTIKEG TIEPLOXEG KABWC N
KUkAodoplakr cupdopnon cuxva SUCKOAEUVEL TIC TAPASOOELS EVIOG XpOVOU.

Avtikeipevo tng mopouoog BLBAloypadikng avaluong sival va kaboplotolv oL TACEL TWV
peBodwv emiluong tou VRP yla epmopeupatikeég LeTadopég o aoTikeG reploxég (VRP for
Urban Freight Transportation) kot va mtpotaBolv ot kataAAnAotepeg and auteg pébodol. H
BBAloypadikr avaokomnon aflomolBnke TPOKTIKA OE €PEUVNTIKO £pY0 OXETIKA UE TNV
avamntuén evog oAokAnpwpévou Sladitktuakol AOYLOULKOU TIou Ba apEXETal wG UTtnpecia
OTOUG XPNOTEG Tou (SaaS) yla tnv umootnplen Twv CUYXPOVWY OVAYKWY TWV EAANVIKWY
£TALPELWV £HOSLOOUOU Kal SLOVOUNG, WOTE VA TTPOoYpaUaATi{ouv amoSoTikd TI¢ mapaSOoEeLS
TOUG Kal va umoAoyilouv TIg SLadSpopEG TwV OXNUATWY TOUG UTIO XPOVIKA £EQPTWUEVOUC
xpovoug Olédeuvonc. To mpotewvopevo cluotnua Ba xpnoipomolel peBodoug emiluong
npoBANUATWY SPOUOAOGYNONG OTOAOU OXNUATWY Kol TPOYPAUUATIOUOU Tapadooewy,
Aappavovtag untdyn Toug MEPLOPLOUOUG TNG KUKAOPOpPLaKnG cupudopnonc.

Ita mponyou ueva kedpahata neplypdadovral ot taparlayég tou MNpoPAnuatog ApopoAdynong
nou efetalovral kabBwg Kol kUpleg pEBodoL emiluong, oL omoieg peAetnOnkav Kal
Katnyoplomotndnkav otnv mapovoa BBAloypadiki ovaokomnnon.

4.1 Awadikaoia Epguvag

H Swadikaoia mou €xel akoAouBbnBel Baoiletal otnv €peuva twv (Alexander et al. 2014),
(Eksioglu et al. 2009) kau (Braekers et al. 2016). ApoU Aoundv avayvwplletal n avaykn yla pia
TETOlO €pEUVA, OTNV OUVEXELD KoBopiletal €va mMPpwTOKoAAO £psuvag KaBwWE Kal KpLtipla
€TUAOYNG KOl U €mAOYNG Ta omoia odnyouv oTo EMBUUNTO ATMOTEAECUA KOL CUVETIWG OTA
apBpa. Ikomdg eival pia amodoTikr Kol KaAd Kataysypapuevn épeuva n omoia Bo mepléxet
OAec Tg amapaitnteg mapaAlayég tou mpoPAnuatog odnywvrag mBaveg s€elifelc ko
edappoyéG. MNa TNV CUYKEKPLUEVN €peuva xpnoluomolndnke n Bdon dedouévwv Scopus
ocUudwva pe tov Mivaka 4.1 . Eivat onpavtiko ta dpBpa mou Ba emideyolv va. eival oXeTIKA
pe to VRP for urban freight transportation kal va mpoteivouv Kamolo aAyoplBuo wote va
KoBoploTouv ol taoelc.. Kabe apBpo eréyxetal Sie€obikd wote va emitevxBel n emBupntn
KaTnyoplomoilnaon Kat va odnyrnoeL O€ Ui LKOVOTIOLNTLKI OTATLOTIKH avaAuon.
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MpwtokoAAo Epeuvag

Nivakag 4.1: NpwtokoAAo Epguvag

Title: set of “Vehicle Routing Problem” or “VRP” AND “Algorithm”

Baon Asbouévwv

Eién Anuooievoswv

Nwooa

Data range

Meébio avalntnong

Opot Avaintnong

Scopus: Eivat pio maykoopia Baon dedopévwy, kaAumrovtag €vo eupu
ddopa akadnuaikwv 6nuooleloswv Ta omoila €xouv eheyxBel amd
ouotoug ouvadéldouc, Ta onola ekTipwvtal ota 20.000

Movo eheyuéva amnd opotipoug cuvadéldouc apbpa

Movadikn yAwooa : AyyAikd. Moapéxel supl ddcpo, evw Sev UTHPXE
Suvartotnta petadpaoewv

TéBnkav 6pLa amo to 2000 péxpl 2018

OL Opot avalitnong edapuodotnkav povo ota Titles, Abstracts kot
Keywords.

TITLE-ABS-KEY ( ( ( "time windows" OR "VRPTW" ) OR ( "Multitrip" OR
"multi-trip" OR "MTVRP" ) OR ( ( "hybrid" AND "vrp" ) OR ( "green" AND
"VRP" ) ) OR ( "time-dependent VRP" OR "time dependent VRP" OR
"TDVRP" ) OR ( "Capacitated VRP" OR "CVRP" ) OR ( "Dynamic VRP" OR
"DVRP" ) OR ( "pickup and delivery" OR "VRPPD" OR "deliveries and pickups"
) OR ( "Heterogeneous Fleet" OR "Heterogeneous" OR "HFVRP" ) OR ( "multi
depot" OR "multi-depot" OR "MDVRP" ) OR ( "open vrp" OR "OVRP" ) ) AND
("VRP" AND ( "benchmark instances" OR "benchmark" ) AND ( "Algorithm"
) ) AND NOT ( "mail " OR "beverages " OR "waste " OR "concrete " OR "milk
" OR "postal " OR "healthcare " OR "truck and trailer " OR "cold " OR "care"
OR "location-routing" OR "location routing" OR "last mile" OR "last mile
delivery" OR "UAV" OR "transportation of people" OR "flying robots" OR
"bus" OR "pollution-routing" OR "polution routing" OR "Asset localization"
OR "inventory routing" OR "blood" OR "bike" OR "bicycle" ) ) AND ( LIMIT-
TO ( DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE, "cp" ) OR LIMIT-TO ( DOCTYPE

"ch")) AND ( LIMIT-TO ( SUBJAREA, "COMP" ) OR LIMIT-TO ( SUBJAREA
"ENGI" ) OR LIMIT-TO ( SUBJAREA, "DECI" ) OR LIMIT-TO ( SUBJAREA, "BUSI"
))
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Eneénynon Opou OL kUplot 6pot avalntnong eival oL ekdppdoelc “Vehicle Routing Problem”,
Avalntnong “VRP” koL OAeg oL mapaAAayEG Tou Tou Teplypddovtal oto ked.2, and

“Algorithm”. EmiAéxOnke va e€atpeBolv ouykekpipévol KAadol petadopwy,
onwg milk, mail, beverages k.A.Tt., Tou anottoUVv £L8IKOUG TTEPLOPLOUOUG. TaL
AapBpa meplopilovtal og AUTA TTOU N BEPATIK TOug evotnTa elvat Computer
Science, Engineering, Decision Sciences 1 Business Management,
efalpwvtag ta Mathematics kaBwg n €peuvA HAG ETILKEVIPWVETAL OTA
mAnpodopLaKd CUCTHHATA KOl OXL O€ LOBNUATIKOUG TUTIOUG. ZTNV CUVEXELL
Tta dpBpa meplopilovral oe AUTA MOU 0 TUTIOG Tou eyypadou sival Article,
Book Chapter r} Review kat To Source type toug eivat Journal, Book Series iy

Books.
Deselection To KpLTAPLO UNn emAOYNC €ival oxeTikd pe tnv avalntnon. Mepwd apbpa
Criteria: Relevance elvat EekdBapa n oXETIKA BaoL{OMEVA OTO TITAO TOUG KL TNV cUVOYN TOUG,
to the research EVW Ot OAMA MR OXETIKA amotteital  avaAuTikog €Aleyxog Kobwg
problem avadépovtal oe waste collection, cash in transit, truck and trailer, battery

swap stations, location routing, food distribution and parcels and
documents. MNa ta untddowna apBpa oAGKANpPo To MepLlexOeVO eAEyxOnke

WoTe va emtteuyOel pia avaAuTiki Katnyoplomoinon.

Me Bdon tov Opo avalitnong tou mivakoa 4.1 mpogékupav 171 Gpbpa, OnMwg autd
TaPouUcLAloVTaL OTO TIAPAKATW OUVOECUO:

https://www.dropbox.com/s/hOud0j9nseabhp?2/Spiliopoulos thesis scopusresults.pdf?dl=0

Ta 171 &pBpa otnv ouvéxela afloloynbnkav kal pe Bdon ta Kpltipla amodoxng
neplopiotnkav og 138 dpBpa ta omoia xpnolonotbnkav otnv épsuva.

4.2 MeBodoloyia Epeuvag

H ouykekpuévn €peuva adopd TNV HeAETn twv peBodwv emiluong tou mpoPARuaTog
SPOUOAGYNONG OXNUATWY QLOTLKWV EUTIOPEU LATLKWV HETADOPWY OTIWE MapoucLalovtal otnv
S1e0vn BLBAloypadia. Tuvenwe, n épevva Ba xwpLotei o SUO emMIPEPOUC TUALATA, OTIOU TO
TPWTO Oa MePLEXEL TIC TTaPAPETPOUC - tapallayég tou VRP evw to SgUtepo toug alyopiBpoug
TIOU XPNOLUOTOLOUVTAL YLa VO AUGOUV TLG ETULUEPOUC TIAPAMETPOUC TOU TIPOBANLATOG.

Ol QOTIKEG EUMOPEVMATIKEG HeTadopéG (AEM) Bewpndbnkav wg éva olUvoho Sladopwv
ntapailaywv Tou VRP Twv omoilwy Ta XopaKTNPLOTIKA KoL OL TIEPLOPLOKOL TTpoaeyyilouy TOo TIg
amnattioslg Twv AEM. 3Tig aotikég petadopég n olvOBeon Tou oTOAOU Umopel va amoteAsitatl
ano oxnuoTa OpoLag xwpentikotntag (kKAaoikd VRP) n kat Stadopetikig (HVRP) aAAd kal amno
£161koU tUToU oxnuota Omwe uPBpldika n mpdoiva oxnuata (green - hybrid VRP). AAo
XaPaKTNPLOTIKO Twv AEM givatl n Omapén evog r moAAamAwWY Kévtpwy Stavopwyv (MDVRP) ya
NV Kavomoinon tng IAtnong twv nmeAatwv. AAO cuvnBLoUEVO XOPOKTNPLOTIKO adopd TO
£(60¢ Twv dpopoloyiwy, Kal KAt To onola emlBUpElTeE va UTTAPXEL N EMAOYN Va yivovTal gite
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povo mapalaBec i mapadooelg ite cuvduaouog toug (PDVRP) aAld kot 0 aplBuog twy
Spopoloylwv mou pmopei va ektedécouv ta oxnuata (MTVRP) . MNa ta oxfuato akopn
eTUAEYETAL N SuvaTOTNTA EKTEAECNG €VOG I KOL TEPLOCOTEPWV Opopoioyiwv. Emiong
Bewpeital OTL T oxnUATA UMOPOUV €lTe va €TLOTPEPOUV HETA TNV EKTEAEON OAWV TWV
TapayyeALwV Toug otnv anodnkn ite va teppatilouv otov teAeutaio nehdtn (OVRP). AAAn
ouvnBLopEVN TiepiMTWonN elval oL TEAATEG va EMBUUOUV GUYKEKPLUEVO XPOVLKO TTapaBupo yla
Vv nopaAafn Twy napayyeAlwyv toug (TWVRP). H mapddoon Twv mpoidviwy amo ta KEvtpa
Slavoung ota Stadopa TeAKA onpeia (TeEAATES) EVTOC TWV MOAEWV AVTLUETWITI{OUV SUCGKOALEC
KoL ampoonta cuppavta, Oonwg n KukAodoplakn cupdodpnon, ol omoie¢ odnyouv o€
KOOUOTEPHOELG OTA TIPOYPOAULOTIOUEVA SPOUOAOYLO TWV OXNUATWV. EToL lval GnUavIko vo
600¢l éudaon otov tpodMo ou unoAoyilovtat ot Stadopol xpdvol mapadoong (TDVRP) kal n
duvatotnta aflomoinong OSuvapkwv Sedopévwv (DVRP).  Itov mapakAtw Tmivako
napoucotalovral ot mopoAAay£g tou VRP mou emhéxBnkav.

Nivakag 4.2: NapaAlayEg VRP tou oxetifovral pe AcTIKEG Epnmopeupatikég Metagopeg

NpoPAnpa ApopoAdynong
Actikwv Epnopevpatikwv Metadopwv

Capacitated VRP (CVRP)

Time Windows VRP (TWVRP)
Time Dependent VRP (TDVRP)
Dynamic VRP (DVRP)
Heterogeneous fleet VRP (HVRP)
Open VRP (OVRP)

Multi Trip VRP (MTVRP)

Pickup & Delivery VRP (PDVRP)
Multi Depot VRP (MDVRP)
Green / Hybrid VRP

‘Ooov adopad toug alyoplBuoug eniluong tou mpoBARuatog SpopoAdynong akoAouBnOnKke n
tafvounon twv (Labadie et al, 2016) o6nwc mapouvolaletal oto IxAua 3.1 . Ot aAyoplBuot
Slakpivovtal og Tpelg BACIKEG KaTnyopleg, akpLPeig - eupeTIKOL - peTasupeTikol péBodol Kat
TLEPLEXOUV TOUC aAyopiBuoug omwg neplypadovtat oto Kepahato 3

ITn OUVEXELO TIpaypaTonolOnke avaokomnon tng Siebvrig BLBAloypadiag yia dapbpa mou
ooxolouvtal pe peBoOdoug emiluong twv mopandvw mapoAllaywv tou VRP, wote va
K0BopLOTOUV OL TAOELG TNG EPEUVNTIKAG KOWVOTNTOG WG TTPOG TIS LeBOSouG emiduong. Ta apbpa
Katnyoplomotnkav avaioya pe tnv mapaliayr tou VRP mou peletdve Kal TG pebodoug
€MIAUONG TIOU TPOTEIVOUV. ITNn OUVEXELX TtapouactlAalovtol KATIOL TTOOOTLKA OTOLXELO TIOU
TpoEKUYaV Ao TNV €PEUVA QUTH.
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4.3 Noocotika Ztoxeia Epeuvag

ATO TV Katnyoplomoinon twv 138 oxetikwv apBpwv mapatnpeital KatapxXAg To oAoEva Kot
aufavopevo evOlapEPOV TNG EPEUVNTIKNAG KOWOTNTOC TO TeAeutaio Xpovia yla To
OUYKEKPLUEVO TIPOPANUa. Ontwg paivetal atov Ixnua 4.1, mapatnpeital ano 1o 2000 Kal HeTd
auénon tTou aplBPoU TWV CUYKEKPLUEVWY SNUOCLEUCEWY e amokopUdwua ta TteAeutaia
Xpovia. Ao 1o 2013 Kal LETA MapatnPOULE Vo €XeL oxeSOV SUTAACLOOTEL 0 OYKOG TWV ApBpwyv
OUYKPLTIKA pe Tta moAaldtepa €tn (7 dpBpa to 2012 kat 14 apBpa to 2013), yeyovog mou
emPBefalwvel Tnv onoudaldtnTa TOU TPOPARUATOC.

IxAua 4.1: AplOudg Anpooteloswv ava ETog

2018 14
11
2015 12
15
2014 14
14
2012 7
2010 9
2008 5
2006 2
2004 5
2002 0

2000 2

Ytov MNivaka 4.3 mapouaotaletal o aplBuog Twy dnuocteoswv ava mapaiiayn VRP. Mpriyopa
napatnpeital n evpsia epoppoyn tou CVRP, Kal pe tnv omoio aocyxohovvtot 115 apbpa amno
Ta 138. To amnmotéAeopa auTo elval AoyLko KaBwE 0 EPLOPLOOG XWPNTLKOTNTAC TWV OXNHATWY
glvaL o Lo BacLkOg MeEPLOPLOAC YEVIKA TWV TIPoBANUATWY Spouoloynaong. Apketd dpBpa mou
TPOTELVOUV KATIOLo VEDO alyopLlOuo ival oAU mbavo va a.oxoAnBoUlv OMOKAELOTIKA LE TO
CVRP, yLa tnv dokiun tou aAyopiBuou, evw ocuvdudletal e kaBe GAAN mapoAiayr Adyw Tou
Baotkol aAAG Kol ArtAOTIOLNLEVOU TIEPLOPLOKOU OUOLOPOPPHNG XWPNTLKOTNTOC TOU OTOAOU TWV
doptnywv. ApKeTA OMIAVLEG BpEBNKaAY OL TEPMTWOELS OTou Sev AapBAavetal utoYPn Kavevag
TIEPLOPLOUOC XWPNTLKOTNTAS (UOALG 3 dpBpa Sev acxoAndnkav KaBOAou e TEPLOPLOUOUG
xwpntikotntac). To VRPTW eival n emopevn mio peAstnuévn mapaliayn pe apketn dtadopd
oo OAEG TLG UTTOAOLTIEG (48 TepUTTWOELG). O MEPLOPLOUOC TWV XPOVIKWY TapaBupwv dalvetal
va elval amd Toug Mo ouvnBLoPEVOUC OE TIPOYHUATIKA TIPOPRARATA KOl CUYKEVIPWVEL TO
evlladépov Twv gpeuvnTwy. Emiong yia tg Vo autég moparlayeg sival Stabéotpo peyalo
TANB0G TPOBANUATWY avaPOPAG HE ATIOTEAECHO VO TIPOTLUWVTAL YLO TIEPUTTWOELG OTIOU
emBupeite n e€€taon TNG anddoong Twv MPOTEVOUEVWY OAyopiBHwy.
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Ot untoouneg maparrayég epdavidovral pe pubuo pikpotepo tou 14% kat Ba pmopoloav va
XWPLOTOUV oe §U0 opadeg avaldywe av To OXETIKO TTOCOOTO TOUG elval Avw N KATtw tou 10%.
‘EtoL otnv pia opada pmopouv va BewpnBoulv otL avrkouv ot maparlayséc MDVRP, VRPPD,
DVRP kat 1o HVRP. Ot mapaAAayEG aQUTEG EXOUV OXETIKA TILO ELOLKOUC TTEPLOPLOPOUC WOTE Vol
UTopoUlV va €MIAUOUV TILO CUYKEKPLUEVEG TEPUTTWOEL TPOPBANUATWY (TTX To TPOPANUA
Spopohoynong pe mapahaPeg kat mapadooel - VRPPD). To DVRP peAetatal eupéwg to
TeAevTaia xpovia, MPpWTIoTWE AOYwW TNG TEXVOAOYLKNG QVATITUENG, YEYOVOC TTIOU £XEL ETMILTPEEL
OTOUG EPEVVNTEG VOL £XOUV ONO KaLTIEPLOCOTEPA SeSoUEVa TPayHOTIKOU XpOvou othny SLdBeon
TOUgG.

TéAog otnv AAAn opdda avAkouv oL UTIOAOUTEG TIAPAAAOYEG UE OXETIKO  TMOCOOTO
Snuootleloswv HLKPOTEPO Tou 10%. Karmoleg amod autég, onwg to Green - Hybrid VRP eivat
OXETIKA TpOodatec mapaAAay£C KoL GUYKEVTPWVYOUV TEAEUTALA OAO KAl TIEPLOCOTEPO

Nivakag 4.3: NapaAlayég VRP - Mocootd ApBpwv

VRP Variant Number  of Articles Relative
(Total = 138) Percentage
(%)
Capacitated VRP (CVRP) 122 88.40
VRP with Time Windows (VRPTW) 48 34.78
VRP with Pickup and Delivery (VRPPD) 19 13.76
Multi-Depot VRP (MDVRP) 17 12.32
Dynamic VRP (DVRP) 16 11.59
Heterogeneous Fleet VRP (HVRP) 13 9.42
Open VRP (OVRP) 9 6.52
Green-Hybrid VRP 6 4.34
Multi-Trip VRP (MTVRP) 2 1.45
Tim-Dependent VRP (TDVRP) 1 0.72

evbladEépov amod Toug epeuvntéG, evw GAAeg Oomwg to MTVRP kat OVRP €xouv mio
TIEPLOPLOUEVN TIPAKTLKA £dappoyn. Onwg avadépbnke kol oto kedpdlawo 2, otnv Sedvn
BBAloypadia omavia peAeTWVTAL PEPOVWHEVA OL TtapaAlayEG Tou VRP. ITIC MeEPLOCOTEPEC
TIEPUTTWOELG, TOUG EPEUVNTEC ATIACXOAEL 0 CUVSUAOUOG TwV SLadopwy ekdoxwy, kabwg £tol
npooeyyilouv pe peyalltepn akpifelo ta mpaypatikd mpoPAnuata ald avfdvetal Kat n
TIOAUTIAOKOTNTA TWV TPOPANUATWY, KABLOTWVTOG Ta £€ToL TLo evdladEpov. JUVETWG €ival
XPNOoLUo va SoULE TOV TPOTIO HE TOV omoio autég ouvdudlovtal otnv Sebvn BiBAloypadia.
Onwc €xeL N6 avadepOei to CVRP kat to VRPTW givat oL o peAetnpéveg mapaAAoyES ald
TIEPLEXOUV KAL TOUG TILO BOCIKOUG TEPLOPLOMOUC Kal apa eivatl Aoylko va cuvdualovtal
neploootepo. Onwe nmapatnpolpe atov MNivaka 4.4, o 1o cuvnBOlopévog cuvduaopdc sival
CVRP pe VRPTW (41 meputtwoelg) aAd kot CVRP pe VRPPD (21 MepUMTWOELG) EVW OL TPELG
autég mapaAiayEg (CVRP - VRPTW - VRPPD) pehetwvtat ToAU cuxva o€ cUVSUAOUO E KATIOL
G&AAn. To VRPTW ocuvbualetal ouyva pe to DVRP kat to HVRP ( 5 mepmtwoelg) aAAd Kol YE TO
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VRPPD (4 meputtwoelg) evw to MDVRP pe to OVRP (3 meputtwoelg) kat pe to VRPPD (4
TIEPUTTWOELG).

