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Tomoypad@wv Mnxavikwv Ttou EBvikov Metoofiov TMoAvtexveiov k. Kwvatavtivo
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O emaTnuwv avBpwIto¢ OV aToXEVEl OE
dueoo amnoteAsaua- KaBrikov Tou &ival va
Béael ta BeugAia yia auToUC TTOU EPXOVTAL,
Kai va O€iéel Tov dpayo...

Nikola Tesla (1856-1943)
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MepiAnyn

TitAog: “Avdrrtuén poviédou BEATIOTOU axEAIQ0UOU SIKTUOU QCTIKWY CUYKOIVWVIWV UE
KOIVWVIKOOIKOVOUIKA KPITHPIA”

ETupAéntwv kabnyntng: Kemamtooyhou Kwvotavtivoq

ABnva, lovAiog 2016

H 1tapoloa epyaacia aTtoTEAE TNV AQETNPIO HIOC VEAC AOYIKNC OXEDIOCHOU SIKTUWVY ACTIKWVY
OUYKOIVWVIWV N OTIoi0, 0€ avTiBeon Pe TIC LTTAPXOVOEC ONUOCIEVPEVEC EPYOTiEC, AAUPBAVEL
LTIOWN OAEC TIC KATNYOPIEC PETOKIVOUUEVWY, BIVEl TIPOTEPAIOTNTA OTNV €ELTINPETNON TWV
OEOUIV XPNOTWV, TWV XPNOTWwV dNACSK TIOU OEV €XOUV EVOAANAKTIKI] METOKIVNONG €KTOC
OTIO0 TNV QOCTIKI GCULyKowwvia. MpowBei, €101, TN PIOCIYN KIVNTIKOTNTO  TIAPEXOVTAG
ouvaTdTNTa €EUTINPETNONG OE 000 TO OLVATOV TIEPICCOTEPOULC SLVNTIKOUE OAAA OXI
UPICTAPEVOUC XPHOTEC TWV ACTIKWV CLUYKOIVWVIWV. Me dedopéva 10000V TO 00IKO diKTLO,
TOLG TTiVakeg Mpoglevong — MPOOPICUOL Yyio TO GUVOAO Kal YIO TOUC OECMIOVE XPrOTEC,
KOBWC Kal TIC dUVATOTNTEC TWV POPEWV TIOPOXNC CUYKOIVWVIOKOD £PYOU TIPOYUOTOTIOIETAl
oxedIa0oHOC Kal BEATIOTOTIOINGN JIKTUOU OCTIKWY GUYKOIVWVIWV PE GTOXO0 TNV €EUTINPETNON
TOU OUVOAOL TWV OE0UIWV XPNOTWV Kal 600 TO dUVATOV TIEPIOCCOTEPWV HN OECTUIWV,
EXOVTOCG WC OPIO TIC SLVOTOTNTEC TwV POPEWV. H dladikaaia axedlaopol TTPaYUOTOTIOIETAI
oe TPEIC QAcelC. H Tipwtn @acn TEPINaUPBAVEL TOV OPXIKO OGXESIONOUO TOU OIKTOOU HE
0edOlEVA €10000V TOV TIIVOKO TIPOEAELCNC — TIPOOPICHOU TWV OECUIWV XPNOTWV, £T0I
WOTE VA dNIoLPYNOEi pia BAcn PE TIPOOTITIKEG IKAVOTIOINTIKAC EEUTINPETNONC TWV BECHIWY
Xpnotwv. H deltepn @don TepIAapuBavel TNy BeATIOTOTIOINGN TOL SIKTUOUL TIOU TIPOEKLE
aTté TNV TIPWTN PACT yia TO 0UVOAO TWV XPNOTWV £XOVTOCG W¢ OTOX0 TNV €AAXIOTOTIOINCN
TOUL KOOTOULG TOL POPEN Kal Twv emifatwyv. H Tpitn Kal teAevtaio @don TEPIAAPBAVEL TOV
EAEYXO TWV QATIOTEAECUATWV TNG OEVTEPNC PACNC KOl TOV ULTIOAOYICHO TWV €EAYOUEVIV
oTolXEiwv, Ta oTtoia €ival o1 JI0dPOUEG, Ol CUXVOTNTEC, TO TTIOCOOTO €ELTINPETNONG TWV
OEOMIV XPNOTWV KOl TO MEYIOTO TIOCOOTO E€EUTINPETNONG TWV OUVNTIKA EICEPXOPEVWIV
EMIPBATWV 01O oVCTNMPA. Ta TIAEOVEKTAUATA TN CLYKEKPIPEVNC PEBOOUL ival n duvatdTnTa
EVTaEnNG VEWV XpNOTWV O0TO 0UOTNUA OCTIKWY CUYKOIVWVIWVY, N €€aa@AAIoN TOU EAAXIOTOL
KOIVWVIKOU OIKAIWHOTOC OTn METOKIVNON Yl Toug OEOUIOLE XPHOTEC, KABWC Kal n
TIPOCOPHOYH TOU OXESIAOUOU OTIC ALVATOTNTEC TWV POPEWV TIOPOXNE CUYKOIVWVIAKOD
¢pyou.

NEEEIC-KAEIOIA: OXEAIOOHOC OIKTUOU OOTIKWV OULYKOIVWVIWY, PeATioToTtoinon JSIKTOwV,
YEVETIKOG OAYyOpIBPOG, OECMIOl XPNOTEC, PIwaoiun KIVNTIKOTNTO, KOIVWVIKOOIKOVOUIKA
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Abstract

Title: “Optimal Urban Transit Network Design Model Development using socioeconomic
criteria”

Student’s name: Nioras Dimitrios
Supervisor: Kepaptsoglou Konstantinos

Athens, July 2016

This thesis focuses on a new way of thinking when designing urban transportation
networks which, unlike previous ones, takes into account all categories of travelers,
namely the captive users, which do not have any travel alternatives apart from urban
transportation, and then promotes sustainable mobility by providing service possibility to
as many users as possible, in order to attract more choice riders. With the road network,
the Origin-Destination matrices for total and captive users as input data, an urban transit
network design and optimization process is done with the purpose of servicing the sum of
captive users and also as many non captive (choice riders) users as possible, under
operational constraints. The design procedure occurs in three phases. The first phase
includes the initial network design, based on the origin — destination matrix of the captive
users, so that a profitable network that fulfils the captive users’ needs can be created. The
second phase includes the first phase network’s optimization for all users, aiming to
minimize the operator and passenger costs. The third and final phase includes the
evaluation of the results, which are the routes, the frequencies, the percent of captive
users’ satisfied and the maximum percent of the possible new users inserted in the
network. The advantages of this method are the possibility of new users’ integration to the
urban transit system, the ensurance of the minimum social right to transportation for the
captive users and also the adaptation of the design to the transit operators’ potential.

Keywords: urban transit network design, network optimization, genetic algorithm, captive
users, sustainable mobility, socioeconomic criteria
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EKteTOpEVN MePiAnYn

v Tapoloa  gpyacia TIOPOUCIAdeTal i véa TIpOCEyylon ylo TNV €TALCN  TOL
MpoPAnpoTog ZXedlaopoL AIKTOoL ACTIKWVY Zuykolvwviwy (Transit Route Network Design
Problem, TRNDP). M0 ouykekpIpéva, €Xoviag w¢ Oedopéva TO OIKTUO TNG TIEPIOXNG
MEAETNC, TOV TTIVOKO TIPOEAELCTC — TIPOOPICHOD TWV CUVOAIKWY PETOKIVIOEWVY OTO OIKTUO
KOl TOV TUVOKO TIPOEAEUONG — TIPOOPICHOU TWV HETOKIVIOEWV TwWV OETUIV XPNOTWV
TIPAYUOTOTIOIEITAl OXEOIAOUOC €VOC ApPXIKOU OIKTOUOU, TO OTIOI0 OTn OUVEXEID
BeAtioTOTIOEITON PE TN XPNON YEVETIKOD aAyopiBuou. H dlo@opd authg TN TIPOCEYYIoNG
aTtd TIC LPICTAPEVEC EYKEITOI OTO YEYOVOC OTI, AVTi va XPNOIUOTIOIEITOl OTa OEQOPEVO O
THVOKAC TIPOEAELONC — TIPOOPIGHOU TOU GUVOAOU TWV HETOKIVOUUEVWV TIOUL XPNCIUOTIOI00V
Ta Méoa Maldikig MEeTo@opdg, Ta OedOUEVA METAKIVIIOEWVY Xwpilovial OTov TTiVOKO
TIPOEAELONG — TIPOOPICHOU TWV CUVOAIKWV HETOKIVACEWV OTNV TIEPIOXT), aveEapTATWC
ETUAOYNC MECOL, KOl TOV TIIVOKA TIPOEAELONG — TIPOOPIOHOL TWV HETOKIVACEWV TWV
OETHIWV XPNOTWV.

Ta dedopéva Tou TIPOPANPOTOC OTIOTEAOLVTAI OTIO TO OIKTUO KOl TOUC TTIVOKEG TIPOEAELCTC
— TIpoopIoHOoV. To dikTuo avaAleTal g KOUPBOLE Kal cLVOESHOUC. Ot KOUPBOoI aTToTEAOUV TIG
LTIOYNPIEC OTACEIC TWV YPAUPWY TOU SIKTUOUL, VW Ol GUVOECHOL EVEVOUV TOUC YEITOVIKOUC
KOMBouLC PETOEL TOUC Kal 0pilouv TOLC XPOVOUC BIAdPOMNC, Ol OTIOIOI OTO CUYKEKPIUEVO
TIPOPANPO Bewpouvtal oTaBepoi. O1 THVAKEC TIPOEAELOTC — TIPOOPICHOU ATIOdIOOULV TIMEC
ETURATIKNC Kivnong METa&L Twv KOPPBwWV Tou SIKTVOUL, £TC01 WOTE VO 0PICOLV TIC PHETOKIVATEIG
TIOU TIPAYHOTOTIOI0VVTOI OTO SIKTUO KOl TIPETIEL va €ELTINPETNOOLV.

TO OULYKEKPIPEVO TIPOPANPO TIOPOULCIALETOl WC Mi0 OPKETA TIEPITIAOKN HOP@I OKEPAIOU
TIPOYPOPUATIONOD, OTO OTIOIO ULTIAPXEl MiO QAVTIKEIYEVIK) OuLvVAPTNON n ortoia, uTo
OUYKEKPIPEVOUC TIEPIOPICHOUE, TIPETIEL va eAaxloToTtoindei. H ouvdaptnon opiletal w¢ 10
GBpolopa Tou KOOTOUC TwV eTTIRATWY, dNAASK 01 OPOI TNE CLUVAPTNONC €ival O GUVOAIKOC
XPOVO(G HETaKIiVNONG Twv emifatwv Kal T0 dBpoicpa Twv Tovwv PETeEMIBiBaong. Ol
TIEPIOPIOHOI TIOL TEBNKAV NTaV 01 €ENC:

o) Mnkoc¢ ypapuwv: Ol YpappéG TOU TIapayOuUEVOL SIKTUOU TIPETIEL VA BpioKovTal eVvTog
OUYKEKPIPEVWV 0piwv, Ta oTtoia opidovTal aTo Tov apiBuo OTACEWVY TIOL €EUTINPETEI
n ypoppn.

B) OpoIdTNTA YPOAPHWY: 2TO TIAPAYOUEVO OIKTUO O&V TIPETIEL VA LTIAPXOULV YPAUMEC PE
id1a aAAnAovxia otdoewv, dI0TI TO JIKTUO BewpPEITal EANITIEC WC TIPOC TOV OPIBPO TWV
YPOAPHWV, EPOCOV Ol OPOIEC TIPOCUETPOLVTAI WE Mia Kal 0X1 d00.
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y) Ikavoroinon emipatwv: To mapayouevo SIKTLO OV TIPETIEL VO O@IVEL ETTIRATEC TIOL
va Pnv €€uTnpeTolvTal, dNAAdH Vo O@rVEl KATIOIOV KOUBO TIoL TTAPAYEL 1] EAKUEL
METAKIVIOEIC XWPIC va JIEPXETAI ATIO ALTOV TOUAAXIOTOV Hia yPOUN).

0) XapoKINPIOTIKA oxnuUAtwv: Ta oxnuata TIou XpnolhoTiomenkav atnv emiluon eival
000 TOTIWV: TUTIIKA 80 BEoEwV Kal apBpwtd 150 BETEWV.

€)  Zuxvotntec: Me Bdaon tov TUTIO OXNMOTOC, Ol CLXVOTNTEG dIEAELONC BPioKovTal EVIOG
OUYKEKPIPEVWV 0piwv, BACEL TNC EQIKTOTNTAC EQPAPHOYNAG OTNV TIPOYHATIKOTNTO.

H emiAuon TpaypototoinOnke pe ) dnuiovpyia TTPOYPAPPOTOC, TO OTI0I0 OUVTAXONKE UE
N XPron ¢ YAwooog Tpoypaupatioyol Python 3. To TIpOypAUPOTIOTIKO TIEPIBAAAOV TTIOU
ETUAEXONKE yia TN oOVTOEn Tov KWAIKa NTav 10 PyCharm 2016.1 Community Edition. To
TIPOYPOAPUO AEITOUPYEI WC €ENC:

o) Eicaywyn 1wv 0edouEvmy SIKTUOU Kal JETOKIVITEWV

B)  Anuiouvpyia apxikoL SIKTUOU PE BACN TIC HETOKIVACEIC TWV OETUIWV XPNOTWV

y)  A&loAdynon tou apxIkoL SIKTOOUL e TN HEB0dO NG avabeong (assignment)

0) BeAtiwaon 10U apxikoO SIKTUOL HE PBACN TIC CUVOAIKEC WETOKIVAOEIC, HME TN XPNon
YEVETIKOL aAyopiBuou (Genetic Algorithm)

€)  A&loAdynon Tou TEAIKOUL BIKTUOUL pE TN HEBO0SO TNE avabeong (assignment)
oT)  YTIOAOYIOPOC GUXVOTHTWVY Kal ATIAITACEWY OE OXINHOTA AVA YPAPMN

() EZaywyn omoTeAECUATWY

H ttpotevopevn peBodog eTtiAuong Tou TIPORAAUATOC TIETUXAIVEL TPEIC OTOXOULCG. APXIKA, O
AapBavel LTIOYIV POVO TOUC XPNOTEG TwV MEdwv Madlkng Meta@opdc, 0AAD T0 GUVOAO TwV
METOKIVOUPEVWY OTO Oiktuo. ETmtiong, divel TIpotepalotnIo KOTAPXAY OTOUC OECUIOUG
XPNOTEG, AVAOEIKVOOVTOC TOV KOIVWVIKO XOPOKTNPO TWV ACTIKWY CUYKOIVWVIWV HE TNV
€€ao@AAlon TOU PBacIKol BIKOIWPOTOG OTn METOKivnon. TEAOG, TIPOwBEl OLCIOCTIKA TN
BlOoIun KIVNTIKOTNTO HYE KPITHPIO 1I00TNTOC, TIOPEXOVTOC ETUIAOYN METAKIVNONG OTOULG HN
OE0MIOLE XPNOTEC AVTIOYWVIOTIKA TOU AUTOKIVHTOU. O oXedlaouog dnulovpyeital e Baon
TOUC OECPIOLG XPNOTEC, £T01 WOTE VA ETUTELXOEI 0 deLTEPOC OTOXOC, KOl BEATIOTOTIOIEITON PE
Bdon 10 GUVOAO TWV XPNOTWV, £T01 WOTE VO ETITEVXOEI O TPITOC 0TOXOC. TO TEAIKO OIKTUO
OTIOTEAEI €vav OUVOLACOUO KOIVWVIKOU OXEOIOOPOU ME TOLTOXpovn avénon 1ng
EAKLOTIKOTNTOCG TNE XPNong Méowv Madikng Meta@opdc yia Toug XPNOTEC IBIWTIKWY
OUTOKIVITWV.

