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Mé6odo1 Bedtiotonoinong yio 'Eva Xbvoio ITpofAnudtwov
Apopordynong Oynuatov kot Ipoypappatiopod Ioapaddcewmv
I'pnydprog Kmvotavtakodmtoviog

210 mloiclo ¢ mapovoag OBOKTOPIKNG JTPIPNG MeAETATOL Kol €mAVETOL pio Gepd
TPOPANUATOV SPOLOAOYNONG OYNUATOV KOl TPOYPUUUATIGHOD TOPAOOGEDY, EVD TOVTOYPOVO.
avaTTOGOOVTOL OTOd0TIKOT EEEAKTIKOT KOl TOTIKNG avalTnong HETAEVPETIKOL aAYOPOOL oL
omoiotl £youv ®G 6TOY0 TNV PEATIGTOTOINGT TG SLOVOUNG, TPOTEivOvTag TO PEATIOTO TAGVO
dpoporoyiov kot mwapaddoemv. To yeyovog 6Tt 1 dpopoldynon oymudtov ernpedletor omod
TOAMEG LETOPANTEG KO TEPLOPIGLOVS, Ol OTOTES EYOoVV TPOEADEL Amd TN PVON TOV ETOPEIDV
dtovopng, 1o e€mtepkd mEPPAAAOV VTOV, KOl OO TIC OVAYKES KOl TIS OTOLTCELS TOV
TEAUTOV, EYEL OONYNOEL TOGO GTO EUTOPIKO/EMYEPNUATIKO OGO KOl EPEVVITIKO EVOLUPEPOV.
[Ipokeévov va cuvdehodv ot dVo owtol Topels, 1 mapovoa doTpiPn UEAETH Kol TPOTEIVEL
TNV EVOOUATOOT TOV TPOTEWVOUEVOV alyoplBpmy og éva cloud cvatnpa dpopoidynone.

EmmAiéov, o1 didpopeg petapintég kot mepropicpol tov IlpoPfinpatog e Apopordynong
Omudtov (ITAO) oavtiotoyodv o€ SPOPETIKEG TOPOAAOYEG TOL TPOPANUATOC. ZTNV
TOPOVGO. S100KTOPIKN STPIP1], ot ToPoAAaYEG TOV TPOPAUATOS TOV AapBAvVOVTOL VITOYY
£YOLV TPOKVYEL PEGA amd TNV AVOAVTIKY avookomnon e Pipioypagioc, Kabmg kol Hécm
g ovvepyaciog Ue eroipeieg davoung kot avamtuéng Aoyispkov. Mo ovykekpipéva,
kaBopilovior o1 mOPOAAAYEC TOL OMOGYOAOVV TIO GLYVE TOLG EPELVNTEG Kl TOLG
EMAYYEALOTIEG TOV SPUGTNPLOTOOVVINL GTO XDPO, 000 KOl Ol TOPOAAAYEG TTOL EYOVV TN
SUVOUIKY VO TPOGEEPOLY ©TO Gpeco péEAAov. Ot mapoAdlayés Tov TPOPANHOTOG TNG
dpopordyNnong mov teMKE emAEYONKAV TPOC PEAETN giva:

1. 10 ITAO pe Xpovika HapdBupa (ITAOXII),

2. 10 [TAO pe Tavtoypoveg [epioviroyég kat [Tapaddoelg (ITAOTIIIT),
3. 10 ITIAO pe Etgpoyevn Xt6h0 Oynudtov (ITAOEXO), kot

4. 10 Xvvepyatiko [TAO (ZITAO).