Nivakag 4.4: ZuoxEtion Twv nopaiiaywv VRP

CVRP VRPTW TDVRP DVRP MTVRP HFVRP OVRP GVRP  VRPSPD MDVRP
& & VRPB
HVRP

CVRP - 41 2 4 3 5 8 21 8

VRPTW - 3 5 3 2 7 4 3

TDVRP - 1

DVRP -

RRRk | 0-

MTVRP -

HFVRP - 1 6

OVRP -

P ININ|-
N

GVRP & -
HVRP

VRPSPD : 5
& VRPB

MDVRP -

Ooov adopa Tig pebddoug emiluong Twv mpoPAnuaTwy dpopoldynaong sival poavepod Onwg
datvetal amnod tov MNivaka 4.5 mwg oL Tiio Stadedopéveg pEBodol pe peyain ditadopa sivat ot
MeTagupeTikol aAyoplBuol kat ot uPpidikol petasupetikol. Onweg €xel avadepbel ta
npoBARuata §popoAoynong oxnUATwWyY avikouv otnv urtoAoylotiki kAdon NP-Hard, dnAaén
givatl mpoBANpata peydAng moAumAokoTnTag KoOwE MepLEXOUV HeYAAo aplOud Sedopuévwy e
anotéAeopa oL akplBeic péBodoL kat oL amAol eupetikoi va mapouolalouy aduvauia emiluong
TETOLWV TPOPBANUATWY. EToL n €peuva yUpw amo Tig LeBodoug emiluong €xel emikevtpwOel
TIAEOV OTOUG HETOEUPETLKOUG Kal UBPLKOUG aAyopibuoug. TuviBwe ot uPpLdikeg pEBodotl
ouvbualouv SLAdopEC LETAEUPETIKEG LEOOSOUG LE KAAOLKOUG EUPETIKOUG, KOLL TILO OTIAVLAL KOl
okplpeic peBodoug, pe omotéAecpa O APOUOC TWV TIPOTEWVOUEVWV HETOEUPETIKWY
oAyopiBuwyv va gival peyaAltepog anod tov aplduo Twv apbpwv, EVW EMIONG ApKETA apbpa
T(POTELVOUV TIEPLOOOTEPEG TNG HLag HeBOdou. Tov teheutaio Kawpd n €xouv mpotabel kal
KAmoleg TLo olyxpoveg pEBoSoL emiluong, OMwC QUTEG TNC TPOCOUOLWwoNG Kal Twv
VEUPWVLKWV SIKTUWV.

Nivakag 4.5: M£0odot Entiluong - AptOudg Epdaviong

Applied Method Number of
Instances
Meta Heuristic 157
Hybrid 54
Heuristic 33
Exact 7
Neural Network 3
Simulation 1

56



MéBobol EniAuong tou MpoBAnuartoc ApopoAoynong Oxnuatwv
Acotikwv Epmopevpatikwv Metadopwv kat Epapuoyr toug os
MAnpodoplakod Tuotnua

Onwg avadépBnKe MPONYOUUEVWE OL HETAEUPETIKOL aAyoplBuol eival pe dadopd ot mio
Sladedopévol pébodol enihuong tou VRP katl oL xpnotpomololvtal gite povol Toug eite ot
ouvbuaouO Ue Kamola AAAN HEB0SO yla va emituxouv AUoeL uPnAng oldtnTag o eUAoyo
XPOVIKO SlaoTnua Kal cuvenwg Ba Atav xpnotuo va dolpe ool alyoplOuol mpoteivovral
anod TOUG EPELVNTEC. 2Tov [Mivaka 4.6 mapouclalovtal oL UETAEUPETIKOL aAyoplOuoL mou
npoteivovtal ota apBpa mou eAéyxBnkav. EUkoAa daivetal OtL oL Teplocotepol ival
UETOEUPETIKOL aAyopLBpoL tou Bacilovrtal o€ Evav mAnBuopo Avcswv (population based - 98
TEPUMTWOELC). ATtO AUTOUC TTLO CUXVA GUVAVTLOUVTOL OL YEVETIKOL aAyoplOpol (44 mepUMTWOELG)
KoL oL péBodol BeAtiotomoinong amoukiog puppunykwwv (ACO - 27 TEPUTTWOELS), oL omolol eival
KOL OTTO TOUG TIPWTOUC XPOVLKA UETOEUPETIKOUE auTol Tou £(doug. Mépa amd OUTEC TIG
peBodoug, oL untdhouteg péBoSoL cuvavtnBnkav and pa dopd Hovo pe Alyeg e€alpoelg
onw¢g tnv PeAtiotomnoinon opnvoug cwpatidiwv (PSO - 9 TEPUTTWOELS), TOV ULUNTIKO
oAyoOpLOpo (7 EepUTTWOELG) Kal £va TILo cUYXPOVO, TOV KBOVTLKO eEEALKTIKO aAyoplBuo (QEA -
4 TEPUTTWOELC).

Metasupetikol alyoplBuot Tomikng avalitnong cuvavtnénkayv o 59 neputwoslg. OLmpwToL
LETOEUPETIKOL TTOU TtpoTtadnkav yla To VRP kal katadepav va Eemepdoouv ae anodoaon TG
nalalotepeg peBodoug eivat o alyoplBuog MMpocopelwpévng Avomtnong (SA - 15
TMEPUTTWOELG)) Kal n Avalitnon Tapmol (TS - 12 mepuMTwWoelg) Kol €ival oL omoiot
ouvavtitnkav MEPLOGOTEPO.

Nivakog 4.6: Metasupetikol M€Bodot - AptBOudg Epdaviong

.. Number
Metaheuristics
of Instances

Local Search 59
Simulated Annealing (SA) 15
Tabu Search (TS) 12
Variable Neighborhood Search (VNS) 10

Iterated Local Search (ILS) 6
Large Neighborhood Search (LNS) 6
Greedy Randomized Adaptive Search Procedure (GRASP) 3
Guided Local Search (GLS) 1
Scatter Search (SS) 1
Chemical Reaction Optimization (CRO)

1
Population Based 98
Genetic Algorithm (GA) 44
Ant Colony Optimization (ACO) 27
Particle Swarm Optimization (PSO) 9
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Memetic Algorithm (MA)

Quantum Evolutionary Algorithm (QEA)
Artificial Bee Colony (ABC)

Path Relinking (PR)

Firefly Algorithm (FA)

Producer Scrounger Method (PSM)
Symbiotic Organisms Search (SOS)
Biogeography-Based Optimization (BBO)
Grey Wolf Optimizer (GWO)

L N o O = Y NN

Aadebopévee daivetal va eival kat ot pébBodol avalntnong yeltovidg onwe o Variable
Neighborhood Search (10 neputtwoelg), Iterated Local Search kat Large Neighborhood Search
(6 meputtwOoELg).

Ytov Mivaka 4.7 mapouaotaletal o aplOuog epdaviong kabe pebodou emiluong ava katnhyopia
VRP ota apBpa mou pehetnOnkav. To VRP ival amod ta 1o moAl peAstnpéva mpopAnuata
BeAtioTomoinoNng e TOUC EPEUVNTEG VA TIPOTEIVOUV CUVEXWC ELTE KalvoTOUEeC peBddoug eite
va BeAtiwvouv tnv amddoon twv Aén umapxoviwv. O peyaAltepo¢ aplBudc dpbpwv
nipoteivouv UBpLSIkEC peBdSouc emiluong oe OAeg Tig mapolhayEg Tou VRP Selyvovtog tnv
TAON TNG EPEVVNTIKAG KOWVOTNTAG TIPOG AUTEC TLG neBddoug, e e€aipeon to TDVRP, To omnolo
elvat kaL to Alydtepo PeAETNUEVO.

Mapatnpeital mwg ot yevetikol aAyoplBuol Bpiokouv peydAn edappoyn Kat ivat tkavol va
OVTLUETWITIOOUV OA£C TIC Ttaparlayég Tou TpoBARpatog dpopoAdynong. Ol PLETAEUPETIKOL
OAYOPLOHOL YEVIKOTEPQ €XOUV KUPLAPXNOEL EVOVTL TWV GAAWV LEBOSWV e HIKPO TOCOOTO
apBpwv va acyoAeltal OMOKAELOTIKA HE T GAAEG peBOSoUG. MapoAa autd oL eupeTikol
oAyopLOpoL TomikAg avalntnong mapapévouv SnUodLAelg KAl oL omoiol XpnolponolouvToL
KOTEEOXNV WG CUOCTOTIKA MEPN TO €€EAlYUEVWY UBPLOIKWY cuoTnuatwyv. Mikpr Hepida
apBpwv amaoyoleital amoKAElOTIKA He oKplBeic peBOSOUG KOl OTIC TEPUITWOELS
gudavifovral Kal aUTEC wW¢ cUOTATIKO UBPLOIKWY aAyopiBuwv.

Onwc €xeL N6 avadepBei n mMAelovotnta Twv ApBpwv yla tig pebddoug emiduong tou VRP
TpoTeivouy eite UBPLOLKOUG aAyOpLBOUC KATA TOUG omoioug cuvSualovtal alyoplBuot idlou
N kat Sladopetikol TUMOU eite MPoomaBouv va BEATLWOOUV YVWOTEC QTIOTEAECUOTIKES
pueBodoug. Etvat SnAadn mAéov oAl cuvnBiopévo otn dtebvn BLBAloypadia va cuvSudlovtot
OpPKETOL aAYOpLOUOL LETAEY TOUG KAl ETIOUEVWE EVOL XPrOLLO VO TTOPOUCLOCTEL O TPOTOG UE
Tov omoio autol emhéyovtal va cuvduaotoly, ONwg apouadtdletal otov Mivaka 4.8. Onwg
ntav avapevopevo ot adyoplBpol mou emAéyovtal va ouvduaoToUv TEPLOCOTEPO LE
KAToLoug AAAOUG elval Ol LETAEUPETIKOL AAyOPLOHOL KOl ELSIKOTEPA O YEVETIKOG aAyopLBuoC,
n BeAtiotonoinon amowkiog pupunykwwyv (ACO) kal n BeAtiotonoinon opRvoug CwWUOTLSLWY
(PSO).
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O 1o ouvnBLopévog ouVOUAONOC HEBOSWY elval PETAEY UETOEUPETIKWY aAyopiBuwv kot
EUPETIKWY TOTILKAG avalntnong. Me tov cuvduaopo autd emtuyyavetol PeAtiwon tng
apPXLIKAG AVGNC TTOU TTAPAYEL O LETOEUPETIKOG HECOW TNC EVUPETLKAG TOTILKAC avalntnong yupw
oo TNV AUon auTr, XWPLG va TtEpUTAEKETAL n oUVOALKH Sltadikaaoia. ApkeTd cuvnBLopévn eivat
eniong n Xpnon LETAEUPETIKOU TOTIKAC avalnTnong e KATIOLOV LETAEUPETIKO Baollopevo ot
TANBuouO AVCEWV yla TNV EMiteUEn TOoU (8LOU oTOXOoU.

Ou aAyopBuoL mou mpotipwvtal eivat o Variable Neighborhood Search, o Large
Neighborhood Search, n avalitnon taumnou (TS) Kal n mMpooouolwuévn avomtnaon (SA). Ot
TPOOEYYIOELC AUTEC WOTOOO €ival TILO TIEPUTAOKEG QO TLC TTPONYOUEVEC. ZUXVA CUVOVTATOL
KOlL 0 CUVOUOOUOG SLOPOPETIKWY UETAEVPETIKWY BACLOUEVWY 0 TANBUOUO AUCEWV PETALY
touc. MNa mapadelypa n xprion yevetikol aiyopiBuou pe PSO kat ACO.

O avaAUTIKOG TIVOKOG OTOV OO0 Katnyoplomonkav ta apbpa we mpog TIG mapoAAAYEC
tou VRP kaBwg Kal wg mpog tig peboddoucg emiluong mapouctaleTal oTo mapakatw link.

https://www.dropbox.com/s/clv8gjyi2nnr7n3/178%20Final.xlsm?dl=0
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Nivakag 4.7: M£0obot Eniluong ava Katnyopia VRP

Heuristic Algorithms Meta-heuristic Algorithms
Bad Algorithms Hyhrid
construction | V0 | Lol | g NS | s | wns |Grase| LNs | TS | AcO | PR | GA | MA | Pso
Phase | Search

oRP 2 2 3 13 1 2 4 2 4 12 1 17 3 4 26
WRPTW 2 3 4 1 3 3 3 6 9 18 2 2 16
TOVRP 1 1 1
DvRP 2 1 1 2 3 4 1 8 1 1 6
MTVRP 2 1

R | 2 1 1 1 | 2 1 | 1| 2 1 | 1 4
OwRP 2 2 1 1 1 1 3
Green &

ot |1 1 2 | 1 | 1 2 3
VRPPD 1 1 1 2 1 4 3 2 6 5 10
NMOVRP 2 1 1 1 1 4 9 1 1 6




Nivakag 4.8 Zuoxétion MeBodwv Eniluong

Eact Heuristic Algorithms Weta-heuristic Algorithms .
Algortns | Consrucon | o Phase ol Sear| G5 | | w5 | us | ws |G | ws | 0§ | A | m | e | w | wo |
Exact
Algorithms L 1 1 L
Construction 1 2 1 2
Two-Phase 1 2 1 1
Local Search 1 1 1 3 9 1
aLs 1
54 2 1 b
NS 1 1
ILS 3
YNS 2 2 8
GRASP 3
LNS 1 4
TS 1 9
ACO 14
PR
GA
MA
PSO
Hyhrid
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5. Napovoiaon Katatagng AAyopiOpwv kot ovéeon e to VRP

10 kKedPAAao autd Ba MAPOUGLACTOUV OL TILO ONMOVTIKEG KOl TPWTOToPLaKEG pHEBodol
eniAvong tou MpoBARuatog ApopoAoynong Oxnuatwv avd koatnyopia VRP, mou £€xouv
npotaBbel amod tnv epeuvnTikn Kowotnta amno to 2000 kal votepa.

5.1 Mé£0obdot Emiduong MNpoPARpatog¢ tng ApopoAdynong Oxnuatwv
Neplopiopévng Xwpntikdtntag (CVRP)

To 2003 ot (Baker & Ayechew, 2003) mpotewvay €vav armAo YeVETLKO aAyopLlOpo Kabwg Kat Eva
ULUNTIKO aAyoplBuo ywa to CVRP , toug omoioug Kal cUYKpvov WoTe va HeAeTnOel o
QVTIKTUTIOq TTOU €XEL N tpooBnkn peBodou tomikng avalntnong. Npooéyyloav to TpofAnUa
pe ™ pEBobo cluster-first route-second amodelyovtag £T0L TOUC TEPLOPLOMOUG
xwpntikotntac. Kabe xpwpoowua opilel évov SLOXWPLOUO TWV MEAATWY OE CUOTOLXIEG
(clusters) pe tnv avaBeon evog deiktn topéa (oxAMOTOC) 0 KABe TMeAATN. TN CUVEXELD
XPNOLUOTIOLWVTAC €VaV KOTOOKEUNOTIKO EUPETIKO emAUeTal to TSP. Mo TOV HLUNTIKO
oAyOpLOUO TTPOTABNKE WG EVUPETIKOL TOTILKAG avalitnong oL 2-opt kai A-interchange. 2to (610
niveUpa Kot oL Berger kot Barkaoui (Berger & Barkaoui, 2003) mapouciacav €vav uBpLdiko
VEVETIKO aAyoplOpo cuvbualovtag Kal autol Evav amlo YeveTkO alyoplBpuo pe pebddoucg
Tomikn¢ avalntnong. O adyoplBuol autol ATav oamd T MPWTEC MPOCEYYIOELG EEEAIKTIKWV
HEBOSWV Mou Katadepav va elval AVTAYWVLOTIKOL Le AAAEC LLOVTEPVEC EUPETLKEC TEXVIKEG QIO
amon UTIOAOYLOTLKOU XPOVOU KAl ToLoTtnTag AUon .

O Prins to 2004 mpdtelve €vayv OXETIKA OITAG aAAd Loxupo UBPLELIKO YeVETIKO alyoplBuo (Prins,
2004). O HLUNTLIKOC ahyOpLlOpoc autog xpnotpomolel tnv pébodo route first, cluster second.
Mo xwplosl Ta XPWHUOOWHATA, TO OTOLO avamapLoToUV peyaAa Spopoloyla (mepléxouv
SnAadn 6Aoucg toug meldteg) mpotewve Tnv HEBodo Split. Auth n Stadkacia sival os Béon va
KaBopioel pe Tov PBEATIOTO TPOTO TO Opla HETOEU Twv SLaSpopwv O OXEon HE TV
emBaAAOpEVN akoAouBia. O HIUNTIKOG aAyopLlBuog Tou Prins ATOV 0 MPWTOG MOU Katadeps
va BpeL KaAUTtepa anoteAéopata ano pebodouc tabu search, ol onoieg éwg tote Bewpolvtav
ol kataAAnAotepeg yLa to CVRP.

To 2004 oL Pisinger kat Ropke mpotelvay €vav alyoplbuo ALNS (Adaptive Large Neighborhood
Search) pe peydAn amnxnon (Pisinger & Ropke, 2007). O ALNS eival pla poEKTacn Tou
aAyopiBuovu large neighborhood search tou Shaw pe éva mpocapuootikod eninedo (adaptive
layer). To eminedo QuUTO €eMIAEYEL TIPOCAPMOOTIKA QVALECOH O €va TMANBOC EUPETIKWV
aAyopiBuwy yla evtatikomolioeL kal va SladopomotioeL tnv avaltnon. e kabe emavainn
ETUAEYETAL EVAG AAYOPLOUOG yLa va KOTaoTPEPEL TNV TIO Mpoodatn AUGn Kal évag alyoplOpog
yla va Ty emdlopbwoel. Auth n mpoogyylon npoodEpel AUoeLG uPNANG TOLOTNTAC.

To 2008 ot Toth kat Tramontani mapouciacav évav uBpLdIkd alyoplBo TomkAG avalntnong
ocUudwva pe tov omoio n efepelivnon HLaG €KOETLKNAG YELTOVIAG YiveTal emAUOVTOG £va
TPOPANUA akEpalou ypapulkol mpoypaupatiopol (ILP). H efepelvnon yivetal oe dvo
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dAoELG. APXIKA UELWVEL TO PHEYEDOG TNG YELTOVLACG HECW VOGS AmAOU €PEUTIKOU KPLTNPLOU Kal
OTN CUVEXELA €EEPEUVA TNV ELWHEVN YELTOVLA ETUAUOVTAG TNV €MtakolouBn ILP Statunwon pe
Vv (gupetiki) AUon Tou TMPOPANUATOG avamApAywWYNG OTNAWV TOU OXEeTI(eTOL HE TV
XQAAPWON YPOUULKOU TPOYPOUMATIOHOU. 0 OAyoplOuoC autog Katddepe Kol BeAtiwos
KAToLEG 6N yVwoTéG AUoELS tpoPAnudtwy (Toth & Tramontani, 2008). Tnv idta xpovid o (F.
Zhao, Dong Mei, J. Sun, & W. Liu, 2009) mpoteivel évav MPOTUTIO KPOVTIKO £EEAIKTLKO
aAyoplBuo (QEA) Boaowopévo otn kBavtiky Bewpia otnv mpoondbela tou va efahelel
OUVNOLOUEVO EAQTTWUAT TWV EEEAKTIKWV OAYOPIBUWY OMWE TO Yeyovog OTL GUYKALVouv
MPWLHA Kol Tayldevovial eUKOAA O TOTUKA oKpOTata. AOKLUEG TIOU €ywvav £6slfav OTL
TPOKELTAL Yl amodotikn péBodo yia to CVRP.

Ot Tarantilis et al To 2009 npoteLve éva LBPLOLKO ahyopLBuo Tou cuvduale otpatnyLkeg Tabu
Search kat Guided Local Search ywa va emilUost to CVRP pe emumAéov TMEPLOPLOUO TO
petadepopeva avtikeipeva EedbopTtwvovTal XElpokivnTa ano Toug amodnKeuTIKoUG XWPOouU G
TWV oxnuatwy (Tarantilis, Zachariadis, & Kiranoudis, 2009) . O aAyopLBoG SOKLLACTNKE KOl
yla to anAd CVRP oOmou katddepe va BEATIWOEL OPKETEC amo TIG BEATLIOTEG AUCELG TTOU £lyav
Bpebel w¢ TOTE 08 MpOoPANpaTO avadopdag.

Ot Wang kat Lu to 2010 napouciacav évav UPBpLOLIKO YeVETIKO aAlyoplBuo o omoiog sivat
T(POKTLKOG Kal eUKOAQ Utopel va aglomotnBel amno enyelpnoets. MpoKeLtal yLo Ao YEVETLKO
LE EVIOXUHEVOUC TEAEOTEG OVATIOPAYWYNG KAl LETAAAAENG CUVOUOOUEVO UE ATIAEC TEXVLKEG
TOTILKAC ovalrTNONG O OMOLOG UMOPEL Kot ETIAUEL LKOVOTIOLNTLKA TIEPLOTAOELG HEXPL Kat 100
nehatwy (C.-H. Wang & Lu, 2010b).

To 2012 ot Kao, Chen kat Huang cuvduacav 2 51adeSopUEVEG TEXVIKEG VONUOOUVNG OURVOUG
TIg PSO kot ACO yia va emthUoouv to CVRP. Z0udwva pe thv uBptdikn autr pébodo kabe
HUPUAYKL TNG HeBOSou ACO emutpémnetol va amobnkelel Tnv kahUtepn AUon Tou €xeL Bpel
OTWG €va owpatidlo otnv PSO. MeTd TNV KATAOKEUN AUCEWV HOVO KATIOLOL ETUAEYUEVQ
HUPUAYKLO LITOPOUV VAL OVAVEWVOUV GEPOUOVN CUUDWVA HE TIC SIKEG TOUC KOAUTEPEG AUOELG.
Ta amoteAéopata tnN¢ HeBOSOU elval OUyYKploWa HE GAAEC TPOOEYYIOELS TEXVLKWV
vonuoouvng ounvoug (Kao, Chen, & Huang, 2012).

To 2013 oL Pop, Matei kai Sitar mpotelvouv évav amodotikd uPpldikd alyoplBuo
XPNOLLLOTIOLWVTOG VAV YEVETLKO AAYOPLOLO LLE TOTILKN KAl OALKA TIPOGEYYLON GUVOUACHEVO LE
LoXUpEC ueBOdoug Ttomikng avalntnong. H TOTuk OALK TPOCEYYLON QITOCKOTIEL OTOV
SLOXWPLOPO OVAPECSO OTLG OAKEG OUVOEDELG (oUVOEoelg peTafl clusters) Kol TOTILKEG
ouvbéoelg (ouvdéoelg petaty KOUPwV Tou avrikouv oe Sladopetika clusters. YmoAoyloTika
nelpapata £6et€av nwe n LEBodog autn avtaywvilotav OAEC TIG YWWOTEC £WG TOTE HEBOSOUC
(Pop, Matei, & Sitar, 2013).

Itnv gpyacia toug to 2013 ot Cui et al. mapouciacav évav BeAtiwpévo QEA pe kBaviikd
XpwHoowpata SUtAng aluoidag, véa TeXVIKA KBaVTIKNC mepLoTpodng K.a. Ma va evioxuoouv
v duvatotnta e€epelivnong Tou alyopiBuou xpnolpomnoinoayv TEXVIKEG TOTIKNAC avalntnong

63



MéBodbol EmiAuong tou MpoBAnuatog ApopoAoynong Oxnuatwyv
AoTikwv Epmopeupatikwv Metadopwv kat Edpapuoyr toug o
MAnpodoplakod Tuotnua

onwg 1-0 exchange kat 2-OPT (Cui, Wang, Deng, & Zhang, 2013). To i6to €tog ot (Fang et al.,
2013) mapouciacav pia gupetikn pEBoSo tomikng avalntnong Baoclopévn otnv O€a Twv
yettoviwv Voronoi yla va emilvcouv mipoPAnuata CVRP peydAng kAipokag. O aAyoplBuog
aflodoynBnke oe mpoPAnuata avadopds pe 200-8663 meldteg Omou Katddeps vo Ppel
KAAUTEPEG AUOELG O€ ALYOTEPO UTIOAOYLOTIKO XPOVO, EETIEPVWVTAG TLG TIPONYOUUEVEG TEXVIKEG
yla TEtolou £idoug mpofAnuata.