Ta armoteAéopaTa TNG TIPOTEIVOUEVNG HEBOOOL PBpicKovTal TIOAD KOVTA HYE Ta avTioToIXO NG
BiBAIOypa@iag, HEIWPEVO EAA@PA AOYW TNG SIAPOPETIKAG TIPOCEYYIoNC. MapoAo OpwC TIoL
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ogev gival KaAOTepa aTto Ta avtioTolxa ¢ BiBAloypagiag, ival oiyoupo OTI € pia e@apuoyn
0O€ TIPOYMUOTIKO OIKTLUO, OTO OTIOIO LTIAPXEl YVWON TWV OECUIWV XPNOTWV, TO KOIVWVIKA
WEENN Ba gival TteploooTEPa Kal Ba avTioTadpilouy T PIKPY dlo@OoPa TWV OTIOTEAECUATWVY.
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1. Elcaywyn

1.1. To TIPOBANUA OXESIACHOU TWV HETOPOPWV

Ol padIKEC METOQOPEC LEIoTAVTION ATIO TNV ETIOXN TIOU TIPWTIOEPPAVIOTNKE N AVAYKN
METOKIVNONG PE GAANOUC TPOTIOUC TIEPAV TOU PBadiouoTog. ATIO TNV ApXOIOTNTA UTINPEXE N
OVAYKN METAPOPAC AVOPWTIWVY Kal ayabwVv PE TOV OIKOVOUIKOTEPO dUVOTO TPOTI0. Me TNV
op0od0TIoINGN PEYAAOL OPIBUOU TIOPOUOIWY PETOKIVIOEWVY ATIO EIBIKA OXIHOTO PETAPOPAC
ETUTUYXAVETOl PEIWON TOU KOOTOULC METOKIVONC ava eTIBATN Kal peiwon Tou
OTIOTUTIWMOTOC OTO JIKTUO.

Me v €mivénon Kai VIoBETNON Tou CIdNPOJPOUOL O OXESIATHUOC TV JIKTVWV HAIKWY
METAQOPWV OTIOKTA vONuad, KaBw¢ n VAoTIoinoT Tou SIKTUOU ATTAITEI TIPOTEKTIKI) PEAETN TNG
XApa&ng pe BAon TIC METAPOPIKEG AVAYKEC. O OXeAIOTUOC TIPETIEL VO AVTOTIOKPIVETAI OGO
TO OULVOTOV TIEPIOCOOTEPO OTN {NTNON Yl HETAKIVNON, TIPOKEIMEVOL va a&lottoinbolv ta
WEEAN TWV POJIKWVY PETOQOPWV.

To TPORANUA oXeSIOCPOU TWV PETAPOPWVY TIEPIAAUPBAVEL OAEC TIC dladIKaaieg axedlaauol
TOUL OIKTUOUV, dnNAAdH TOV TIPOCAIOPICHO TWV PETOKIVAOEWVY, TOV OXEAIOTHO TOU JIKTUOUL, TOV
KOBOPIOPO TWV CLXVOTATWVY OAAA Kal TOV OXESIAOUO TwV Bapdiwv TOU TIPOCWTIIKOU TIOL
TIOPEXElL TO OUYKOIVWVIOKO £pyo. To TIPOBANPO aAUTO YiveTal TIO TIEPITIAOKO OTAV
OULVUTIOAOYIOB0UV N QUVOMIKOTNTO TWV METOKIVIIOEWV OTO XPOVO O€ ETITMESO ETWV
(METABOAN TWV OKOTIWV HETOKIVNONC, HETAPBOAN TwV BECEWY EPyNaiag Kal TwV LTINPECIWVY),
o€ eTTEd0 EROOPAdAC (DIOPOPETIKEC AVAYKEC PETAKIVNONG YIo KABE pEpa TnG EBdouadag)
KOl O€ ETITIEOD NUEPOC (OIOPOPETIKEC AVAYKEC METOKIVNONCG avaloya PE TNV wpa TN¢
NUEPOAC, WPEC aIXPNC), KABwWC Kal n OTIOPEN OULYKEKPIUEVWVY wPapiwy epyaciag yia To
TIPOCWTIIKO, N OTIoia EPXETAl O€ AVTIBEON UE TIC NUEPNOIEC WPEC AIXHNG, ONUIOLPYWVTAC
OVICOTNTEG KOl PEIWVOVTOC TNV ATIO0TIKOTNTA TOL TIPOCWTIIKOU.

To TIPOPANPO TOL OXESIOCHOU TWV HPETAPOPWV ATIOOXOAEI TOGO CLYKOIVWVIOAOYOUC, 6CO0
KOl JOBNUaTIKOUC KOl TIPOYPAPMOTIOTEG. EISIKA N CUUUETOXH TV TEAEUTAIWV EXEl WQPEANOEL
oc TIOAND peydAo PBabuo T PeAtiooon twv AVCEwV TOL TIPOPARUATOC HE TN XPNon
OAYOPiOUwVY 0 TIPOYPAPMPOTIOTIKO TIEPIBAANOV. KdaBe BeAtiwpévn A0on TEPIAAPBAVEL
OlAPOPEC TEXVIKEC KOl €0TIOON O€ OUYKEKPIYEVA (NTHUOTO TOU OXESIOOMOU, OTIWCG VIO
TIOPAJEYUO 1N MOVTEAOTIOINGN TNG CULUTIEPIPOPAC TWV METOKIVOUPEVWY OTO OIKTLO, O
TPOTIOC ETUAOYNC TOL aPXIKOU BIKTOOUL Kal didpopeg pEBodOI BeATioToTtoinong Tov. Mg Vv
TIAPOd0 TOL XPOVOUL TIAPOLOIALOVTOlI CLVEXWC VEEC PEATIWMPEVEC OIODIKOCOIEC, KATI TIOL
OIKAIOAOYEI TN OULVEXH EVAOXOANON TWV EVOIAPEPOUEVWV EPELVNTWV HE TO OUYKEKPIUEVO
TIPORANUa. Mia 1Id1aitepn eVAANOKTIKI) AUGn, n oTtoia Ba a&loTtoindei TTapaKATw, avalpei TV
MEXP! TWPO AOYIKA) OXESIOOUOU PE OKOTIO TNV €ANXIOTOTIOINCN TOU KOOTOUC METOKIVNONG



(GuecOUL Kal EUPECOU) Kal TIAPOUCIALEL Pia AOYIKI) OXEDIOCHOU UE OKOTIO TNV UEYIOTOTIOINON
NG €ELTINPETNONC TWV ETUPRATWVY PE OESOUEVO APIBPO OXNUATWV.

1.2. ZKOTTOC NG OITIAWHOTIKAG EPYNTING

H ouykekpipyévn SITTAWMATIKY €pyacio e0TIAlEl OTOV TPOTIO AEITOUPYIOC TOU GXESIOOUOU,
emepPaivovtag Kupiw¢ otig dlodikacieg TTou Tov armaptiovv, Tov OpIBUO Kol T oelpd
OUTWV. M0 CUYKEKPIPEVQ, OTIC HEXPI TWPA EPEVVEC TIOU £XOLV TIPAYUATOTIONBEI Bewpeital
oTaBepOC apIBUOC emIBATWV TWV HECWV HAJKAC METAQPOPAC, O OTIoiog O@EiAel va
€€UTINPENOEi aTd TOV OXedlaoUO. H GUYKEKPIPEVN €TUPRATIKY Kivnon €XEl TIPOKVWEL ATIO
TIPONyoUHEVEG OIOBIKAGCIEC, OTIC OTIOIEC TIPOKUTITEI ATIO TIC OUVOAIKEC METOKIVACEIC TNG
TIEPIOXNC MEAETNG O OPIOUOC TWV TIOMTWV TIOU XPNOIYOTIOIEI HECO PAdKNAC METOQOPAC, O
OTIOIOG OTN CULVEXEID AAUPBAVETOl WC OEOOUEVO OTOV OXEAIOOUO TOL OIKTUOU. Z€ KATIOIEG
€PELVEC TIpAyMOTOTIOEITON OTOdIOKN av&énon Tou apiBuoy outol avdaioyn HE TNV
LV@IOTAPEVN. H Aoyikf autr], oOP@WVA PE TNV TIopoLoa SITIAWMATIKY €pyaaia, €xel dLO
eENATTOUOTO:

1. Ae AapBdvetar vmoPv o TIANBLOPOC O oTftoiog dev €xel GAAN duvatoTnTa
peTakivnong. O1 déopiol XPROTEC, OTIWC OVOUALoVTal, OEV WEEAOLVTAL OTIO TETOIOL
€idoug oxedlaouo, dedopevou OTI dev divetal BapuTnta o€ autolC, Ol OTIOIol TIPETIE
va €ELTINPETNOOLV OE TIPWTO ETUTIEOO TIPOKEIPEVOL VA EENTPOAITOULY TO OEPEAIWDEC
OlKaiwua oTn hetakivnon. Ta ded0UEVA TWV XPNOTWV TIOL TIPETIEI VA EUTINPETNOOLV
O@OPOUV PETAKIVIOEIC TIOL TIPAYHOTOTIOIOUVTOL 1)ON PE T JECO PAdIKAG PETOQOPAC,
YEYOVOC TIOU ONUOIVEL OTI O€ OUTA QQEVOC CLUTIEPIAAUPBAvVOVTal 01 XPNOTEC TIOU
XPNOIYOTIOIOLY Ta PECA PAJIKAG METAQOPAC OTIO ETUAOYN 1 AVAYKN, XWPIE OpwG va
gival dEopIol XPHOTEC, OPETEPOU OEV CUMPTIEPIANOUPBAVOVTAL Ol dECHIOl XPHOTEC Ol
OTIOIOI dgV £XOUV TPOTIO METOKIVNONG KOl (PO AEITIOLV OTIO TA YEVIKA O£dOUEVA
METaKIVIIOEWV. Ta apxIK& dedoPEVO TOL OXEDIOOUOU eV €ival ATIOPAITNTO OTI €ival
AavBoopéva, OUWC 0 OXEDIOOUOC PE KOIVWVIKO TIPOCNUOo Ba TIPETIEL va dlaXwpilEl
EMPAVWC TOUC OECHIOUE XPNOTEC Kal Va SiVEl TIPOTEPAIOTNTA OE AUTOUC, £TCI WOTE VA
e€ao@aAiletal To dIKAiwPA TOUC OTN PETaKIvNON.

2. Ag MBAveTal 0woTd LTIOYIV N EVTaEn VEWV ETURATWY OTO diKTLO. TO TTOCOOTO TWV
XPNOTWV PECWVY MAJKAG METOQOPAC OTNV TIAEIOYPNQIa TwV TIEPITITWOEWY OEV
MOIPALeTal OJOAG OTNV TIEPIOXN MEAETNG. KATIOIEC TIEPIOXEC EXOUV MPEYOADTEPEC
OVAYKEC G€ UTTOOOUEC PECWV POdIKAG METAPOPAC Kal KATIOIEC AAAEC HIKPOTEPEC. Me
TN oTadloKr avénon Twv ETIRATWY AVAAOYO PE TIC VQICTAPEVEG PETAKIVIOEIC, OTIWG
TIPAYUOTOTIOIEITON O TIOAAEG TIEPITITWOEIC, OEV ETUTLYXAVETAlI OXESIOOPOC TIOU
OVTATIOKPIVETOI G€ PEYOAO BaBUO OTNV TIPAYUOTIKOTNTA. TO ATIOTEAECUO €ival va
onuIovpyeEital évag oxedlaopoC O OTIoiog Afyetal OTl TIpowBei ™ Plwaoliun



KIVNTIKOTNTO Kol wOei Toug TIOAITEC va a@rioouv 1o IX autokivnto Toug, VW OTnV
TIPAYHOTIKOTNTO OEV TOLG AAPPBAVEL KOV LTIOWIV OTN JI0SIKOCIO TOL OXESIATHOU.

H mapolca SITTAWUATIKY KOAETal va AABel uTIoYIV ¢ Ta dV0 TIAPATIAVW CTEIa Kal va
ONMIOLPYNOEL €vav €VEANIKTO OXedIAOPO OTOV OTIoi0 Ba TIEPIAAPPBAVETAL TO KOIVWVIKO
TIPOCNO, EVW TAUTOXPOVA Ba WBEI OLCIACTIKA TOUC TIOAITEC OTN XPHOoN TWV HEGWV PAJIKNC
METAQ@OPAC €VaVTI TOU IBIWTIKOD QUTOKIVITOU, HE OAO TO WEEAN TIOL Ba €xel auTOC O
EVAPETOC KOKAOC OTO TIEPIBAANOV, TNV KOIVWVIO Kal TOUC KOTOIKOUC TNG.

1.3. Aopun NG SITIAWHATIKAG EPYNTING

H mtapoloa SITTAWUATIKY epyaaia £XEl TNV €ENC dOUN:

2.

BIBAIOYPO@IK] OVOCKOTINGN: XTO OUYKEKPIUEVO KEPAAQIO OvA@EPOVTAL Ol
ONUOVTIKOTEPEC EPEUVVEC TIOU €XOUV TIPAYUOTOTIOINBE( yIO TO OULYKEKPIUEVO
TIPOPANUO. EIdIkOTEPO ava@épovTal ol peBodol €TTIALONG, TA ATIOTEAECUATO Kal O
TopEng eotiaong KABe €peuvag. TEAOG, TOPOTIOeVTOl TTIVOKEC HE TO CUYKPITIKA
OTIOTEAECUOTO TWV PEBOSWV.

Agdopéva TOL TIPOPBAAMOTOG: XTO GCUYKEKPIUEVO KEQPAAOIO TEPIypA@OvTal TO
0edOMEVA, O TPOTIOC ANYNC TOUC Kal TO ATIAPAITNTA GTOIXEIO TNC TIEPIOXNC HEAETNC.
1o dedopéva auta TrepidapBdavovtal ol Ttivakeg Mpogélevonc-Mpoopiopoy, Kabwg
KOl TO 0OIKO OIKTUO TNC TIEPIOXIC UEAETNC.

MaOnuotikd LTIORAOPO ETTIAVLONG: 2TO CUYKEKPIUEVO KEQAAAIO TTEPIYPAPOVTOIL Ol
HoBNUOTIKEC dlodIKaaieg TIoL opilel To TIPOPANUA, KOBWE Kal N dladIKaaia ETIALGCTC
Tou. Baaikd atoixeio Tou TrepIAaUBAvETal Eival N HOVTIEAOTIOINGT TOL TIPOPBANUATOC,
ONA0dI) 0 OPICHOC TNG AVTIKEIYEVIKIC CLUVAPTNONC KAl Ol TIEPIOPICHOI.

YAomoinon Ttou TPORARMOTOG: XTO OCUYKEKPIMEVO KE@AAaIO Trapouaidletal
OVOAUTIKA N LAOTIOINGCN TOL TIPOBAAUATOC OE TIPOYPOAPMOTIOTIKO TIEPIBAAAOV E TN
onuiovpyia Kwdika Aoylopikol atn yA\woaoa Python3.

Moapoucioon TWV OTTOTEAECHATWVY: STO CUYKEKPIUEVO KEQAAOIO TIOpOLaIAlovTal Ta
OTIOTEAECUATO TIOU TIPOEKLYAV aTIO TNV ETTIALCN TOU TIPOPANUATOC KOl O
OXOMOOHOC AUTWV.

Mpotdoelg yior HEAAOVTIKN £PEUVA: 310 OUYKEKPIUEVO KEQPAAOIO OVAPEPOVTAL
TIPOTACEIC YIO HEANOVTIKN €&EANIEN TNG Tapolcoac epyaaciac. Avageépovtal ol
MEANOVTIKOI OTOXOl TOU OUYKEKPIYEVOU OXESIAOUOU Kal TIOOVEG TEXVIKEC TIOL
MTTIOPOUV VA BEATILOGOLV TA OTIOTEAECUOTO OLTAG TNE PEBODOU.