Ta e&etalopeva TpoPAnuota SpopordyNoNG, To 0Toin aviKovy otny katnyopia tov NP-hard
TpoPANpatOV, Topovclalovy eEUPETIKY TOAVTAOKOTNTA, E0IKOTEPO OTAV avTiueTOTi{ovTal
TOVTOYpOVE. TNV Topovoa dtpPr] avtipetonifovial OAEG Ol ToPUTAve TUPUALUYES eite
LELOVOUEVOL EITE CUVVOUGTIKA TPOKEIUEVOL VO KOADTTOVV TIG OVOYKEG KOl OTOLTIGEL TMV
ETOPEIDV OLOVOUNG TTOV dPUGTNPLOTOIOVVTOL GTIG EUTOPEVUATIKEG LETOPOPES. LVYKEKPUEVAL,
to [TAOXIIIT Aopfaver voyy 1o ¥povikd €0pPOg OV EYOVV OPICEL 01 TEAATEG TPOKELEVOD VL
apayuatorombet n moapddoon M moporaPn tov eumopesvpdtov. Xto T[TAOTTII, omwmg
VTOJEIKVOEL KO 1] OVOHOGI0, ETIKEVIPMVETOL G TOPAUSOCELS KOl EMIGTPOPEG TOV EKTEAOVVTOL
TavTOYpova TPog Kot and Tovg merdtes. Ocov agpopd to [TAOEXO, o otdAog oynudtov mov
dtnpovv Kol XPMOYOnOovV ol €Talpeieg Oempeitar etepoyevig, mov onuaivel 0Tl To
OYNHOTA SLAPEPOVY OGOV OLPOPEL TI YOPNTIKOTNTA TOVE, KOl ToL 6TadEPA Kot LETOPANTE KOOTN
dwovopne. Térog, to EITAO eMKEVIPOVETOL OTIG TEPUTTMOEIS OOV ETAPEIEC SLAVOUNG TOL
Bplokovtor kot Aeitovpyodv oTig d1eg TEPoYEg, ovvepydlovtal G6TO  KOUUATL TNG
SPOLOAOYNONG KOl SLAVOUTC.



To yeyovog OTL pe TNV TOLTOXPOVN] OVIWETMNICT] TOAGDV TAPOAAAYDV TOL TPOPANUATOG
SVOKOAEVEL 1 EMIAVGT TOV, KAOMDG KoL 1 OVAYKT TOV ETOIPELDV Y10, TN dNUIOVPYio AmodoTIK®Y
SLadpop®V, £XOVV 00T YNGEL GTNV OVAYKT Yo ovamTuén aAdyopiBuwy Bedtictomoinone. Apykd
TpotaOnKav ot axpiPeic alyopiBpotl and tovg epevvntés. To TAEOVEKTNLA TOVG, TO 0TOi0 Eivar
N Bértiotn avtipetdmion Kot enidlvon tov [TAO cvvodevetor amd Evav peydro meploptopd o
omoiog €ival 0 TEPLOPIGUEVOG APIOUOG TEAATOV TOV UTOPOVV Vo SLOYEPIGTOVY KaBDS KoL O
avénuévog ypovog emefepyociog mOV amolTEITOL Yoo TNV EMIALGT. AVLTOC O TEPIOPICUOG
emnpealel oNUOVTIKG, 0dNYOVTAG GTNV U EPUPUOYH OVTOV GE GUOTHLOTO dPOHOAOYNONC.
Emiong, &lye g amotélecpo 1O €PELVNTIKO EVOOPEPOV VO OTPOQEL GTOVG EVPETIKOVG
aiyopiBpovg (heuristic algorithms) ot omoiot TPOGPEPOLY TOOTIKEG AVGELS OE EAGYIOTO
VTOAOYIGTIKO YpOVO. XTN OCULVEXEWD Ol EPELVNTEG TPOYMPNCOV OTNV  avATTUEN TOV
UETAEVPETIKOV  odyopiOumy  (metaheuristic algorithms) ot omoiot katdeepov vo
€€1G0PPOTNGOVV TIV TOLOTNTA TNG ADGNG KOl TOV DVTOAOYIGTIKO YPOVO OV OTOLTELTOL.