OLToth et al. o 2016 napouctalouv pia véa pEBodo Tomikng avalitnong n omoia Unopet va
efepeuvnoel ekBeTIkd aplBud Avoswv o Peudo-MOAVWVUULKO Xpovo (Toth & Tramontani,
2008). H avalntnon mpayUatomnoLeital He TG KAQOWKEC yeltovieg CVRP oe plo Auon mou
niepAapBAavel OAOUG TOUG TEAGTEG. XTN OUVEXELO €VaG AMOSOTIKOC OAyOplOUOC emiloyng
XPNOLUOTIOLE(TAL EMAVOANTITIKA yia va Bpet ta BEATioTta umo-SpopoAoyia. H pébodog autn
ouyKpiBNnKe uTtoAoyLoTika pe peBodoug Local search, iterated local search kot pe uBpLdko TA.
To anoteAéopata £xouv Wolaitepo evlladépov KabBwg akopa Kal pe anAl HEBodo TomIKAC
BeATiwong 0To TPWTO TOTILKO BEATLOTO TtoU BPLOKEL N CUYKEKPLUEVN YELTOVLA amokAivel 0.09%
TwV BEATIOTWV AUCEWV TIOU £X0ouV BpeBel pe Toug Lo cuyxpoveg pebodouc.

Mo npoodata 1o 2017 ot da Silveira et al mapouvciaocav évav véo BeAtiwpévo QEA kat tov
ocuvbuaoayv pe éva mapodooLlaKd YEVETIKO aAyoplBuo yla va UmopolV HECW TWV TEAECTWV
avamopoywyng Kat LETAAaENG va eival oe B€on va MOPAYOUV CUVEXWG £PLKTEG AVCELG.
AplBuntika amoteAéoparta o poPAnpata peyéBoug 100 meAdatwy kat yia 1 €wg 10 oxAuota
£6eL€av va Eemepvolv Touc yeveTikoUG alyopiBuoug (da Silveira, Tanscheit, & Vellasco, 2017).
MeyaAn amnixnon yvwploe Kat n epyaocia twv (V. F. Yu, Redi, Yang, Ruskartina, & Santosa,
2017) omou mapouociacav pio uBpLOIKA HeTaeupeTikh HEB0SO avalnTnong CUMPBLWTIKWY
opyaviopwy (SOS) yta to CVRP og cuvbuaouod e EUPETIKOUG TOTILKA G avalrtnong tnv ISOSSR-
1. H péBodog SOS TMPOCOUOLWVEL T CUMPBLWTIKEG OTPATNYLKEG OAANAemiSpacng Tou
XPNOLUOTIOLEL £VOLC OPYAVLIOUOG VLA VA ETILRBLWOEL O£ £va olkooUoTnpa. O KAAOLKOG adyopLlOuog
SOS xpnoluomolel Tpelg oTpatnylkeéc aAAnAemidpacng, mutualism, commensalism kot
parasitism yla va BeAtiwoel pla uroPndla Avon evw ot Yu et al mpotewvav akopa Tig
competition and amensalism. AnoteAéopata ano Sokuég édst€av o alyopLlOuoc va mapayet
KAAEC AUoELG og eUAOYO UTTOAOYLOTLKO XPOVO.

AM\ec aloonueiwteg péBodol eivat o g€eAKTIKOG alyoptBuog twy (C.-H. Wang & Lu, 2010a)
Kall o amo Tig mpwteg edpappoyEg LeBoOdou TexvNTAG vonuoouvng, N LEB0SOC VEUPWVLKWV
SiktOwy Self-Organizing Map twv (Steinhaus, Shirazi, & Sodhi, 2015).

5.2 M£6odot EniAuong NpofARpatog tng ApopoAdynong OXNHATWY UE
Xpovika NapaBupa (VRPTW)

2T apxeG TG dekaetiag 2000 ot 1o anodotikog aAyoplouog yia to VRPTW ftav, 6nwg Kat
yla TG GAAeg maparlayég tou VRP, o Tabu Search. Inuavtikr) Oswpeital n epyoocia twv
(Cordeau & Laporte, 2001) mapouciacav pio péBodo TS pe tnv omola Katddepav va
Eemepdoouv oe enidoon Kol moLoTNTA AUCEWVY TLG UTIOAOLTIEG WG TOTE YVWOTEG PeBOSouc. To
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2004 ot Lim et al evowpdtwoav o€ €vav AmANoTo LETAEVPETIKO GRASP texvikn Suvapikol TS
napayovtag AVoelg uPnAotepng akpifetag. OL Ting kat Huang mpotelvay to 2005 éva YEVETIKO
OAYOPLOUO HE eALTIOTIKN OTPATNYLKN KOTA TV omola ol kaAutepeg unoPndleg AUoeLg TTou
TIPOKUTITOUV A0 TIG TEXVIKECG avamapaywyns, Stactalpwong Kal LeETAAaéng og KABe yevid
avtlypadovtol OoTnV EMOWPEVN. TETUXAV €TOL OQMOTEAECUATA OVTOYWVLIOTIKA HE AAAEG
ouyxpoveg uebodoug.

O yevetikog alyoplBuog twv Ombuki, Ross kat Hanshar (Ombuki, Ross, & Hanshar, 2006)
npooéyyile to VRPTW wg multi-objective mpofAnpa Bewpwvtag yLo aVIIKELUEVLKA CUVAPTNON
TOV apLlOUO TWV OXNUATWY KOL TO CUVOALKO KOOTOC (amootaocn) anmodelyovtag £ToL AUCELG e
£deon oe kamola amnod Tg dvo Slaotaocelg tou mpoPARuatog. Ymootnplav we eival mo
duoiki autn n Bewpnon ywa to VRPTW Katd tnv omoia T000 Ta OXAUOTO 000 Kol Ta KOOTN
£xouv (61a afia, avaloya e TIG AVAYKEG TOU XProTN. ATTOTEAEGUA TNG EPELVAG TOUG NTAV £VAG
anodotikog multi-objective TA rou Bplokel AUCELG AVTAYWVIOLUEG LE TLG UTTOAOUTEG TEXVLKEG
oANG Kol VEEG AUCELG TTIOUV BeV elval TIPOKATENNUEVEG TIPOC TWV APLOUO TWV OXNUATWV.

To 2010 ot (Nagata, Braysy, & Dullaert, 2010) mapouciaocav évav ULUNTIKO oAyoplBuo omou
glofyayav Tov TeAeoTh avamapaywync (edge assembly-EAX) Kol pLol TPWTOTUTN CUVAPTNON
TIOWNAG Yylot amokAgioouv TNV mapafiocn Twv TEPLOPLOUWY XPOVIKWY TeplBwplwy Kol
XWPNTIKOTNTOC TWV OXNMATWY Omd TIG Tapayopeveg Auaelg . H uéBodog autr katddepe va
BeAtiwoel 184 amd ta 356 nmpoPAnuata avadopdg mou Sokipudotnke. OL (Belmecheri, Prins,
Yalaoui, & Amodeo, 2013) aocxoAndnkav pe to HVRPMBTW, £vav cuvSuaopud mopaAloywv
UE €TEPOYEVI OTOAO OXNMATWY, XPOVIKA TTapdBupa Kol UELKTEG TTAPASOOELS KOl TIOPOAABES
Kol tpoTewvay pla péBodo BeAtiotonoinong ounvoug (PSO) . To 2015 ot (Jabali, Leus, van
Woensel, & de Kok, 2015) mpoteivouv évav uBpldikd aAyoplBuo mou cuvduoale PoOVTEAO
YPOULLKOU Tipoypappatiopou (LP) pe Tabu Search yia va Aucouv to VRPTW, katd to omolo
OUWC TA XPOVIKA meplBwpla to emIPAAEL N eTaLpeia KoL OXL 0 meAdtng. H avabeon twv
meAaTwyv Kot 5popLOAdYNoN TOUG 0 oxAaTa yivetal armd Ttov TS evw AETTOUEPELG amodpACELS
yla Tov XpOvo Tapdyovtal and To JoVTEAO LP.

To 2017 ot (D. Zhang, Cai, Ye, Si, & Nguyen, 2017) mapouctdlouv €vav UBPLOLKO LETAEUPETIKO
ouvbualovtag Tabu Search kat BeAtiotonoinon Amotlkiog MupunyKLwy Ttapdyovtag KOoAd
anoteAéopata. Ot (Belhaiza, M’Hallah, & Brahim, 2017) tnv i81a xpovid mpoteivouv Kal autol
€vav UPBPLOIKO UETOEUPETIKO XPNOLUOTIOLWVTAC YEVETLKOUG TEAEOTEG AvVATTAPAYWYNG OF HLa
Aiota amd KoAUTEPOUG YOVEIC Kal VEEG EDUPUOYEC TEAEGTWV TOTTILKAG avaltnong .

Aol avadopdg elval emiong n péBodog firefly algorithm twv (Pan, Ye, Wang, & Cao, 2013), n
HEBOS0G MPOCOUOLWHEVNG avomTnong Twv (Despaux & Basterrech, 2014) oxedlaopévn va
avtileTwrilel to VRPTW pe etepoyevr) oTOAO Kal TOAATAEG SLOASPOUEG KaL N EVIOXUUEVN
MEBOSOG amolkiag HUpHNYKLwY Twv (Gupta & Saini, 2017).
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5.3 MéBoéot Enihuong Auvapikov MpoBAnpatog tng ApopoAoynong (DVRP)

Ot (Hanshar & Ombuki-Berman, 2007) to 2007 mpdtewvav €va YEVETIKO alyoplOuo yla to
DVRP. Xpnolpomnoinoav to povtéAo tou Montemanni yla to DVRP, Bewpwvtog to dnAadn wg
€MéKTOoN Tou KAaolkoU VRP péow tng amodounong tou DVRP o pla akoAouBia oTtotikwy
VRPs ta omoia kat emAvovtat pe tov FA. Me tov TA métuxov KaAUTEPA ATTOTEAECUATO OO
TIOPOUOLEG TIPOCEYYLOELG TTOU To ermAUav pe ACO kat TS. O (Elhassania, Jaouad, & Ahmed,
2014) eniong anodopwvrag to MPoPAnua otnv idta Aoyikn mpoteivouv évav uPpLdikod peta
€UPETIKO amotelovpevo amnd Ant Colony Optimization(ACO) kat Large Neighborhood Search
(LNS) kaBwg kat éva A gUMAOUTIOPEVO HE EUPETIKOUG yLoL TNV Snpoupyia Tou apyLlkou
mAnBuopoUL kat yia tnv BeAtiwon tng Stadilkaolog avamnapaywyng.

To 2015 o Schyns mapouciace éva cvotnua amowkiog pupunykiwy (ACS) yia to Suvaptko
TPOPANUa SpooAdyNoNG UE XPOVIKA TtapdBupa Kal eTepoyevr) otoAo, Sdivovtog tdlaitepn
£udaon otnv avtanokplon, dnAadr tTnv 600 To SuvaATOV YpnyopoTepn €EUTINPETNCN HLOG
TiapayyeAiag eVTOC TWV XPOVIKWY apoBUpwV WOTE To OXNHA I) 0 TTEAATNG VO CUVEXLOEL LUE TNV
Spaotnplotnta tou. Epdppocav tnv HEB0SO AUTH O PAYUATLKN TIEPIMTWAON LEAETWVTAG TN
Spopoloynon doptnywv avedpodlacuol Kaucipwv oto agpodpoplo tng Atéyng (Schyns,
2015). Ot (Xu, 2018b) mpotelvav to 2018 £vav eVIOXUEVO YEVETIKO alyopLBuo mou mpoomobei
va auénoel tnv mowilopopdia Kal Ty kavotnta oAlkng avalitnong. Xpnoldomoinoav
gUpETIKOUG Savings kat Nearest Neighbor katd tnv dtadikaoia Tng avamopaywyng wWote va
BeAtiwoouv tnv emhoyny Sodpouwv. H péBodog Toug Eemépace TIG ONUOOCLEUUEVEG
npooeyyioelg pe Bdaon ta anoteAéopata BeAtioTonoinong.

AN\EC QVTAYWVLOTIKEG OUYXPOVEG HEBoSOL glval o paBeupeTikog Twy (Yavary & Sajedi, 2018)
CLARITY mou mepllapPadvel petaly GAwv peBOS0OUC OKEPALOU TIPOYPOUUATIOMOU Kol
£€eAKTIKO aAyoplOpo. AoxoAnbnkav tooo e to DVRP 600 kat e to DVRP pe mapadooelg kot
TLEPLOUAAOYEG TopAyovTag KOAA OmmOTEAEOHATO Kal OTLG SUO TEPUTTWOELS. [EVETIKO
oAyoplOuo xpnotluormotouv kat ot (Abidi, Hassine, & Mguis, 2018), to 2018 pe armAd eUPETLKO
yla va emidboouv to DVRPTW, kat ot (Benaini & Berrajaa, 2018) oxeblaoav véo TA kal tov
edappooav os povada enetepyaaoiag ypadikwy (GPU).

5.4 M€00o6ot Eniluong NMpoBAnpatog tng ApopoAoynong OXnUATwvY pe
NoAAanAég AnoOnkeg (MDVRP)

To 2008 oL Ting kot Chen mpotewvav évo cUOTNUA amoLkiog puppnyklwy (ACS) yia to MDVRP
ME Xpovika mapdBupa aAld kat €va uBpldiko ACS pe Simulated Annealing. Kat ot &uo
T(POOEYYIOELC ElVOL OVTAYWVIOTIKEG PE TOV UBPLOIKO aAyoplOpo va BEATIWVEL KOl UEPLKEC
UTIAPYOUOEC AVGOELG TIPOBANUATWY avadopdg (Ting & Chen, 2008). Ot (Lau, Chan, Tsui, & Pang,
2010) mpotewvav To 2010 pia BeAtiwpévn péBodo BeAtiotonoinong amnolkiag HUpUNYKLWY LE
coarse-grain mapAAAnAn otpaTnyLkr, oTPATNYLKA PAPOUC ylol TA HUPUAYKLO KOl TEAEOTEC
peTaAAaéng. MNa tnv emiluon tou MDVRP Bewpnoayv (Lo ELKOVLKH KEVTPLKA amoBnkn ,Katd tnv
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orola oL AmooTACELS TIPOG TIG amoBOnKeG elval (OEG Le UNGEV EVW OL ATTOOTAOELG TIPOG TOUG
niehateg elvat anewpn (Virtual Depot VRP).

‘Evav armoé toug mpwTtoug YEVETIKOUG aAyopiBuoug mpotewvay to 2009 ot (Ombuki-Berman &
Hanshar, 2009). O TA xpnowormolel €upeon Kwdlkomoinon Kal pla TPOCAPUOOCTIKA
oTpaTNyLKN avtaAAaynG LETAAAAENG LETOEL amoBnKwy. Ta AMOTEAECATA TTIOU EMLTEUXONKAV
ATOV AVTOYWVLOTLKA LE OAEG TIG AAAEG cUYXPOVEG Tpooeyyioels. To 2010 ot Lau et al mpotevay
HE TN oelpd toug Kal avtol éva A (FLGA) kaBodnyoUpevo amd pia otoxaotikn pebodo
avalntnong (fuzzy logic), poAoc tng omoiag eivat o Suvautkr puBULoN Tou pUBUOU PETAAAOENG
Kol avamapaywyng kabe 10 yeveég. AmoteAéopata Tpooopoiwong €6etfav ot o FLGA
umepéxel aAMwv dnuodplwv pebodwv avalritnong.

Ot (Vidal, Crainic, Gendreau, Lahrichi, & Rei, 2012) mpodtewvav €vayv oAU Loxupd uBpLSLko
VEVETIKO aAyopLBpo yia to MDVRP. O uBptdikdg cuvbualel To eUpog e€epelivnong mAnBuacoL
Twv  €€eAIKTIKWYV  OAyoplBuwy, TIG OLOTNTEG E€MBETIKNG PBEATIWONG HUETAEUPETIKWV
efepelvnong yewtovidag Kot e€eAlypéva  cuotnuata  Slaxeiplong molkiopopdiag Tou
TANBuopoU. EKTeEVH UTTOAOYLOTIKA TElpapata €8eL€av TNV UTEPO)XI Tou aAyopiBuou autol
KaBwg eite BeAtiwoe eite Bpnke TI¢ BEATIOTEG AUOELG OAWV TWV TIPOPANUATWY avadopdg yLo
TO OUYKeKPLUEVO TPOPANUa. Tnv dla xpovid ol (Kuo & Wang, 2012) mpotewvav £va
HETAEUPETLKO e€epelivnong METABANTAC yeltovidg (VNS) yia to MDVRP pe kootn ¢poptwong .
O mpotevopevog VNS ap)ka TTOPAYEL OTOXOOTLKA ULl ap)XLkhy AUGH, 0T CUVEXELD SLOAEYEL
TE0OEPLG TEAEOTEG yLla TNV e€gpelivon TNG YELTOVLAC KOl TEAOG £val KPLTNPLO, OUOLO HE TIC
pueBodou Simulated Annealing, amodoxng AUong.

To avowtd MDVRP etétaocav ot (Liu, Jiang, & Geng, 2014) mpoteivovtag évav uPBpLdikd
VEVETIKO QAYOPLOUO QTTOTEAECUOTIKO Kal amoSoTikO. evetlkd alyoplOpo mpotewvav Kol
(Alaia, Dridi, Bouchriha, Borne, & Alaia, 2015) ywa to MDVRP moA\amAwv oxnUatwy, e
XPOVIKA TtapdBupa kat mapaiafn kat mapdadoon (m-MDPDTW). O A toug mep\apBAvel pia
Sladikaoia emhoyng mou xpnowdormolel katdtaén pe Stddopa pétwrmo  Pareto kot pia
€ALTIOTIKN OTPOTNYLKI QVTIKATAOTOONG.

Ot (Opoku-Amankwaah & Ombuki-Berman, 2017) nmapouciacav évav F'A pe moAveminedn
mAnBuopLakn doun pe Baon tnv nAkio (ALPS-GA) Kol OTPATNYLKEG LETAPOPAG LETALY TWV
ETUMES WV TTaPAyovToC KaAd amoteAéopata. TENOG

5.5 M£Bo6ot Eniluong NMpoBAnpatog tng ApopoAoynong OXnUATwvY HE
NapaAapég kat Napadoceig (VRPPD)

Ot (Wassan, Wassan, & Nagy, 2008) mapouciaoav éva avidpaotiko Tabu Search mou pmnopet
va eAEYXEL ypNyopa TNV £DLKTOTNTA TWV TIPOTEWOUEVWY KIVAOEWV Kal va Kabodnyel tnv
avalitnon. O alyoplOuog Bprke opKeTEG VEEC BEATLOTEG O OXETLKA TPpOBAApaTa avadopdc.
YBpLdikd aAyoplBuo mpdtewvav ol (Goksal, Karaoglan, & Altiparmak, 2013) epmhoutilovtag
BeAtiotonoinon opunvoug cwpatdiwv (PSO) pe pebeupetikn LEBodo tomikng avalitnong ylo
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TO otadlo TG TomikAg avalntnong tou PSO. H pébodog amodeiybnke blaitepa amodoTikn
kaBwg BeAtiwaoe Stadopec BEATIoTEC AUTELG TIPpOBANUATWY avadopag.

O (T. Zhang, Chaovalitwongse, & Zhang, 2014) mapouciocav pia uBptdikn pEBodo yla 1o
VRPPD efaptnuévo amd tov xpovo. H péBodog ouvdudlel PeAtioTomoinon omolkiog
HUpUNYKLWV Kal avalntnon topmou. H anddoon tng uPptdikng pebodou ouykpiBnke e
EKEIVEC TWV HEUOVWHEVWVY aAyopiBuwv ACS kat TS kot mapryaye KAAUTEPO OMOTEAECHATA
KoL aro tig Vo pebddouc. YRpLSikn LEB0SO MPOCAPHOOTLKA G TOTIKNG AvValATNonG MPOTELVAY
oL (Avci & Topaloglu, 2015) ocuvdualovrag Toug pebBeupetikol¢ Simulated Annealing kot
Variable Neighborhood Descent. O aAyoplBL0¢ XpNOLUOTIOLEL LA TTPOCAPUOCTIKI) CUVAPTNON
nieplBwplou mou Tou EMITPETEL va autoouvToviletal. Melpdapata €ds€av Tnv amodotkotnTa
™ ueBOSov oto va Bpiokel KAAEG AUOELC O AOYLKO UTIOAOYLOTIKO XPOVO.

O Kalayci kat Kaya (Kalayci & Kaya, 2016) ouvduaoav pebodoug amotkiog puppnykuwv (ACS)
kot petapAntic avalntnong yettoviag (VNS). H pébodog VNS eival pla woxupn HéBodog
EVIATIKAG TOoTuknG avalntnong oAAd wotdéco 6ev €xel kamoto Sopn pvApng. Mo va
QVTIHETWITIoOUV authv tnv aduvapia tou VNS xpnowuomnoinoav tnv Soun MVAUNG HMOKPAS
Slapkelag mou npoodEpel n pEBodocg ACS. Katd tnv pnéBodo autr o VNS ameleuBepwvel
dbepopdvn ota AKPA EVW TA HUPUAYKLA TIPOodEPOUV pNXaviopo Slatdpaéng pe To va
XPNOLUOTIOOUV TN EPOPOVN Ylo va efepeuvolv O Hokpwva medla AUoswv Kal va
petamnndolv and Tomka akpotata. H péBodog amodeiytnke Siaitepn amodotikr Kabwg
Bprke KOAUTEPEG ,ATO TLC UTIAPYOUOEC, AUCELC OXETIKWVY TIPORBANUATWY OF TILO ypHYOpPO XPOVO.

To 2018 ot (Li, Wang, Hei, Li, & Jiang, 2018) mapouciacav pia péBodo PeAtiotonoinong
XNUKAG avtidpaong (Chemical Reaction Optimization) yia to MDVRP pe xpovikd mapaBupa.
H pébodoc anodoud to mpoPAnUa og unto-ipoBARUaTO Kol KABe uTO-TPOPANUA TopioTatat
oo éva XNULKO poplo. MNa va L.ooppomoouy tv motkilopopdia oAAd Kot ThV cUYKALON TG
pneBodou oxedlacav TeAeoTéG TOMIKNG avalntnong, amodopnong Kal ouvBeong. AAAEG
dnuodheilg mpooeyyioslg gival n pEBodog BeAtiotonoinong opuRvoug cwpatidiwv Pe auto-
pnadnon (SLPSO) twv (Chen, Hsiao, Himadeep Reddy, & Tiwari, 2016), 2016 kot 0 UBPLOLKOG
600 paocswv twv (Y. Wang, Ma, Lao, Yu, & Liu, 2014).

