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EONIKO MET20OBIO NOAYTEXNEIO
A.N.M.Z. TEQNAHPO®OPIKH

2XOAH ATPONOMAQN KAI TONOTPAGQN MHXANIKQN-
MHXANIKQN FrEQNAHPO®OPIKHZ

TOMEAZ EPTQN YNOAOMHzZ KAI ATPOTIKHZ ANAMNTY=H2
EPFAZTHPIO 2YTKOINQNIAKHZ TEXNIKHZ

EMIXEIPHZIAKO2 2XEAIAZMO2 AIKTYOY
METADOOPQN ME YAPOIMAANO 2TON
EAAAAIKO XQPO ME XPHZH GIS

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
101 Piraeus Piraeus 13388, 720 479,8/6/2035 8/6/2035
828487 6006767:00:00 mp  6:59:36 pup
102 Piraeus Piraeus 11272, 720 424 8/6/2035 8/6/2035
390938 9507557:01:00mp  5:05:57 up
103 Piraeus Piraeus 12568 720 375.8/6/2035 8/6/2035
908888 1846637:02:00mp  6:17:11up
104 Piraeus Piraeus 10056 720 359.8/6/2035 8/6/2035
396904 0789227:03:00mp  4:02:04 yp
105 Piraeus Piraeus 11908, 720 339.8/6/2035 8/6/2035
37589 4028117:04:00mp  5:43:24 pp
106 Piraeus Piraeus 13248, 720 591,8/6/2035 8/6/2035
231606 9843777:05:00mp  6:56:59 pp
107 Piracus Piraeus 12881 720 452,8/6/2035 8/6/2035
891496 1393017:06:00 mp  6:38:08 pp
108 Piraeus Piraeus 12966 720 456,720698/6/2035 8/6/2035
46394 70700 ma  6:43:43um
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Euxaplotieg

OAokAnpwvovtag Kot autév tov KUkAo otn {wn pou, g Ba pmopouca va pnv
EUXOPLOTAOW Kat apxnv Ttov erPAEMOVIA Kal AUTAG TG Tpoomnadelag, k. Kwv/vo
Kemamtooylou, AvarmAnpwtr Kabnyntr, o omoilog €KTO¢ TOU OTL HOU TIPOTELWVE va
OUVEXIOW TLG OTIOUSEG pou 0To AMME «TewmANPOdOPLKN», UE EUTMLOTEUTNKE YLA HLaL
akopa ¢opad oto va avaAaBel tnv emiPAePn g SUTAWUATLKAG HOU epyaciag Kal va
otaBel apwydg oto Eekivnua TNG EMAYYEAMOTIKAG KOl EMIOTNUOVIKAG HOU
otadlodpopiag. e auth t SUOKOAn xpovika mepiodo 2020-22 6mou ol oToUdEC
TIPAYLATOTIOLONKOV ATIOKAELOTIKA £ MOCTACEWG , YLO Lia 0KOUA POPA TOUC YOVELC
HOU TOou¢ yovei¢ pou lNwpyo Kat lwavva, tnv adepdni pou Maplavva, Toug Aoutoug
ouyyevelg, toug ¢iloug kalL omolov GAAov pe PBorBnoe Otav XPELAOTNKO KATL.
Euxoplotw akopa tov Mpoedpo tng EAE tou AMME k. Mapivo KaBoupa, KaBnyntn kat
T uTOAouta HEAN TNG TIOU ME €Kkplvav KATAAAnAo va mapakoAouBrnow autd To
Mpoypaupa, TN ypopuotéa kK. Eutépmn MaAwdtoou ywa tnv aoyn HETAEL Hag
ouvepyaoia og 0,TL adopd Ta BERATA SLOKNTIKAG GUOEWC KOL YEVIKOTEPA OAOUG TOUG
516G 0KOVTEC KOlL TO TIPOOWTILKO VLA TLG YVWOELG KOL TNV EMLOTNHUOVLKA OKEPN TTOU HoU
HeTéSwoav. Télog dev Eexvw Tov Asipvnoto Kabnyntr Nwpyo Owtn, o omolog pe
€Meloe va evtoxBw otnv teleutaia Onwg anodeiytnke opdda «CUVEPYOTWV» TOU-
Omw¢ o (6log amokaloUoe-KaL va yVwpPiow €va OVTIKE(UEVO TTOU CUMMANPWOE TLG
ETUOTNUOVIKEG LOU YVWOELG, auTO TG Mewypadikng Avaluong tou Xwpou. O Oeo6¢ va
avarmnavel tnv Yuxn tou.



EMNIXEIPHZIAKOZ ZXEAIAZMOZ AIKTYOY METAOOPQN ME
YAPOMAANO 2TON EAAAAIKO XQPO ME XPHZH GIS
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NEPIAHWH

AvVTIKelpEVO TNG Ttapoloag epyaciag amoteAel 0 oXeSLAOUOG evVOg TavVEAAASLKOU
SIKTUoU peTadopdg He uSpomAdVwY Exovtag wG Pacelg SU0 UNTPOTIOALTIKA
vdatodpouta oe MNelpatd kot Oecoalovikn UeE XPHON UTTIOAOYLOTIKWY EPYOAELWV TNG
FewmMANPodOPLKNG KOL TILO CUYKEKPLUEVA TNG AvaAuong Alktuou tou ArcGIS® tng
ESRI. Exovtag Bswpnroet to mpoBAnua we MpopAnua ApopoAdynong Atktuou, yivetal
opxka pia ektevig BiBAloypadiky avaockonnon otn doun Tou PoBARUATOC, TNG
Sladopeg ekdoxéc tou Kal to TMANBog twv peBodoloylwv emiluong mou €xouv
avarntuxBel evw mapdAAnAa yivetal Kal pia mpwtn avalntnon oOXETIKA UE TO TWE N
FewMANPOdOPLKr) EUMAEKETOL OTO OXETIKO eyxeipnua. AkoAouBel o oplopdg tou
SKtuou, n evpeon ¢ Lwvng emppong kabe vdatodpopiou, Kal v cuvexeia pia
eupela enefepyaoia otoxelwv oto Microsoft Excel yia tov mpooSloplopd tng
{ntnong kaBe udatodpopiou oe nueprolo emimedo. Ta TAPAMAVW OTOLXELQ
glodyovtoat oto ArcGlS, dnuloupyolvtal Ta oxXeTIKA Ospatika enimeda udatodpopiwv
kal dtadpouwv kat dopeitatl to Baoko medio tng Avaluong Aktuou, To network
dataset. AkoAoUBw¢ opilovtag TIG oXeTIKEG kKAAoelg dlataywv (orders), Baoswv
(depots) kat oxnudatwv 6popoAoynaong (routes) emAVOVTOL CUVOALKA 8 TIEPLTTWOELG
SpopoAoynong, 4 yia kabe udatodpoplo kat 1 avd tpipnvo Tou £Tog Kal e€ayovtal
TOL OXETIKA Tipoypappata SpopoAoynong pe Baon eite ta agpookddn (routes) eite ta
vdatodpouta (orders). TENog €€dyovtal OPLOUEVA XPHOLUA OTOTLOTIKA OTOLXELQ
OXETLKA HE TO LEYEON SpoLoAOYGEWV TIOU TIPOEKUAV.



ABSTRACT

Planning a transportation network with seaplane in the whole greek area constitutes

the object of this project, having proposed two metropolitan seaplane bases in Piraeus
and Thessaloniki and using GIS software tool and in particular, ESRI ArcGIS® Network
Analyst. Having considered the problem as a Vehicle Routing Problem (VRP), a broad
literature report is conducted on the problem structure, its different variations and the
wealth of solution methods that have been generated, while simultaneously a brief
search about the relative involvement of GIS is conducted. Defining the network and
finding the base buffer zones follow the previous elements and after that, there is a
broad process of elements in Microsoft Excel in order to definite the demand of every
seaplane destination on a daily base. The elements above become an input in ArcGIS,
the relative layers of seaplane bases and routes are generated and the basic
component of Network Analyst, the network dataset is created. Afterwards, having
defined the classes of orders, depots and routes, 8 routing cases are solved, 4 per every
metropolitan seaplane base and 4 per annual quarter and the relative routing
schedules are generated, either route-based or order-based. Finally, some useful
statistics about the routing parameters are created.
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1. EIZATQrH
1.1 Oplopoi-Bacikeg Evvoleg

rpadog (graph) ota pabnuoatikd rp 8iktuo (network) yevikOoteEpO OTNV EMLOTAUN
KaAe(tal €va oUVOAO KOUBWV KAl CUVOESUWYV, OTOLXELWV UNOEVIKAG Kal piag Stdotaong
ovtiotolya HETAEU TWV OMOlWV OPIlETAL UMOXPEWTIKA N OUVOECLUOTNTA 1 KOL N
katevBuvon (otnv mepMTwon Twv ouvléopwy). Alktua voouvtal yla TNV
avamnapdaotacn Gpawvopévwy o€ OAo To GACHA TNG EMLOTAKNG, OTNV ETUOTAUN TWV
uetadopwv 8¢, amotelel and tn ¢uvon Tou PalVoUEVOU TIOU HEAETOUV, BAOLKOTATO
HEB0B0AOYLKO EpyaAELO, OTIOU OL TOPATIAVW BAGCIKEC LOLOTNTEG AMOSEIKVUETAL OTL SV
elval apkeTec.

Ta mpoBARuaTa SIKTUOU OTIG LETADOPEC LEAETWVTAL LOONUATIKA He T BonBela tng
Eruxelpnolakng Epevvag. H amlovotepn popdrn mpofAnuatog, to MpofAnua tou
MAavadiou NwANTA (Traveling Salesman Problem, TSP) adopd otnv nepimtwon evog
OXNUATOG TOU €KTEAEL TN peTadopd, evw OTAV UTIAPXOUV TIEPLOCOTEPA TOU EVOC
oxnuata mpokettal yia to MNpopAnua ApopoAoynong Oxnuoatog (Vehicle Routing
Problem, VRP). Eival mpodavég OTL otnv TPpAfn ta TEPLOCOTEPO TPOC emiluon
npoPBARuaTa avikouv otnv katnyopia tou VRP. E€attiag pdAlota tng Ldlattepotntog
kaBe mpofAnuatog ouvnBiletal otnv mpdln va mpootiBevtal meploplopol TLY.
Xpovikwv tapaBupwv (VRP with Time Windows, VRPTW), cuvunapéng mapaiafnig kat
Stavoung (VRP with Simultaneous Pick up and Delivery, VRPSPD) Snuioupywvtog
evtélel pia blaitepa mhovola oxetikr BLBAloypadia.

To VRP-kaL otnv amAouotepn tou popdn-avikel otnv katnyopia twv NP-8UokoAwv
npoPAnudatwv (NP-hard). Ta tnv emiluon tou Xpnolhomolouvtal €ite akpLPeig
oAyoplBuol ite ouvnBéotepa gupeTikoi alyoplbuol. Alakpivovtal oe aAyopiBuoug
anAng Auong (single-solution based), émou avalnteital pia véa AVon KaAUutepn amno
NV unmdpxouoa Kot AUCNG MPoepPXOUEVNC and mANBuouo (population based). Itnv
MPWTN Katnyopia cuykataAéyetal kat n MéBodog tn¢ Avalnitnong Taumou (Tabu
Search) mou xpnowomoleital ylwa tnv €milucn tou TMPoPARUATOC OTnV Tapouoa
epyaocia.

Ze 0,TL adopd TNV emoTAUN Kal Ta Zuotiuata Mewypadikng NAnpodopiag (2rM)
(Geographic Information Systems, GIS), av Kal QpXLKOC TOUG OKOTIOG OUTOTEAECE N
Snuoupyia Twv MapadocLakwy EVTUTIWY XOPTWV HE TN XPrion UTIOAOYLOTH, AmoTeAOUV
onuepa €va €uplTATO EMLOTNUOVIKO Tedilo yla TNV €UpPecn, TPoOMomoinon Kot
Snuoupyia mMAnpodoplag xwplkol Xapaktnea. JUVENWG Kalouvtal va maiouv va



ONUAVTLKOTOTO pOAO o€ O,TL adopd Ta mpoBARpaTa SIKTUOU Kol &N TO CUYKOLVWVLAKA
epooov autd opilovtal OToV PAYUATIKO KOGHO TIOU avarmapioTtatal LECW EVOC XAPTN.
JUYKEKPLUEVO OTNV Ttapouoa gpyacia aflomoleital to Aoylopiko ArcGIS, éva amo ta
TAéov SLadedopéva AoylopKA TEWTANPOPOPIKNE OTOV KOOUO Kal €L8IKOTEPA TO
epyaleio tng AvaAuong AwktUou (Network Analyst) mou ektdG Twv AANWV €XEL
oxedlaotel kat yla tnv enilvon tou VRP.

Q¢ 6iktuo udpomAdavwy otnv mapoloa epyacia eEetaleTal auTO OV PEAETAONKE yla

npwtn ¢opd amnod to cuvtaktn to 2020 ota MAALOLO TNG TPOTITUXLAKNAG TOU £pyaciag
[0] kaL o omoio kaBlepwBnke Mpwtn popad amnd to M. Naywvakn to 2016[1]. Ot évvoleg
Tou UudpomAdvou kot Tou udatodpoupiou mou avadépovrar kat otnv [0]
enavoAappavovral kot 6w, UOVIEAOTOLOUMEVEG HE TN HOpd KAACEWV OMwWE ol
Slatayeg (orders), Ta apafootaocia (depots) kal ta oxrjpata dpopoAoynong (routes).

1.2 Avtikeipevo tng epyaociog

Avtikeipevo NG epyooiag amoteAel n povteAomoinon Tou UMAPXOVToG OLKTUOU
udpomAdvwyv oto ArcGIS, adol mponyouuEvwe kKabBoplotouv oL {WVEG EMPPONG TWV
vdatodpopiwy Kal oL TLEC TNG {ATNONG KAl n cUVTALN EVOG NUEPNCLOU TIPOYPAUUATOC
TMtNoewv yla 4 MapaoKeVEG Tou XpOvou, Uia ava TETPAPNVO amo Ta UNTPOTIOALTIKA
vdatodpouta Nepald kot Oecoalovikng. H popdr) Tou MPoypAPUATOG AUTOU YiveTal
TOOO WG TIPOG T USpoTAAva (routes) 600 Kal w¢ Pog ta udatodpouta (orders) evw
0KOAOUBWG e€AyovTOL OTATLOTIKA OTOLXEla yia Ta Baoikd peyEOn tng SpopoAdynong.

1.3 Aopr) tnG epyaociag
H epyaocia amoteAeital amd ta mopakdtw 6 Kepalala, €K TwV OMOIWV To KaBEva
neptAappavel ta €EAG:

Kepalawo 1: Mvetal avadopd o oplopous Kal PAcLKEG EVVOLEG TNC Epyaciag KabBwg
KOlL OTO OVTIKELLEVO AUTNG

Kedahawo 2: Nepypadetal kat avalvetal n BLBAloypadia mou xpnolomnot)nke ya
NV amooadrvion Kol Katavonon Twv TMapandvw €VVOLWV Kal TNV €mloyn Twv
EMBUUNTWV OTOLXEIWV

KepaAawo 3: AvalleTal eKTEVWC TO BewpnTiko ultoBabpo tn¢ epyaciag o 0,TL adopa
To Mpo6PAnua ApopoAdynong Oxnuatog, T ueBodoug emiluong aAAd Kal TNV EUTAOKNA
¢ FewmAnpodoplkng Kot Twv GIS 0To OXETIKO gyxelpnua. TNV apxn Tou kedalaiou
napatiBevtal  kamoleg Paoilké¢  yvwoel Bewplag Tlpadwv kol Oswplog
MoAumAoKOTNTAC

Kedaharo 4: YnievOuuiletal n popdn tou diktuou twv udpomAdvwy mou Ba oplotel kat
otnv napovoa epyacia, AapBavovial ol OXETIKEG TAPASOXEG OXETIKA E TNV AKTIVA
emppong twv uvdatodpouiwv, oploBetouvrtal ol {wveg €EumnpETnong Kot yivetol
enefepyaoia otolyeiwv {ntnong oto Microsoft Excel mpiv tnv elcaywyr oto ArcGIS
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Kepalawo 5: Epyaoia petadpépetal oto ArcGIS omou dnuioupyouvtal Ta KAtdAAnAa
Bepatikad emnineda diktvou kot vdatodpouiwv, dopeital tou Network Dataset ka
akoAoUBwg yivetal eilcodog Twv otoxelwv yla emiluon wg VRP.

KepaAawo 6: Edapudletal To ws Avw PoVTEND, e€AyovTaL OL TIVAKEG SPOROAGYNoNG Kal
0KOAOUBWG OPLOUEVA P OO OTATLOTLKA OTOLXEL

KedaAawo 7: ZuunepAoUATO-TIPOTACELS VIO TIEPALTEPW EPEUVAL

13



2. BIBAIOTPA®IKH ANAZKOMHZH

H nmapouoa epyacia onwg npoavadepOnke €XEL WG AVIIKELEVO TO OXESLAOUO EVOG
€0BvikoU Siktuou udpomAavwyv otnv EANada oe nepiBariov GIS pe xprion epyalieiou
Avdaluong Awtuou (Network Analysis) kait €xovtag w¢ Paon to MNpofAnua
ApopoAoynong Oxnuarog (Vehicle Routing Problem, VRP). Npwtomnopog kat oto nedio
outo, ™G Oswplog Mpadwv (Graph Theory) w¢ mediov Twv MabnuaTiKwy TOU
e€elixbnke otn ouvéxela He TNV avamtuén kat tn¢ MAnpodoplkng otnv TLo
epapuoopévn Oswplia Aiktuwv (Network Theory) untipée o Leonhard Euler to 1736 ue
NV gpyacia tou “Solutio problematis ad geometriam situs pertinentis” (“The solution
to the problem is the geometry of the site” , «H AUon oto mpoPAnua sivat n yewpetpia
Tou nedloun)[2], omou anédelge OTL To MPOPANUA TwV 7 yepupwv Tou KEViyKoUTtEPYK
(Koenigsberg) 6ev emibéxetal Avong.

H mo amAni ekdoxni tou VRP pe €va OXnUa-eEUTINPETNTI), TO AEYOUEVO WG «TO
MNpoBAnua tou MAavodiou NwAnth» (“Traveling Salesman Problem”), av kot mpwtn
dopa avadEpeTal pe To OVoua auTo To 1949 anod tn J. Robinson [“On the Hamiltonian
game (a traveling salesman problem)”], oe pia avadopa tng RAND cooperation [3],
EVTOUTOL{ OVAAOYEC TpoomAbeleg eixav mpaypatomolnbel kat moAaldtepa TN
Sekaetia Tou ‘30 (K. Menger, 1932 [4], H. Whitney, 1934 [5]), evw n 1o mARpPNG
Slatumwon tou mpoPAnuatog €ywve to 1956 amd tov M.M. Flood (The Traveling-
Salesman Problem [6]) pe edpappoyn oe SpooAoynon oxoAkwv Aewdopeiwv.

Juvenwg, to 1959, ot G. B. Dantzig kat J. H. Ramser Statumwvouv yla mpwtn ¢popad to
VRP ywa va opioouv paBnuatikd to epwtnua «Moto eival to BEAtioto ouUvolo
Stadpopwv yla éva otolo oxnudtwv wote va eEuntnpetnOel éva edopévo olvolo
neAatwv;» wg “Truck Dispatching Problem” pe ebappoyn o petadopd kat Stavoun
UYPWV Kauoipwv amno Butiodpopa. AkodoUBnoe MANBwpa €pyaclwy OXETIKA UE TNV
nepattépw e€eldikeuon Tou apxkoL tpoPAnuatog (evdetktika L. Bodin and B. Golden,
1981[8], M. Desrochers et al., 1990[9], G. Laporte and |.H. Osman, 1995[10]) uéxpt mou
10 2002 £kd6OnNKe TO PEXPL OAUEPA SNUODIAECTEPO OXETIKO CUYYPOUUA OO Toug P.
Toth kat D. Vigo eotialovtag otig Stadopeg ekdoxég tou VRP, edappoyég autwy Katl
pneBo6doug emiluong, eite akplPeic eite gUPETIKOUC. ZUYKEKPLUEVA EMLonuaivovTal
ekdoxég onwg to VRPTW (Vehicle Routing Problem with Time Windows) (Kallehauge et
al.,, 1992)[12] , VRPB (Vehicle Routing Problem with Backhauls) (Jacobs-Blecha and
Goetschalckx, 1992) [13] kat VRPPD (VRP with Pickup and Delivery) (Desaulniers et al.,
2002) [14]. Oplopéveg akopa ekdoxeg onwe ot SDVRP (Split Delivery VRP) (Dror et. al.,
1994)[15], DVRP (Dynamic VRP) (Golden and Assad, 1988)[16], VRPSD (VRP with
Stochastic Demand) (Bertsimas, 1992)[17], VRPSPD (VRP with Simultaneous Pickup
and Delivery) (Min, 1989)[18], OVRP (Open VRP) (Tarantilis and Kyranoudis, 2002)[19]
, GVRP (Green VRP) (Kara et al., 2007) [20] kot MTVRP (Multi-Trip VRP) (Cattaruzza et
al., 2018) [21] mapouoialovtal otnv MAEov Mpoodatn oxetiky cuvoln Twv Zhang et
al. (2021) [22]. Z& 6,11 6 adopd TNV MPOKTIKA SNUODIALD TWV AVWTEPW KATNYOPLWY
HeTAL Twv gpeuvntwy, ol Elshaer kat Awad to 2020 [23] emBeBaiwoav otL to CVRP
e€akohouBel va amotelel tn Baowkn ekdoxn tou VRP kabBwc to 98,9% 299 oxeTIKWV
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dnuoolevoswv petaf 2009 kot 2017 elyav TOUC OXETIKOUG TIEPLOPLOUOUG
XWPNTKOTNTAG, 0koAouBoUpevo Katd moAU amo npoBAnuata VRPTW pe 37,3 % kot
VRPPD ue 16,3 %.

Ie O,TL adopd tn pebodoloyia emiluong, elval onUAvVIKO va TovioTtel OtL oL dUo
TIapaAnAavw ouyypadeic meplopilovral AMOKAELOTIKA O HETAEVPETIKOUG OQAYOPLOOUG
eniAuong, Toug omoioug Slakpivouv o SUo PacLKEC KaTNyopleg, piag amAng Avong
(single-solution based) R Abong emiAeypévng and mAnBuouo (population-based), pe tnv
tedevtala katnyopio va umodlalpeital oe emumAéov dU0, TOUuG aAyopiBuoug
€€eAIKTIKAG vonuoaouvng (evolutionary computation) Kol €KElvOUC TNG VONUOGUVNG
ounvoug (swarm intelligence). Zuvenwc untevBupiletal to yeyovog otL to VRP sivat éva
NP-8Uokoho (NP-hard) mpoBAnua, dnA. oUWV PE TO OXETIKA CUYYPAUUATA (van
Leeuwen, 1998) [24] toulAdaxlwotov efiocou OSUokoAo otnv emihuon pe ta NP
npoBAnuata. Xtoug aAyoplBuoug amAng Avong cuykatoAéyovtal n Avalntnon
Taumou (Tabu Search) (F.W. Glover, 1986[25]),n Avalntnon MetafAntr¢ Meltoviag
(Variable Neighborhood Search) (Mladenovi¢ & Hansen, 1997[26]), n Avalitnon
Eupeiag lettoviag (Large Neighborhood Search) (Pisinger and Roepke, 2010 [27]) ka
ol M£Bobol NMpooopowwpévng Avomtnong (Simulated Annealing Methods) (Kirkpatrick
et al., 1983[28]). Avtioctolya otoug adyoplBpoug AUongG emAeyUEVNG oo TTANBUOUO
ouykataAéyovral o Mevetikog AAyoplBuog (Genetic Algorithm) (Baricelli, 1957 [29]), o
Muuntikog AAyoplBuog (Memetic Algorithm) (Moscato, 1989 [30]), n Avacuvdeon
Movomnatiov (Path Relinking) (F.W. Glover et al., 2000 [31) (aAyoplBuol €EEALKTIKNG
vonuoouvng), n BeAtotonoinon Amolkiag Mupunykwwv ((Ant Colony Optimization)
(Dorigo, 1992 [32]) kat n BeAtiotomoinon Iunvoucg Iwpatdiwv (Swarm Particle
Optimization) (). Kennedy and R.C. Eberhart, 1995 [33]) (aAyopiBuoL vonpoouvng

ourvoug)

H mAéov nmpoodatn avrtiotowyn cuvon BiBAloypadiag emiluong tou VRP pe akpBeic
neBodoug xpovoloyeitatl oto 2012 amnod toug Baldacci et al. [34]. Mia avtiotolyn mpwtn
ocuvon otnv eAAnvikn BiBAoypadia yia pebBoédoug emiluong tou VRPPD
npayuatonoinoe to 2013 otn SutAwpatikn ¢ epyacia n Xp. HAtomouAou [35],
epyacia blaitepa onpavtikn kaBotL avadEpetal opoiwg otnv Bewpnon evog Siktuou
uvdpomAdvwv pe povielomnoinon tou npoBARuato¢ wg VRP, cuykekpipéva ws VRPSPD
OANG pe emiluon PE YEVETIKO aAyoplOuo péow TG eméktaong Palisade Evolver oto
Microsoft Excel ([36] €wg [49]). EMuTAéoV EVOELKTIKEG EPYOOLEG EVTOC TNC TEAEUTALOG
SeKaEeTiog eEMonuaivovtal ylo pwtn popa amo tov idlo To ypadovta mpoomadwvtag
HOALOTAL EKTOC Omo OlopOpETIKOUC TPOMOUC emiAuong va TepAapBAvEL Kal
Stadopetika mpoBAnuata ([50] €wg [64]). TEAog afilel va ermonuavOel kal n epyaocia
Twv Arnold kat Sérensen, ot omoiol to 2019 emeipnoav va Bpouv pe tn BonBela tng
e€opuinc Sedopévwy kol TN Xpnon 8 OXETIKWV PETPWV (metrics) mola péBoSOG
emiAuong tatplalet kat divel akplBeotepa amoteAéopata ava nepintwon tou VRP [65].

Avalntwvtag Twpa tn oXeTkA BLBAloypadia oxeTIkA pe Ta ZuoTthpata Mlewypadkwy
MAnpodopwwv (ZIM) (Geographic Information Systems, GIS) kat Tn cUVOEGCT TOUG LLE TO
MNpoBAnua  ApopoAoynong OXNUATWY Kol YEVIKOTEPO BEpaTa CUYKOLVWVLOKWV
SikTtuWV, To 1959 Alyo KalpO HETA TNV AVATTUEN TWV TPWTWV urtoAoylotwy, o Waldo
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R. Tobler avtipetwnilel yla mpwtn dopd To {ATNHA TTWG O XAPTNG, N TapadOCLOKN
Sioblactatn popdn kataypadrg yewxwplkng mAnpodoplog umopel va evowpotwOet
and 1o nedio tng NMANPOoPOPLKNAG, CUYKEKPLUEVA ELTE ) WG OTOLXELD amoBrikeuong
debopévwy (data-storage element), eite B) wg tnv €lcodo oe €va UTIOAOYLOTH
(computer input) eite y) wg £€0d0 enefepyaoiog Sedopévwy (data-processing output)
[66]. OL mpoPAEPelg Tou emBeBalwBNKaAV: CUYKEKPLUEVA ETUTUXNHEVA OVEDEPE WG
A€oV TpakTkn (“of most practical interest”) tn popdn y) kabwg ta ZIM amnoteAovv
TIAEoV ToV 21° aL. oxed0OV TNV ATTOKAELOTIKN TPOTIO TTAPAYWYNG XOPTWV. IXETIKA LE TNV
nep. B) opoiwg emtuxnUéva avédepe WG OL EVIUTIOL XAPTECG Ba LETATPATIOUV UECW
KataAAnAwv dtadikaowwyv o Pndlakn popdn evw n aneubeiag eicodog Oa elvat oAU
mo SUokoAn. Kat télog, yla tnv mep. a) o 6og dnAwvel mwg Ba embBupovoe n
amoBrikevon twv deSopuévwy va yivel og «aupBoAikn Aoykn» (“symbolic logic”), omwg
outh Twyv Bacswv dedopévwy (databases) mou teAka emvonbnke [n mpwtn avadopd
o€ oXeolako povteNo (relational model) yivetal 10 xpovia apyotepa, To 1969 amnd tov
Edgar F. Codd [67]]. To 1970 TPOKELUEVOU VA LOVTIEAOTIOLNOEL HABNUATIKA TNV
TMOAUTIAOKN QOTIK avamtuén tng meploxng tou Detroit [68], o Tobler kavel tn
Swatumwon “Everything is related to everything else”. But near things are more related
than distant things” (« To kaBeti oxetiletal pe otdnmote GAAo. AANQA TO KOVTLVA
TipAypoTa oXeTi{ovtal MePLOoOTEPO o’ OTL TA QTMOUAKPUOUEVA»). H moapamavw
Slatunwon €xel Peilvel evtéAel yvwotr wg o 1° vopocg tng Newypadiag tou Tobler.
EvtoUtolg, to 1981 n mpoomdBeld TOU va HOVTIEAOTOLNOEL HE aAVAAOYOo TPOTO
HETAKLVNOELG SNULOUPYWVTOG £VA CUVEXEC LOONUATIKO povtéNo (continuous model) -
avtiotolyo autd mou onuepa KaAeitat povtélo nediwv (field model) (Goodchild, 1998)
[70] ek Twv MpaypATwyY Kot OTwe Ba pavel mapakdtw v euSOKIUNOE.

To 1998 o Michael F. Goodchild £xovtacg mAéov fekabaploel OTL TO HOVTIEAO TwWV
Slakpltwv ovtotAtwv (discrete entity model) | LOVTEAO TWV OQVTIKELUEVWV Elval TO
mAéov KataAAnAo yla edapuoyég GIS oe ouykowwviokd mpoBAfuata Siktoou
TPOTEIVEL OUVOALKA 9 OXETIKA povTEAa debopévwy, [70] kaBotL sival mpodaveg OTL
€vag amAog xaptng 6e pnopel va meplypael mANpwG BEpata mou oxeTilovtal TuY. UE
v mnpooBoootnta peTafl SU0 ouvdedpevwyv ouvdéopwv 1 TNg UTapPENng
TIEPLOCOTEPWV MO pia Awpldwv oe m.X. évav autoklvntodpopo (avaAuTiKOTEPN
nieplypodn otnv nap. 3.3). Tn oxeTikn SlakpLlon mpaypatonolel o (6log cuyypadéag to
2000 [71] oe pia yevikotepn Tpaypateia tou yla t ouvdeon GIS kal Zuotnudtwy
Metadopwv (GIS-Transportation, GIS-T) EekaBapilovtal TIg SUO MAPATIAVW OTTTLKEG,
TOoUu Xaptn (map view) kat Tng MAonynong (navigation view) B€tovtag kot pia tpitn,
TAEOV TIPOXWPNHUEVN, QUTA TNG oupmepldopds (behavioral view) wote oL dLadopeg
ovVTOTNTEC va. Tipooeyyilouv TEPLOCOTEPO TIG KLWVAOEL( TIOU OVATAPLOTOUV OTO
Metadoplkd Tuotnua. Itnv idla epyacia, o i6log emlonUAivel Kal 6 TTPOKANOELC TTOU
€va olotnua GIS-T KaAeltal voL AVTILETWITIOEL OXETLKA HE: a) Ta pOTuTa (standards),
B) tnv avamapdaoctacn (representation) y) TNV XwPL{ aoAdELEC EMIKOWWVIA
(unambiguous communication) §) Ta olkovoULKA HovtéEAa (economic models) €) tnv
amoKpLon o€ VEEG TEXVOAOYIEC (response to new technology) ot) ebappoyEg oe AAAQ
nedia.
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To 2005 Aavodpetal otnv oyopd yla mpwtn ¢opd TO Aoyloplkd Tou Ba
xpnotpornownBel otnv mapoloa e€pyaocia, CUYKEKPLUEVA N eTéKTacn (extension)
Network Analyst tou ArcGIS® tng ESRI (Environmental Studies Research Institute)
otnv é€kdoon 9.0[108A]. YioBetwvtag oplopéva amd Ta HOVIEAQ TIOU TIPOTEIVEL O
Goodchild [71] ywa tn 66unon evog Wlaitepou ouvolou dedopévou, tou network
dataset [108B], mavw oto omoio emlvovtal mpoBARpata Onwe:

. ApopoAdynong (Route)

. Eyyutepng Eykataotaong (Closest Facility)

. Meploxwv EEumnpétnong (Service Areas)

. Mntpwou Kootoug Mpogheuong-Mpooplopou (OD cost matrix)
. XwpoBétnong-Alavounc (Location-allocation)

. MNpoPAnua ApopoAoynong Oxnuatoc (Vehicle routing problem)

E€ autwv Ta MeEpLOCOTEPA XPNOLUOTIOLOUV WG eMiAucn Tov adyoplBuo tou Dijkstra, eite

otnv kAaowkrp popdn (Route/Service Areas) [72], eite oe pa TO TOAUTIAOKN
noA\arAng adetnpioc kat mpoopopol (Closest Facility/OD cost matrix). 2tnv
neplmtwon twv Service Areas, n dnuloupyia avtwv Baoiletat otn popdn tou TIN
(Triangulated irregular network) [73], evw to MpoPAnua XwpoBEtnonc-Alavoung
emAUeTaL pe tn Bonbela alyopiBuwyv mou avéntu€av ot Hillsman [74] kot Teitz and
Bart [75]. Téhog, to VRP pe to omoilo acyoAeital n epyacia, oto meplBaArlov Tou
AoylopikoU xpnotpomolel wg péBodo eniluong autrv tng (Tabu Search) (F.W. Glover,
1986[25]).

Tn onuoaoia tou VRP, aA\d kat tou TSP otnv edpappoyn t¢ Avaluong AKtUou
(Network Analysis) emtonuaivel o Manfred M. Fischer to 2006 [76], Aiyo katpo dnAadn
HETA to Aavodplopa tou Network Analyst. Zuykekplpuéva oto cUYYpOpUA TOU yla Ta
GIS adlepwvel €va OXETIKO KedAAalo, OmMou TapaBETel MANPWG TN HAONUOTIKA
Statunwon twv mpoBAnuatwy, voBetwvtag mapaAAnAa Kot Ta PoviéAa SeSopévwy
mou Tpotewve o Goodchild. Tevikotepa maviwg otn BiBAloypadio Sev umapyet
dlaitepa oNUAVILKOG OPLOUOC OXETIKOG EpyAcLWV Ttou oxetilovtal pe to VRP kal
xpnotgomoloUv tnv texvohoyia tng Tlewypadikic MAnpodopiag. Avadépovrtal
evoelktika edpapuoyEg yla petadopég logistics (Chen et al., 2007) [77], LETOKLVAOELS
ano/ mpog kévtpa nuepnolog eppovtidag (day -are/service) (Kawano et al. , 2008) [78],
™ Slavoun xovépeumopikng tpodipwv (Bosona et al., 2013) [79], tn Swaxeipion
amoppLupatwy [80].

Xe 0,tL 6€ adopad T edpapuoyEG TNG NewmAnpodopikig otnv AepovauTtidia adopolv
KUPLWCE OTNV «OTTTIKA TOU Xaptn» onwc avadépel o Goodchild[71], ouykekpluéva yla
VOl EVTOTILOTOUV Ol EMUTTWOEL TIOU TIPOKOAOUV TO OEPOOKAPN T.X. OTn OTAOuN
BopuBou (Wunderli et al. , 2018) [81] fj To olkocUoTNA TwWV ITNVWV (DeFusco, 1993)
[82] A va Bpebolv kpiolueg BEoelg emkvbuvoTNTOG POKANONG CUYKPOUCEWV OTO
€dadocg (Li et al. ,2022) [83]. EvtouTtolg, tnv WO€a tou ocuyypadéa tng mapoloag
gepyaciag kol tou emPAEMOVTOC TOU yla To B€pa NG mapoloag epyaociag ixe ya
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npwtn dopa, opoiwg yio udpomAava, n Av. Kovidn otn SUTAWUATIKA TN Epyacia otn
IxoAn MoAttikwv Mnyxavikwv tou E.M.MN. to NoguPBplo tou 2021 [84]. EvtouTol N
OUYKEKPLUEVN gpyacia adopd tnv meploxn tg KpAtng Kal avadEPeTal o TTNOELG
TIEPLNYNTLKOU XAPAKTHPA OTIWGE YEVIKA EVOL TIAEY LA TIPONYOUUEVWV OXETIKWY EPYACLWV
oto E.M.NM. (MNaywvakng, 2016 [1], Kétowalog, 2019 [85], Zaxapiadng, 2020 [86]), os
oavtibeon He TNV Mapouca ToUu avodEpetal o TAVEANASIKO SIKTUO TAKTLKWY
SpopoAoyiwv e OKOTIO TN CUYKoLVwvia.

Fevikotepa, otnV €l Twv udpomAavwy BipAloypadia dev adlepwVETAL ONUOAVTIKOG
XWPOC oTnV mapovoa epyacia, KaBOTL autr o peydho Babuo kaAudOnke amod tnv
TIPONYOUUEVN €EPELVNTIKN TpooTidBela tou ypddovtog to 2020 [0]. Evroutolg,
gmonuaivovtal n SmAwpatiky epyacia tou M. Maywvakn amno tnv onoia avtAndnke
Kal €6w TO0O TO €BvikO diktuo Twv Spopoloyiwv 600 Kal n eflowon KOOTOUG
Aettoupylag udpomAdvou [1], kaBwg kal ol epyacieg Twv B.Mohr & J.Schomann (2010)
[87], J.Odedra et al. (2004) [88] kal T. Denz et al. (2007) [89].
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3. OEQPHTIKO YMOBAOPO-TENIKA ZTOIXEIA

3.1 MNpoamnattovpevn Nvwon

3.1.1 Ztoela Oswploac Mpadwyv

Itn YAwooo Twv padnuatikwy wg ypadog opiletal éva Statetaypévo (evyog G =
(V,E) omou V éva obvolo kopBwv kat E € {{x,y }| x,y €V ,x # y}, E éva cuvoho
ouvdéouwv, omou kabe ouvdeopog amotelel éva un Slatetayuévo (elyog KOUBwV.
ZUVENWE WG {X, y } cUVEEOHOG OpileTal aUTAG Tou cUVSEEL TOUG KOUBOUG X, V. Qg TAén
[V] tou ypddou ovopdletal o apBuog Twv kopPwv Tou kat peyebog /Ef o avtiotoryog
0pLOUOC TWV CUVOECUWV TOU.

Mepatépw wG KatevOuvopevog ypadog opiletal éva Siatetaypévo Levyog G =
(V,E) 6mou V éva clvolo képBwv kat E € {{x,y} x,y €V?,x #y}, E éva
OUVOAO OUVEEoUWV, Omou KaBe oUvdeopog amotelel €va Slatetayuévo levyog
KOUBwv. Tuvenwg wg {x,y } ocuvdeopog opiletal autdg Mou CUVSEEL povooHuavTa
TOUG KOUBOUG X,y , OTIOU X n OUPA TOU CUVOEGHIOU Kot Yy n kopudn Tou. O cUVEECHOG
{y, x} opiletal wg avtiotpodog tou {x, y}.

_p.

Ewk.3.1 a)un kateuBuvopevog ypddog B) kateuBuvopevog ypadog [116A]

Ma évav kopBo x wg yetrovid tou N(x) opiletal To GUVOAO TWV YELTOVIKWY KOUBWV
kot ouykekppéva N(x) = {y|{x,y} € E}

Mia omotadrmote akoloubBia KOUBwWY <V7 Vz.... k> HE TNV MPoUToBeon oOtL KABe
ouvéeopog {{v;, v;41 } EE,i = 1,2, ..., k — 1 kaheital nepinarog.

O mepinmatog oTov Omoio LoXUEL V1=vk KaAgiTaL tePLRynon. AvtiBeta o mepinatog 6mou

ylw kaveva evyog kOupwv (vi, vj), i, =1,2,..,k —1 dev woxveL vizvj kaheital
povomdtt. TéAog n mepuiynon otnv omoia 8ev oYUEL ViEv; ylo kKaveéva {elyog
E0WTEPKWV KOUBwWV (vi, vj), I,] = 2,3, ..., k — 2 koAeital KUKAOG.

AtileL va onpelwBel 0TL n Bewpia Twv ypadwv MpOKeLTaL yLa pia pabnuatiky Bswpla
n omoia dnuoupyndnke yla va emAuBel (i ya va amodewxbel n un enilvon onwg
TeEAKA oUVERN) Eva TPOPANUa SpopoAdynong, To TMPORANUA TwWV ENTA YEGUPWV TOU
KEVIYKOMTMEPYK. JUYKEKPLUEVA, HE BAon tnv tomoAoylkn dourn Twv 7 yedupwv oTO
Kéviykoumepyk ¢ Mpwoiag (onuepwvo KaAivivykpoavt tn¢ Pwolag) eav umapyet
LLOVOTTATL TETOLO WOTE KoL oL 14 kopPoL twv 7 cuvdeouwv eni Twv omolwv Bpilokovtal
ol yédupeg va amotelovv TuRpa tou. To 1736 o omoudaiog pabnuatikog L. Euler
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anédetfe otLTETOLO AUON eV UTIAPYXEL OgEALWVOVTOC KAT OUTOV TOV TPOTIO Th Bewpla
Twv ypadwv [2].
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Elk.3.2 H LoTopLKn TPpWolLKr TTOAN Tou KEViyKoumepyk Kat ot 7 yédupeg tng [1178B]

Edapuoyéc tTwv ypadwv umdapxouv oxedov oe OAa ta media TNG EMOTAUNG WG
QIMOTEAECUO TNG avOpwWTvNG OKEPNC va «XWPELKOTIOOEL Kal va SWOeL UALKNA
umootaon oe Oladopeg apnpnUEVEC €VVOLEG TIPOKELUEVOU VO TIC KOTOVONOEL.
(mapamounéc oe edapUoyéC o0 AAAEC ETUOTAMEC). TNV TEPIMTWON auT €XEL
ETUKPATNOEL N €vvola Tou Sktou (network) kal avtiotola dnuoupyndnkav n
emotAun (network science) kat n Bewpia SikTOwv (network theory). 2to gupuTEPO
niedio Tou MoAttikou MnxavikoU TL.X. w¢ SIKTuo pmopouv va BewpnBouv évag SOpLKOG
paBdwtog dopéag (diktvwpua) [91], Eva clotnua aywywv UEpeVOoNG Ulag TOANG [92]
N o€ oo adpnpnuévn popdn oL SLadlkaaoieg evog €pyou OTOU OL ETILUEPOUG EPYACLEG
Tou To amnoteAouv cupBoAilovtal ite w¢ ouvdeopol (LEBodog CPM) eite wg kKOUPoOL
(LEBoSog MPM) [93]. Kat mpodavwg Kal 0TO GUYKOLVWVLOKA, TO GUVOAO TWV 06wV, TV
odnpodpoukwy dtadpopwv (levyn oldnpoTPOXLWYV) N akOua Kal oL (VONTEC) TPOXLES
TwV VépomAdvwy 6w otnVv mapovoa epyacia Bewpouvtal wg diktua. TEAog, ival
npodaveg OTL Ta Slktua eUmepLEXOUV XwPLKA dlaotaon Kal tAnpodopia Kal oxXeTIKoL
aAyoplBuol og Aoylopka FewmAnpodopikng (GIS) 6 Ba pmopovoav va ekAelmouv.