TN GUYKEKPLUEVT] £PEVVE, LEAETMVTOL KOl TPOTEIVOVTOL S10(POPOL LETAEVPETIKOT aAyOP1OLOL
TPOKEEVOL VO EMAVGOVV TO TOAAUTAG TPOPANLATA SPOLOAOYNONG TOL OVTIUETMTILOVV Ol
gtopeieg Tov KAGOov TV Ovouwv. ITio ocvykekpéva peletdror évag E&glktikog
AlyopiOuoc (EA), kabog kar 000 aryopidpor Tomkng Avalimong (TA). Ov aiyopiBpot
avtoi avtipetonilovv &ite pepovopéva, €ite GUVOVOOTIKG OPIGUEVEG TAPOALOYEC TOV
mpofAnpatog g dpopordynong oynuiatov. Ilo cvykekpyéva, o EA ovtpetonilel to
TPOPANUA TNG dPOUOAOYNONG OYNUAT®V LE TOVTOYPOVES TOPOUIOCELS KOl EMIGTPOPEG KOL LUE
ypovikd mapdbvpo. Emimhéov, o aiyopiOpoc epopuoletol o€ MEPMTMOGELS OOVOUNG UE
NAEKTPIKG OYNUOTA TO. OO0 £Y0oVV pelpEVN avtovopia. H kawotopio 6Tov GuYKEKPILEVO
oAyOplOo GUVOEETOL E TOV TEAESTH EVOAAAYNG, KOOMG EMIONG KOl HE TO YEYOVOS OTL TO
TPOPANUO OVTIHETOTILETOL (OG TOAD-OVTIKEWEVIKO. LTIV TOAD-OVTIKEWWEVIKY PeATioTONOiNGoN
VIAPYOLY SV0 1 TOPUTAVE OVTIKPOVOLEVOL OVTIKEYEVIKOL GTOYOL Ol Omoiol TTPEMEL Vol
BeltiotomomBovy. 1o cuykekpipévo mpoPAna gival n edayiotomoinon (i) Tov apdpol TV
OYNUATOV TOL GMOLTOVVTOL YIoL TNV EKTEAECN TV mapayyeAdv Kot (il) TG GLUVOAKY

SVLOUEVNC ATTOCTAGNG.

Ocov agopd TOVg 0AYOpIOUOVG TOTKNG avalnTnong, O TPMTOG TOL avamTOYONKE Kot
avTipeTonilel T0 TPOPANUE TG SPOUOAOYNONG OYNUATOV HE YPOVIKE Tapdbvpo ¢ TOAD-
AVTIKEREVIKO givar owtdg g Avalnmong Evpelag I'ertovidg (AET). O dgdtepog adydpiBpog
TomKNG avalATnong mov avartuydnke ivar ovtdc g [pocappootikng Avalnmong Evpeiog
I'eitovidg (ITPAED), o omoiog avtipetonifel Oleg Tig mpoavopepbeiceg mapaAlayég Tov
mpofAnpatog kol mo ocvykekpyéva to [IpdPinua g ApopoAidynong Oymudtov pe
Etepoyevry Ztoho Oynupdtwv, Toavtoypoveg Iepioviroyég ko TMapadocelc kot Xpovikd
MMoapaBupa. O akyopiOupog IMTPAET, petd amd mpocapuoyés, epapuoletal 6To Zuvepyotiko
IMTAO mpokepévoy vo exkTiunBodv 1o OKOVOIKG Kol TEPIPAAAOVTIKA OQEAN Omd TN
GLVEPYOGIO ETAPEIOV SLAVOUNG. XTO TAQICIO NG HEAETNG mapoiiaydv tov TTAO kot g
OVTILETOTIONG TOVG HEc® olyopiBumv Pertiotonoinong datvambnke to pobnNUATIKO TOVG
povtého, kabdc amoterel Pacikd HEPOC YO TNV OTOTEAEGUOTIKY] OVIIUETMOTICT TOL