5.6 M€00o6ot Eniluong Avotxtou MpoBAnpatog ApopoAdynong (OVRP)

MNa tnv eniluon tou mpoPAnpatog OVRP, ot (Tarantilis, loannou, Kiranoudis, & Prastacos,
2005) mpotewvav to 2005 €vav LoXupd LETAEUPETLKO HLAC TIOPAETPOU TIOU EKUETAANEVETOL
€vav KOTAAoyo THwV KATwdAlou yla va KateuBuvel £Eumva Lol TIPONYUEVN TOTUKA
avalAtnon. YMoAoyLoTIKA armoTteAéopata o 6UVOAO TIPORBANUATWY GUYKPLTIKAG afloAdynong
£6eL€av OTL N Tpotelvopevn HEB0SOC uTtepPaivel KATA TTOAU TLG TTPONYOUUEVEC TIPOCEYYLOELG
yla To OVRP, evw tnVv epdpuocay Kal o€ PAYUATIKA TTPoBANuata SpooAoynong Leyaiou
oTOAOU OXNUATWVY LE ETLTUXIA.

To 2010 ol (Salari, Toth, & Tramontani, 2010) mapouciacav pia uBpLSIKA LEBOSO TOTIKNAG
avalAtnong Paclopévn O TEXVIKEG OKEPALOU YPOUULKOU Tipoypappatiopou (ILP). Me
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Sedopévn pa apykn mBavn Avon mou pmopel va BeAtiwOel, N HEBodo akoAoUBEL TNV TEXVLKN
Kataotpodng Kat eMdLopBwong Kata tnv omnoia n doouévn AUon kataotpedpetal Tuxaia (..
adatpolvtal tuyaia TeAATeG amo £va OpopoAoylo) kal emiblopbwvetal AUvovtog &va
povtélo ILP wote va Bpebel pia kaAUtepn AUon. H péBodog autr) Pe UIKPEG TIPOCAPOYES
propel va emAUoeL Kot GAAeG mapaAAayeg Tou VRP. e SOKLEG TTOU TipaypaTomoLOnkayv n
LEB0SOG BeAtiwaoe 1 BprKe Tig OGN untapxwv AUCELC.

Ou (V. F. Yu, Jewpanya, & Redi, 2016) aoxoAn6nkav pe pa mopoarlayn tou OVRP katd tnv
ormola Tépa amoé To OSlaOE0LUO OTOAO OXNUATWY UTIApPXEL n Suvatdtnta ovdabeong
napayyeAlwv oe eEWTepLkO cuvepyatn. Movtelomoinocav Tto MPOBANUa pe BACH TEXVLKEC
ULKTOU QKEPALOU YPOLULKOU TIPOYPALUATIOHOU KOl OTOXO TNV EAAXLOTOTIONGC TOU GUVOALKOU
KOOTOUG (HeTtadoplkd KOOTn Kol KOotn avdbeong). Mpotewvav pia péBodo Simulated
Annealing tnv omola kat cuykpLvay e AAeg oUyxpoveg pebddouc. H mpoaoéyylon toug Ppnke
BEATIOTO QTTOTEAECUATO VL0 UIKPOU KAl LECALOU TUTIOU TIPOPRANUATWY O ALYyOTEPO XPOVO EVW
YLOL TLEPUTTWOELG LEYAAOU UEYEBOUC BprKe KAAUTEPQ ATIOTEAECHATA OE ALYOTEPO XPOVO.

5.7 M£BoboL Eniduong MpoBAnpatog¢ ApopoAoynong pe Etepoyeviy ZtoAo
Oxnuatwv (HVRP)

To 2004 ou (Tarantilis, Kiranoudis, & Vassiliadis, 2004) mpdtelvay €va VEO ETOEUPETLKO YLaL TO
HVRP pe otaBepo otoAo oxnudatwy, Tov avaotpodo alyoplpo anodoxrng mpocapuooTIKWY
oplwv. Ta aptBuntikad anoteAéopato Sgixyvouv OTL O MPOTEWVOUEVOC 0AyOpLOUOC elval LoXUpOg
KOL OTOTEAECUOTIKOC KOBWCG PBeATiwos OpPKETEG UTIAPXOUCEG AUOCELG ota TpofAnuarta
avadopadg mou dokipdotnke. O (Penna, Subramanian, & Ochi, 2013) mapouciacav to 2013
pLo péBodo BaoLlopévn 0To LETAEUPETIKO emavalopBavopevng Tomikng avalntnong (Iterated
Local Search-ILS) pe texvikég kaBodou petaBAntnig yettovids (VND) kat tuxaia taglvopnon
yettoviwy. H pébodog Sokipdotnke oe yvwotd mpofAnpata 20,50,75 kat 100 melatwv
Bplokovtoc kKaAéG avtaywvioTikég Avoelc. O (Kritikos & loannou, 2013) mpwtot acxoAndnkav
pe to HVRP pe emumdéov xpovikd mapdBupa. Moviehomoinocav 10 TPOBANUa
EVOWUOTWVOVTOG TOV TIEPLOPIOUO TOU OUVOALKOU ¢optou Ttwv Spopoloyiwv otnv
OVTLKELUEVIKI] OUVAPTNON Kol TO €emAUOQV HE EUPETIKO SLAdOXIKAG €l0aywyng Tou
XPNOLUOTIOLEL CUVAPTNON TIOWNG, ETUTPENMOVTOC TOoU vo TopoPLdlel Tov TEPLOPLOUO
XWPNTIKOTNTAC £WG £V IPOKABOPLOUEVO AVW OpLO.

Ot (Wei, Zhang, & Lim, 2014) aoxoAnBnkav to 2014 pe to HVRP katd to omoio ta doptia
amotelovvral and opboywvio avilkeipeva tplwy dtaotdoswy (3L-HVRP). Avérttuéav Aoutdv
£VOL LETAEUPETIKO avalATNONG MPOCAPLOOTLKAG LETAPBANTHG YELTOVLAG KAL TO EUTTAOUTIONV UE
OTPATNYLKEG ETUTAXUVONG TWV Sladlkaolwv ¢optwong kat SpopoAoynong. O alyoplBuocg
Soklpdotnke o mpoPAnuata avadopdg yia to 3L-HVRP, 3I-CVRP kot yta to amAé HVRP
Bpiokovtag eite kaAutepeg (3L-HVRP) A Tig BEATIoTEG £wG TOTE AUOoELS ( 3I-CVRP, HVRP).

To 2015, ot (Matei, Pop, Sas, & Chira, 2015) mapouciacav évav uBpLSLKO yeVETIKO alyopLlBuo
EUTMAOUTIOMEVO UE TEXVIKEG TOTUKNG avalAtnong (UUNTIKOG aAyoplBpog) Kol oTPaTnyLKA

69



MéBodbol EmiAuong tou MpoBAnuatog ApopoAoynong Oxnuatwyv
Acotikwv Epmopevpatikwv Metadopwv kat Epapuoyr toug os
MAnpodoplakod Tuotnua

‘uetavaoctevong’. H péBodog mepl\auPAvel OPKETEC OTPOTNYLKEG TAPAYWYNAG OpPXLKOU
TANBUOMOU Kal €EL TEXVLKEG TOTUKAG avalATNonG. ZNUAVIIKO XapaKTNPLoTIKO thg Lebodou
glval n otpatnytkn ‘Uetavdaocteuong n omola rTpEnel TV Staodalion molkilopopdiag Kot
KATd tnv omoia 0 pubpoc e€EAENG TOU VEOU ATOUWV/HETAVACTWY QUEAVEL e TN €EEALEN TOU
mAnBuopol. H péBodog métuxe KAAEG AUCELG 0 AOYLIKO XpOvo ota TpoPAnpata avadopdg
TIOU £EETAOTNKE.

Ot (Pessoa, Sadykov, & Uchoa, 2018) mapouciacav pia akplpr) pébodo emilvong tou HVRP. H
uEBodoc autn mepAapBavel tov alyoplBuo Branch-Cut-and-Price pe KAMOLOL QVETTTUYUEVQL
XOPOAKTNPLOTIKA TWV KOAUTEPWY aKPLBWV HeEBOSwV amo amoyn anddoong. Kamota and avtd
TO XOPAKTNPLOTIKA £ival n xprion Extended Capacity Cuts , Rank-1 Cuts, Tnv xpfon UvAung
g€aptnUEVNG Ao Tov TUTTO TOU OXALOTOG KAl pia VEa Katnyopia amo Extended Capacity Cuts
TIOU eKPETOAAEVETOL TNV amapiBunon twv Stadpouwv mou efopTwvtal amod TOV TUMO
oxnuotog. H pébodog Eemépaoe o amodoon TG mponyoUueveg akplfeic peboddoug oe
nipoPAnpata avadopdg wg 200 TeEAGTEC aAAA KoL Lo LEYOAUTEPEG TTEPUTTWOELC.

5.8 M£0o6ot Entiluong YBpLdikoU MpoBAnpatog ApopoAoynong
(Hybrid/Green VRP)

O (Ayadi et al, 2014) aoxoAnOnkav pe to mpacivo poPAnua popoAdynong, Ue otdxo TNV
BeAtiotomoinon tng moodtntag Twv aspiwv Bepuoknmiou, Kal MPOTEWVAV €va £EEALKTIKO
aAyoplOpo yla tnv emiduon tou. H péBodog ouvdudlel €va yeveTikd aAyOpLOLO HE TEXVIKN
TOTILKAC avalTNoNG (ULUNTIKOG adyopLBpog). H amddoon tng pebodou anobdeiyxdnke bLaitepa
QVTAYWVLOTIKN KaBw¢ Ppnke TOAAEG vEeg BEATIOoTEG AUOELS poPAnuatwy avadopdc. Ot
(Tiwari & Chang, 2015) peAétnoav to 2017 1o GVRP pe otdxo tnv peiwon tng SLavUOUEVNG
anootaong oA Katl Twv ekrmopnwyv CO2 . MNa tov UMoAOYLoUO TG ekmoumnig CO2 élafav
umoyn wg mapdyovta kat to dpoptio Twv Poptnywv. MNa tnv enilucn Tou npodtewvav pEbodo
600 PpAcEWV XPNOLLOTIOLWVTAG OVACUVOUOOHUO OTNAWVY Kal TV cUYKPLVAV UE €EEALKTIKOUC
oAyopiBpoug 6Tou amodelXTNKE OVTAYWVLOTIKA.

AxpLBr péBodo mpodtewvay ot (Andelmin & Bartolini, 2017) ytot to GVRP 6mou to Oswpnoov wg
Vv PEATIOTN O6pOPOAOYNON OXNUATWY €VAANAKTIKAG €VEPYELOG yla TNV €€UTnpETnon
SlooKOopTUOMEVWY TteAaTwy, Adppavovtag unmon TNV autovouid Twv OXNUATWY KOl TLG
tonoBeoiec avedobiaopol. Ma tnv emiluor] tou TO Hovtelomoincav w¢ TPOBAnua
Sloxwplopol cuvOAwv OMoU 0 OTHAEG avamoaplotouv TiBavég Avoelc. H pébBodog autn
enélvoe BéATiota nepmtwoelg éwg 110 mehatwy. Me to uBpLSiko MPoBAnUa SpopoAdynong
ooxoAnOnkav ot (V. F. Yu, Redi, Hidayat, & Wibowo, 2017) 6mou ta oxAuata eivol uBptSikd
NAEKTPLKA, Kol tpotewvav HéBodo Simulated Annealing e otpatnyikn emaveévapéng (SA-RS).
O alyoplBpog dokipaotnke oe mpoPAnuata avadopdg CVRP dmou Bprike KaAEG AVCELS EVW
o apBuntika amoteAéopata £6elav TNV emidpacn Tou TUTIOU TWV OXNUATWVY KOL TOU
oplBuoUl Twv otabpwv ¢opTIoNg 0TO GUVOALKO KOOTOC.
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To 2017 emiong ot (Jaber Jemai,M. Zekri, 2017) mpotewvav yla to GVRP gAITIOTIKO YEVETLKO
oAyoplBuo moMamAwv otoxwv o omoiog amodeiyBnke Olaitepa amodOTIKOG HETA Omo
Soklpéc. OL (Messaoud, el Bouzekri El Idrissi, & Alaoui, 2018) ocuvdUacav to SUVALLKO
MPOPANUa pe to GVRP kal mmpoomaBbnoav vo EAAXLOTOTIOLIC0UV TIG EKTIOUMEC AEPLWV TOU
Beppoknmiou o Suvaulko meplBaAlov. MNpotewvav pla uBpLdikn pEBodo Paclopévn otnv
BeAtiotomoinon amotkiog puppnykuwv (ACO) kat otnv avalntnon Heydaing yettovidg (LNS).
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6. AnoteAéopata

6.1 Tuunepaocpata Avackonnong BifAloypadiog

JTOX0G TNG £PEUVAG AUTAG €lval va KaBoplotouv oL TACELS TNC EPEVUVNTLKAG KOWVOTNTAC WG
TPOG TI¢ LEBOSoUG emihuong oUYKEKPLUEVWY TTapaAaywVv Tou TipoPAnuatog SpouoAdynong
OXNMATWY, Ol OTOIEG OVILTPOCWIEVOUV TIG OIOTIKEG EUTTOPEULATIKEG LETADOPEG KAl OTNV
oUVEXEL va TipoTaBoUv oL kataAAnAotepol adyoplBuol yia bavr) eboaployr o€ EQEUVNTLIKO

£pyo.

To mpoPAnua SpopoAdynong oxnUATWY &eival oamd Tta To UeAsTnUéva TipoBAnuarta
BeAtiotomoinong dteBvwg kat Bpiokel edappoyn oe MARO0C MPAKTIKWY TipoBANUATWY. Katd
TNV €peuva IPOEKUYE LEYAAOG OYKOC SNILOCLEVCEWVY TIOU O.0XOAOUVTAL OTTOKAELOTIKA UE TNV
npotaon peBOdwv emiduong yla T mapaAlayEg tou VRP evw mopatnpnBOnke onuavtikn
avénon tétolwv dpBpwv Ta TeAsutaio xpovia (SumAaclacpog Tou aplBpol apbpwv amnod to
2010 kot petd). H mAelovotnta twv dpBpwv autwv acyolouvtal He Ti§ taparlayeg CVRP kal
VRPTW, HEMOVWHEVEC N Kal o€ cuvOUaouo Ue GANeC mapallay£c. To yeyovog auto dev eival
WSlaitepa avamaviexo kabwg ta apbpa autd mpoteivouv véeg peBodoug (1 BeAtiwvouv
uTtapyxouosg LeBOdoug) oAl KoL yLOl TO OTL yLa TIC apaANayEG aUTEG sival SltaBgoua ta
neploootepa mpoPARuata avadopds HE T Omolo oL €peuvntég elval oe Béon va
0€LOAOYNOOUV TNV ATIOTEAECHATIKOTNTA KOL QAMOSOTIKOTNTO TWV TPOTEWVOUEVWY LEBOSWV
TOUG OAAQ KOlL VAL TG BUYKPIVOUV LE TIG uTtdAoLneg uebddoug.

‘Ooov adopa tic pebodoug emiluong, otig apxég tng Sekaetiag 2000 SnuodAéoTtepeg NTav oL
META-gUPETIKOL aAyoplBpol Tomkng avalitnong, onwg n avalntnon Toaumou (TS) kot n
TIPOCOUOLWHEVN QVOTITNON, OL OTOLEG €lyav €MITUXEL TIG KOAUTEPEG €WC TOTE eMLSOOELG.
Xapaktnplotikd mapadeypa eival n avalntnon tounol twv Cordeau kat Laporte (2001).
YTadlokd Opwe apxloav va epdavilovrol 6Ao Kal meplocotepa apbpa Tou mapouctalouv
UETA-EUPETIKOUG BAoLOUEVOUC 0 TTANBUOUO AUCEWV OTIWCE YEVETIKOUG aAyopLlOpoug aAAd Kot
UBPpLOIKEG LeEBBSOoUG. OL Baker katl Ayechew (2003) ntav amo Toug MPWTOUG TIOU TTPOTELVAV
VEVETLKO aAyoplOpo yia to KAaotkd mpopAnuo Spopoloynong evw to 2004 o Prins mpoteLve
£vav YeVETIKO adyoplOpo mou yia mpwtn $opd femepvolos o amodoon TIC MEPLOCOTEPEC
pneBOSoug TuTtou TS. Ao TOTE KAl £WG COHILEPA OL EPEUVNTEC TIPOTLUOUY TOUG LETA-EUPETIKOUG
oAyopiBuoug mou Baocilovtal oe MANBUGOUO AUoewv aAld Kal Tov cuvSuaouo SLadopeTIKWY
neBOSbwv oe £va uPplSlkG TAQLOLO, YEYOVOC TIOU TOUCG ETUTPEMEL VA aoXoAoUvtol LE
npoBARUaTa LeYaAUTEPOU LEYEBOUC Kol TTOAUTTAOKOTNTAC.

Ot dnuodréotepol PeTa-eUPETIKOL aAyoplBpol Baclopévol o MANBUOUO AUCEWV lval o
VEVETIKOC aAyoplOuog (GA) kat n BeAtiotonoinon amotkiag puppnykiwyv (ACO), evw oTig
TIEPLOOOTEPEG MEPLMTWOELG oL pEBodol autol cuvdudalovtol pe KAAoLKOUC EUPETIKOUG 1 Kal
META-gUPETIKOUG  aAyopiBuoug Ttomikng avalntnong yla tnv BeAtiwon Tng mapayopevng
Abonc.
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MNapatnpnBnke otL €xouv Tpotabel MOAEC SlodopeTikég pEBodol emihuong yla OAeG TIG
napaAAayEG Tou poBARpatog SpopoAdoynaong oTOAoU oxNUATWY. QOTOCGO TOPOAO TTOU OTNV
S1ebvng BLBAloypadia eudavitovtol OAo Kal meploootepa apBpa mou Aappavouv unogn
TIEPLOPLOMOUG TIOU TIOPOTNPOUVTOL OE TIPOKTLKO ETUMESO, OL TEPLOCOTEPOL EPEUVNTES
nipoteivouv peB6doug oxedLaopEVES va aVTIUETWITI{OUV TTOAU CUYKEKPLUEVEG TTAPAAAOYEG TOU
npoBARUATOC, XWPLg va £xouv tnv duvatotnta ebapUoyng Kal oe AAAeC mapoAAayEC, EVW OE
OPKETEG TIEPUTTWOELG PailveTal va Xelpoywyndnkav KATTOLEG TIOUPALETPOL WOTE VAL TIETUXEL O
TIPOTELVOUEVOC OAYOPLOOC AVTAYWVIOTIKEG AUOELG YLOL KATIOLOL CUYKEKPLUEVN TIEPIMTWON TOU
npoBAnuartog. EmakoAolBwg, oL ahydplBuoL mou Tpoteivovtal amno Ta neplocotepa apbpa,
Sev duvartal va Bpiokouv eUkoAn edapuoyn os TTpayUATIKA TipoAnuata Spopoloynong. And
Ta apBpa mou efetaoctnkav (148), povo oe U0 TepPUMTWOELG UTNpée edapuoyn Tou
TPOTELVOUEVOU aAyoplBuou o mpaypoTiko TpoPAnua (mapouctdlovtol otnv £MOUEVN
£vOTNTA), YEYOVOG TTIOU SElXVEL TTWG TO EVOLOPEPOV TWV EPEUVNTWV EXEL ETILKEVTPWOEL KUPLWG
otnv Bewpntik HeAETN Tou VRP Kol Twv mopaAlaywv Tou Kal OxL T0oo otnv duvatdtnta
TIPAKTLKAC EPAPLOYNC TWV TIPOTEVOUEVWY BewpnTIKWV AVCEWV.

TNV oxetkn BipAloypadia, o aplBudg Twv EPEUVNTWY TIOU TAPOUCIACOV KATIOLO YEVLKO
aAyopLBpo kavo va emAUeL oA amAEG mapaAlayE Tou VRP BpeBnke oXeTIKA UIKPOG. TETOLOL
aAyoplOuol mapouaotdoctnkay anod toug (Pisinger, D., Ropke, S. 2007), oL omolot Kot TpoTeELVaY
£VOl LETA-EUPETIKO alyoplBuo avalntnong yewtovidg , tov Adaptive Large Neighborhood
Search (ALNS), cuvOUOGOUEVO LLE TPOCAPLOCTIKO OTPpWHA Yo va emiAucoouv to CVRP, VRPTW,
OVRP kat MDVRP, kaBwg kat and toug (Subramanian et al 2013), ol onolot mpdtewvay évav
UBPLEIKO aAyoplOBUO BaCLOUEVO OTOV LETAEUPETIKO aAyoplBuo Iterated Local Search yio tnv
eniAvon twv naparlaywv CVRP, OVRP, VRPPD kat MDVRP tou mpofAruatoc.

Ev katakAeib, n mepatépw avamrtuén aAyopiBuwv kavwv va €AUOUV TTOAAQTTAEG
napalayég Tou mpoBARpatog ald kat adyopiBuwv mou va umopolv va sdapudlovral
QUEOA O€ TPAKTLKA TipoBANpata daivetat va £xel UPNAO evdladEpPov KalL TIPOOTTTLKEC.

6.2 A§lortoinon AAyopiBpwv os NAnpodoplaka ZuotApato ALaVoung

Ao ta apBpa mou SiepeuvnBnkov KATA TNV SLapKELa TG £peuvag Lovo og SU0 amod autd o
T(POTELVOEVOC AAYOPLBLOC £DAPUOOTNKE GE TIPAKTLKO TPOAYHATIKO MPoPAnua. To 2014 ot
(Melian-Batista, B., De Santiago, A., Angelbello, F., Alvarez, A. 2014) mapakwnBnkav anod Eva
TIPAYHOTIKO TIPOBANUA TIOU QVTIUETWIL(E pia eTalpeia petadopwv otnv Tevepidn lomaviog
KOTA TO OTolo e Se60UEVO EVav OTOAO OXNUATWY TIPETEL TA SpopoAdyLa Ttou axedlalovTal
Vo €AAXLOTOTIOLOUV TNV CUVOALKA SLavUOUEVN amootaoh evw moapdAAnAa va eflooppomolv
ToU POpTOU gpyaoiag Twv odnywv. MNa tnv enithuon tou poBARpatog VRPTW npdtewvay éva
MOVTEAO HILKTOU QKEPOLOU YPOUHLKOU TIPOYPAUUATIONOU Kal POTewvaV SU0 aAyoplOpoug
emiAuonG BACLOUEVEG OTOV ETAEUPETIKO aAyopLBuo Tomkn g avalitnong scatter search, e
povn Sladopd oTn CUVIOTWOO CUVSUACUOU TIOU XpnoLUoToLeEiTal and tov aAyoplBuo. OL
oAyopLOpoL SokLuaoTnKay e Ta eSoUEva TOU TIPAYUATIKOU TIPOBANLATOG TTOU TOUG TApELXE
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n etalpeia karapEpvovtag va EEMePACOUV KOTA TIOAU o€ amddoon Ta AmOTEAECHATA TOU
TAnpodopLaKOU CUOTIUATOC TNG ETALPELAG.