2. BIBAIOYpO@IK 0vaoKOTINGT)

To MpdéPANUa oxedlaopol dIKTOOL dladpopwv Mécwv Madikng Metagopdc (Transit Route
Network Design Problem, TRNDP) armtacxoAei ToU¢ EPELVNTEC ATIO TO TEAN TNCG OEKAETIOG
Tou ‘60. H TTOAUTIAOKOTNTO TOU TIPOPANMOTOC 00rynoE O TIANBWPA EPELVWV HPE HEYAAN
TIOIKIAION HEBOOWV TIPOCEYYIONC, OTOXWV Kal TIOPAUETPWY, OTIOU, PE PACN TN YEVIKOTEPN
oUyKplon HEBBdWV, o1 EQIKTEC AUCEIC TOL TIPORAAUATOC PEATIOVOVTIAlI CUVEXWC. ME Tnv
€EENEN TNC TEXVOAOYIOC TNC TIANPO@OPIKNG N ETTIALCON TOU TIPORAAUATOC £xel PeATIWOEI
a100NTA, YE TNV €l0aywyr) VEWV PHeBOdwWV Kal S1adIKOCIWV ETHIALONG, KABWC Kal YE TaxX0TEPN
€€aywyr) TWV ATIOTEAECUATWV.

Ma 1t dleukdAvvon NG oounong NG Topovoac PIBAIOYPAPIKAC avaoKoTnong 6a
TIpAyPOTOTIOINBEI KOTNyoploTioinang o€ 2 emineda pe BAon T HETAPANTEC aTIO@PACNC KAl
N yeBodoloyia eTtiduvong, avtioToixa.

Katnyoplortoinon pe Baon tig HETOBANTEG aTTOPACN

To TRNDP, pe Bdon tng petaBANTEC amo@aong, aroteAsital amd dVo otadia. To TIPWTO
oTAdI0 agopd Tn dnuioupyia TwV YPOUHUWVY TOu JOIKTUOL, &Vw TO OUTEPO OTAdIO TOV
KOBOPIoHUO TwV CLUXVOTHTWV. APXIKA Ol EpELVEC eaTialav ag KATIOIO aTIO TIC SV0 KATNYOPIEC.
Ta teAevTaia Xpovia, Opwe, TEPIAAUBAvVOLY Kal Ta dU0 aTddla. NPoKEIUEVOL va cuUCTNUaO-
ToTtoiNBolv ol Ttpoaoeyyioelg Tou TIpoPAnuaTog, ol Van Nes et al. (1988) mpoomabnoav va
OMOSOTIOINCOLY TA PABNUOTIKA TIPOTUTIA ETTIALCNC OTIC €EC KATNYOPIEC:

1. AVOAUTIKG TIPOTUTIO TIPOCOIOPICHOU CUYKEKPIUEVWV TIOPAPETPWY TOU CUGTHHOTOC
2. TMpotuTia TPoadIlopIcHoL TwV LTIO evtagn ocuvdeapwv (links) oto diktuo

3. MpotuTta oxedIaopPoL TWV YPAUUWY

4. Mpoétura KaBopIoPoL CUXVOTATWY OESOUEVWV OUAdWY YPAUHWVY

5

. Mpdéturta mou TtepINapPBavouy 1oV OXESIAOHUO TWV YPOUUWY KAl TOV KOBoPIoPO Twv
OULXVOTNTWV a€ dV0 PACEIC

6. lMpOTuTIO TIOU TIEPIAAPPBAVOLY TOV OXESIOOUO TWV YPAPMWY KOl TOV KABOPICHO TwWV
OLXVOTATWV TALTOXPOVA OE Mia Paon

Ta TeAevTaia XPOVIA, Kal CLYKEKPIPMEVO aTIO TO 2007, Ol EPEVVEC £XOUV ETTIKEVIPWOEI oTa
OTIC KOTnyopieg 3 Kal 6, dnAadr oto OXedIAOUO TWV YPAPMWY TOL JIKTUOL POVO 1 HE
TAUTOXPOVO KOBOPIOPO TWV CULXVOTNTWV. 2Z€ AUTO OULVEBOAE n €viovn avaTtuén Twv
eupetikwv (heuristics) kol peBevpetikwv (metaheuristics) aAyopiBuwv, ol ortoiol, Pe TN



ouvatoTnTa €VPeCNC TIANBWPOC AVCEwWV, PBEATioOV KATA TIOAU TO OTIOTEAECHOTO TOU
oXESIOOUOU.

>€ aUTH TNV €PYOCia N KATnyoploTtoinon Je Baon TI¢ HETOPRANTEC aTIOPACNC TTOPoLaIAlETal
WG €ENG:

1. ZxedI00POC YPAPPWY CLYKOIVWVIOKOU SIKTUOU

2. KaBoplopog GUXVOTHTWVY YPAUUWY

3. Tautdxpovog oXedIOTHOC YPOUUWY Kal KABOPIGUOC CUXVOTATWY

4

. KaBopiopog dpoporoyiwv

Katnyoplortoinon pe Bdaon tig pe06dou¢ eTtiAvong

O1 péBodor emiduong tou TRNDP pmopolv va cuvoyloTtolv o€ U0 KATNnyopieg
(Kepaptsoglou and Karlaftis, 2009), 1¢ ouvufatike¢ (conventional) Kal TIC EVPETIKEC
(heuristic). Ta teAsutaia xpovia Ol TIEPICCOTEPEC TIPOCEYYIOEIC TIPAYUOTOTIOIOVVTOL PE TN
XPron €EULPETIKWY HEBOdWY, AOyw TOU Yeyovotog OTI AVIOTIOKPIVOVTOL KOAUTEPO OTN
ouvdLaoTIK @Oon Tou TipoPAnuatog (Israeli and Ceder, 1993), €vw TAUTOXPOVA N
Ol0TUTIWGN TOU TIPOPANMPATOC MECW POBNUOTIKOD TIPOYPAUMATIOHNOU €ival SUCOKOAN
(Chackroborty, 2003).

2€ OUTN TNV €EPYaAcia n KatnyoploTtoinan Pe Bacn tig EBOdoLC ETTIALONG TTAPOLCIALETAl WG
e&ng:
1. ZupPoatikeg pEBodol
a) AVOAUTIKEG pEBodOI
B) MéBodol pabnuaTikoL TIPOYPAPUATIOHOD
2. Eupetikég pébodol

3. ZuvOULaOHOC CLUPATIKWY Kal EVPETIKWY PEBODWV

Mo TEPIOCOTEPEC TIANPOPOPIEC WTIOPEI KOVEIC va avoTpeéel OoTa review papers Twv
Kepaptsoglou and Karlaftis (2009), Schobel (2011) kou Farahani (2013).



2.1. ZXEOI00UOG YPOUHWY CUYKOIVWVINKOU OIKTOOU

2.1.1.0. ZUPPATIKEG OVOAUTIKEG PEBODOI

JIV KoTnyopio autr) evidooetal n €peuva Twv Estrada et al. (2011), otnv oroia
oXedIAOTNKE €va €&IOAVIKELPEVO OIKTUO Yia Asw@opeia vynAng amodoonc (High
Performance Bus Service, HBS). Ta Tn OUYKEKPIMEVN €EPELVA  XPNOIUOTIOINBNKE
0pBOYwWVIKO dikTuo dlaoTtaoswv Dy * Dy (Dx = Dy) pe Ttuprjva Hop@ng KavdapBou pe 0do0¢
000 KOTELOUVOEWV Kal PETOED TOULC OTIOOTACEWV Sk Kal Sy, €101 WOTE va dlatnpeital
otabepr] N avaAoyia Twv 600 dI0CTACEWV 0TO 0PBOYWVIO TIAPAAANAGYpauu0. H amootacn
TV SIOO0XIKWY OTACEWV I00UTAl PE S, EVW Ol OTIOOTACEIC METAEL OIOOOXIKWVY YPUUMWY
0pICoVTal Sy = Px * S KAl Sy = py * S (Px, Py OKEPOAIOL), AVAAOYO PE TOV GEOVO OTOV OTIOIO
Bpiokovtal. AKOua, otV ETTIALCT XPNOIYOTIOIOVVTAL Kal Ol adlAoTaTol OpOl Oy = dy/Dy Kal ay
= dy/Dy, v TIPAYPOTOTIOIEITON Kal N TIOpadoxXr OTl O XPOVIKOC OIOXWPIoNOE H twv
YPOPUWV €ival ioog yia OAeC. H eTtiAuon tou TIPOBARUATOC TIPAYHOTOTIONONKE PE OTOXO TNV
EANOXIOTOTIOINGT TOU KOGTOUC POPEN KAl XPrOTN W TIPOC TG METAPBANTEC H, S, Sy, Sy, Ox, Oy.

2.1.1.3. ZUPPOATIKEG MEOODOI HUOBNUATIKOU TIPOYPOUMATICHOD

O1 Marin and Jaramillo (2008) xpnolpottoincav tn didottaon Benders, pio pé6odo pabn-
MOTIKOU TIPOYPOUMATIOMOU Yyid TNV TIPOCEYYIOH TOUC, N OTIoi OOKIUAOTNKE OTNV ZERIAAN
NG loTtaviag. Mo cuyKeKPIPEVA, XwpIoav To TIPORANUa ag dV0 vTtoTIPOPANUaTa. To TIPWTO
Kol KOpIo uTTOTIPORANUa (Master Model, MM) a@opolae Tov TIPOadIOPICHO EPIKTOL SIKTUOU
(Tpo6PANua tortobEaong — location problem), eva 1o de0tepo (Sub Model - SM) agopoloe
TOV KOTOUEPIOMO TN¢ dAtnong (TtpoBAnua katavoung — allocation problem). H didortaon
Kota Benders eival pia emmavoAnmukr diadikacia petagd tou Master Model kal tov Sub
Model otnv omoia oe KaBe emmavAAnWPn ol dUIKEC PETAPBANTEC TOL OEUTEPOL HOVTEAOUL
KoBopidouv TIC “TIEPIKOTIEC PeATIOTOTIOINONC” 1 “TIEPIKOTIEC e@IKTOTNTOC” (Optimality
Benders Cuts — OBC 1 Feasibility Benders Cuts — FBC). Mia ermiong onuavtiki
TtapoAAayr) Tng didomoaong Benders eival n Emitaxuvopevn Aidomacn Benders
(Accelerated Benders Decomposition), n otoia uTtopei va ermtaxuvel TN GUYKAION TwV
HOVTEAWV.

O1 Cerna et al. (2011) dokipoaoav TIEVTE SIOPOPETIKEC PEBOSOLC ETHALONC TOL TIPOPRAAHATOC

KAALYNG TNG METAQOPIKNG {ATNONG PE TN onuioupyia piag pévo ypouung Bewpwvtag
oedopéva 10 dikTuo G Kal mn ¢nmon D. O a1oxo¢ ToL TIPORAAUATOC RTAV I EAAXICTOTIOING



TOU MNAKOUC TNG YPOUMNG €101 WOTE N PECN OTOOTACN TWV OTACEWV ATIO TA Chueia
TIPOEAELONC TWV ETURATWV VA PNV LTIEPPAIVEL Eva OPIOo A.

>€ OUTH TNV Katnyopia avAKouv 1 TIPWTN Kal N TIEUTTTN PEB0JOC eTtiAuoNnC. Ot LTIOAOITIEC
OTTIOTEAOLV EVPETIKEC MEBOGAOLC Kal Ba avaAvBoUV TIOPOKATW TNV avTioTolxn Katnyopia. H
TIPpWTN PEB0SOC ovopaletal AkpIRrc MéBodog (Exact Method — EM) kai Baagiletal otnv
eTiAuon w¢ MpoBAnua touv Meplodevovtog MwAnt (Open Travelling Salesman Problem —
OTSP). H méumtn péBodOC peTaTPETEl TO TIPOPANUa o€ AkEpalouv pappikoL
Mpoypapuatiopo0 (Integer Linear Programming Model).

2.1.2. EupeTIKEG — MeBevpeTIKEG HEBODOI

O1 Mauttone and Urquhart (2009) avéTttuéav pia pEB0SO TIPOCAVATOAICHEVN OTOV Kabopl-
OMO TWV YPOPHWVY Tou SIKTUOL. O OAYOPIBUOC TIOU TIPOTEIVAV OVOUALETal AAYOPIBUOC
Elcaywyng Zevywv (Pair Insertion Algorithm — PIA) kai Baoiletal otov AAyopiBuo
Anuoupyiag Aladpopwv (Route Generation Algorithm — RGA) twv Baaj and Mahmassani
(1995). O PIA, AapBavovtog vtown tn diadwviky @Lon ¢ {NTnNong, EI0AyEl ToUC KOPPBoUg
ava {evyn, o€ avTiBeon PE TIPONYOUUEVEC TIEPITITWOEIC OTIOU €£100YOVTAV PEPOVWHEVD, OE
KOIVOUPYIEG I VQIOTOPEVEG YPOUMEG, €T01 WOTE VA EAXXIOTOTIOINBOLV Ol ATIAITOVMEVEC
petemBiBacelc. O aiyopiBuog PIA epapuootnke atnv TIOAN Rivera tng Oupouyoudng.

O1 Fan and Mumford (2010) xpnoigoTtioincav 10 TIPOTUTIO EABETIKO dikTLo ToL Mandl yia
TNV EQOPUOYN MO EUVPETIKAG MEBOOOL n oToia avaAVETal O OVO OTAdIO. APXIKA
KOTOOKELALZETAl €Va OIKTUO W GUVOAO TWV CUVTOUOTEPWY OIOOPOUWY HE TN HEYOADTEPN
{Atnon oL PTIOPOLV va €EUTINPETAOOLY XWPI¢ va vTtoAoyilovtal ol PETETURIBACEIC. 2N
OULVEXEID, KABE GUVOAO YPAUMWY S TIOU TIAPAYETAl LEICTATAI PIKPEG TPOTIOTIOINCEIC PE TN
Xprjon tou aAyopibuov Make — Small — Change, e amotéAecpa tn dnuioupyia evog vEou
ouvolou S'. Mg Bacn TV TP TNG AVTIKEILEVIKC OLVAPTNONG yio Ta S, S’ KAl PE TNV
eQappoyn €ite tou arAol AAyopiBpou tou OpeiBdtn (Hill Climbing — HC) eite tou
aAyopiBuouv Mpocopoiwpévng Avomttnong (Simulated Annealing — SA) emIAéyetal To €va
aTI0 T 000 GUVOAA S, S’ Kal N dladikaaia ETTavoAaBAvETal.

O1 Cerna et al. (2011) Tapouaciooav, OTIWC OVOPEPONKE TIAPATIAVW, TIEVTE SIOQPOPETIKEC
peBOdOLCG yia TNV €TTIALCON TOL TIPORBAAUATOC KAALYNG TNC METOQOPIKAC {NTNONG ME pia
MOvo ypouun. H deltepn, n Tpitn Kai N T€toptn pEB0SOC Eival EVPETIKEC. IO CLYKEKPIUEVA,
n 0evtepn eival n Mevikr AtAnotn Evpetikl MéBodog (General Greedy Heuristics — GGH),
n tpit gival n AtAnotn Eupetiky MeBodog Ieitovidg (Neighbourhood Greedy Heuristics —
NGH) ka1 n tétaptn €ival n Zuvdvaopévn Evpetiki MéBodocg (Combined Heuristics — CH).



O1 Euchi and Mraihi (2012) diepebvnoav 1o MpoBAnua ApouoAoynong ZXoAIKOU Aew@o-
peiou (School Bus Routing Problem — SBRP) yia v eupUtepn mteploxn tng Tovidag (Great
Tunis) pe ™ pEBOdO TNC YPPISIKNC ATtolkiag Texvntwv Mupunykiwv (Hybrid Artificial Ant
Colony — HAAC), pia pébodo 1ou cuvdualel Tov aAyopiBuo tng AToKiag TeEXvNTwv
Mupunykiwv (Artificial Ant Colony — AAC) kai Vv ‘Epguva MetapAntrig reiroviag (Variable
Neighbourhood Search — VNS). H pébodoc amoteAeital amd tevie PrAuata. ApXIKA,
TIPOGdIoPIZETal N OpXIKA AVCN TOL TIPORANUATOC, N OTIOI0 OTIOTEAEITOlI OTIO Mia
oLUPBoAoCEIPG (String) PrKoug icou PE ToV apIBUO TwWV OTACEWY, OTIOL N TIPN KABE otdong
OVTIOTOIXEl OTO AEw@OpEio oL Ba dIEPXETAl OTIO AUTH. XTI CULVEXEID, N APXIKA ALON
BeAtiwvetal Pe N pEBodO NG Auvvauikng Koataokeuri¢ (Dynamic Construction) kai, TIIO
OULYKEKPIPEVA, PE Xprion Auvapikig AAuaidag Asw@opelokwy Ztacewv (Dynamic Chain of
Bus Stops), cOY@WVA HE TNV OTIoIN EI0AYOVTAl OTACEIC O AN KOTOOKEVOOUEVEC YPOAMMEC.
‘Emerta, mpayuatortolsital Tottkr) Evnuépwaon depopodvng (Local Pheromone Update) kai
OTn OULVEXEID avadnTATol PE EQAPMOYN ELPETIKACG PEBOSOL ToTtikA Teitovid pe AvioAlayn
(Swap Neighbourhood Local Search Heuristic), €101 (OTE VO ATTOPEVYETAL O EYKAWPBIOHOC
o€ TOTIKA PBEATIoTa. TéAog, Trpayuatortoleital KaBoAikr) Evnuépwan depopovng (Global
Pheromone Update).