TPOoPAUATOC,



Téhog, o1 Tpotevopevol adyopidpot xovv avartuydel otn YAdooo Tpoypappoticpod Python
Kot éyovv dokiuootel o mWOAAOTAG dedopéva TG PifAloypagiog, mpokEEVOL  va
€EQGPAAMOTEL 1 ALOSOTIKOTNTA TOVE KOl 1) KOVOTNTOC TOV Vo evoouat®bovv og éva cloud
oboTNUO dpopordynons. Amd TN OTIYU MOV Kol Ol TPELS TPOTEWVOUEVOL OAYOPIOpOL
TPOGPEPOVYV  AMOTEAECLOTO DYNANG mototnTag omodnkevovioar og évav cloud dwokopot
(server) mpokeWEVOL Vo gival TPOSTEAAGIOL LEG® TOV KATUAANA®V artnudtov. [ap’ 6Aa
OoUTA, OTN GLYKEKPWEVN] HOPPN TOV OCULOTHHOTOS HOVOo o aAyopiOuog ITPAEL eivan
TPOCTELAGILOG KOODS KOAVTTEL TIG TEPLOCOTEPES MEPMTOGEIS OTN davour] eoptiov. To
oUGTNUO TO 0TOI0 €ival IKAVO Vo, ETAVGEL £VoL LEYAAO €0POG TAPUALAYDY TOV TPOPAYLUATOG,
TPEMEL va. TPoPodOTNOEL pe To KATAAANAG SEGOUEVA TPOKEWEVOD VO, TPOCPEPEL ATOSOTIKA,
mAava  géumnpémon melatdv. Ilpokepévov va  egfaocpoiotel  avtd, 1O cHoTNUA
eKpeTolhevetanl teYvoloyieg mov e€aceaAilovv TNV mowdTNTO Kol TNV okpifeld TV
dedopévav. Ocov apopd T YeEMK®OIKOTONGON Kol T0 dEdOUEV YPOVOV UETAKIVIIONG Kol
amooTAcE®V UETAED TOV oNUEi®V TapoyyeAlng, ¥PNOOTOODVTOL YAPTEG TOL dladtkTHoL. Ta
0PEAN amd TN YPNOMN EVOC TETOIOV GUOTNUATOG TO OTOI0 TOPEYETAL LEGH JAOIKTOHOV KOl OEV
OmOLTEL TNV €YKOTAGTOON TOV GTOVG VIOAOYIOTEG TNG KAOE eTonpeiog Eexmpiotd givor TOAAG
kot dgv mepropilovial uévo 6to okovopkd okéhoc. Tlépa amd ™ eEdAetyn ToLV KOGTOVS Yo
TNV €YKOTAGTOON KOl GUVTHPNOT TOV GLGTNUOTOG, Ol Y¥PNOTEC £XOVV Tr OLVOTOTNTO VO,
€EAYOLV OTOJOTIKA Kot e PHEYAAN aKkpifelo TAGVO SPOIOAOYI®OV TO OTTO10 OTTIKOTOOVVTOL GE
YOPTEG TOV SAOIKTVOV, VO KAVOLV OALOYEC 0T TPOTEWVOUEVH SPOLOAGYLa, KAOMG Emiong Kot
vo ekteElobV dwadikaoieg avadpopoloynong petd v évapén g dwvouns. Emumiéov, ot
TEQVOLOYIEC KOl T YOPTOYPAPIKE dedopéva divouv TN SuvaTOTNTO OGTOVG YPNOTEG VO
OVTIHETOTIOOLY Kol TN SUVOUIKH @VUON Tov TpoPAnuatos, kabdc opiopéva dedopévo
eVOEYETOL VoL 0ALAEOLY KOTA TN O1APKEL TOV OPOLOAOYIOL KO VO EMNPEACOVY TNV OUOAN
ektéheot) Tov. OLec o1 TOPATAVED TEYVOAOYIEG KO O1 AEITOVPYIES TOV GLGTILOTOS UTOPOVV VO
EVIGYDOOVYV CNUOVTIKA TIG TPOCTADEIES TOV ETAPEIDOV OVOUNG KOl TOV LAELOOVEDV
dPOLOAOYNONG, TOGO TPV OGO Kol PETA TNV Evapén NG Slovounc.