To aAho apBpo mou acxoAnOnKe e eMIAUGN MPAYLOTIKAC TTEPUTTWONG dnuoatelTnKe To 2015
a6 tov (Chyns, M. 2015) kat mopoucialet pia péBodo emihuong Paolopévn oTo
METAEVUPETIKO oUOTNUA OmOLKiag puppunyklwy (Ant Colony System) tkavr) va avtiueTwilel pe
£€va gupL paopa Suvaplkwy TPOPANUATWY UE XPOVIKA TtapaBbupa, SLayxwpLopd mapadocewy
KOlL ETEPOYEVI OTOAO oxnuatwyv (DVRPTWSD). Znpelo ekkivnong auTng tTng Epyaciog ATav Eva
npoBAnua mou umnéBale to agpodpoulo tng Aléyng, To 80 peyaAltepo oepoSpopLo
petadopwv poptiwv TG Eupwmnng, Le oTOXO TNV AVATITUEN CUCTAUATOG amodACEWY TIOU VoL
umopet va Behtiotomolel tnv Stadpopn Twv ¢optnywv avepoSlaopol KAUGIHwY Tou
oepobpopiov. Evw oto kAaoowkd VRP otoxog eival n ehaylotomoinon Tng OUVOALKNAG
SLaVUOUEVNG AmOoTACNG, N LEYOAUTEPN TIPOTEPOLOTNTA YA Vol agpOSPOULO Elval n 000 TO
Suvatdv cuvtopotepn TMAPAS00N TWV KAUGIUWY WOTE VO CUVEXIOOUV TO agPooKAdn TIG
SpaoTNPLOTNTEG TOUC, KOOWE Ol AEPOTIOPLKEG ETOLPELEG TANPWVOUV YLO TOV XPOVO SLAVOUNC
TWV 0EPOOKAPWV TOUG 0TO agPOodpOULo. KATtoloL LOLaITEPOL TIEPLOPLOUOL TOU GUYKEKPLUEVOU
MPoPANUATOC €ival WS Ta GopTtnyd TPEMEL vo opadidouv éva TUTMOTOLNUEVO TIPOLOV,
KoUGOLHo, oTa aepookadn HEoa ot MPokaBoplopéva Xpovika mapdbupa, To yeyovog OTL
UTIAPXOUV SLOPOPETLKOL TUTIOL OXNUATWY, TTOU AELTOUPYOUV G SLOPOPETIKEG TAXUTNTEG EVW
pepkA amd oautd dev elval oe B€on va €fumMnPETOUV KATIOL CUYKEKPLUEVA HOVTEAQ
ogpookadwyv. a autd to Adyo £Edwoav Slaitepn €udoon otV  avIamokplon
(responsiveness), &nAadr tnv oAokAnpwon plag napadoong To CUVIOUOTEPO duvatod, Péoa
OTO XPOVLKO TTapABuUPO, £T0L WOTE 0 TEAATNC I TO OXNOL VA ETIAVEKKLVAOEL TIG SpaoTNPLOTNTES
Tou.

Muia SgUtepn peyaAn mpokAnon tou mpoPAnpatog sivol to aféPfato Suvaptkod meptBaiiov,
KoOw¢ £va aepodpopLo Aettoupyel cuvexwg OAn tnv efdopada, xwpic va umtapxel KATAANAN
OTLYMN YLO va EEKLVRAOEL 0 OXESLAOUOC BeATLOTOTIOINONG EVW CUVNBLOUEVA ElvaL KOl AmpoOoTTa
Omw¢ N akVpwon f kaBuoTépnon Twv THoEWV. Ma To Adyo auTto avémtuéav pa SLodpaoTikn
Aoon mou emutpénel otoug amootoAsic vo Aappdvouv umoyn véec mAnpodopiec oe
TPAYHATIKO XpOVO.

To TpoTElVOUEVO OUCTNUO  OTIOWKIAG HUPHUNYKLWY TEAKA £appdOTNKE  ylo  HLo
QVTLPOCWTEUTIKA Bpadld Aettoupylag Tou aepoSPOUiou KATA TNV OMoila aVaPEVOVTAL TTPOG
oavedpodlaopd/e€uninpétnon 30 agpookddn, 7 SLOPOPETIKWV TUTIWV EVTOC TPLWV WPWV EVW O
ovepodLaopog mpenel va SLopKel pia wpa e UTTOOXOUEVA ATMOTEAECHOTA.
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6.3 Mpotaon AAyopiOuwv mpo¢ YAomoinon oe MAnpodoplakd Zvotnpa
Actikwv Epmopeupatikwv Metadopwv

6.3.1 Eloaywyn otnv Npdétaocn AAyopiOpwv

Jtn ouvéxelo Ba mpotabei €va yevikd TAaiclo peBodou emiluong yla TIC UTIO UEAETN
niapallayég tou VRP pe anwtepo okomod thv edbappoyn Tou oto VEo TIAnpodopLlakd cuotnua
SpopoAdynong oxnuatwv. H mpotewvopevn péBodog amookomel oto va mopayel AUCELG
vPnANg moLOTNTAG 08 EUAOYO XPOVIKO SLACTNUA YLa OPKETEC TTAPOAAAYEG TOU TIPOBARLOTOG
KOLL yLOL LeyAAO apLBpo TEAATWVY. NUAVTIKOTEPOG MTEPLOPLOUOC TWV AOTIKWY LETADOPWV Elval
n oxupn e€aptnon tou mPoPARUATOC TNG SPOUOAOYNGNG OXNUATWY OO TOV TAPAYOVTO TNG
KUKAOdOpLOKN G CUUPOPNONG TV TILBavVWY SLaSpopwy , KABLOTWVTAG ETOLTLE TAPOAAQYEC TOU
VRP pe xpovika mapaBupa (VRPTW) al\d kot autég mou sivat e€aptnpéveg anod to xpovo VRP
(TDVRP) wg T1¢ Baoikég maparrayeg Tou VRP rou Ba §00¢el Eudaon, Kot amo tTnv HEAETN TwV
omolwv mavw Ba tpokUPEL TEALKA O TIPOTELVOUEVOG OAYOPLOUOG.

JTIC EPLOCOTEPEC TIPOKTIKEG EPAPLIOYEC QUTAC TNG KATNyopilag MPoBANUATWY Ol ETOLPELEG
petadopwv eMBUUOUV TOV CXETIKA GUVTOHO UTIOAOYLOUO TwV BEATIOTWY Spopoloyiwy (< pia
wpa) yla peyaho mANBog meAatwy . EmBupoUV emiong Ty towutoxpovn emilucn moAAwv
naparaywv tou VRP (5-7 mapalhayEg katd p.0.) Mia péBodog mou KaVOTIoLEL AUTEG TLG
npoUmnoBéoelg elval 0 cuvSUAOUOG EVOC KATAOKEVOOTIKOU gUPETIKOU oAyopiBuou pe évav
QA EUPETIKO TOTUKNAG avalnTnong. MPOKELTAL YLa OXETIKA AMAECG LEBOSOUG KO UE TOV CWOTO
ouvluaouo HropoUV va uttoAoyilouv KAARC oLoTNToG AUCELG OE OXETIKA GUVTOMO XPOVO.

Enionc afia £xel va mpotadel kot pia mio €ehypévn uEBodog, oe epeuvnTKO eminedo, mou
va UTOopEel va eTuaivel akopa KaAUTtepeg AUOeLg, owg Kat TG BEATIoTec. Onmwe £xeL 6N
avadepBbel, 0 YeEVETIKOG aAyoplBuog eival lowg n o peAetnuévn pEBodog yia to mpoBAnua
SpopoAdyNong oxNUATWY, e TTOAOUC Ao TOUG EPEVVNTEC VA acXoAoUVTaAL Le TNV BeATiwon
NG QMOTEAECUATIKOTNTAC TOU aAAG Kol TNV edappoyr] Tou O ONO Kol TIEPLOCOTEPEC
naparayég Tou mpoPARuatog. O yevetlkdg alyoplBuog eival oe Béon va emAUoEL TO
poBAnua Spoporoynong ylo peyaio mAnOoc meAatwy evw Uropei eUKOAX Vo IPOCAPHOOTEL
wote va avilpetwrilel Siadopetikée moporlaysec tou VRP pe AMeC omaltioslg Ko
TLEPLOPLOMOUC KABE dopd, eVw elval LOAVIKOC yla TNV entiducn tou VRPTW kat TDVRP.

Jtnv amAi popdr tou PBERata, o alyoplBuog Sev eival Slaitepa  aflOMIOTOG KOl
omoteAeopaTkOg, aAAd pmopel eUkoAa va BeAtwOsl pe xprion oclyxpovwv TEAECTWV
gMAOYNG, avamnapaywyng Kot LeTaAMaéng ald kat epmhoutifovtog Tov pe GAeg pebddoug
eniAuong, OMWG EVPETIKOUC TOTLKAG avalntnong K.A.Jt.. Mg auTOV ToV TPOTO EMITUYXAVETAL N
gvTatikonoinaon tng avalitnong Kat n Stadopomnoinon tou MANBUGHOU AUCEWY, Kal TEAKA N
napaywyn KaAUTepwv AUCEWV oo aUTEG Ttou Ba €8Lve 0 aAyopLlOpog otnv arAr Tou popdn) .

Qotooo, Kol yla toug SUo aAyopiBuoug mpotelvetal n xpron €vog LOVIEAO UTIOAOYLOUOU
TaXUTATWVY/XPOVWY SLEAEUONG OO aKUr ot akun eaptnUéVo amo tov Xpovo, TO Omoio va
glval oe Béon va mpooeyyilel TOUC TMPAYUATIKOUG XPOvoug SLEAEUONG LE LKOWVOTIOLNTLKK
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akpiPela. Mpoteivetal emiong mpog xprion €va poviéAo Boolopévo o€ auto Ttou Ichoua
(Ichoua, Gendreau and Potvin, 2003) katd To omolo o xpovog StéAeuong avtikabiotatol and
v taxVTnta StéAevong. To LOVTEAO AUTO XPNOLUOTIOLEL TO HAKOG TNG SLadpopng pall pe thv
Taxutnta SLEAEUONG oV TTOPAYOVTEG Kol UTtoAoyilel Tov xpovo SLéAeuong. Kat’ autdv tov
TPOTO 0 XpOvog SLEAeuaNG Unopel vat dAAGLEL e GUVEXT TPOTIO KAl LkavoToleital n apxn FIFO
(obudwva pe tnv onola eaodaiiletal nwg éva poptnyo A1 mou Eekvdel TNV oTLyun t ano
ToV MeAATN i yla Tov meAdtn j Ba ¢pTavel mavra 1o vwpig amod éva opoto doptnyo M2 mou
Eekvael Tnv otypn t+n (n>0) amod tov meAdtn i yla tov meAdtn j). Map’ 6Aa autd sival oAU
mbavov n ouvaptnon tTNg TaxUTNTAG va elval acuvexng, Yeyovog tedeiwg SladopeTiko amo
TNV opaAn SleCaywyn TwWv MPAYUATIKWY cuvBnkwy. 3to Ixnua 6.1 n taxvtnta SiEAevoNC
ekppaletal WG aouvexng ouvaptnon (a), amod tnv omoia MpogkuPe n cuveXAC ocuvaptTnon
xpovou Stédeuonc (b) kal ikavorolBnke to Kpttrplo FIFO.

3 1|
Tewvel Travel
Speed, | — Time 2 |
| l l - |
u 1 2 3 Time o 1 2 3 lime
(a) Taxvtnta AtéAsuong (b) Xpovocg AtéAsuong

IxAua 6.1: Ichoua’s Time Dependent Time-Travel Function

ATO BewpnTIKA OKOTILA, 600 N CUVAPTNON TNG TaXUTNTAC £(VOL CUVEXAG UIMOPEL MAvTa va
umoloyiletal o xpovog SiEAeuong. Me quUTOV TOV TPOMO TIPOOCEYYIIETAL KAVOTOLNTIKA N
ToxUTNTa SLEAEUONC OE TIPAYUATIKEG CUVONKEC Kal LKavoToleital n apyn FIFO.

TNV OUVEXELA TEPLYPADOVTAL E TIEPLOOOTEPN AETITOUEPELA OL SUO QUTEC TIPOTELVOUEVES
puéBobol emiduonc.

6.3.2 Mpotaon tou Eupetikol AAyopiBpou

Y& MpwTtn $Acn MPoTelveTal €vag Lo oXeTKA arAn HEBodog eniAuong n onola sival oe B€on
va tapayel KAARG molotntag AUCELG 0 GUVTIOMO Xpovo. H avamntuén evog Tétolou
oAyopiBuou Sev elval WSlaitepa amattntiki dtadikaoia evw propel va xpnotpomnotnOet yia
eniAuon MANBOUG MPAKTIKWY TieploTdccwv. H pébBodog enihuong Ba anoteAeitat anod uo
otadia. Katd to mpwto otadio Ba xpnotuomnotnBel évag amAog KATAOKEUAOTIKOG EUPETLKOG
aAyoplBuog, o Time Oriented Nearest Neighbor kat o onoiog Ba mapayel AUGELG yLO TO
£KAOTOTE TPOPANUA. H moldtnTa Twv AUGEWV TOU €ival HeEYAAn, WOTOCO UMOPEL va
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BeAtlwOel mepattépw LE XPrION ATTAWY EVPETIKWY 0AYopBUwY TOTIKAG avaliTtnong Kot
elbkotepa inter-route Kal intra-route node relocation. ¥tnv cuvéxelo Ba mapouoLlaoToUV
cuvtoua ot péBodol autol.

Eupetikdg AAyopLBpog Time Oriented Nearest Neighbor

O aAyoplBuog Time Oriented Nearest Neighbor autfi avAkeL OTOUG EUPETIKOUG
KOTOOKEUAOTIKOUG aAyopiBuoug oL omoiol Kataokeudalouv kaBe Sladpoprny OXAUATOG
EexwpLoTA - oslplokd (sequential). Eival mapopolog pe tnv péBodo tou mAncléotepou yeitova,
mou €xel avaAuBel otnv mapdypado 3.2.1.1, kot Eekvd kabe Sadpoun Bplokovtag éva pn
TIPOYPOAUUATIOMEVO TIEAATN TIOU £lval ‘TTANCLECTEPOC WG MPOG TNV OoBnKN. 2€ KABE EMOUEVN
enavaiAnyn o eUPETIKOG avalnTel Tov MANGLECTEPO MEAATN WG TTPOC TOV TEAEUTALO TTEAGTH IOV
£10x06n oto SpopoAoylo. H avalntnon auth TPAyUATOTMOLETAL Yl OAOUC TOUG TIEAQTEC TIOU
gival mbavov (va pnv mapafidlouv SnAadr) TEPLOPLOUOUE XWPNTLKOTNTAG OXNUATWY,
XPOVIKWV TieplBwpiwv K.A.Tt.) va pooteBolv oto TéAog¢ Tou UTO Kataokeur dpopoloyiou.
KaBe dopd mou n avaltnon amotuyxavel vo Bpel dAAov rehdtn Snuoupyei véo SpopoAoylo
£KTOC Kal av Sgv uTtapxouv Aol meAdteg mpog SpooAdynan.

O tpoéMo¢ pe tov omoio aflodoyouvtal ot TAncléatepol mehdteg Aappavel umtoyn T6co thv
VEWYPOPLKN amOoTACN 000 KoL TOV XPOVIKA amdotacn HeTafl Twv medatwv. Eotw i o
teAeutaiog MEAATNG IOV TPOOTEBNKE OTO UTO €€€TaON SPOLOAOYLO KAL j OTIOLOOSHTIOTE LN
T(POYPOUUATIOHEVOG TIEAATNG Tou Ba prtopolos vo e€umnpetnBei emdpevog. Xpnolpomotel
AOUTOV €Vl HETPLKO OUCTNHOL C;j TO OTIOLO HETPAEL TNV AESN YEWYPADLKA OMOOTAON AVAUETQ
oe 600 mehdteg KoL dAAov évav, d;j, TO XPOVIKO SldoTNHA AVAMECA OTN OTYMK TOU
olokAnpwvetal n e§umnpeTnon Tou meddn i kat §ekvd n e§untnpétnon tou j, T;; kaw To moco
enelyeL n mopddoon tou TeAATN j, U ;j EKGPAIOUEVO QIO TOV XPOVO TIOU OTIOUEVEL HEXPL TNV
teAevtala mBavn oty ekkivnong tou oxnpatoc. OL ouvteAeoTEG autol ekdpalovial we eENG

Tij =bj — (b + s7) XPOVIKO SLACTNHA AVAPES TIEAATN i KA j
uy =1l — (b +s; + ty) enelyov mapadoong

Cij = 61-dij + 6, -Tyj +85 -uyj
Onou

61, 62,63 Bapn mou kavormoloLV TNV LodTNTa 61 + 6, + 83=1

Eupetikoi AAyopLOpoL BeAtiwong Inter-route ko Intra-route Node Relocation

Ot AUOELG TTOU TIPOKUTITOUV OO TOV TMOPOTAVW KATAOKEUOOTIKO aAyoplOuo pmopolv otnv
OUVEXEL va BeEATLWOOUV TIEpALTEPW UE XPON ATAWY TEXVIKWY UETATOTLONG KOUBWY EVTOG
€vO¢ dpopoloyiou (intra-route) f kat petay Svo Spopodoyiwyv (inter-route). H Baoikn 16€a
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TwV HEBOSWV TOomKAG avalntnong sival n emiteuén Avong uPnAng moldtntag HEow
gnavaAnmrtikng dtadlkaaoiag katd Tnv omola n urmtdpxouvca Avon (s) PeATIWVETAL HECW ATIAWY
TOTIKWV HETATPOTWY, TIOU ovopalovtal Kal Khioelg. Kabe tedeotrg Tomukng avalntnong
opilel évav TUTO Kivnong Katl SnULoupyel pLa yettovid tng undpyouaoag Auong ( N(s) ). Adpou
SnuoupynBel n yettovid tng TeEAeutaiag Avong, aflohoyeital kal n Tomkn avalitnon
XPNOLUOTIOLEL ULt OTPOTNYLKN YLa VoL ETIAEEEL TO TTOAU pia AUon amod tnv yettovid N(s) wote va
vilveL n emopevn ouyxpovn Avon.

O no ouvnBlopévocg teheotrg BeAtiotomnoinong intra-route gival o k-opt kat eldIkOTEPA 0 2-
opt. H Baowkn tou 16€a eival n adaipeon SU0 akpwv amd KAMOOo SPOUOAOYLO KAl N
CUUTTANpWON Toug Pe 8U0 VEEC akpEG. Mapouoialetal mapddelypa pebddou 2-opt oto IxnuUa
6.2 a) omou daivetal o meAdtng i va aAlalel oslpa s€unnpétnong. H dla 16€éa pmopel va
enektabel koL yla Tpelg (3-opt) N t€ooeplg (4-opt) akpEC. MeEViKA oL TEAEOTEG intra-route €xouv
otOXo TNV BeAtiwon evog dpopoloyiou pe amAr LETABeon TNG OEpAg EUMNPETNONG TWV
meAatwv Tou Spopoloyiou.

Ocov adopd toug TeAeoTEG intra-route, autol €xouv OTOXO TNV OCUVOALKN BeAtiwon twv
Sladopwv Spopoloyiwv He TNV HeTABeON MEAATWY Ao To Eva SPOOAGYLo oTo GAA0. Omwg
£xouv mopouclootel kat oto ked. 3.2.3.1, oL o cuvnOLopévol TEToLoL TEAEOTEG lval oL
CROSS-exchange, A-interchange, OR-exchange kalt oto Zxiua 6.2 b) mapouoialetal éva amAo
napadelypa piag intra-route pebodou.

Mla onUaVTIK Topathpnon €lval mwg €va TOTKO aKPOTATO YO KATIOLO OUYKEKPLUEVO
teleotr] Sev elval UTTOXPEWTLKA TOTILKO OKPOTATO KAl yla KAmolov dAAo teAeoth. Ma auto to
Ab6yo eival eUAoyo va xpnoLuomolouvTal apKeTol SladopeTikol TEAEOTEG 0 Evav aAyoplBuo.
Eva GA\O OnUaVTIKO XOPOKINPLOTIKO aUTWV Twv HeBOdwv eivat n av&énon 1tNng
ToAUTIAOKOTNTAC HE aUEnon Tou peyEBoug tng yeltovids. Oco peyalltepn eival n yeltovid
AUogwv 1000 TePLOcOTEPEG AVCELG TPEMEL va dnpioupynBouv kal va afloAoynBouv. Ao tnv
GAAN pePLA, 600 peyalUTepn eival pLo YELTovid Téoo peyaAltepn sival kat n mbavotnta va
Bpebel kahUtepn AUon. Kot CUVEMELD TIPEMEL VAL YIVEL KATIOLOG CUUBLBOOUOC PETAEY TNG
UTTOAOYLOTIKNG TTIOAUTIAOKOTNTAG Kal TNG TBavotntag eUpeong BeAtlwpévng Aong. Autog o
oUUBLBacpog amoteAel tnv peyoAUtepn TPOKANCN oTov oXedlaoUo &vog omodoTikol
oAyopiBuou Tomikng avalntnong.
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Ot Arnold kat Sérensen (Arnold and Sorensen, 2019) umootnpilouv MWGE LA ATIOTEAECUOTIKN
uEBodog avalitnong MPEMEL va TIEPLEXEL EVal UKPO OAAA HE SLadopeTIKEC LOLOTNTEG CUVOAO
KOAQ ETUAEYUEVWV TEAEOTWV TOTIKAG avalTtnong yla intra- kat inter-route, oL onoloL va £€xouv
EMOPKWE UEYOAAEG YEITOVLEC, AAAA va ptopoUv va Bplokouv BeATiwoelg Xwpig va xpetaletol
va Pagouv SLe€odikd OAn TNV YELTOVLA. ZUVETWG TPOTEIVOVTAL OL KaTnyopleg TEAECTWY TTOU
npoavad£pOnKav yLot AMOTEAECUATIKA KoL AmoSOTLKI) TOTILKN avalntnon.

/ I \ /’ ’\‘

B -~ n— —
/ -1 / -1

a) intra-route optimization B) inter-route optimization

IxApa 6.2: TeAeotég Tormkng Avalitnong

6.3.3 Mpotaon tou YRpLdikoL Mevetikou AAyopiOuou

O mpoTtevopevog UPBPLOLKOG YEVETIKOG ahyopLlBog anoteAeital anod tov évav multi-objective
VEVETLKO aAyoplBuo, o omoiog tpododoteital pe ap)Llkd TANBUCOUO AVCEWV ATIO TOV EUPETLKO
KOTOOKEUAOTIKO aAyoplOpo Time Oriented Nearest Neighbor kal ol AUoelg oL omoisg Ba
napdyel Ba PeATILWVOVTAL TEAIKA TEPALTEPW HECW MLAG UETOEUPETIKNG HEBOSOU TOTILKNAG
avalAtnong. Xto IxNua 6.3 mopoucLaleTal To SLAyPaALLO POKG TOU MIPOTELVOLEVOU YEVETIKOU
oAyopiBuou.
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Yes NO

IxAna 6.3: Alaypappa Pong Frevetikou AAyopiBuou

6.3.3.1 Multi-Objective M'evetikog AAyopLOpog

‘Eva mpoBAnua BeAtiotonoinong pe moAAAmAEG aVTLKELEVIKEG ouvapthoels (Multi-Objective
Optimization Problem - MOP) ival auto Katd To omoio 6U0 n MEPLOCOTEPOL OVTLKELUEVIKOL
OTOXOL 1 TIOPALETPOL OUVELOHEPOUV OTO TEALKO GUVOALKO amotéAsopa. Autol oL otoyol
oAAnAosmnpedlovtal pe oUVOETO, PN YPAUULKO TPomo. H mpokAnon eivat va BpeBolv ot
KOTAAANAEG TUEG Yl auToUC Kal oL omtoleg Ba anodépouv pia BEATLOTN AUON TOU GUVOALKOU
TPoBARUATOC. O eEEALKTIKOG TIPOYPAUUATIONOC lval eUpEwG StadeSopévoc yia mpoBAnuaTa
MOP’s, pe tv emtuyia tou va Baciletal otnv IKavotnTa Twv eEEAKTIKWY aAyoplBuwv va
Bpiokouv uPNANG moLoTNTAG AVONG yLa PLeydAo MARB0¢ MPoPANUATWY He TNV KATAAANAN Soun
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KOL TNV TIPOCOPUOCTIKOTNTA TNG YEVETIKAG OVAMOPACTOONG KAl TNG €KTLHNONG
KataAAnAOANTag kabe Auong yia tpoPAnpata amno tov KAado twv MOP’s.