O1 Roca-Riu et al. (2012) xpnoiyotoincav Tnv uebevpeTiki péBodo Avalntnong pe Tautou
(Tabu Search — TS) pe otdx0 TN XWPOOEINON YPOUUWVY KOl OTACEWV ULTIEPACTIKWV
Aew@opeEiwv atnv TIOAN N BapkeAwvng. Mo ouykekpipéva, Bewpeital TIEPIoX MEAETNG A,
oTnv ottoia Bpiokovtal Ol OTACEIC AEWPOPEINKWY YPOUUWY Kal Ol otabpoi petemiBifaong,
KoBw¢ Kal 0 ypdpoc G(H;E), érmouv H o1 kouPol kat E o1 g0vdeouol TOL UQICTAUEVOL
dIktuou. O1 kouBol daxwpilovial og TPEIC KATNYOPIEC: a) LTTOGUVOAO |: o1 “sicodol” NG
TtoAng (City Gates), B) utooUvoAo J: 10 KEVIPOEIDN Twv {WwVWV TIapaywyrc Kal €A&ng
METAKIVAAOEWVY Kal Y) UTTIOCUVOAO K: 01 €V UVAUEI OTACEIC TWV LTIEPACTIKWY AEWPOPEIWV
OTNV TIOAN, Ol OTIoIEC TOUTIOVTOIl HPE TIC LEIOTAUEVEG OTACEIC OOTIKWV AEWPOPEIWV Kal
o1dnpo6dpopwv. loxvel ot 1<K . ETumAéov, opietal 1o aUVOAO G TwV KOPPBWVY TIPOEAELONG
EKTOC TIOANG TOL avtioToixou Tivaka O-D. Mg tn xprion tou AAyopiBuou tou Dijkstra (1959)
evToTTiovTal 01 ENAXIOTEC OI0OPOUEG R HETAEL OAWV TWV TIIBOVWVY OTACEWV.

e KABe emmavAAnPn eTUAEyETal Pia oTtdon Kol a&loAoyouvTal ol Tieaveg “KIVAOEIS” PETagL
NG oTAoNG aUTHC Kal EVvOg TIANBOLC ATIO TIC KOVTIVOTEPEG TNC Kal ETIIAEYETAL N KAAOTEPN. Ol
KIVIOEIC TIOU TIPAYMOTOTIOIOUVTON PTIOPEL va gival: a) aAlayr) TN¢ oTtdong TEPUATIONOUL NG
ypopung, B) agaipeon tng oOTACNC TEPUOTIOUOU Kal OVIIKOTACTOON TnN¢ VEONC OTACONG
TEpUATIOPOL, y) TIPOCONKN €TUTIAéOV OTAONG OTO TEAOC TNG YPOPMNG Kal 8) oAAayn
evAIApEDNC OTAONC TNC YPAUMNC.



O\ Nikoli¢ and Teodorovi¢ (2013) Baciotnkav atnv €peuvd toug otn Nonuoaoulvn Zurvoug
(Swarm Intelligence) kal, TIIO OUYKEKPIYEVA, OTn HEBOSO BeAtiotomoinong AToIKiog
MeAloowv (Bee Colony Optimization — BCO). H ouykekpiyévn nEB0d0C EXEl w¢ BaATIKN) I6EQ
N Bewpnon evog TexvNToL OUAVOULC PEAICOWV Ol OTIOIEC €EEPELVOLV TO BIOBETIPO XWPO
AOCEWV PE ToV €€NC TPOTIo: Kdabe péAIcoa dnUIoLPYED pia apxIKr AVGH Kal OTn CUVEXEIX
OVTOAANACEl TIANPOQPOPIEC UE TO UTIOAOITION EAN TOU OUNVOUC, £T01 WOTE VA EVIOTIIGTOUV Ol
AOCEIC PE TIC KOAUTEPEC TIMEC OTNV QVIIKEIYUEVIK) oLVAPTNON. To OTIOTEAECPO €ival n
OULYKEVTPWON TWV PEAIGOWVY OTIC TIEPIOXEC OTTOL evTOoTTi{ovVTal Ol AUCEIG AUTEC. XTI GLUVEXEID
n KaBe pEAlcoO TOPAyEl pia véa ADon 1 BeATiwvel pia amo Ti¢ nén uvrmdapxouvoeg. O
OAyOpIOpoC artoteAsital amo o600 @ACEI(, Ol OTIoieC ETTOVOAAUPBAVOVTOL HEXPI VO
IKaVOoTIoINBEi N ouvenkn Teppatiopol. Ot PACEIC AUTEG Eival:

o) Kivnon mpog ta epmpo¢ (Forward Pass): KdBe péNooa KOTOOKELALEl VEEQ
LuTIOYN@IEC AVCEIC, EITE OTIOAUTO KOIVOUPIEG, EiTe PEOW TPOTIOTIOINONG TWV
VPIOTAPEVWY AVCEWV.

B) Kivnon mpog 1a mtiow (Backward Pass): Ot HEAIGOEC CUYKEVTPWVOVTOI TNV KUWEAN
Kal AVTOAAAGGOUV TIANPOPOPIEC OXETIKA PE TNV TIOIOTNTA TwV AVCEWV. 2T CUVEXEID,
KABE AOON dlaTNPEITal 1 EYKATAAEITIETAI PE TUOOVOTNTA N OTToia TIPOCdIopPiETal ATIO
TNV TIPI TNE AVTIKEIMEVIKAG CLUVAPTNONG G€ GUYKPION WE TIC LTTOAOITIEG AVCEIC.

H apxikrl AOON KOTAOKELALETOl PE TOV OATIAO OAYyOplOuo AttAnotng Avadrtnong (Greedy
Algorithm), o oTtoiog evtdoaoel oTacelg Pe LPNAN {NTNon otV idla yPAPWN, WOTE OUTH Vo
IKavoTtolEital arevBeiac. Qotdoo, n dla@opoTioinon ¢ PYeBOdOL TIOL XPNOCIKUOTIOINONKE
OTIO TNV KAOOOIKA HEBOOO eTtiduong Eykermal otnv UTOPEN OU0 BIAPOPETIKWY EIOWV
pMeEAlcowv (Type 1, Type 2), 10 oTt0ia dIAQEPOLY HPETAEL TOLC WC TIPOC TOV TPOTIO TIOU
TPOTIOTTIOIOVV TIC AVUCEIC.

O1 Nayeem et al. (2014) Baociotnkav otn peBodo twv Nikolic and Teodorovi¢ (2013), UE
Baoik dlagoportoinon otV €TALCN VO OTIOTEAE N XPrjon ToL eMTICHOV. Mo To apXIKO
dikTLO TIpaypatoTtoIndnke n €€n¢ dladikaaia:

0)  YTIoAOyioTnKaV Ol CUVTOPOTEPEC BIOOPOUECG PE TOV OAYOpIOuo tou Dijkstra (1959) yia
OAa Ta Cevyn Mpoérevonc — Mpoopiopol Kal n {ntnon TIoL PTIoPE N KABE pia va
€ELTINPETNOEl XWPIC PETETURIBOON.

B) Q¢ TPWIN YyPOUMN ETUAEXONKE QLT MPE TN MEYOAUTEPN €v duVAUEl {RTNCN TIOL
MTIOpEl va €EuTtnpetnoel. 2N ouLvéxela, ta {evbyn O-D T1ou pTopoLv va
€€LTINPETNBOLV aTIO TN yPOuUn autr diaypd@ovTal.

y) To Bnua (B) emavalapBavetal PEXPIC WTOU VO CULUTIANPWOEl 0 amaitodPeEVOC
OPIOUOC YPOUMWV.

21 OLVEXEID ONMUIOLPYEITAl Evag apXIKOC TIANBLOUOCG OTIO AVTIYPA@A TOU OPXIKOU SIKTUOU.
To dikTuO 0T CuVEXEIa a&loAoyeital pPe BAcn TNV TIMN TNG OVTIKEIMEVIKAEG GLUVAPTNONG Kal
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€vag aplBudg amd T¢ KoAUTEPEC ALOEIC Tou TIAnBucopol (elite) petafifdlovial atnv
ETIOMEVN YeVIA. ‘ETIEMa TIpAyPOTOTIOIO0VTON SI0OTALPWOEIC (Crossovers) Kal PETOANGEEIQ
(mutations) peta&l twv SIKTVWV Kal Piog YPOUUAG KABE SIKTUOUL, QVTIOTOIXA, TIPOKEILNEVOU
VO OUPTIANPWOEE 0 TIANBLOoPOC. H dladikaoia autr ETTAVOAAUPBAVETOL YIO O0EC QOPEC
0pICTOLV ATIO TOV XPHOoTN.

H pébodoc auty e@apudotnke oto TIPOTLTIO eABeTIKG dikTvuo Tou Mandl, KaBw¢ Kal oTo
MEYOALTEPO OIKTLO TIOL Xpnolgotoinoe o Mumford (2013a). Ta QTIOTEAECUOTO  TTIOU
TIPOEKLYOV EiVAl OPKETA IKAVOTIOINTIKA, OPWE N OEIOTIOTIO TOLCG Eival PEIWPEVN eEAITIOG TNC
ENEIYNG opiov apIBPOL KOUPBWVY OE KABE YPAUMN], HE OTIOTEAECHO VA EPPAVIOVTOL YPOAUMES
ME TIOAUD PEYAAO OPIBUO KOPBwWV.

O1 Amiripour et al. (2014) digpevvnoav TN xpnron levetikov AAyopiBuouv (GA) otnv
BeATIOTOTIOINGN LEICTAPEVOL CUYKOIVWVIAKOD JIKTOOL. H €peuva auth BacioTnke o€ TPEIC
OpXEC Ol OTIoieg, OTWC ULTIOOTNPI(OLY, OVTOTIOKPIVOVTAI OTNV  TIPOYHOTIKOTNTA TWV
TIEPITITWOEWVY TIOUL {NTEiTal N BEATIOTOTIOINGN VPICTAPEVOL SIKTUOL Kal OXI dnuiovpyia vog
VEOUL: dlaTPENON TN¢ LEICTAPEVNG HOPEPNE Tou SIKTVOL 600 TO ALVATOV TIEPICOOTEPO,
CLUTIEPIANYIN TIPOTACEWVY ATIO ETIOYYEAMOTIEC KOl TIPOOONKN TIOIVAC Yia KABe petemfBifaon
(transfer penalty). H Ttpoo€yyion TtiAuong aTtoTeAEiTal aTtd TECOEPA PEPN:

0)  Anuiovpyia cuvoAou LTIOYNPIWY YPAPPWY To CUVOAO ULTIOWHPIWY YPAPPWY R
ONMIOLPYEITal ATIO YPAPMPEC TIOU ETUIIAEyOVTal PE Bdon KATol TUBAVOTNTA OTTO TPia
UTTOOUVOAX. TO TIPWTO UTIOOUVOAO Rc TIEPIAAMPBAVEL TIC UQIOTAPEVEG YPOUUEC TOU
OIKTUOU, OTIO TIC OTIOIEC dlaXwpPIoVTal EK TWV TIPOTEPWV Ol JIOOPOUEC TIOU TIPETIE
va dlatnpnBolv oty TeAIK AUOT, KUPIWE Yia I0TOPIKOVE KOl KOIVWVIKOUE AOYOoUC,
Kal OTIC oTtoie¢ AauBdvetal Tipn mbavotntag ion pe 1. Mo Ti¢ LTIOAOITIEG YPOUMES
ToL Rc uttoAoyideTal n TUBAVOTNTA ETIIAOYAG ME BACN TNV LEPICTAPEVN ETURATIKN TOLG
Kivnon. To 0e0TEPO UTIOOUVOAO Rksp OTIOTEAEITAL OTIO LTIOWNQPIEG YPOUUEG TIOU
TIPOEKLYOV OTIO TNV €QAPHOYN ToL aAyopibuou K-shortest path pe Baon tn {itnon
KOl Ta Opla JAKOLG YPAUPWY TIOU TEBNKAV, €101 WOTE VA PNV UTTAPXOULV TIOAD HIKPEQ
1 MEYOAEC YPOUUEC. 2TO TpiTO UTTOOLVOAO Re TIpooTiBevial o1 ypaupPEG TOU
TIPOTEIVOVTAI ATIO ETIOYYEAUOTIEC PE TIPAKTIKI) EUTIEIPia oV TIEPIOX). Ol YPAPMEC
QUTEG Oev Ba eviaxBoLV pe aTtOAVTN BERAIOTNTA OTO TEAIKO SIKTUO, OPWC ATIOTEAOUV
KOAUTEPEC AVCEIC OTIO AUTEC TOU Rysp, YI' AUTO KOl €XOUV PEYOAUTEPN TIIBOVOTNTA
emdoyng. To obvoho R Ba dnuioupynBei amo YPAUPEG TWV TPIWV CUVOAWV HE
OUYKEKPIPEVN TIIBAVOTNTA ETTIAOYNAC YIO TNV KABE pia.

B) Zxedlaouog tou SIKTUOL PE XPNON YEVETIKOU oAyopiBuou. H péBodog auuTtepIAap-
Bavel xprion tou eAitiopoL (Nayeem et al., 2014) ag kGBe 20n yevia.

y)  'EAeyX0Q €QIKTOTNTOC TWV YPAUHWY TOL Rksp: O €Aeyxog TEPIAAUPBAVEl Kupiwg TNV
évtaén KAbe ypapung oOto OIKTUO Of€ TIPAKTIKA {NTHPOTO, OTIwG N duvatotnTa
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OTPO@PWV Kal N ETIPPETIEI0 OE KOBUOTEPHOEIC AOYW KUKAOQOPIAKWY TIPORANUATWV.
Ol ypOUUEG TTIOL BEV TIANPOLV Ta KPITAPIO SIayPAPOVTAl EVIEAWC OTIO TO Risp.

0) Eméktaon twv diadpouwv YE Xprion aAyopibuou eméktaong (Mahmassani, 1995).

H ouyKekpIUEVN TIPOCEYYION €QUPUOCTNKE TOCO OTO TIPOTUTIO EABETIKO diktuo Tou Mandl
000 Kal atnVv TtIoAn Mashhad tou Ipdv, e€dyovTag apKETA IKAVOTIOINTIKA ATIOTEAETATO.

2.1.3. ZuVOLOCHOCG ZUHPBATIKWY Kol EVPETIKWV PEOOSWV

OI Curtin and Biba (2011) mtapouaiacav pia ard Tou¢ TIO0 XOPOKTINPIOTIKOOE GUVOUAGHOUG
CUMPBOTIKWV KOl EVPETIKWV HEBOOWV €TTIALONG PE TN XPHion Tou poviedou TRANSMax
(Transit Route Arc-Node Service Maximization Model), 10 oT0i0 €@apPUOOTNKE OTNV
Tieploxn Richardson tou Te€ac. H pabnuatikr) diotumiwaon Tou TIpoPAnpotog Baaciletal ot
oopr tou MpoPAfuatog Tou MNeplodevovtog MwAntr (Travelling Salesman Problem) kai Tou
MpoPAnuotog ApopoAoynong Oxnudtwv (Vehicle Routing Problem). H toktikn €mtiAvong
gival aut) tou “dlaipel kail Booiieve” (Divide-and-Conquer), cOU@WVA PE TNV OTIOIO TO
TIPOPBANPO dlaIpEiTal O€ PIKPOTEPA ETUPEPOLE TIPOPANMOTA, £TO1 WOTE VO ETUTOXUVOEL N
oladikaoia €TiALONG Kal, TALTOXPOVA, VA TIPOKVWOULV TIOAAEC EVOANOKTIKEC YPOUMUEC ME
OlOPOPETIKA YEWMETPIKA XOPOKTNPIOTIKA.