(mnyég mapaypadou: A. Zuppwvng, CNUEWOELS HaBnuatog «Oswpia Mpadpnudtwyy,
ZEM®OE EMMM, 2022 [90], Wikipedia.org, Anupa “Seven bridges of
Koenigsberg”[117B])

3.1.2 Ztoela Oswplag MoAumAokotnTag

H eniAuon evog mpoBARMATOC 1} YEVIKOTEPQ PLAG KATNYopiag MPoBANUATWY LECW EVOG
aAyopiBuou eival mpodaveg otL anattel damdvn xpovou (time) kal xwpovu (space) [A
looduvapa PvApNGg (memory)] and 1o péco uTtoAoylopol. H peAétn Twy mapandavw
kaBwg kat n Slepelvnon tng duvatotntag yla ehaxlotomnoinorn toucg (f aAAwg
LLEYLOTOTIOINON TNC anmodoTKOTNTAC Tou aAyopibuou) amoteAoUV TO AVILKEILEVO EVOG
onuavtikou kAadou t™ng MNAnpodoplkng, TG Oewpiag MoAumAokdtntag
(Computational Theory). Eival anodebelypévo OTL OL amaltroeLs evog adyopiBuou oe
XWwpPo elval ToUAAXLOTOV (0€G Ao TIG AVILOTOLXEG O XPOVO VW yvwpilovtag amno tnv
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AvaAuon OTL KOVIA OTO +00 Ol €KOETIKEG OUVAPTAOELS £XOUV HEYOAUTEPO pubuo
HETAPBOANG A0 TIG TIOAUWVUHLKEG KOL QUTEC HE TN OELPA TOUG OO TLC AOYOPLOULKEG
LOYUEL 1N TOPOKATW OXEON OUVOAWV YVWOTH KAl WG «ovaykala Lepapyia
noAumAokotntag» (essential complexity hierarchy) (Antonopoulos, 2019)[94]:

NLEPENPEPSPACECEXPTIMECEXPSPACE

ITNV TOPATAVW OXECN, TO apXlkO ypdupa N avoadépetal oe mpoBAnuota mou
ETUAUOVTOL amo HLa PN alTlokpotTikl pnxavi Turing, evw avtiBeta n amouocia Tou
ovadépetal ota mpoBARUATA TTOU EMAUOVIAL OO TNV OVTIOTOLN OLTLOKPATIKN
unxavn Turing (koatd to 86ypa Church-Turing, 1936 «otldrmote pnopei va umtoAoyLoTel
uroAoyiletal and pla pnxavr Turing»[95]).

AtileL &g va avadepbel 0TL To MPOPANUA TNG akpLBOUG OXEONG METALY TWV KAACEWV
nipoBAnudatwy P kat NP (P versus NP problem) amotelel to éva and ta 7 Millennium
Prize Problems 6nwc¢ kaBopiotnkav and to Clay Mathematics Institute To 2000 kal n
eniluon tou onoiou Ba anodwoel 1.000.000 $ oto SNULOUPYO TNG (LEXPL CAMEPT LOVO
€va amno ta 7 €xeL AuBel, n elkotoloyia Tou Poincaré (Poincaré conjecture)![117C]

Ta mA€ov SuokoAa tpoPAnpata otnv Katnyopia NP eival ta Aeyopeva NP-Anpn (NP-
complete). Eva mpoBAnua anodaong C tng kAaong NP Bewpeitat NP-mAnpeg epooov
O€ TIOAUWVULLKO XpOvo kABe aAlo mipoPfAnua NP amhouotevetal oto C (Van Leeuwen,
1998[24]). Eva kAaolkd NP-mAnpec mpoPAnua mou oavadEpeTal ocuxva otn
BBAloypadia tng MAnpodopikic (m.x. ToixAag et al., 2015)[96] amoteAei to NpdBAnpa
tou MAavadiou NwANntA (Traveling Salesman Problem, TSP) mpoBAnua mou mpodpavwg
OUYKOLVWVLAKOU TIEPLEXOUEVOU KAl ylo TO Omolo yilvetal ektevéotepn avadopd
TIAPOKATW otnV Ttap. 3.2.

Avtiotolya poPAnuata tou eivat touAaylotov e€loou SUokoAa e ta NP-TtAnpn eivat

ta NP-8UokoAa mpoBAnuata (NP-hard). Opoiwg éva mpoPAnua amodaong H
Bewpeital NP-6UokoAo eddoov 0 MOAUWVUULIKO XpOvo kAaBe GAAo mpofAnua NP
amAdouvotevetal oto C (Van Leeuwen, 1998[24]). H Stadopd os oxéon e 1o MPoBAnua
C mou avadépbnke mapamavw otLto H dev eival anapaitnta NP. Zuvenwc toxvel NP-
C € NP-H . ¥to nopakdtw Siwaypappa Euler amewkoviletal n oxéon HETAlL TwvV
kKA@oewv P, NP, NP-mAnpwv kat NP-8UokoAwv TpoPANUATWY Kol TWG OUTA
amAomnoleital onuavtika eav amnodelybel mwg P=NP:
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NP-Complete

P =NP
......... = NP-Complete
é_
P = NP P = NP

Ewk.3.3 Aldypappa Euler petafd twv kAacewv P, NP, NP-mAnpwv kat NP-8UokoAwv
npoPAnuatwy, yta P=NP kat P=NP [116D]

To MpofAnua ApopoAoynong Oxnuatwv (Vehicle Routing Problem, VRP), Baoko
OUYKOWVWVLAKO TIPOPRANUO TTAVW OTO ONMOL0 avamnmtUoOoETAL Kal n mopouca epyacia
elval éva NP-6Uokoho mpoPAnua yla To omoio, 6nwg Ba ¢avel MopaAKATW €XOuv
nipotabel moAAol mpooeyylotikol Tpomol eniAuong.

3.2. To mpoPAnua SpopoAoynong oxnuatwv (VRP)

3.2.1 To npoPAnpa tou MAavodiou MNwAntn (Traveling Salesman Problem)
To mpoBAnua tou mAavodiou mwAnt (Robinson, 1949 kat Flood, 1956)[3]]16]
avadEpETal oTnV eVPECT TNE OLKOVOULKOTEPNC SLOSPOUNC LECW EVOC CUVOAOU KOUPBwWV
N xaL 16€wv A omou kabe kopPog mpenel va Sltavubel touldylotov pia dpopd kat pe
opLopEVouG Tov 10 KOUBOo apxn ¢ Kal Tov N-00TO MEPATOC . ZUYKEKPLUEVA, EAV E0TW €va
apeoa ouvdedepévo diktuo G = (N, A), N éva olvolo kouPBwv omou |[N| = N kaw 4
€va oUVoAo Towv Tou opiletal wg to Kapteolavo MNvopevo tou N (A =Nx N) pe tov
£0UTO TOU , TOTE TO TSP opiletal wg (Fischer, 2006) [76]:

I{I}}ll‘}l YL, Yo cijxij (3.2.1.0), mou umokettou oe:
ij

N ixj=1,i=1.,N (3.2.1.1)
Noxg=1,j=1..,N(3.2.12)
(xi) € X (3.2.1.3)
x;j € {01}, ij=1..,N (3.2.1.4),

OOV ¢;j TO UAKOG TOU TOEOU artd Tov KOUPO i Ewg Tov KOO j Kat
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o = {1, eav to t6éo0 (i,)) meptdaufavetar otn Stadpoun
Y 0, v Oyt

€va UTIOOUVOAO TIEPLOPLOUWY TIOU TEPLOPLlouv TIG PIKTEC AUOELG OE OUTEG TIOU

ouvOétouv pia amAn Stadpopn. ZUYKEKPLUEVA LOXVEL:

.To (xl-j) € X dnAwvel

Zi,j es AXijk < |SA| -1, SA CA42< ISAI <N-2 (3215), SA umtocUVoAo
otoleiwv tou A «kat |S4| n mMAnBukotnta tou A. Me autoUG TOUG TIEPLOPLOKOUG
anayopevovtal oL UTIoSLadPOoUEG, TL.Y. SLaSpOUEG O UTIOGUVOAQ e AlyoTtepoug amo N
KOUBOUG.

Onwg éxeL avadepbel N6n otnv nap. 3.1.2, to MpoPAnua tou MAavodiou NwAntA TSP
elval éva NP-mAnpeg (non-deterministic polynomial time-complete) mpoBAnua yla va
eMAUBeL BéATioTa. Av Kal mpodavwg douAelel kKaAd yia pikpd N, urmtdapyxouv (N-1)!
uroPnola SpopoAoyla amo Ta onoia MpEMeL va eTiAeyel To povadiko BéAtioto. Etol
yta N=100, urtdpyouv 10%°° muBavég Stadpopég (Fischer, 2006) [76].

3.2.2. To mpoPAnua tng ApopoAloynaong Oxnuatog (Vehicle Routing
Problem)-Tevika otolxeila kot eKSOXEC

Anotelel tn yevikeuon tou MpoBAnuatog tou MAavodiov NwAntr (TSP) mou €pyetal
TIO KOVTA OTNV TPAYHOTIKOTNTA TWV GUYKOLWWVLOKWY TIPoBANUatwy, Sedopuévou OTL
TIAEOV UTTAPYOUV TIEPLOCOTEPQ ATIO £VOL OXNUATA HE SESOUEVN XWPNTIKOTNTA N omola
6e umopel va Eenepaotel. Emopévwg to VRP evtdoostal otnv Katnyopia twv NP-
SuokoAwv (NP-hard) mpoPAnudtwy, Tou Onwg mpoavadépdnke otnv map. 3.1.2
QIMOTEAOUV  QVTIOTOLXO UTIEPOUVOAO TWV NP-mAnpwv (NP-C <& NP-H ).
MNpwtodlatunwbnke to 1959 amod toug G. B. Dantzig kat J. H. Ramser wg “Truck
Dispatching Problem” avadepopevo oe petadopd kat Slavoun uypwy Kauoipwy anod
Butlodopa[7]. Zuykekpiuéva, edv N to ocluvoAo twv KOPBwv Tou Siktou kat K 1o
avtiotolyo Twv oxnudatwv kat AndBel 1o apagootdolo Tou SIKTUOU WG UNOEVLKOG
KOUBOG apxng kat mepatog Tote To Siktuo opiletat wg G = (V,A4), V=N U {0} kar 4
=Nx N ta to€a (i,j) Tou Siktbou e i,j € V. Edv emniong cij To KOOTOG TNG SLASPOUNG
HETAEL TwV i,j, bk N XwPNTIKOTNTA TOU OoXNUATOC (08 EMIPBATEC €AV TIPOKELTAL YO
ETUPRATIKEG LETADOPEG I OE EUMOPEUMA YLO EUTMTOPEVHATIKEG), di n {Tnon Tou KOUPou
i (umoxpewtkd otnv bla povada pétpnong Me to by), yik N duadiki petafAntn
efumnpETnNoNG 1 KN Tou KOPPBou i amod to oxnua k Tote To MPOBANUA SLATUTIWVETAL WG
€&n¢ (Fischer,1995 [97] kal Fischer,2006 [76]):

{r)gulrcl} YL, X Xk cijXiji (3.2.2.0), TOU UTOKELTOU OF:
ij

YN di vk < by, k=1,...,K (3.2.2.1)

K, i=0
YN Xijk = Vi, i=0,..,K (3.2.2.3)
Z?I=1 Xijk = Yik » J=0,... K (3.2.2.4)
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Zi,j E{O'l}xijk < |S| -1,ScV,2< |S| <N (3225)
yik,xijk € {0,1},1, = 1, ,N,] = 1, ....,N,k = 1, ,K (3226)

Atilel va onuewwBel otL n mapanavw Statumwon eival yvwotn kot wg NpoBAnua
ApopoAoynong Oxnuoatog e Meploplopolc Xwpntikotntag (Capacitated Vehicle
Routing Problem, CVRP) (Toth and Vigo, 2002) [11], 6nA. otnv amAovotepn ekdoxr) Tou
otLeflowoelg (3.2.2.3) kai (3.2.2.4) 6a pmopovoav va napaieldpBouv. Evioltolg, og Eva
OUYKOLWVWVLAKO TIPOBANUA OL IEPLOPLOPOL XwpNTLKOTNTAG BEwpouvTal autovonTtol o€
onueio wote to CVRP va tautiletal pe to VRP. Mepikécg SladopeTikég mapaAAayEC Tou
napanavw MNpoPAnuatog Apopoldynong Oxnudtwy sival ot €€n¢ (Toth and Vigo,
2002):

e -\1, Route length ' ™

Backhauling

Time Mixed service

Windows

| VRPBTW | | VRPPDTW |
\_

Ewk.3.4 EvvolOAOYLKOG XAPTNG Twv mapallaywv tou MpoPAnuotog Apopoldynong umo
Meploplopouc (CVRP)[11]

NpoBAnua ApopoAdynong Oxnuatog pe Meploplopols Amootaocng (Distance-
Constrained Vehicle Routing Problem, DVRP):

O MEePLOPLOPOC XWPNTLKOTNTAC QVTIKAOIOTATOL OO TOV AVTIOTOLXO HEYLOTOU HINKOUG N
HEYLOTOU XpOVvou. ITnv nepimtwon avtA n €. (3.2.2.1) avtikabiotatal amnod tnv:

=1 Z] 1Cij < Cax (3.2.2.7), Cipgx TO HEYLOTO YEVIKEUUEVO KOOTOG TNG SLABPOUNG OF
uovaéeq UKOUG, XpOVoU N XprRuatoc. e nmepintwon mou apdotepes ot (3.2.2.1) kal
(3.2.2.7) ouvumapyouv, to mpoBAnua avadépetal wg DCVRP (Distance-Constrained
Vehicle Routing Problem).

Ailel va onuewwBel otL onuepa to 2022 katd toug Zhang et al. [22] wg DVRP
xapaktnpiletatl to Auvapikd MpopAnua ApopoAoynong Oxnuatoc (Dynamic Vehicle
Routing Problem).
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NpoBAnua ApopoAdynong Oxnuato¢ pe Xpovika MapaBupa (VRP with Time
Windows, VRPTW):

JUpudwva pe v ekdoxn auvtr (VRPTW) n e€umnptnon tou i-o0Tou TEeAATN, i =
1, ...., N mpémneL va cupBel péoa oto xpovikod didotnua [a;, bi], 0 < a; < b;. MNpémnet
CUVETIWG va. Lkavorolouvtal emmAéov oL teploplopol (Kallehauge et al., 2005) [12]:

xijk * (Sik + tij _Sjk) < 0,l = 1,....,N,j = 1,....,N,k = 1,....,K (3228)
ai<sxk<bi,i=1,..,Nk=1,...,,K (3.2.2.9)

e mepimtwon mou a=0 «kat b~ +o, ,i=1,...,N t6te 0L (3.2.2.8), (3.2.2.9)
TLEPLOCEVOULV KOl TO TPOPANUa yivetat amAo VRP. Zuvenwg to VRPTW eivat NP-
Sduokolo.

NpoBAnua ApopoAoynong Oxnuatog pe NapalaBEg (VRP with Backhauls, VRPB):

Jtnv ekdoxn autn (VRPB) to ouvolo N Twv kOpPwv xwpiletal oe SU0 UTTOCUVOAQ,
L={1,...,m} mapadoocecwv (linehauls) kaL B= {m + 1,...,N} napaiaBwv (backhauls), 1 <
m < N. Itnv mepimtwon auth, To mpoPAnua daondtal o dVo umnonpofAnuata
napalaPng kat mapadoong, omou mpodavws n eMAUCN TOU UTOTPORANUOTOG
napalafrg yia to cuvolo L mponyeital tou avtiotolyou tng napadoong B. MNa B=@, to
npoBAnua yivetatl anAd VRP, apa to VRPB eivat NP-hard ducokolo.

MNpoBAnua ApopoAdynong Oxnuatog pe MNapaAaBn kat Aravoun (VRP with Pickup
and Delivery, VRPPD):

Ztnv ekdoxn autr (VRPPD) og kaBe kOUPO TOou SIKTUOU avtlotolyoUV U0 TOCOTNTEG
{ntnong dikat tpoodopdg pi, OL OTOLEG UIMOPOUV VA EKGPAOTOUV WG Hia yla TNV omola
LoxVeL d’i=di-pi kaL n omotia mpodavwe unopel va eivatl apvntikn edodoov n mpoodopd
unepPaivel tn {Atnon. Eav eniong Oi o kOUPo¢ mapayyeAiag tng {Atnong tou KopuPou i
Kall avtiotolya Di o kopBocg mapaAaPng tng mpoodopdg tou KOUPou i mpodavwe LoxUEeL
OTL 0 i e€unnpeteital mavra nptv tov D; kat peta tov Oi. Emiong otn dtadpopn Oi— i,
yla o ¢optio Ik Tou k-oxAuatog pe xwpnTikotnTa by TToU ekTeAel TN petadopad LoyxLEL
d; <l < by kot opoiwg otn Stadpopn Di— ip; < I, < by. Ze nepintwon mov Aot ot
i-koupot, i=0,.....,N €xouv Tov 8o kOUPo mapayyeAiag Oi B mapaAapng Di (cuvnBwg
0i=0 kat Di=N) tote 10 MPOPAnua kaAeital NpoBAnua ApouoAoynong OXNUATOC UE
Tavutdxpovn NapaAafn kot Aiavoun (VRP with Simultaneous Pickup and Delivery,
VRPSPD).

Eav N, p;=0, t61e 10 MPOPANUa yevikeUeTal oe amhd VRP kal cuvenwg to VRPPD
elval NP-6UokoAo. TéAog o cuvduaouog twv VRPTW kat VRPPD kaAeitat MpoBAnua
ApopoAoynong Oxnuatog pe NapaAafn kat Atavoun kat Xpovika MNapdBupa (VRP with
Pickup and Delivery and Time Windows, VRPPDTW).

ZAuepa, 20 xpovia HeTA Kal e TG e€eAifels oto medio tng €peuvag, ol Zhang et al.
KatéAnéov otnv MapakAaTw YEVIKN Katnyoplomoinon (Zhang et al., 2022)[22]:

1. MpoPAnua  ApopoAdynong OxApotog pe Meploplopol XwpntikotnTog
(Capacitated Vehicle Routing Problem, CVRP)
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2. MNpoPAnua ApopoAdynong Oxnpatocg pe Xpovika Mapabupa (VRP with Time
Windows, VRPTW) (Kallehauge et al., 2005) [12]

3. MpoBAnua ApopoAoynong Oxnuatog pe Alatpepévn Mapadoon (Split Delivery
VRP, SDVRP) (Dror et. al., 1994) [15]

4. Avvapiké MNpoéPAnpa ApopoAdynong Oxnpatog (Dynamic VRP, DVRP) ) (Golden
and Assad, 1988) [16]

5. MpoPAnua  ApopoAoynong Oxnuatog e 2toxaotikn ZAtnon (VRP with
Stochastic Demand, VRPSD) (Bertsimas, 1992) [17]

6. MpoBAnua ApopoAldynong Oxnuatog pe Tauvtoxpovn NapaAafn kot Atavoun

(VRP with Simultaneous Pickup and Delivery, VRPSPD) (Min, 1989) [18]

7. Avolxto MpoBAnua ApopoAoynong Oxnuatog (Open VRP, OVRP) (Tarantilis and
Kyranoudis, 2002)[19]

8. Mpaocwo MpoPAnua ApopoAoynong Oxnuatog (Green VRP, GVRP)

9. MpoPAnua ApopoAoynong Oxnuatog MoAlamAwv Awadpopwv (Multi-trip
Vehicle Routing Problem, MVTRP)

Ta mapamavw TPOBAAUATO AMOTEAOUV TMEPALTEPW TIPOOTIAOELEG MIPOCEYYLONG TNG
TMPAYUATIKOTATAG HE xpnon eflowoswv Kot alyopiBuwv emnilvong. To SDVRP
avadEpetal otnv npodavwe PEAALOTIKA TEPLMTTWON Omou n {Ttnon &vog Koupou
unepPBaivel Tn xwWPNTIKOTNTA, OTOTE AVAYKAOTIKA XPNOLUOTIOLE(TaL TETOPTOG SeikTNnG |
Kat n (2) petaoxnuoatiletal otig:

N Y duyi < by, k=1,...,K ,I=1,...,L(11) ,d; = ¥}_, d;; (3.2.2.11)

To DVRP amotelel pla mpwtn edapuoyn emiluong VRP KATW amo MPOyUOTIKES
ouvOnkeg xpovou. OAec oL mapamavw UETOPANTEG TOU TIPOBAAMOTOC UTIOKELVTOL OE
TUXOV aAAayéG TNG aplBuntikAg TMAG woTte n mpokaboplopévn apxlki Avon va
TPOTOMOLELTAL YLa TIG TTApaTtAvVWw aAAAYEC TLY. METABOAR TNG {ATNONG d7 AOYyWw EKTAKTNG
mapayyeAiag n av&non Tou KGOTOUG €17 TNG avtiotolxng Stadpoung Adyw cupudopnong.
Ztnv nepimtwon auth n LetapAntn bk YEVIKEVETAL O0TNV bjjk OToL oL (i,j) avadépovtat
OTO TUNHA HETAEL TwV KOUPBwWV i Kal j omou Bploketal tn dedopévn oTyUn To OXNUa
xwpntkotntag k kat €éotw 1€[0,1] n mooootiaia petaBoAn Stdvuong tou TuRHatog (i,j)
TL.X. Yo |=0 to oxnua Bpiloketal emi tou kOUPBoU i evw yla I=1 avtiotolya eni tou KOUBoU
j. Eva Tétolo mpoPAnua punmopet va BewpnBel peaAloTtiko epoOoov e TNV AVATTTUEN TWV
eudpuvwv ocvotnuatwyv petadopwv (/TS), tou Aladiktuou, Tng Texvntig Nonpoouvng
(Artificial Intelligence) xaL Ing TtexvoAoyiag emkowwviag OSwtowv (Network
Communication Technology) (Zhang et al., 2022)[22]. Mia evdlapeon katdotaon ivat
n Aeyopevn Yeuvdoduvautkn (pseudodynamic) otnv onola avadépovtal ol A. Polimeni
& A. Vitetta [98] 6mou AOyw NG oUUPOPNONG TO YEVIKEUUEVO KOOTOG HLag SLadpoung
oAAAZel kol n avtiotolyn KETABANTH Cj YEVIKEVETAL OTN Cjjt, tE[to,tf] to 0 XpOVOG EVapEng
AeLToupyloG TOU CUCTAMATOG Kal tf 0 avtiotolyog AREng. Afilel va onpelwBel otL oL A.
Polimeni & A. Vitetta Bewpouv Nén wg otatiki katdotacn tn LetaBAntn cjj,, OTOU O
beiktng | avadépetat otnv kukAodoplakn porp tou tunuartog (i,j), 1€[0,C], C n
XWPNTLKOTNTA TOU TUAMaTog o€ MEA Kol CUVETWG YEVIKELOUV WG Peudoduvapikn Tn
HETAPANTA Cijir

26



Time 1 |
Time 2

|  Tumen
| Supply

Users H Constraints

Supply ‘

i
arnpedag)

Path cost
miatrix

SIS U )
SUETED) SU00 )

Path costs
Route costs

Routes
Route costs

Routes
Route costs

Elk. 3.5 ZUykplon Aoyikou Slaypappartog Ztatikol, Weuvdoduvauikol kat Auvapikou VRP [98]

Ao tig Aouég ekdoxEg tou VRP, oto VRPSD onwg paivetal Kot amo tnv ovopacio Tou
oL petaPAntég Ilntnong di Bewpouvtol Tuxaieg METOPANTEC KAl EMOMEVWG N
cupumneplpopd toug SLEMeTAL cUUPWVA pe TN Oswplia MBavotATwy. ITNV NEPLMTTWON
Tou OVRP ta oxruota dgv oAokAnpwvouv ta SPOUOAGYLA TOUC OTOV APXLKO KOUPO-
apaéootacto do aAAGd o€ KAmolov AAAO tuxaio KOUPO [N CUYKEKPLUEVN KoTnyopla
Bpiokel epappoyn o evolklalopeva oxnuata (Zhang et al., 2021)[22]] evw oto GVRP
N OVTIKELHEVIK ouvaptnon (1) adopd otnv gAaxlotonmoinon Twv TAPAYOUEVWY
EKTIOUTIWV AEPLWV PUTWV €jj avtli Tou KOoToug cj. Evw télog otnv mepinmtwon tou
MTVRP to kaBe oxnua eivatl Suvatov va eKTeEAETEL TTEPAV TNG Uiag SLadpoung.

Baoel tng épeuvag twv Elshaer kat Awad[23], emiPeBatwvetat otL mpaktikd to CVRP
anoteAet tn Baown ekdoxn tou VRP kaBwg to 98,9% 299 oxeTlkwv dnpOCLEVCEWY
HeTagL 2009 kat 2017 elyov TOUG OXETLKOUG TIEPLOPLOUOUG XWPNTIKOTNTAC. € €val
HEYAAO 00c00T0o 37,3 % twv poBAnudatwy opilovtal xpovika mapdBbupa (VRPTW) evw
10 16,3% amoteAei mpoPAnua mapaiafng kat dStavoung (VRPPD).
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YX. 3.1 Nocooto twv Stadopwyv ekdoxwv tou VRP oe Seiypa 299 dnpoacteloewv(23]

Ye kABe mepintwon ocuvdualovrag LeTtafL Toug TG SLAdopeg MepUTTWOELS avd dUo i
KOl TLOPATIAVW KAl TOUTOXpova UE TNV €EEALEN TNG KOWVwWVIAG KaL TNG TEXVOAoylag Kat
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TLC CUVAKOAOUBOEC VEEC QAT OELG, O OPLOUOC TTAPATIAVW TIEPUTTWOEWY TIPOLANUATWY
6e otapata va mAnBuvetal.

3.2.3. To npoPAnua tng ApopoAoynong Oxnuatog (Vehicle Routing
Problem)- M€Bobol eniAuvong

Mpokelévou va emAuBolv Ta w¢ avw TpoPAnuata €xel mpotabel mARBog
oAyopiBuwv amo Sladopoug epeuvnTEC XWPLG TMpodavwe va UTIAPXEL KABOALKA
BéATioTog, aAAG aUTO €apTdTal amo Ti¢ Wolaitepeg ouvOnkeg kABe mpoPAnuATOC. 21O
o). mapouotaletal n 6evdpoeldn g katnyoplomoinon Twv Bactkwyv aAyopibuwv apyika
oe akplPeic koL eupetikoU (Zhang et al. ,2021[22]) kot avaAUTIKOTEPA TOUC SEUTEPOUG
(XOPAKTNPLOTIKA YlO TN YEVIKEUON KOL TUTIOTOLNGH TOUC XPNOLUOTIOLE(TAL O OPOC
«UETAEVPETIKA»-metaheuristics, AAWOTE 0 S1EBVWC XPNOLLOTIOLOUEVOCG EAANVOYEVNG
0POG «EUPETIKOC» (heuristic) umodnAwvVeL pia tuxaia aveu urmofadpou GUANOYLOTLKNA
otnv avalntnon tng BéAtiotng Avong) (Elshaer kat Awad, 2020[23])

*{ Branch and bound approach ‘

—" Cutting planes approach ‘

Exact
algorithm —{ Network flow approach ‘

A{Dynmmc programming appmach‘

Two-stage method

Scanning algorithm

Nearest neighbor method
VRP

algorithm —{ Construct heuristic 17

|
|
C-W saving algorithm |
|
|

Recently inserted method

k-opt algorithm |

N I I I

|| Heuristic —{ Improved heuristics |———— |

A -interchange algorithm l
algorithm

Tabu search algorithm |

—{ Sub-heuristic

Genetic algorithm

1 L1

|
Neural network algorithm I
|

—{ Simul ated annealing algorithm

—{ Particle Swarm Optimization |

—( Ant colony algorithm I
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» Noising method (SA-NM)

Threshold accepting method

» Simulated ling hods (SA) CATA

»  Microcanonic annealing (SA-MA)

Adaptive large neighborhood
search (ALNS)
» large neighborhood search (LNS)

o Tabu search (TS) Very large scale neighborhood

»Single-solution based search (VLSN)
- Iterated local search (ILS) -
N Electromagnetism-Like Algorithm
> Guided local search (GLS) (EMA)
i > Memetic algorithm (MA]
Metaheuristics Variable necg(;c:;r’hood search Ig (MA)

» Genetic algorithm (GA)

Greedy Randomized Adaptive
Search Procedure (GRASP)

»

> Genetic programming (GP)
+  Evolutiona rogramming (EP
» Evolutionary computation (EC) - - Ty Prog 9 (EF)

\uti
» Shuffled Frog Leaping Algorithm (SFLA) Evolution Strategy (ES)

» Population-based » Intelligent Water Drops Algorithm (IWD) > Estimation of Distribution Aigorithme

(EDAs)
» Cuckoo search (CS)
Diff ial ti Igorith:
ol Firefly algorithm (FA) » Differential Evolution (DE) algorithm
> Ant Colony Optimization (ACO) » Coevolutionary algorithms (CoEA)
R Swarm intelligence »  Particle Swarm Optimization (PSO) > Cultural Algorithms (CA)
(S o Biogeography -Based Optimization > Scattor Search (SS)
algorithm (BBO)
¥ Path Relinking (PR)

— Artificial immune systems (AIS)

Bee colony optimization -based
algorithms (BCO)

Bacterial Foraging Optimization
Algorithm (BFOA)

Eik. 3.6 Baoikég katnyopieg adyopiBuwy yla tnv eniluon tou VRP[22] [23]

Elval mpodavéc OtL yla Tnv moAumAokoTnTA autol Tou £idoug poPAnuatog akplBeig
oAyoplBuol purmopolv va papUooToUV HOVO yla UKPO aplBud N KOUBwY, CUVETWE N
mAsloPnoia Twv MPOPANUATWY OTOLTEL TN XPHON EUPETIKWV OAyoplOUwV yla tnv
emiAvon touc. Tn dlaniotwon avth napatnpei o El Sherbeny Aén amnoé to 2010 [99] -
TouAdylotov o€ O,TL adopd to VRPTW- evw XapaKTnpLoTKA N TiLo tpoodatn cuvoyn
EPELVNTIKNG SpaoTNPLOTNTOG OXETIKA HE TOUG akplBeic aAyopiBuoug emiluong
ekdoxwv tou VRP- e wavomolntikd aplbuo etepoavadopwv- dnuooctevtnke 1o 2012
amo toug Baldacci et al.[34].

To 2013 otn SutAwpatiky tng epyacia n Xp. HAlormouAou [35] cuvoLoe TG Ewg TOTE
pneBo6doug ouykekpyéva ywa 1o VRPPD av kat mpodavwg eivat duvatov va
epappootouv kat og AAAa tpoBARpata tn¢ idlag urtoAoyloTtikn g kKAaong NP-8UokoAwv
TPOBANUATWV:

Miv. 3.1: Juvoyn twv epapuoywv tou VRPSPD[35]

Tuyypadeic XpovolAoyia M£00odo¢ EniAuong
Dethloff [36] 2001 KaTaoKEUOOTIKEG TIPOCEYYLOTLKEG LEB0SOL
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(constructive heuristics)

Nagy and Salhi 2005 Torukn avalntnon
[37]
Crispim and 2005 Avalritnon taunou-katdfacn petaBAntig
Branddo [38] VELTOVLAG
(variable neighborhood descent-VND)
Chen and Wu [39] 2006 Avalntnon taumnou-record-to record
Montané and 2006 Avalntnon taunou
Galvéo [40]
Dell’ Amico et al. 2006 SUVOULKO TTPOYPAUUATIONO, SnuLoupyia
[41] otnAwv, uEBodog KAASoU Kat TG
Wassan et al. [42] 2007 Avalntnon taumnou
Bianchessi and 2007 KaTaOKEUQOTIKEC TIPOOEYYLOTLKEG- TOTIKN
Righini [43] avalitnong-avalitnon taunou
Karlaftis et al.[44] 2009 FeveTikog AAyopLOpuocg
Zachariadis et al. 2009 Avalntnon taunou- KaBodnyoupevn
[45] TOTUKN avalntnon
Gajpal and Abad 2009 AAyopBuog Amotkiorg MuppnyKuwv
[46]
Ai and 2007 AAyOpLOOC OUAVOUG CWUATLOIWV
Kachitvichyanukul
[47]
Zachariadis et al. 2010 MpoypapUaTIOHOU NPocapuocLUnG
[48] Mvriung
(Adaptive Memory Programming)
Zachariadis and 2011 Torukn avalntnon

Kyranoudis [49]

Ze O,TL adopd TV akpifela twv anoteAeoudtwy, to 2019 ot Arnold and Sorensen to
2019[65] pe tnVv texViKN NG €€6puéng dedouévwy (data mining) dnuilovpynoav Kot
katnyoplonoincav 192.000 diadopetikég AVoeLg Stadopwy TepUTTwoewv Tou VRP
xpnotpornowwvtag 10 yewpeTpka PETpa emiAuong (solution metrics) S1 éwg S10 kat
avtiotolya 8 pETpa KAACEwWV Tepimtwong (instance class metrics). Xpnowiomnowwvtag 3
pnoontég katraraéng (classification learners): 8évtpa amoddocswv (decision trees),
tuxaila 6aon (random forests) Kal YypOUUIKEG UNXAVEG SLAVUOUATWVY oTtNPLENG (linear
SVMs) cuykpivovtag kaBe dpopa 2 StadopeTikolg eupeTikol alyopiBuoug H1 kat H2
TIPOKUTITOUV OL TIAPAKATW Ttooootd akpifelag mpoPAedng pe avoxeg 2% kat 4%
(epndavitovral povo doa eival emtuyydvouv akpifela npoPAedng TouAdxiotov 55%,
EVW Ta TTAEOV ETTUXNHUEVA avA KAAON €mLonpaivovtal)

30



https://www.sciencedirect.com/topics/computer-science/decision-trees
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MNiv. 3.2. Métpa Avonc pe okpifeta tpoBAsdng avw tou 55%. Ermonuaivovtol ta
peyaAUTepa ooootd ava KAdon [65]

2% gap 4% gap

§1 S2 53 5S4 S5 S6 S7 S8 §9 S10 §1 S2 S3 S4 S5 S6 S7 S8 §9 510

Class1 58 57 56 56 56 59 57 ol
Class 2 57 57 57 56 56 56 62
Class 3 58 60 60 57 6l 56 65 59 64 60
Class 4 57 58 58 56 59 56 62 57 62 o6l
Class 5 62 67 68 67 67 60 71 78 77 79 76 59
Class 6 37 62 63 66 68 70 60 67 4 73 74 75
Class 7 66 57 60 79 65 75 65 71 66 84 72 80 72
Class 8 64 72 61 70 66 68 58 79 67 77 72

Mropel va SLamiotwoel kaveig otL pia akpiBela tng ta&ng tou 60-70% ot o,TL adopd
TNV MPOCEYYLon TG BEATIOTNG AUONG €lval LKOWVOTIOLNTIKA, AKOUO KOL E OVOXA TNG
TaéNng tou 4% oe auTth, avtiBeta moAU onavia auth Eemepva to 75%.

KaBotL onwg mpoavadépbnke n €peuva mavw oto VRP xpnolpomnolel PBaoka
EUPETIKOUC OAYOPLOUOUG- KOL TILO OUYKEKPLUEVA HETAEUPETIKOUG £POCOV UTIAPXEL
MAEoV €MapKNG Baon oxetikwv SnupooleVoewv- to 2020 ot Elshaer kot Awad[23]
ouvéAle€av 299 SnuUooLleVOELG Pe £€TOG Snuooieuong petafy 2009 kot 2017 pe xpron
HUETOEUPETIKWY aAyopiBuwv yla tnv emiluon ekdoxwv tou VRP. Onwg ot (Stot
napouaotalouv oTo o)., £XoUV oxnuatiotel SUo katnyopieg alyopiBuwy, pe Baon pia
antAn_Auon (single-solution based) | AUon emAeypévn amd nAnBuouo (population-
based). Kowod otolxeio kat otig SUo katnyopieg amoteAel 6tL KABe dopd pEow piag
enavaAnnrtikng dtadikaociag yivetal mpoondbela avalitnong Auong KaAUTEPNC o
Vv _undpyouaoa. MN.x. ot AVoelg pe Baon amd mAnBUoud, oL oxetikol alyoplbuotl
gumvevotnkayv ano Blodoyka pavopeva, eite T.y. T Stadikacio Tng e€EAENC Kal TOUC
«UNXOQVLIOHOUG» TNG- StaoTtalpwaon, LETAAAOEN Kol ETILAOYH TOU YEVETIKOU UALKOU KATA
NV avamapoywyr TwV BLOAOYIKWY OPYOVIOUWV- OTOUG YEVETIKOUG OAyOpLOHOUG
(genetic algorithm) (Baricelli, 1957) [29] kaL TN YeVIKOTEPN KaTnyopia Twv aAyopiBuwv
e€eAIKTIKAG vonuoouvng (evolutionary computation) eite tn Swadikacia mou Ta
HUPUAYKLOL CUYKPOTOUV QTIOLKIEG OTOV OHWVU O alyoplBuo (ant colony optimization)
(Dorigo, 1992 [32]).

IXETIKA LLE TLG TILO TIPOTLUNTEEG LEBOSoUC emiluon g, katéAnfav oTig €ENG:
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2X. 3.4 Mooootd dnuodAioag ava katnyopio LETAEUPETIKWY aAyopiBuwv Bacel mAnBucuou-
vonuoaouvn cunvoug [23]

Mo avaAuTikA, o T0oooTO 82,3% (246 TEPUTTWOELCG) XpNOoLUomoLloUvToL aAyopLlOpotL
anmAng Avong (single solution-based metaheuristics). E¢ autwv SnuodlAéotepeg
avadewkvuovtal n Avalitnon TaumoU (Tabu Search) (F.W. Glover, 1986[25]) pe
noocooto 30,1 % eni twv peboOdwv amAig Avong kot akoAouBouv pe 22,8 % n
Availntnon MetapAntig lewoviag (Variable Neighborhood Search) (Mladenovié &
Hansen, 1997[26]) , n Avalitnon Eupesiag lewwovide (Large Neighborhood Search)
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(Pisinger and Roepke, 2010 [27]) ue 15,4%, ot M£€Bobol Mpogouolwuévng AvomTnaong
(Simulated Annealing Methods) (Simulated Annealing Methods) (Kirkpatrick et al.,
1983[28]) pe 12,2%.

Ye 0O,TL adopa TIg ueBodoug Bacel mAnBuopol, xpnollonondnkav avilBEtwe otn
ueoPnoia twv peAetwv (80 MePUMTWOELG, TOGOOTO 26,8% OTLG LeEBOSOUG EEEALKTIKOU
umoAoylopoU kot 60, &nA. 20,1% o0 QUTEC vonuoouvNnG OUNRVoUG). AMO Toug
oAyopiBuoug e€eAiktikoU uTtoAoylopoU, pe Stadopd o dnuodiAéotepog amoteAel o
Fevetikog AAyoplBuoc (Genetic Algorithm) (N.A. Baricelli, 1957 [29]) o€ moocootd 57,5%
evw akoAouBouv o Muuntikog AAyoplBuocg (Memetic Algorithm) (Moscato, 1989 [30])
ue 16,25% kat n Avacuvdeon Movonatiou (Path Relinking) (F.W. Glover et al., 2000
[31) pe 10%. Evw téAog otoug alyopiBuoug vonuoouvng opnvous, kuplapxouv duo
TIEPUTTWOEL, auTh TNG BeAtwotomoinong Amoikiag Mupunykiwv (Ant  Colony
Optimization) (Dorigo, 1992 [32]) pe mocoaoto 46,7% kol tn¢ BeAtiotonoinong Iunvoug
Jwyuatidiwv (Swarm Particle Optimization) (). Kennedy and R.C. Eberhart, 1995 [33])
ue 30% mocoaTo.

Ao to mapandvw efdyetal To evOladEPOV CUUTEPACUO OTL OL TIEPLOCOTEPOL
HETAEUPETIKOL aAyOpLBuoL otnv emiAuon tou VRP aflomolouv Katd KAToLoV TpOTo Th
«xwptki mMAnpodopiar». And toug adyopiBuoug amAng Auong mou mpoavadEpdnkay,
QIOVTEG EMLKAAOUVTOL TOV MPWTIO VOuo tnc lewypadiag tou Tobler (1970) [68] kat
aflomololv TN Baoikry TomoAoylkn €vvola TngG «yettviaong» (BA. map. 3.3.1) avaueoa
otnv umtapyouaoa BEATLOTN AUON KaL TNV EVOEXOUEVWE ETIOUEVN, TIAPOUCLALOVTAG OUWE
KOl TO avTloToLXO HELOVEKTNHA eYKAWPLOpoU og torkda gAaxiota (local minima), oe
avtiBeon pe Tig peBodoug avalntnong ano mMANBUoUo AOyw TNG TUXALOTNTOG TTOU TOUG
SLEnel (KapAavtng kat Aayapog, 2010 [100]).

e 0O,TL adopd TOUC CUYKEKPLUEVOUG OAYOpLOUOUG, amd QauToUG TNG Katnyopiag
E€eAlktikoU YmoAoylwopoU n AvacUvdeon Movomatiol amoteAel tpomomnoinon tng
nebodou Avalntnong Ikédaong (Scatter Search), auéowg EMOUEVNC 0 SNUOTIKOTNTA
UE 7,5% otnv Katnyopilo auTh. ZUYKeKPLUEVA, KaTd TNV Avalitnon ZkEdaong amno éva
ouvolo avadopdc (reference set) pe TTOAU AlyOTEPA OTOLXELO OE OXEON LLE TO MEVETIKO
ANyOpLlBuo avalntouvtal VEEC AUCELG TTIOU OVIKOUV TL.X. WG onueia otov EukAsidelo
Xwpo R? otnv suBsia mou oxnuatilouv SVo undpyouvosc. Evw otnv Avacuvdeon
Movomartiov arno SUo apxlkég AUoelg X', X oxnuatilovtol povomdtia mou cuvdEéouy
OUTEG LEOW TWV VEWV AUoEwV X =x(1), X(2), ..., X(n)=x". EmAéyetaL TeAka n dtadpopun
TIOU €AOXLOTOTIOLEL TNV AVTIKELUEVIKA cuvaptnon c(x) [31]. Zuvenwg oL SUo mapandvw
HEBoSOL XpNOLUOTOLOUV TOTIOAOYLKA KPLTAPLA YL TNV €Upeon TG BEATIOTNG AUONG.
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Ewx. 3.7 Avalntnon Zkédaonc, ZUvolo Avadopdc SER?, A,B,C apxikéc Avoelg, 1,2,3,4 ol
napayopeveg[31]

Eik. 3.8 Avacuvdeon Movomatiol, GUVEXNG YPAUUA: APXLKO LOVOTIATL, ECTLYUEVN VPO : VEO
povomati[31]

MNepattépw &g amd tnv Katnyopia twv oAyopiBuwv Nonupoolvng Zunvoug, o
aAyoplBuog tng Anowkiag Mupunykwwv (Dorigo, 1992)[32] e€apxiG oxedSLAOTNKE LE
okomo emiluong TPoPANUATWY SIKTUWV KAl CUYKEKPLUEVOL TNV avalntnon Ttng
BéAtiotng Sladpoung oe éva ypadnua (KapAavtng kot Aayapog, 2010, [100]).
JUYKEKPLUEVA, TIPOKELUEVOU va Bpouv tn BéATiotn dtadpour amod tn dwAld mpog TNV
TPodN TOoUug, Ta «PndLokd HUpURYKLOY evamoBETouv evdlapeca os Tuxaleg Oéoelg-
KOUBOUG «depOUOVN» TIPOKELPEVOU va e€eTa0TOUV QUTEG WG miBavol Koppol g
Swadpopnc-BéAtiotng Avong. e TEPUTTWON TOU n  umapxouca Avon 8¢
BeAtotomoleital, n depoudvn oOtn OUYKEKPLUEVN Bon «efatuiletaw, &nA. o
aAyoplBuog mAéov adladopel yia autiv.
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Ewk. 3.9 MéBodoc amotkiag pupunykiwy, ypadikn avarapdotaon (Liu et al., 2021) [101]

Mapakdatw moapouotalovtal UEPLKA OmAQ TpofARupata emiluong ava Katnyopio
eniAuong Katd tnv tehevtaia dekaetia. Mapatnpeital OtL Ta MAEov pocdata Xpovia
Ol OXETIKEC SnupooleVoelg adopolv ONO Kal TLO eEELOIKEUUEVEG TIEPLUTTWOELG TOU
0pXLKOU TPOPANHATOC YU QUTO Kal Elval aplOUNTIKA AlyOTEPEG.