ZTOouG amAoUG YEVETIKOUG Kal ylo Bgpata toxutntag xpnolponotovvtatl Bapn (weights)
ocUUWVA PE TNV CNUAVTLKOTNTA KABE Lo mapapeTpou. OndTe UMAPXEL UiA AVTLKELUEVLKN
ouvaptnon n omola eUNMAEKEL Kal TIG SUO MAPAUETPOUG. ME aUTO TOV TPOTO KateuBUVoUUE
KOTA KATOLOV TPOTO TG AUOELG TIpoG pia katelBuvon. H TOAU-QVTIKELEVLK) cUVAPTNON
ekdpaletal wg:

F= w1*aplOuog oxnuatwv+ w2*cuvoAikr) Slavuopevn amodotaom
OTIOV Wy, Wy BApN avTIKELNEVIKNG ouvapTnong (weights) 6mov wy+ wy=1

Me tnv péBodo twv Bopwv To MOP mpoPAnuo petacyxnuatiletal os MPOPANUO HLOC
OVTLKELUEVIKNG ouvaptnonc. H SuokoAla otnv puéBodo autr £yKeltal oTo Yyeyovog MwE To
otabuwopévo @bpolopa amaltel tnv €kdppacn mpotipnong tOoo yla tnv amdodoon TG
avalAtnong 6co Kol ylo TV ToldTNTo Twv mopayopevwy AVoswv. H katdAAnAn smihoyn
Bapwv yia tig Stadopeg Staotdoslc twv MOP mpoBAnudtwy sivotl SUokoAn kat ad hoc kat
OUXVA KOTOARYEL OE LN LKOWOTIOLNTLKA amodoaon Kot AUCELC.

6.3.3.2 Kataokeun ApxikoU MAnBucpou AUcewv

O yeveTlkog alyoplBuog ouvnBwe To OTASIO KATOOKEUNG TOU apXlkou TAnBucopol To
ETLTUYXAVEL He dnuoupyla tuxaiwv mapalaywv N medatwv. AuTh n TEXVIKN OUwWS dev
e€aodalilel AUOELG KAANG TTOLOTNTAG OUTE SLLPOPETIKOTNTA LETALY QUTWV LLE ATTOTEAECHA O
VEVETLKOC Va apyel N KoL vo pnv umopel va cuykAivel. Autr n SuokoAia pmopei eUkola va
Eemepaotel pe xpnon evog amAol KOTOAOKEUAOTIKOU EUPETIKOU aAyopiBuou. O alyoplBuog
Time Oriented Nearest Neighbor mou mapoucldoTtnke otnv TMponyoUuevn evotnta elvat
L6aVLKOC yla va Lo TtapEXEL AUOELG KOVTLVECG otnV BEATIOTN. Me auTOV TPOTo Snuoupyeitat
apPXLKOG TANBUOUOG AUcewv uPnAdTepnG molotnTag Bonbwvtag TtV cUYKALON TOU YEVETIKOU
aAyopiBuou.

6.3.3.3 Avanapdotacn XpwHoCWOTOG

Mpokelpévou va edpappootel o Mevetikdog AAyOpLlOUOC Og KATIOLO CUYKEKPLUEVO TTPORANUA
xpelaletal va emAexBel o TPOMOG avamapAcTACNG TOU XPWHOOWUATOG (cUpBoAoaelpdg) yia
TO XWpPo Twv AVoswv. Auth n ertthoyn sival blaitepa kpiolun yla To Katd mdcoo o aAyoplOpog
B emtUxel A amotUyxel va erAUOEL TO TPORBANUa. MPOTELVETAL AOLTIOV TO XPWHOCWHO Val
ovamnoplotd pa Stapopdwon tou SIKTUoU Kal SIVETAL w¢ pLa aképala oelpd Tou pnkoug N,
omou N elval o aplBUOG TwV MEAATWY OE KATIOLO GUYKEKPLUEVO TTPOPANUa. Kabe yovidlo oe
£€va S00UEVO XPWHOOWUA UTIOSNAWVEL TOV apXLIKO aplBuo Koupou mou €xel amoveunBel os
€va meAdtn, evw n aAAnlouyia twv yovidiwv umodnAwveL TNV Celpd €EUTNPETNONG TWV
MEAQTWY. ITO TOpaKATw 2IXNUa 6.4 daivetal €va mapddelypa avamapactacnc
XPWHOOWHOTOG yla TTPoBANua 10 meAatwv.
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IxAua 6.4: Avanopdotacn Xpwpoowpoatog Fevetikou AAyopiOpou

2(4|5(9/8[6(3[1(7]10

H oelpd evog XpWUOOWHATOG TTEPLEXEL Hta oAAnAouyia Spopoloyiwv, aAAd OXL Kol KATOoLo
oploBEtn va umodnAwvel tnv apxn N to TtéAog kaGBe Spopoloyiou oe éva Soopévo
XPWUOOWHO. AUTO emituyyavetal pe éva oxédlo (alyoplBuo) SpopoAoynong. Mpoteivetatl
Aounov éva alyoplBpog Vo GpAcewv TOU PETAOXNUOTI(EL KAOE XPWHOOWHA O Ula guaTtolyia
Spopoloylwv. Katd tnv mpwtn ¢aon, éva oxnuo mPEneL va EEKVA armd tnv amobnkn Kol o
TIPWTO YOViSLo ToU XpwHOoWUATOG Bewpeital KoL 0 MPWTOG TEAATNG TTOU ETMLOKETITETAL. XTNV
OUVEXELQL TipooTiBevtol oto SpoUOAOYl0 TEAATEG PE TNV Oelpd Tou eudavilovrol oto
xpwuoowpo. H Swadikacia &Spopoldynong Aappdvel umdPn katd mOCO KoL €AV
napaBLalovial oL TEPLOPLOPOL XWPNTKOTNTAG KAl XPOVIKWY Tapabupwv Tiplv TpooBEcel
GAMov mehdtn oto SpopoAoylo. KaBe ¢opd mou kamolog meAATnG mou Sev pmopel va
npootebel oto Spopoldylo Adyw mapafloong Twv TMEPLOPLOUWY Onuloupyeital véo
SpopoAoylo. H dladikaoia autr) cuveylletal péxpl OAoL oL TEAGTEG va £XOUV TIPOYPAUUATIOTEL
yla akptBwg Eva SpouoAoylo.

Ztnv 6eutepn daon e€etaletal av pnopei va BeAtiwbouv ta SpopoAdyLa mou umtoAoyiotnkav
otnv npwtn ¢aon. O teAeutaiog meAatng kabe Siadpoung r;, petatiBevral wg MPWTOG
neAdTnG Tou Spoporoyiou 1344. Edv autn n mpooBadaipeon wavomolel toug Stadopoug
TIEPLOPLOLOUG YLt TO SPOUOAOYLO Ti,1KaL N ABpolon Tou KdoToug Twv Spouoloyiwv 7; Kat
T;410TNV 6eUTeEPN daon elval piKpOTEPO A6 TO ABPOLOUA TOU KOOTOUG TWV T; KL Tj410TNV
npwtn ¢adaon tote n cuvBeon Twv SpopoAoylwv TG Seutepng daong Bewpeltal €ykupn,
Sladopetika dtatnpeitat n tonoloyia Tou Siktiou OnMwe umoAoylotnke otnv mMpwtn ¢aon.
210 IxAUa 6.5 mapouotdletal évo Mapadelypo SLoxwpLopol Tou apXLkol XpWHOOWHATOC O
Tpila SpopoAdyLa.

IXANA 6.5: ALOPEPLOUOG TOU XPWLOCGWHATOG 0 ApOHOAGYLA

2/415/9/8[6(3[1([7]10
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6.3.3.4 TeAeotég Emdoyng - Avanapaywyng - MetaAAagng
TeAeotg Emhoyng Fitness-Based

e kaBe emavaAnyn (yeved) xpeldletol vo emdeyolV yovel amd Tov TANBuUoUO
XPWHOOWHATWY (AUogwv) wote va cuvbuactouv Kal va mapayouv motdld. Mpoteivetal n
otpatnylkn emhoyng tournament (selection) pe eAitiotiko poviédo Slathpnong ywo va
Snuloupyeital o véog mMANBuUopOC. H otpatnylkn auth eival éva oxédlo emloyng Paon
duoikig katdaotaong (fitness). Apxikd €éva ocUvohro K atopwv emIAEyETOL TUXOLO amo Tov
TANBUOWO, YWWOTO WG Kal tournament set. TNV cUVEXELD eTUAEYETAL £Vag TuXaiog aplOpogr,
petagy 0 kat 1. Av o r eival pkpOTepOG amod evav pokaBoplopévo aplBuod (éotw 0.8), o omoiog
BplokeTal EUMELPLKA, €TUAEYETAL TO ATOMO Ao TOo cUVOAO He Tto KaAUtepn fitness yia va
avarmnopaxBel. e avtiBetn meplntwon emAEYeTAL OMOLOSNTIOTE XPWHOCWUO TIOU AVIKEL OTO
tournament set.

To eAtiotiko povtédo oupmepllopPavetal wote va eéaodaliotel n Satnpnon Twv
KOAUTEPWY QTOMWV TOU TIANBUGHOU oTnv €TMOMEVN Yeved. To TIAEOVEKTNUO QUTOU TOU
HMOVTEAOU EVaVTLTIAPOSOCLOKWY TEXVIKWYV TILBavoTNTWV elvat 0tL e€acdaiilel mwe N KAAUTEPN
AUon armno tn teAeutaio yevid Ba avtypadel xwpig kapio aAlolwon otnv emdpevn yeved. Auto
onuaivel OtL N KaAuTtepn AUGCN TIOU MOPAYETOL QIO TO GUVOALKA KOAUTEPO XPWHOOWHA eV
Umopel oté va embelvwBel amo tn pia yevid otnv AAAn.

TeAeotig Avanapaywyng Best Cost route Crossover (BCRC)

O Tteleotng avamopaywyn¢ BCRC amookonei otnv ehaylwotomoinon tou aplbBuol Ttwv
OXNMATWY KAl TOU KOOTOUG TAUTOXpovVa EAEyXOVTIAC TNV £DLKTOTNTA TWV TEPLOPLOHwWY. H
Sladikaoia mou akoAouBel 0 MPOTEWVOUEVOCG TEAEOTAC QVATIAPAYWYNG TAPOUOLAIETAL OTO
IxNua 6.6 6mou dnpoupyouvtat Suo AUoelg awdid C1 kat C2 and Suo Auoelg yoveig P1 kot
P2 ywa éva mpoPAnua evvéa mehatwv. RP1 kat RP2 avamaplotouv Tto OUVOAO TwV
Spopoloylwv Tou oxetilovtal pe toug yoveic P1 kal P2 otnv mpoodoatn emnavainyn. lNa
napadelypa o yovéag P1 éxel tpia SpopoAoyla (R1-R3) e meAdteg we e€ng : R1: 3,1,7, R2:5,6
, R3:4,2,8,9. 310 Brjpa a emhéyetal tuxaio éva Spopoloylo yla kabe yovéa. Ito mapadelypa
yla Tov yovéa P1 emhéyetal n Stadpopn R2 pe toug mehdteg 5 Kal 6, evw yla Tov yovea P2
emAéyetal n dadpour R3 pe MeAATEG TOUG 7 KAl 3. ITNV OUVEXELQ, YL KATIOLOV YOVEQ
adatpolvtal oL TeEAATEG TToU eTUAEXONKav armd Tov GAAo yovéa. 2To BrApa a adalpouvtal ano
tov yovéa P1 oL teAdteg 7 Kat 3 (TTou avkouv ato §popoAdyLo mou eTithéxOnke ard tov yovea
P2) dnuoupywvtag £Tol to maldi C1. Avtiotolya ot meAdteg 5 kat 6 ( Tou SpopoAoyiou Tou
eTAEXONKe amo tov P1) adatlpouvtal and tov yovéa P2 éxovtag wg anotéAeopa to matdi C2.

KaBwg kaBe xpwpoowuo TPEMEL va TIEPLEXEL OAOUC TOUG 0plOUOUC Twy MeAatwy (é0Tw yla
pLo mepintwon npoPAnuatog VRPTW), to emdpevo Bripa sivat vo evtomiotolv ol BEATIOTEG
B£oelc yLa toug teAdTeg Tou Asinouv oe kaBe maudi avtiotolya. Onwc dpaivetal oto BAua b,
0 aAyopLBuog xpetaletal va tpooBbéoel Toug mehateg 7 kat 3 oto matdi C1 kat toug meAdteg 5
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KoL 6 oto madi C2. H emhoyn yLa to molog meAdteg Ba mpootebel mpwtog yivetal tuyxaia. 2to
napadelypa emAEXOnke auBaipeta va mpooteBel mpwtog o meAdtng 3 otnv KaAutepn Béon
mou BpéBnke oto C1 ( Brua b) kal otn cuvéxela o mehatng 7 ( BAua c).

‘Eva onueio etoaywyng (insertion point) Bewpeltal epktd edv pokUTTOUV SpooAdyLa TTOU
LKOVOTIOLOUV TOUG TIEPLOPLOMOUG XWPENTLKOTNTAG OXNUATWY Kol XpOoVIKwv mapabipwv. To
BEATioTo onueio eloaywyng elval auto Kotd To omoio Ba mpokUYPouv Ta eAAXLOTA KOOTN TWV
Spopoloylwv. 2To mMapddelypa Tou IXAUAToC 6.6 Kal ol dUo meAdteg 3 Kal 7 Bpédnkav va
avrkouv oto dpopoAoylo 3 tou yovéa P1 (Brpa ). € OpLOHEVEC TTEPUTTWOELS £ival Suvato va
unv Bpebei edpiktd onueio eloaywyng kat dnuiovpyeitat véa Stadpopr. O meAdtng 6 dev ntav
Suvato va mpootebel o KAMOWO Ao TA UTIAPXOVTA OpPOpOAOyLol UE OMOTEAECUA va
SnuoupynBei véo SpopoAdylo.

o [sl1]r]s[s]a]2]s]s] L1lo]sf2[4[e]s|7]s] P

a)

R, fs]1]7][s[a|[4]2[8]s] Lfs[s]l2[«[6]s[[7]s] ®

Remove Remove

¢ [][sle](e L2 eTs] [Tsle][2Tel7][s] o
Insert l - Insert
b) Infeasible Insertion
Feasible Inserion =~ —» :
xR

g m|5|6||-*-|2|8 | Lilels]l2[4][7]s]
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Ixnua 6.6: Napadsiypa Asttovpyiag TeAeoty Avanapaywyng

TeAeotig MetaAAagng

H petdM\afn €eTUTPEMEL OTOV YEVETIKO aAyoplBuo va pnv eykAwPiletal oe Kamolo
OUYKEKPLUEVO onpeio oto xwpo avalitnong. AsSopévou nwe n Het@AAaén pnopel va sivat
olaitepa KaTaoTpodLKN yLa KAAEC Tpooeyyioelg, KABE XpwHOowWUO ETOBUMELTE va £XEL KPR
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mBavotnta va untooTel HeETAAAAEN. Mo TOV TIPOTELVOUEVO YEVETIKO aAyOoplOuo mpoteivetal
mBavotnta petdlhagng 10 % yia kabe ypwuodowpa. H pikpr mbavotnta HetdAagng ivat
Wolaitepa xprnowtn eldikd yia mpoBARuata Le okAnpoulg neploplopols, onwe to VRPTW énou
TOL XPOVLKA TtopdBupa urmopolv oAU eUKoAQ va TtapofLacTtouv.

Mo teheotn petaMAagng mpoteivetal n péBodog Constrained Route Reversal Mutation
(Ombuki 2006), n omoia eivat mopaAlayn HLAG EUPEWG XPNOLUOTOLOUUEVNG HeEBGSOU
MeTAA NG, autAv TNG avtotpodnc. Katd tnv petdMagn avtiotpodnc, epapuoopévn oto
mPOPANua TSP, Omou KABe XPWUOOWHA aVOIOPLOTA pla TapoAAayr TNG OELPAG
gfuTnp£TNoNC Twy Mehatwy, Enetta emAéyovtal SU0 GnNUELO KOTIC OTO XPWHOOWUA, KOL T
yovidla mou mepléxovtal avapeoa ota SU0 aUTA OnUEelol avtloTpEPouV TNV OELPA TOUG.
AkolouBsel mapadsypa PeTANAENG XpwHOOWHATOC yia armAd TpoPAnua TSP. Eotw £va
S00uévo Xpwuoowua TSP:

95178243
Anutoupyoulvtal U0 onueia KOmng
95(17824]|3
KOLL TO YEVETIKO UALKO avapeca ota onpela KOG aviloTpédpeTal
95428713

Eniong nmpoteivetal n petd@AAagn va epappoletal oe Pl povo tuxaia emheypévn dtadpoun
TOU XPWHOOWHOTOC, £T0L WOTE va ehaylotomnolnBei n ouvoAwkn Statdpaén twv Stadpopwv. H
Slatpnon OUWG OKANPWV TEPLOPLOMWY €ival duvatdv va Sitoomdoel plo Stadpoun o€
TIOAAQUITAEG YL VO UTIOPECEL va OvTANEEEABEL OTOUG TEPLOPLOMOUG. Mo autd to Adyo
TIPOTEIVETE {LA TTEPLOPLOUEVN HETAAAAEN avTloTpodnc, N omoia va edbapudleTal yio HAKOC
600 £wg TPLWV yoviSiwv. ATd Tn OTLYUN TIOU N HLKPOTEPN Sduvartr avilotpodr o SpooAdoyLlo
glvat Vo yovidiwv, ebapudletal autd to eldog PeTdAaéng yia va Esdelyel o alyoplOuog
ot TOTIKA AKPOTATOL.

6.4 Emuotnpoviko ApBpo pe ta AnoteAéopata TG AVOLOKOTNONG TNG
BiBAoypadiag

H €peuva tng BLBAloypadiag mou mpayuatomnol)dnke oto mMAaiclo tng mapoloag epyaociag,
ocuvoyiotnke kal odfynoe otnv dnuloupyia emiotnpovikol apBpou, To omoio umoPANOnke
yla dnuooievon oto meplodiko Annals of Operations Research (Special Issue: Simulation and
Optimization to Facilitate Sustainable Urban Freight Logistics Operations). To dap6po
napouctaletal avaluTtikd oto Mapdptnua 2.
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7. JupmnEepAcpOTa

H SpopoAdynon oxNUATWY QOTIKWV EUMTOPEVUUATIKWY UETOPopwY lval €va cUvOeTo Kal
TLOAUTIAOKO TIPOBANUA (e KUPLO TIEPLOPLOMO TNV XPOVIKN £EAPTNON TwV SpopoAoyiwv amd tnv
KUkAodoplakr] cupdopnon TOU CUVAVIATOL OTA OOTLKA KEVIPA) KAl n 000 to Suvatov
BEAtiotn emiAuon tou, adopd, OE TPAKTIKO £TiNeS0, HeyaAo TMANB0G LETAPOPIKWY ETALPELWV.
Y& BewpnTLKO £TinMeS0 UMoOpPEL va MPooeyyLoTel oav €vag aplBpdg mapaillaywy Tou KAOGLKOU
npoBARUatog SpooAdynong oxNUATWY (UE TO onUavtikég mopoAlayéc to VRPTW kat
TDVRP) kat €metta pmopel va emihuBel péow kamolou kataAAnAou aAyopiBuou. Na
ovadepBel OTL 0 TPOMOC UTIOAOYLOUOU TWV ATMOOTACEWY UETAfY TwV KOUBWVY, aAAd Kot
£161KOTEPA TWV XPOVWVY Tafdlol amo éva dedopévo onueio og éva AAAo, amoteAel TNV mLo
ONUOVTLKA TIPAUETPO yLo TNV emituxf eniluon tou mpoPAniuatog. Ano tnv Slevepyoloa
BBAloypadikr £peuva yla TIG peBodoug enihuong Twv emAeypévwy mopailaywv tou VRP,
TMPOEKUYPE TIWE O YEVETIKOC aAyoplOuog eival o mo Stadedopévoc, adol mapdysl Ta Lo
OVTOYWVLOTIKA AMOTEAECHATA EVW TauToxpova Bplokel edpappoyr o€ OAEG TIG TapaANAYES
Tou TpoPAnuartoc.

AtileL emiong va mapatnpnBei, cov yeviko cupnépacpa tng BLBALoypadIkiC aUTAC Epeuvag,

TO TTWE 0 aAPLOUOG TwV efetalopevwy ApPOPwWY TOU AVTIHETWTTL{AV TAUTOXPOVA TTOAAOTIAEG
napardayég tou VRP Atav Uikpog Kal To mwe akopa Alydtepa dpBpa €Betav os edappoyn tnv
TPOTELVOUEVN UEBOSO eTiAUONG 08 KATIOLO TTPAYHATIKO TIPOBANUA SPOLOAGYNONG OXNUATWV.
ALOTILOTWVETOL £TOL £va KEVO OVAUECQ, 0TNV BEWPNTLKN TPOCEyyLon, LEAETN Kal emiluon Tou
npoBARUatog amd tn Mia, kol otnv Slepelivnon TNG MPAKTIKAG €PAPUOCLUOTNTOC TWV
TIPOTELWVOUEVWY BewpnTikwv peBOSwV emiluong, MAVW O TIPOYUATIKA TiPOBARUATO TWV
UETADOPLKWV ETALPELWV, ATTO TNV GAAN.