H diadikaaoia emtiAvong amoteAgital artd tpia otadia:

o) Me 1n xprion Eupetikov AAyopiBuouv Armopeiwong Aiktoouv (Network Reduction
Heuristic) mteplopiletal 0 apiBpog Twv KOPBwY Kal GLUVOECHWY TIOL Ba OTIOTEAECOULV
T0 OiKTLO

B) KabBopiletal T0 €0POC TV SLVATWVY TIHWV YIO TO TIANBOC R TV GUVOECHWVY TNG
BEATIOTNG YPOUMNAG, AapBavovTag LTIOWN TN YEWMETPIKY HOP@H) TNE

y)  Evrtomiletan n BEATIOTN AVGON yia KABE pia attd TI¢ SuVATEG TIUEC TOL R YE GLVOLACUO
TwV PEBOOWVY Simplex kal “KAddou kal dpdayuatog” (Branch and Bound).
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2.2. KoOopiopog ouXVOoTHTWVY YPOUHWVY

2.2.1. ZupBatiKEG pEBOSOI

ZNUaVTIK €peuva Og OLTA TNV Katnyopia eival aut twv Torres et al. (2011), n oroia
e€etddel NV €muppon NG ToTtoAoyiag tou SIKTOov ato MPOPANua Kaauyng tng Znmong
(Demand Covering Model — DCM) o€ TIOAVWVUPIKO 1} PN XPOvo. Mo ouyKeKpIYEvVQ,
OlEPELVNONKAVY BIOPOPETIKEG TIEPITITWOEIC OIKTUWV TOTIOAOYIOC OOTEPA Kal OEVIPOU HE [N
TIPOCOVATOAICHEVEC BIOOPOWEC, Ol OTToIEC EELTINPETOVV Wia 1) dVO0 yeltovieg (1-NB kai 2-NB
QVTIOTOIXA). TN CULVEXEID, TO TIPOPANMPO ETUAVONKE WC TIPOBANUA OKEPAIOU TIPOYPAMMO-
TIOMOU Yia TO dikTuo Tou Quito, TO oTtoio LTTOdINIPEBNKE O€ TPia ETIHEPOLC diKTLA E TOTIO-
Aoyia aotépa (Subdivided Star).

2.2.2. EUPETIKEG — MeBevpeTIKEG HEBODOI

O Gallo et al. (2011) emiAvcav 10 TIPOPBANUA yia TO SIKTLO PETPO TNC ITOAIKACG TIOANG
Campania pe€ TPEIC dIAPOPETIKOVE TPOTIOVC:

o) Me Eupetikd AAyopiBuo Tortikng Avalntnong (Heuristic Local Search Algorithm):
ApPXIKA TIPOYUATOTIOIEITAl BEATIOTOTIOINCN TNG CLXVOTNTAC KABE YPOUUNG EEXWPIOTA,
BewpwVTaC OTABEPEC TIC OLXVOTNTEC TWV ULTIOAOITIWV YPAUPWY. Or BEATIOTEQ
OLXVOTNTEC ATIOTEAOUV TNV ApPXIK AVGN, N OTIOI0 TPOTIOTIOIEITON PE TN XPHON Tou
AAyoOpiBpov Tomtikr¢ Avadnitnong (Neighbourhood Search — NS). Ao TG
TIOPOYOUEVEC AUCEIC ETUIAEYETAI QUTA TIOU PBEATICTOTIOIEI TNV QAVTIKEIPEVIKN
ouvaptnaon.

B) Me Alaokopruopévn Avadntnon (Scatter Search), n omoia xpnoigottolei tov HLSA
ylo va TIapayayel Kot ertavaAnyn BeEATiwuEva a0VoAa AVCEWVY (TOTTIKA BEATIOTA) ME
Bdaon Tponyolpeva cUVOAQ.

Y) Mg Ievetikd AAyopiBpo (Genetic Algorithm — GA), hE TV €QapUOoyr] TwV TEAECTWV
Alootavpwaonc (Crossover) kol MetaAAagng (Mutation).

O1 Ferguson et al. (2011) xpnoidortoinoav emtiong MEVeTIKO AAYOPIBUO yia TOV KaBopIoPO
TWV OUXVOTNTWV, PE OTOXO TNV E€TiTELEN TNC 100TNTOC (equity) w¢ TPOC TN duvatdTNTa
TIPOCBOONC TV PETOKIVOUUEVWY YO BOoIKEG dpaaTnplotnteg (epyaaia, vyeia, ayopéc). H
\tnon AapPavetal vtoyn Pe oxetikn aBeBaidtnta (demand uncertainty), €101 WOTE va
OUVUTIOAOYIOTEI N METOPRANTOTNTO TOU OPIOUOD TWV HETOKIVOUUEVWVY KOl TWV ONUEIWV
TIPOOPIOHOV. H eTtiAuon TOL TIPOPBANUATOC YIO IO HECAIOL PEYEBOULC PNTPOTIOAITIKI) TIOAN
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Twv HIMA €deiée o1, 060 peyaAdtepn n afeaiotnta m¢ {Tnong, 1000 PeYOAUTEPN €ival N
avaykn auth va AauBavetal urtoyn.

2.3. TauTOXPOVOG OXEOIOCHOC YPOHUMWV KOl KOOOPIOHOG
OUXVOTATWV

2.3.1. ZupBatiKEG pEBOSOIL

AGYW TNC TIOALTIAOKOTNTOG TIOU TIAPOUGIALEl O TOUTOXPOVOC OXESIOTHOC TOL JIKTUOUL KOl O
KOBOPIOPOG TWV CUXVOTNTWVY, Ol EUPETIKEC KOl PEDELPETIKEC pEBOdOL gival oI TIAEOV
KOTAAANAEG YO TN ADGN TOU OLYKEKPIUEVOL TIPOPANUATOC. Mo o Adyo auTd, Ol CUUPBATIKEG
TIPOCEYYIOEIC £XOULV TIEPIOPIOTEI GNUAVTIKA Kal OgVv €ival A&leg ava@opac.

2.3.2. EvpeTIKEG — MeOeLPETIKEC PEBODOIL

O1 Zhao and Zeng (2008) mtapouaciacav tn péBodo ISTG, n omoia Baciletal atov €mava-
ANTITIKO TTIPOGAIOPICHO €VOC TOTIIKOU SlacTAUATOC avadntnong AVCEWV Kal VAV EVPETIKO
OAYyOpIBUO 0 0TI0i0g GLVOLALE! TIC TEXVIKEC EvowpoTtwpévng Mpooopoiwuévng AvoTitnong
(Integrated Simulated Annealing), Avadntnon ue Taptou (Tabu Search) kol ATAnNCTN
Avalitnon (Greedy Search). Mo T OUYKEKPIPEVN €PELVA PEPIKOI OTIO TOUC KOPBOULC TOu
OIKTUOUL Xapaktnpiotnkav “Master Nodes” kal evtaxonkav oto “Master Path”. Me dedopéva
Ta master paths mapdayovtal VEEC dIAdPOPEC PE TOTTKY avaldntnon. To c0VOAO OUTWV TWV
ypapuwv P1l(p) armoteAei 1o ToTTIKO diaotnua diadpopwv (Local Path Space) tou master
path p. Tautoxpova Ttapayetal eva de0TEPO aVUVOAO dladpouwv P2(p) yia Tnv e€aoc@ainon
Ot OAol oI KovTivoi KOuPol tou master path 6a cuuTEPIAN@BOLY OTIC TIOPAYOPEVEC
YPauuEG. H avalntnon pe taptmol Kal n ArmAnotn avadntnon ermtoax0vouv Tn dladikaagia
ETLIALONG OE OXEQN ME TN MEUOVWHEVN EQPAPHOYH TNEC EVOWHATWHIEVNC TIPOCOUOIWMEVNC
avoTttnonG. H épeuva auth eQapPOCTNKE Kal aTEDEIEE TIC dLVATOTNTEG TNG TOCO OE OTIAA
LTIOBETIKA SiKTLO, OO0 KOl OTO TIPOTUTIO EABETIKG dikTLO TOL Mandl.

Ol Fan et al. (2008) mapouaciacav pio uEBodo ertiAvong Tov TIPORAAUATOC PE TO GUVOL-
OOMO TPIWV BIAdIKACIWV:

o)  Apxiki Aladikaoia Mapaywyng Yroyneiwv Mpappwy (Initial Candidate Route Set
Generation Procedure — ICRSGP): Mg tn xprijon 1oL OAyopiBuouL CLVTONOTEPNG
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oladpoung tou Dijkstra (1959) kal Tov oAyopIiBuo twv k-cuVTOPOTEPWVY JI0dPOUWV
ToU Yen (1971) rtapdyovtal EQIKTEC YPOUUEC.

B) Alodikacio AvadAuong Aiktoou (Network Analysis Procedure — NAP): Katavéuetal n
eTPRATIKN Kivnon oto diktuo, kabopilovtal o1 cuXVOTNTEG KOl UTTOAOYIETAL N TN TNG
OVTIKEIMEVIKNC ouvApPTNoNG.

y)  MeBevpetiki Aladikaaoia Avalninong (Metaheuristic Search Procedure — MSP): Mg
OLVOLAOUO TWV ATIOTEAECUATWVY TwV dV0 TIPONYOUHEVWVY SIOBIKACIWY ETTIAEYETAL,
o€ KOBe emavaAnyn, 10 BEATIOTO OUVOAO YpOPPWY. H €mmAoyr Twv KOAUTEPWV
AOCEWV TIpayHOTOTIONETaI e cLVOLACHO MeveTikoL AAyopiBuou (GA) kal MNpocopol-
wpEvng Avorttnong (SA).

O1 Mauttone and Urquhart (2009) xpnoigortoincav t MeBeupetikr) Aladikaaia ATIANGTNG
Tuxalortoinuévng MpooapuooTiking Avalnitnon¢ (Greedy Randomized Adaptive Search
Procedure — GRASP), n omoia Baciletal otnv emavoAapBoavopevn ektéleon oL0
O1001KOCIWV, TNE KOTAOKELNC AVCEWV Kal TNG TOTIIKAG avaditnong. ApXIKA, LTIOAOYIETal N
OLVTOPOTEPN dlOdPOUN METOEL OAWV TwV LYWV KOUPBWVY ToL SIKTUOU G Kal 0T CULVEXEID
OKOAOULBEI N eTTOVAANTITIKA dladikaaia.

H katookeur) A0CEwV TIPAYUATOTIOIETON PJE TN XPrjon Tou AAyopiBuou Elcaywyng Zevywv
(PIA), tov oroio eixav onuoaievoel vwpitepa (BA. 2.1.2). Méow TNC TOTIKAG avalitnong
LTTOAOYIZETOI €va OXEDOOV BEATIOTO GUVOAO CLXVOTNTWV F yia dedouevn oxéon PETAEL Tou
KOGTOUC POPEN KOl TOU KOOTOUC XPNOTWV. MO CLYKEKPIPEVA, TPOTIOTIOIWVTAC TN cLXVOTNTA
KABE ypOUUNG MIOG AVONG S TIPOKUTITEL pia “yertovid” NS t¢ A0ong, oo tnv oToia pe
ToTiky avaditnon Ppioketal n A0 TIOL EAOXIOTOTIOIED TNV TIPN TNCG QAVTIKEIYEVIKNAG
ouvaptnong. Kabe @opd Ttou n TP autr BEATIWVETAL, TOTE N €€EPELVNON TNC YEITOVIAG
Tepuati¢etal Kai n diadikaaoia ouvexiletal.

O ouvvdvaopog Twv TeEXVIKWV PIA kot GRASP e€@apupdotnkav HE IKOVOTIOINTIKA
OTIOTEAECUOTO TOOO OTO TIPOTUTIO EAPETIKO dikTuo Tou Mandl, 660 Kal 0To SIKTLO TN TTOANC
Rivera.

O1 Shinamoto et al. (2010) xpnoiyoroinoav MeEVeTIKO AAyopiBuo EAtioTikng Mn Kuplop-
xoupevng AlaAoyr¢ (Elitist Non-Dominated Sorting Genetic Algorithm — NSGA-II) yia tv
a&loAdynaon tou vEIoTApEeVoL dIKTVoL TN¢ Hiroshima, diatnpwvtag oTabepeC TIC BETEIC TwV
otdoewv. Alakpivovtal €& Katnyopieg KOpPBwv: TtpoéAeuong (origin node), TipoopIGHOoL
(destination node), otdong (stop), emBifacong (boarding node), amofifaong (alighting
node) kai armotuxnuévng emiBifaong (failure node), KaBw¢ Kal EMTIA KATNYOPIEC
ouvoéopwv: ypapung (line arc), emPiBalouevng ¢ntnong (boarding demand arc),
emBiBaong (boarding arc), amoBifacng (alighting arc), otaonc (stopping arc), Badicuatog
(walking arc) kai amotuxnuevng empiBaonc (failure arc). To Booikd XOPOKINPIOTIKO ¢
OULYKEKPIPEVNC EPELVOC ival 0TI, € aVTIBeoN UE TIC TIEPIOCOTEPEC AUTHC TNG KATNyopiag, TO
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YEVIKEUUEVO KOOTOC MIOG OI0OPOUNG CUPTIEPIAOUBAVEL KOl TO EUUECO KOOTOC OTIOTUXIOG
emBipaonc.

Ol Han et al. (2011) spdpuocav 01O TIPOTUTIO EAPBETIKO dikTuo ToLu Mandl TNV TIAPAKATW
oladIKaoia TPV BNUATWVY yia ToV OXESIOOHO TWV YPOUM®WY KOl TOV KABOPIoHO Twv
OLXVOTATWV:

o) Mapaywyn Ymowneiwv Abcswv (Candidate Route Generation): Anuioupyeital
GUVOAO YPOUUWY OTO OTIOI0 TIEPIAAPPBAVOVTOL JIOQOPETIKA €idN YPAPMWY Ol OTIOIEG
TIPOKOTITOUV HECW TwV AAyopiBuwv Zuvitouodtepng Aladpopnc (Shortest Path n)
Minimum Time — MT), ¢ Aladpoung Méyiotng Por¢ (Maximal Flow Path R
Minimum Demand — MD), t¢ Aiodpoung Méyiotng Pong avd EAdxioto Xpovo
(Maximal Flow Path per Minimum Time — MDMT), tng¢ Aladpoung Méyiotng Porg
ava EAdaxioto Mnkog Mpappng (Maximal Flow Path per Minimum Route Length —
MDML) kal tng Aladpopng Méyiotng Porg ava EAdaxioto Koéotog (Maximal Flow
Path per Minimum Cost — MDMC).

B) E@apuoyn peBeLPETIKWV HEBOdWYV HECW T[evETIKWY AAyopibuwv (GA),
Mpocopoiwpévng Avotttnonc (SA) kai Avadrtnong he Taptoo (TS).

y)  AvdAuon kai Aglodoynon Mpappwv (Route Analysis — Evaluation).