Miv. 3.3: VRP-EvSelkTikEC SnUOCLeVOELC TNG TEAeuTalag SekaeTiag (emonuaivovtal n
umokaTnyopia tou mpofAnuatog katl n uEbodocg emiluonc)

Tuyypadeic XpovoAoyia M£00b0o¢ MNpoBAnpa
EniAuvong Eniluong
Andelmin and 2017 AkpLBnig GVRP
Bartolini[50] AAyop1Opuo¢
Theurich and 2021 KAadou kait VRPCC (with
al. [51] Oplou Customer Costs)
Yassen et al. 2017 Avaintnon VRPTW
[52] TOUTOoU
Gauvin et al. 2014 Avaintnon VRPSD
[53] TOUTOoU
Krichen et al. 2014 Avaintnon DCVRP
[54] TOUTOoU
Schermer et al. 2019 YBpLSikoc- VRPD (with Drones)
[55] Avalntnon
TOUMOU Kall
MetaBANTAG
Mettoviag
Marinaki and 2015 Avalntnon VRPSPD
Marinakis [56] MetaBANTAG
lettoviag
Mancini [57] 2017 Avalntnon GVRP
Eupeiag
Metoviag
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Hottung and 2019 AvalAitnon CVRP
Tierney [58] Eupelag
lettoviag
Bafios et al. 2013 Mpooouolw VRPTW
[59] MEVN
Avorntnon
Pierre and 2017 FEVETLKOG VRPTW
Zakaria [60] AAy6p1Bpuo¢
De Oliveira da 2018 FEVETIKOG GVRP
Costa et al. [61] AAyopLBuog
Qi et al. [62] 2015 MUUNTLKOG VRPTW
AAyopLBuog
Euchi et al. [63] 2015 AAyopLBuog DVRP
amotkiag
HUPUNYKLOV
Xu et al. [64] 2015 AAyopBuog VRPTW
OHAVOUC
owpattdiwv

Ano TO TMOPATAVW OCUMMEPAlveTal OTL elval KatdAAnAn n ouumepiAnyn tou
MNpoPBAnuato¢ ApopoAdynong OxAUatog HE KArmola UTtoAoylotiky péBodo yia tnv
eniAuor) tou oe éva Zvotnpa lewypadikwv MNAnpodopwwv (GIS, Geographic
Information Systems). Iuykekplpuéva oTto AOylouLlkO ArcGIS tng ESRI, Siaitepa
SnuodAég maykoopiwg (BA. map. 3.3.2) aAAa kot autd mou aglonoleital otny mapovoa
gpyoaoia, To mopanavw nPoBAnUa cupnepAapuBavetal otnv katnyopia mpoBAnUATWY
AvaAluong Awktuou (Network Analyst) [108C] kat emlUetal pe tn UHEBodo mou
napanavw anodeixtnke dnuodAéatepn, autr tng avalntnong Taumou [107D].

3.3 lrewnAnpodopikn kat Metadopika Aiktva

3.3.1 EmwotApn tng Mewypadikic NAnpodoplac-revikég ApxES Tng
APXLTEKTOVIKAG TwV 2IT1

H lewypadia eivalr éva kaBoAkd (all-encompassing) medio mou avalntd tnv
Katavonon ¢ Mg Kot TG avopwrives kal GUOIKEG LOLALTEPOTNTEG TNG-OXL ATAA TToU
elval ta avtikeipeva, aAa eniong mwg aAAafav Kal mpokeLtal va gival. [117E]

Ta NAnpodopLakd TucTAKATA UITOPOUV VO OPLOTOUV WG Kia EVOWUATWON OToLXElWV
yla T ouAloyn, tnv amobrkeuon Kal enefepyacia Twv Sedopévwv Tta omola
XpnotlpomnolouvTal yla tnv mapoxn ninpodopiag, tTn cuvelohopd otn yvwaon alAd Kot
Pnolaka mpoiovta nou SteukoAuvouv tn ANPn anodaonc. [118]

Me Bdon ta mopamavw ta uotiuota Fewypadikng NAnpodopiag (Geographic
Information Systems) GIS, dnuiloupynOnkav pe OKOMO TNV TAPATAVW OCUAAOYN,
Slaxeiplon kal amoBrikevon 6edopévwy mou oxetilovtal pe tn M'n Kat to xwpo. H
onuaocia toug avadelkvuetal amd To Yeyovog OtL 1o 80% Ttwv TANPodopLaKwWY
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Sebopévwy €xeL Kal XwpLkn dtaotaon. MNa tn Slatunwaon Twv napandavw SeSouévwy
oe UYnowakn popdr, Ta kKUpla Hovtéda OSedopévwv (data models) Tmou
Xpnowuomnotlovvtal ival to poviého mediwv (field-based model) kol to pHoviéAo
QVTIKELMEVWV (object-based model). Ta mapamavw HOVTEAA UAOTIOLOUV OL AVTIOTOLXEG
Aopég Newypadikwv Asdopévwy (ArA)-kavovikomotnpévn popdn Kot SLaVUGHOTIKA
popdn avtiotowa (KaBoupag et al., 2016 [102]).

AIAAIKATIEX
AAXEIPIIME
KA ANAAYIHE
TON
AEADMENGON

Ewk. 3.10 Zuotatika otolxeia evog XM (KaBoupag et al., 2016) [102]

JTNV KOWVOVIKOTIOLNMEVN MopdR O XwWPoC oamelkovilovial w¢ £va oUVoAo
€lKOVOOTOXEIWV (pixels) oe popdr kavvdaBou. Kabe elkovootolxeio Aapfadvel éva
HOVASLKO XpWwHO TO OTtoLo avtlotolyiletal og pia I6LOTNTA, TTOLOTLKA 1} TTOCOTIKA BACEL
HLOG XPWHOTLKAG TIAAETOG.

NHIOI ANAPOI
PHDIAKO MONTRAO EAADOTL

EONND METICRA NOAYTERNED
2. "

YNOMNHMA

Teou anme

Anony 04

Aa phamsa 126 0
——
oy b G54

-

Xaptng 3.1 Mapddelypa KavovikomoLnpévng popdnc-Wnolako Movtédo ESadoug viicou
Avbpou
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Jtn Siavuopatikl popdn avtibeta, opilovrial YEwWYpadIKEC OVIOTNTEG, OL OTOLEC

umopel va elvatl pndevikng (onueia), piag (ypauuég) n dvo daoctacewv (moAvywvay).
TNV MapoUoa EPYNCLa KL YEVIKOTEPA YLOL TN LEAETN CUYKOLVWVLAKWY CUOTNUATWY O€
GIS eival mpodaveg otL n kataAAnAotepn Soun eival n SLOVUOUATIKY. ZUVEMWC, OF
neptBailov GIS, ta vbatodpoula ekdppalovtol w¢ onueia, ol EMPAVELEG EMLPPONG
Toug (yla tnv akpifela ot mMPoBoAég Toug) wg MoAUywva evw ol SLadPOUEG Twv

USPOTIAAVWVY WG YPAUUEG.

NOMOZ AAPIZAL-TIAHBYIMOE (2001)

0’

e

Xaptng 3.2 Mapadetypo Stavuopatikig popdng-NAnbuopdg Siuwv vopol Adploag

Kata tov Goodchild[70], yia tn &nuloupyia evog Siktuou (network), l8ikotepa S¢
o6koU oe meplBdAov GIS, pmopouv BewpnTikd va avomtuxbolv Ta TOPAKATW

pnovtéla dedopévwy (data models):

Miv. 3.4 Auvntikéc Souécg Sedopevwy yia éva 0diko diktuo oe meptBarlov GIS [70]

Aopn Nepwypadn Zx. Elkova
/Nivakog
MNavw kat Katw AVO YPOAUPES Ew. 3.11
StaBaon TEUVOVTAL XWPLG
(overpass/ HETAEL TOUG
underpass) ocuvdeoluodTnTa
Ztpodn (turn) Avvatotnta Miv. 3.5

peTAPBaong anod Eva
ouvdeopo o€ Eva
ouvdEOEVO TOU

Avvapikn Anuloupyia el8IKwv
KATATUNON ONUELWV KL TUNUATWV
(Dynamic SiKtuou (m.x. TUAMA
segmentation) obou uno
ouudopnan)
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Ixnuata ARAwon onueiov wg
SLadpopung kat X.0. og pa Sradpopun
XALOUETPNONG

(Route and
Milepost
Schemes)
Awpibeg (lanes) Kataxwpnon odou oe
(oo aplOuo
TAPAAANAWY YPOAUUWV
ME aUTOV TwV Awpidwv
KukAodoplag
AlaSpopES Omntikomnoinon
€KTOG SIKTUOU TIEPLOYWV TLY. XWPWV
(Off-network otabuevongn
travel) €EWTEPLKO TIEPLOXNAG

HEAETNG o€ MOAUYWvVa
(amelpog aplBuog
SuVOTWV KWVAOEWV)

Pogg (flows)

Omntikomnoinon TpoxLwyv

OXNMATWV
MeplmAoka Amnobnkeuon
HovoTaTLa S6ebopévwv
(Complex SLadpouwv we
paths) SLoKPLTA AVTIKEIPEVA

XPOVIKEG 4D OVTIUETWITILON UE

oAAayEC NV ElCaywyn Tou
(Temporal XPOVOU wg 4NS

change) S1a0TaONG OTO OXETIKA

npoPAnuaTa

ATO T TTAPOMAVW CUUMEPALVETAL OTL Ta TtPpoPAnpata Siktuou gival adevoc anod ta
SuokoAotepa Tou KaAe(Tal va avTlLeTwrioel éva 2T, adeTEPOU yLa VA TIPOOEYYLOTEL
000 10 Suvatov KOAUTEPA N MPOYUATIKOTNTA YivETOL TTOAU Tilo TepiMAOKO o évav
arAo ypado (BA. map.3.1.1).
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(@ ; (b)

Ek. 3.11 Anelkdvion katw StaBaong a)xwpig b) pe tnv OTapén oxeTikng Aettoupyiag
(Goodchild, 1998 [70])

Miv. 3.5 Auvatotnta ) un otpodnc petall Svo cuvdeouevwy cuvdeouwv [70]

From | Toedge |Turn?
edge

1 3 n
1 2 y
1 4 n
2 1 y
2 3 n
2 4 n
3 1 n
3 2 n
3 4 y
4 1 n
4 2 n
4 3 y

MNa pio yewypadikn ovtotnta mpokelpévou va SnAwBel og Eva Aoylopko GIS,
anatteitoL:

a) n SNAwon evog cuotNatog avadopag MTPOKELUEVOU KAOE onUelo va amoKTAOEL
«TOUTOTNTA» OTO XWPO. TA OXETIKA CUCTAUATA, OTWG TO TPOPBOALKO cuotnua EMZA’87
N 1o Maykéopwo Tlewdattikdo Ivotnua Avadopdg tou 1984 WGS'84 mou
XPNOLUOTOLOUVTAL CHUEPO ATTOTEAOUV ATMOTEAECUA PUioiG CUANOYLOTIKIG OLWVWV TIOAU
TPV TNV epdavion tng NewnAnpodoplknig yla tn Snuovpyla EVIUMWY XapTwV KoL n
omoila BepeAiwoe TNV erotAun Tt AvoAuTKNG  Xaptoypadiog (yio OXETIKA
euBaduvon BA. «Avalutikn Xaptoypadio», B. Nakog, 2016[103]). Emiong pe tn
6nAwon tou cuothuatog avadopdg to Aoylopko GIS eival og Béon va «yvwpilew» tn
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VEWUETPLO TWV OVTOTATWV TL.X. TO UAKOC TWV YPAUUWYV I TO EUBaSOV TwV MOAUYWVWV.
MPEMeL va TOVIOTEL OTL N YEWHETPlA QUTA TIAPAUEVEL AUETAPANTN Emelta amod
HETAOXNMATIOMO Tou Slatnpel otabepn TNV KALHaKa KAl Tn ywvia HeTafl Twv afovwv
Tou ouotnuatog (KaBoupag et al., 2016)[102]

B) n UTOPEN TOMOAOYIKWV CXECEWV Kall KAVOVWV. ME TLG TOTIOAOYIKECG OXEOELG TO GIS
urnopet va «avtiAndOei» autd mou oL AvBpwrol SNAWVOUV WG «KOVIA», K LOKPLAY,
«&lmAay, «omévavty KA. KoL OL OTOoleG TapaUEVOUV OTaBEPEG ave§aptnTwG
HETAOYXNUATIOHOU cuoTApatog avadopdc. 2e autég neplhappfavovral (KaBoupag et
al., 2016)[102]:

. To A1 LloouTtal pe to Ay.
° To A; elval ave€dptnto Tou A;.
° To A1 TépveL TO A;.
° To A1 eparmretal tou A,.
° To Aj tepLéXeL TO A;.
° To A1 mepléxeTal oto A;.
° To A; eTUKOAUTITEL TO A;.
° To A1 oxetiletal e 10 A;.
\' /
/m \ —T2] 4 LTNLTAN
AN
\ /,/" \.‘/] /
/S \ \V /,
: / /
To N1 avegapraro rou N2 To N1 toodran pe o N2
/ T2 n2/
4
To N1 vyva 10 N2 To N1 tgémmore Tou N2
/ ,'v‘ n1 \\'\
/ \
{
S ) @
/’
To N1 mepetya ro N2 To N1 ey ovor ovo N2
/T \ 2 /T ’\'\
\ '\'\ ﬂ // // 2 ; : §
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Eik. 3.12 BaolKEG TOTIOAOYIKEG OXEOELG LETAEU TIOAUYWVIKWVY aVTIKELLEVWY (KaPBoupag et al.,
2016) [102]

Aebopévou OtL ouxva katd T Snuwoupyia evog IMM evdéxetal va mpokUuYPouv
odpAApaTa TT.X. OLKIOHOC 0T BAAOCOA I} TTOTAL TIOU OTOHATA 0T OTEPLA XPHOLUO Elval
O OpPLOMOC TOMOAOYLKWV KOVOVWV. Ol KOvOveC autol emiAéyovial amo £va
npokaBoplopévo katahoyo mou adopouv O CnUEld, YPAUUEG Kol TIoAUywva. Evag
Kavovag pmopel va adopd oTlG OXECELG: EVOG XWPLKOU OTOLXELOU CUYKEKPLUEVOU
BepaTIKOU ETUTESOU LLE TOV EQUTO TOU, METAEU TOU GUVOAOU TWV XWPLKWV OTOLXELWV
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€VOG BepaTIKoU MUTESOU Kal TEAOC TWV XWPLKWYV OTOLXELWV EVOC BepaTikou emumedou
WC TIPOC TO XWPLKA oTolxela evog aAlou Oepatikol erumédou. (TooUAog et. al.,
2015[104]). Napakdtw MapoucLAETAL LA OELPA TOTIOAOYLKWVY KAVOVWYV OTO AOYLOULKO
ArcGIS mou ocuvnBwg edpapudlovtal kata tnv Pndlakn dnuoupyia evog xaptn:

Miv. 3.6 MNpotewopuevol TomoAoyLkol Kavoveg Kat Bepatika emineda (ArcGlS) (ToouAog
et al., 2016) [104]

Oepatikd enineda Tomokoyikég kavévag ArcGIS
Odwkd Aiktoo must be larger that cluster tolerance
Y dporoykd Aiktvo must not have dangles

must not self-intersect

must not self-overlap

must not overlap

loobyeic kapmbreg must be larger that cluster tolerance
must not have dangles

must not self-intersect

must not self-overlap

must not intersect or touch interior
Odwko diktvo & Tlovywvo Aktoypappnig must be inside

Y dpohoyikd diktvo & [ToAdymvo Axtoypappns
loolyeic kapmireg & [ohbymvo Aktoypauung
Ydporoykd Aiktvo & Od1ko diktvo must not overlap
loobyeic kapmoreg & O81k6 diktvo

Y dporoyikd Aiktvo & looiyeig kapmbieg
Owaopot & [oddywvo Aktoypappng must be properly inside polygon
Y yopetpikd Inueia & [Molvywmvo Aktoypapunig

Itnv mopouvoa epyacio KoL yevikd ota mpoPAnuata Siktuou o BepeAlwdng
TOMoAOYIKOG Kavovag oto ArcGIS eival o “Must Be Covered By Endpoint Of”, dnA. ta
onueia evog onuelakol emunedou (vdatodpouta) MPEMEL val ETUKAAUTITOVTAL ATO TA
AKPO TWV OTOLXELWV EVOC YpaUULKOU (Tpoytec udpormAavwy). [108E]

y) H Umapén pioag Baong dsdouévwv (database) yla tnv amobrkeuon kot Staxeiplon
™G XWPLKAG MAnpodopiag mou Snuoupyolv oL MOPATIAVW XWPLKEG oviotnteg. H
napanavw Bacn, pe tn dNAwon evog cuotnuatog avadopdg onwg npoavadepOnke
OTOKOAEITOL XOPAKINPLOTIKA yewBaon ©&sdopévwv (geodatabase). Ou BAoelg
6ebopévwyv ouykpotoUuvTal and cuotpata diaxeipiong Baocswv dedopévwv IABA
(database management systems) to omola pmopel va eival o) oxeolakd YAIBA
(relational) B)avtikeluevootpedn IAABA (object-oriented) y)aVILKELLEVO-CXECLAKA
ZAAZBA(object-relational). Ao QUTEG akOUa Kal N 1o amAn mepimtwon tTwv ZAIBA
TLAPOLUEVEL SNUODIAAG KABWG OTLE TIEPLOCOTEPEG MEPLITTWOELG XPNOLUOTIOLEL TN YAwooo
EpWINUATWY SQL A EMEKTACELG AUTAG yLa TNV €€aywyn TwV emBupunTwy MAnpodopLwv
(KaBoupag et al., 2016) [102]

Evtélel, yla tnv kataypodn Kol TUTomoinon Tng OXETIKAG yvwong yupw omo T
rewypadkn MAnpodopia epyalovtat SUo opyaviopoi, to Open Geospatial Consortium
(OGC)[109] kat n emtponn I1ISO/TC 211 tou maciyvwotou AleBvouc Opyaviopol yla
v Npotunonoinong (International Organization for Standardization ,1S0)[110].
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Map Feature ‘i, | (coverages) (geo catalog)
drawing data o (being implemented)

Datastores I

Etk. 3.13 OvtoAoyLko SLaypapa OXECEWV AVAUECA OTOUG XPHOTEG KoL TA TIPWTOKOAAQ TOU
OGC [117J]

3.3.2 Em\oyn AoylopikoU GIS

Me Baon Ttig mapandavw Baoikég apxég twv MM €xouv dounBel kal dateBel otnv
oyopd-aAAa kal oe €AelBepn xpnon-mMANBwpa OXETIKWV Aoylopilkwy. OL XproTeg
QUTWV Ta €XouV SLakpivel cuykeKpLUEVa o€ 4 BaolkéG katnyoplieg [117F]:

° Edappoyég GIS oe unodoyiotn (Desktop GIS application): Mpokeltal yla tnv
napadootakr popdn Aoylopikwy GIS ta omola eixav nén avamntuxBel amnod tnv enoxn
TwV mainframes tn dekaetia Tou '60.

° Edappoyég GIS oe e§uninpetntn (Server GIS application): Mg tn dnuioupyia
tou Awadiktuou (World Wide Web) ta cuyKeKpLUEVA AOYLOULKA KATEGTNOOV avayKaio
yla tn dSnuoupyia Stadiktuakwv xaptwyv (online mapping [117G]). Aettoupyoulv OTwG
kKaBe avtiotolxn edoapupoyn €eviog evog AMOMOKPUOUEVOU efumnpetntn (remote
server)-cuvnBw¢ tng popdng HTTP [117H]-kal StavéPouv TA AMOTEAECUATA OTOUG
TLEAATEG LEOW €VOC browser.

. Frewxwpwkeég PBLBAL0ONKeg (Geospatial libraries): TMpOKewtal ylwo oToEla
Aoylopikol (YpaUMEG KwOLKA) Ta omola pmopouv va evowpatwBouv oe nAdn
umapyovta mpoypappata. H mAéov ouvnBng popdn eival va anoteAolv KAACELG OE
avTtlkelpevootpedeic yAwooeg 6nwg n C++, n Java kat n Python péow piag diemadnig
TIPOYPOAULOTIOUOU edapuoywv [Application Programming Interface (API)]

. Xwplkég Baoeig Sedopévwy (Spatial databases): Onwc npoavadEpOnke otnv
TLPONYOUUEVN TtAP., TIPOKELTOL YLl EMEKTACEL] TwV ouvnBwv PBdacewv dedouévwv
TIPOKELUEVOU va KataoTel ekt pio Asttoupylkry amoBrikeuon kot Slaxeiplon
XWPLKWV /KoL YEWXWPLKWV SES0UEVWV.
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la T avAyKeC TNG mapol oG epyaciag xpetalovtal onwodnmote pio amAn edapuoyn
desktop GIS kat pio Baon yewxwpwkwv 6edopévwyv. To Aoyloulkd mou Ba
xpnowtomnownBel €6w, to ArcGIS KOAUTTEL TIG TapaAnavw TPolnobeoel; kabwg
OUYKEKPLUEVQL:

0) oL AMOPALTNTEG OVIOTNTEG TIOU TIAPLOTAVOUV USATOSPOULA, TPOXLEG USPOTTAGVWY,
NV €UpUTEPN €AANVLKN ETUKPATELX, OAQ TA TOPATMAVW OTn OLA0TACN TIOU TOUG
avaloyel (onuela, ypapupéG kol TOAUywvo avtiotolya) omoBnkevovial o€
OUYKEKPLUEVO TUTIO apXELOU KaTOXUPWHEVO amo tnv ESRI, Ta Aeyoueva shapefiles. Itnv
npayuatikotnta, éva shapefile amotelet évav kataAoyo (directory) apxelwv He Kowvn
enéktaon .shp. Amo Ta cuykekplUuéva apxeia amapaitnta eival ta .shp mou adopa
Hovo otn yewpetpia, .dbf mou adopd tig W61otnTeg (attributes) otnv amAn popdn
dBase kal .shx ywa tnv dpeon ouvdeon twv mopamavw 6Uo, evw eVOEXETAL va
umapxouVv Kat aAAa erutAéov apxeia [108F].

B) daBétel To S1kO TOU TUTIO MewPaoncg, tn NewPaocn Apxeilou (File Geodatabase) e
enéktaon .gdb, n omoia Aswtoupyel w¢g ¢akehog (folder) pe ywpntikotnta 1 TB.
Avtikatéotnoe tv Mpoowrikn NlewPaon (Personal Geodatabase) mou Baolotav otnv
Kowvr) BA Microsoft Access (eméktacon .mdb) tng omolag n xwpnTikotnTa neplopiletal
ota 2 GB [108G].

JTo Ox. Tou akoAouBel amelkoviletal ocUpPwWvVO HE €peuva TNG LOTOOEALSAC
https://gis.financesonline.com/ [111] n ayopd Twv Aoylopikwy GIS toco amod amoyn
OUVOALKOU OKOp 000 Kal amod tn B€on Toug otnv ayopa:
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2022 RISING STARS
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billion ol
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TOTALSCORE (@

Market Position Total Score CloudRank™tier
A score between 1 and 10 based A score between 1 and 10 based on Based on product's total score.
on popularity and market reach the average of our Expert Score and
Of each product User Score . RISING STAR . CONTENDER . FRONT RUNMERS

3X. 3.5 KaAUtepa Aoylopika GIS amnd amon moldtntoc KoL EUMOPLKNAG EMLTUXLOC Kall
OXETLKN €mefnynon twyv dewktwv- https://gis.financesonline.com/ [111]- emwonuaivetol n
B£on tou ArcGIS (evnuépwon: 30/5/2022)

To Aoylopikd tng mapovoag epyaciacg, to ArcGIS tomoBeteital cUpPwva Pe TNV
lotooeAiba otn 2" 6€on anod anoyn cuvoAlkol okop pe BaBuoloyia 8,37- mponyesitat
povo to APl tou Google Maps[111], avapevopevo wg éva Babuod yvwpilovtag mola
etalpeia Bploketal miow amnod tnv apxtki epapuoyn. ZTov Topea TG XwpLkng AVAAuong
omou ouvunepllapPdavetat kat n AvaAuon Awktoou BaBuoloyeital pe 94%
tkavortoinon, n uPnAdtepn petal Twv 9 kpLtnpiwv ou BETeL N LotooeAiba.
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/N  2.Esri ArcGIS |SHDWLESS |READREVIEW|

Our score and features analysis:

Total User Satisfaction _-. 8.7
Total Expert Score --l.- 7.9 CloudRank™
Market Position ---- 9.4

Customers Best features Worst features
company size
Spatial analysis 94% Map creation 20%
| 3D imagery 92% Territorial mapping 89%
Image management 92% Geocoding 88%

No. of employees:

Census data

1-10 11-50 integration
Image exporting 90%

51-100 100+

Ewk. 3.14 Infographic aloAdynong tou ESRI ArcGIS-https://gis.financesonline.com/ [111]-
(evnuépwon: 30/5/2022)

Avtiotowa n totooeAida https://gisgeography.com/best-gis-software/ [112] ivel oto
ArcGIS tnv 3" Béon avaueoa oe 30 edpappoyEg Aoylopkol GIS. Kat edw wg kuplo
TIAEOVEKTNMA TOU €muonpaivetal ot duvatotnteg Slaxeiplong Kol enefepyaociag
vewypadkwv dedouévwv (geoprocessing), tpomomnoinong (editing) kal tomoAoyiag
mou xpelalovtal otnv napovoa epyacia (BA.ewk.3.15). AvtiBeta meplypdadovtal wg
HELOVEKTAUATA, EKTOG A0 TO MPOPAVEG TOU KOOTOUG ASELAC-TIOU TIPOCAUEAVETAL YLa
TO TILO TIPOXWPNUEVA €PYAAElO-N TIEPLOPLOUEVN SLAAELTOUPYLKOTNTA TOU HE Aoumd
npotuna Kat ovotipata lewypadikic MNAnpodopiag (OGC, I1SO/TC 211) kat n
otadlakn anocupaor] Tou £ToL wote to 2026 va mapexetot anod tnv ESRI amokAslotika
o 61adoxog tou, to ArcGIS Pro[112]. To ouyKekplpuévo HAALOTA N LotooeAiba Tto
tonoBetel otnv 1" B€on, avadépovtag ws BEATIWOELS TOU O OXEON UE TO «KAACLKO»
ArcGIS v unapén Siemadng ribbon, enefepyacia oe 64-bit kalL evowpdatwon 3D
xaptwv. EvtouTolg, yla Tig avaykeg Tng mapouoag epyaociag, 6 Bswpeital avaykaio n
Xpnon tou avaBadulopévou AoyLlopikou.



https://gis.financesonline.com/%20%5b111%5d-
https://gisgeography.com/best-gis-software/

3. ArcGIS Desktop

4.8 stars
ArcGIS Desktop is cutting edge in GIS. It raises the bar to
3 4 the next level by doing what other GIS software can't. Its
5 success is that it's expandable. From field apps to
modeling and scripting, ArcGIS Desktop is a powerhouse
for all things GIS.
PROS CONS
& Scalability for extra capability ® High cost for usage and maintenance
& Solid geoprocessing framework ® License levels bring limited tools for basic
& Beautiful cartography symbology options (® Underachieves for interoperability
& Full set of editing and topology tools (® Being phased out for ArcGIS Pro
& ArcGIS Online for web maps and apps () 32-bit application with ArcCatalog

#1 non-ribbon commercial GIS software (support until March 2026)

Ewk. 3.15: Infographic- cUvtoun alohdynon tou ArcGIS and https://gisgeography.com/ [112]

3.3.3 O Network Analyst kat to VRP oto ArcGIS

H enéktaon (extension) tou ArcGIS mou alomoleitat yia TV eniluon mpofAnpaTwy
Siktvou (network) ovoupdletar Network Analyst. H Wblwattepotnta oAA@ kot ot
UTTIOAOYLOTIKEG QTOLTACEL TIOU QTOULTOUV oL aAyoplBuol emiluong mpoBAnuatwyv
Siktbou (network) Swadaivetal oto yeyovog OtL n avtiotowyn Asttoupyia Network
Analyst tou ArcGIS eival dtabéolun wg eméxktacon (extension) tou BacikoU AOYLOULKOU
he €161k emunpooBetn adela[108C].
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ArcScan
Geostatistical Analyst
Network Analyst
Publisher
Schematics

Spatial Analyst
[0 Tracking Analyst

Description:

3D Analyst 10.6.1
Copyright ©1399-2018 Esri Inc. All Rights Reserved

Provides tools for surface modeling and 3D visualization

Eik. 3.16 Enektaoelg ArcGlS-emionuoaivetal o Network Analyst
(https://support.esri.com/en/technical-article/000003604)

Juykekplpuéva o Network Analyst emilUel ta mapakatw npoBAnuata[108D]:

MNiv. 3.7 NpoBAnuata kat alyopBuot emiluonc oto Network Analyst

MNpoBAnua

Nepypadny

AAyOpLOpog entiluong

ApopoAdynong (Route)

Eupeon BéATiotng Stadpoung
peTaL onueiwv
A-B

Dijkstra [73]

EyyUtepng Eykataotaong
(Closest Facility)

EUpeon eyyutepou onueiou B mou
LKOVOTIOLEL pLa LISLoTNTA amo Eva
b6ebopévo onueio A

Fevikeupévog Dijkstra
TIOAAQTTANG
adetnplag/mpooplopov

MNeploxwv E€umtnpétnong
(Service Areas)

EUpeon pLog meploxng
(moAuywvou) e€umtnpétnong Ue
Baon éva debopévo onpeio A

Dijkstra + Snuwoupyia
TIOAUYWVWV e AiKTuo
Akavoviotwv Tpiywvwv (TIN)
[74]

Mntpwou Kootoug
MNpoéAevonc-Npoopilopov (OD
cost matrix)

Anuloupyia TOU UNTPWOU KOOTOUC
peTaL Svo Slavuouatwyv
npoéhevong O; kat Mpooplopou D;

Fevikeupévog Dijkstra
TIOANQTTIANG
adetnplag/mpooplopol

XwpoBétnong-Alavoung
(Location-allocation)

Eupeon tou Stavuopatog
BéATIoTWY onpeiwv eykaTAOTOONG
Bj yia éva dedopévo Sldvuopa
onueiwv A;

Enéxtaon tou mpoBARUaTOC
OD cost matrix pe xprion
tpomnonoinong Hillsman [75]
KOl EUPETLKI AVILKOTAOTAONG
kopudn¢ Teitz and Bart[76]
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MNpoBAnpa ApopoAoynong AvaBeon e§unnpétnong Avaintnon Tabu[25]
Oxnuarog (Vehicle routing Slavuoparog onueiwv dtatayng
problem) (O;) ano éva Stdvucpa oxnUATwv
(Bi) ue Baon éva diavuopa
Baoewv (Ai)

Onwg ¢aivetat mapandavw otov miv. ,to MpopAnua ApopoAoynong Oxnuatog (VRP)
Bewpeital ano ta SuokoAdtepa oto Network Analyst kaBwg o KAaoWKOG aAyoplOuog
tou Dijkstra 6ev emapkel yla tnv eniluon tou.

Avelalp€Twg o OAQ Ta TapATAvw TMPoBAnuata sival amopaitntn n dnuloupyia
tomoloyiag Siktuou  wg ouvolo bsdouévwv (network dataset)[108B]. Mpémel
OUYKEKPLUEVA VO OpLOTEL amod éva ypapulko feature dataset 1o Siktuo pe popodn
vypadou (BA. ked.5) Twv cuvdéopwv (edges) kat kOuPBwv (junctions) mou Ba amoteAel
Vv eicodo (input) tou Network Analyst. EmutA€ov pmopouv va SounBouv kot oTpodEg
(turns), o omoilo¢ eival o pOvVASIKOG TPOMOC TPOKEIMEVOU TLY. va SnAwOel n
QTOYOPEUCN ULOG apLoTEPNC OTPodNG o £vav Spopo mou eldAMwWG KateuBUveTaL
Tpo¢ Ta aplotepd [108H].

ISlaitepa onupavtiky amoteAel oe éva network dataset n Asttoupyia twv mediwv
(attributes)[108l]. Zuykekplpéva Slakpivovrtal ota €NC:

° Kéotog (Cost): Itnv emOTAUN Twv HETAdOpWV HE TNV £€vvola TOoU
KYEVIKEUMEVOU KOOTOUG» OnAwvetal otdnmote mnoapepunodilel pia peTOKivnon
(impedance, €vvola mou xpnotluomolel kat to network dataset)[107]. Zuvenwg Sev
elval anmapaitnta xpnuatikd k6otog, aAAd Kat 1.X. darmadvn XpOvou, EKMTOUNEG PUTIWY
K.0.K. ['la. To AOYyO0 aUTO Ol OXETIKEG povadec oto network dataset eival ite xpovou eite
UNKOUG EVW N aVOywyr O XPNHUOATIKO KOOTOG Umopel va SnAwBel apydtepa adou
SounOei to network dataset.

° Nepwypadeic (Descriptors): MNpokettat ywa  PonBntikd otolxela ToU
TPOoPBANUATOC Ta oTtola Xwpig va amoteAoUV Ta dLa mapAUETPOL KOGTOUG, ITOPOUV vVa
XpNotpomnotnfouv yla ToV UTIOAOYLOUO OXETIKWY TIAPOUETPWV.

° Meploplopot (Restrictions): Méow autwv SnAwvovtal oL LOLaLTEPOTNTESG TOU
TIPAYUATIKOU SIKTUOU 0TO AOYLOWULKO TL.X. TTOU UTtApXOUV Hovodpopol (prohibit), olot
O6popol eival kaAutepa va amodeuxBouv (avoid) ; akOUa Kal ToLoL Eival TPOTLUOTEPO
va enhexBouv (prefer).

° lepapyia (Hierarchy): Eivat xpriolun wote va SnAwBeil n katdataén tou oSikoL
Siktbov (m.x. autokLvnTodpouog, eBvikn  emapyLakrn 060¢)

MNa kaBe medio mou xpnolpomnoleital oto network dataset xpetaletal va SnAwOet kat
évag afloloyntig (evaluator) mpokelévou va avtAnBouv ol TIuEG €L0060u.[108)]
ZuvnBiletaL otnv MapAPeTPo KOotoug va dnAwBel wg evaluator to avtiotolyo nedio
(attribute) tou feature class €l066ou, To omoio mpokettal va cupPel kat edbw otnv
napovoa mepintwon. Mepattépw, to SikTUO TOU TPOPAAUATOC Elval APKETA ATIAO
(tpoxLEC USPOTTAAVWYV TIOU TTIPOCEYYLOTIKA Bewpolvtal euBUYPAPUA TURHUATA) KOL WG
gk Toutou ¢ Ba xpnotpomnotnbolv mepaltépw mapapeTpol. TEAog oto network dataset
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UITOpOUV VoL UTIAPXOUV Kol GANEG LeTaPBANTEG eLlc0S0u (VP OUETPO, PEGA PETaKivnoNG)
Kol e€060u (§6NON TTOAUYWVOU TIEPLOXNG LEAETNG) OL OToleG oTNV Iapoloa epyacia
ayvoouvtatl. Me tnv ohokAnpwon tng Sladkaociag autng, ektog amd to network
dataset [to onolo amoteAel pa Wolaitepn nepinmtwon Bepatikov ermuunédou (layer) mou
6e SlaBétel mivaka WSotAtwy (attribute table) oute pmopel va e€axBel ektdg TOU
AoylouikoU)] dnuloupyeital kat €va onuelako shapefile pe toug koppoug (junctions)
Tou Siktvou, edpooov dev umtapyouv dedopéva kukAodopiag [108K].

Eddoov €xel oAokAnpwOel n dnuloupyia Tou network dataset pnopet va EekvioeL n
Stadkaoia kaBoplopou kat emiluong tou mpoPARUATOC, cuyKeKpLUEVa 6w tou VRP.

- |[1:6.000.000 Al =1l a2
Network Analyst ~ . L:i"_ ﬁ E routes_ND2 v R

| New Route ~ Catalog
New Service Area S 4 8N

New Closest Facility w Location: |5 route
New OD Cost Matrix - o B3 Horme . Yo G Home - Yn
New Vehicle Routing Problem | = = % £ routes_
New Location-Allocati F 3 DIPLON
New Vehicle Routing Problem = 5 rout
Options... Create a Vehicle Routing Problem :J 1
. () analysis layer. =,
o - =~
M. C The vehicle routing problem E
solver finds the best routes for a =)
fleet of vehicles,
o €t OT venicle E
Disabled if a network dataset layer J
- is not in the table of contents, Q] attica i

Ewk. 3.17 Emidoyn emiduong npoPAnpatog VRP and Network Analyst

2TO TAPOKATW SLAYPAUUA OVTOTHTWY amelkovilovtal ol KAACELG TTOU CUYKPOTOUV TO
TPOPANUA OTwe auTtéG Sdopouvtat oto ArcGIS kal tn petafl Toug oxéon:

Vehicle Routing Problem
Network Analysis Classes

Order Pairs
Routelame

Depot Visits

FirstOrderhiame.
SecondOrdertiame.

Name Name Name
RoutenName Name StartDepothiarme Name
Orders Routes EndDepotiv; Depots
SpecialtyNames SpeciattyNarmes]  Mame] mame) Name|
Name
Specialties Name Routetame| o Renewals |2epothame
RumeNamaI Rcummml RoureNamaI
Route Seed i
i Barriers
Route Zones Points Breaks

Diagram Key

Network Analysis | Foreign Key Primary Key| Network Analysis
Class Mame Class Mame

A primary key is an attribute that uniquely identifiss each record in a network analysis
class. A primary key cannot be null and does not allow duplicate values.

A foreign key is an attribute in a network analysis class that matches the primary key
in ancther ciass. Foreign keys and primary keys are used to join network analysis
objects in related classes.

Ewk. 3.18 KAdoelg VRP oto Network Analysis tou ArcGIS [108L]
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Onwg ylvetat pavepo, ol 3 BactkOtepeg Xwplc TIg omoieg S voeital to mpofAnpa sival
ol Orders (Alatayeg), Depots (Apafootaoia) kot Routes (Oxruata ApopoAoynong).
Eniong mavia w¢ kAdon petapAntwv €€6dou eudaviletalr kat n Depot Visits
(Apogootaota) mou eAéyxel OTL KABe Oxnua-route cuvlEeTaL PE €V TOUAAXLOTOV
apaéootaocto-depot. Mapakdtw mapouaoialovrtal, cUpdwva e tnv idla t dnuloupyo
Tou AoylwopikoU ESRI ot petaPBAntég ewo6dou (input) kat €€66ou (output) autwv
[108M]:
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MNiv. 3.8a KAdon Sataywv (orders) — otoxsia eloodou (input) [108M]

Input ficld

ObjectID

Shape

Name

Description

ServiceTime

TimeWindowstartl

TimeWindowEndl

TimeWindowstart2

TimeWindowEnd2

Description

The system-managed |0 fisld.

The geometry field indicating the geographic location of the network analysis object.
The name of the network analysiz object.

The name must be unigue.

Thiz figld acts 3z @ primary key and iz usad as a foreign key to refer to orders in the
OrderPairs tatde. Order names are case insensitive and cannot be empry, sven if the
order iz exduded from the solve operation.

The descriptive information about the order. This can contain any textual information
for the onder and has no restrictions for uniguensss. You may want to store a clisnt’s D
nurnber in the Marne fizld and the dlient’s actual name or address in the Desoription
field.

Thiz property specifies how much time will be spent at the network bocation when the
route visits it that i, it stores the impedance value for the network location. A zero ar

null value indicates the network location reguires no senvice time.

The unit for this fizld value is spacified by the Time Field Units property of the anakysis
layer.

The beginning time of the first time window for the network location. This fisld can
contain @ null value: @ null value indicates no baginning time.

(52e the note below this table of properties for more information.)

The ending time of the first time window for the netwark location. This fizld can contain
& null value; & null value indicates mo ending time.

(Se2e the note below this table of properties for more information.)

The beginning time of the szcond time window for the network location. This fisld can
contain @ null value: a null value indicates that there is no s2cond time window,

If the first time window is null a5 specified by the TimeWindowStartl and
TimeWindowEndl fizkds, the second time window must glso be null.

If both time windows are nonnull, they can't overlap. Alsa, the second time window
rriust occur after the first.

(Se2e the note below this table of properties for more information.)

The ending time of the s2cond time window for the network location This fisld can
contain @ null value,

When TimeWindowStart2 and TimeWindowEnd2 are both null, thers is no second time

window.