SOUTEPAGHOTIKA, 1 £PELVO EMIKEVIPMDVETOL GE S1APOPOVS TVADVES Kol EEKIVA e TN PEAETN
tov mopordloydv tov  IIAO ot omoieg AapPdvovior vmoyw gite pepovopévo eite
OLVOVOOTIKA, KOl Yo TO. ool StopopPdveTol To pobnuatikd povtéro. Emmpdoheta, n
TapoHG O100KTOPIKT dTPIPN TPoTEIVEL Ko avamTvocel adyopifpovg Pedtictomoinong ot
010101 OVTIHETOTILOVV TIC CUYKEKPYEVES TEPITTAOCELS OVOUNG Kot dokudlovtal 1060 o€
dedopéva g PipMoypoeiog 0G0 Kol GE TPAYHOTIKG, TPOKEWWEVODL Vo dlomiotmbel m
KOVOTNTA TOVG VO EVEMUUTOO0DV 68 TANPOoPopikd cuathiuota dpopoidynons. O tekevtaiog
TOADVOG EpELVOG  0QOPA TN duvatdTTe TOV oAyopiduov va  evoopotobodv o€
TANPOPOPLOKAE CLUGTALOTA KOl VO, GUVEPYOGTOVV UE TEYVOAOYiEG mOv glval amopaitnTes Yo
TNV aVATTUEN TANPOPOPLIK®Y GUGTNUATOV SPOHOAGYONG.



Optimization Methods Applied in a Class of Vehicle Routing and
Scheduling Problems

Grigorios Konstantakopoulos

The thesis studies and addresses a class of vehicle routing and scheduling problems while also
developing powerful evolutionary and local search metaheuristics that aim to optimize the
distribution process in urban areas by proposing a plan of routes and deliveries. The fact that
route planning is affected by many variables and constraints that have emerged by the nature
of logistics companies, their external environment, and their customers' needs and
requirements has led to an increased interest both scientifically and commercially. The current
thesis, aiming to bring together research and industry, also studies and proposes the
integration of the developed algorithms into a cloud routing system, offering highly efficient
route plans.

Moreover, the different variables and constraints of the Vehicle Routing Problem (VRP)
correspond to different variants of the problem. In the current thesis, the variants considered
have arisen through an analytical literature review and the cooperation with industrial and
software development companies operating in this field. Specifically, the most commonly
addressed, by researchers and practitioners, VRP variants and those with the potential to
contribute financially and environmentally to logistics companies in the future are selected.
This methodology ensures that both fields (research and industry) will benefit and be
interested in, as they are inextricably linked to each other. The variants of the problem that are
selected and studied are:

o the Vehicle Routing Problem with Time Windows (VRPTW),

o the Vehicle Routing Problem with Simultaneous Pickups and Deliveries (VRPSPD),
o the Heterogeneous Fleet Vehicle Routing Problem (HVRP), and

e the Collaborative VRP.

The VRP variants under study belonging to NP-hard problems are highly complex, primarily
when addressed simultaneously. In this thesis, one of the goals is to address all the above-
mentioned variants either solely or combined in order to cover most needs and requirements
of logistics companies operating on freight distribution field. Each of the above VRP variants
corresponds to specific characteristics, variables and restrictions. Specifically, the VRPTW
considers the time slots that customers indicate in order to be served by logistics companies.
The VRPSPD focuses, as its name indicates, on simultaneous pickups and deliveries, while
the HVRP on the heteroginity of vehicles that logistics companies own, in terms of capacity,
fixed and variable costs. Finally, the Collaborative VRP focuses on cases that logistics
companies that locate and operate at the same areas collaborate in the distribution process. All
these VRP variants form the main requirements and challenges that logistics companies face

on freight distribution, and by addressing them great benefits can emerge.

Combining multiple VRP variants is complex, along with the need of companies to acquire
efficient and cost-saving solutions have led to the need for optimization algorithms. Initially,



exact algorithms were proposed by researchers. Their advantage, which is optimally solving
the VRP, is accompanied by a significant constrain; the limited number of customers that can
be handled and the increased computation time needed, especially when customers exceed
100. This limitation is restrictive, and therefore these algorithms are not integrated into
software packages. The disadvantages of exact algorithms resulted in researchers proposing
heuristics algorithms that offer good quality solutions that are not optimal in most cases in
limited computation time. Finally, researchers developed metaheuristic algorithms that, in
most cases, offer the best trade-off between efficiency of solutions and computation time.