O1 Blum and Mathew (2011) koi ol Yu et al. (2012) xpnoidoroincav tn BeAtiotoroinon
ATtoikiag Mupunykiwv (Ant Colony Optimization — ACO) ouvOUACTIKA PE AANEC peBOdOUC,
€101 WOTE va dlAPoPPWaooLY TN PEBodo tou Evguoug Mpaktopa (Intelligent Agent), Tnv
oTtoia Kol €pAppocav oTo SIKTLO Tou AgAXi ¢ Ivdiag Kol aTo TIPOTUTIO EABETIKO JIKTLO TOU
Mandl. H péBodoc autr) artoteAeital amo dVo @ACEIC, OUTA TN OPXIKOTIoINONG Kal Tnv
ETIOVOANTITIKNA.

o) Apxikortoinon: Kotaokevadletal €va oOVOAO TIBAVQV YPOUUWY CUP@WVA PE TOV
OAYyOpIOUO TNC ouvTouOTEPNCG dlodpoung Kol tn peBodo ACO. ZTIn OULVEXElD, Ol
Mapdyovteg Anuiovpyiag (Creation Agents) €TIIAEyOUV LTTOGUVOAD TWV YPOUUWVY Kal
Kataokevdlouvv vmoPn@ia diktua. Alokpivovial técoegpa gidn Mapayoviwv
Anuiovpyiag: Aévdpou (Tree Agent), Koplag Mpapung (Main Line Agent), Tuxaiag
Emidoync Mpopung (Random Route Selection Agent) kai EEumnpetnong Zritnong
(Demand Satisfaction Agent). 'ETteIta LTTOAOYIZETAI TO KOGTOC YIO TO (POPED KOl TOUC
Xproteg ano mv Movdada A&iohdynong Avoewv (Solution Evaluation Module), pe
BAon Tov KATAPEPIOHO TWV ETTIROTWV OTO dIKTLO.

B) EmavaAnmTik @don: Asitoupyolv ol Mapdyovieg Tpotomoinong (Modification
Agents) kal o Mapayovtag Alaypagrc (Deletion Agent). O1 mapdyovieg
TportoToinong Paailovtal e Evpetikégc MeBddoug Tpotomoinong Mpapuwv (Route
Operator Heuristics) 11 EmiAoyng kot Agaipeong Mpoaupwv (Route Selection and
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Removal Heuristics) kal Zuxvottwv pappwv (Route Frequency Heuristics), pe tov
Tapayovta dlaypa@ng va dlaypdgel TIC AVCEIC PE TN XOunAdtepn armodoon. To
OTIOTEAECMO €ival N dlaTHPNON €vOC CLVOAOL 1I000VVOUWY KOTA Pareto AVCEwv ol
OTIOIEC EADXIOTOTIOIOVV TO KOOTOC TOL XPNOTHN YA dIAQOPa ETIITIESN KOOTOC POPEQl.

O1 Szeto and Wu (2011) mipoteivav pio pEB0SO PE TALTOXPOVN XProN YEVETIKOU aAyopio-
HOU YIO TOV OXEQIOOMO TWV YPOUHWY Kol EVPETIKOD OAyopiBuoL TOTIIKNC avalrtnong yia
TOV KAaBOoPIoPO TwV ouXVOoTNTwy. Q¢ dedoueva AauBdavovtal ol VPICTAPEVEC OTACEIC, Ol
TEPUATIKOI 0TOBUOI Kal évag evoIAUECOC KOPBOC yia TNV TIPOyUATOTIoINon YETETIRIBACEWVY.
H Baolkd dia@opd ¢ CLYKEKPIPEVNC HEBOBOUL €ival OTI, 0 KABE €TTAVAANYN, Ol YEVETIKOI
TEAEOTEC EQAPPOLOVTOAIl TAUTOXPOVA OTIC YPOUMEG Kal TIC CUXVOTNTEC TOUC. H GUYKEKPIPEVN
MEBOSOC eQPUPUOOTNKE OTO BIKTUO TNC TIOANG Tin Shui Wai tou Hong Kong.

O1Yu et al. (2012) Baciotnkav otnv €psuvd tou¢ ot Nonuoouvn Zurjvoug (Swarm
Intelligence), evw xpnoipotioincav kal ) peBodo ACO. H epappoyn aroteAsital amo Tpia
oTAdI0. APXIKA KOTOOKEVLALETAI EVa VEO BIKTUO GTO OTIOIO TIPOCTIBEVTaI Ol MPOUUEG-ZKEAETOI
(Skeleton Routes), €10l wWOTe va PEYIOTOTIOINBEI O @QOPTOC TWV ETIRATWV TIOL
€EUTINPETOLVTAl XWPIC avaykn METeETURIBaong Kol va TIANPoUVTal Ol ETIBOANOPEVOL
TIEPIOPIOMOI. 2T OULVEXEID, TIPOaTiBevtal o1 Baoikeég Mpappéc (Main Routes) pe Baon
MEYIOTN OULYKEVTIPWON ETURATWV Kal, OTO TEAOC, TIPOOTIBeVTOL Ol MPOUUEG-AIOKAAOWOEIC
(Branch Routes), ol oT1oie¢ cUVOEOULV TIC YPAPMPEC-OKEAETOUC KAl TIC BOCIKEC YPOUMEG UE
TOV OTIOPOKPUCPEVO ATIO TO KEVIPO TNG TIOANG dpOpOo. H pEB0dOC autr) EQaPUOCTNKE 0TNV
TtOAN Dalian tn¢ BopeloavatoAikng Kivac.

Ol Pternea et al. (2015) énuoaicuocav yia pEBodo PBiwaiyov oxedlacuol Pe Tn xpron Meve-
TIKOU AAyopiBuov (GA), Aaufdavovtag uroyn 10 TEPIBAAAOVIIKO QATIOTUTIWHUA TWV
OXNMATWY KAl XWPOBETWVTAC NAEKTIPIKA oOxnuata oto Oiktuo. [0 ouyKeKPIPEVQ,
BEWPWVTOC OUYKEKPIUEVO apIBud Kol BEoEIC oTdoEwy, dnuiovpyeital éva TiBavd diktuo
aTtd UTIOYNPIEC YPOUMEC KOl O OUTEC LTIOAOYI{OVTOlI OI CLXVOTNTEG KOl T OTtapaitnTa
oxnuata. ETUTIA(OV TwV CUUPBOTIKWY OTACEWV XPNOIYOTIOIOUVTOL Kol XWPOBETNUEVOL OF
OUYKEKPIPEVEC BETEIC TEPUOTIKOI OTOBPOI POPTIONC NAEKTPIKWV AEWPOPEIWV, PE TOV TIEPIO-
PICUG OTI Ol YPOPMPEG TIOU TIPOYHUOTOTIOIOUVTOl OTIO NAEKTPIKA OXAUOTO €XOUV CTOOUO
(@OPTIONC TOLAAXIOTOV OTO €Va AKPO TOLC. H OUYKEKPIUEVN €PELVA EQAPPOCTNKE GTNV TIOAN
Tou HpakAgiou KpAtng.
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2.4. KoBopIiopog OpOHOAoYiwV

O1 Shafahi and Khani (2010) vAoTtoincav 600 peBodoug yia Tov KaBopIoPO Twv dPOOAO-
Yiv 0€ LEICTAPEVO CUYKOIVWVIOKO OIKTUO, PE OTOXO TNV €AAXIOTOTIOINGN TWV XPOVWV
avapovAg kota Ti¢ petemifiBdoel. To mpwto eival MoviéAo MIKToU AKEPAIOL
Mpoypappatiopod (Mixed Integer Programming Model), amo 1o o1oio TTpoKUTITOoLV Ol
XPOVOl avoxwpnong twv oxnUAatwv. To deUTEPO OTIOTEAEI TTAPOAAQYr] TOU TIPWTOUL, TO
ottoio €&etddel TOLTOXPOVO TN OLVATOTNTA TIOPATACNC TOU XPOVOU TIAPOMOVAG TwV
OXNUATWV OE KATIOIEC OTACEIC VIO TN SIEVKOALVOT) TV PETETURIBACEWV.

>¢ diKTLa PEYAAWV TIOAEWV, OTA OTIoIO N €TTIALON YE MIKTO AKEPAIO MPOYPAPPOTIOUO Eival
QVEQIKTN, Xpnolyotoindnke T[eveTikO( AAyopiBuog. H ouykekpipyévn upebBodoAoyia
€QAPUOOTNKE 0T0 diKTLO TNC TIOANC Mashhad Tou Ipdv, otnv omoia armodeixtnke Ot N
Xprjon tou MeveTikoU AAYyopiBUOoL BEATIVEI CNUAVTIKA TO ATIOTEAECUATO OE OXECT HE TIC
oLUBOTIKEG peBBdOLC.

2.5. ZUVOTITIKOI TTIVOKEC

2T0UC TrivoKeg 2.1-2.4 KOTAYPAE@OVTOl TO OTIOTEAECHOTO TWV ONUOVTIKOTEPWVY KOl TTIO
TIPOCPATWY EPELVWV OTO TIPOBANUA TOU OXedIAoHOV. Mo CLYKEKPIPEVA, aTtEIKovi{ovTal Ta
OTIOTEAECHOTO TWV EPELVWV TIOU €QOPUOCTNKAV GTO TIPOTUTIO EABETIKO diktuo Tou Mandl,
TO OTIOI0 XPNOIYOTIOINBNKE Kal OTNV TIOPOoVCoO €PyOaia Kal SIEVKOAUVEL TN oUYKPIon TwV
OTIOTEAECPATWVY. Ta OTOIXEIO TIOL aTTEIKOVI(OVTal €ival Ta €ENG:

a) do: NMocooTo {\TNoNG TIOL IKAVOTIOIEITAl OTTELOEING, XWPIC avaykn YETETIRIBaong
B) di: Moocootd dTnong TIOL IKAVOTIOIEITOL PE pio ETETURIBaON

y)  dz: Mooooto {ftnong IOV IKAVOTIOIETal e SO0 PETETURIRACEIC

0) dun: MOO0OTO ATNONG TIOL BEV IKAVOTIOIETAL

€) ATT:. Méoog xpbvoc Ta&idlov ava eTRATN

Kd&bBe mtivakag apopd o€ diKTLO € CUYKEKPIPEVO apIlBud ypauuwv. Me évtovn ypaoen (bold)
EP@aVICoVTal 01 KOAVTEPEC TILEC KABE TTAPAPETPOU. Oa TIPETIEL VA ONUEIWBEL OTI N epyaacia
Twv Nayeem et al. (2014) d¢ AapBavetal uTtOWn ot oLYKPIOH, KaBwG dev TtEPIOPIEl TOV
OPIOUO TWV KOPPBWVY TIOL ETUTPETIOVTAL VA YPUUMN.
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Mivakag 2.1: ArtoteAéopata diktvouv Mandl yia eTtidvon YE 4 YPAUMECS

do (%) | i (%) | d2 (%) | dun (%) ATT (min)
Mandl (1979) 69.94 29.93 0.13 0 12.9
Kidwai (1998) 72.95 26.92 0.13 0 12.72
Charkroborty and Dwivedi (2002) 86.86 12.00 1.14 0 11.9
Fan and Machemehl (2008) 93.26 6.74 0 0 11.37
Nikolic and Teodorovic (2013) 92.1 7.19 0.71 0 10.51
Nayeem (2014) 96.14 3.47 0.39 0 10.49
Mivakag 2.2: ArtoteAécpata diktuouv Mandl yia eTtiAuon YE 6 YPAUEG
do (%) | dy (%) | d2(%) | dun (%) | ATT (min)
Baaj and Mahmassani (1991) 78.61 21.39 0 0 11.86
Kidwai (1998) 77.92 19.68 2.4 0 11.87
Charkroborty and Dwivedi (2002) 86.04 13.96 0 0 10.3
Fan and Machemehl (2008) 91.52 8.48 0 0 10.48
Nikolic and Teodorovic (2013) 95.63 4.37 0 0 10.23
Nayeem (2014) 98.39 1.61 0 0 10.14
Mivakag 2.3: ArtoteAéopata diktvouv Mandl yia eTtiAuon YE 7 YPAUMECS
do (%) | i (%) | d2 (%) | dun (%) ATT (min)
Baaj and Mahmassani (1991) 80.99 19.01 0 0 125
Kidwai (1998) 93.91 6.09 0 0 10.69
Charkroborty and Dwivedi (2002) 89.15 10.85 0 0 10.15
Fan and Machemehl (2008) 93.32 6.36 0.32 0 10.42
Nikolic and Teodorovic (2013) 98.52 1.48 0 0 10.15
Nayeem (2014) 99.17 0.83 0 0 10.07
Mivakag 2.3: AttoteAéopota diktvouv Mandl yia eTtiduon pe 8 YpOouUEC
do (%) | dy(%) | d2(%) | dun (%) | ATT (min)
Baaj and Mahmassani (1991) 79.96 20.04 0 0 11.86
Kidwai (1998) 84.73 15.27 0 0 11.22
Charkroborty and Dwivedi (2002) 90.38 9.62 0 0 10.46
Fan and Machemehl (2008) 94.54 5.46 0 0 10.36
Nikolic and Teodorovic (2013) 98.97 1.03 0 0 10.09
Nayeem (2014) 99.86 0.14 0 0 10.03
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3. AedOpEVA TOUL TIPOPBARHATOC

3.1. AvaAuaon TtepIoxXnG HEAETNG — OJIKO AiKTuO

Ma v apoloa ITTAWUATIKA Epyacia ETIAEXONKE wC OIKTLO PEAETNG TO TIPOTUTIO EABETIKO
Oiktuo Tou Mandl, 10 oToio Xpnoldoroince o idlo¢ to 1979 yia TV €miAvon TOUL
TIPOPANPOTOC oXedlaapoU. To dIiKTLO auTO aTtoTeAEiTal aTTO 15 KOPBOoUC Kal 21 GUVOETHOUG
(Mandl's Swiss Road Network —oyx. 3.1). XpnoldoTioleital amo v TAEIoPn@ia twv
EPELVNTWV Kal OTIOTEAEI pia TTOAD KaAr A0Gn yia TV dI0TOTIWOoN ToU TIPORANUATOC Kal TNV
€EETAON OAWV TWV TUOAVWV EVAOANAKTIKWV.

TO OUYKEKPIYEVO BIKTLO TIPOCPEPEIL TO EENC TIAEOVEKTIUOTA:

1. MIkpO peyebog, apa EVKOAIO TN XPrON Yia TNV TIPWTN EQPAPPOYT TNG EVOAAAKTIKNG
AOGNC Tou TIPOPANPOTOC,

2. MepaauPdvel TIC TIEPICCOTEPEG TUOAVEC IBINTEPOTNTEC €VOC KAVOVIKOU OIKTUOU,
YyEYyovo(¢ Tou divel TN duvatotnTa KAAUTEPOU EAEYXOL TNG AUVCNC yia TN onuloupyia
ELEAIKTNG AVONC YO TNV TIAEIOPN@Ia TWV TIPAYHOATIKWY JIKTUWV,

3. Ta amartovpeva dedopéva gival otaBepd, omote dev LTIAPXEI OUCKOAIO EVPECNC
TOUG,

4. H ko xprion tou dIKTVOU OTIO TNV TIAEIOWN@IO TWV EPELVNTWV TTAPEXEI TIOAD KOANR
ouvatdTNTa oLYKPIONC TwV PEBGdWV Kal TV AVCEWV, TIPOKEIUEVOL VO EVIOTUIOTE
€0KOAO N PEBOSOC oL divel TNV KAAUTEPN AUCT.
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2x. 3.1: MPOTYTIO EABETIKO AIKTYO MANDL
N _J

3.2. MeTOKIVAOEIG — ZTNOoN

Ma TIC PETOKIVACEIC TO aTtapaitnta dedopéva gival ol Ttivakeg Mpogievang — Mpooplouov,
T000 yla TOuG OECMIOUC XPNOTEC, OCO KOl YO TOV GUVOAIKO OpIBPO XPNoTwv TOU
OUYKEKPIPEVOU OIKTUOU. MapakaTw ava@EpovTal avaAuTIKA Ta dedopéva e {Atnong 1o
XpnoiyoToinenkav.
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3.2.1. Z0VOAO PETAKIVOUHEVLV

Mo T oUVOAIK {NTNON NG TIEPIOXNG MEAETNG XPNOIMOTIOINONKE O OPXIKOG TTIVOKAG
MpoéAevong — Mpoopiopol 1Tov d60nke artd tov Mandl (Ttiv. 3.1) Kol XpNoIPoTIoIETal ATIO
TOUG EPELVNTEC WG EXEL. H ETIIAOYN TOU CUYKEKPIUEVOL TTIVAKO TIPAYUOTOTIOONKE yia dU0

Abyouc:

a) H diaudpewaon tou TIPORANPOTOC ETUTPETIEI T OUYKPION TWV OTIOTEAECUATWY OE
MeyaAo BaBuo og oxéan ue TN BIPAoypagia. MapoAo 1Tov N pEBodog eTtiAuong sival
OIOPOPETIKA, TEAIKA MTIOPEI va TIPOyUOTOTIOINGEl pIa TIOIOTIKA OUYKPION TwWV

OTIOTEAECHATWVY TNG TIPOTEIVOPEVNG MEBODOUL PE TIC LTTONOITTEG.