‘When TimeWindowStart2 iz not null but TineWindowEnd2 is null, there iz a second

time window that has a starting time but no ending time. This is valid.

(Se2e the note below this table of properties for more information.)
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HaxViolationTimel

HaxViolationTimel

InboundArriveTime

A time window is considered violated if the arrival time occurs after the tme window
has endad. This field specifies the madmum allrwable violation time for the first time
window of the order. It can contain a zero value but can't contain negative valusz. A&
zero value indicates that a time window viclation at the first time window of the order
i unacceptable; that iz, the first time window iz hard. On the other hand, a null value
indicates that there is no limit on the allowable viclation time. & nonzero value spedfies
the rmaxirmum amount of |atensess; for examgple, a rowte can arrive at an order up to 30
rrinwtes bayond the end of its first time window.

The unit for this fizld value i spacified by the Time Field Units property of the analysis
layer.

Tire window viclations cam be tradked and weighted by the solver. Because of this, you
can direct the VRP solver to take one of three approaches:

= Minimize the overall violation time, regardless of the increass in travel cost for the
flzat.

» Find & solution that balances overall viclation tme and trawvel cost

u |gnore the owerall violation time; instead, minimize the travel cost for the flest.

By assigning an imporEnce level for the Time Window Violation setting of the
analysis layer. you are eszentially choosing one of these three aporoaches. In any case,
howewver, the sobver will return an error if the value set for MazViclationTimel is
surpassed.

The maximurmn allowable viclation time for the second time window of the order. This
field iz anzlogous to the MaxVielationTimel fisld.

Ciafines when the item to be deliverad to the order will be ready at the starting depot.

The order can be assigned to a route only if the inbound arrive time precedes the
route’s latest start time valug this way. the route cannot leave the depot before the
item is ready to be loaded onto it

Thiiz fiekd can help model scenarios involving inbound-wave transshipments. For
example. 2 job at an order requires spedial materials that are not currently available 2t
the depot. The matesials are being shipped from ancther location and will armive at the
depot at 11300 a.m. To ensure a route that leaves before the shipment ammives isn't
azsigned to the order, the order's inbound arrive time is set to 11:00 a.m. The special
rnaterials arriva at 11200 am., they are loaded onto the vehicke, and the vehicle departs
from the depot to visit its assigned orders.

Motes:

= The route's start time, which includes senvice times, must ooour after the inbound
aimive time. If a route begins before an order's inbound amive time, the order cannot
be assigned to the route. The assignment is imvalid even if the route has a start-
depot service time that lasts until after the inbound amive time.

= This time field can contain a time-only value or a date and time value. If a time-only
value iz zet (for example, 11:8@ AM), the date is assumed to be the date specified by
the Default Date proparty of the analysiz layer. The default date i ignored. howsaver,
when any time field in Depots, Routes. Orders. or Breaks indudes a date with the
time. In that case, speafy all such fields with a date and time {for axampla,
FH11/ 3815 11:80 AM).

= The VAP solver homors InboundArr iveTine regardiess of the DeliveryQuantities
valus

= |f an cutbound depart time i also specified, its time value must occur after the
inbound arrive time.
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OutboundbepariTime

DeliveryQuantitiss

PickupQuantities

Ciefines when the itern to be picked up at the order must arrive at the ending depot

The order can be assigned to a route only if the route can visit the order and reach its
end depot before the specified outbiound depart time.

This fiehd can help model scenarios involving outbound-wave transshiprments. For
instanca, a shipping comgany sends out delivery trucks to pick up packages from
ordars and bring them into a depot where they are forwarded on to other facilities, en
route g their final destination. At 3:00 pom. every day, a semitrailer stops at the depot
to pick up the high-pricrity packages and take them directly to a central processing
station. To awoid delaying the high-prionity packages wntil the next day's 300 pum. trip,
the shipping compary trizs to have delivery trucks pick up the high-priority packages
from orders and bring them to the depot before the 3:00 p.m deadline. This is done by
settimg the outbound degart time to 3:00 p.m

[otes:

Thee route's end time, including s2nice times, must ocour before the owtbound
depart time. If a routs reaches a depot but dossn't complets its end-depaot senvice
tirme prior to the order’s cutbound depart ime, the order cannot be assigned to the
Ioute.

This time field can contain a time-only value or a date and time value. If a time-only
value is zet (for axample, 11:88 AM), the date is assumed to be the date specified by
the Default Date property of the analysis layer. The default date iz ignored. howsver,
when any time field in Depots. Routes, Orders, or Breaks indludes a date with the
time. In that caze, specify all such fields with 3 date and time {for exampla,

TA11F 2815 11:86 AM).

The VRP zolwer honors OutboundDepartTine regardiess of the PickupQuantities
value.

If an inbound amive time i also specified. its time value must oocur before the
outbound depart time.

The size of the delivery. You can specify size in any dimension you want. such as weight,
volume, or quantity. You can even specify multiple dimensions, for example, weight and
volume.

If the order requires 2,000 pounds of goods, the Capacity Count parameter in the
analysis layer's Layer Properties dialog box should be zet to 1. and
DeliveryQuantities should be set o 2868,

If there are multiple capacities, as spedfied by the Capacity Count property of the
analysis layer. the DeliveryQuantities vabues ars separated by & space.

Far instance. when both weight and volume are known, the Capacity Count in the
analysis layer's Layer Properties dialog box should be ==t to 2. If the order requires
2000 pounds of goods, which oooupy 100 cubic fzet, DeliveryOuantities should be sst
o 28668 184,

An empty string or null value is equivalent to all dimensions being zero. If the string has
an insuffident number of values in relation to the capadty count, or dimensions being
tracked. the remaining values are treated as zeros. Delivery guantities can't be negative.

The size of the pickup. You can spedfy size in any dimension you want such as weight,
volume, or guantity. You can even specity multiple dimensions, for example, weight and
volume. You cannot, howsaver, use negative values. This fizld is analogous to the
DeliveryQuantities field of Orders.

il Mote:

Im the case of an exchange visit, an order can have both delivery and pickup
guantities,
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Revenue

SpecialtyNames

AssignmentRule

Network location
fields

= SourcelD
= SourceOID
u PosAlong
5 Side(fEdge

The income generated if the order is incuded in a solution. This field can contain a null
value—a null valus indicates zero revenue—but it can't have a negative valus.

Revenue is included in optimizing the objective function value but i not part of the
solution's operating cost. That is. the TetalCest field in the route class never includas
revenue in its output; however, revenue weights the relative importance of senicing
ordars.

A space-separated string containing the names of the specialties required by the order.
A null value indicates that the order doesn't requine specialties.

Thiiz field is a foreign key to the Mame field in the Spedalties table. Spadialty objects
rmiust exist before they will appear in the SpecialtyMames drop-down Est. For instance, a
|z care company may need to service an order with a pestidde that requires an
applicator licenze. The company could create 3 Speacialty object narmed License and
=&t thiz property 1o License.

Thiiz field spedfies the rule for azsigning the order to a route. It i constrained by 2
domain of values, which are listed belows (their coded values are shown in parentheszes).

# Bxdude (3}—The order is to be excluded from the subsequent sohe cparation.

= Preserve route and relative sequence [1}—The solver must abways assign the order
to the preassigned routs and at the preassigned relative sequence during the sohe
operation. If this assignment rule can't be followed, it results in an order viclation.
With thiz satting, only the relative sequence i maintained. not the absolute
sequence To illustrate what this means, imagine there are two orders: A and B. They
hawe sequence values of 2 and 3. respectively. If youw set their AssignmentRule fizld
values 1o Preserve route and relative seguence, A's and B's actual sequence values
may change after solving because other orders, breaks, and depot visits could s1ill be
sequenced before, between, or after A and B. However, B cannot be sequenced
befors A

= Preserve route (Z]—The sabver must always assign the order to the preazzigned
route during the solve operation. A valid sequence must alse be set even though the
sEquence may or may not be preserved. If the order can't be assigned to the
spedfied routs, it results in an order viclation.

u Qverride (3}—The sohver ignores the route and sequence preassignment (i any) for

the order during the solve operation. It azsigns a rowte and sequence to the order so

&5 1o minimize the owerall value of the objective function. This is the default valus.

Anchor first (4}—The solver ignores the routs and sequence preassignment [f any)

for the order during the solve operation. [t as=signs a route to the order, and makes it

the first order on that routa, 5o as to minimize the overall value of the objective

function

= Anchor last (5}—The sohver ignores the route and sequence preassignrment [if amy)
far the order during the solve operation. [t assigns a route to the order, and makes it
the last order on that route, 5o & to minimize the overall value of the objective
function.

Thiis field can't comtain a mull value

Together, these four properties descibe the point on the network where the object is
located.

Leamn maore about network location fislds
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Curbhppraach

The CurbApproach property specifies the direction a vehicle may arrive at and depart
from the network location. There are four choices (their coded values are shown in
parentheses)

= Either side of wehide (0}—The vehide can approach and depart the netwark
location in either direction. U-tumns are allowed. You should choose this setting if
your vehicle can make a U-turn at the stop or if it can pull into a drivewsy or parking
lot and tum anound

= Right side of wehicle [1}—WWhen the vehicle approaches and departs the network
lpcation, the curb must be on the right side of the vehice. & U-turn is prohibited.

= Left side of vehide (21—When the vehicle approaches and departs the network
location, the curb must be on the left side of the vehide. A U-turn is prohibited.

= Mo U-Turn (3}—hen the vehicle approaches the network location, the curb can be
on either side of the vehicler however, the vehice must depart without turning
anound.

Leamn more about U-turn policies
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Miv. 3.8B KAdon Swataywv (orders) — otowyeia eloddou/e€d66ou (input/output)

[108M]

Input/Output field

RoutaeNane

Sequence

Status

Description

The name of the route to which the order is assigned.

Az an input field, this field is vsed to preassign an order to a specific route. It can
contain & null value, indicating that the order iz not preassigned to any routs, and the
solver datermines the best possible route assignment for the order. If this is set to mull,
the sequence field must also be st to null.

The RouteMame field iz a foreign key to the Mame field in the Routes class. Route
ohjects must exist before they will appear in the RouteName list.

After a solve operation, if the order is routed, the RouteName fisld contains the namse of

the route that the order is assigned to.

This indicates the sequence of the order on its assigned routs.

Az an input field, this field is vsad to spedfy the relative sequence for an order on the
route. This fizkd can comntain a null value spedfying that the order can be placed
anywhere along the route. A null value can only occur together with a mull RouteNane
valug

The input sequence values are non-negative and unigue for eadh route (shared across
depot visits, orders, and breaks), but do not need to start from 0 or be contiguous.

After a solve operation, the Sequence field contains the saquence value of the order on
itz assigned route. Cutput sequemnce values for a route are shared across depot visits,
ordars, and breaks; start from 1 (at the starting depot); and are consacutive. So the
smallest possible output sequence value for a routed order is 2. since 3 routs always
bagins at & depot.

Thiis field is constrained by a domain of values, which are listed below (their coded
values are shown in parentheses).

0K [I'—The network location is valid.

Mot located (1}—The location om the network can't be determined.

Metwork element not located (2}—The network element that the network location
is supposed to be on can't be found. This can occur when 3 network edge is deleted
and the network location is not recaloulated.

Aftar a solve operation, the status can be modified using one of the following status
values:

0K [0'—The network location was successfully evaluated.

Element not traversable (3}—The network element that the network location = on s
not traversable. This can ooour when the network element is restricted by a restriction
attriburte.

Irvalid field values (4}—The field values of the network location fall cutside the
analysis layer's coded or range domains. For example, a negative nurnber may exist
where positive numbers are required

Mot reached (5}—The network location can't be arrived at by the solver.

If time windows are used and the routs arrives early or late, the value dhanges to Time
window vielation (5.
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Miv. 3.8y KAaon Stataywv (orders) — otolyeia e€66ou (output) [108M]

Output field

ViolatedConstraints

Description

This fiehd containg 3 surnmary of viclated constraints and is set after a solve operation.
A combination of one or more of the viclations listed below could be assigned to the
field if assigning the order to any of the routes would cause a constraint to be violated.

[F Diwe-in:

The coded value that represants the text desoiption is shown in the st below
in parentheses. Motice that the coded values are part of a geometric sequence
that increases by doubling the last valus. This allows various combinations of
violations to be coded. For instance, the cormbination of Capacities exceeded
(2) and Hard route zone (128) = coded as 130 (2 +128).

MaxOrderCount exceeded (1})—The order can't be asmsigned to a route since the
assignment would excesd the route’s MaxOrderCount field value. If the maximum
order count is exceeded, the solution is still generated, but it will lzave some orders
unsarviced. In this case, the VRP solver includes the largest number of orders
possible given the constraints.

Capacities exceeded [2—The order can't be azsigned to a route since assigning the
order would excead the route's Capacities fisld value.

MaxTotalTime exceaded (4)—The order can't be assigned to 2 route since assigning
the order would excead the route's MaxTotalTime field value.

MaxTotalTravelTime exceeded (3)—The order can't be assigned to 3 routs since
assigning the order would exceed the route's MaxTotalTravelTime field value.
MaxTotalDistance exceeded (16 —The order cam't be 2ssigned to 3 routs since
assigning the order would exceed the route's MaxTotalDistance field value

Hard time window (32}—The order has a hard time window and can't be assigned
to a route without encountering a time window viclation. (A hard time window is
spedified by assigning a value of 0 to the Max\ViclationTime 1 or Max\MiclationTime2
fiekd)

Unmatched specialty (54)—The spedaltizs required by the order are not found on
the target routa.

Hard roarte zone (125—The order does not fall within 2 hard route zone. IF all the
routes have hard route zones and an order falls outside 3 zone, the order is assigned
this viclated constraint

Crrder pair MaxTransitTime exceeded (256/—The order belongs to an order pair,
and aszigning the order would exceed the maxirmum transit time as specified by the
order pair's MaxTransitTime field value.

Cwrder pair violation (512)—An order belongs to an order pair and can't be assigned
to a route because the other order has some violation. For example. suppose orders
01 and 02 are paired, and order 01 is located om a network elemeant with negative
impedances, but therz are no violation issues with order 02 The solver returns
Unreachakbde for order 01 and Crder pair viclation for 02 since both orders can't be
assigned to a route.

Unreachable (1024} —The order is located on & network: element that cannot be
reached by any routes. This is often caused by an order being located on a disjoint
portion of the network.

Cannot insert required break [2048)—A break for the route has a null sequence
value in the presence of preassigned orders, and the break can't be inserted
amywhera without introducing other violations.

Cannot insert required renewal (4095)—A route exceeds its capacity and neads 1o
visit 3 route renewsl; however, the assodated route renewsl has a null s2quence
value in the presence of preassigned orders and can't be inserted anywhere without
imtroducing other violations.

MaxTravelTimeBetweenBreaks exceeded (2192}—The sohver was unable to insert a
break within the time specified by the break's MaxTravel TimeBatweenBraaks field.
This iz often caused by preassigning a sequence to a break such that it can't be
reached within the maximum travel time.

Break MaxCumulWorkTime exceeded (158334)—The solver was unable toinsert a
break within the time specified by the break's MaxCumulWorkTime field. This iz often
caused by preaszigning a sequence to a break such that it can't be reached within
the maximum work time.

InboundArriveTime or Outbound DepartTime order violation (32758 —The order

couldn't be serviced within the inbound anrve time or cutput depart time constraints.

Thiz violation ooours when all the routes’ LatestStartTime field values precede the
InbcundArriveTime values or none of the routes can reach a depot before the order's
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FromPrewTravelTime

FromPrewDistance

CumulTravel Time

CumulDistance

CumulTime

ArriveCurbdpproaach

L R RS R T BRI S LEFe B A S | M R B A S e o

CuthoundDepartTime value.

Cannot anchor first/last (E5538}— The ordar has an Anchor first or Andhor last
assignment rule, but the solver was not able to honor this constraint. This violation
occurs when the number of Anchor first orders or the numbser of Anchor last orders
is greater than the number of available routes.

Leann more about troubleshooting network analyses

il Mote:

The ViolatedConstraints value of an unrouted order may or may not describe
all its wiclations. If the viclation i severs encugh to immediately excude the
order from further consideration, the solver does so, which prevents any other
viclations from being discoverad for that order. If a violation is encountzred
that doesn't autormatically stop a solution from being generated. the viclation
is noted im ViclatedConstraints, and the solver continwes to consider the order.
Ay further viclations like these are added to the ViclatedConstraints field
uritil gither (a) the solver finds a violation that prematurely stops the solve
process for that particular order, or (B) the sohver finds an overall solution to
the problem.

The travel ime from the preceding visit on the route to the order.

Thiz unitt for this fizld value is specified by the Time Field Units property of the analysis
lzyer.

Thie travel distance from the preceding visit on the route to the order.

Thie unitt for this fizld value is spacified by the Distance Field Units property of the
analysis kayer. This field is null if the Distance Attribute property is not specified in
analyzis parameters.

Thie cumulative travel time for the route up to arrival at the order.

Thie unitt for this fizld value is specified by the Time Field Units property of the analysis
lzyer.

Thie cumulative travel distance for the route up to arrival at the order.

Thie unit for this fizld value is spacified by the Distance Field Units property of the
analysis layer. Thiz fisld is null i the Distance Attribute proparty is not specified in
analyziz parameterz.

Thie cumulative route duration up to and incduding the order. The cumulative duration
includes travel times as well a5 service and wait times at orders.

Thie unit for this fizld value is specified by the Teme Field Units property of the analysis
layer.

Indicates which side of the vehicle the curb is om when the vehice approadhes the
network location. If the network location's Curttpproach value is set to Right side of
vehicle, the ArriveCurbApproach after soling iz Right side of wehicle. Howsver, if the
Curbfpproach value is et to Ether side of vehicle or No U-Turm, the
ArriveCurbdpproach could be on the rfight or left side depending on which produces
the owerall shortest path.
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DepartCurbdppraach

ArriveTime

DepartTime

ArriveTimelTC

DrepartTimelUTC

WaitTime

VialationTime

CumulWaitTime

CumulViolationTime

Indicates which side of the vehicle the curb is on when the vehicle departs the network
location. If the network location's CurbApproach value is set to Right side of vehidle,
the DepartCurbApproach after solving is Right side of wehicle. However, if the
Curbipproach value is set to Ether side of vehicle or Mo U-Tum, the
DepartCurtdppraach could be on the right or left side depending on which produces
the overall shortest path.

The date and time value indicating the arrival time at the order.

The route may arrive at the order bafore the beginning of ane of the order’s time
windows, in which case there is a wait time at the order. For an order with soft time
windows, the route may also arrive at the order after the end of one of the time
windows, in which case there is a violation time at the order.

When using traffic data that covers multiple time zones, the time zone for this ime-of-
day value is tken from the netwaork element on which the order is located.

The date and time value indicating the departure time from the order. The route
departs from the order upon completion of service.

When using traffic data that covers multiple time zones, the time zone for this ime-of-
day value is ken from the netwaork element on which the order is located.

The date and time value indicating the arrival time in Coordinated Universal Time (UTC)
at the order.

The date and time value indicating the departure time in Coordinated Universal Time
(UTC) from the order. The route departs from the order upon completion of service.

Thi wait time ar layover at the order. For exarmple, you get a wait time value if a route
rriust wait at the order for a time window to open

The unit for this field valus i specified by the Time Fiald Units property of the analyss
layer.

The armount of ime elapsed betwesn the end of the order’s time window and the
arrivel of the route vehicle.

The unit for this field valus i specified by the Time Fiald Units property of the analysis
layer.

The cumulative wart time from the beginning of the route up to and induding the
ordar.,

The unit for this field valus i specified by the Time Fizld Units property of the analysis
layer.

The cumulative viclation time from the beginning of the route up to and induding the
order.

The unit for this field valus i specified by the Time Field Units property of the analysis
layer.
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MNiv. 3.9a KAdon auofootaciwyv (depots) — otoyeia toodou (input) [108M]

Input fislds of Depots
Input ficld

ObjectID

Shape

Name:

Description

TimelWindowStartl

TimeWindowEndl

TimeWindowStart2

TimeWindowEnd2

Network location
fields

SourcelD
SourceQID
PaosAlong
SideCfEdge

Description

The system-rmanaged 10 fisld.

The geometry field indicating the geographic location of the network analysis ohject.
The mare of the metwaork analysis object

Thiis field is @ primary key and is used as a foreign key in the Routes feature Layer,
RouteRenewals table, and Depot Visits feature layer to refer to depots. Depot namas

are case insensitive and have to be nonempty and unigue.

The descriptive information about the network analysis chject. This cam contain any
textual information and has no restrictions for uniqueness.

Perhaps you want to note what region a depot is in or the depot’s address and
telephone number; you could enter this information here rather than in the Name field.

The beginning time of the first time window for the network location. This fisld can
conizin & null value; a null value indicates no baginning time.

(5Sae the note below this table of properties for more information)

The ending time of the first time window for the network location. This field can contain
a null value; a null value indicates no ending time.

[Sa2e the note below this table of properties for more information)

The beginning time of the second time window for the network location. This field can
contzin @ null value; a null value indicates that there is no second time window.

If the first time window ks null 2 specified by the TimelWindowStartl and
TimebindowEndl fizkds, the second time window must also be null.

If both time windows are nonnull, they can't overlap. Alsa, the second time windonw
rrivst oceur aftar the first.

{Sae the note below this table of properties for more infonmation.)

The ending time of the sz2cond time window for the network location. This fisld can
comtzin & null value.

When TineWindowStart2 and TiseWindewEnd2 are both null, therz i no second time
window.

When TineWindowStart2 is not null but TimelindowEnd2 is null, there is a second

tirne window that has a starting time but no ending time. This is valid.

(5ze the note below this table of properties for more information,)

Together, these four properties desoibe the point on the network where the chject i
located.

Learn mone about network location fields
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The CurbApproach property specifies the direction from which a vehicle may arrive at
and depart from the depot. It is wseful for vehides that nesd to approach and depart a
depot from a specific direction or avoid making U-turns. You can accommodate these
requirements by choosing one of the following four values for CurbApproach:

Either side of wehidle (0l—The vehids can approach and depart the network
location in either direction. U-tums are allowed. You should choose this setting if
your vehicle can make a U-tumn at the stop or if it can pull nto a driveway or parking
Curblppraach lot and tum ancund
Right side of wehicle (1}—WWhen the vehicle approaches and departs the natwork
lpcation, the curk must be on the right side of the vehice. & U-twrn is prohibited.
Left side of wvehidle [2}—When the vehicle approadhes and departs the network
location, the curb must be an the left side of the vehide. A U-turn is prohibited.
Mo U-Turn (3}—Thiz option i not allowsd with depots. An error message is returned
during the solve process if Mo U-Turn is used. Monetheless, U-turns can still be
awoided by choosing Right or Left side of vehicle.

arm mode about U-turn policies

Niv. 3.9B KAdon auafootaoiwv (depots) — otowyeio eloddou/e€660u (input/output)
[108M]

Input/Output fislds of Depots
Input/Output fiekd Description

Thiis field is constrained by a domain of values, which are listed below (their coded
values are shown in parentheses).

0K [00—The network location is valid.

Mot located [1)—The location on the network can't be determined.

Hetwork element not located (2)—The network element that the network location
is supposed 1o be on can't be found. This can oocur when a network edge is deleted
and the network location is not recaloulated.

Aftar a solve operation, the status can be modified using one of the following status
values:
Status

0K [0p—The network location was successfully evaluated.
Element not traversable (3—The network element that the network location i on iz
not traversable. This can ooowr wihen the network element s restricted by a restriction
attributa.
Irvalid field values (4)—The field values of the network location fall outside the
analysis layer's coded or range domains. For example, a negative number may exist
where positive numbers are required
Hot reached (5}—The network location can't be arived at by the sobver.

If time windows are used and the routed vehide arrives early or late, the value changes
o Time window violation (5).



Input figlds of Routes
Input field

dbjectID

Name

Descriptian

StartDepotNane

EndDepo thame

StartDepotserviceTime

Description

The system-managed ID fisld.

The name of the network analysis object.

This field is the primary key and = usad as a foreign kay in the Orders feature |ayer,
Breaks table, Route Zones feature layer, Route Seed Points feature layer. Route
Renewals table and Depot Visits feature |ayer. Route names are case insensitive and
cannot be empty, even if the route is not part of the solve operation. The name must
b unigue.

The descriptive information about the network analysis object. This can contain any
textual information and has no restrictions for unigueness.

The namne of the starting depot for the route. This fisld is a foreign key to the Mame
field in the Depots class. Depot objects must exist before thay will app=ar in the
StartDepotMame drop-down st

If the StartDepotMame value is null, the route will begin from the first order assigned.
Omitting the start depot is useful when the vehide's starting location is unknown or
irmelevant to your problem. Howaver, when StartDepotName is null, EndDepotNane

cannot alzo be null.

Virtual start depaots are not allowed if orders/depots are in multiple time zones

If the route i making deliveries and StartDepotMane is null, it is assurmed the cargo is
Ioaded on the vehide at a virtual depot before the route begins. For a route that has no
renewal visits, its delivery orders (those with nonzerc DeliveryQuantities values in
the Orders class) are loaded at the start depot or virtwal depot For 3 route that has
remewal visits, only the delivery orders before the first renewal visit are loaded at the
start depot or virtual depot.

The name of the ending depot for the route. This field is a foreign key to the Name
figld in the Depots class. Depot objects must exist before they will appear in the
EndDepotMame drop-down list.

The zarvica time at the starting depot This can bea used to madel the time spent for
loading the vehide. This field can contain a null value a null value indicates zero senice
tirme.

The unit for this field valus i specified by the Time Field Units property of the analysis
layer.

il Mote:

The service times at the start and end depots are fixed values (given by the
StartDepotServiceTime and CndDepotServiceTime fizld values) and do
not take into account the actual load for 3 route. For example. the time taken
to boad a wehide at the starting depot may depend on the size of the orders.
Az zuch, the depot service times could be given values cormesponding to 3 full
truckboad or an average truckload, or you could make your own time estimate.
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EndDepotserviceTine

EarliestStartTime

LatestStartTime

ArriveDepartDelay

The s2rvice time at the ending depot. This can be used to model the time spent for
unloading the wehicke. This field can contain a null value a null value indicates zero
senvice time.

Thi wnit for this fizld valus i specified by the Time Field Units property of the analysis

layer.

Ml Mot

The service times at the start and end depots are fixed values (given by the
StartDepotServiceTime and CndDepotServiceTime figld values) and do
not take inte account the actual load for a route. For example, the time taken
to boad a vehide at the starting depot may depend on the size of the orders.
Az such, the depot service times could be given values corresponding to 3 full
truckboad or an average truckload, or you could make your own time estimate.

The earliest allowable starting time for the route. This is used by the solver in
conjunction with the time window of the starting depot for determining feasible route
start times.

This field can't contain null values and has a default time-only valee of 8:00 AM: the
default value is interpreted as 8:00 am. on the date given by the Default Date property
of the analysis layer.

The default date i ignored when any time window field includes a date with the time.
To avoid an error in this situation, format all ime windows in Depots, Routes, Orders,
and Breaks to also include the date with the time.

‘When using network datasets with traffic data across multiple time zones, the time
zone for EarliestStartTime is the same as the time zome of the edge or junction on
which the starting depot is located.

The latest allowable starting time for the route. This field can't comtain null values and

has a default time-only walue of 10000 AM: the default value is interpreted a5 10:00 a.m.
om the date given by the Default Date property of the analysis layer.

The default date iz ignored when any time window field includes a date with the tima.
To avoid an error in this situation, format all ime windows in Depots, Routes, Orders,
and Breaks to also include the date with the time.

‘When using network datasets with traffic data across multiple time zones, the time
zone for LatestStartTine is the same as the time zone of the edge or junction on
which the starting depot is located.

This fighd stores the amount of travel time needed to accelerate the vehicke to normal
travel speeds. decelerate it to a stop, and move it off and on the network (for exampls,
in and out of parking]. By including an ArriveDepartDelay value. the VRP solver is
detesred from sending many routes to service physically coincident orders.

The cost for this property is inourred between visits to noncoincident orders, depots,
and route renswals. For example, when a route starts from & depot and visits the first
order, the total arrive/depart delay is added to the ravel time. The same is true when
traveling from the first order to the second order. If the second and third orders are
coincdent, the ArriveDepartDelay value is not added between them since the vehicle
do=sn't nesd to move. IF the routes ravels to a route renewal, the value is added to the
trawvel time again. Althowgh a vehicle neads to slow down and stop for @ break and
aocelerate aftenwards, the VRP sobver cannot add the ArriveDegariDelay value for
breaks. This means that if a route leaves an order. stops for a break, and continues to
the next order, the arrive/depart delay is added only once, not twice.
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Capacities

FixedCost

CostPerUnitTime

CostPerUnitDistance

OvertineStartTime

The maximurn amount {for instance, velume, weight, quantity) that can be carried by
the vehicle. If 3 vehicle can carry a maximum of 40,000 pounds, Capadity Count on the
Layer Properties dizlog box of the analysis layer should be set to 1, and Capacities
should be s=t to 488@a. Similarly. if 2 vehicle can carry 1,000 cubic feet. Capacdity Count
should be s=t to 1 and Capadities should be =&t to 1666,

A Caution:

The WRP sobver only performs & simple Boolean test to determine whether
capacities are excesded. If @ route’s capacity value iz greater than or egual 1o
the total quantity being carried, the VRP sohver will assurne the cargo fits in the
vehicle. This could be imcorrect, depending on the actual shape of the cargo
amd the vehicle. For example, the WVRP solver allows you to fit 2 1.000-cubic-
foot sphere into a 1.000-cubic-foot truck that is 3 feet wide. In reality,
however, since the sphere is 12,6 feet in diameter, it won't fit in the 8-foot-
wide truck

|f there are multiple capacities, az spedfied by the Capacity Count parameter of the
analyszis Layer. the values of Capacities are separated by a space For instance, when
both the maximurn weight and velume of the vehicle are used, Capacity Count on the
Layer Properties dizlog box of the analysis layer should be set to 2 1f the vehicle can
carry a weight of 40,000 pounds and a volume of 2,000 cubic fest. Capadities should be
SEL 1D J0658 2668,

An empty string o null value is equivalent to all values being zero. Capadity values can't
b= negative.

If the Capacities string has an insufficient numiber of values in relation to the capacity
count, tha remaining values are treated a5 zero.

A fiwed monetary cost that ks incurred only if the route is used in 3 solution (that is, it
has orders assigned to it). This field can contzin null values: a null value indicates zero
fixed cost This cost is part of the total route operating cost.

The mometary cost incurred—per unit of work time—for the total route duration,
including travel times as well s sarvice times and wait times at orders, depots, and
braaks. This field can't contain a null value and has a default value of 1.0.

The unit for this fizld value i specified by the Time Fiald Units property of the analysis
layer.

The mometary cost incurred—per unit of distance traveled—fior the route length (total
traved distance). This field can contain null values; a null value indicates zero cost.

The distance unit is specified by the Distance Field Units property of the analysis layer.

The solver will return an ermor if this field is given a value and the Distance Attribute
property i not specified for the analysis layer.

The duration of regular work time before overtime computation begins. This field can
contain null values; a null value indicates that overtime does not apply.

The unit for this fizld value is specified by the Time Field Units property of the analysis
layer.

Far examiple, if the driver is to be paid overtime pay when the total route duration
extends beyond eight hours, OvertimeStartTime is specified as 8 if the Time Field Units
property of the analyziz layer is set to Howrs.
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CostPerUnitOvertine

HaxdrderCount

HaxTotalTime

HaxTotalTravelT ime

HaxTotalDistance

SpecialtyNames

AssiprmentRule

The monetary cost imcurred per time unit of overtime worke This can only contain a null
value if OvertineStartTime i also null Cthenwize it must be a positive value greater
tham the CostPerUnitTime,

The maximurn allowable numiber of orders on the route. This field can't contain null
walues and has 2 default value of 300

The maximurmn allowable route duration. The route duration includes travel times as well
as sarvice and wait times at orders, depots, and breaks. This field can contain null
values; a null value indicates that there is no constraint on the route duration.

The unit for this fizld value is specified by the Time Field Units property of the analysis
layer.

The maximurn allowable travel time for the route. The travel time indudes only the time
spent driving on the network and does not include service or wait times.

The unit for this fizld value is specified by the Time Field Units property of the analysis
layer.

Thiiz figkd can comtaim null values; 3 null value indicates there is no constraint on the
rmaximum allowskble travel time. This field value can't be larger than the MaxTotalTime
field value

The maximurn allowable travel distance for the routa.

The wnit for the total distance iz spedfied by the Distance Field Units property of the
analysziz layer.

Thiiz fizkd can comtain null values; 3 null value indicates that thers is no constraint on the
rmaximum allcwalble travel distance.

The solver will return an emor if this field is given a value and the Distance Attribute
property is not specified for the analysis layer.

& space-separated string containing the names of the speciaities supparted by the
route. A null value indicates that the route does not support any specialties. This field is
a foreign key to the Marne fisld in the Spedalties table. Specialty chjects rmust exist
b=fore they will appear in the SpacialtyMarmes list.

Thiiz specifies whether or not the route can be used when solving the problem. This
field is constrained by a domain of values, and the possible values are the following:

# Include—The routs is included in the sobve operation. This is the default value.
# Bxdude—The route is excluded from the solve operation.
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Output field

Shape

ViolatedConstraints

Description

The line shape of the route. |f the Output Shape Type proparty of the analysis layer i
set to Mone, no shape is returmed. Setting the Output Shape Type property to Straight

Lime returns straight route lines that conmect each pair of consecutive visits. True Shape
with measures and True Shape both return lines that trace their comezponding routes
on the network, the difference being that True Shape with measures rstums z line
that iz already linearly referenced by time.

This field contains 3 surnmary of violated constraints and is set after a solve operation
If 3 rowrte causes a constraint to be violated, 3 combination of one or more of the
violations listed below could be assigned to the fisld.

H Dive-in:

The coded value that represents the text desoription is shown in the kst below
in parentheses. Motice that the coded values are part of 3 geometric sequence
that increases by doubding the last value. This allows various combinations of
viclations to be coded. For instance, the combination of Capacities excesded
(2) and Hard route zone (128) = coded as 130 2 +1238).

MaxOrderCount exceeded (1)—The preazsigned orders can't be assigned to the
route since assigning the orders would excesd the maxirmum nurmber of ordars that
can be assigned 1o the route az specified by the route’s MaxOrderCount field valus.
Capacities exceeded [2—The preassigned orders cam't be assigned to the routs
since assigning the orders would excesd the total route capacity as specified by the
route’s Capacities field value

MaxTotalTime exceeded (4/—The travel time from the start depot 1o the end depot
plus the service and wait times at both depots and any break exceeds the total time
for the route as specified by the route’s MaxTotalTime field value.

MaxTotal TravelTime exceeded (3}—The travel time from the start depot to the end
depot exceads the totl travel time for the route as specified by the route’s
axTolTravel Time fiegld value

MaxTotalDistance exceeded [16)—The travel distance from the start depot 1o the
end depot exceeds the total ravel distance for the route as specified by the routs's
IiaxTot Distance figkd value

Hard time window [32}—There iz 3 hard time window violation on the start depot,
end depaot. or break associated with the route.

Unmiatched specialty (54)—The spedalties required by an order are not found on
the target routa.

Hard roate zone (123}—An order that was preassigned to the routz does not f2
within a hard route zone.

Crrder pair MaxTransitTime exceeded (256 —There iz an onder pair preazsigned to
the route, and aszigning the orders in the order pair would exceed the masimum
transit time for the order pair as specified by the order pair's MaxTranzitTime field
value.

Crrder pair violation (572)—An onder belongs to an order pair and can't be assigned
to the preassigned routs.

Unreachable (1024)—A preassigned order is located on a network element that
canmaot be reached by the route.

Canmot insert required break (2048)—A break for the route has a null saquence
value in the presence of preassigned orders, and the break can't be inserted
amywhera without intreducing other violations.

Canmot insert required remewal (4095 —A route exceeds its capacity and nesds 1o
visit 3 route renewal; however, the aszociated route renewal has a null s2guence
value in the presence of preassigned orders and can't be inserted anywhere without
imtroducing other viclations.

MaxTravelTimeBetweenBreaks exceeded (2152)—The zolver was unzble to insert 2
break within the time specified by the break’s MaxTravelTimeBatweenBreaks field.
This iz oftem caused by preassigning a sequence to a break such that it can't be
reached within the maximum travel tirme.

Break MaxCumulWorkTime exceeded {16384)—The solver was unable to insart a
break within the time specified by the break’s MaxCumulWorkTime field. This is often
caused by preassigning a sequence 1o a break such that it can't be reached within
the maximum work time.
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OrderCount

TotalCost

RegularTimeCost

OvertimeCost

Diistancelost

TotalTime

TotalOrderServiceTime

TotalBreakServiceTime

TotalTravel Time

TotalDistance

StartTime

Thie number of orders assigned to the route.

The total operating cost of the route, which is the sum of the following fisld values:

FimedCost
RegularTimeCost
CrertimeCost
Distancalost

Thie cost of regular work time, excuding any unpaid breaks.

Thie cost of overtime work, exdueding any unpaid breaks.

Thie distance cost component obtained by multiplying the TowiDistance and
CostPerUnitDistance figkd values. This field value is null if the Distance Attribute
property is not spacified for the analysis layer.

Thie total route duration. This includes travel times as well as service and wait times at
orndars, depots. and breaks. The TotalTime value i the sum of the following fisld values

SrartDepotSeniceTime
EndDepotserviceTime
TotalOrderserviceTime
Total BrezkizriceTime
TotalRenewalSeniceTime
TotalWalTime
TotalTrawvelTime

Thie unitt for this fizld value is specified by the Time Field Units property of the analysis
lzyer.

Thie total service time spent at all orders on the route.

Thie unit for this fizld value is spacified by the Time Field Units property of the analysis

lzyer

Thie total service time spent at all breaks on the route.

Thie unitt for this fizld value is specified by the Time Field Units property of the analysis
lzyer.

Thie total travel time for the route.

Thie unit for this fizld value is spacified by the Time Field Units property of the analysis

lzyer

Thie total travel distance for the route.

Thie unit for this fizld value is specified by the Distance Field Units property of the
analysis kayer. This field is null if the Distance Attribute property is not specified in

analysis parameters.

Thie starting time of the route. The route may start before the beginning of its start
dapot's time window, in which case there is a wait time at the starting depot.

When using traffic data that covers multiple time zones, the time zone for this ime-of-
day value is =ken from the network element that the starting depot is located on.
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EndTime

StartTimeUTC

EndTimelTC

TotalWaitTime

TotalViolationTime

TotalRenewal ServiceTime

The ending time of the route. The route ends upon completion of sendce at the ending
depot.

‘When using traffic data that covers multiple time zones, the time zone for this ime-of-
day value is =ken from the netwaork element that the ending depot is located on

The start time of the route in Coordinated Universal Tirme (UTC)L

The end time of the route in Coordinated Universal Time (UTC).

The total wait tirme at all orders, depots, and breaks on the route.

The unit for this fizld value i spacified by the Time Field Units property of the analysis
layer.

The total violation time at all orders and breaks on the route.

The unit for this fizld value i specified by the Time Field Units property of the analysis
layer.

Far a route with renewals, this is equal to the number of visits to depaots for renewing.

Far a route with renewals, the total service time spent at all renewal visits on the route.

The wnit for this fizld value is specified by the Time Fizld Units property of the analysis
layer.
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Output fields of Depaot Visits

Output field

ObjectID

Shape

Depotlame

RouteMame

Sequence

VisitType

ServiceTime

FromPrevTravelTime

FromPrevDistance

CumulTravelTime

CumulDistance

CumulTime

Description

The zystem-rmanaged |0 fizld.

The geometry field indicating the geographic location of the network analysis object.

The narme of the visited depot. This figld is a foreign key to the Name field in the
Cepots network analysis class.

If the routs wses a virual depot. which means the route starts or ends at an order
instead of a depot. DepotMame is null

The narme of the route containing this visit This field is a foreign key to the Mame field
in the Routss feature layer.

Indiicates the seguence of the visited depot on the route. The outout sequence values

for a route are shared across depot visits, orders, and breaks; start from 1 (at the

starting depot) and are consecutive.

The reason thiz depot was visited. This field i constrained by a domain of values:
Start depot

End depot
Renawal depaot

The zervice time (such as loading or unloading) at the depot.

The unit for this fisld valus i specified by the Time Fild Units property of the anakysis
layer.

The travel time from the precading visit on the route to the depot.

The unit for this fisld valus i specified by the Time Fild Units property of the anakysis
layer.

The travel distance from the preceding visit on the route to the depot.

The unit for this fisld valus is specified by the Distance Field Units property of the
analysis layer. This figld is null if the Distance Attribute property i not specified in
analysis parameters.

The cumulative travel time for the routs wp o the arrival at this depot.

The unit for this fisld valus i specified by the Time Fild Units property of the anakysis
layer.

The cumulative travel distance for the route up to the arrival at this depot.
The unit for this fisld valus is specified by the Distance Field Units property of the
analysis layer. This figld is null if the Distance Attribute property i not specified in

analysis parameters.

The cumulative route duration up to and including the depot. The cumulative duration
includes travel times a3 well as service and wait times &t orders, depots, and breaks.

The unit for this fisld valus i specified by the Time Fild Units property of the anakysis
layer.
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The arrival time at the depot. The route may arrive at the depot before the beginning of
the depot's time window, in which case there is wait time at the depot.

ArriveTime
‘When using traffic data that covers multiple time zones, the time zone for this ime-of-
day value is the same as the netwark element that the depot is located on.
The departure time from the depot
DrepartTime
‘When using traffic data that covers multiple time zones, the time zone for this ime-of-
day walue is the same as the network element that the depot is located on.
The date and time value indicating the arrival time in Coordinated Universal Time (UTC)
ArriveTimelTC
&t the depot.
TimalTC The date and time value indicating the departure time in Coordinated Universal Time
DepartTime
(UTC) from the depot.
The wait tirme at the depot.
WaitTime
The unit for this fizld value is specified by the Time Field Units property of the analysis
layer.
The cumulative wart time from the beginning of the route up to and including the
depot.
CumulWaitTime
The unit for this fizld value i specified by the Time Fiald Units property of the analysis
layer.
The cumulative viclation time from the beginning of the route wp to and incleding the
depot.
CumulViclationTime

The unit for this fizld value i spacified by the Time Field Units property of the analysis

layer.

The amount (for instance, wolume, weight. quantity) being loaded at the depot. If thera
arz multiple capacities, as spedfied by the Capacity Count property of the analysis
lzyer. they are separated by 3 space. For example, in case of deliveries, the value for the

TotalLoadedQuantities TotalloadedQuantities field indicates the actual quantity of goods delivered by the
vehicle before returning to a depot. This value is less than or equal to the Capadties
field value for a given route, indicating that the route performs one truckoad of
deliveries.