In the current thesis, multiple metaheuristic algorithms are studied, developed, and proposed
to solve the VRP variants that are mentioned above and correspond to those that logistics
companies most commonly address on freight distribution. An Evolutionary Algorithm (EA)
and two Local Search (LS) metaheuristics are developed. These algorithms address either
separately or simultaneously some of the proposed VRP variants. More precisely, the
developed EA addresses the Vehicle Routing Problem with Simultaneous Pickups and
Deliveries and with Time Windows (VRPSPDTW). The algorithm is also applied in cases
with electric vehicles with a limited driving range, affecting distribution. The novelty in this
solution method is related to the applied crossover operator and the fact that the problem is
addressed as multiobjective for the first time. In multiobjective optimization, two or more
conflicting objectives exist and need to be optimized, which in the current research are (i) the
number of vehicles needed for executing the routes, and (ii) the total traveled distance.

Additionally, the first LS algorithm, a Large Neighborhood Search (LNS) metaheuristic,
addresses the VRPTW as a multiobjective. This is the first time a multiobjective LNS
algorithm is proposed in the specific problem, offering high-quality results. Finally, the
second developed LS metaheuristic is an Adaptive Large Neighborhood Search (ALNS)
metaheuristic that addresses the Heterogeneous Fleet Vehicle Routing Problem with
Simultaneous Pickups and Deliveries and with Time Windows (HVRPSPDTW), which
means that the three VRP variants are considered simultaneously. The ALNS algorithm is
also applied, after some modifications, in the Collaborative VRP to estimate the economic
and environmental benefits from the cooperation of distribution companies. In the context of
studying VRP variants and addressing them through optimization algorithms, their
mathematical model was formulated, as it is a vital part of efficiently addressing the problem
and setting the right variables and constraints.

Finally, the three algorithms have been developed in the Python programming language as
libraries containing the necessary functions for solving the VRP. The algorithms are tested in
multiple datasets of the literature to ensure their efficiency and ability to be integrated into a
cloud routing system. The proposed system is developed in cooperation with a software
development company that is responsible for the user interface part, as well as the connection
of the cloud system with its individual parts of the system (such as online maps and the
database). Additionally, the requirements of the system regarding the master data, as well as
its functionalities have been defined jointly.

On the other hand, the core of the system, which is the algorithms that are implemented, have
been developed exclusively by me, and configured to serve the need of the software



development company. Since all of the proposed algorithms offer high-quality results, they
are all stored in the software development company’s server, so that to be accessible by the
cloud routing system through the appropriate requests. While the system has the ability to
access any of the proposed algorithms, in its current form, the system receives the plan of
routes that is extracted by the ALNS algorithm, covering multiple freight distribution cases.
The system that handles and addresses multiple variables and constraints needs to be fed with
the correct data to offer efficient routes and deliveries. Therefore, it exploits advanced
technologies that can ensure the quality and accuracy of data. Online maps are exploited
concerning the geocoding procedure and the data related to the distance and the travel time

between order points.

The benefits of using such a routing system provided through the cloud, and thus no
installation of the system is required on each company's computers, are many and are not
limited only to the financial aspect. Besides eliminating installation and maintenance costs,
the users can extract efficient and high accuracy plans that are visualized on online maps,
modify the proposed routes and schedules, and execute rerouting strategies after the
distribution process has started. In addition to these functionalities, when fed with real-time
data from online maps, the system can handle the dynamic nature of the problem and address
unexpected events that are occurred after the plan of routes have begun. Specifically, data
may change during the route execution, affecting the distribution process. All the
technologies mentioned above and system functionalities can significantly enhance logistics
companies' efforts and decision-makers before and after the distribution process started.

Concluding, the research focuses on multiple aspects, starting with the study of the above-
mentioned VRP variants which are considered either solely or combined, along with their
mathematical formulation. In addition, the presented thesis proposes and develops
optimization algorithms that address these distribution cases and are tested in both datasets of
the literature and in real-life cases in order to evaluate the ability of the algorithms to be
implemented in a routing system. The last part of the research concerns the ability of
algorithms to be suitable for integration into a cloud routing system, as well as their
connection with technologies that are necessary for system development.