B) H td&n peyéBoug twv oOTolXEiwv Tou Tivaka [Mpoéievong — MMpooplopol
OVTATIOKPIVETOI TIEPIOCOTEPO OTIC TUVOAIKEC UETAKIVIOEIC TOU OIKTUOU, ETIOPEVWC N
XPrjon auTtoL TOU TIVOKO YIo TOUC OECTHIOUE XPNOTEC Ba 0dnNyolae ae TIOAD UPNAEG
TINEC METOKIVIOEWV — OUCOVAAOYEC ME TO MEYEBOC TOL OIKTUOU — Kal HEYAAEQ
OTIOKAIOEIC OTTO TIC TIPOYUOTIKEG CUVONKEC ETTIALGNC TOU TIPOPANUOTOC.

Mivakag 3.1: METAKIVAGEIC Y10 TO GUVOAO TWV XPNOTWV

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 0 400 | 200 | 60 80 | 150 | 75 75 30 | 160 | 30 25 35 0 0
1 400 0 50 | 120 | 20 | 180 | 90 90 15 | 130 | 20 10 10 5 0
2 200 | 50 0 40 60 | 180 | 90 90 15 45 20 10 10 5 0
3 60 | 120 | 40 0 50 | 100 | 50 50 15 | 240 | 40 25 10 5 0
4 80 20 60 50 0 50 25 25 10 | 120 | 20 15 5 0 0
5 150 | 180 | 180 | 100 | 50 0 100 | 100 | 30 | 880 | 60 15 15 10 0
6 75 90 90 50 25 | 100 0 50 15 | 440 | 35 10 10 5 0
7 75 90 90 50 25 | 100 | 50 0 15 | 440 | 35 10 10 0
8 30 15 15 15 10 30 15 15 0 140 | 20 5 0 0
9 160 | 130 | 45 | 240 | 120 | 880 | 440 | 440 | 140 0 600 | 250 | 500 | 200 0
10 30 20 20 40 20 60 35 35 20 | 600 0 75 95 15 0
1 25 10 10 25 15 15 10 10 5 250 | 75 0 70 0 0
12 35 10 10 10 15 10 10 0 500 | 95 70 0 45 0
13 10 0 200 | 15 45 0
14 0 0 0 0 0 0
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3.2.2. Aéopiol XPHOTEC

Mo m {ATNon 1Twv dE0UIWV XPNOTWVY XPNOIUOTIOINONKE TO YIVOUEVO TOU OpPXIKOU TTiVOKA
Mpoélevong — lMPoopIcPoL PE €vav CULVTEAEOTH S. AEOOPEVOU OTI, OTOV QVETITUYMEVO
KOGHO, Ol OE0UIOl XPrOTEC Eival Eva PIKPO LTTOCUVOAO TOL TTIANBULOUOU, EVW TALTOXPEOVA TO
TIOO0OTO OUTO Ogv €ival oTOBEPO O OAEC TIC METAKIVACEIC AOYW TOU YEYOVOTOC OTI Ol
TIOPAYOVTEC TIOU OPIfOLV TOUG OEOUIOLG XPNOTEC OXETICOVTIOL HE TIOPAPETPOUC EKTOQ
OUYKOIVWVIOKOU €pYyou (OIKOVOUIKG KOl KOIVWVIKA XAPAKTNPIOTIKA), XPNOIYOTIOINONKE o
OUVTEAECTHC OUTOC TIPOKEIPMEVOL Va dnpiovpynBolv Ta aTtopaitnTa ded0UEVA XwPIg yvwan
TWV OIKOVOUIKWV KOl KOIVWVIKWY XOPAKTNPIOTIKWY KOl PJE YVWUOVA TNV 000 T0 OUVATOV
TIEPIOCOTEPN AVTIATIOKPION OTO QOIVOUEVO. Me BAaoT Ta TIAPOTIAVW OTOIXEIN, O CUVTEAECTIG
S TIpoEKLYE WG s = p * rand() * Dy, OTT0UL:

S = OUVTEAEOTNC TIPOCAPHOYNC OPIBPOL dECUIWV XPNOTWV

p = TIPOKABOPICUEVO PEYIOTO TIOCOGTO OEGUIWV XPNOTWY OTOV TIANBLGHO
rand() = ocuvaptnan dnuiovpyiag Tuxaiov apiBPoL oto diactnua [0, 1]

Dj = ApIBUOC PETAKIVHOEWVY OTIO OTACH | TIPOG OTAON |

M0 TN OUYKEKPIYEVN EQPOPUOYH ETUAEXTNKE PEYIOTO TIOOOOTO dECUIWV XpNnotwv p = 0.5.
‘Etol, pe Bdon TI¢ TTOpATIAV® TIAPAPETPOUC TO PECO TIOGOOTO PETAKIVIIOEWY OTIO OEGUIOUC
XPrOTEC OTIOTEAEL TO 25% TWV PETAKIVHOEWVY, EVW TO €VPOC KupaiveTal aro 0% - 50% twv
OUVOAIKWV UETAKIVIOEWVY. ETtiong, TIpETEl va TIPOaTeBEi 0TI, EQOCOV OTOV APXIKO TTIVOKA Ol
TINEG TWV PETAKIVACEWVY €ival id1eg yia Ta {ebyn “DETARACONC Kal ETIIOTPOPNG” dnNAadr Dy =
Dj, N 100TNTa 0UTH d1ATNPNONKE KOl 0TOV VEO TTIVOKA.

210V TTivaka 3.2 TIapouclAadovTal T OTOIXEIN TV dECHIWVY XPNOTWV PETA TNV ETIEEEPYOTIa
ME TN XPrON TOU CLVTEAECTH TIPOCAPMOYNG S.
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3.3. NMapadoxeg

AgdopEVNG TNG OTOXOOTIKOTNTOC TOU OXedIOOHOU, €ival avaykaio va oploTtolv €€ apxng
TTOIEC TTAPAMETPOI O Ba €€eTa0TOUV. AUTO €EUTINPETEI BVO OKOTIOUG. APEVOC, O apPIBUOG
TWV TIAPOAPETPWY TIOU ETINPEAlOLV TOV OXeSIOOUO eival Bewpntikd OVCGKOAO va
UTIOAOYIOTEl, KOBWC PECO O€ OUTEC EVIAOOOVTOI TIAPAUETPOI OXETIKEC PE TNV aAvOPWTIIVN
CUUTIEPIPOPA Kal ETUIAOYN Kal Ba rtav adlvotov va eviaxBolv OT1o oUVOAO TOug OTn
MEAETN. AQETEPOU, TIOAAEC OTIO TIC TIOPOUETPOULC €TINPEAlouy eAAXIOTA 1) KOBOAOL TOV
OXEDIOOUO, OPWCG OE UTTOPEL Vo EEETACTEI AVOAUTIKA N GUOXETION TOUG PE AUTOV €101 WOTE
VO QAVE( N XPNOoIKOTNTA TOUC.

Ma Toug TTOPATIAVW AGYOUC LIOBETEITaI OTIO TO TIEPICCOTEPA EPEVLVNTIKA TIPOYPAUMATA N
XPron Pobnuatikwv PHOVTEAWVY. To JOVTEAD AUTA OTIOTEAOUV OQOIPETIKEC ATIEIKOVIOEIC TNG
TIPAYMOTIKOTNTOC, TO OTTOIO TNV AVTIKOTOTITPI(OUV GTOV TOPEN Kal TO BaBUO TIou ETTIBUMEL O
EPELYNTNG TIPOKEIMEVOL Vva e€€etaoel TNV epyacia tou. AmoteAolv T Bdon TNC
MOVTEAOTIOINONG TNG CUMPTIEPIPOPAC TOU (PAIVOUEVOL TIOU E€EETALETAl KOl N BOCIKN TOLG
AgIToupyia gival va TIPOTUTIOTIOINCOULVY KOl VO SOPNCOLVY TIC TIAPAPETPOUC TIoL AauBdvovtal
LTIOWN OTOV OXESIOOUO Kal ToV BaBuo6 ETIPPONC TOUC OE AUTOV.

0 TN OLYKEKPIYEVN EPYOTia EyIVAV Ol TIOPOKATW TIOPADOXEC:

1. O xpovog dladpopr¢ yia KaBe auvdeouo BewprBNKe oTaBEPOC Kal aveEAPTNTOC TOU
GUYKOIVWVIOKOU KOl KUKAOQOPIOKOU (POPTOU, AOYW EAAEIPNC BESOPEVWV Kal HIKPNAG
BaplTINTOC OTN CUYKEKPIYEVN PACT) TOU OXESIOOUOU. AOYw TNG VTIAPENC OTaBEPWV
XPOVWV SI10dPOUNC, OV LTIAPXEI AVAYKN CUPTIEPIANWNG TWV TAXUTATWY HEAETNC.

2. O mivakag MNpoélevang — MpooplopoL TIEPIAAPBAVEL WPINIEC PETOKIVATEIC Ol OTIOIEC
o€ peTafdAAovtal oTto Xpovo. O OXESIONOUOC OQOPA OTNV wplaia AsItovpyia Tou
OIKTOOL. MBavw o TTivaKag auTog va TIEPINAUPBAVEL TIC HETOKIVATEIC O€ WPA AIXMNC,
yl0 TNV OTTOIO TIPAYUATOTIOIEITON O OXESIOOUOC.

3. Ztou¢ xpovoug dlodpoung Bewpeital 0Tl cuuTEPINAUPBAVETOI O XPOVOC OTACNC, O
oTtoiog TIEPIAAPBAVEL TOLG XPOvoug EeTIPpaduvong Kol ETITAXLUVON Yia TNV
TIPOCEYYION KOl TNV ATIOPAKPLVCN ATt T OTACT, aVTIoTOoIXa, KOBWC Kal 0 XpOvog
emBiBaong kai arofiBacng emBatTwy. Z€ TIEPITITWON TIOL CUPTIEPIAUBAVOVTAY Ol
Xpovol autoi Ba émpere va avoAuBei n oAtk emBiBaocng kol atmofifaong
(tautdxpovn emuBifoon kar amofifacn amé 10 cUVOAO Twv Bupwv, TIEPIOPIOUOS
emBiBaong ) amoiBacng og karmoia BVPa), 0 apIBUOC Twv Bupwv TOL OXNUATOC,
KOBWE Kal 0 apIBPog Twv ETURATWVY TIOL XPNOIYOTIOIOVV Tr GUYKEKPIPEVN oTdon.

210 TIOPATIOVW MTIOPOUV va TIPOooTeBOUV TIOAD TIEPICCOTEPEC TIOPADOXEC €AACOOVO(
onuacia¢ yilo TNV Tapoloa @Ach, OTIWC Ol KAIPIKEC OULVONKEC, 01 dLVATOTNTEC TwWV
UTTOOOPWV TWV OTACEWV Kal TIOAAG GAAD. MEANOVTIKA PTIopoUV va a&lottoinbolv ol
TIOPAOOXEC QUTEC YIO TIEPOITEPW €EPELVA OTO OUYKEKPIPMEVO QAVTIKEINEVO MECW NG
CLUTIEPIANYNC TOLCG OTO POBNUATIKO HOVTEAO TOU OXESIOCGHOD.
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4. AIOpOPPWOoN HOUONUOTIKOU TIPOTUTIOU ETTIALONG

4.1. T'evIKa

H emiduon tou TpoPAAUOTOC OXedIOOPOU OIKTUOU ACTIKWV ZUYKOIVWVIWV Yid TN
OUYKEKPIPEVN HEBOBO TTOL avaAVETal TNV TIAPOVCO EPYOCia TIPOCEYYIOTNKE YE TN YEBODO
TOU OKEPAIOL, HPN YPOMMIKOD, TIpoypappaTiIopol. O OKOTIOC TOU YPAUMIKOU
TIPOYPOAPUATIOHOD €ival n Xprion piag rj evo¢ CLOTAUATOC TIEPICCOTEPWVY CLVAPTICEWY HE
€VPOC AVCEWV HEYOAITEPO TNC MiOG, TIPOKEIUEVOL VO €VIOTIOTEL N AOCN n oroia
BeAtioToTIOIEl TNV OLVAPTNON N TO cloTNUa. Ta oToixeio evOg TIPORANUATOC YPAUMIKOU
Tipoypappatiopo0 ival ta €€n¢ (Mpaaotdkog, 2006):

0)  AVTIKEIYEVIK] auvaptnon (Z): MNepldauBAavel OAeC eKEiveC TIC TIOPAPETPOUC TIOU
XpnolgoTttolovvtal oto TIPORANUA. OAEC Ol EQIKTEC TIMEC TNC OULVAPTNONG QAUTHC
OTTIOTEAOLV TO €0POC dLVOTWV AVCEWV. AVAAOya WHE TN @UOT Tou TIPORAAUATOC, N
BEATIOTN ADON TNC OLVAPTNONG MTIOPED va €ival n eAAXIOTN 1] N PEYIOTN ATIO TIG
EQIKTEC TIPEC, 1 OTToia TtpoadlopileTal e Min 1) max, avtioTolXa, TPV TN JIaTUTIWAN
NG ouvdaptnong.

B) MNepiopiopoi: MepdauBdavovtal OAEC EKEIVEC Ol OXETEIC PETAED TWV TIOPAPETPWV TIG
OVTIKEILMEVIKAG OLVAPTNONG Ol OTToieC “Tteplopilouv” Kal dNPIOLPYOUV TOV XWPO
EQIKTWV AVCEWV.

IXETKA HE TO TIPOPANUOTO AKEPOAIOL TIPOYPUUMUOTIOHOU, N Povadikr) dlagopd oo 1o
TIOPOTIAVW Eival OTI KATIOIEG ATIO TIC TIAPAPETPOLE Eival akeépalol apiBpoi. Autr n dlagopd
UTIOPEl va QaAIVETOI OUEANTED, OUWC OTNV TIPAYMOTIKOTNTO au&Aavel € TIOAD PEYOAVTEPO
BaBuo arod 6oo @aivetal T duoKOoAia eTTIALONCG TWV TIPORANUATWY AUTWV.