The amount (for example, volume, weight. quantity] being unloaded at the depot. If
there are multiple capacities, as specified by the Capacity Count property of the
analyszis kayer. they are separated by a space. For example, in case of pickups or routes

TotalUnloaded Quantities with renawals, the value for the TotalUnlcadedOuantities fizld indicates the actual
guantity of goods picked up by the vehide and brought to the depot. This value is less
than or equal to the Capacities fizld value for a given route, indicating that the route
performs one truckload of pickups.

il Note: There is mo ViclationTime cwtput field on the Depot Visits feature layer since depots have hard time
windows.

MNa to moapov MPOPANUA OWE APXLIKA ELXE QAVTIUETWTILOTEL oTnV epyacia (MaoxaAidbng,
2020)[0], wg orders Aappdavovtat UTIOYPLV TA KEVIPLKA KoL TIEPLPEPELAKA LSATOS PO

TPOOPLOHOU, WC depots Ta LNTPOTIOALTIKA USatodpopia Melpald Kot Oscoalovikng
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Kol WG routes ta agpookagn mou Ba avaddBouv va ekteAécouv ta SpopoAdyLa. Xto
ked.4 mou akoAouBel Ba mpaypatonolnbel pla avaokonnon tou nmpoBAnuatog pall
HE T aplBuNTIKA SeSopéva Tou TpENEL va eneepyactolv oto Microsoft Excel wote
va anoteAécouv to input oto ArcGlS.

Miv. 3.11 Avtiotoiyton kKAaoswv ArcGIS Kol oTtoyeiwv Tou IpoBAALATOC

KAdon oto ArcGIS Ztowxeio NMpoBAnpatog
orders YSatobpouia mpoopLlopol
depots YSatobpouia

adetnplag(Mepatd/Oscoalovikng)
routes 2TOA0oG YépomAdavwy
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4. ANATITY=H MPOBAHMATOZ

4.1 levikd Ztowxela

To &iktuo Twv Sladpouwv mou Ba efetaotel wg mapadelypa epapuoyng MoPaAPEVEL
To (610 Mou Xpnowomnoinos o M. Maywvakng otn SUTAWUATIKA Tou gpyacia to 2016
[1] kot uloBeTBNnKe KaL amnod to ypadovta 1o 2020 [0]. MEéxpL onuepa, Sedopévng Kot
™¢ mavdnuiag tng Covid-19 dev umnpéav Wolaitepeg oxeTIKEG e€eAifelg, mapd pHovo OtL
TO KOUPLKO udaTodpopLo TNG ATTIKNC IPOKELTAL v XwpoBetnBel oto Néo DaAnpo tou
6nuou Mepatd, otig ekBoAéc tou Kndlool motapou avti tng EAevcivag [119A].
JUYKEKPLUEVA TIPOKELTAL YLaL TO EENG:

MNiv. 4.1 MntpomoALTika Kol teplbepelokd udatodpoputa eBvikou StKTuou Kat
Sladpopécg

Nepardag Osooalovikn
Nelpadg I +
Osococalovikn + I
KuOnpa +
AAuvog +
MutiAnvn

Xiog

ZApOG
EppoumoAn
Naéog

MnAog
Zavtopivn

Kwg

PA60og
Kapnabog
Natpa
KaAapdta
Kedpalovia
Képkupa

BoAog

lwavviva
Kaotopla
KaBala
AAe&/moAn
Xaviad/Kiocooapog
P£Bupuvo
HpdkAewo
Médava

Mopog

NouTtpaktL
Avépog

Nauia

Kéa

o I I o I o I I R e B o o I o o A

e N S o e IS
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ITov mapanavw mnivaka to cUPoAo + urtodnAwvel e€umnptnon. E€umakoveTal WG
MNelpatdc-Oecoalovikn := BOeooalovikn-MNepadc. Ta uvdatodpoua mou eival
ypoupéva pe mAdyla ypadn dev eixav e€etaotel yia tn Slapopdwaon tou SiKTuou to
2020 ko006t BewpnBnkav xaunAdtepng onuaciag (BA. xapteg 4.1 kat 4.2), wotdo0 0T
doun T™NC onuepLVAG Tatplalel kaAutepa n cupnepiAnyn toug. Me e€aipeon autd Twv
Xaviwv omou unapyxel mpoBeon va xwpoBetnbel otnv meploxn t¢ Kiooauou [1198],
Ta urtoAouta Ba SNAwBoUV 0To AOYLOULKO WG ONUEL LE ouvTeTaYUEVEG EMZA’87 evtdg
TOU UTIAPXOVTOG ALLOVLOU.

Xaptng 4.1 H cUvoeon TWV UNTPOTOALTIKWY USATOSPOULWV HE TA KEVTPLKA UdaToSpouLa, M.
Maywvakng, 2016 [1]
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Xaptng 4.2, mAnpeg diktuo, M. Maywvakng, 2016 [1]
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JUVOTTIKA N cUAAoYLOTLKA Ttou Ba akoAouBnBel og autd To KebAAaLo eivat n €€NG:
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Eik. 4.1 Aldypoppa ponc epyaciwyv kedpahaiou (amod https://app.diagrams.net/)




4.2 Ztoxela Aettoupylac Twv udpomAdvwy Kat aflomoinor) Toug
Amnoé tnv mponyoupevn gpyaocio tou ocuvtaktn[0], mpoékue pia efiocwon xpodvou
Stadpopnc yla pia dtadpoun vdpomnAdvou wc:

RT = RTo+ RTa+RT5+2 % RTp =+ AT % (1 + dFs) + BT » (1 + dFp) + o 20)
(4.2.2)
MNa ta mapanavw cupBola woxvouyv Ta EAG:
Miv. 4.2 JuvteAeotég e€iowong 4.2.1 kol EpUNVELD AUTWV
Z0pBoAo Nepwypadn Movadeg pétpnong
PpV Erupdrtec/nuépa d?
NPD EruBdrtec/SpopodyLo d?
NPDmax EruBdartec/Spopoloylo -
(dvw 6plo aodaleiag)
M ApBuo6g agpookadpwyv -
I ApBuog Spopoloyiwv -
D Anootaon peTaty km
vdatodpouiwv adetnpiag A kat
T(PoopPLoOoUL B
V Taxutnto Aepookadoug Km/h
RTo Xpovog SLadpoung eKTog h
vdatobpopiou
AT Baolkog xpovog h
anoBaAdaocowong
BT Baowkog xpovog h
npocBaidcowong
dFa Moocootd kabuotépnong -
anoBaAdocowong

77



Dfs TI0C00TO KABuoTEPNong -
npocBaAdoowaong

uP Pon emuBatwyv h-1

Dfp MocoOoTO OXETIKAG -

kaBuotépnong

RTa OAkOG Xpdvog arnoBaldcowong h

RTs OALKOG XpOVOoC h
npocBaAdoowaong

RTp Xpovog ano-emPBifaong h

emuPBatwyv

JUpuPwva pe TNV Tapanavw sfiowon umotiBetal dltadopeTikry cupneplpopd Tou
HECOU OTO XWPO Tou LSATOSPOUIOU Kal EKTOC aUTOU KATA TV mtron. Onwg emniong
elval mpodaveg otL oto Network Analyst tou ArcGIS, mapdtt onwg npoavadEpOnke
(map.3.3.3) N MAPAPETPOG TOU KOOTOUC UTIOAOYILETAL E(TE O LOVASEC UNKOUG E(TE OE
Xpovou(onwg Inteitat otnv €€. 4.2.1), n tomoAoyia yia Tt &éunon tou Siktuou
nepAapBavel ypappueés we Stadpopég (edges) kal onpeia wg kOpuPoug (junctions)
[108H]. Mapott onwe Ba dpavel mapakdtw eivat Suvatov va dounbei n amdovotepn
TomoAoyia SIKTUOU OTIOU OL TPOXLEG TWV USPOTAAVWY Bewpouvtal anmAd eubuypaupa
TUNALOTO, TO YEWHUETPLKO UNKOG TOUC (oToxelwdeg medio Shape Length SL oto ArcGIS
yla ypappka dedopéva) dev tavtiletal pe tn petapAnty D tng €€.(4.2.1), woxvel
avTIOETWC:

SL=D+2xr(4.2.2),

T n aktiva emnppong tou vdatodpopiou, 6mou Loxvouv oL xpovol AT kat BT
avtiotoya yla ta udatodpoula adetnpiag Kat mpooplopol tne (4.2.1). Anatteitat
mA£ov pia avaluon pe Baon yvwoelg oxedlaopou udatodpopiou yla Tov
TPOOSLOPLOUO TNG TTAPATIAVW AKTIVAC 1.

Ao 1o Annex 14 tou ICAO mept 2xedlaopou kat Asttoupylwv Aspodpopiwv
(Aerodromes Design and Operations)[105] opilovtal ol SLa0TACELG TWV VONTWV
embavelwy ou opilovtal yla TNV opaAn Aettoupyia evog agpodpopiou kat Kat
enéxtaon Kat udatodpopiou (opllovTia ECWTEPLKH, KOAOUPOKWVLKN, LETOBATIKN,
anoyeiwong, mpooyeiwong, {wveg acdpaieiog) ava punkog dtadpouou. Na to
aepookadog tng epyaciag De Havilland DHC-6 Twin Otter (n kuplapxio Tou omnoiou
w¢ udpomAdvou €xel avaluBel otnv avtiotown ponyoupevn[0]) wg Baoikd LAKOG
SLadpopou €xeL umoloylotel ota 762 m.
(http://www.sgl.com/PDFs/de%20Havilland%20Twin%200tter-v5.0.pdf) [10].
YrevBu uiletal OTL yla Tov UTIOAOYLOUO U Koug SLadpodpou LoXUEL n oy.

L=Lyr*a*b*c (4.2.3), 6mou

Ly To Baoikd purikog tou dtadpouou yla 1o agepookddog oxedlacpuou
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a 0 ouvteleotnc 8LOPBwaong Aoyw vPopETpou Tou aepodpopiou (a=1 yia pndevikod
uopeTpo, a=1,07 yia upopetpo H=300 m)

b o ouvteheot¢ S6pBwong Adyw BOepuokpaociag tou aepodpopiov (b=1 ywa
Bepuokpaoia avadopds NMEPWTIKOU aepodpopiov T=24° C 1 Bepuokpacia
napaAlakol aepodpopiov T=15° C. Na OSwadopd 1° C amd TG MApATAVW
Bepuokpaoieg avadopds o cuvteleotig b mpooaudvetal katd 1%, evw ylu
uopeTpo H>1000 m n Bepuokpaocia avadopdg opiletal T=18,5° C)

¢ 0 ouvteAeotrg S16pBwaong Adyw katd pHRkog kKAioewc tou Stadpopou. MNa L, <900 m,
LoxveL mavta c=1, yia Lp>900 m kat As=1% =>c=1,1
(Wapakn et al., 2014) [106]

H mapamdvw oxéon e€dv edappolotav eVOEIKTIKA OE aKPOIEC OUVONKEG OTO

uvdatodpouto NG Alpvng tng Kaotoplag mpogkurmte a=1,16 (H=700 m), b=1,19 (T=5°C)
. (423) , . ,
Kat c=1 10te —= Lp=1.052 m. ITNV MPAYUATIKOTNTA N Tapanavw oxéon &egv

edapuoletal yla vdatodpopia adou ayvoel eMUMAEOV SUCHEVEIG TTAPAYOVTIEG OTIWG
TV amnoucia méEdnong emi tng uddtvng emipavelag mou Suoxepaivel TNV
anoBaAdoowon-npocBaldocowaon yla peydia VPN KUPATIOUOU (hmax=4 m) aAAd Kal
™S uYPNANC AVaKAOOTIKOTNTAC TOU VEPOU OTOUC XAUNAOUG KupaTlopoUg (hmin=0.5 m),
evtoutolg Sivel pla mpwtng taéng peyéBoug Tou amaltoUPEVOU UARKOUG USATLVOU
Sladpopou yla éva uvdpomAdavo (edikd €av okedptel Kavel¢ OTL oL TapaATAVW
Tieploplopol LoxVouV Kupiwg ota mapabaldooia udatoSpopLa OTIOU OL CUVONRKEG TNG
€. elval oadwg euVoIKOTEPEC).

Nivakac 4.3: katnyopiec OdAaocoag, VWN KUPOTWOUWY Kol TTooooTd eudaviong o€
Bopelo AtAavtiko Kat Elpnviko Qkeavo [88]

Sea State Number | Significant Wave Height (m) | NORTH ATLANTIC NORTH PACIFIC
Percentage Probability | Percentage Probability
of Sea State of Sea State

0-1 Calm Oto0.1m 0.70% 1.60%

2 Smooth 01to0.5m 6.80% 6.40%

3 Slight | 0.5to1.25m 23.70% 15.50%

4 Moderate | 1.25t02.5m 27.80% 31.60%

5 Rough 25to4m 20.64% 20.94%

6 Very Rough 4to6m 13.15% 15.03%

7 High Gto9m 6.05% 7.60%

8 Very High 9to 14 m 1.11% 1.56%

>8 Phenomenal | Owver 14 m 0.05% 0.07%

O Annex 14 opileL emiong 4 kKwdkoU G aepodpouiwy e Baon to unkog toug (1-4). Ztnv
katnyopia 2 woxvel 800 ms<L<1200m. Me Bdon TOUG OVWTEPW GCUAAOYLOUOUG,
AapBavetal n mapadoxn o6tL 0Aa ta udatodpoula TNC €pyaciag avAKOUV otnv
MApOMAvVW _Katnyopia. Emiong katd kavova ta vdatodpopia &g SlabBétouv
CUOTNHATA EVOPYAVNG TIPOCEYYLONG, OMOTeE oUpdwva pe tov Annex 14, td6o0 n
empAVELA ATIOYELWONG 000 KOl N aVTLOTOLXN TNG TPOCYELWONCG CUUTILITTOUV OE KOG
2.500 m.
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Niv. 4.4 Kwdwkol avadopdc agpodpopiwy

Table 1-1.  Aerodrome reference code
fsee 1.6.2 10 [.6.4)
Code element |
Code number Aeroplane reference field length

1 Less than 800 m
2 800 m up to but not including 1 200 m
3 1 200 m up to but not including 1 800 m
4 1 800 m and over

Code element 2

Code letter Wingspan

A Up to but not including 15 m
B 15 moup to but not including 24 m
C 24 moup to but not including 36 m
D 36 m up 1o but not including 52 m
E 52 mup to but not including 65 m
F 65 m up to but not including 80 m

(mtnyn: Annex 14 [105], avaktnBnke amo

https://www.iacm.gov.mz/app/uploads/2018/12/an 14 vl Aerodromes 8ed. 2018 rev.1

4 01.07.18.pdf)

MNiv. 4.5 XapaKtnploTtkd SLodpOuwY ITPOoEYYLoONG

APPROACH RUNWAYS

Non-instrament

RUNWAY CLASSIFICATION

Non-precision approach 1 Hor Il

Code mumber Code number Code number Code number
Surface and dimensions 1 2 3 4 12 3 4 12 34 34

m @ (&) “@ ) (0] [u] ® ©) (10) an
CONICAL
Slope 3% S % 5% 5% 5% 5% 5% 5% 5%
Height ISm 55m TSm 100 m 60m 75m 100 m 60 m 100 m 100 m
INNER HORIZONTAL
Height $Sm 45m 4Sm 4Sm 4Sm 4Sm Sm 4Sm 4Sm 4Sm
Radius 2000m 2500m 4000m  4000m 3500m 4000m 4000m 31500m 4000m  4000m
INNER APPROACH
Widih s — - — — - = Nm 120w 120m
Distance from threshold - - — - — - — 60m  60m 0m
Length — —_ — — — -_ — 900 m 900 m 900 m
Slope 25% 2% 2%
APPROACH
Length of inner edge 6Om 80m  1S0m  I150m MOm  280m  280m 140m  280m 280 m
Distunce from threshold 30m 60m 60m 60m Om 60 m 0Om 60 m 60m 0Om
Divergence (each side) 10 10% 0% 0% 15% 15% 15% 15% 15% 15%
First section
Length 1600m 2500m 3000m 3000m 2500m 3000m 3000m 3000m  3000m 3000 m
Slope % @ 333% 25% 333% 2% 2% 25% % 2%
Second section
Length — — — — 3600 " 3600 12000m 3600m" 3600 "
Slope — — — - — 25% 25% e 25% 25%
Horizontal section
Length — — — S400 0" 8400 m" 8400 m" 8400 m"
Total length - - - 15000m 15000 m 15000m 15000m 15000 m
TRANSITIONAL
Slope 20% 20% 14.3% 143% A% 143% 143% 143% 14.3% 143%
INNER TRANSITIONAL
Slope 0% 13.3% 133%

BALKED LANDING
SURFACE

Length of inner edge
Distance from threshold
Divergence (cach suide)
Slope

anos

Distance to the end of strip

Or end of runway whichever is less

All dimensions are measured horizontally unkess specified otherwise
Variable length (see 429 0or 42.17).

e

90 m 120 m* 120m*
— € 1 800 m* 1 300 o
- — - 10% 10% 1%

" 33 333%

Where the code letter is F (Table 1-1), the width is increased to 140 m
except for those serodromes that sccommodate a code letter F aeroplane
equipped with digital avionics that provide steering col 0o
maintain an established track during the go-around manoeuvre.

Note.— See Circulars 301 and 345, and Chapter 4 of the
PANS-Aerodromes, Part | (Doc 9981) for further information.

(mnyn: Annex 14, avaktnBnke and
https://www.iacm.gov.mz/app/uploads/2018/12/an 14 vl Aerodromes 8ed. 2018 rev.1

4 01.07.18.pdf)
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MNiv. 4.6 XapaKTtNPLOTLKA SLodpOuwV amoysiwong

Table 4-2. Dimensions and slopes of obstacle limitation surfaces

RUNWAYS MEANT FOR TAKE-OFF

Surface and dimensions®
)]

Code number
2

(EN}

TAKE-OFF CLIMB
Length of inner edge
Dristance from runway end”
Drivergence (cach side)

Final width

Length

mensions are measured horizontally unlbess specified otherwise

off climb surfisce starts ot the

in
© | BOO m when the imtended track includes changes of heading greater than | 5% for operations conducted

IMC, VMO by might
d See 4.2.24 and 4.2.26

&0 m

50 m

10%%

B0 m

| 600 m

5%

end of the clearway il the

RO m
Bl m
1%

580 m

2 500 m

4%

: clearway length exceeds the specified

180 m

60 m

12.5%

1 200 m
| B0 m®

15 000 m

(mnyn: Annex 14 [105], avaktBnke amno

https://www.iacm.gov.mz/app/uploads/2018/12/an 14 vl Aerodromes 8ed. 2018 rev.1

4 01.07.18.pdf)

Juvenwg n emudpavela emppong evog udatodpopiou oe O,T1L adopd TNV
anoBaldocowaon Kot TNV mpocBaAdcowon kal §eSoUévou OTL UTTAPXOUV AOYW TNG
vdatvng emdavelag anelpeg SleuBuvoel anobaldocowong-MpooBaAAcowWong
avaloywg tng SlevBuvong Tou avépou (yla éva aegpookadog n BEAtiotn SievBuvaon
anoyeiwong-mpooyeiwong-aAAd kat anobaldcowong-npocbaldcowong epdoov o
QVEHOG €lvOlL N YEVECLOUPYOC OLTiO TWV KUMOTIOUWV-ELVOL QUTH TOU QVEUOU YL
e€alelPn twv TAsuplkwv SuvApEwv, MPE avtiBetn Opwg ¢opd), umopsl va
amnelkoviotel o€ mepBaAAov GIS moAU anAd wg buffer tou onueiou tou udatodpopiou

He aktivar =13, + Lg +L?b = 2500 + 200 +

Ly, pnkog udatvou dtadpduou

L tutuké pnkog Lwvng acdhaleiog

1, URKoG {wvng anoyeiwong/mpoacéyylong

1000
2

= 3200 m (4.2.4), omou
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4.3 MNMpoaodloplopog {ntnong yia to HETadopLko cuoTnua

Mo va TpoodLlopLoTel To MPOPANUA TNG MAPoU oS EPYOOLAC amatteltal n EUPECN TNG
{nTnong ywo petakivnon pe udpomAavo peTall Twv KOUPwV Tou cuotnuatog. Qg
Baoikn elowon etnolag NTnong evog udatodpouiou TPooPLoPOU EXEL TIPOKUYEL N
(Maywvakng, 2016[1]):

PpY = 0.216 * Beds + 0.027 x Pop (4.3.1)

omnou Beds o aplBuog touplotikwy KAvwv otn {wvn enppong tou vdatodpopiou
T(POOPLOUOU Katl Pop o poévipog mAnBuopog autng. Ta mopandvw otolxeia eLoodou
AapPavovtal amnod to pev povipo mAnBuopd Pop and tnv o npdécodatn anoypadn
mAnBuopou tng EA.ZTAT. 10 2011 [114] evw aUTA TWV TOUPLOTIKWY KAlVWV Beds amno
otolxela tou Zevodoyxelakol EmipeAntnpiou EAAGSocg (Z.E.E.) to 2019 [115],
teleutaia xpovid nipo CoViD-19. H mapandavw §icwaon, XpNOLLOTOLWVTAG OTATLOTIKA
otolyeia dltavuktepevoewy To 2018, KataveépeTal ava Tpipnvo wg e€ng (MaoxaAidng,
2020) (4.3.2.1 éw¢ 4.3.2.5):

PpQ,1 = 0,011 * Beds + 0,00551 * Pop
PpQ,2 = 0,074 * Beds + 0,00724 * Pop
PpQ,3 = 0,1073 * Beds + 0,00869 * Pop
PpQ,4 = 0,024 * Beds + 0,00559 * Pop,
yla TLC OToleG o€ nuepnola Baon LoxVEeL:

PpV=PpQi/91,3125 (22), 1<i<4,

omou 91,3125=365,25/4 nUEPEC TPLUAVOU

Elval mpodavég otL o kaBe uSaTOSPOULO TIPOOPLOHOL EMNPEALEL pia EKTOON YNG
yUpw omo auto N e Baon tnv opoloyia tng lewypadiag cuviotd pia Xwplki
Kowwviko-Owkovouikn Movada (KOM) (Spatial Socio-Economic Units — SSEUS)
(KaBoupag et al., 2016)[102]. Na to mMpOPBANUA TTOU KAAELTAL VO OVTIUETWITIOEL N
napovoa epyacia, wg KOM katapxnv evwoouvtal oL TEpLPEPELAKEG EVOTNTEC TwV 13
TEPLPEPELWV TNG XWPOG OTwG opilovtal pe to v.3852/2010 (oxédlo «KaAAkpatng»)
[113]. Autég pe TN oElpd Toug elte Tawtilovtal Pe Toug mapadoolakd opl{OEVOUG
VOLLOUG TNG XWPAC, ELTE O OPLOUEVEC TIEPUTTWOELG TIPOEPXOVTOAL ATIO SLACTIOON AUTWY
(m.x. oto vopd ATTIKNG oplotnkav 8 TEPLPEPELAKEG EVOTNTEG EVW OF QUTOV TWV
KukAadwv 9 avtiotolyeg). Ano to xaptn Bactkol €BvikoU SIKTUOU. KpIVETAL OTL YEVIKA
glval amodekTOC 0 MAPATIAVW OPLOUOC TWV TEPLPEPELAKWY EVOTATWY UE HOVASLKNA
e€aipeon tnv Attikn, 6mou Ba akoAouBnBel SLapopeTLKN MPOCGEYYLON. ZUYKEKPLUEVQ,
adevog ol 7 mepLPEPELAKEG EVOTNTEC OTO NMELPWTLKO TUAMA TOU VOPOU eival
npodavég OtL Aoyilovtal wg pia meployn adetnpiag, apeTEPOU KPLVETAL TPOTLUOTEPO
n availuon otnv neplpepelakn evotnta Nowv va yivel oe eninedo dipwv e€attiag
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NG QOUVEXELXG OTn Yewypadik dopn tng (ZaAapiva, meploxr) Apyocapwvikou,
KuBnpa/Avtikubnpa).

AkoAoUBwC, e BAon KALTO XAPTN, BEWPWVTAG TPOCEYYLOTIKA ETUAOYT SLOASPOUNG UE
v amlovotepn Bewpnon «oAa f timota» [107], ol mopandvw KOM pmopolv va
opadonolnBouv Kal va GUYKPOTACOUV TLG aKOAoUBEeC LWVEG EMLPPONG WG EENG:

a) Zwveg adetnplag TwV LNTPOTOALTIKWY USATOSPOUIWY, SNA. TO NTIELPWTIKO TUAUA

NG epLdPEPeLag ATTLKNG Kal N TepLPEPELOK EVOTNTA OE0OAAOVIKNG.

B) Zwveg mpoopLlopol He avayKaoTLkr SLEAEUCN Ao TO UNTPOTOALTLKO uSaTOSpOlLO
Tou Mepala

V) ZWVEG MPOOPLOKOU HE OVAYKOOTLKN SLEAEUON OO TO UNTPOTIOALTIKO USATOSPOULO
NG Oe00aAOVIKNG

8) ZWVEG N T(POOPLOOU OL OTIOLECG TEALKWE € CUUUETEXOUV OTO TIPOPBANUAL.

EnutAéov oTOUG XAPTEG AMEIKOVIIETOL N TIEPLOXN ETUPPONC OE YEwyYPAdIKN EKTOON
kaBe udatodpopiou mPooplopoU yla KABe €va amd ta SUO UNTPOTIOALTLKA
vdatodpopla avriotolya.

Me Baon ta mapanavw, tiBetatl mAEov To ££1C EpWTNO TTOU OXETI(ETAL UE TO 2° Brua

oto oxeblaopo twv 4 Bnudtwv Twv petakvnoswv [107]: o éva udatodpouLo
TPoOpPLOMoY, Mw¢ Ba katavepnBel n dedopévn INtnon tou ota uvdatodpouia
adetnplog;
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MNiv. 4.7 Kataloyoc Xwpkwv Kowwvikoolkovoulkwyv Movadwv tou poBARUOTOC KoL apLlOUNTIKA

Sebopéva
MONIMOZ NAHOYZMO?Z (2011) |APIOMOZ KAINQN (2019) (ZQNH
MEPI®EPEIA ANATOAIKHX
111 MAKEAONIAXZ KAl OPAKHZ 608.182 22.364
11101 MNEPI®EPEIAKH ENOTHTA POAOTHX 112.039 3.131|T
11102 MNEPI®EPEIAKH ENOTHTA APAMAZ 98.287 1.204(B
11103 MNEPI®EPEIAKH ENOTHTA EBPOY 147.947 3.945|1
11104 MNEPI®EPEIAKH ENOTHTA GAZOY 13.770 11.257(B
11105 NMEPI®EPEIAKH ENOTHTA KABANAX 124.917 1.358(B
11106 MNEPI®EPEIAKH ENOTHTA =ANOHX 111.222 1.469(r
112 MEPIOEPEIA KENTPIKHZ MAKEAONIAXZ 1.882.108 93.036
MNEPI®EPEIAKH ENOTHTA
11207 OEZZAAONIKHZ 1.110.551 15.339
11208 MNEPI®EPEIAKH ENOTHTA HMAGIAX 140.611 1.419(B
11209 MNEPI®EPEIAKH ENOTHTA KIAKIZ 80.419 971|B
11210 MNEPI®EPEIAKH ENOTHTA MNMEANAZ 139.680 2.769|B
11211 MNEPI®EPEIAKH ENOTHTA MNIEPIAZ 126.698 20.616|B
11212 MNEPI®EPEIAKH ENOTHTA ZEPPQN 176.430 2.231|B
MEPI®EPEIAKH ENOTHTA XAAKIAIKHZ
11213 KAI Ar'lO OPOZ (AYTOAIOIKHTO) 107.719 49.691|B
121 MEPIOEPEIA AYTIKHEZ MAKEAONIAZ 283.689 6.466
12114 MEPI®EPEIAKH ENOTHTA KOZANHZ 150.196 1.738(B
12115 MNEPI®EPEIAKH ENOTHTA TPEBENQN 31.757 1.341(B
12116 MNEPI®EPEIAKH ENOTHTA KAZTOPIAZ 50.322 2.135|B
12117 MNEPI®EPEIAKH ENOTHTA ®AQPINAZ 51.414 1.252(B
122 MEPI®EPEIA HMEIPOY 336.856 16.433
12218 MEPI®EPEIAKH ENOTHTA IQANNINQN 167.901 7.880|TI
12219 MNEPI®EPEIAKH ENOTHTA APTAZ 67.877 758|I
12220 MNEPI®EPEIAKH ENOTHTA GEZMPQTIAX 43.587 1.873(F
12221 MNEPI®EPEIAKH ENOTHTA NMPEBEZAL 57.491 5.922|I
231 MEPIOEPEIA OEXZXAAIAZ 732.762 24.611
23122 MNEPI®EPEIAKH ENOTHTA AAPIZAX 284.325 2.682|A
23123 MNMEPI®EPEIAKH ENOTHTA KAPAITZAY 113.544 1.894 (A
23124 MEPI®EPEIAKH ENOTHTA MAFNHZIAL 190.010 4.624|T
23125 MEPI®EPEIAKH ENOTHTA ZMOPAAQN 13.798 10.921(r
23126 MEPI®EPEIAKH ENOTHTA TPIKAAQN 131.085 4.490|1A
232 MEPIOEPEIA ZTEPEAZ EAAAAAZ 547.390 29.580
23227 MNEPI®EPEIAKH ENOTHTA ®OIQTIAAL 158.231 5.442|A
23228 MEPI®EPEIAKH ENOTHTA BOIQTIAX 117.920 1.622(0
23229 MEPI®EPEIAKH ENOTHTA EYBOIAZ 210.815 16.832(0
23230 MNEPI®EPEIAKH ENOTHTA EYPYTANIAY 20.081 1.783 (A
23231 MEPIOEPEIAKH ENOTHTA ®QKIAAT 40.343 3.901|0
241 NEPI®EPEIA IONIQN NHZQN 207.855 101.405
24132 MEPI®EPEIAKH ENOTHTA KEPKYPAX 104.371 48.501|I
24133 MNEPI®EPEIAKH ENOTHTA ZAKYNGOY 40.759 35.873|I
24134 MNMEPI®EPEIAKH ENOTHTA I©AKHX 3.231 265|I
MNEPI®EPEIAKH ENOTHTA
24135 KEDAANAHNIAZ 35.801 11.098(r
24136 MNEPI®EPEIAKH ENOTHTA AEYKAAAY 23.693 5.668|I
242 MEPIOEPEIA AYTIKHZ EAAAAAZ 679.796 19.563
24237 MEPI®EPEIAKH ENOTHTA AXAIAZ 309.694 7.324|T
MNEPI®EPEIAKH ENOTHTA
24238 AITQAOAKAPNANIAZ 210.802 4.029|I
24239 MNEPI®EPEIAKH ENOTHTA HAEIAZ 159.300 8.210(A
243 MEPI®EPEIA MEAOMNONNHZOY 577.903 39.384
24340 MEPI®EPEIAKH ENOTHTA APKAAIAL 86.685 3.591|0
24341 MEPI®EPEIAKH ENOTHTA APIOAIAALZ 97.044 10.926(0
24342 MNEPI®EPEIAKH ENOTHTA KOPINGIAX 145.082 7.341|A
24343 MNEPI®EPEIAKH ENOTHTA AAKQNIAZ 89.138 6.797|A
24344 MNEPI®EPEIAKH ENOTHTA MEZXHNIAZ 159.954 10.729(A
351 MEPIOEPEIA ATTIKHEZ 3.828.434 62.899
MEPI®EPEIA ATTIKHZ (MAHN NHZQN) 3.753.783 62.830
35152 ZANAMINA 39.283 69(A
35152 AITINA 13.056 3.286|A
35152 ArKIZTPI 1.142 605|A
35152 MOPOZ 3.993 1.168 (A
35152 YAPA 1.966 591|A
35152 2MNETZEZ 4.027 823 (A
35152 AHMOZ. TPOIZHNIAX 7.143 464|A
35152 AHMOZ KYOHPQN 4.041 1.075|A
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461 NEPI®EPEIA BOPEIOY AIrAIOY 199.231 23.006

46153 MNEPI®EPEIAKH ENOTHTA AEZBOY 86.436 6.955|I
46154 MNEPI®EPEIAKH ENOTHTA IKAPIAX 9.882 1.107|A
46155 MEPIOEPEIAKH ENOTHTA AHVMNOY 17.262 2.035|I
46156 MNEPI®EPEIAKH ENOTHTA XAMOY 32.977 9.905|A
46157 MEPI®EPEIAKH ENOTHTA XIOY 52.674 3.004|r
462 NEPI®EPEIA NOTIOY AICAIOY 309.015 223.681

46258 MEPI®EPEIAKH ENOTHTA XYPOY 21.507 2.524(A
46259 MNEPI®EPEIAKH ENOTHTA ANAPOY 9.221 1.319|A
46260 MNEPI®EPEIAKH ENOTHTA ©HPAX 18.883 18.346(A
46261 MNMEPI®EPEIAKH ENOTHTA KAAYMNOY 29.452 5.393|A
46262 MNEPI®EPEIAKH ENOTHTA KAPIMAGQOY 7.310 6.441(A

MNMEPI®EPEIAKH ENOTHTA KEAZ -

46263 KYONOY 3.911 544|A
46264 MEPI®EPEIAKH ENOTHTA KQ 34.396 55.598|A
46265 MNEPI®EPEIAKH ENOTHTA MHAQY 9.932 2.741[A
46266 MNEPI®EPEIAKH ENOTHTA MYKONOY 10.134 13.394|A
46267 MEPI®EPEIAKH ENOTHTA NA=OY 20.877 7.486|A
46268 MNEPI®EPEIAKH ENOTHTA MAPOY 14.926 7.399|A
46269 MNMEPI®EPEIAKH ENOTHTA POAQY 119.830 100.212|A
46270 MEPI®EPEIAKH ENOTHTA THNOY 8.636 2.284(A
471 NEPI®EPEIA KPHTHZ 623.065 187.599

47171 MNMEPI®EPEIAKH ENOTHTA HPAKAEIOY 305.490 78.642|A
47172 MNMEPI®EPEIAKH ENOTHTA AAZIOIOY 75.381 26.345|A
47173 MEPI®EPEIAKH ENOTHTA PEOYMNOY 85.609 34.216|A
47174 MEPI®EPEIAKH ENOTHTA XANIQN 156.585 48.396|A

EANAAA 10.816.286 854.033
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Xaptnc 4.4: Emppon udatoSpouiwv and Oscoahovikn

Ao TNV 1o MoAUTIAOKN Bewpnon Twv povtéAwv Bapltntag Hetafl vdatodpouiwy
adetnpiag kot mpooplopou[107], Ba xpnolpomnolnBei pia anhovotepn mou AapBAvel
umoYPLV TN oXeTkn Suvapkn Twv SVo pntpomoAltikwy udatodpopiwy, edopévou oTL
non éxeL AndBel n mapadoxn pe Bdon TOV MAPATMAVW XWPLOUO o {WVEC OTL
«apdpotepa otn {wvn €XOUV Hia ONUOVTLKH Mppor». Me BAon Ta OXETIKA OTATLOTIKA
otoela amoypadng mAnbuopol (EAITAT, 2011 [114]) kot agpomoplkwv adiewy
(YNA, 2019 [116]) kat opilovtag w¢ avriotolxe¢ KOM[102] Twv HNTPOTOALTIKWV
vdatobpouiwv Melpald kat Oecoahovikng tnv mepldépela ATTIKAG TTANV TNG TLE.
NARowv kot tnv meplbepelaky evotnta Oscoalovikng tng mepldpépelag Kevipikng
Makebdoviag [113], mpokUnTouv ta €ENG:

Niv. 4.8 NAnBuopwakd bedopévo/Sebouéva  OEPOTIOPLKWV

vdatobpopilwv

aditewv  KOM

YSéatobpopo |Adifelg/NMANOUcHOG|ZuvteAeoTh(

Melpondc 8810593 0,792
Oeoocalovikn 2307587 0,208
Melpandc 3789151 0,773
@eooalovikn 1110551 0,227

Ao tov mopamndvw Tiv. 4.8, TPOKUMTEL OTL Ol TMOPATIAVW QVOAOYIEG HOVILOU
mANnBuopoy Kol agpomoplkwv adifewv yia ti¢ KOM twv SU0 UNTPOTIOALTIKWV
vdatobpouiwv elvat aplBUNTIKA Tmapopoles. MPooeyyloTKA Kol yla Adyoug
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UTIOAOYLOTIKNG eUKOALaG SiveTal évag eviaiog ouvteheotng gr=0.785 yia tov Nelpald
kat gr=0.215 yw tn Oecoalovikn, loxvovtag npodavwg gr + gr=1(4.3.3).

Mpokelpévou va amhomnotnBel To MPOPANUA WOTe 0 KABE MEPIMTWON VA UTIAPYEL
HOVOo pia Baon (depot) otnv Keviplkn ypapun Melpaldg-Oecoalovikn oplopéva
SpopoAoyla Ba ekteAeoToUV He agpookadn mou Ba €xouv wg Bacn to udatodpouLo
tou [ewpald kal ta umoAouta avtiotolya tn Osoocoalovikn. Kat' avrtiotouyia
anodaciletal va Loxvouv ot idlot cuvteheotég gp=0.785 yia Baon amnd tov MNelpald
kaL gr=0.215 avtiotoya amnod tn O@socalovikn.

Eniong, kaBotL yivetatl avadopd oe €va peAAoVTikO cuotnua, cUpdwva peE To 2°
BrApa tng Bewpiag Ixedlaouol twv 4 Bnudatwy, Ba mpémnel va AndBet umoPv €vag
OUVTEAEOTAG avamtuéng yw Tto MeANoVTIKO €tog Bdong [107]. Eméyetal
TIPOCEYYLOTIKA BAoeL TG 16lag Bewpnong mou akoAouBnBbnke kat otnv gpyacia [0]
(MooxaAidng, 2020) avetaptNTWE TWV EKTOKTWY CUVONKWV TNG €MOXAG, €Vag HECOG
OUVTEAEOTNAG TNG TAENG Tou 1,5% yla €Tog Baong to 2035. O teAkog ouvteleotng PpV
otoug Tiv. 4.12 adopd cuykekplpéva to 2035 kal akoAoUBwe to (6lo Ba LoyveL Kot
yla ta emokoAouBa aplOunTikd otolxeia Tou mpoBARuaTOoC.

Me Bdon Aoutdv Ta MAPATAVW TIPOKUTITOUV TA TPWTA OPLOUNTIKA AMOoTEAECUAT
mou adopouv tn IATNoN Tou cuoTAHaToC Kal Ba eloaxBouv akoAoVBwWC wg input oTo
ArcGlS.