TéAog, n mapovoa epyoocia katéAnée otnv mpodtacn Suo peBOdwv emiAuong CUYKEKPLUEVWY
napallaywv tou TpoBARUATOg yla mBavh Xprion o€ €PEUVNTIKO €pyo, Tou adopd Tnv
vlomoinon mAnpodoplakol CUOTAUATOC SPOHOAOYNONG OXNUATWY  Ylo  OLOTIKEG
EUMOPEVHATIKEG peTodopec. H mpwtn pEB0SOC sival £€vag OXeTKA amAOg Kol ypriyopocg
KOTOOKEUAOTIKOG OAyoplOuog, o Time Oriented Nearest Neighbor (TONN), o omoiog
KOTAOKEUALEL Spopoldyla EekvwvTag amo Tov apxtkd kopPo, mpocOtovtag kabs dopd tov
KOVTLVOTEPO KOUBO/TEAATN, LE LETPO CUYKPLONG TOV XpOVo Talldlol amo éva KopBo/meldtn
0€ KAToLoV AAAO. TNV CUVEXELQ, OL TTAPAYOUEVEG AVOELG BEATLWVOVTOL TIEPALTEPW HECW LLOG
omAng upetikic Sladikaciog BeAtiwong. H péBodog autr £XeL TO TTAEOVEKTNA TOU ULKPOU
XPOVOU UTIOAOYLOUOU TwV AVCEWV aAA@ UCTEPEL TNV TTOLOTNTA TwV AUCEWV TTOU TtapAyel (oe
OXE0N UE JLa TILo OUVOETN UETA-EUPETIKN LEBOSO). MNa ToV AOYyo QUTO IPOTABNKE EMIONG £VOg
LOXUPOC KOl OITOTEAECUATIKOG YEVETIKOG oAyoplBpoc (MOGA) yio TG mapallayeg twv
TPOBANUATWY HEe XpoVikn e€dptnon. O aAyoplOUog aUTOG XPNOLUOTIOLEL CUYXPOVOUG TEAEDTEG
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avamapoywyng, EMAOYNG Kot LETAAaENG Kat eival o B€on va Bplokel AUCELG TTOAU KOVTIVEG
otnv BEATLOTN R aKOpa KoL TNV BEATLOTN. YoTepel OLWG OTOV LEYANO UTTOAOYLOTLKO XPOVO TTOU
XPELALETOL Yla TNV TOPOywWYn Twv AUoewv autwv, emiBefalwvovtag £ToL TNV OXECH TIOU
EVUTIAPYEL METALY TNE TOLOTNTAG TWV AUGEWY TIOU TTapAyeL £vag aAyopLlBOG KoL ToU XpOvou
UTIOAOYLOMOU TWV AUCEWV QUTWV.
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Abstract

The scheduling of deliveries and the routing of the vehicles are of great importance for supply chain operations. The
distribution of goods in the urban environment is being affected by multiple factors such as traffic congestion, urbanization,
and unforeseen events. Simultaneously, the minimization of costs is pursued by the operating companies, thus adding one
more restriction to the routing problem. These factors, stemming from the demands of transportation companies, of their
customers and the influence of the external environment, led to the creation of different variants of the Vehicle Routing
Problem, formulated and intensively studied by researchers. Moreover, the management of logistics and supply chain
operations is being enhanced by the use of optimization methods and algorithms, integrated into information systems,
enabling the optimization of the solution in real-life distribution and transportation problems. This paper presents a
methodology for classifying the main variants of the Vehicle Routing Problem for freight transportation in the urban
environment. The classification consists of a review of 170 papers of VRP, shorted to 106 relevant papers on the subject of
urban freight transportation, aiming to the identification of the trends of the VRP variants and the applied methods
(algorithms) for their solution. The correlation between the VRP variants and the methods proposed for solving these variants
is also identified. In addition, the paper presents the qualitative results of the literature review and discusses scientific
publications considered significant for the research community or develop/ propose algorithms that are integrated into
information systems supporting freight transportation decisions in urban areas.

KEYWORDS: Vehicle Routing Problem, VRP, Vehicle Routing and Scheduling, Urban Freight Transportation, City Logistics,
Supply Chain Management, Literature Review, Bibliography, VRP Algorithms.

1. INTRODUCTION

Researchers have studied routing of vehicles and scheduling of deliveries since 1959 when Dantzig and Ramser
(1959) introduced the Truck Dispatching Problem. It is considered the paradigmatic case of the Vehicle Routing
Problem (VRP) and refers to the distribution of goods from a central depot to geographically scattered
customers. Since then, several new factors influencing the problem have been introduced, such as the variance
of the capacities of the vehicles, time-related restrictions such as time windows set by customers and multiple
depots and other. These, as well as other characteristics and requirements, are transformed either to constrains
framing the problem or to the variables defining the problem. The objective in all cases, however, is the
minimization of the total transportation costs.

In the last few years, both researchers and logistics companies have been studying and dealing with last-mile
distribution. It is the last part of the supply chain operations and is responsible for the delivery of products to
end-customers and retailers. The growth of e-commerce, the increase in online purchases, and urbanization are
the main reasons for the increasing interest in this problem. Last-mile deliveries are inextricably linked with the
urban environment since the number of end-customers and retailers is constantly increasing in cities. The fact
that last-mile distribution constitutes an important part of the total transportation costs makes the problem
significant for transportation companies and must be optimally handled. If in all these limitations, traffic
congestion, unforeseen events, and limited parking space are added, the problem becomes even harder to solve.
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Therefore, solving optimally the VRP is necessary, as it offers reduced transportation costs, improved efficiency,
and more reliable deliveries.

The advances in technology and optimization methods can enhance the effort of logistics companies to face the
difficulties in routing and scheduling. However, it is important for companies to adequately recognize the many
variants and parameters that influence their daily operations. On this premise, the paper’s main objective is first
to define the most common VRP variants in city logistics and then to present the optimization methods that are
used for solving the problem of vehicle routing and scheduling of deliveries (VRPSD).

Concerning the VRP variants, there are those who consider the capacity of the vehicles as a factor of the
problem. These variants can be distinguished into 1) the Capacitated VRP (CVRP) in which all vehicles are
identical and have the same capacity and 2) the heterogeneous fleet of vehicles VRP (HFVRP), in which multiple
types of vehicles exist, each of which is determined by a different capacity, fixed and variable costs (Prins 2009).
It is common for transportation companies, in their effort to serve customers cost-effectively, to use different
types of vehicles. Small size vehicles mainly serve customers in city centers (last-mile distribution), while bigger
size vehicles serve mainly customers and retailers separated by larger distances and requiring larger volumes of
orders. This need (for last mile distribution) has arisen due to the constant increase in e-commerce and
urbanization and due to the topology of city centers (restricted areas and narrow streets). In actual practice, few
companies have a fleet of identical vehicles, but this does not prevent CVRP from being the most common
variant of the problem. It simplifies the problem for researchers, especially when multiple variables are
considered. In addition, in cases where the vehicles visit only a few customers during the trip, they have the
ability to execute more than one trip during the working day, leading to multi-trip VRP (MTVRP) (Branddo and
Mercer 1998).

Furthermore, the requirements of the customers determine to a great extent, the setting of the VRP parameters.
One of the most common variants of the problem is the VRP with time windows (VRPTW), where each customer
determines a time interval in which the order must be delivered. If the vehicle arrives before the start of the
time window, it must wait until it opens, while it cannot arrive after the end of the time window (César and
Oliveira 2010). In cases such as this, the time windows are characterized as hard. Another case is for the time
windows to be soft, meaning that the vehicle may arrive after the end of the time window, but at an additional
cost. This variant is significant in e-commerce, as most end-customers determine a time window for the goods
to be delivered.

Moreover, retailers who receive multiple deliveries from different transportation companies need to set time
windows for better planning their operations. It is important to highlight that logistics operations do not end at
the phase of the delivery of the goods, as the phenomenon of customers returning products is common in
practice. Both the VRP with Backhauls (VRPB) and the VRP with simultaneous pickups and deliveries (VRPSPD)
study the case of deliveries and pickups during the execution of the routes. In the case of VRPSPD, the goods
start from the central depot and delivered to customers, while simultaneously pickups are loaded to vehicles,
before returning to the depot when the execution of the route ends (Montané, Fermin, Alfredo and Galvao
2006). In every phase, both the delivery and the pickup loads must be taken into account, as the total capacity
of the vehicle cannot be exceeded. On the other hand, VRPB which also involves pickups and deliveries has an
extra limitation which however simplifies the problem, and that is that all pickups are to be made after the
deliveries in every route (Goetschalckx and Jacobs - Blecha 1989).

Environmental pollution, especially in urban areas, has forced governments to set environmental regulations, in
their effort to reduce noise, traffic, CO2 emissions so as to improve the quality of life. The fact that a big part of
CO:2 emissions comes from road freight transportation could not leave transportation companies unaffected.
Therefore, along with minimizing transportation costs, companies need to minimize CO2 emissions, a problem
that is identified in the literature as the Green VRP (GVRP). Additionally, hybrid vehicles that can operate both
electrically and with traditional fuel, contribute to the minimization of pollution and CO, emissions, which are

100



MéBodbol EmtiAuong tou MpoBAnuatog ApopoAoynong Oxnuatwyv
Acotikwv Epmopevpatikwv Metadopwv kat Epoapuoyr toug os
NAnpodoplako Zuotnua

the main reasons companies have turned into this direction (Mancini 2017). This version of the problem is known
as Hybrid VRP (HVRP) and has lately attracted companies’ and researchers’ attention.

The accuracy of deliveries depends on a great extent in on the travel time between delivery points, pickup points,
and the depots. This problem has been tackled via the use of a function, in which the departure time is the
independent variable, and is known as the Time-Dependent VRP (TDVRP) (Andres Figliozzi 2012). This attribute
is very important for the better prediction of traffic congestion and of travel time between nodes, as well as for
checking the feasibility of routes. The initial routing and scheduling, where delivery and pickup orders are known
before the start of the routes, can become much more reliable through this variant. However, orders and
unforeseen events may appear dynamically during the execution of the route. In this case, changes in the
scheduling of deliveries are made to satisfy new customer orders and to avoid delays caused by unforeseen
events. The dynamic version of the problem (Dynamic VRP — DVRP) must be reinforced by real-time
communication between the vehicles and the planners of the transportation companies, in order to face each
case effectively (Pillac et al. 2013).

Finally, a variable that is highly dependent on the size of transportation and logistics companies is the number
of distribution centers they own. In many cases, customers are assigned in the nearest warehouse, which
contains the goods each customer needs (Renaud et al. 1996). Therefore, the multi-depot VRP (MDVRP) can be
treated as multiple single depot problems, which is a simplification of the initial problem. With this assumption,
the problem can be addressed effectively, especially in the case of e-commerce, where new customers appear
every day, leading to non-fixed routes. Simultaneously, Third Party Logistics (3PL) companies, in the search for
reduced fixed costs, cooperate with transport companies that have a fleet of vehicles at their disposal. Partners'
vehicles do not necessarily return to the warehouse after the completion of the route. This case is recognized as
the open VRP (OVRP) (Zachariadis and Kiranoudis 2010).

In Figure 1, the correlation between the characteristics of city logistics and e-commerce on the one hand and
the VRP variants on the other is presented. Clearly defining the parameters of the problem (VRP variants) is
significant for the research, as these are then incorporated in the research term used to refer to the specific
problem of urban freight transportation.
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Figure 1 Correlation between VRP Variants and City Logistics and E-commerce

The existence of multiple variables and constraints forces logistics companies to find ways to optimize their
operations and minimize their costs. Information Systems can strengthen this approach through the use of
optimization methods and algorithms. Multiple algorithms have been developed and proposed to address the
VRP. Initially, exact algorithms were proposed due to the high quality of the solutions produced, but in the case
of large-scale problems (more than 100 customers), the computational time needed for an exact algorithm to
find the optimum solution increases so much that it ends up being impractical. Consequently, heuristic and
meta-heuristic algorithms were developed, as both offer a better balance between solution quality and
computational time. The main goal is to recognize the trends that characterize the VRP variants and the
algorithms offered for their solution, as well as the correlation between them.

The remaining part of this paper is organized as follows: Section 2 presents the papers which are related to the
VRP for urban freight transportation and solved by algorithms and methods through a specific research process.
Section 3 classifies those algorithms, while in Section 4 the literature review quantitative results and the
correlation between applied methods and VRP variants are presented. In Section 5, some of the most significant
publications found in the review process are discussed. Finally, conclusions are drawn in Section 6.

2. LITERATURE REVIEW RESEARCH APPROACH

The VRP is a well-studied field as its variants deal with real-life cases and problems that most distribution and
logistics companies face. Researchers have formed multiple variants in their effort to cover all cases and improve
the routing of vehicles and scheduling of deliveries. The external environment in which logistics companies work,
their size, their customers and their partners determine to a great extent the problem and the variants which
must be considered. In Section 1, the VRP variants which are related both to the urban freight transport and e-
commerce are described. However, apart from the VRP variants, emphasis must be given in the algorithms and
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methods which have been developed and proposed for solving those problems. Distribution companies that
consider multiple VRP variants simultaneously cannot effectively face all variants without the contribution of
algorithms and Information Systems. The integration of the algorithm into the system follows it's testing and
evaluation process, which is carried out through benchmark instances presented in the literature.

The need for a review that will correlate the VRP variants with the algorithms proposed for their solution
emerged from the requirements of distribution in city logistics and e-commerce. Therefore, a literature review
process adopted from the research of (Braekers et al. (2016), Eksioglu et al. (2009) and Gayialis et al. (2019) is
followed. The research protocol is well defined as it aims at an efficient and well-recorded review which includes
all the necessary VRP variants. The main goal of the present research is to identify the trends of VRP variants
and the applied methods offered to tackle them, as well as their correlation. Additionally, papers which either
proposes algorithms that are integrated into a software system, or papers that are considered significant and
pioneer in the research community are presented. The papers having the most citations were considered as
significant and they were further discussed in this review.

Scopus database was used for an advanced search, as it covers a wide range of peer-reviewed academic
publications. Only articles published in English are considered. Initially, only publications containing at least one
of the defined VRP variants, “algorithms” and “benchmark instances”, in their title, abstract or keywords were
selected. When the focus is on the applied methods, the term “benchmark instances” is selected, as it is assumed
that the proposed and developed algorithms are more reliable when tested through these instances. The fact
that the VRP has been intensively studied, while this research concentrates on urban freight transportation, lead
to the decision not to include terms such as "mail", "beverages", "waste", "concrete", "milk", "postal”,
"healthcare", "truck and trailer", "cross-dock", "location routing", "UAV", "transportation of people", "flying
robots", "bus" and "inventory routing". In addition this research is limited to the Subject Ares of “Computer
Science”, “Engineering”, “Mathematics”, “Decision Sciences” and “Business, Management, and Accounting”.
The research of the literature is also restricted to specific journals which are considered top in the specific subject
areas. The exact search term applied to the Scopus database is presented in Table 1.

Table 1 Search Term Applied to Scopus Database

Literature Review Search Term
TITLE-ABS-KEY ( ( ( "time windows" OR "VRPTW") OR ( "Multitrip" OR "multi-trip" OR "MTVRP") OR ( ( "hybrid" AND
"vrp") OR ("green" AND "VRP")) OR ( "time-dependentVRP" OR "time dependent VRP" OR "TDVRP") OR ( "Capacitated
VRP" OR "CVRP") OR ( "Dynamic VRP" OR "DVRP") OR ( "simultaneous pickups and deliveries" OR "VRPSPD" OR
"backhauls" OR "VRPB") OR ("Heterogeneous Fleet" OR "Heterogeneous" OR "HFVRP") OR ( "multi depot" OR "multi-
depot" OR "MDVRP") OR ( "open vrp" OR "OVRP")) AND ( "Vehicle routing" AND ( "benchmark instances" OR
"benchmark" ) AND ( "Algorithm")) AND NOT ( "mail" OR "beverages" OR "waste" OR "concrete " OR "milk " OR
"postal " OR "healthcare " OR "truck and trailer " OR "cold " OR "care" OR "location-routing" OR "location routing" OR
"UAV" OR "transportation of people" OR "flying robots" OR "bus" OR "pollution-routing" OR "polution routing" OR
"Asset localization" OR "inventory routing" OR "blood" OR "bike" OR "bicycle" )) AND ( LIMIT-TO ( SRCTYPE, "j")) AND
(LIMIT-TO ( DOCTYPE, "ar")) AND (LIMIT-TO ( SUBJAREA, "COMP") OR LIMIT-TO ( SUBJAREA, "MATH") OR LIMIT-TO
( SUBJAREA, "ENGI") OR LIMIT-TO ( SUBJAREA, "DECI") OR LIMIT-TO ( SUBJAREA, "BUSI")) AND ( LIMIT-TO ( PUBYEAR
, 2019 ) OR LIMIT-TO ( PUBYEAR, 2018 ) OR LIMIT-TO ( PUBYEAR, 2017 ) OR LIMIT-TO ( PUBYEAR, 2016 ) OR LIMIT-TO
(PUBYEAR, 2015) OR LIMIT-TO ( PUBYEAR, 2014 ) OR LIMIT-TO ( PUBYEAR, 2013 ) OR LIMIT-TO ( PUBYEAR, 2012) OR
LIMIT-TO ( PUBYEAR, 2011) OR LIMIT-TO ( PUBYEAR, 2010)) AND ( LIMIT-TO ( EXACTSRCTITLE , "Computers And
Operations Research"” ) OR LIMIT-TO ( EXACTSRCTITLE , "European Journal Of Operational Research" ) OR LIMIT-TO (
EXACTSRCTITLE , "Expert Systems With Applications" ) OR LIMIT-TO ( EXACTSRCTITLE , "Applied Soft Computing Journal" )
OR LIMIT-TO ( EXACTSRCTITLE , "Computers And Industrial Engineering" ) OR LIMIT-TO ( EXACTSRCTITLE , "Information
Sciences" ) OR LIMIT-TO ( EXACTSRCTITLE , "International Transactions In Operational Research" ) OR LIMIT-TO (
EXACTSRCTITLE , "Mathematical Problems In Engineering" ) OR LIMIT-TO ( EXACTSRCTITLE, "Soft Computing") OR LIMIT-
TO ( EXACTSRCTITLE, "Annals Of Operations Research" ) OR LIMIT-TO ( EXACTSRCTITLE, "Journal Of Heuristics" ) OR LIMIT-
TO ( EXACTSRCTITLE , "Journal Of The Operational Research Society" ) OR LIMIT-TO ( EXACTSRCTITLE , "Transportation
Research Part C Emerging Technologies" ) OR LIMIT-TO ( EXACTSRCTITLE , "Transportation Science" ) OR LIMIT-TO (
EXACTSRCTITLE , "Applied Mathematical Modelling" ) OR LIMIT-TO ( EXACTSRCTITLE , "Engineering Optimization" ) OR
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LIMIT-TO ( EXACTSRCTITLE , "Euro Journal On Transportation And Logistics" ) OR LIMIT-TO ( EXACTSRCTITLE , "Operations
Research" ) OR LIMIT-TO ( EXACTSRCTITLE , "Transportation Research Part B Methodological' ) OR LIMIT-TO (
EXACTSRCTITLE , "Transportation Research Part E Logistics And Transportation Review" ) OR LIMIT-TO ( EXACTSRCTITLE ,
"Applied Mathematics And Information Sciences" ) OR LIMIT-TO ( EXACTSRCTITLE , "Journal Of Advanced Transportation" )
)

This specific research strategy resulted in 170 publications, each one of which was studied thoroughly in order
to determine its relevance. The fact that the VRP is well studied in the literature has led to its combination with
other research topics. Therefore, it was decided not to include articles which contain 2D (two-dimension) and
3D (three-dimensional) loading constraints, multi-echelon routing, the periodic and the split delivery VRP, as
well as cross-docking. Following the described process and as seen in the next section, 106 articles resulted and
then categorized according to the classification of the proposed algorithms. In this way, an established statistical
analysis is presented.

3. CLASSIFICATION OF ALGORITHMS

The proposed research concerns the study of the methods and algorithms which optimally tackle a set of VRP
variants. Their characteristics and constraints of these variants meet the requirements of urban freight
transportation, as well as being the most common cases logistic companies encounter in distribution, due to the
rise of e-commerce. Therefore, the taxonomy focuses on two main characteristics, the VRP variants, and the
applied methods. The review of the literature deals with the methods and algorithms addressing the selected
variants of the VRP and is carried out to determine the research community's trends in both cases.

More specifically, the classification of the algorithms based on the research of (Labadie et al. 2016) and (Lin et
al. 2014) is shown in Figure 2. Exact algorithms are mainly Lagrange Relaxation methods and Column Generation
but are not further analyzed due to the limited research interest. On the other hand, heuristic algorithms are
separated into three main categories, Construction, Two-Phase, and Local Improvement heuristics, each one of
which contains specific algorithms, as shown in Figure 2.
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Figure 2 The Main Algorithms for VRP and Their Relation

Emphasis is given mainly to Meta-heuristic algorithms, which are more advanced procedures, and contain
Population Search, Local Search, and Learning Mechanisms. Population-based meta-heuristics aim at generating
a new solution from a set of solutions, by combining and pairing existing ones or by making them cooperate
through a learning process. The most common procedures of this category are Genetic (GA) and Evolutionary
Algorithms (EA), Memetic Algorithms (MA), Scatter Search (SS), Path Relinking (PR), Ant Colony Optimization
(ACO) and Particle Swarm Optimization (PSO). On the other hand, Local Search meta-heuristics aim at exploring
the solution space by moving the current solution to another promising one in the neighborhood. Tabu Search
(TS), Simulated Annealing (SA), Variable Neighborhood Search (VNS), Large Neighborhood Search (LNS), Greedy

Randomized Adaptive Search Procedure (GRASP), Guided Local Search (GLS) and Iterated Local Search (ILS) are
meta-heuristics of this specific category.

Finally, researchers in their effort to optimally solve the VRP, combine algorithms to exploit the advantages of
each procedure. Especially in the last few years, hybrid algorithms that combine meta-heuristics are developed

in order to achieve better results. This is one attribute that is studied in the literature review to determine which
methods are used in solving multiple VRP variants.

4. RESEARCH RESULTS

In this section, the numerical results that have emerged from the categorization of the relevant papers are
presented. The categorization of the articles has been separated into two strands, the VRP variants (as specified
in the introduction) and the applied methods for solving these variants. The present research focuses on
published articles from 2010 until the middle of 2019, in order to identify the trends of the last decade. As a first

step, the number of papers published over the years is presented in Figure 3. There is a constant interest for the
VRP with some small fluctuations taking place, especially in 2018.
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Figure 3 Number of Articles over the Last Decade

In Table 2, the Journals that were selected during the research approach are presented, as well as the number
of publications from each journal. More specifically, the results indicate that most publications come from the
journals “Computers & Operations Research”, “European Journal of Operational Research”, “Expert Systems

n o«

with Applications”, “Applied Soft Computing Journal” and “Computers & Industrial Engineering”.