Nivakoc 4.9.1: Juvteheotic Hueprowe smPatikne NTnonc povipou mAnbuouou
(PpV,pp)-YSatobpopuo Mepatd

Mpoopiopdg| MAnBuoudg (Pop)|PpVpp, 1o tpiunvo|PpVpp,20 tpipnvo|PpVpp, 30 tpiunvo|PpVpp, 40 tpiunvo |Eriong e§unnpetei:
KuBnpa 4041 0,244 0,321 0,385 0,248] AvtikBnpa
MutAjvn 81403 4,915 6,459 7,752 4,987| Adpvog

Xiog 41349 2,497 3,281 3,938| 2,533

Sapog 42859 2,588 3,401 4,082 2,626 Ikapia

EpuoUrnoAn 40277, 2,432 3,196 3,836 2,467|MUKkovog

NéEoc 35813 2,163 2,841 3,411 2,194]népoc

MnAog 9932 0,600 0,788| 0,946 0,608|

Javropivn 18883 1,140 1,498 1,798 1,157

Kwg 63848 3,855 5,066 6,080) 3,911 KéAupvoce

P&60g 119830 7,236 9,508| 11,412 7,341

KapraBoc 7310 0,441 0,580 0,696 0,448

Natpa 565636 34,155 44,879 53,867 34,651] Aut.EANGS 0, ZakuvBog
KaAapdto 249092 15,041 19,764 23,722 15,259| Aakwvia

Képkupa 81931 4,947 6,501, 7,803 5,019

Kedadovid 49239 2,973 3,907 4,689 3,016} Aeukdda, 10dkn
BoAog 577568 34,876 45,826 55,004 35,382|@socalia, SKUpOG
lwdvviva 264432 15,967 20,981 25,183 16,199|Hnepog

AAe€/moln 291398 17,596 23,120 27,751 17,851]©pdkn

Xavid 156585 9,455 12,424 14,912 9,592

P£Bupvo 85609 5,169 6,792 8,153| 5,244

HpdkAelo 380871 22,998 30,219 36,271 23,332 Aaaibt

Qea/vikn 467707, 28,242 37,109 44,541 28,652 Makedovia
MéBava 7143 0,431 0,567 0,680 0,438 Tpoulnvia

Népoc 3993 0,241 0,317, 0,380 0,245,

AouTpaKL 145082 8,761 11,511 13,817 8,888 KopvBia

Avbpog 9221] 0,557 0,732 0,878 0,565]

Aapia 218655 13,203 17,349 20,823 13,395|Euputavia, Qwkida
Kéa 3911 0,236 0,310] 0,372] 0,240]K\Bvog
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Nivakog 4.9.2: Juvteheotnc Huepnowc sruBatikne Ntnong povipou mAnBuouou

(PpV,p1)-YOaTobpO Lo OecoaAovikng

Mpooplopog| MAnBuoudg (Pop)|PpVpt, 1o tpiunvo |PpVpt,20 tpipnvo |PpVpt, 3o tpipnvo |PpVpt, 4o tpipnvo |Eniong e§unnpetei:
Afuvog 33620 2,030 2,667, 3,202 2,060 AéoBog, Xiog
Kaotopla 283689 17,130 22,509, 27,017, 17,379 Aut. Makebovia
Képkupa 44689 2,698| 3,546 4,256 2,738]16vio

BoAog 43819 2,646 3,477 4,173 2,684 Mayvnoia, Imopddeg
lwdvviva 218580 13,199 17,343 20,816 13,390]Hnepog, Aut.EAAGSa
ANe/moAn 79810 4,819 6,332 7,601 4,889|Opakn

KaBaAa 236974 14,309 18,802 22,568 14,517 Av.MakeSovia
Mepatag 128098 7,735 10,164 12,199 7,847|Aour) EAAGSa (Twvn A)

Nivakac 4.10.1: YuvteAsotng Huepnotac smpBatiknc ntnonc kKAwwv (PpV,we)-

Y6atodpouto Mepatd

MNpooplopog KAiveg (Beds] PpVbp, 1o tpipnvo|PpVbp,20 tpiunvo| PpVbp, 3o tpiunvo|PpVbp, 4o tpipnvo|Eniong e§unnpetei:
KuOnpa 1075 0,130 0,872 1,264 0,283 AvtikuBnpa
Mutjvn 7057,15 0,851 5,723 8,298 1,856] Afuvoc

Xiog 7775 0,937 6,306 9,143 2,045

Japog 11012 1,327 8,930 12,949 2,896] Ikapia

Eppoumoln 15918] 1,919 12,909 18,718] 4,187] MUkovog

Nd&gog 14885 1,794 12,071 17,503 3,915|Néipoc

MnAog 2741 0,330 2,223 3,223 0,721

Javropivn 18346 2,212 14,878 21,573 4,825]

Kwg 60991 7,352 49,461 71,719 16,041|KaAupvog

P660g 100212 12,080 81,268| 117,838 26,357

Kdapnabog 6441 0,776 5,223 7,574 1,694

Natpa 43517 5,246 35,291 51,172 11,446 Aut.EANGS o, ZakuvBoc
KaAaudta 17526 2,113 14,213 20,609 4,610| Aakwvio

Képkupa 38073 4,590 30,876 44,770 10,014

Kedahovid 22081 2,662 17,907 25,965 5,808 Agukdda, 10dkn
BoAog 23497, 2,832 19,055 27,629 6,180]@cooalia, IkUpog
lwavviva 14264 1,720 11,568 16,773 3,752|Hnepog
AAe€/moAn 5316 0,641 4,311 6,251 1,398|0pdkn

Xavid 48396 5,834 39,247 56,908 12,729

P£Bupvo 34216 4,125 27,748 40,234 8,999

HpdkAelo 104987 12,656 85,140 123,453 27,613|Aacibl

Qeo/vikn 94912 11,441 76,970 111,606 24,963|Makedovia
MéBava 464 0,056 0,376 0,546 0,122| Tpownvia

Népoc 1168 0,141 0,947 1,373 0,307

Aoutpdiki 7341 0,885, 5,953, 8,632 1,931|KopwBia

Av8poc 1319 0,159 1,070 1,551] 0,347

Aapio 11126 1,341 9,023 13,083 2,926]Euputavia, Qwkiba
Kéa 544] 0,066 0,441 0,640 0,143]K06vog
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MNivakac 4.10.2: SuvteAeotc Huepnotag empBatikic INtnong KAwwv  (PpV,p)-

Y6atodpouo Oscoalovikng

MNMpoopLopog KAiveg (Beds) PpVbt, 1o tpipnvo |PpVbt,20 tpipnvo | PpVbt, 30 tpiunvo |PpVbt, 4o tpiunvo |Eniong e§unnpetei:
ARLVOC 4062 0,490 3,294 4,777, 1,068] A¢opoc

Kaotopld 6466 0,779 5,244 7,603 1,701 Aut. Makeovia
Képkupa 24188 2,916 19,616 28,443 6,362|16vi0

BoAog 4327, 0,522 3,509 5,088 1,138 Mayvnoia, Zmopddeq
lwavviva 6348] 0,765 5,148| 7,464 1,670} Hnelpog, Aut.EANGSa
AAe€/moAn 1456 0,176 1,181 1,712 0,383|0pdkn

KaBala 15592 1,880 12,644 18,334 4,101]Av.Makebovia
MNelpatdg 25995 3,134 21,081 30,567 6,837|Aoutr) ENM\GSa (Twvn A

MNivakog 4.11.1: JuvoAwkr] Huepnoto emBatikn ntnon (PpVor)-YSatobpoduto MNewpald

Mpooplopdg |Beds+Pop  |PpV, 1o tpipnvo|PpV,20 tpipunvo |PpV, 30 tpipnvo|PpV, 4o tpipnvo |Eniong e§unnpertei:
KbBnpa 5116 0 1 2 1| AvtikvBnpa
Muti\fvn 88460 6 12 16 7| Anuvog

Xiog 49125 3 10 13 5

Tdpoc 53871 4 12 17 6| Ikapia

EppoUmohn 56195 4 16 23 7| Mukovog

Nda€og 50698 4 15 21 6|MNapog

MnAog 12673 1 3 4 1

Javtopivn 37229 3 16 23 6

Kwg 124839 11 55 78 20| KdAupvog

Po6og 220042 19 91 129 34

Kaprabog 13751 1 6 8 2

Matpa 728045 47 90 116 53| Aut.EANGSa,ZakuvBog
KaAapdro 266618 17 34 44 20| Aakwvia

Képkupa 137226 11 39 54 16

Kedalovia 71320 6 22 31 9| Aeukada, 18akn
BoAog 601065 38 65 83 42|0ecoalia, ZkUPOG
lwavviva 278696 18 33 42 20|Hnelpog

MNe€/moAn 296714 18 27 34 19|@pdkn

Xavid 204981 15 52 72 22

P€Bupvo 119825 9 35 48 14

HpdkAelo 485858 36 115 160 51| AaciBL

Qeo/vikn 745976 52 148 202 70| Makedovia
MéBava 7607 0 1 1 1| Tpounvia

MNépoc 5161 0 1 2 1

AouTpdKL 152423 10 17 22 11|KopwOia

Avépog 10540 1 2 2 1

Aauia 229781 15 26 34 16| Euputavia, Qwkida
Kéa 4455 0 1 1 0|KOBvog

90




Nivakoc 4.11.2: Juvohkn Hpuepnowa smBatkn {ntnon

(PpVor)-YoatodpouLo

@eooalovikng

Mpoopioudg|Beds+Pop |PpV, 1o tpipnvgPpV,20 tpinvol PpV, 3o tpipnvd PpV, 4o tpipnvo|Eniong e§unnpetei:
Avog 37682, 3 7| 10 4 NéaPBog, Xiog
Kaotopla 290155 22 34 43 24] Aut. Makebovia
Képkupa 68877, 7 29 40 11]16vio

BoAog 48146 9 11 5| Mayvnoia, Zmopadeg
lwavviva 224928 17 28 35 19|Hmepog, Aut.EANGSQ
AAe€/moAn 81266 6| 9 11 6|0pdkn

KaBaAa 252566 20 39 50 23| Av.Makebovia
MNelpatdg 154093 23 154 223 50| Aourtr) EMMGSa (Qwvn A

Nivakog 4.12.1: JuvoAwkn Huepriow smBatikr) {ntnon (PpVpe) avnyuévn oto €1oc

Baonc-Ydatobpouto Nepatd

Mpooploudg|Beds+Pop |PpV, 1o tpipnvd PpV,20 tpipnvol PpV, 30 tpipnvd PpV, 4o tpipnvo|Eniong e§unnpetei:
Kubnpa 5116 0| 1 2 1| AvtikuBnpa
Mut\fjvn 88460, 7 15 20 8| Arjuvog

Xiog 49125 4 12 16 6

pXsTilels 53871 5 15 21 7| Ikapia

EppoumoAn 56195 5 20 28 8|MUkovog

Na€og 50698, 5 18 26 8|Ndpog

MAAoG 12673 1 4 5 2

Yavropivn 37229 4 20 29 7

Kwg 124839 14 67 96 25| Kéupvoc

P&60g 220042 24 112 159 42

Kapmnabog 13751 2| 7 10 3

MNatpa 609153 49 99 129 57| Aut.ENNGSa, ZakuvBor
KaAapdta 266618 21 42 55 24| Aakwvia

Képkupa 120005 12 46 65 19

Kedalovid 71320 7 27 38 11| Aeukdda, 16dakn
BoAog 601065 46 80 102 51|@sooalia, ZkUpog
lwavviva 278696 22, 40 52 25[Hnelpog

AAe&/moAn 296714 22, 34 42 24]Opdkn

Xavid 204981 19 64 88| 27

P£€Bupvo 119825 11] 43 60 18

HpdkAelo 485858 44 142 197, 63| AaoiBL

Qeo/vikn 562618 49 141 192 66| Makedovia
MéBava 7607 1 1 2 1| Tpounvia

MNopocg 5161 0 2 2

AoUTpAKL 152423 12 22 28 13|Kopwoia

Avbpog 10540 1 2 3 1

Aoapia 229781 18 32 42 20| Euputavia, Qwkida
Kéa 4455 0 1 1] 0| KUuBvog
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Nivakoag 4.12.2: JuvoAwkn) Huepriow smBatikr) Ntnon (PpVr) avnyuévn oto €1o¢
Baonc-Yoatobpouo Oscoalovikng

Mpooplopdg|Beds+Pop  |PpV, 1o tpipnvd PpV,20 tpiunvol PpV, 3o tpiunvd PpV, 4o tpiunvo|Eniong e§unnpetei:
ARuvog 37682 3 7| 10 4| AéoBog, Xiog
Kaotopla 290155 22 34 43 24| Aut. Makebovia
Képkupa 68877 7 29 40 11}16vi0

BoAog 48146 4 9 11 5|Mayvnoia, Zmopadeg
lwavvwva 224928 17 28] 35 19|Hnepog, Aut.EANGSa
AAe€/moAn 81266, 6 9 11 6|@pdkn

KaBaAa 252566 20, 39 50 23| Av.Makebdovia
MNepotdg 154093 13 38 53 18] Aourtr) EAAGSa (Twvn A)

Mo tnv eBdopadiaia ntnon npodpavwg woxvel PpW=7*PpV (4.3.4). Ze nepimtwon

omou: PpW<04*NPD => PpW<0,4*19=7,6 m PoWmin=8 emiBdteg ywa
umapén TouAdxlotov piag mtiong tv edoudda oe xpoviko opilovta TPLUVoU. €
TLEPLMTWOTN TIOU O TIAPATIAVW TIEPLOPLOUOC SEV LKAVOTIOLE(TAL, TOTE: a) oL emiBateg Ba
XPEWVOVTAL OE TITAON TPOG TO KOVILVOTEPO LSATOSPOULO Kal Ba MpayUaTOTOoLE(TAL
ueteruBifaon o€ UIKPOTEPOU TUTIOU OEPOOKAGDOC yla TNV TEAKN HETABOONn oOToV
T(POOPLOUO TOUG (N omola ayvoeital otV mapoloa Epyacia OTwE KoL To AOLUTTA TOTUKA
SpopoAoyla) B) eddoov mpokewtal yla nén uikpn dtadpopr), amlovotata 6 Ba
umapxel ouvdeon He uvdpomAdvo. AMO O,TL TPOKUYPEL MOPAKATW, N TOPATIAVW
poUmOBeon SV IKOVOTIOLEITAL OE KATIOLEC TIEPUTTWOELG LOVO OTO USATOSPOULO TOU
Mewpald. ZUVENWG, TPOKUTITOUV TA £EAC:
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Nivakoc 4.13.1: Apxwkn eBSopadiaia erBatiki thon (PpWo)-Ydatodpopuo MNepod

Npoopiopdg |PpWo, 1o tpipnvo |PpWo,20 tpipnvo|PpWo, 3o tpipnvo| PpWo, 4o tpipnvd Néo Y5/8pdpio
Mut\fvn 50 105 138 59
Xiog 30, 83| 113 39
240 34 106 147 43
EpuoumoAn 38, 139 194 57,
Né€oc 34 129 180 53
MAAOG 8 26 36 11
Tavtopivn 29 141 202 52
Kwg 97| 470 671 172
P&60g 167 783 1114 291
Kdapmabog 11 50 71 18
Matpa 340 691 906 397
KaAopdta 148| 293 382 171
Képkupa 82 322 453 130
Kepatovid 49 188| 264 76)
BoAog 325 559 712 358]
lwavviva 153 281 362 172
AAe€/moAn 157, 237 293 166,
Xowvid 132 446 619 192
P€Bupvo 80 298 417 123
HpdkAelo 307 995 1377 439
Qeo/vikn 984 1346 462
11 15 5|0XI
151 194 93
16 21 8| EppoUmoAn
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Nivakoc 4.13.2: Tehwkn eBdopadiaia ertBatikn ntnon (PpW)-Ydatodpouto MNewpatd

MNpooplopdg |PpW, 1o tpipnvo |PpW,20 tpipnvo |PpW, 30 tpipnvo |PpW, 4o tpipnvo
KuBnpa 0 10 14 0
Mutijvn 50 105 138 59
Xiog 30| 83| 113 39
Taog 34 106 147 43
EpuoumoAn 44 139 194 57,
Né€oc 34 129 180 53
MrAoc 8 26 36 11
savtopivn 29 141 202 52
Kwg 97| 470, 671 172
P&60g 167 783 1114 291
Kdapmabog 11 50 71 18
Matpa 340 691 906 397
KaAopdta 151 293 382 176
Képkupa 82 322 453 130
Kepatovid 49 188 264 76)
BoAog 325 559 712 358]
lwavviva 153 281 362 172
Ae€/ToAn 157 237 293 166
Xowvid 132 446 619 192
P€Bupvo 80 298 417 123
HpdkAelo 307 995 1377 439
Qeo/vikn 342 984 1346 462
MéBava 0 8| 11 0
Mopog 0 11 15 10
AoUTPAKL 83 151 194 93
Avbpog 0 16 21 0
Aopia 125 227 292 141
Kéa 0 0 9 0

Nivakoc 4.13.3: EBSopadiaia erBatikn Ntnon (PpW)-Ydotodpduo Oscoalovikng

MNpooplopdg |PpW, 1o tpipnvo |PpW,20 tpipnvo |PpW, 30 tpipnvo |PpW, 4o tpipnvo
AfUvog 22 51 69 27,
Kaotopla

oropt 154 239 299 165
Képkupa 48 200 282 78
BoAog 27 60 80| 33
lwavviva 120 194 244 130
AN A

e&/mokn 43 65 80 45
KaBaAa 140, 271 353 161
Melpatdg 94 269 369 127
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Me Bdon ta mapandavw sivat Suvato va MpoodloploTel 0 aplBpog Twv NMTHoEwWV ava
eBdouada (FpW) kar ava nuépa (FpD). Na tig ntrioetg ava eBdopdada Aappavetoat
UTOPLV WG PEYLOTN AELTOUPYLKN TTANPOTNTA yla Adyous aodareiag NPD,max= NPD-
1=18(4.3.5) eruPfarteg ava mtron. ZUYKEKPLUEVQ, TIPOKUTITEL:

Nivakac 4.14.1: AplBudc rtnoswv ava efdouadoa (FpW)-Ydatodpouto Nepatd

Mpooploudg |FpW, 1o tpipnvo|FpW,20 tpiunvo FpW, 3o tpipunvo FpW, 4o tpipnv
MutiAnvn 3 6 8 4
Xiog 2 5 7 3
JAapog 2 6| 9 3
EppoUmoAn 3 8 11 4
N&€og 2 8 11 3
MnAog 1 2 2 1
Javtopivn 2 8 12 3
Kwg 6 27| 38| 10
P6SOC 10 44 62 17
Kapmrabog 1 3] 4 2|
Natpa 19 39 51 23
KaAapata 9 17 22 10
Képkupa 5 18 26) 8|
Kedoahovid 3 11 15 5
BoAog 19 32 40 20
lwavviva 9 16 21 10
AAe&/moAn 9 14 17 10
Xavid 8 25 35 11]
P£Bupuvo 17 24 7
HpdxkAelo 18 56 77 25
Oeo/vikn 55 75 26
MéBava 1

1
AoUTPAKL
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Nivakoc 4.14.2: AplBpoc ntnoswv ava eBdoudda (FpW)-Ydatodpouo OecoaAovikng

MNpooplopdg

FpW, 1o tpipnvo

FpW,20 tpipnvo

FpW, 30 tpipnvo

FpW, 4o tpipnvo

Aruvog

2

3

4

2

Kaotopla

14

17

10

Képkupa

12

16

BoAog

4

5

lwavviva

~NIN|(w]lo

11

14

AAe€/TOAN

w

4

5

KaBaha

16

20,

Melpatdg

15

21

AKOAOUBWC ylo TOV TPOCSLOPLOPO TWV TMTNOEWV avd nuépa, SeSopévou OTL N

Swaipeon FpD= FpW/7 (4.3.6.0) elval katd kavova atelng Ba LoxveL mpodavwg:

FpD,min= [FpW]/7 (4.3.6.1) koL

FpD max= [FpW]/7 + 1(4.3.6.2)

MNa tnv mapanavw Slaipeon (4.3.6), edv teleotel eukAeldela , mpodavwg yla oo
apBud nuepwv PeE TO UMOAOUO TNG mod Ba mpayuotonowovvial FpD max
Spouoldyla kat ywa 7 - mod npépeg FpD,min. Twa Tn CUVEXELD TNG UEAETNG HLOG
Spopoloyiwv wote va AndBouv umoyPv

evlladepel o apBuog FpD max
Sduopuevéotepeg ouvlnkeg oe pila nuépa auénuévng fntnong m.x. Mapackeun.
MapakATW TOPOUCLATETOL KL TO UTIOAOLTTIO TWV NUEPWYV TIOU TIPOKUTITEL AVA NUEPA
napotL epooov Ba peAetnBel n mAEov Suopevg eplttwon ta otolxeia avtd &g Ba
aflomolnBouv otn CUVEXELQ.
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Nivakoc 4.15.1: Méylotoc aplOudc mrnoswv ava nuépa (FpD,max)-YSatodpduto
Mewpald

Npooplopdg | FpD,max, 1o tpipnvol FpD,max,20 tpipnvol FpD,max, 30 tpipnvo| FpD,max, 40 tpipnv
KuBnpa H IH

MutiArvn

Xiog

pXeTVle]S

EpuoumoAn
Nagog

Javropivn

[ = =

Kwg
P&60g

Kapmabog
Matpa

KaAopdta
Képkupa

Kepahovid
BoAog

lwavviva
AAe&/moAn
Xavid

HIO|WIHIOIWIDIDIIRPJOJTOINIEINININININ

II HIDININININIWIRININIS IR IWIN PR IRIRER -

P€bupvo

HpdkAelo
Qeo/vikn

JOIWIHITWIWIUNINIWIWIOIRLINIDINIEININIPIR]IER]E-

WIWIRLINININIWIRLIRINTWIRINIE]E-
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MNiv 4.15.2: Méywotoc aplBuoc mtnoswv  ava nuépa  (FpD,max)-YSéatodpodutio
@eooalovikng

Npooplopdg |FpD,max, 1o tpipnvo| FpD,max,20 tpipnvo| FpD,max, 3o tpipnvo | FpD,max, 40 tpiunvo
ARuvog 1 1 1 1
Kaotopa

2 3 3 2
Képkupa 1 2 3 1
BoAog 1 1 1 1
lwavviva 2 2 3 2
AAeg/moAn n 1 1 1
KaBaAa 2 3 3 2
Mewpaldg 1 3 4 2

Nivakoc 4.16.1: Ynohouto erutAéov merioswv tnv eBSoudda (mod)-Ydatodpduto
MNelpotd

Mpoopiopog|mod, 1o tpipnvo|mod,2o tpipnvo|mod, 30 tpiunvo |mod, 4o tpiunvo
KUBnpa
MuTtiAnvn

Xiog

JAuog

EppoUmoAn

N&€og
MnAog
Javrtopivn

Kwg

P66og

KapmnaBog

Natpa

KaAopdta

Képkupa
Kepalovia
BoAog

lwavviva
AAe&/moln
Xavid

P£6Bupvo
HpdkAelo
O@eo/vikn
MéBava

MNoépog

AoUTpaKL

Av6pog

Aapia
Kea

olololuljololaolslulminviviv]iwlulivivicrlwloln]imrIiv]iwivIvIw]lo
ololrIv]ikrlr|lojlolwlislolvIislslidlwislwiv]olmr|ivIRIRrlol]lo -
RlwiNnvIidlrlr|lu]jolw]lolwlolunlrlulRrINvIdIlOJWIVINIDIDINIOLIRL]|E-
Olrlrlolrloluldioldlwlw]lolu]lrlwInvIVIwWlwlw]lPlwIdlwWwlw]bd]O
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Nivakoc 4.16.2: Yrohouto srumAéov mtoswv tnv eBdoudada (mod)-YSatodpdulo
@eooalovikng

Mpoopiopog|mod, 1o tpipnvo|mod,20 tpipnvo|mod, 30 tpipnvo |mod, 4o Tpiunvo
ARvog 2 3 4 2
Kaotopla

2 0 3 3
Képkupa 3 5 2 5
BoAog 2 4 5 2
lwavviva 0 4 0 1
AAe&/moln 3 4 s :
KaBaha 2
MNepatdg 6 1 0

H oglpd tTwv nUeEpwVY HE TNV omoia Ba pmopoucav va tonoBetnBouv Tta untdAouta
evOelKTIKA glval:

MA-KY-(2A-AE)-(NE-TP-TE)

JTNV MapAnAvw OELpA TOMoBeTOUVTAL LEPAPXLIKA OL NUEPEG amd TV uPnAdTEPN
(Mapaokeun) otn xapunAdtepn (Tetdptn) Intnon yia unepaotikd tagidia avapuxng
OMwg ival cuvABwg autd pe vudpomAdva. MNa kaAvtepn Slaxeiplon Tou otoAou
Uopel va uTtapEel avTIUETABEDN HETAEY TWV NUEPWV EVTOG TNG (SLag tapévBeong
KaBwg N {NTnon avapeoa o auTteg 6 PETABAANETAL ONUAVTLKAL.

' T ouVEXeLD TNG epyaciag, Ba peAetnOet evdelktikad n Mapoaokeun KABe
TPLUAVOU WG SuopevETTEPN NUEPA TNG EBSOMASAG KaL yia Ta SU0 UNTPOTIOALTLKA
vdatodpouta Mepatd kot Oecocalovikng, cuvenwg evoladEpeL n HeTABANTN
FpD,max. Anopével t€hog va Bpebel o aplBudg emBatwv ava SpopoAoyLo
(Passengers per Route) PpR wg PpR = [PpW /FpW] + 1 (4.3.7) o onoiog mpodavwg
Kal oTn SUCUEVEDTEPN TIEPLTITWON OTPOoyyUAOTIOLE(TAL TIPOG Ta EMAVW. H poepyacia
oto Microsoft Excel £xel mAéov oAokAnpwOel kal MAEoV oelpd €XEL N HeTAdOPA TWV
TIAPOTIAVW ATIOTEAECUATWY TIOU TtpogkuPav ws Sedopévwy oto Network Analyst
tou ArcGlS.

99



5. EIZATQrH TOY MPOBAHMATOZ 2TO ARCGIS-AIAAIKAZIA
EMNIAYZHZ ME TO NETWORK ANALYST

5.1 Anuoupyia Twv Bactkwv BEUATIKWY EMUMTESWV

Onwc npoavadépbnke otnv nap.3.3.3, yla ebpapuoyn otnv napovoa epyacia, wg
Swatayég (orders) dnAwvovtol ta udatodpoéulo MPoopLlopoy, w¢ apafootacila
(depots) ta untpomoAltika udatodpopuia Melpald kat OcocaAovikng Kal w¢ oxnuoTa
Spopodoynong (routes) ta agpookadn mou Ba avaAdBouv tnv ulomoinon Twv
Spopoloyiwv tou SikTUou. Itnv K. 5.1 Mou akoAouBel amelkovileTal CUVOTTIKA Ol
gpyaoieg mou Ba mpaypatononBolv otnv noapovuca epyacia.

Apyr-doafiog o
ArcGIS

-

/L 2
Kinmypagpr ull
Epoyicrs
DUVTETaYLEVES D
ErEAET

¥

épmwon o
ArcGS-Snyaoueryio 4
orunmiy byers

|k sl

Angeougrygio 2
VLY bayers
GoSpoyrin
¥
Efamyuny] we feature: NMipooBrkn viun
classes ko Evnafn oe T Siun TOU Kphi T
Teatre dotasel BEHML

¥
[Eioodog om Hetwork
Analyst-Bruouayia
restwork dateset

oxnpeanurs (WRP)

i 4
o kyers wa
1r S aoupyia orders, [ - . —
depiols km routes

="
¥

Exrgheon VRP Tpooten

appean roules
Bikmeno [ ]
apifyssg
ok,
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. &

Argeougnio
VORI

Bschriprain,

T JV A

Aﬂ- =l i
E'nt'./

X

Emyuryy cmmomkin
s

Tihog prhing

Ewk. 5.1 Alaypoppa pong-gpyoocieg oto ArcGIS, Snuioupyia oto https://app.diagrams.net/

O Aboyog mou eilval onUAvTIKOG 0 ouvteAeotr)¢ FpD,max yla Tn OUVEXELD TOU
npoPAnuatog oxetiletal pe OtL OTnV gpyacio emdnteitol KATL TOU 8ev elval
T(POATIALTOU LEVO OTO paBnuatikd oplopo tou VRP (BA. map. 3.2.2) kat mpodpavwg To
Aoylopiko dev to yvwplilet: pia Siatayn (order) 6 xpelaletal va eEunnpetnOel mavw
and pio ¢opd, kKAt mou Inteital Opuwe edw. H Abon oe auto: kabe udatodpduLo
TPOOPLOUOU SnAwveTal oto Aoyloutkd wg order FpD,max ¢pop&c.

JuyKeKpLpéva, ol TomoBeoieg (locations) Twv udatodpouiwv TPOOPLOUOU TIPETEL VAL
SnAwBouv amnd éva oxetiko shapefile onuelakwv dedouévwy mou €xel e€axBel oe
layer. Eva tétolo apxeio pe tig Ayotepeg Sduvatég mAnpodopieg odeilel va
neptAappavel a) ta ovopata twv vdatodpopiwv kat B) Tn B€on Toug o€ Eva cuoTnua
ouvtetaypévwy. Emidéyetal edw va SnAwBoulv og EMZA’87 (X,Y) wote va cuppadilouv
HE TO Paolkd TMOAUYwWVIKO layer TnG €AANVIKAG ETMIKPATELOG. MEe OTOLXELWOELG
Stadkaoieg oto ArcMap (Add XY Data) €vag mivakog mou €xel Snuwoupynbel os
Microsoft Excel kalL epOoovV TO OXETIKO apxelo €XeL TNV KATAAANAN €MEKTAON .CSV
Umopel va dnuLloupynoeL Eva ypapuuLko layer.
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Add XY Data X

A table containing X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

[ seAPLANES BASES.csv =]
Specify the fields for the X, Y and Z coordinates:

X Field: ‘ Field2 v

Y Field: ‘ Field3 v
zrot (T

Coordinate System of Input Coordinates
Description:

Projected Coordinate System:
Name: Greek_Grid

Geographic Coordinate System:
Name: GCS_GGRS_1987

] show Details Edit...

Warn me if the resulting layer will have restricted functionality

About adding XY data Cancel

£lk. 5.2 Add XY data: Snuoupyia onuelakol Bepatikol emmedou amo apxeio .csv

Itnv mopouca epyocia n mapandavw Spactnelotnta  emavoAapBavetal xapwv
€UKOALAG 2 dopEg, pia yia ta udatodpouta oto Siktuo Mepald Kot akoAouBwg aAAn
pio yla auta Tou avtiotolyou tng Oscoalovikng.

H Snuioupyila twv Bepatikwyv emmESwV Twv USATOSPOUIWY, €KTOC Tou OTL Ba
OUYKPOTNOOUV TIC BaolkéG KAAOELG orders kol depots oto VRP mpénel mpwrta va
BonBrioouv oto va dounbel to Siktuo Twv Stadpopwv Twv vdatodpouiwv woTte va
dounBel otn ocuvéxela wg network dataset. Onw¢ npoavadépOnke otnv map.4.1 sival
duvatov va BewpnBel n Tpoxtd mou akoAouBel To udpomAdavo w¢ subeia ypapun.
Yrdpyouv apketol tpomol oto ArcGIS ywa va dnuoupynBel To OXETIKO OepaTIKO
eninedo. EmAéyetal n Asttoupyila TNG KATAOKEUNC YPOUUWY opatotntag (construct
sight lines). H Aettoupyia autr €xel oxedlaotel £€tol wote va AapBavel umoPLy Kat
TUXOV U OUETPLKN MAnpodopia wg mepLloplopod n onoia edw S xpNOLUEVEL.

Apxka Kkpilvetal okomipo va yivouv dvo Eexwplotd Oepatikd media ta dvo
puntTpormoAttikd uvdatodpoula Mepald kol OecoaloviknG HECW amANG €TAOYNAG
(selection) kat €€aywyng véou Bepatikou ermumédou (Create Layer from Selected
Features) (kaBotL amoteAei 6n to kKaBéva LSATOSPOULO TIPOOPLOUOU YLa TO avtiBeTo
uNTpormoAttikd). AkoAoUBwg oe SUo Eexwplotég Sladikaoieg yia ta diktua Mepald
Kol @ecoalovikng, SNAWVETAL TO UNTPOTIOALTIKO USaToSPOULO WC observer point, Ta
vdatodpouLa TIPOOPLOUOU WG target features Kol TPOKUTITOUV WG output oL TPOXLES
Twv ULOpomMAAvwy w¢ suBuypappa tuApota (Bepatika enimeda “lines 1”7 ko
“lines_2").
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#, Construct Sight Lines - ] x

Observer Points

[ Newpodg j (=]
Target Features

[Vémoﬁpmpnu«no Mepaua j E‘

Output
\ C: Wsers\szpas\OneDrive\Documents\ArcGIS\Default. gdb ines| J B

Observer Height Field (optional)

<None> ¥ l
Target Height Field (optional)

<None> \,I

Join Field (optional)

<None> v|

sampling Distance (optional

[[] Output the Direction (optional)

III Cancel Environments... Show Help >>

Ewk. 5.3 Kataokeun ypappwy opatotntog (construct sight lines)

JTO mMopaATAvw BEUATIKA EMMESA TWV TPOXLWY SNULOUPYOUVTOL TA TTAPAKATW Ttedia:
0l) TOU HUNKOUG TWV YPaUUWV “Shape Length” Léow TNG QUTOUATOTOLNUEVNC OXETIKAG
Aewtoupylog “Calculate Geometry”. Adyw tou OTLTO cuotnua avodopag EMNZA’87 sivat
o€ m, Ta HeYEON Tou mediou avadépovtal eniong o m B) medio “Length” dmou oAU
arAd yla Adyoug enomnteiag peow tou Field Calculator ta mapamdvw pRKn LETpoUVTaL
o€ km y) xpoviko nedio “Time” 6mou amo g €. (4.2.1) kat (4.2.2) SnAwveTtal o xpovog
mou xpelaletal va Slavubel to kaBe tuRpa oe min. H avaAuon oto VRP Baociletal
KOTA KOPOV OTO CUYKEKPLUEVO Ttedio.
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OID OBSERV | OID TARGET Length Time

1|Polyline 1 0| 192615518222| 192,615518| 57,457472
2| Polyiine 2 0| 283001,935764| 283,001936| 81,560516
3|Polyline 3 0| 222049,78942| 222,049789| 65306611
4|Polyline 4 0| 290455,626254| 290,455626| 83548167
5 [Polyline 5 0| 125291,571976| 125291572| 39504419
& Polyline 6 0| 176400,142565| 176,400143| 53,133371
7[Polyline 7 0| 151337,751453| 151,337751| 46,450067
2|Polyline B 0| 230844955336| 230,844955| 67,651988
9|Polyline 9 0| 341237.205678| 341,237206| 97,089922
10| Polyline 10 0| 437872,52919| 437,872529| 122,859341
11/ Polyline 1 0| 415678,73916| 415678739| 116,940997
12 Polyline 12 0| 173885,844263| 173,885844| 52,462892
13 Polyline 13 0| 170783,301777| 170,783302| 51,635547
14 Polyline 14 0| 376801,896621| 376,801897 | 106,573839
15  Polyline 15 0| 279828,193999| 279,828194| 80714185
16 Polyline 16 0| 168742,387534| 168,742388| 51,091303
17 Polyiine 17 0| 311038,940685| 311,038941| 89,037051
18| Polyline 18 0| 374280,769066| 374,280769| 105901538
19| Polyline 19 0| 268538,040045| 268,53804| 77.703477
20 |Polyiine 20 0| 293775,394101| 293.775394| 84433438
21 [Polyline 21 0| 316534,038423| 316,534038|  90,50241
22|Polyiine 2 0| 296904,876885| 296,904877| 85267967
23 [Polyiine 23 0|  47061,364656| 47,061365| 18,643031
24 Polyline 24 0  51563.267996| 51,563268| 19,843538
25 Polyline 25 0 61421,663799| 61,421664| 22472444
26 | Polyline 26 0| 94678,874594| 094,678875| 31,341033
27 |Polyiine 27 0| 142020,730832| 142,020731| 43,965528
0

28 | Polyline 28 64614,349073| 64,614349| 23323826

o4 0 m E (0 out of 28 Selected)

lines_1

Miv 5.1 Nivakag I6totnTtwy (Attribute Table), Bepatikd eninedo “lines_1" Siktvou anod
MNepala

5.2 Anuoupyia tou Network Dataset

JUupudwva pe 6oa €xouv avadepbel otnv map. 3, 10 network dataset amaltel wg
eloobo (input) Sedopéva o popdn feature dataset. ZuvenwWg UmopoLV MOAU eUKOAa
To Bepatika enineda Twv SIKTVWV va LETATPATIOUV O€ feature classes Kal akoAoUBwC
va evtaxBouv oe €va feature dataset otn l’ewPacn Tou MPoPARUATOC.

ATIKLgdb

[& com

Ewk.5.4 Anuoupyia Network Dataset and Feature Class

AkolouBel n Onuoupyia twv &Vo network datasets, ocupdwva pe oOca
neplypadovtal otnv map. 3 Kat £Xovtag we inputs ta feature classes Twv TpoxLwV Twv
vSpomAdvwy.
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New Network Dataset X

Select the feature classes that will participate in the network dataset

O=lines_1 Select Al

= lines_2
Clear All

< Mporyoupevo Axupo

Ew. 5.5 Emloyn tou feature class “lines_2” yia tn 66unon tou network dataset tou Siktuou
™¢ Osocoalovikng

AkoAOUBWC WC TAPAUETPOC KOOTOUG (cost) mpemel va SnAwBel ektoO¢ amd tov
TIPOETIAEYUEVO TOU UNKOUG length pe ektiuntn (evaluator) to medio “Shape_Length”
Kall 0 avtioToLyog Tou Xpovou time Kal podavwe KoL 0 EKTIUNTAG TOU (TO OMWVUUO
niebio “Type” tou feature class).
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New Network Dataset

Specify the attrbutes for the network dataset:

! @ Name Usage Units Data Type Add
@ Length Cost Meters Double |
4 Evaluators X
Attribute: Time v
Attribute Values:
Source Values  Default Values
! Source Direction Element Type Value
lines_2 From-To Edge Field Time x
lines_2 To-From Edge Field Time
About network evaluators III Cancel Apply

< [ponyopevo

Enduevo >

Arupo

€lK. 5.6 Anpoupyla Toug xpovikng Wootntag “Time” wg apdidpopou cuvbéopou (edge) kat

ouvSeon Tou e To avtiotolyo nedio tou feature class
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New Network Dataset X

Specify the attrbutes for the network dataset:

! ® Name Usage Units Data Type Add...
|@' Length Cost Meters Double =
ove
Time Cost Minutes Double
Remove Al
Rename
Duplicate

Ranges
Parameters...

Evaluators...

oo oo

Ek.5.7 1610tnTeg Tou network dataset, xprion TouG WG MAPALETPOL KOGTOUC, LOVASEG
METPNONG KAl SHAwaoN TUTOU Se60UEVWY OTN UV N TOU AOYLOULKOU

AkoAoUBw¢ oL mapamndvw WBLotNTeg SnAwvovtal w¢ autod mou eival, dnA. LWOLOTNTEG
XpOvou Kal amootaong avtiotolya. Ano tnv (4.2.1), mpodavwg evoladEpPEL n XPOVLKN
dLotnta, ywa to Adyo autd kat Ba dnAwbBel auth wg mapdyoviag eumodlong
(impedance).
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New Network Dataset

Travel Mode

Settings

Description:

Type:

Impedance:

Time Attribute:
Distance Aftribute:
U-Tums at Junctions

Simplification Tolerance:

v

Use By Default
Default Travel Mode: <Network Defaults>

Restrictions

‘ Time (Minutes)

~

[ Time (Minutes)

~

flengh(Meters) I

Ek.5.8 Oplopog LSLoTATWY XPOVoU, armdoTtaonG Kal EUmOdLong

5.3 Kataotpwon tou npofAnuatog VRP
AdoU €xeL ohokAnpwBel n dnuloupyia Tou network dataset, eivat Suvatn mMA£ov n
dounon tou nmpoBAiuatog VRP kat akoAoUBwg n emiAuch Tou. loxUeL CUYKEKPLUEVA N
€&n¢ avtiotoiylon Bepatikwy emunedwv (layers) kal kKAdoswv (classes) Tou VRP:

Niv. 5.2 Avtlotoiyton KAdoswv ArcGIS, otolyeiwv tou poBANUaToC Kol OEoTIKWY

erUESWV-EnMEKTOON Tou Ttiv. 3.10

KAaon VRP Itolxeio OgpaTiko eninedo Tunog

npoBARnatog otolxeiov

orders YSatobpouia Yéatodpouta Mepard/ INUELAKO
T(POOPLOUOU YSatodpouia Oso/vikng

depots YSatobpouia Mepaldc/Osooalovikn INUELAKO

adetnplog

routes 2TOAoG OnoloSAMOTE YPAUULKO FPOLLLULKO

agpookadwv (ueTovopaoia otolxeiwy
3710 VRP)
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Ewk. 5.9 Em\oyn enihuong mpoPAnuatog VRP amo Network Analyst

Katd tnv eloaywyn Twy napanavw Bepatikwy emunédwyv oto VRP, kplvetal OKOTILHO
va e€etaotel av xpetalovtal véa nedia (fields) mépav Twv oTOXELWSWVY. ZEKLVWVTOG
HE TIG LBLOTNTEG (properties) Tng KAAONG Twv orders OMw¢ MOPOUCLACTNKAV OVAAUTLKA
otnv nap. 3.3.3 [118M] kat {nteital twpa va SnAwBolv aplOUNTIKEG TIMEC OE QUTEG,
mapotnpouvtaL Ta €ENC:

o) To ovopa (name) tou vdatodpopiou: otoxelwdng MAnpodopia n omoia RN €xel
SnAwOel

B) o xpovog e€unnpEtnong (service time): opolwg Baowkr mAnpodopia mou adopd
NV €AAXLoTn Toapapovy evog aspookdadoug petafl adleéng oto udatodpouto
TIPOOPLOUOU KOl EMLOTPOGNC OTO AVILOTOLXO TNG apeTNPlaG. Ao TO OTOLXEL TTOU
€xouv mapateOel yla tn Asttoupyia tou Siktuou oto ked. 4 kal T Sounon 5w Tou
network dataset évag xpovog tng taéng twv 30 AEMTWV, KOWOC ylo OAa Ta
vdatodpouta Kpivetal emapKkAg Kal evidg AoylkoU mAatciou. KaBotL eviaiog, pmopet
va &nAwBel ameuBeiag oto VRP. e avtiBetn mepimtwon Ba xpelalotav va
SnuoupynBet mpwta to oxetiko nedio (field) oto layer elcodou.

y) Ta Xpovika mapdBupa (time windows): pumopolUv va SnAwBouv £wg kot 2
avtiotolya kaBopilovtog CUYKEKPLUEVO TO XPOVO TIOU TO CUYKEKPLUEVO udatodpopLo
Ba e€untnpetnOel. KatL tétolo avédavel onuavtikd tn SuokoAia tou mpoBAnuatog (BA.
OXETIKA pe To VRPTW otnv map. 3.2.2) xwpl¢ ouolaotikd Adyo yU auto kat &g Ba
6nAwBolv otnv mapovoa pyaocia.

6) o pMéywotog xpovog mnapaBiacng-kabuotepnoswv (max violation time):
AvodEpeTol OTn HEYLOTN ETULTPEMTH OO TO AOYLOMIKO UTIEPPACN TWV AVTIOTOL(WV
XPOVIKWV TapaBbupwyv, epodoov autd £€xouv dnAwBel mapandavw. Katt tétowo Sev
LoxVEL oTNV mapoloa epyacia, YU auto Kot n 1dLotnTa autTh ayvoe(ital.

€) oL Xxpovol elogpXOpevnG adieng kaw e§epxopevng avaxwpnong (inbound arrive
time ko outbound depart time): AettoupyoUV avVTIOTOLXO LE TOL XPOVIKA Tapdbupa
oA\@ n avadopd yivetal oTo UNTPOTMOALTIKO udatodpouLo (depot). TUYKEKPLUEVO
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OOTEAOUV XPNOLUEG LOLOTNTEG 0OV HECW OUTWV Uopel va SnNAwBOesl o xpovikog
SLOXWPLOUOC UETOED TWV ELCEPXOMEVWV Kal €€EPXOUEVWV OEPOOKADWY OE Eva
UNTpomoALtikd udatodpouto. Kabotl: a) O xpovog avaxwpnong evog agpookAadoug
untepPaivel Katd MOAU Tov avTioTowo TG APLENG (EVOELKTIKEG TLUEG 6 min/2 min
avtiotoya, NaoxaAidng 2020[0]) katB) H opydvwon Twv avaxwproewv TOUAAXLOTOV
yla ta mpwta SpopoAoyla eivat copwc EUKOAGTEPN amod tTnv avtiotolyn Twv adifewy,
Ba 0pLOTEL yla TG AVOXWPNOELG EVOG EAAXLOTOC XPOVIKOG SLoXwpLlopog 1 min otnv
apxn TNG NMEPOC OTAV AUTEC yivovtal Lallkd LEow Tou outbound depart time, agou
nponyoupévwg Eekabaplotel o aplBuog ToOu  XPNOLUOTIOLOUUEVOU  OTOAOU
agpooKadwv.

oT) oL moootnteg napalapng kat Stavoung (delivery and pickup quantities): onwg
€xeL avadepbel NéN €€ apxng dev umopolv va unepPfaivouv tn XWENTLKOTNTA TOU
oxnuatog tou SpopoAoyiou (route capacity). MNa to AdGyo auto opilotnke n petafAnti
FpD,max n omoia deixvel mooeg popéc amatteital va eEunnpetndel to udatodpodulo
otn Slapkela TG NUEPAC. Tuvenwg dev kabiotatal amapaitntn n dNAwaon Toug
TapOTL eVTEAEL edw elval Suvatd amod Toug TVAKEG NUEPNOLAg EMIPBATIKAC Kivnong
ava aepookddog PpR (edw €xouv SnAwBel wg PpV) va SnAwBouv oTo AoyLoULKO Kol
akoAoUBwWG va BewpnBolv eite AMOKAELOTIKA TOOOTNTEG TOpoAaPng elte
QIMOKAELOTIKA SLavounG (TIAéov peaALOTIKO CeVAPLO €AV uTtoTeBEel OTL n SpopoAdynon
avadeépetal oe nuéEpa MNapaokeur) lte AKOWUN HE KATIOLOV TPOTIO VOl LOLPOCTOUV.

{) To mapayouevo eLo0dnpua (revenue): mopottL mpodavws Sev emnpealet TNV TeEAKA
AUon eival xpnowo va epudaviotel pLog kal anoteAel Tn povadikn attio KAmoLog
OLWTIKOG OPENC VA CUPUETEXEL O pia ayopd, 6w TwV aepopeTAdOpWY HE
udpomAavo. Amo tnv mponyoUuevn epyacia [0], pue Baon tnv avaluon mou &ixe
nponynBet and tov MNaywvakn[l], yia onueio wooppomiag e00dwv-£66wv (break
even point) U=0,8 mpokUTtel n e€lowon akabaplotou elcodnpatog (gross revenue):

GRV=(1/U) * (1846 RT + 105) = 1,25 * (1846*RT + 105) (5.1.1)
Omovu RT, o xpoévog Stadpoung (Route Time).
*va onuelwBel otL ek mapadpopung dnAwOnke oto ArcGIS wg NRV (net revenue)

n) o kavovag avaBeong (assignment rule): umdpxouv OUVOAKA €EL KAVOVEG
aplOpnuévol amnd 0 €wg 5. To AoyLlopko €xeL tpoeTAEEeL TOV kavova (3) mapdkaudng
(override) omou mpokelévou va eAaxlotomolnBbel N QVIIKELUEVIK) CUVAPTNON
0lyVOOUVTOL OL TTPONYOUHEVEC OVaBETELC oxNUATWV (routes) otov mpooplouod (order).
EmiAéyetal 6w 0 CUYKEKPLUEVOC Kavovag va StatnpnOel.

0) oL neplopLopoi mpooEyyLong (curb approach): n cuykekpLpévn BLOTNTA oxeTIleETAL
LE TIC 0TPOPEC TOU SIKTUOU KaL TNV TPOCEYYLON Lo ToTtoBeaiac. TNV MEPUTTWON TNC
epyaociag, to diktuo €xel SounBel otnv amhovotepn duvatr popdn Kal CUVETWE Ol
Tieploplopot autol ev €xouv kapia anoAlTwg onuaocia.

Me Bdon ta mopamdavw OSnuoupyouvtal Ta €€nc medlo oTa OXETIKA OgpatTikad
enineda:
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MNiv. 5.3 Oepatiko Eninedo Yoatodpouiwv and Nepatd-Nivakoc 1§otntwy

Table ox

EL LI R
YéatoSpopua amo Mepoa x
—
Shape * Field1 Field2 Field3 Service t V 1) PpV 2| PpV 3 | PpV 4 Time NRV 1

»[ 24]Point Loutraki 409511792 4202488,907 30 14 18 18 16 22472444 649,801645

22[Point Methana 446118772| 4158802,962 30 0 0 9 0 18,643031 561,43794

23 |Point Poros 452183,108| 4150781912 30 0 17 13 0 19,843538 589,139639

27 | Point Kea 527793,068| 4168364944 30 '] 0 0 '] 23323826 669,447285

26 | Point Lamia 376262,257 | 4304817,319 30 17 17 17 17 43,965528 1145,754559

11 |Point Patras 300818,891| 4235379,258 30 18 18 18 18 52,462892 1341,831233

12| Point 332533,28| 4098646,896 30 18 17 18 18 51,635547 1322,740247

25 [Point Andros 565275737 | 4192274197 30 0 2 18 0 31,341033 854,444336

15 [Point Volos 408907,567 | 4355628,661 30 17 18 18 18 51,091303 1310,181817

4 |Point Ermoupoli 583315421 4143688,709 30 15 17 18 18 39,504419 1042,814458

6 |Point Wios 537999,68| 4063244.279 30 [ 11 15 10 46,450067 1203,085296

0|Point Kythira 416594,191| 4014033,702 30 '] 9 12 0 57457472 1457,081166

5| Point Naxos 621498,93| 4107125469 30 10 18 17 15 53,133371 1357,302536

14 [Point Cefalonia 192914,86| 4231556,017 30 14 17 18 16 80,714185 1993,729819

7 [Point Santorini 627597,494 | 4029410,585 30 8 17 17 14 67,651988 1692,319623

2 |Point Chios 687068,67 | 4249307,085 30 9 17 16 17 65,306611 1638,200049

18[Point Chania-Kissamos | 467151,444| 3830344099 30 18 18 18 18 T7,703477 1924,257732

16 |Point loannina 230294,983 | 4396062,628 30 18 18 18 18 89,037051 2185,779952

21| Point Th loniki 412656,985| 4450007944 30 18 18 18 18 85,267967 2098,808339

19 [Point Rethymno 543653609| 3914251,799 30 14 18 18 17 84,433438 2079,551582

1[Point Wytiini 721302,734| 4330582,063 30 14 18 17 16 81,560516 2013,258907

13 |Point Corfu 148863,74| 4384611904 30 15 17 18 17 106,573839 2590,441335

3 [Point Samos 760845896 | 4182953511 30 10 18 18 13 83,548167 2059,123954

20 | Point Herakleion 605040,372| 391218594 30 18 18 18 18 90,50241 2219,593111

8|Point Kos 793582.711|  4088082,79 30 16 18 18 18 97,089922 2371,59995

17 [Point Alexandroupoli 658850688 | 4522476,249 30 15 18 18 17 105901538 2574,927989

10 [Point Karpathos 791469231 3934325862 30 5 14 15 15 116,940897 2829,663506

9 | Point Rhodes 879440643 404148352 30 16 18 18 17 122,859341 2966,229294

[ 1T om B | (0out of 28 Selected)
| Y8atospoua ané Meped

MNiv. 5.4 Ospatiko Eninedo Yoatodpouiwv and Osooahovikn-Nivakaog [Stotitwv

Tble ox
ERIL AL L3 PRI

Y&otodpopa amd Ozofvikn X
Shape * Field1 Field2 Field3 Service t V 1 V 2| PpV 3| PpV 4 Time NRV 1
L4 Point Limnos 590078,503 | 4413883271 30 18 14 14 11 57,5768 1459,83466
1|Point Kastoria 267745667 | 448751198 30 18 18 18 17 44742132 1163,674719
2 |Point Corfu 14886374 | 4394611,904 30 14 17 18 16 80,8968 1997 94366
3 |Point Volos 408907 567 | 4355828661 30 12 17 17 14 41,888534 1097,827922
4| Point loannina 230294983 | 4396062628 30 17 18 18 18 60,796802 1534,136206
5 | Point Alexandroupoli 658850688 | 4522476,249 30 18 18 17 13 72,315738 1799,935654
6| Point Kavala 533801,573| 4530980,516 30 17 7 18 17 40,196265 1058,778815
7 [Point Piragus 420826,011| 4198856,974 30 17 18 18 18 85,268001 2098,809123

[T 1T e om B | (0 out of & Selected)

Y8atoSpopa and Mepard ‘ Y&atodpopua and Beo/vikn ‘
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Ot napanavw mAnpodopieg doptwvovtat oto VRP evdelkTikad wg €€NG:

Load Locations

Load From: h';) Y5arodpopa amé Meapad
[ Only show point layers
Only load selected rows

Sort Field:

Location Analysis Properties

= &

Property Field

Name Field1
—_—

Description

ServiceTime Service_t

TimeWindowStart1

TimeWindowEnd 1

TimeWindowStart2

TimeWindowEnd2

[y |mim e Timmm 1

Default Value

Location Position

(®) Use Geometry

Search Tolerance: 5000 | Meters

(O Use Network Location Fields

Property Field
SourcelD

SourceOID

PosAlong

CidaN e

Advanced... About load locations

Cancel |

€lK. 5.10a Poptwon tonobeocwwv wg udatodpouiwv npooplopou (orders)

Load Locations

Load From: f‘é‘/’ YéatoSpopa ano MNapad
(7] Only show point layers
Only load selected rows

Sort Field:

Location Analysis Properties

= &

Property Field
InboundArriveTime
QOutboundDepartTime
DeliveryQuantities Ppv_1
PickupQuantities

Revenue NRV_1
SpedaltyNames

AssignmentRule

[P

Default Value

Override

Location Position

(®) Use Geometry

Search Tolerance: 5000 |

(O Use Network Location Fields

Property Field
SourcelD

SourceQID

PosAlong

Cidm N

Advanced... About load locations
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elK. 5.10B Doptwon Tonobeoiwv wg udatodpopiwy MPoopLoUoU (orders)-ocuvexela

ATO TIC MopATIAVW ELKOVEC daiveTal emiong OTL TO AOYLOUIKO aVEXETAL WG KoL 5 km
Sladopd katd tnv avalitnon tng ekdotote Tonobeoiag udatodpopiou. TéAog eival
ONUAVTIKO va pnv &exaotel va doptwbel kabe vdatodpouo FpD,max ¢opég oto
AOYLOULKO.

AkoAouBeil n avtiotolyn dtadikaaoia ylo Ta UNTPOTOoALTIKA udatodpouta adetnpiag
(depots). H OSwadwkaoia mpodavwg kal eival mapopola PeE Ta uvdatodpoula
TIPOOPLOUOU-EVTEAEL TIPOKUTITEL EUKOAOTEPN AV AVOAOYLOTEL KAVELG: o) OTL N OXETIKN
KAQon TEPLEXEL ALYOTEPEG LOLOTNTEG Ao TNV avtiotolyn Twv orders kat B) to kKABe
UNTPOTIOALTIKO USaTOSpOUIo adetnpilag €xel Ndn doptwbel wg udatodpoulo
TIPOOPLOMOU yla TO AANO, eEMOUEVWC Hmopel va eaxBel amlovotata wg BepaTiko
eninedo evog povo otolxeiou pe dtadikaoia emthoyng (selection).

Load Locations *

Load From: [+ Gzooahovikn R =]
Only show point layers

0 Selected rows

Sort Field: o

Location Analysis Properties

Property Field Default Value

Name Field1

Description

TimeWindowStart1

TimeWindowEnd 1

TimeWindowStart2

TimeWindowEnd2

CurbApproach Either side of vehide

Location Position

(®) Use Geometry

Search Tolerance: 5000 Meters ~
() Use Network Location Fields

Property Field A
SourcelD
SourceQID
PosAlong
CidairBEdmn e

Advanced... About load locations Cancel

€lK. 5.11 ®optwon udatodpopiwv adetnplag (depots)

TEAoG n KAdon twv oxnuatwyv SpopoAoynong (routes) £xeL oplopEVeG LOLopopdlLeG.
Juykekplpéva dopeital og ypouulkd Bepatikd emninedo, yla to onoio os avtiBeon pe
To orders ko depots Sgv uTIAPYXOULV YVWOTEC TTANPodopieg amo mpv-Bacikd dev eival
KOV YVWOoTO To PEYeBoC Twv otolxeiwv Tou, amoteAel {ntoluuevo tou mpoBAnuatog!
A’ tnv GAAn otnv kAdon outi B6a oploToUV OL XPOVIKOL TEPLOPLOMOL TOU
TPOPARUATOC. ZTIC LBLOTNTEG auTh ¢ MepAapBdavovTal Ta €EAG:
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0) To ovopa (name): evOelKTIKA aplOpouvTal Ta agpookddn Tou SIKTUOU WG £ENG:
anod 101 kat avw auta pe €5pa tov MNepatd kat ano 201 kol dvw Ta avtiotowya pe
Baon tn Osooalovikn. Kabe dopd mpootiBetal kat éva agpookddog HEXPLE OTou va
UNV UTtApPXEL N €voelen odpaiparoc (violated constraint) MaxOrderCount exceeded (1)

B) to oOvopa udatodpopiov Evapéng kKat TEAoug (StartDepotName kol
EndDepotName): mapa oAU amAo tLmpénel va SnAwBel, mpodavw kat ta Svo nedia
AapBavouv umoxpewTkA TNV idta aAdaplOuntikn TLun.

Y) oL XpovolL umnpeoiag Baong £vapéng kat téAoug (StartDepotServiceTime
EndDepotServiceTime): avadépovtal o€ N TAPAYWYLKOUC XPOVoug Omou Oev
ekteAovvtal dpopoAdyla, oL omoiol OpwE evOEXETAL va lval amapaitnTol ya tnv
TIPOETOLUOOLA KAl TNV ATOKATAOTOON TWV 0EPOCKADWY avtioTtola. Itnv moapoloa
gpyooia ayvoouvral.

6) o xpovog évapéng unnpeoiag, vwpltepog KoL apyotepo (EarliestStartTime kal
LatestStartTime): avadEPETAL OE TIOLO XPOVIKO SLACTNUA TIPETIEL EVOL AEPOOKADOC VOl
gekvnoel ta Spopoloyla. Itnv mpdagn epocov umapxel €vag udATIVOG SLASPOROG
amoyelwong, ta aegpookddn OSev UMOPOUV va EKKIVAOOUV TOUTOXpova OAAQ
amattouvtal KAmolol eAdxlotol xpovikol Slaxwplopol oL omoiol Opwg edw dev
opilovtat (mépav amod ta dvo Slabéoua xpovika mapabupa). Asdopévou OtL amod
(MaoxaAidng, 2020)[0] o xpovocg anoyeiwaong (AT) umoAoyiletal ota 6 min (0,1 h) kat
€va Peyalo mooootd autou adopd tnv mPobEépuavon Twy Kvnthpwy, anodaaciletal
va tnpnBel xpovikog OSlaxwplopog 1 min petall twv  agpookadwv TOU
anoyelwvovtal. O CUYKEKPLUEVOG SNAWVETAL EK TWV UOTEPWV aPOoU TTIPONYOUUEVWG
oplotel 0 aplBUOG Tou XPNOLUOTIOLOUEVOU OTOAOU HEOW TNG OXETIKAG LOLOTNTOG
InboundArriveTime tng KAAong tTwv depots kat adopd povo tnv évapén Asttoupyiag
OTIOU UTIAPXOUV HOTIKEG AVOXWPNOELG Ao TA UNTPOTIOALTIKA LSATOSPOULAL.

€) o xpovog kaBuotépnong adiing kat avaxwpnong (ArriveDepartDelay): tautiletal
LE TOUG XPOVOUG OVATITUENC KAl EAATTWONG TNG TAXUTNTAC TOU 0EPOOKADOUG KATA TNV
anoBaldoowon/npocBaldcowon avtiotowa, dnA. tautiletal pe Toug xpovoucg AT
kat BT (BA. map. 4.2). Eneldn opwg €xel umoteBel AT#BT, Suotuxwe 6 pmopel va
XpnotpomnotnBel e6w KoL CUVETIWG OVATTTUCOETAL TO OKETTTIKO TNG Ttap. 4.2.

0T) N XWPNTIKOTNTA TOU oxnUaToC (capacities): mpodavng L&LOTNTA N omola pmopel
va SnAwBel yia €éwg Suo povadeg pETpnong e (kal mpodavwg PEMEL Kal ol SUo
TIEPLOPLOUOL VA TNPOUVTAL CUYXPOVWG). TNV MepiMTwon g epyaociog mpodpavwg
avadEpetal otn xwpntikotnta 19 B8£cewv Tou agpookadouc DeHavilland DHC-6 Twin
Otter tou povtélou [1]. Onwg €xeL Nén avadepBel pe Baon t™n HABNUATIKA
Statunwon tou VRP (pe Baon kat tnv omolia €xel SounBel o adyoplBuog oto ArcGlIS),
ouTA KaAUTTeL TV mepimtwon efumnpetnong KOpPBou ywa poévo pia dopd, 6nA.
muBavotata o KOpBog 0 tou depot va amoteAel amAd TNV apxn Kot To TEAOG TNG
niepiynong (BA. map.3.1.1). Juvenwg o alyoplBuog kat To Aoylopikd s€aodaliilouvv
$OPTWON TOU OXALOTOC UOVO Uia dopd. QOTOC0, HECW TNE OXETIKI G TPOEPYATiag 0TO
Microsoft Excel, €xeL e§aodaliotel péow twv PeTaPAntwy PpR OTL N XwpnTikoTNTA
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bev mapaflaletal kot ouvenwg dev eivat avaykaia n dnAwon tg oto ArcGlS.
EvaAAOKTLKA, UTTAPXEL KaL N SuvatotnTa SNAWGCNG LG TTAACUATIKAG XWPNTLKOTNTOG
(r.x. 6ekamAdoia 190 B€oswv) n omola mpodavwe Ba eival TouAdylotov on e TO
oUVOAO TwV PETadEPOUEVWY ETULBATWY OVA OXNILA EVTOG TNG NUEPALS.

{) petaPAnTéG KOOTOUG: amOTEAEL TO MAEOV oUVNBEeC otnv Emiyelpnotakn Epguva (ko
XpnolUomoLeiTal Kot E6w) N AVIIKELUEVIKA ouvdApTnon va adopd TNV EAa)LoTOnoinan
TOU KOOTOUG TTOU CUVEMAYETAL pla Spaoctnpldtnta - edw n peTadopd MPOCWNWV UE
uvdpomAavo. Q¢ yvwotov amnd tnv Owkovoulkr) Oswpia [119] opilovtal to otabepo
KOOoTOG (Fixed Cost, FC) kal to petapAntd kootoc (Variable Cost, VC) evw to aBpolopd
TouG amoteAel To OAKO kOoToG (Total Cost, TC). Ma tnv Mepintwon Twv petadopwv

pue udpomhavo otnv EAAASa, o Naywvakng [1] extipnoe yla to 2016 gF&lOS €
Kal VC=18,46 €/min, cuvenw¢ TC=18,46*RT + 105 (5.1.2). NapotL mpodavwe oL TLUEG
puetapariovral, n €. vloBetnOnke kat otnv (MaoxaAidbng 2020 [0]) kot vloBeteital
Kal e6w. Xto ArcGIS opilovtal oL OXeTIKEG KAAOELG FixedCost, CostPerUnitTime kot
CostPerUnitDistance. H teheutaia avadépetal oe PeTaBANTO KOOTOG avad povada
UKoug, ouvenmwe Oev amaocxoAel otnv mapovoa epyacia. Eddoov umapyouv
UTIEPWPLEG, XPNOLUOTIOOUVTOL Ol OXETKEC KAAoelg OvertimeStartTime kot
CostPerUnitOvertime mou avadépovtal oto XpOVo Kal TO KOOTOG TNG UTEPWPLAG
avtiotolya.

n) Méywotog aplOudg Swataywv (MaxOrderCount): n kAdon aut kabopilel To
HEYLoTO aplBuo vdatodpopiwv e€unnpétnong (orders) ava agpookddog (route). H
npoemAeyuévn Twun (default) eival 30, apketd peyalutepn otnv mpaén anod o,tL Ba
XPELAOTEL oUVETWG SEV aMOOXOAEL pia TuxOv pHetaBoAn Tne.

0) Méylotol oAwkoi xpovoi: Stakpivovtal dUo kAaoelg, Méylotou OAlkoU Xpovou
(MaxTotalTime) kat Méylotou OAkoU Xpovou Ta€lbiou (MaxTotalTravelTime). Itnv

mapovoa epyacia evllopEpeEL O TPWTOC, O oOrmnoiog, ot aviiBeon pe TOV
MaxTotalTravelTime ocupnep\apPAvel Kol TO «VEKPO» XPOVO HeTaly OSuo
Opopoloyiwv. Ze autov avtiotolxel emakplBwe n puetaBAnt Total Operation Time
(707) tng mponyoupevng epyaciag (MaoxaAidng, 2020)[0].

L) Méyiwotn oAwkn anootacn (MaxTotalDistance): Avtiotolya pe tnv MaxTotalTime
KAGon, KaBopilel To HEYLOTO OplOo CUVOALKNG SLadpopung Tou oxAUatog o povada
UNKOUG. Oa armoteAovoe pia onuavtiky Wlotnta ebpocov dev umripxe duvatotnta
evlladpeoou avedodLaoou VoG Tou xpovou Aettoupyiog (6w Bewpeital dtLyivetal
Katd ™ Stapketa Twv 30 min Stakomng) 1 unnpxe kivbuvog onuavtikng ¢Bopdc tou
OXNUOTOG HETA OO OpLOpEVA XIALOpETpa. KaTl Tétolo edw Sev LoYUEL OMOTE Kal N
OUVYKEKPLUEVN KAQGON ayvoe(tal.

) Kavovag avaBeong (AssignmentRule): Yriapyxouv SUo emAoyEC, AV Eva OXNUa
(route) Ba mep\appavetal oto mpoPAnua (include) ny oxL (exclude). Mpodavwg Kat
ETUALYETAL TO TIPWTO TIOU ATOTEAEL AAAWOTE Kal TNV tpoemihoyn (default).
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Load Locations =

Load From: k‘,‘) lines_1 El @

B#] only show line layers
Only load selected rows

Sort Field: v

Location Analysis Properties

Property Field Default Value ]
Description

StartDepotiame Piragus

EndDepotName Piraeus

StartDepotServiceTime

EndDepotServiceTime

EarliestStartTime Start_time 8:00:00 np

LatestStartTime 10:00:00 np

A i e P el =

Location Position
Use Geometry

Search Tolerance

Use Network Location Fields

Property Field

B nioutiond oo [Coc ]| comcel

€lK. 5.12a Poptwon oxnuatwyv Stadpopwv diktuou MNelpald (routes)

Load Locations X

Load From: k‘,‘) lines_1 Zl |E|

] only show line layers

Only load selected rows

Sort Field: v

Location Analysis Properties

Property Field Default Value 2
Capadities 130

FixedCost 105

CostPerUnitTime 18,46

CostPerUnitDistance

OvertimeStartTime

CostPerUnitOvertime

MaxOrderCount 30

(YR, e, A0n

Location Position
Use Geometry

Search Tolerance

Use Network Location Fields

Property Field

Advanced... About load locations [ox ] concer |

€lK. 5.12B Odptwon oxnudtwy Stadpouwv Siktuou Melpatd (routes)-cuvexela
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Tehevtaia kivnon mplv «tp€€el» o aAyoplbuog tou VRP amoteAsl o kabBoplopog
Kamowwv PuBuioswv Avahuong (Analysis Settings). Zuykekpluéva SnAwvetal
eVOELKTIKA N NUEPOUNVia TNG AvAAuong £T0L WOTE va avadEPETAL OTO £TOG-0TOXO TOU
2035, va eival Mapaokeur, dnA. nuépa LEyLotng {NTNong Kot podavwes EVTOC TOU
kaBoplopévou TpLunvou. OLumoAouneg pubuioelg eite €xouv N6n dnAwBel aAAov (.y.
18LOTNTEC XpOVOU KoL amootaong) eite Sev anacoAoUV T.X. OXETIKA LE AVACTPOdEC.

Layer Properties x

General Layers Source Analysis Settings Advanced Settings Network Locations

Settings Restrictions
Time Attribute: Time (Minutes) d \
Distance Attribute: Length (Meters) v ‘
Default Date:
O Day of Week: Today
(®) Specific Date: 23/ 2/2035 @~ ‘
Capacity Count: 19 ‘
Time Field Units: Minutes v |
Directions
Distance Field Units: Kilometers > | ) '
Distance Units:
U-Turns at Junctions: lalowed ‘ |K‘;Iometers v
Output Shape Type: True Shape with Measures v ‘ Use Time Attribute:
|T|me (Minutes) ~
Use Hierarchy
[[]1gnore Invalid Order Locations ["] open Directions window automatically

About the vehide routing problem analysis layer

T

Ek. 5.14 1616tnTeg Bepatikol emumeSou-Pubpuioelg AvaAuong

210 ked. 6 Mou akoAouBel mapouaoLdlovial Ta TEAKA ATIOTEAECUOTA KOL OPLOPEVA
OTATLOTIKA OTOLXELO TTOU TIPOKUTITOUV Ao QUTA.
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6. A[IOTEAEZMATA MONTEAQY

210 KepAAalo autd akoAouBoUv ta anoteAéoparta tng eniAuong tou VRP oto ArcGIS
ava vdatodpopio kat ava tpipunvo o popdn report (.rlf). AkoAouBolv otn cuvéxela
oplopéva ypadnuata oe Microsoft Excel omou yivetal olykplon Twv Boowkwv
HetapAnTwy €€660U TOU povTEAOU ava neplotaon.

6.1 Avadopéc dpopoloyiwv kat ud/dpouiwv

6.1.1 Ydatodpouio Mepard

Niv. 6.1.1 Stoeio Stadpouwyv (routes)- udatodpouto Mepatd-1° Tpiunvo

Routes-Piraeus-1st quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
101 Piraeus Piraeus 8264, 480 351,23/2/2035 23/2/2035
050944 9854258:00:00 mn  3:21:539 um
102 Piraeus Piraeus 8678, 480 374.23/22035 23/2/2035
353923 4287078:01:00mp  3:45:25un
103 Piraeus Piraeus <null= 480 <null><null> <null=
104 Piraeus Piraeus 8760, 480 378,23/2/2035 23/2/2035
883124 8994118:03:00 mp  3:51:53 un
105 Piraeus Piraeus 8672, 480 344,23/2/2035 23/2/2035
763244 1258538:04:00mpn  3:48:07un
106 Piraeus Piraeus 8585, 480 339.23/2/2035 23/2/2035
575895 4028118:05:00mp  3:44:24un
107 Piraeus Piraeus 7558.4262 480 343.23/2/2035 23/2/2035
7608998:06:00 mp  2:49:45un
108 Pirasus Piraeus 7615, 480 316.23/2/2035 23/2/2035
180096 8353258:07:00mp  2:53:50 up
109 Piraeus Piraeus 8574, 480 338,23/2/2035 23/2/2035
591579 8077788:08:00 mp  3:46:48 up
110 Piraeus Piraeus 8678, 480 284,23/2/2035 23/2/2035
978477 4625398:09:00 ip  3:53:27un
111 Piraeus Piraeus 7230, 480 266,23/2/2035 23/2/2035

65522 0051588:10:00 mp  2:36:00 un

TNV mapandvw mepimtwon xpeldletal va emtonuavoel otL étav to VRP «Tpéxew» yla
11 routes, pia PByaivel mepittr) (ev mpokelpévw n 103), av Opwg o alyoplduog
ekteeotel yla 10, aduvartel va mapayaysl amotEAECHA KOAAUTTTOVTOG TIANPWE TN
{htnon!
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MNiv. 6.1.2 E€uninpétnon nepupepelakwv vdatodpopuiwyv (orders)- udatodpouto

Newpod-1° tpipnvo

Orders-Piraeus-1st quarter

Name

Chios
Samos
Emoupol
Naxca
Santorin
Fhodea
Earpathoa
Patras
Kalamata
Corfu
Cefaloria

Voloa

loanrina
Alerandroupol
Charia Kiszama
Rethymmno
Herakleion
The saalonila
Loutrald
Lamia
Fhodesl
Patrasl
Kalamata2
Volos2
loarminal

Alayandroupok

Herakdeaond

ArmveTime
231212036 9:25:33
m

231212085 9:11:18
m

231212035 9:25:32
m

251212035 3:48:30
m

251212035 3:5315
m

231212035 20746
e

2312120365 120407
un

2312/2035 100455
m

231212035 1:5420
uu

231212036 2-31:49
ik

231212035 12:3311
Hu

231212085 10307
1

231212035 11:906
m

231212036 9:3902
m

251212035 1:35:50
np

231212055 9:5442
m

231212086 5:20:25
m

2312120365 124737
m

2312412035 1:4908
uu

231212035 12070
un

231212036 1:2202
Hu

231212035 1219407
nmp

231212035 1:2420
np

231212036 2014
uu

231212035 11:1908
m

231212035 100902
m

2312/2036 10559

g
231212035 14737
B

DepartTome
23(2/2035 9:55:33

o
231212035 2:41:18

mp
231212035 9:65:32

]

23212035 2:18:30

|

231212036 2:2508

et

31212035 23746
i

231212036 119407
i

231212035 10:3455
m

231212035 22420
np

234212036 3014
up

231212035 10311
nu

231212035 1:3307
kil

231212036 12:1506
uu

231212036 100902
o

231212035 20559
jini!

234212036 10:24.42
mu

23212035 9:80:5
ma

231212035 11737
nn

231212035 21908
o

234212036 123739
un

231212035 1:5202
nu

231212036 124907
nn

234212035 1:5420
jini1

231212036 23149
nu

231212035 11: 406
m

234212036 103002
o

2312120356 1:35:59

nu
231212036 21737
np

Revenue

20173255607
1638,2008
2059,123954
1042814458
135730253
1692,319623
2966229794
2529 FE3IE06
1341831233
1322740247
2590441335
1993729819
1310,181817
2185,779952
2574927960
1924,257732
2079 551682
2219 503111
2098 HI830

649 501645
1145754553
2966229294
1341831233
1322740247
1310,181817
2185779952
267 4927960

2219,593111
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Nane

The saalondd?
Patras3
Valosd
Heralleiond
The saalondad

Kos

Charia Kizzamoal

Lamia2

Avera pe Eeveme

standard Devaton 32, 53500

Eevenue

ArriveTime
2312{2036 1:1908
HR

231212056 22420
un

231212035 10:4206
m

231242036 1:17:37
Hu

231212036 124308
ua

231212036 9:38085
m

231212036 5:2442

m
231212036 125202

LR
1874, 12567 Max Eeveme

Zum Revene

DepartTome
231212035 1.4508

B

231212035 25420
uu

234202036 11:1906
m

231212035 14737
L

231212035 11908
it

231212036 1040808
m

231212035 9.5442

m
231212035 1:2202
np

2066220204 IWin Revemne

6T46d,43014

Revernue

2098 308330
1341831233
1310,181817
2219,993111
2098 A0B30

2371 50995
1924,257752

1145754650

649301645

MNiv. 6.2.1 Stowyeia Stadpouwv (routes)- udatodpouto Mepatd-2° Tpiunvo

Routes-Piraeus-2nd quarter

Name
101

102

103

104

105

106

107

108

109

110

Average TotalCoxt

StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Pirasus

Piraeus

Standard Deviation 120

TotalCoxt

Max MaxTotalTime 720

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

13388,
828487
11272,
390938
12568,
908888
100356,
396904
11908,
375895
13248,
231606
12881,
891496

12966,
463944

11372,
605286
10336,
527454

720 479.8/6/2035
6006767:00:00 mn

720 424 8/6/2035
9507557:01:00 mp

720 375.8/6/2035
1846637:02:00 mp

720 359.8/6/2035
0789227:03:00 mp

720 339.8/6/2035
4028117:04:00 mp

720 591.8/6/2035
9843777:05:00 mpn

720 452.8/6/2035
1393017:06:00 n

720 456,720698/6/2035
7:07:00 mn

720 310,8/6/2035
3794857:08:00 mn

720 314,8/6/2035
2539257:09:00 mp

10056,396904
viation
91,984377
ravellime
4103,695607

EndTime

8/6/2035
6:59:36 un
8/6/2035
5:05:57 up
8/6/2035
6:17:11un
8/6/2035
4:02:04 up
8/6/2035
5:43:24 up
8/6/2035
6:56:59 up
8/6/2035
6:38:08 up
8/6/2035
6:43:43 un
8/6/2035
5:18:22 un
8/6/2035
4:23:15pp
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MNiv. 6.2.2 E€uninpétnon nepupepelakwv vdatodpopuiwyv (orders)- udatodpouto

Newpod-2° tpipnvo

Orders-Piraeus-2nd quarter

Name
Eythara
Mitiling
Chios
Samos

Ermmoupoli

Naxoa
Mhlos
Santorind
Kos
Rhodes
Earpathoa
Patras
Kalamsta
Corfu

Cefaloria
WVaolos

loanrina

Llexandroupol

Charia Kigsomwa
Retlyamiwe
Herakleion

The saalonda
Poros
Loutrala
&ndroa
Lamia

Ermoupoli2

Namog2
Santorirad
Kog2
Fhodes2
Fatrasl

K alamsata?

Corful
Cefalonial
Voloa2

Io anmina?

Arrive Tume DepartTime
34612036 11:49-22  35/2035 1215922

m L
31612056 10:2:27  345/2035 108927

oy op
86/2035 2:2208 m 5#64{2035 25208

86/2035 1:4434m 55{2035 21434 pp
3612036 1106407  3464/2035 113607

o m
81612035 5:20:35 . §#64{2035 5:80:36 1

81512035 75127 m 881203582127 m
81512035 8130 m BBI20358:430 m
81612035 41005 . 8612035 44005 m
B1512035 49544 B6I2035 45644 1m
81512035 8:56:56 m 812035 90656 m
81512035 9:29.27 m 8461203598927 m
81612035 1:11:0 1 84612035 1:41:49
81612035 24322 . 8612035 31922 ym
S1512035 44725 ;. 8612035 51725 m
81612035 95005 mu 34612035 10:2906

o
816/20359:3202 m 865412035 100202

m

8512035 9-4554 my 3612035 101654
mi

862035 10000 jp 34/2035 1:3800 1

B36/2035 85825 o 36/20359:28 25 m
3612036 110230 34642035 11:32:30

mu ma

86/2035 3:4808 m 86{2035 41808 p
B&/2035 105:28 )m 8%/2035 1:35:28 1
B8E/2035801:28 m 84/20358:31:28 m
8612035 9:25:17 op 86{2035 9:5517 m
815/2035 30917 pp 8612035 3:301T m
30612036 11:3607 34642035 120607

I o
8512035 480:35 . 8#6/2035 5:20:35 m

B5/2035 8:43: 0 m 86{20359:13:30 m
B%6/2035 34006 pp 346/2035 41006 1p
86/2035 30644 36/2035 425441
B86/2035 8:80:2T mu 8#6{2035 9: 2027 m
3612035 1224149 3502035 1:11:49

un

B&/2035 21922 m 346/2035 2:49:22 1m
8512035 41725 p B5/12035 4:47:25
8612035 9: 2905 mp 8#{2035 9:5005 m
B85/2035 00202 o 8#5{2035 9:3202 m

Revenus

1457 81165

2013288007

1638, 200048
20569,125954
1042 5314455

1367,302536
1203085296
1692,319623

2371 50008
2066,229294
2829 pagh0e
1341 331233
1322740247
25650,441335
1993,725819
1310181817

2185,T75962
2574527580

1924,257732
2079551582
2219,833111

2098 F05330
539,106
649 801645
354, 444356

1145 754550

1042314468

13567,302536
1692319623

2371,52005
2966,220204
1341331233
1322740247

2590,441 3386
1993 72819
1310181817
2185, 772052
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Name
Alexandroupobi2

Chania Kiszamodd

Rethymmno2
Heraldeion

The asalorikal?
Loutraki?
Lamia?

Kosd
Fhodes3
Patrasd
Kalamstad

Corfud
Volosd
loanranad

Chards Kissmmosd

Rethymod
Heraldeiond

The agalonlad
Eo=d
Rhodesd

Patrasd
Volozt
Alexandroupohd

Charaa Kizzmosd
Herakleiond

The aaalonilad
Fhodesh
Patrah
Voloh
Heraldeionb
The azaloralab
Ehodesf
Patrash
Herakleioré
The azalorakt
Rhodesdl

The asaloralal

The aaaloruldd
Herakleionl

ArnveTime DepartTane
B65120359:1654m 85/2035 9: 4554 m

30612035 123900 54542035 10900 m
un

8612035 8:28:26 np 3165/2035 85526 m
3512036 10:3230 36420385 110230

m m
8612055 31808 1 562055 3:4508 m

8612055 T:31:28 mp 5612055 501:28 m
8512035 23017 m 5/6/2035 31T m
B&/2035 31005 m 862035 34005 1
8612035 3654 m 862035 356:44
B86/20358:20:27 op 86203588027 m
3602036 1211:4  3K6/2035 124149

B Hu
8512055 1:49:22 pp 8612035 21922 p

861203585005 m 8612035 9:2905 m

8161203583202 op 3165/2035 90202 m
38512035 120000 3%/2085 12:30400
un uu

B%6/2035 50233 m 862035 53235
31612036 1002:30 34420356 10:32:30

o ma
8612035 248308 ym 315/2035 31505 m

8512055 24006 pp B6/2035 310056 pp
B5/2035 286:4 m BBI2085 3:26:44
81512035 TR2T op 316/2036 82027 m
861203582906 np 315/2035 85006 m

86/20358. 454 86/20359:1654m
3612036 11:3500  3%42035 120810

m un

81512035 9:32:30 o 315/2035 1002:30
m

B512035 21808 i 815/2035 24308

BEI2035 22644 m 8612035 256:44
B&/2035 35654 m 862035 42554 m
8512035 T 8906 mp 86/2035 8:25906 m
86020350020 op 86/20359:3230 m
8/6/2035 1488 m 862035 21808 1
3512055 1:56:44 1 S6/2035 20644 1m
8512035 3.2554 m 56/2035 355654 m
8612055 8:32:30 mp 816/2035 5902:30 mp
8#46/2035 1:188 m S6/2035 1:45308 1

BE2030 1. 2644 m 35/2036 1.56:44m
3612036 124808 345/2035 1:1808

nu
SEM2030 121508 3%/203b 124818

R au
8512055 201:34p B6{2035 2.31:34

Reverne

2574927960
1924257732

2079 5bb1532
2219595111

2098 5330
649,801645

11 45, 754583

2371,55065
2966,229294
1341831233
1322740047

2590,441336
1310,181817
2185, TT0052
1924257732

2079 551552
2219805111

2098 505339

2371 ,boesh
2066,220204
13415831233
1310181517
25674927560
1924267732

2219895111

2098 30B3W
2966,229294
1341331233
1310,181817
2219553111
2098 30830
2966,229294
1341331233
2219593111
2098 ABIB
2966,229294
2098 50638

2098 S350
2219823111
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Name
Heraklewor®
HerakleiorD
Ayera pe Bevenne

Revenue

AmveTime

DepartTome

885120856 1:31:34 1 8612035 20154
8/2035 101:341m 8%6/2035 1:31:34m

1922960416 Diay Fewens
Standard DevBton 510 322227 Sum Reveme

149933
S024 57

2966, 229204  Tvlin Feove e

Hevenue
2219 893111
2219893111

530, 15863

MNiv. 6.3.1 Jtoweia Stabpouwv (routes)- udatodpouto Mepatd-3° tpipunvo

Routes-Piraeus-3rd quarter

StartDepotName
Piracus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Piraeus

Average TotalCoxt

Standard Deviauon
TotalCox

Max MaxTotalTmne 720

Sum MaxTotalTime 8

Min
TotalTravelTime

EndDepotName
Piraeus

Piraeus
Piraeus
Piraeus
Piraeus
Piraeus
Piraeus
Piraeus
Piraeus
Piraeus
Piraeus

Piraeus

11344,917418 Max TotalCost

1637,871052

7,87 Sum TotalCoxt

N

TotalCost

Average

9625,166874
9773.6262

12583,
644701

12194,
210599

13004,
220331

10206,00902
1333157422
8865,181971
9901,923783

10783,
T14724
13271,
941644
12597,
794946

Min MaxTotalTime 480

TotalTravelTime

Standard Devianon 26308718

TotalTravelTime

13331,57422

720

720

720

720

720

430

720

720

720

720

Min TotalCoxt

MaxTotalTinTotalTravelT StartTime

245,7186823/8/2035
7:00:00 mn
343,7608993/8/2035
7:01:00 mn
405,982923/8/2035
7:02:00 on
414.8868153/8/2035
7:03:00 mn
398,765998 3/8/2035
7:04:00
217,1835873/8/2035
7:05:00 mn
506,4991453/8/2035
7:06:00 mn
324,5494033/8/2035
7:07:00 an
200,710931 3/8/2035
7:08:00 mn
248478587 3/8/2035
7:09:00 on
413,2687783/8/2035
7:10:00 mn
376.7494553/8/2035
7:11:00 op

8865,181971

Average 700

MaxTotalTime

Standard Deviauon 69.282032
MaxTotal Time

Max

Total

Sum

TravelTime

TotalTraveiTime

EndTime

3/8/2035
3:35:43 un
3/8/2035
3:44:45up
3/8/2035
6:17:58 yn
3/8/2035
5:57:53 pp
3/8/2035
6:42:45 pp
3/8/2035
4:12:11up
3/8/2035
7:02:29 un
3/8/2035
3:01:32 un
3/8/2035
3:58:42 yn
3/8/2035
4:47:28 yn
3/8/2035
7:03:16 pp
3/8/2035
6:27:44 pn
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Miv. 6.3.2 E€uninpétnon nepupepelakwv vdatodpopuiwyv (orders)- udatodpouto

Newpod-3° tpipnvo

Orders-Piraeus-3rd quarter

Name
Kythara
Mvtilin
Chioa

Samoa
Enmoupol
Naxoa

Mhloa
Santoriri

Koa

Fhodes
Karpathlos
Patras
Kalamata
Corfa

Cefalora
Woloa

loanruna

Alexandroupoh
Charua Kisznmoa
Rethymno
Herakleion
Theaaalonda
Methara

Foroa
Loutrala
Androa
Lama
Eea

Hini2
Chiog?
Samosl
Emmoupoli2

N axos?
& antorinil
Koad

Rhodes?

ArmnveTume
3f3/2035 535458
3812036 12-39:80

Hy
3/8/2035 8:365:18 op

31312036 12:2008

un
3812036 11:3807

m
31812035 9:39:2b op

3812035 T:55:27 op
3812035 8:15:39 op
3132036 110905

m
31812035 10251 m

31512035 8.50:56 mp
3#3/2035 2:6500 m
318/2035 316:45 m
3812055 1:2811 m

381203592742 op
38120356 11:35:59

m
31812035 11:12:45

m
31812035 40204

3812035 21100
31312035 50803 m
31812035 44215 m
381203583116 mp
3812035 T.27:38 mp
3132035 T:25:50 m
31312035 93509 m

31812035 7:4230 op
313/2035 2.31:36 m
3602035 72319 m
31812035 119:89 m

3612035 806:18 op
31812035 11:5006

mp
3812036 11007

m
3812035 9065:25 op

38/205358:46: 30 op
3812036 10:39405

m
31812035 12:32561

DepartTome
3312035 60548 1
31512035 119:50 1m;m

31812055 50615 m
3/5/2035 12:8005

un
31312035 120807

il
31312035 1008:26

m
31812035 8527 mp

31312035 8:46: 38 mp
31312035 11:3006

mp
31812035 1:3251 |,

31312035 9: 256 mp
33120356 3:2500 pp
31512035 3:45:45
31312035 15811 pp

3181203595742 m
31512036 120350

s
31312035 11.42:43

mp
31812035 43204 m

31342035 24100,
31812035 5:3803
3/812035 51215 m
3/512035901:16 mp
FE2030 TET S m
3812055 T:55:50 mp
31812036 100610

m
3181203581220 m

30812035 301:36
82035 76810 m
31312035 1:39:89 p

3312035 8:36:18 mp
31312036 12:2005

BB
31512035 11:3807

m
31812035 9:39:26 m

3512086 9:15: 0 mp
31312035 110805

m
31812035 10251 m

Revenue

1457 151166
201 3,255007

1638,200048
2059,1239564

1042 514455
1357,302535

1203085296
1692,319623

2371,56085

2066,229294
25629 553508
1341 331233
1322740247
25650,441335
1993,729819
1310,181817

2185,7TT90562

257 4927989
1924267732
2079 551582
2219 893111
20958 30833
561,43794
550,1396%0
649 J164

854,4449%
1145 754550

669,447235
201 3 268607
16358,200048
2059,123954

1042 514455

1357,302536
1692 319623
2371,55005

2966229294
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Name

Patras?
Kalamata?