Table 2 Number of Articles per Journal

Journal Number of Articles
Computers and Operations Research 20
European Journal of Operational Research 17

Expert Systems with Applications 12

Applied Soft Computing Journal 10
Computers and Industrial Engineering 10
Information Sciences 7

Soft Computing 4

Journal of the Operational Research Society 3
Transportation  Research  Part C: Emerging 3

Technologies

Transportation Science 3
Mathematical Problems in Engineering 3
International Transactions in Operational Research 2
Journal of Heuristics 2
Applied Mathematical Modelling 2
Engineering Optimization 1
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EURO Journal on Transportation and Logistics 1
Operations Research 1
Transportation Research Part B: Methodological 1
Transportation Research Part E: Logistics and 1

Transportation Review

Applied Mathematics and Information Sciences 1
Journal of Advanced Transportation 1
Annals of Operations Research 1

Table 3 presents the number of publications that deal with each one of the selected VRP variants. Most papers,
in their effort to address real-life problems, examine more than one variant of the problem. This is the reason
why the cumulative relative percentage is more than 100%. The most studied variant (with a significant
difference from the others) appears to be the Capacitated VRP, which is the simplest variant and so can be easily
combined with the others. Papers that do not consider the CVRP, deal instead with the heterogeneous fleet of
vehicles (HFVRP). Variants that make use of time windows are significantly studied as they adequately reflect
most real-life cases, and thus appear in almost half of the problems (46.36%). The Green and Hybrid VRP seem
to attract the attention of researchers during the last 5 years, due to the current need for minimization of CO2
emissions and fuel consumption. Lastly, the TDVRP and the MTVRP seem to receive the least attention from the
research community as both have less than 3.64% relative percentage over the years.

Table 3 VRP Variants over Years

Variants 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | Total PZ?(I:Z:\'::g
e (%)
CVRP 11 7 9 7 9 12 10 12 5 8 90 84.91%
VRPTW 6 3 5 3 6 7 6 5 2 8 51 48.11%
xgESBPD & 2 1 3 3 2 7 1 1 3 23 21.70%
HFVRP 1 1 1 1 4 2 1 1 1 4 17 16.04%
MDVRP 1 2 2 1 3 1 10 9.43%
fxEE & 1 1 3 3 1 4 13 12.26%
OVRP 2 1 1 1 1 6 5.66%
DVRP 1 1 1 1 1 5 4.72%
MTVRP 1 1 1 1 4 3.77%
TDVRP 1 1 1 3 2.83%

In Table 4, the numbers of papers that propose or develop each one of the algorithms of the classification shown
in Section 3, are also presented. Construction algorithms appear more frequently as they are used both for
solving the problem and for the creation of the initial solution used by meta-heuristic algorithms. Local
Improvement methods are also widely used, due to their easy implementation and their ability to improve
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solutions fast. GA’s, SA, TS, ACO, PSO, ILS, and VNS are among the most studied methods. These methods have
the ability to offer good quality solutions or even optimum results when tested in benchmark instances.
Simultaneously, their computational speed improves on a par with advances in technology. These two factors
guarantee that these methods will remain among the most studied methods for future research.

Table 4 Applied Method per Year

Applied Method 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Exact 2 1 1 2 1 1 1 2 2 1
38 Construction 6 4 4 2 5 3 1 1 5
§ Two Phase 1
T Local Improvements 3 4 5 2 1 2 2
Simulated Annealing (SA) 1 3 1 2
Tabu Search 3 1 3 1 1 3 1
_§ Variable Neighborhood Search ) 1 1 ) ) ) ) 1 3
§ (VNS)
v [terated Local Search (ILS) 2 1 2 2 2 1 2
§ Large Neighborhood Search (LNS) 1 1 2 4 2 2
(%]
2 —  Greedy Randomized Adaptive 1
§ Search Procedure (GRASP)
Q@ Guided Local Search (GLS) 1
I Other Local Search Algorithms 1 1 2
= Genetic Algorithms (GA) 1 2 2 2 1 2 2
Particle Swarm Optimization
5 (s0) 1 1 1 1 1 1
§ Memetic Algorithm (MA) 1 1 1
s Scatter Search (SS) 1
= Path Relinking (PR) 1
é_ Ant Colony Optimization (ACO) 1 2 1 2 1 2 1
& Other Swarm Intelligence )
Algorithms
Other Evolutionary Algorithms 1 1 1 2 1
Hybrid 2 3 4 3 6 5 2 1 4

As already mentioned above, the VRP variants are rarely studied individually. In most cases, researchers tackle
a combination of these variants simultaneously to better approximate real case instances. Table 5 analytically
presents how the variants of the VRP are combined in the literature. The CVRP, the HFVRP, and the VRPTW are
some of the most examined variants that are combined with almost all the other variants. The only exception is
the combination of the CVRP with HFVRP, as these two variants present different and mutually exclusive initial
parameters relating to the capacity of the vehicles used. The CVRP is combined most with other variants due to
the assumption that all vehicles are identical, which simplifies the problem significantly. Therefore, the emphasis
is given to the rest of the variants where the VRPTW is mainly combined with the HFVRP, the VRPSPD, the GVRP,
and the MDVRP.

Table 5 Combination of VRP Variants

GVRP & VRPSPD &
CVRP VRPTW TDVRP DVRP MTVRP HFVRP OVRP HVRP VRPB MDVRP
CVRP - 41 2 4 3 1 5 8 21 8
VRPTW - 3 2 3 10 2 7 8 3
TDVRP - 1 1
DVRP - 1
MTVRP - 1 1 1 1
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HFVRP - 1 6 2 2
OVRP - 2 2
GVRP & - 1

HVRP

VRPSPD & - 5
VRPB

MDVRP -

In Table 6, the general methods for solving the VRP are presented. It should be pointed out that hybrid
algorithms were included as a separate category, including methods that were explicitly stated as a “hybrid” in
the studied papers. Metaheuristic algorithms dominate the field of proposed methods with 105 number of
publications, followed by Classical Heuristics and Hybrid methods. Exact methods are developed less often due
to their computational complexity and their limitation of applying successfully only to small-scale problems. It is
an expected outcome that heuristic and metaheuristic methods are used more often than the rest, mainly
because the VRP is an NP-Hard Problem. It should be noted that the sum of the column "Number of Publications"
does not equal to 106, because many of the examined papers either propose hybrid methods (26 articles) which
by definition include more than one method or combine multiple methods.

Table 6 Applied Methods

Applied Method Number of Publications

(Total = 106)
Meta-Heuristics 105
Heuristics 53
Hybrid 30
Exact 14
Simulation 2

Table 6 clearly shows the domination of metaheuristic algorithms compared to other classes of methods.
Moreover, Table 7 focuses only on the metaheuristics found in the reviewed papers. It is marked that the Local
Search metaheuristics are the more studied group (64 instances). The first metaheuristics proposed for the VRP,
clearly surpassing other methods in solution quality, were the Simulated Annealing and Tabu Search, which are
still studied by researchers. The most commonly applied method is the Variable Neighborhood Search, which is
followed by the Iterated Local Search and the Large Neighborhood Search algorithms. In the category of the
population-based metaheuristics, Evolutionary algorithms seem to be the most established methodology.
Geneticand Memetic algorithms belong to this larger class of metaheuristics and are based on the idea of natural
selection, mutation, and crossover. Ant Colony and Particle Swarm Optimization are also widely studied by
researchers.

Table 7 Overview of Applied Metaheuristic Methods

Metaheuristics Number of Instances
Local Search 64

Simulated Annealing (SA) 8

Tabu Search (TS) 13

Variable Neighborhood Search (VNS) 16

Iterated Local Search (ILS) 12

Large Neighborhood Search (LNS) 12

Greedy Randomized Adaptive Search Procedure (GRASP) 1

Guided Local Search (GLS) 1

Other Local Search Algorithms (Other LS) 4
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Population-Based 41
Genetic Algorithms (GA) 12
Particle Swarm Optimization (PSO) 6
Memetic Algorithm (MA) 3
Scatter Search (SS) 1
Path Relinking (PR) 1
Ant Colony Optimization (ACO) 10
Other Evolutionary Algorithms (Other EA) 2
Other Swarm Intelligence Algorithms (Other SIA) 6

In Table 8, the correlation between VRP variants and their solution methods is being presented. A large number
of papers suggest hybrid resolving methods for almost all the variants of VRP, indicating a trend in the research
community towards these methods. Construction and local improvement heuristics are involved in the solution
of all VRP variants.

It is to be observed that genetic algorithms are highly applicable and can solve any of the variants of the VRP
problem. Although metaheuristics have dominated the other methods, local search heuristics remain very
popular and are used mainly as components of more sophisticated hybrid systems. Finally, a small part of the
reviewed articles employs an exact method of problem-solving exclusively.

Table 8 Correlation Between VRP Variants and Algorithms

Heuristics Local Search metaheuristics Population-Based Metaheuristics

c €
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CVRP 1 |27 1 19 8 10 5 8 9 1 1 4 |9 6 3 1 1 9 2 6 |25
VRPTW | 7 15 10 5 10 5 2 7 11 1 3 1 3 1 4 16
TDVRP 2 1 1 1
DVRP 2 1 1 1 3
MTVRP 2 1 1 1 1
HFVRP 3 5 2 3 1 4 4 3 1 5
OVRP 2 2 2 1 1 1 1 2
GVRP
&HVRP 3 3 2 1 2 1 5 1 4
VRPSPD
& VRPB 2 10 1 8 3 2 6 4 1 2 2 2 2 6
MDVRP | 2 3 3 2 5 2 1 1 5

5. MOST SIGNIFICANT ALGORITHMS FOR EACH VRP VARIANT

In this section, the most significant algorithms proposed by researchers for each one of the selected VRP variants
are presented. Additionally, this section analyzes articles which apply methods for the solution of real-life cases,
as well as, articles which combine multiple variants that could be integrated into systems for the optimization
of urban freight distribution problems. Combining multiple constraint and objectives for tackling real-life
distribution problems have led to the emergence of the Rich VRP (RVRP) as discussed below.
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5.1 CAPACITATED VRP

CVRP is maybe the simplest variant of the VRP, as the only considered constraint is the capacity of the vehicles
which is assumed to be identical in terms of actual capacity space and costs. In most cases, the CVRP is combined
with other variants (the most frequent being the CVRPTW) which add more constraints to the setting of the
problem. When relaxing these constraints, the algorithm can be applied in the CVRP. Therefore, only papers
which deal exclusively with the CVRP are presented. A hybrid algorithm (the SIA) based on two swarm
intelligence approaches (the ACO and the PSO) is proposed by Kao et al. (2012). In this algorithm, the advantages
of each method are exploited simultaneously. More specifically, ACO contributes in clustering customers and
building routes, while PSO can memorize global best solutions, and so guide the search. Another article which
proposes the SIA algorithm, is that of Zhou et al. (2013), where a hybrid bat algorithm with path relinking is
developed.

5.2 VRP wITH TIME WINDOWS

The VRPTW is one of the most widely studied topics in vehicle routing, and therefore, multiple algorithms have
been proposed for its solution. Ghoseiri and Ghannadpour (2010) treat the problem as multi-objective, where
both the total traveled distance, and the number of vehicles must be minimized. They proposed a Genetic
Algorithm which applies the Pareto ranking process in order to find the non-dominated solutions. Through this
approach, possible biased solutions, either relating to the total number of vehicles or to the total traveled
distance, are prevented.

Lei et al. (2011), in their research work, propose an adaptive large neighborhood heuristic. Initially, a
construction heuristic is applied for providing a good solution. At each iteration, several heuristics remove
customers and destroy the current solution, before insertion heuristics repair the damaged solutions. The
selection of the removal and insertion heuristic in each phase is made probabilistically, while their combination
offers a wide exploration of the solution space. Vidal et al. (2013) addressed a wide range of large scale VRPTW,
with route-duration constraints and additional attributes involving requirements for customer assignments to
particular vehicles types, depots or planning periods. For solving this large class of VRPTW they proposed a new
hybrid genetic search with advanced diversity control.

Taha Yassen et al. (2015) proposed a harmony search (HS) metaheuristic with a local search (LS) algorithm with
a proper balance between HS exploration and LS exploitation for solving the VRPTW. Nalepa et al. (2016) dealt
with the unclear tuning of the numerous parameters, one of the main drawbacks of memetic algorithms for the
VRPTW, and proposed an adaptive memetic algorithm. In this proposal, the parameters of the algorithm, such
as the selection scheme, the population size and the number of child solutions generated for each pair of
parents, are adjusted dynamically during the search. Hu et al. (2018) examined a more realistic variation of
VRPTW that involves demand and travel time uncertainty. To tackle large instances, they designed a two-stage
method based on a modified variable neighborhood search heuristic. In the first phase, the total number of
vehicles is minimized while the second phase minimizes the total traveled distance.

5.3 VRP WITH SIMULTANEOUS PICKUPS & DELIVERIES AND VRP WITH BACKHAULS

Transportation companies are not responsible only for delivering goods to customers, but also for picking goods
at the same time. This need arises in reverse logistics and is tackled by multiple researchers. Catay (2010)
proposes an ACO algorithm which uses the nearest-neighbor heuristic (NNH) for the construction of the initial
solution, and subsequently, a new savings-based visibility function is applied. This method considers the savings
of serving customers i and j on the same route, instead of serving them separately.

Goksal et al. (2013) develop a hybrid algorithm based on PSO and Variable Neighborhood Descent (VND) for
solving the VRPSPD. The initial solution set is formed both with random solutions and with solutions constructed
by the NNH. The PSO algorithm uses VND algorithms as a local search procedure for improving these solutions.
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Wang et al. (2015) combine the VRPSPD with the VRPTW and propose a parallel SA method for solving this
problem.

5.4 HETEROGENOUS FLEET VRP

The HVRP is a generalization of the classical capacitated VRP by assuming that the fleet of vehicles is composed
of different types of vehicles each characterized by different capacities and costs. HVRP is rarely examined
standalone and it is usually combined with other variants. Subramanian et al. (2012) proposed a hybrid algorithm
consisting of an iterated local search based heuristic and set partitioning (SP) formulation for solving the HVRP.
The SP model is solved utilizing a Mixed Integer Programming solver that interactively calls the ILS heuristic
during its execution. Kog et al. (2015) tackled the HVRP with time windows and introduced a hybrid evolutionary
algorithm that combined two state-of-the-art metaheuristic concepts, adaptive large neighborhood search and
population-based search to great results.

Belloso et al. (2019) analyzed the HVRP with backhauls and proposed a solution based on a multi-start biased-
randomized heuristic. This algorithm uses an iterative method that relies on solving smaller homogeneous
instances of the problem and then using these subsolutions as partial solutions for the original heterogeneous
instance.

5.5 VRP WITH MULTIPLE DEPOTS

MDVRP is an extension of the classical VRP problem by adding multiple depots that can serve the customers. B.

Yu et al. (2011) added a virtual central depot, thus converting MDVRP to VRP with the virtual depot as the
original. For its solution, they proposed an improved ant colony optimization process with coarse-grain parallel
strategy, ant-weight strategy, and mutation operation. Juan et al. (2015) presented a hybrid approach that
combined biased randomization, employed to assign customers to depots and for improving routing solutions,
with the iterated local search metaheuristic. Their approach is easy to implement and can be parallelized
naturally.

The research of genetic algorithms (GA) for solving the MDVRP by Karakati¢ and Podgorelec (2015) is worth
mentioning. They claimed that the GAs are on par with other methods and are very appropriate for MDVRP,
with the main advantage of a GA to be the linear scaling with the growing problem size, and thus is preferred
for solving large NP problems over exact and other heuristic methods.

5.6 GREEN & HYBRID VRP

From this class of problems, hybrid VRP seems to get the most attention from researchers. It consists of a set of
customers, a fleet of identical alternative fuel vehicles (electrical, hybrid, etc) and a set of refueling stations with
the objective of minimizing the total traveled distance while also making use of the refueling stations so as to
restore their autonomy. Goeke et al. (2014) tackled the hybrid VRP with time windows and a mixed fleet of
vehicles in which both electric cars and internal combustion cars are used. As a solution method, they presented
a hybrid heuristic that combines a variable neighborhood search algorithm with a tabu search heuristic. Goeke
and Schneider (2015) deal with the same problem. They developed an adaptive large neighborhood search
enhanced by a local search for intensification. Hiermann et al. (2016) solved the same problem utilizing branch-
and-price as well as proposing a hybrid heuristic, which combines an Adaptive Large Neighbourhood Search with
an embedded local search and labeling procedure for intensification.

V. F. Yu et al. (2017) also focused on the hybrid VRP in which all the vehicles are plugged in hybrid electrical
vehicles (PHEV) and they proposed a simulated annealing algorithm with a restart strategy. Last but not least,
Andelmin and Bartolini (2019) also dealt with alternative fuel vehicles and their refueling stations and offered a
multigraph reformulation of the G-VRP in which refueling stations are not explicitly modeled. They exploited this
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reformulation by tailoring classical local search operators to work directly on it, and by combining these
operators to develop a multi-start algorithm.

5.7 OPEN VRP

OVRP is another well known combinatorial optimization problem that addresses the service of a set of customers
using a homogeneous fleet of non-depot returning, capacitated vehicles. Repussis et al. (2010) developed a
population-based hybrid metaheuristic consisting of the basic solution framework of evolutionary methods and
memory-based trajectory local search algorithms, such as tabu search and guided local search so as to drive the
local search process and to explore the solution space. Salari et al. (2010) presented a heuristic improvement
procedure based on integer linear programming techniques. Given an initial feasible solution to be possibly
improved, the method then destroys and repairs this solution by solving an ILP model, in the attempt of finding
a new, improved feasible solution. MirHassani and Abolghasemi (2011) proposed a particle swarm optimization
algorithm as well as a particular decoding method for assigning customers to routes and one point moves for
improving the found solutions.

5.8 DYNAMIC VRP

In most VRP’s the data is assumed to be known before the start of the routes and not being amenable to change.
However, real-world routing problems are dynamic, as unforeseen events can constantly occur. Hong (2012)
faces dynamic VRP with time windows (DVRPTW), which is modeled as a series of static VRPTW. Each phase has
an event-trigger mechanism which in the specific case is a new request arrival during the operation. The author
proposed a large neighborhood search (LNS) which utilizes the remove and reinsert procedure. The newly
arrived request is considered as removed nodes and is being reinserted into the current solution.
Mavrovouniotis and Yang (2015), in their article, propose an ant colony optimization algorithm with immigrants
schemes, in which, three different cases are investigated, random, elitism, and memory-based. These three
immigrant schemes determine the way to introduce new solutions (called immigrants) and replace a small
portion in the current population.

5.9 MuLTI-TRIP VRP

A variant of the classical VRP is the problem that deals with multiple uses of vehicles, that arises when customers
have either great demands or when they are close to each other. Azi et al. (2010), tackle the MTVRP along with
the VRPTW, through a branch-and-price approach, in which a column generation approach is also integrated.
This was the first attempt for solving the MTVRP with an exact algorithm. Francois et al. (2016) developed and
tested two Adaptive Large Neighborhood Search (ALNS) algorithms in the R-MTVRP, which does not consider
duration tour constraints.

5.10 TIME-DEPENDENT VRP

The time needed to travel between two points-customers depends on traffic congestion, which in turn is
affected by multiple factors, such as unforeseen events, the time of the day and the weather. Balseiro et al.
(2011), solve the TDVRPTW where vehicles must deliver goods to a set of customers concerning their time
windows, while travel time between two points, depends on the time of departure. They propose an ACO
algorithm hybridized with insertion heuristics. More specifically, the algorithm is based on the Multiple Ant
Colony System framework which coordinates two colonies, one for reducing the number of routes and one for
optimizing the feasible solutions found, by minimizing the total time. Since ants produce solutions with unrouted
customers, insertion heuristics are further developed for incorporating customers into the solution. Andres
Figliozzi (2012), faces the same VRP variants and presents an Iterative Route Construction and Improvement
(IRCI) algorithm. The construction phase includes a sequential heuristic, in which an auxiliary route building
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heuristic is reiterated during its execution of the construction algorithm. Since the set of the initial solutions
have been generated, the improvement algorithm, based on the ruin and recreate approach presented by
Schrimpf et al. (2000), is implemented in a subset of the routes.

5.11 ARTICLES THAT APPLY METHODS TO SOLVE REAL-LIFE CASES

Only a small percentage of the reviewed articles applied the proposed method in a real-world instance (just in 5
out of the 106 examined articles) and all of them are fairly new. Melian et al. (2014) considered a bi-objective
VRPTW to minimize the total traveled distance while balancing the workload of drivers, to solve a problem posed
to a logistics company in Teneriffe, Spain. They proposed a bi-objective mixed-integer linear model for the
problem and a solution approach based on the scatter search metaheuristic algorithm. Results obtained on the
real case instance improved the solution implemented by the company.

Schyns (2015) examined the Dynamic Capacitated VRP with Time Windows, Split delivery and Heterogeneous
fleet (DVRPTWSD) and proposed an ant colony system for solving it. Their starting point was a problem
submitted by Liege Airport with the goal to develop a decision system that is able to optimize the journey of the
airport’s refueling trucks. Gupta et al. (2017) presented a multi-objective shortest path evolutionary algorithm
for comprehensive solutions to real-world manifestations of the classical vehicle routing problem. They
considered constraints such as time windows, simultaneous pickup and delivery, the heterogeneous fleet of
vehicles and the heterogeneity of traffic congestion levels in urban areas while trying to minimize environmental
impact in addition to optimizing the overall operational costs of the routing solution. They tested their approach
in both benchmark instances and in real-world industrial cases in Singapore to showcase the efficacy of their
method.

Zhang et al. presented a multi-objective VRP with flexible time windows with the main objectives being the
minimization of the total distribution costs (including travel costs and fixed vehicle costs), while the overall
customer satisfaction is to be maximized. For solving this problem, they proposed a strategy based on ant colony
optimization as well as three mutation operators, which incorporate the concept of Pareto optimality for multi-
objective optimization. They tested their method in benchmark instances and for a real case scenario regarding
a leading company in the vegetable and food distribution sector in China. Their case included 16 delivery points
(16 supermarkets around Beilin district, Xi’an) served directly from a depot (supply base of vegetable and food).
Lastly, Belhaiza et al. (2019) presented an evolutionary heuristic that uses three global multi-start strategies:
ruin and recreate genetic cross-over of best parents and random restart, to solve the VRP with multiple time
windows. When tested in a real case, it showed more than 16% of average cost improvement over current
practice on a set of real-life instances, with some solution costs improved by more than 30%.

6. CONCLUDING REMARKS

This paper presents the results of an extensive literature review of the VRP for urban freight transportation, as
it resulted from a well-defined research protocol. An initial group of 170 papers extracted from the Scopus
database published between 2010 and mid-2019. The articles were further shorted to a group of 106 relevant
papers after applying deselection criteria. Emphasis is given in the applied methods proposed and developed for
the VRP variants. Therefore, papers that are irrelevant from an urban freight transportation perspective were
excluded from the analysis.

The articles were also classified according to the VRP variant and the applied method proposed for its solution,
in order to identify the trends in each case, as well as, to present their correlation. Moreover, a topic for further
research relates to the fact that most variants of the VRP treated in the literature are highly tailored to specific
constraints and parameters and so their applicability is thereby constrained to very specifically determined
scenarios (and not to the original version of the problem). The tailored-made algorithms are making the offered
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solutions problematical in its application to other more general cases of the same problem. Another topic for
further investigation is the fact that a minimum number of articles treat simultaneously a combination of
different versions of the VRP (as is usual in the complexity of real-life scheduling problems) with most
researchers limiting their study to at most 3 variants of the VRP problem. Only Penna et al. (2019) were found
to tackle a broad range of variants simultaneously, whose hybrid Variable Neighborhood algorithm manages to
treat 7 variants of the problem.

The last point concerns the fact that a very few numbers of researchers apply their methodology to real life
scheduling problems (the 5 of 106 papers in total), thus showing the gap between the theoretical results and
their actual practical implementation.
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