Corfud

Cefaloraa2
Volosl

Toarminal
Alexandronpoh

Chania Kigzamosl
RethymmnoZ
Herakleion2
Theasalorald?
Loutrala?

Larma?

Kosi

Fhodesd

Patrasd
Kalamatad
Corfud

Cefaloraad
Volosd

Toarruna?

Chania Kiszmsd
Rethymmnod
Herakleiona
Theagaloralad
Lara3

Eosd

Fhodesd

Patrasd
Kalamatad
Corfud

Voload
loarrunad
Alezandroupokd

Charia-Kissmmoed

Fethypmnod

AmveTime

un

3/812036 22500 m
332035 24643
/812036 126811

nu
382035 85742 mn
3i8/2036 110358

o
3812035 10:42:43

m
31812035 3:32041m

382035 1: 4100 m
313{2035 43803
30812035 32123 m
30812035 2:16:54 1m0
38/2035 206109 mp
33{2035 201:36 1,
31812035 1009405

m

31812036 120251
uu

33{2035 1:5500

31312036 216:43 1
31812036 1228:11

ua
31812035 8:27:42 mp
31812035 10:33:80

prail
3812036 10:12-43
o

3312035 1:1100m

38812035 40803 m
31312035 25723
332035 14654 m
3812035 1:31:36 m
31812035 93905 mp

3812035 11:32:51
o

38120350 1:2500 m
31812035 1:46:45 1
3812035 11:58:11

m
332036 100368

m
3812035 9:42.43 m

332035 30204 1m
3842035 1241400

it
38812035 33803 m

DepartTone

31812035 26500 pp
31812035 3:16:43 pp

30812035 1:28:11 mp

318120356 0:27:42 m
31812035 11:33:589

ma
31812035 11:12:43

m
31812035 40204 1m

31812035 21100 m
31812035 5803 mp
31812035 357:23 m
31812035 24654 m
31812035 9:3609 mp
31812035 2:31:36 mp
31812035 10:3906

m

3812035 12:32:51
un

31812035 2:2600 yp

31812035 24643 1
31812035 128511
uu

31812035 8:57:42 mp
3812035 110380

ma
31812035 10:42.43

m
31812035 1:41 00

31512035 43805 m
31812035 3.27.23 1
31812035 216:54 1

31312055 20136 m
34812035 100805

ma

31812035 120251
Hu

31812035 16600 m

31312035 216:45
31812035 12:23:11

it}
303/2035 103389

m
30312035 101243

m
31812035 33204 m

31812035 11100 mp

31812035 40803 m

Hewvenue

1341 851233
1322740247

2590,441335

1993,729819
1310,181817

2185,TTo852

2574927960
1924257732
2079 551532
2219 593111
2098 A630
49, 30164
1145 754580
2371,50665

2966 ,229204

1341851233
1322740247
2590,441335

1993,729819
1310151517

2185,T7o952

1924,257732
2079 551552
2219593111
2093 20831
1145754550

2371, 50605

2966,220204

1341 351233
1322740247
2590,441335

1310,181817
2185,T799562

2574927089
1924 267732

2079 551532
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Name
Herakleiond
The aaalonilad
KEosb
Fhodedh

Patrash
Volosh

Charia -Kiazmmneh

Herakleionb
Theaaalornilab

Ko
Rhodes®5

Patra#s
Voloss
Charia -Kiszamns

Herakleioré
Theasalonlas

Fhodesl
Fhodeds

Fhodes
Patrasl

Patrass
Thezaalordal

Theasalonddd
Theaaalonddd
The asalordal 0
Theaaalonall

HerakleionT
HeraldeionS
Herakleiond
Heraklewonl0
Herakleiondl
Herakleionl 2

Avera pe Eevene

Rewvenue

ArmveTime
31312035 2.27:23 1m
318120356 1:16:54 m

3184/2035 91005 m
3/812035 110251

mp
30312035 1265500

uun
3182035 506:30 1m

312055 1211400

i}
312035 16723 m
3312036 124564

iy
3842035 8:005 m

3812035 10:32:51

ma
3/3120356 12:2600

uun
382035 435:30 m

38120355 114100

m
3131203512725 m
3312036 1216:64

nm

31812035 100251
m

3812035 9:3251 mp

3812035690251 m
/812036 11:5500

ma
31842035 3:2600 m
31812035 11:45:54

m
31812035 11:16:54

m
3812035 10-45:54

ma
3812036 10:16:54

m
320300454 m

312030 24215 m
31812035 31215 m
31812035 3:42:15 m
32030 41216 m

31812035 36T:23 m
31812036 125723

np

1920, 54 7997 IMax Feveme

Standard Devatin go5072216 Swm Reveme

DepartTme
3312035 25723 m
3/5/2035 1:45541m

31812035 9:3505 m
3/3/2035 11:3251

m
3812035 1:2500 4

388/2035 5:35:30 1m
31512035 12:4110

i1
31812036 22723 m
3512035 11654 m

308120359506 m
31812035 110251

m
31312035 125500

uu
31812035 506:39 1

3812055 121100

m
3812035 1.57:25 1
3512036 124554

HL
31812035 10:32:51

m
31812036 100251

m
3312035693251 m
3/8/2035 12:26(10

.
31812035 3:5500

30812035 12:16:54
L
31312036 11.4554

m
31812035 11:16:54
m

31312035 10:46:54

m
3512035 10:16:54

m

3842035 31215 1m
313120356 3:42:15
31812035 41215
30512035 44215 m
1812035 42725 1
31312035 1:27:25 pp

2066,2292 Iin Eevene

194716
190646

Reverme
2219893111

2098 S083718
237159005

2966,229204
1341 851233

1310151817
1924257732

2219593111
2008 80830

237150005
2966,229204

1341 851233

1310131817
1924257732

2219895111
2095 1830
2966,229294
2966,229294

2966,220204
1341 831233
1341 851233
2093 808338

2098 BlE30

2098 F08318
2098 F08330

2098 A0830

22139,503111
2215553111
2215555111
2219,503111
2219,593111
2215853111

1457

126



MNiv. 6.4.1 Ytoweia Stadbpouwv (routes)- udatodpouo Mepatd-4° Tplunvo

Routes-Piraeus-4th quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
101 Piraeus Piraeus 7685, 480 290,6635721/12/2035 21/12/2035
849495 8:00:00mp  2:50:39 up
102 Piraeus Piraeus 8541, 480 397,21/12/2035 21/12/2035
275871 0030278:01:00mp  3:38:00 pp
103 Piraeus Piraeus 8785, 480 380,21/12/2035 21/12/2035
704465 2440128:02:00mp  3:52:14 up
104 Piraeus Piraeus 8963, 480 380.21/12/2035 21/12/2035
532716 8771798:03:00mp  4:02:532 up
105 Piraeus Piraeus 8638, 480 372.21/12/2035 21/12/2035
20782 2539458:04:00mp  3:46:15up
106 Pirasus Piraeus 8626, 480 311,21/12/2035 21/12/2035
469046 6180428:05:00mpn  3:46:37un
107 Piraeus Piraeus 8482, 480 273.21/12/2035 21/12/2035
277749 8070298:06:00 mp  3:39:48 un
108 Piraeus Piraeus 7060, 480 256,21/12/2035 21/12/2035
689849 7979338:07:00mn  2:23:47un
109 Piraeus Piraeus 8959, 480 389,6324821/12/2035 21/12/2035
015588 8:08:00mpn 4:07:37um
110 Piraeus Piraeus 7629, 480 257,21/12/2035 21/12/2035
103303 5895618:09:00 mp  2:56:35 up
111 Piraeus Piraeus 8784, 480 200,21/12/2035 21/12/2035
917192 2013658:10:00 mp  4:00:12 up
Average TotalCoxt Max TotalCost 8963,532716 AMin TotalCox 7060,689849
Standard Devianon Sum TotalCox 92157,043094 Average 480
TotalCoxt MaxTotaiTime
Max MaxTotalTume 480 Min MaxTotalTime 480 Standard Devianon 0
MaxTotalTime
Sum MaxTotalTime 5280 Average Max 397,003027
TotalTravelTime TotalTravelTime
Mm 256.797933 StandardDeviatnon 57560153 Sum 3609,688142
TotalTravelTime TotalTravelTime TotalTravelTime
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MNiv. 6.4.2 E€uninpétnon nepupepetakwv vdatodpopuiwyv (orders)- udatodpouto

Newpod-4° tpipnvo

Orders-Piraeus-4th quarter

Name

Chioa
Samos
Emmoupol
Nanoa
Santonnd
Eodl
Fhodes
Karpathlos
Patmas
Halamsta
Corfu
Cefalonia

Voloa

Toanmina
Llexandroupol
Chania-Kissmmwa
Rethymmno
Herakleion
Theaaalorala
Loutrala
Lamia
Fhodesl
Patras2
Kalamatal

Volos

Toarmina?
Alexandroupoh?

Armve Time

211 212035 9.22:33
m

2111 212036 9:10:18
mp

2111212035 9:25:32
m

211 212035 8:48:30
m

2111202038 23704
nu

2111 2/2035 22958
LN

2111212035 1.3800
uu

2111212035 121748
up

2141212035 1:1103
nu

21122036 12:21:28
nu

211212035 85738
m

2141202035 13540
un

211202036 11:31:36
m

211 212035 100008
m

2141202036 93202
m

211 2120356 1:45:58
un

211212035 10853
nu

211212035 11:50:21
m

211 212036 1216106
nu

21/2/2036 12:14:32
un

211212035 8:22:28

ma
211 212035 9.20.57

H

211212035 11478

g

2171212036 1151:28

ma
211212036 9.27:38

mp
2111 212035 90005

o
2111212035 9:3302

=4

111212035 1:16:58
np

DepartTome
2111 2/20838 9:62:53

m
2141 2/2035 9:40:18
mp

2141 2/20356 9:55:32
m

2111 212035 9:19:30
m

2111 2/2036 30704
mu

2141 2{20356 2:55:68
B

2111 212035 20908
uua

21112/2035 12:47-48
nu

21412/2035 1:4103
ma

21/12/2036 1251:28
Hu

2111 2/2035 9:27.33
bryil

2141 2/2035 20540
up

21112/2036 1201:36
uu

2111 212035 10:3005
m

2111 2/2035 100202
m

2111 2/2035 2:16:58
un

2111 2/2035 1:58:63
nu

2111 2/2035 12:29:21
un

2111 2120356 12:4606
nu

2111212036 12:4432
un

2111 2/2035 8:52:23
op

211 2/2035 25057
m

2111 2/2036 1217:48
)

2141 2/2035 12:21.28
up

2141 2/2035 26738
op

2111 212085 2:30405
o

2111 2/2036 100302

m
2111 212035 1:46:58
np

Revenue

2013,288907
1638, 200049
2059,123954
1042314458
1357,3025%
1692,319623
237159995
2966,229294
2820 453506
1341831233
1322740247
2590,441335
1993729819
1310,181817
2185,779952
257 4927960
1924,257732
2079551552
2219893111
2098 308330
649,301645
1145754550
2966,229204
1341 831233
1322740247
1310,181817
2185,779952

25749271089
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NHame ArmiveTime DepartTome Reverme
Heralkleion? 211212035 124606 211 212036 1:1606 2219 593111
The asaloni? 2111212095 1:4432 21121209 21432 3008 A3
- 211202095 112128 21202085 11518 1341 53123
Volosd ‘2:?!1 212035 9:3005 E?n’l 212035 10005 1310181817
Heraldeions 2111202095 14506 211212035 21606 9019 3111
Tl paalovilis l2'11“!1 212036 11432 '2“11?1 212055 1:4432 2098 HB30
The saalonikid ‘2?!1 212036 12:4432 l2111'11’1 212035 1:1432 2098 HB30
Kos 2111212035 10808 2171212035 1:3900 237150995
Fho de i 11212035 114748 211202036 1LAT8 pogg 220794
Patrasd g‘rﬂ 212035 10:51:23 Iéﬂllfl 212035 11:21:28 1341 831233
Clorfa? ETH 212035 10540 I2T{1 212035 1:35:40 2590,441335
ChaniaFismmg 2111212035 123853 2111212036 10863 1a04 257732
Milos ‘2111!1 212036 85427 l2“1.11’1 2120856 92427 1203086295
Lamia? 2]1{‘!1 212035 88057 Iﬂriln’l 2120055 52057 1145 754553
Herakleiond 2111212035 14606 211212035 1606 9010 311
Rethymma? 2111202096 122921 211202035 12821 9079 sE1sR
Average Reveme 19 ltSLlI?L:. Max Reveme H 2966,22920 IMin Reveme 649,30 1645

Standard Devation s34 64995 Sum Revens 34590, 5T05ES

Revenue

6.1.2 Yoatobpoulo Oecoalovikng

MNiv. 6.5.1 Jtoweia Stabpouwv (routes)- udbatodpouo Osocoaiovikne-1° tpinnvo

Routes-Thess-1st quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
201 Thessaloniki  Thessaloniki 7347, 480 332,25/2/2035  23/2/2035
404446 3296028:00:00 mp  2:32:19un
202 Thessaloniki  Thessaloniki 8781, 480 350,23/2/2035 23/2/2035
239621 0021468:01:00mp  3:51:00 up
203 Thessaloniki  Thessaloniki 8135, 480 285,23/2/12035  23/2/2035
661146 0303988:02:00mp  3:17:01up

347,404446
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Miv. 6.5.2 E€uninpgtnon nepudepetakwv vdatodpouiwyv (orders)- udatodpopuLo
Oeooalovikne-1° tpiunvo

Orders-Thess-1st quarter

Name DeliveryQuantities ArriveTime DepartTime Revenue

Limnos 11 23/2/20351:49:27  23/2/2035 2:19:27 1459.83466
Kastoria 18 l212';/2!5.’035 11:07:08 ‘2“31./2&035 11:37:08 1163674719
Corfu 17 gg/?!2035 9:20:53 gg!2/2035 9:50:53 199794366

mn o

Volos 14 23/2/20358:42:533  23/2/20359:12:533 1097.827922
Ioannina 18 ’211;[2!2035 11:25:34 l2!]3"‘."2/2035 11:55:34 1534.136206
Alexandroupoli 15 !2!?&.’2035 2:08:41 !2!;'2/2035 2:38:41 1799,935654
Kavala 18 l21;/2!203.5 9:12:11 l211"::."2/2035 9:42:11 1058,778815
Piraeus 16 ;g1212035 12:37:03 121;1/212035 1:07:03 2098,809123
Kastoria2 18 l;l(;l'Q.’20('3:'> 11:37:08 gg/Zl?DSé 12:07:08 1163,674719
Ioannina2 18 l;§I2I2035 10:35:34 ;lz;/moss 11:25:34 1534.136206
Kavala2 18 ‘21;1/2!2035 8:42:11 ;;2/'2035 9:12:11 1058.778815

op

123 Min Revenue 1058,778815

Niv. 6.6.1 Ytowela Stadpouwv (routes)- udatodpouo Oeocoalovikne-2° tpinnvo

Routes-Thessaloniki-2nd quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
201 Thessaloniki  Thessaloniki 12232, 720 476,8/6/2035 8/6/2035
501486 9610777:00:00 mp  5:56:57 pp
202 Thessaloniki  Thessaloniki 11550, 720 410,8/6/2035 8/6/2035
357612 0085387:01:00mn  5:21:00 un
203 Thessaloniki  Thessaloniki 3250, 720 80,3925318/6/2035 8/6/2035
446115 7:0200mp  9:52:23 mp
Average TotalCost 9011,101738 Max TotalCost 3250,446115

Standard Deviation 5000,519

Sum TotalCox

TotalCo=

Max MaxTotalTimme 720 Min MaxTotalTime T2( 0

Sum MaxTotal Time 2160 476,961077
Min 80,392531 212287528 Sum 967.362146

Total TravelTime

Total TravelTime
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MNiv. 6.6.2 E€uninpétnon nepupepelakwv vdatodpopuiwyv (orders)- udatodpouto
Oeooalovikng-2° Tpiunvo

Orders-Thessaloniki-2nd quarter

Name ArnveTime DepartTime Revenue

Limnos 8/6/203512:51:50  8/6/2035 1:21:50 pn 1459,83466
uu

Kastoria 8/6/203510:39:31  8/6/203511:09:31 1163674719
o op

Corfu 8/6/203511:45:31  8/6/203512:15:31 1997,94366
on np

Volos 8/6/2035 7:42:53nn  8/6/2035 8:12:53 mn 1097.827922

Ioannina 8/6/2035 3:50:12 yp  8/6/2035 4:20:12 up 1534,136206

Alexandroupoli 8/6/2035 8:12:18 op  8/6/2035 8:42:18 1799,935654

Kavala 8/6/2035 8:42:11 o 8/6/20359:12:11 1058.778815

Piraeus 8/6/2035 4:01:41 up 8/6/20354:31:41up 2098,809123

Kastora2 8/6/203510:09:31 8/6/203510:39:31 1163,674719
on e

Ioannina2 8/6/2035 3:20:12 pp  8/6/2035 3:50:12 pp 1534,136206

Kavala2 8/6/2035 8:12:11np  8/6/2035 8:42:11mp 1058,778815

Piraeus2 8/6/2035 3:31:41 upn 8/6/2035 4:01:41 up 2098,809123

Kastoria3 8/6/2035 9:39:31 nmn  8/6/203510:09:31 1163,674719

on

Corfu2 8/6/203511:15:31  8/6/203511:45:31 1997,94366
o ou

Kavala3 8/6/2035 7:42:11op  8/6/20358:12:11mp 1058,778815

Piraeus3

8/6/2035 3:31:41 2098.809123

Average Revenue

Min Revenue 1058,778815

Revenue

Niv. 6.7.1 Itoweia Stadpouwv (routes)- udatodpouto Oeocoaloviknc-4° tpinnvo

Routes-Thessaloniki-3rd quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
201 Thessaloniki  Thessaloniki 13340, 720 476,3/8/2035 3/8/2035
101486 9610777:00:00mn  6:56:57 up
202 Thessaloniki  Thessaloniki 12104, 720 410,3/8/2035 3/8/2035
157612 0085387:01:00mpn  3:51:00un
203 Thessaloniki  Thessaloniki 3250, 720 80,3925313/8/2035 3/8/2035

446115 7:02.00mp  9:52:23 mn

talCost 13 TotalCoxt 3250,446115

otalTmme

Standard Devianon 0
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MNiv. 6.7.2 E€uninpgtnon nepudepelakwv vdatodpouiwyv (orders)- udatodpouLo

Oeooaloviknec-3° tplunvo

Orders-Thessaloniki-3rd quarter

Name
Limnos

Kastoria
Corfu

Volos

Ioannina
Alexandroupoli
Kavala
Piraeus
Kastoria2
Ioannina2
Kavala2
Piraeus2
Kastoria3

Corfu2

Niv. 6.8.1 Ytoweia Stadpouwv (routes)- udatodpouto Oeocoaloviknc-4° tpinnvo

ArmveTime
3/8/203512:51:50

un
3/8/203510:39:31

on
3/8/203512:15:31
g

3/8/2035 7:42:53 mn

3/8/2035 4:20:12 up
3/8/2035 8:12:18
3/8/2035 8:42:11ap
3/8/2035 5:01:41 up

3/8/203510:09:31
o
3/8/2035 3:50:12 yp

3/8/2035 8:12:11ap
3/8/2035 4:31:41 up
3/8/2035 9:39:31mp

3/8/203511:45:31

o
3/8/203511:15:31

o
3/8/2035 3:20:12 pn

3/8/2035 7:42:11mp
3/8/2035 4:01:41 up

3/8/2035 3:31:41 up

DepartTime Revenue
3/8/2035 1:21:530 pp 1459.83466
3/8/203511:09:31 1163.674719
1931

3/8/203512:45:31 1997.94366
HH

3/8/2035 8:12:53 u 1097,827922
3/8/2035 4:50:12 up 1534,136206
3/8/2035 8:42:18 mp 1799.935654
3/8/20359:12:11mp 1058.778815
3/8/2035 5:31:41 up 2098,809123
3/8/203510:39:31 1163.674719
o

3/8/2035 4:20:12 pp 1534,136206
3/8/2035 8:42:11mp 1058,778815
3/8/2035 5:01:41 up 2098.809123
3/8/203510:09:31 1163,674719
o

3/8/203512:15:31 1997,94366
un

3/8/203511:45:31 1997.94366
o

3/8/2035 3:50:12 pp 1534.136206
3/8/2035 8:12:11mp 1058,778815
3/8/2035 4:31:41 pp 2098,809123
3/8/2035 4:01:41 pp 2098.809123

2098,809123 Min Revenue 1058,778815

Routes-Thessaloniki-4th quarter

Name StartDepotNam EndDepotName TotalCost MaxTotalT TotalTraveStartTime EndTime
201 Thessaloniki  Thessaloniki 7901, 480 332.21712/2035 21/712/2035
204446 3296028:00:00mp  3:02:19un
202 Thessaloniki  Thessaloniki 8781, 480 350,21/12/2035 21/12/2035
239621 0021468:01:00mp  3:51:00 up
203 Thessaloniki  Thessaloniki 8135, 480 285.21/12/2035 21/12/2035
0303988:02:00mp  3:17:01pp

7901,204446
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MNiv. 6.8.2 E€uninpgtnon nepudepetakwv vdatodpouiwyv (orders)- udatodpopto
Oeooaloviknc-4° tpiunvo

Orders-Thessaloniki-4th quarter

Name ArriveTime DepartTime Revenue

Limnos 21/12/20351:49:27 21/12/20352:19:27 145983466
un un

Kastoria 21/12/203511:07:08 21/12/203511:37:08 1163,674719
on op

Corfu 21/12/20359:20:53 21/12/20359:50:33 1997.94366
o op

Volos 21/12/20358:42:33 21/12/20359:12:33 1097827922
i3t o

Ioannina 21/12/203511:25:34 21/12/203511:55:34 1534.136206
o o

Alexandroupoli 21/12/20352:08:41 21/12/20352:38:41 1799,935654
e ug

Kavala 21/12/20359:12:11 21/12/20359:42:11 1058,778815
o o

Piraeus 21/12/20351:07:03 21/12/20351:37:03 2098,809123
nu np

Kastoria2 21/12/203511:37:08 21/12/203512:07:08 1163674719
o un

Ioannina?2 21/12/203510:55:3¢ 21/12/203511:25:34 1534136206
on on

Kavala2 21/12/20358:42:11 21/12/20359:12:11 1058,778815
on on

Piraeus?2 21/12/203512:37:03 21/12/20351:07:03 2098.809123

HR HH

6.2 2TaTLoTKN availuon petaBAntwy anoteAeouatwv-E§aywyn molotikwy
otoleiwv

ZTouG Ttiv. 6.1 €wg 6.8 TEPA amod éva eVOEIKTIKO Tpoypappa eite Twv Spopoloyiwy
(routes), eite twv emokéPewv oe éva udatodpoulo (order) koL OPLOPEVWV
XQPOKTNPLOTIKWY TLHWV HeyEBwV yla To Kabéva, €xouv uttoAoylotel amod to ArcGIS
otolela Omwg n pEylotn (maximum) kaw n eAaxLotn (minimum) Tyun evog pey€boug,
To GBpolopa tou cuvolou (sum), n péon TR (average) Kal n TUTILKA QTTOKALON
(standard deviation). Auto Tou evSladEPEL TEPLOCOTEPO YLOL CUYKPLON TWV HEYEOWV
otn Slapkela Tou €TOUG €lval n HEON TIUN WC OTOLXEIOU QAVTIUTPOCWITELGCNC TOU
Selypoatog twv Spoporoyiwv. MapodTL o AUTHV TV MPOCEYyLon Baoiotnke oAOKANpN
n mponyoupevn epyacia (MaoxaAidng 2020 [0]) kabBotL BewpnBnke €va poviéAo
OUVEXOUC TIPOOoEYYLong (continuum approximation model), evtoUToLg yla OPKETOUG
Aoyoug &g Ba mpaypatonolnBel cUYKPLON ATIOTEAECUATWY E ONUAVIIKOTEPOUG: a)
10 €106 Baong edw Bewpeital to 2035 evw otnv [0] to 2030 kat B) anodeixBnke otnv
[0] OTL To OAKO KOOTOG TC edpdooV amoteAel pLa peTaBAnTr) EAeyXOUEVN ATIO TNV TLUNA
Tou slottnplou t Atav adiddopn oto ekel mpoBAnua BeAtiotomoinong. AvtlOETwg
ebw, kaBoTLyivetatl avadopd oe VRP, avaykaoTIKA QAVTIKELUEVIK OUVAPTNON O KAOE
emiluon amod to ArcGIS amotelel n €haxloTomoincn TOU KOOTOUG TOPOTL KL 6w
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avalnteital «xelpokivnta» o BEATiotog (eAdxlotog) aplBuog agpookadwv (routes)

TIOU LKAWVOTIOLOUV TN {Tnon Tou poBARATOG.

MARBoc¢ otolou (routes)
14

12 =

__— -

10

1o 20 30 40

PG = Oso/ViKD

2x.6.1 MetaBoAn apBuol otolou agpookadwv (routes) ava Tpipnvo Kat ava
UNTPOTOALTIKO uSatodpduLo (depot)

Méoo Kootocg ava agpookadog (€)

14000
12000

8000

6000
4000
2000

1o 20 30 40

PG = Oso/ViKD

2X. 6.2 MetafoAn péoou kOoTouc (€) ava aepookddog (route)
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Meoog xpovog Asttoupyilag agpookadoug (h)

7/\

[ = SR S T S ¥ I o T A ¢ <]

o

1o 20 30 40

e EIpOAE = Oco/Vikn

3X. 6.3 MetaBoAn péoou xpovou (h) Asttoupylag aspookadoug (route)

Ap1Buoc eCuntnpetnoswv (orders)

120
100
80
60
40

20

1o 20 30 40

e ElpOLAC = Oco/ViKn

2X. 6.4 Metapoln aplBuol eunnpetioswv udatodpopiwy (orders) ava Tpipnvo Kat avd

pUNTpomoALtko udatodpduio (depot)
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2500

2000

1500

1000

500

Méoo akaBaploto €co060 ava dpopoAoyio (€)

1o 20 30 40

PG = Oso/ViKD

YX. 6.5 Metafoln péoou akabaplotou £0060u (€) ava eCuntnpétnon udatodpopiou (depot)
ano dpopoAoylo (route)

450
400
350
300
250
200
150
100

50

Méeoo kaBapo €c60do ava dpopoAoyio (€

1o 20 30 40

PG = Oso/ViKD

YX. 6.6 Metafoln pécou kaBapou £c6bou (€) ava eCunnpétnon udatodpopiou (depot) anod
SpopoAoylo (route)

Ao ta nopandvw oy. 6.1 €wg Kal 6.5 e€dyovtal Ta £€AG XPNOLULA CUUTTEPACHUATAL:

Kat yla ta 800 UNTPOTOALTIKA USATOSPOULA ETIITUYXAVETAL OLOLOYEVELO OTOV
QUTTOULTOUEVO aPpLOUO TOU OTOAOU TWV OlEPOCKADWVY LE CXETIKOUG CUVTEAEDTEC
petaBAntotntag CVmr=om1/Xm1=8,91%<10%. 3t0 pev uSATOSPOULO TOU
Melpatd To eVPOC Tou apLlOpoL USpOMAAVWY UETAEL SLadOPETIKWY TPLUAVWV
glval povo 2 (12 oto 3° évavtt 10 og 1° kal 2°), evw otn Oscoalovikn yivetat
duvatdv va xpeldaletal 0Ao to Xpovo otaBepog aplOpog 3 udpomAdvwy.
ETUTUYXAVETOL OMOLOYEVELD OTOV QTALTOUUEVO OplOUO TOU OTOAOU TWwV
oepookadwyv UE OXETLKOUG OUVTEAEOTEG HeTaBANTOTNTAC
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CVm,p=0mp/Xm,p=8,91%<10% kot avtiotolya CVmt=0 adol o oTtOAOC TwV
udpomAdvwy eivat otaBepog Ao To Xpovo.

To péoco kbéotog ATC (Average Total Cost) avd aepookddog opoiwg
TIAPOUCLAlEL OXETIKN XOAUNAR amoOkAlon HECQ OTO XPOVO, €LSIKOTEPA OTO
vdatobpoulo TG Oecocalovikng, OMOU  TIPOKUTITEL  OGUVIEAEOTNAG
puetaBAntotntag  CVarcr=0atc1/Xatc1=7,81% <10%, €MOUEVWG UTIAPXEL
opoloyEVeLa. AVTIOETWG € UMOpPEL VA XapaKTNPLOTEL AVTLOTOLYOL OOLOYEVELDL
oto udatodpduo tou Mewpatd, KABWC CVatcp=0atcp/Xatcp=22,41%>10%,
evtoutolg &g AapBavel kamola akpaio Tin.

Ye O,1L adopd to pECO Xpovo Asttoupylag ATOT (Average Total Operation
Time), o aAyopBuog tng Avalritnong Taumou mou Xpnotuornolet to ArcGlS yla
Vv eniluon tou VRP [108D] emttuyxavel oto udatodpouLo tng OeooaAovikng
va UTIAPYXEL oTaBePOC XpOVOG Aettoupyiag 0Ao to Xpovo, 5,37h! Ze o,tL adopa
Tov Mewpald okopa kot ywo €va eladpwg outlier tou 2°° Tpunvou,
gmutuyxdvetat cuvteAeotng petaBAntotntag CVaror,p= Oator,p/Xator,p=12,89%,
SnA. OplLOKA N OPLAKA [N OLIOLOYEVELQL.

H onuacio Twv TWHWV TwV Mapomavw HETABANTWY OTNV TEPUTTWON TOU
MNepatd  davepwvetal otav Ppebel o0  aviiotoloG  OUVTEAEOTNAG
HeTABANTOTNTAC YA TOV aplOuod Twv e€unnpetrioswyv (orders) otov omoio to
oUOTNUA TOU SLaXELPLOTH) KAAELTOL va avTamoKpLOel. MpOoKUMTEL CUYKEKPLUEVAL
CVordp= Oordp/Xordp=48,05%, OnA. katd TmOAD peyaAUTepo amd TOUG
avtiotolyoug ouvteAeoTéG CVarc,p Kol CVartor,p TOU HECOU KOOTOUG KOl HECOU
XPOVoUu Aeltoupylag avtiotolxa, emopévwg OnA. n Sloxeiplon mou €xel
oakoAouBnBel pmopel va kpBel opBoloyikr. Itnv mepimtwon TG
@ecoahovikng n oxeTkn T €ivat CVord,1= Oord,1/Xord,7=25,5%, T000 XaunAn
6nAadn mou pmopel va undeviotel yia Tov aplBud agpookadpwv Kol XpOVou
Aewtoupyiog ATOT, edpdoov 0 aplBUOC TwV MAPATIAVW UETABANTWVY MOPAPEVEL
otaBepdg kab' OAn TN SLdpKeLa Tou XpOvVou.

H peyaAUtepn opoloyévela TEAOG EMITUYXAVETAL OTO HECO kaBapd €c060
AGRV (average gross revenue) kal yla to 6U0 UNTPOTIOALTIKA udaTtodpouLa:
CVanrv,p= OaNRv,p/Xanrv,p=1,21% Kot CVanry,7= OaNry,T/Xanrv,7=3,49%. AnAadr o
SLOXELPLOTAG TOU cuoThHaTog Ba prmopolos va To Asttoupynosl cUpdwva e
TIC TTOPATTAVW TIApaSOXEG YLa OAO TO XPOVO QKOO KOL TN XELHLEPLVA TIEPiodoO.
Mpodavwe mapopola ivat Kot n cupnepldpopd Tou HEcou kKabapol ecodou
ANRV (average net revenue), kaBotL €xelL untotebel 6tL NRV=0,2*GRV (6.1)
(MaoxaAidng, 2020 [0]).

MEVIKOTEPQ O LOXUPLOUOC OTL TO USPOTIAAVO amoTeAEL Eva HEGO KATAAANAO YL TLG
QVAYKEC TNG Xwpag dev adopd Lovo tnv eAAnviKA yewypadia [0], aAAG Kuplwg OTL
0 BOOWKOC MEPLOPLOTIKOG TTapAyovTag yla Tn Asttoupyia tou péocou (padl pe TIg
TOTUKECG OUVONKEG TOU AVENOU TIoU akopa Sev €xouv e€etaotel [88]) ,n nAlodavela
OTOTEAEL TOUTOXPOVA KL TOV TTEPLOPLOTLKO TIOPAYOVTA VLA TG UETAKIVAOELG OTNV

EAAASa yia Aoyouc avouync, ELTE yLO TOUC VTOTILOUC, ELTE TTOAU TTEPLOCOTEPO VLA

TOUC ToupioTtec. AnAadn n TIEPLOPLOUEVN XPOVIKA Suvatotnta Asltoupyiag to
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XELLWVO OVTLOTOLXEL O€ ULKPOTEPN {ATNON KoL AVTIOETWC TO KaAoKaipl yLa Ttov i6Llo
aKpLBwWG AOYO TOU OL MTNOELG e USPOTIAGVO £xouV LeyaAltepn Intnon, dnA. Tnv
NAlopAvela, HUMOpoUV va Tpayuatornolnbolv. JUVEMWC ETLTUYXAVOVTOL TO
TIAPOTTAVW LKAVOTIOLNTLKA amoTteAéopata yla tn Slaxeiplon Tou ouothuatog kab’
OAn TN &LdpKeLa TOu XpOVOoU.
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7. 2ZYMIEPAZMATA EPTAzIAZ

7.1 ZUvoyn amoteAEoUATWY

ATO TNV MPONYOULEVN EPEVVNTIKI TPOOTIABEL TOU cuvtaktn to 2020 [0]-kat adou
KaTéoTn oadeG OTL To USPOTAAVO amoteAel €va HECO OMOU TALPLAlEL PE TNV
nepimtwon tng EANGdaG- avtAnbnke pia mpwtn emipavelakn (smooth) mpooéyylon
yla Ta AELTOUPYLKA XOPOKTNPLOTIKA €VOG €0BvikoU Siktuou Spopoloyiwv pe Suo
uNTpomoAltikad udatodpoula we Baoelg-os EAevoiva kal Oecoalovikn-o€LomoLwvTag
6edopéva amo nponyoLevn €pguva tou M. Maywvakn [1] Kot Pe KAToLEG TTapadOXEG
yla TLG TLUEG EloOSou.

Tn d¢opa avutr, €xovtag mAéov €va VEO €UPOC YVWOEWV omo Tto AMNMI
«lFewmAnpodopkn» tou E.M.M. anodaciletal va yivel pia o oe Babog kat mio
«QTITA» TIPOCEYYLON AKOMA Kol 0€ 0,TL adopd tn Bewpnon Twv {wvwv emppons (n
oAWG  Kowwviko-Owkovopukwv Movadwv K.O0.M.) tou KABe HNTPOTOALTIKOU
vdatodpopiov. EToL evw amhoikd otnv mponyoUuevn epyacio Bewpndnkav ot
avtiotolyeg mepldépeleg ATTIKAG (TANV TNE T.€. Nlowv) Kat Kevtpikng Makedoviag wg
eVOEIKTIKEG yla T uSatodpouLa, MAEov Ue T Xpron tou GIS, kuplwg og 0,TL adopa
TNV OTTIKA QaVOIOPAcTAcn TNG Katdotaong, kot aflomoinon fava evog xaptn
Spopoloyiwv dnuioupyiag tou M. Maywvakn [1], dnuioupynBnkav 4 maveANaSIKEG
{WVEC eTPPOEC, eCUTNPETNONG MOvo amo tov Mepatd ({wvn A) (EAafe tn B€on tng
EAeuoivag wg UNTPOMOALTIKO USATOSPOULO TNG ATTIKAG), LOVO amod tn Oecoalovikn

(Twvn B), kat amnod ta dvo vdatodpouta ({wvn IN A un e€unnpétnong ano vdpomAdavo
BedsTO

Popro __ BedsTo*Pop,po
(Twvn 0). Mg TNV ponyoUuuevn Bewpnon eixe mpokLPEL Bedspg — Beds.perPopmg = 3,5

Pop,p0

Beds, 1

P ' Pop, __ Beds,r1*Po
(7.1.1), evi) TWPA Forkk T OPPL ~ ()3 (7.1.2) 8n\. oxeddév avtiotpoda
Bedsp1 " Beds,py*Pop,1
Pop,py

(edpooov 0,3*3,5=1,05=1)! Evdexouevwe KL €dw va €ylvav KATOLEG OPadoxXEG OXL
TOOO PEOALOTIKEG (M.X. otnv Kkatavoun tng INtnong tn¢ lwvng I ota &vo
vdatobpoula), oe kabBe mepimtwon katadewkvuetal moco Sladépouv  Ta
arnoteAéopata PeTaf TouC. EvtéAeL n véa mapadoxr amodelkvUeTOL EUVOIKOTEPN YL
TO SLAXELPLOTH) TOU CUOTAUATOC adoU oTo udATOSPOLO TNG OECCAAOVIKNG TIPOKUTITEL
TIAE0V £Val TILO 0PYOVWUEVO cUOoTNUA SpooAoyiwv.

Mepaltépw, YE Ta epyaleia mou TpoodEpel To ArcGIS oxetikd pe tnv Avaiuon
AKTUOU KOl TILO CUYKEKPLUEVO Tn Oswpnon tou mpofAnuoto¢ wg MNpoBAnua
Apopoloynoncg Oxnuatog (VRP) eival Suvath akopa Kat n ouvtoén evog MARPOUS
Tipoypappatog SpopoAdynong o nuepnoaoto emninedo. Evtoutolg, otnv nepintwon edw
bev empokelto kabBopd yia mpoPAnua VRP aAAd ywa éva SuokoAdtepo adou
muBavotata kaBe kOpBog Tou Siktuou va xpetdletal va dtavuBel N>1 dopég. Adevag,
UTIAPXEL PEV N duvatdtnta PeE TG KATAAANAeg Bewpnoelg 1. o KOUPog mou
efumnpeteitat N dopéc va povtehomownBei wg N Stadopetikol yeltovikol aAla
avefaptntol HeTaU TOoug KOpPoL, adetépou wWoTOoco Xpeldaletal n KAtdaAAnAn
UTTOAOYLOTIKN Tipogpyacia onwe edw oto Microsoft Excel.
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Fevikotepa pmopel va e€oxBel To oupmnépaopa ot To ArcGIS aAAd Kal YeviKa OAa Ta
avtiotolya Aoylopka GIS anoteAouv Wbiaitepa Suvatd UoAOYLOTIKA epyaleia adoU
EVTOOO0UV TNV ETIONTELA TTOU IPOCDEPEL N YEWXWPLKA TIANpodopia WG KOUUATL TNG
ene€epyaoTiknG LoxVog twv H/Y. Aev mavouv evtoUTolg va armoteAoUv pia avBpwrivn
ETLVONON KAl CUVEMWC va PBeAtiwvovtal kol va efeAiooovtal KOAUTITOVTOG VEEG
OVAYKEC TTOU dnuLloupyolvTal.

7.2 MNPOTACELC YL TIEPALTEPW EPELVAL
ZTnv mponyouuevn gpyacia tou ocuvtaktn to 2020 [0] eixav dtatunwBel 4 oXETIKEG
TIPOTAOELG yLa hia LEAAOVTIKN Epyaoia:

e ETMEKTOON TOU CUOTHUATOG KAl OTA TOTIKA SpopoAdyLa KaBwe Kal oe AAAou
tuTou Mtroswv.

e Xpnotuomoinon kot AAoU TUTIOU 0lEPOCKAPOUG OTO OVTEAO.

o [lepaltépw Slepelivnon TwV KABUOTEPOEWYV TOU CUCTHATOG AOYW KOLPLKWV
N GAAWV cuvOnNKwv.

e Otav to avtiotolyo cuotnua teBel og Aettoupyia, emavatpododotnon He Ta
VEa paypatika Sedopéva Kal cUYKPLON ATOTEAECUATWY

KaBotL oto evélapeco mpoékuPe yla To cuviaktn to AMMI «FewmAnpodopikr»

EVTEAEL N peAhovTikn yla To 2020 epyacia kivnBnke o dtadopeTiko medio mou OpwG
TIPOCOMOLAlEL ME TO TETAPTO TMOPATIAVW, OUTO TNG €mavatpododotnong Ttwv
Se60UEVWV OXL OUWCE ATIO TNV TIPAYHATIKOTNTA aAAQ Ao €va VEO PMOVTEAO Kal piog
adpopepoug ouykplong. MNa tnv akopa mo PeAAOVTIKN Tipoomabela blaitepo
evéladépov mapouaotalel To TPLTo oToLyEio mapanavw mou adopa T KaBUoTEPNOELS,
TO omolio otnv napovoa epyacia & peAetnOnke KaBOAou. To ArcGIS aAld kot Ta GAAQ
avtiotolya Aoylopikd eival moAU duvatd otnv enefepyacia xwplkwyv dedopévwy
omou armnelkovilovtal T.Y. METEWPOAOYIKA PalvVOUEVA OTIOTE UMOPEL €va OXETIKO
AOYLOUIKO va OUMPBAAAEL OTn HEAETN TWV OXETIKWV TIOPAYOVIWV WC OLTIES
kaBuotepnoewv Kal dnuloupylag cuvoAlkd evog TAEyatog SpopoAoyiwy yla TAnBog
oevaplwv.

Evbladépov emiong mapoucldlel kol n  TPWIN TEPlMTTwon. Aiktua Tmou
nipooopolalouv neplocotepo otn popdn tou VRP, og SLadpopég TUMOU TTEPLYNONG
[84] N eumopikég Mol Ba pmopoucav mBavotata va SWoouV TIO PEAALOTIKA
amoteAéopata o€ eninedo Aettoupyiag. TENog og 0,TL adopd tn deUTeEPN NeplmTwon,
HE TN XPNon HIkpOtepwv aepookadwyv Ba Atav duvatd va evowpatwbouv oto
cvuoTtnUa Kal VEEC SLadpoUEG UIKpOTEPNG INTNONG, Kal va yivel pia mpoomdBesia
opyavwong twv dpopoloyiwv pe popdn avtamokpioewv and ta neplpepelakd ota
KEVIPLKA KoL amo ekel ota pntpomoAttikd vdatodpouta (Maywvakng, 2016) [1].

Mpodavwe ta uothpoata lewypadkwv MAnpodoplwyv amoteAolv éva LOXUPO
epyaleio og OAa Ta TAPATTAVW, XWPLG KABE MepinmTwaon OUwWG va PETEL va ayvonBouv
aA\oL TpoémoL opyavwong kal emiluong mpoPAnudtwv  dpopoAdynong  Kat
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BeAtwotonoinong, edooov autol e€akoAouBolv va avamtuooovtal oMo TOUC
EPEUVNTEC.
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