O1 pebBodoloyieg emmiAuong TIOIKIAAOLUY avVAAOyO PE T @UON TOL TIPOPANUATOC Kal TNV
TIEPITIAOKOTNTA TOL. H TTI0 onuOvTIKA atto TIG apXIKEC peBddoLG eTtiAuong eival n pEBodOC
Simplex. ZIn oLVEXEID, OPWCE, PE TNV AVATITUEN TNG TEXVOAQYIOC TWV UTIOAOYIOTWV KOl TNG
TIANPO@OPIKAG, TO TIPORAAUATA YPOAPMIKOD TIPOYPOUUATIOHNOD ETUAVOVTON HE HEYAAN
EVKOAIO KOl TaXVTNTO PE TN XPrON LTIOAOYIOTH], O OTIOIOG €XEl TN dUVATOTNTA VO EKTEAEI
TIEPITIAOKEC TIOAVETTTIEDEC POBNUOTIKEC OIADIKOCIEC PUE HEYOAUTEPN EVKOAIO Kol TaXVTNTA.
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4.2. AloTOTIWGC TOU TIRPORARMOTOC

4.2.1. AVTIKEIMEVIK ouvdApTnon

H avTIKEIPEVIKT) cuvApTnon opideTal w¢ To OTOBUIoCUEVO GBpOoIcHa TOU XPOVOoU KABE eTtRATN
oTo OIKTLO, TOLU KOOTOLC METETIRIBacng Kol Tou KOOTOUC Yyia KABe emIBATN TIOL OV
€EUTINPETEITON OTIO TN OULYKEKPIPEVN ALCN. AgdopEvou OTI Ol OPOl TNG OVTIKEIMEVIKAG
oLVAPTNONG OXETI(OVTOI PYE TO KOGTN TOU (POPED Kal Twv emifatwy, N BEATIOTN AN €ival
QUTr TIOVL TNV gAaxloToTtolel. H dlatuTiwon TNE ocuvdptnong ival n €&NC:

minZ=w *TT +w,xd,;+2xw,* d,+50*w,*d,,
OTI0UL:
Wi BAPOC CUPMPETOXNG XPOVOU
TT: OLVOAIKOC XPOVOC YETOKIVNONC ETRATWV
W>: TtoIvr) peteTuiaong
d;: apiBuog eTIROTWY TIOL XPEIAZETAl VO TIPAYUATOTIOINO0LV Wia peteTufioon
d>: apIiBuOC TIoL XPEIAZETAl VA TIPAYHOTOTIO 00UV V0 YETETIRIRBACEIQ

dun: OPIOUOC PN IKAVOTIOINUEVWV ETTIROTWV (AVOYKAiEC AVW TwV dV0 PETETURIBACEIC)

4.2.2. Neplopioyoi

O1 TIEPIOPICHOI, OTIWC avVAPEPOBNKE, XPNOILOTIOIOLVTAl YIO VO TIEPIOPICOLV TIC LTIOWHPIEC
AOCEIC OE QUTEC TIOL €ival €QIKTEG, AauPdvovtag LTIOWn TIOPOUETPOUG OXETIKA HE TO
OXEDIOOUO Kal TN Asltoupyia tou dikTuou. OlI Tteploplooi gival ol €ENG:

G) Smin < S| < Smax
B) Lizlvijel
V) dO + dl + d2 + dun = dtotal

0) cn =80 passengers
Ca = 150 passengers

8) fmin,N < fI,N < fmax,N
fmin,A < fI,A < fmax,A
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4.3. AvAALGCT) OVTIKEIMEVIKAG CLUVAPTNONG

H aVTIKEIYEVIKI) GLUVAPTNCN TIOL XPNOIKOTIOINBNKE yIa TNV €TTIALUCN TOL TIPOPARUATOC (BA.
4.2.1) mtpogkuYPE aTIO TOV CUUPNPICHO TWV CNUOVTIKOTEPWY PEYEBWV YIO TOV LTTOAOYIOHO
TOU KOOTOULG (OpPEn Kol ETRATWV. AgdoPEévou OTI Ta PEYEBN TIouL PBpiokovtal eviog g
ouvaptInNoNng E€ival Peyedn OXETIKA PE TO KOOTN, N PEATIoTn ADON €ival auth Tou
EANOXIOTOTIOIEL TNV TIPN TNG oLVAPTNONC aUTNC. Ta OTOIXEIO TTOL TTOPATIBEVTAI — PE TN GEIPA
TIOU EP@AVIOTNKAV — ival Ta €ENC:

a)

)

Y)

0)

B&po¢ CULPPETOXNC XPOVOUL Wi: XPNOIYOTIoIEITal yia TNV amodoon Paplintog oTo
MEYEBOC TOL GUVOAIKOU XPOVOU. AESOPEVOL OTI €ival ONUOVTIKO VA LTIAPXOUV PIKPOI
XPOVOI HETAKIiVNONG, €101 WOTe TO OIKTLUO va €ival EAKUOTIKO Yla TOUC ETTIRATEC,
ETUAEXOBNKE 0TNV TTapoLoa epyaaia n artodoaon Bapoug icou ue 2, o€ avtiBeon e TO
olvnbeg Bdapoc ico pe 1.

JUVOAIKOG Xpovocg TT: Opiletal w¢ 10 GBpolopa Twv XPOvwv dlodpoung —
CUUTIEPIAAUBAVOUEVOL TOL XPOVOU OVAMOVNC € TIEPITITwon HETEMIRiBaong — yia
OAOULC TOUC ETUPRATEC.

Moivr) petemiBifaong we: Opiletal pia pean didpkela PeTemIBifaong ion pe 5 Aemtd,
N OTIoIO XPNOIKOTIOIETAl WG BAPOC, TIPOKEIPEVOU TO BEATIOTO SIKTLO VA EAAXICTOTIOIEI
000 TO dLVATOV TIEPICOOTEPOD TIG METETTIRIBACEIC.

AlGKplon emIBotwv Pe Baon tov aplBpo petemiPiBaccwv: Me do opiletal 0 apliBpog
TWV EMIBOTWV TIOL PTIOPOUV va €ELTINPETNOOUV OTIELOEIAC OTIO TO CUYKEKPIUEVO
Oiktuo, pe d; 0 apIBudg Twv emIBATWVY TIOL YA T UETOKIVNOT TOL XPEIAlETal va
TipaypotoTooel pia petemBifacn, d, o apilBuog twv EmMPBATWV TIOL Yyia TN
METOKIVNON TOLg XPEIAdeTal va TIpaydatoroijoovy dV0 HeTeTRIBACEI, dun O
apIOPOC TwV EMIBOTWV TIOU Yyia TN METAKIivNonR Ttoug Xpeldletal va
TIPAYMOTOTIOIOOLY TIEPICCOTEPEC TWV OVO METETUPRIBACEIC KAl Oiga O OUVOAIKOC
apIBuog emiPatwy, OnAadry To ABpoIcCUa OAWV TWV OTOIXEIWV TOL TIVOKO
TIPOEAELONG — TIPOOPICHOV.
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4.4. AvAALGCT) TTEPIOPICHWV

O1 Tteploplopoi TToL XpnaoiyoTtoénkav avaivovtal we eENG:

a)

)

Y)

9)

MEPIOPICUOC PNKOUC YPAPMUNC: Ol YPOUMEG TV LTIOYNEIWV AVCEWV Ba TIPETTEL vV
BpiokovTal EVIOC 0piwv PNKOULE, TIPOKEIMEVOL VA Eival EPIKTH N AEITOLPYIO TOUC. 2N
OUYKEKPIPEVN TIEPITITWON XPNOIUOTIOONKE TIEPIOPICUOC PE BACN TOV OPIBUO TwWV
OTACEWV, CUUPWVA HUE TOV OTIOI0 G€ PIa YPAUUD | 0 aplBuog Twv oTdoewy S, Ba
TIPETIEL VO KUUAIVETOIL PETAED Smin KOl Smax, TOL OTTIOIO GTO CUYKEKPIYEVO TIPOBANU
opioTnkav wg 4 Kai 8, avtioTtoixa.

MEPIOPICUOC OPOIOTNTAC YPOUUWV: ZOP@WVA PE AUTO TOV TIEPIOPICHO, KABE ypaUun
li 0To olvoAo L d¢ pmopei va givat idia pe karola GAAn ypauun Ij. O 1teploplopog
OUTOC XPNOIKOTIOIETAIL YIO VO NV UTTAPXEL N SLVOTOTNTA VTIAPENC OPOIWY YPAUPWY,
ol oTt0ieq TrEPIOPIdoLV TIC dLVATOTNTEC TNC LTTOYNEIOG AVCNC.

Meploplopog eEumnpeTnong eTIBOTWY: O GUYKEKPIPEVOC TIEPIOPICHOC
XPNOIYOTIOIEITAl IO TNV €EA0@AAIOT EUTTNPETNONG OAWVY TWV ETIROTWY ATIO TO
vTtoPn@io diktuo, dnAadr To ABPOICUA TWV PETAKIVOUPEVWY ETTIRATWVY ATIO KABE
KOTnyopio va €ival ico pe Tov GLUVOAIKO apIBUO TwV ETTIRATWVY OTNV TIEPIOXA MEAETNG,
ONA0dr) T0 ABPOIoHA TWV CTOIXEIWV TOU TIIVOKA TIPOEAELOTNC — TIPOOPICHOD.

Opiopo¢ peyeBoug oxnUATwy: Ol TOTIOl OXMMOTOC TIOL PUTIOPOUV VA EEVTINPETHCOLY
T0 OIKTLO €ival: TUTTIKO Asw@opeio N peyeboug cy = 80 BEGewv Kal apBpwTod
Aew@opeio A peyaboug ca = 150 BEoewv.

MePIOPICUOC TLXVOTNTAC VA TUTIO OXNUOTOC: O CUYKEKPIUEVOC TIEPIOPIOHOC
XPNOIUOTIOINONKE TIPOKEIEVOU va d0B0LV EQIKTEC GUXVOTNTEC dIEAELONG OXNUATWV
o€ KABe ypapun. MNa pia ypauun | Ttou e€umnpeteital amo TUTIIKA OXAUOTO 1
ouxvotnta fin TIPETTEL VO BpioKeTal EVIOC TWV OPIWV fminn KOI fnaxn, ONAQSN 2 Kol 12
oxnuata ava wpa, avtioTtolxa. Ma pio ypapur) mou eEurtnpeteital amo apbpwtd
oxXAUaTa N CLXVOTNTA fi A TIPETIEI VO BPIOKETAI EVTOC TWV 0PIWV frmina KAl fraxa, ONAQDN
7 kan 20 oxnpota ava wpa. MPETEl va onUEIwBE 0TI Ta PEYEDN fmaxn KA fyina
oxetidovtal HeTa&L TOuG Kal OTTOTEAOLV TO OPIO ETIIAOYTC XPrONG TUTIIKWVY A
apPBPWTWV AeWPOPEIWV 0€ KABE ypauur), dNAadK av n cuxvotnTa PIaG YPOUUNG HE
XPron TUTUKWV AEWPOPEIWV gival PeyaAOTEPN TNC fmaxn, TOTE TIPAYUATOTIOIEITAI
ETIOVUTIOAOYICHOC TNG OUXVOTNTOC PE TN XProN apBpwTwv Aew@opEiwv. Me auto
TOV TPOTIO TIPOCBIOPICTNKE KOl N CUXVOTNTA frin A
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4.5 Mop@r OVTIKEIMEVIKAG oLUVAPTNONG

Me Baon 1o apatdve TIPOKUTITEL OTI N OVTIKEIYEVIKI) GLUVAPTNOT E€ival YPAUMIKAC HOPPNC.
AuTO oupPaivel 810TI KABE OPOC TNC CLVAPTNONG EKPPALETAl PE TNV idla PJovada PETPNONC
(AeTtTd). MO OLYKEKPIPEVA, O TIPWTOC OPOC Wi*TT €XEl PovAda PETPNONG AETITA (Min) WG
ABpoloua TWV XPOVWVY dI0dPOUNG OAWVY TWV ETIRATWVY ETTI €vav adlaoToto apiBuo w;. Ol
LTIOAOITIOl Opol ek@PAloVTal PE HOVAdO METPNONG auTh Twv emPatwv (pas), OPwG
TIOAMATIAOCIAOVTOC OUTEC HE TOUC OUVTIEAECTEC TIOIVACG VYia peterufifoon, o1 oroiol
ek@padovtal age AETITA (Min), TOTE Kal TO TEAIKO OTIOTEAECHO QUTWV EKQPALETOI OE AETITA.
ETtopévawg, n aVvTIKEIUEVIKA) cLVAPTNON OpPI(ETal WC ABPOIoHA APIBUWY EKTIEPPOACHEVWVY OF
AeTtTa (Min), dpa deV XPEIALETOI KOVOVIKOTIOINGN 0UTE AOYW HOVAdWY PETPNONG, OUTE AOYW
OTIOPENC KN KOVOVIKWVY TIPAEEWV.

4.6. KOtnyoploTtoinon TtEPIOPICHWV

O1 TIEPIOPICHOI TNG OVTIKEIYEVIKNEC CUVAPTNONG KATATAGoOoVTal g€ dU0 Katnyopie¢ (Hicks et
al., 2006), ol oTtoieC €ival o1 €ENC;

Q)

)

Avatnpoi Teploplopoi (hard constraints): Eival autoi ol ortoiol arayopevetal va
Tapapiactoly, 810TI N vToPn@Ia AVCN TIOL TOLG LTTEPPBAIVEL deV gival EQIKTH.

EOkapTtTOl TIEPIOPIoMOI (Soft constraints): Eival autoi ol ortoiol 6tav Ttopaplootoov
eTRapLVOLY G€ TTIOAD PEYAAO BaBPO TN AVGN, XWPIC OPWC VO TNV OTIOKAEIOLY OTIO
T LTIOYNQIEG, OEdOUEVOL OTI N EQPIKTOTNTA TOLC TIOPOUEVEL EVEPYH. TETOIOIl
TIEPIOPICHOI TIPOGAIBOLVY TIOIKIAIO GTO GUVOAO TWV EQPIKTWV AVGEWV Kal gival TIIBavo
MECQ ATIO QUTEG VA TIPOKVUYOULV TIOAD KOAEC AUCEIC.

>T0 OLYKEKPIPEVO TIPORANUA Ol TIEPICCATEPOIL TIEPIOPIOHOI Eival avaTnPoi Adyw ¢ eLONG
TOU TPOTIOUL ETTIALCGNC. M0 CUYKEKPIYEVA:

Q)

)

O TIEPIOPIOHUOC EAAXIOTOU PNKOUC YPOUMNAG Eival EOKAPTITOC, OIOTI N ETIIALCT) UTIOPEI
VA ETINPEACEL PO YPOUUA KOl VO JEIWOEL TO MAKOC TNG MEXPL EVa OPI0 PIKPOTEPO TOU
OPOU Smin, OPWC O TIEPIOPICPOC PEYIOTOL WNRKOULG €ival avaTnPocg, d10TI YPOUUEG ME
MEYOAUTEPO UINKOG TOU Smax O€ BEWPOLVTAI EQIKTEC KAl ATIOKAEIOVTAL.

O TEPIOPIOPOC OPOIOTNTAC YPOAUMWY €ival avaTtnPoc. Opwe, AOyw TN @UoNG Tov, N
TueavoTNTa va PBpebolV eVIEAWC OUOIEC YPOAMMEC €ival TIOAD WIKPN], ETIOUEVWC N
TIOIKIA{O! TTOIPAIEVEL.
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Y)

0)

O TtePIOPIoHOC eELTINPETNONC ETIIRATWV €ival AVCTNPOC OTO GUVOAO TOU, EVKOUTITOC
OPWC yia KGBe 6po. AnAadry, ol 6pol dev TIEPIOPICOVTaL PE KATIOIOV TPOTIO WE TIPOC
TIC METOEL TOUC TIMEC (av Kal TIEPIOPICOVTal EUPETT AOYW TNE TIOIVNC KABE Katnyopiag
EMIPBATWV), OMWC N un €EumnpPETNon €0Tw Kal €vog et KaBiotd 1N AUon
QVEQIKTN O10TI, cLPPWVA e TN PIBAIOYpAEIa, o1 TIBAVEG AVCEIC TOL CUYKEKPIUEVOL
TIPOPBANMOTOC €XOUV WC OTOXO va €EUTINPETHOOLY TO CUVOAO TWV METAKIVI|CEWVY,
OTIOTE KAl O TIEPIOPICPOC AUTOC ALOTNPEOTIOINONKE KATA TNV ETHIALCON. Z€ PEYOADTEPO
OpwWC OiKTLA, OTa OTIoIO Eival EAAXIOTN N TUOAVOTNTO Va €EUTINPETNOEI TO GUVOAO TWV
METAKIVIIOEWVY, O TIEPIOPIOUOC OLTOC Ba TIPETIEL VA Eival EVKAPTITOC, SIOTI PTTOPED va
KOTOOTACEL TO TIPORANPa oxedlaauol adlvarto.

O oplop6¢ peyEBOLG OXNUATWVY Eival aLATNPOC Kal OUETAPRANTOC, AOYW TN¢ OTOBEPNC
XWPNTIKOTNTAC TWV OXNUATWV.

O1 Tmeplopiopoi ouxvotntag OdlEAevong €ival auotnpoi Kota T HETAPacn o€
OlOPOPETIKO TUTIO OXNMOTOC, OnAadr Ol TIEPIOPIOHOI fminn KOl fraxa, EVW Ol
TIEPIOPIOMOI Traxn KAl fmina €ival €OKouTITOL KOVOVIKA B0 ETIPETIE Ol TIEPIOPIOUOI
ouxvotntag diEAevoNng va eival SlAQOPETIKOI, dNAAdN EVKAPTITOI YIa TNV €VOAAOYN
TOTIOU OXNMOTOC KOI PE XPHON TIEPICCOTEPWV TUTIWV KAl ALCTNPOI YA U EQIKTEC Kal
MN AEITOLPYIKEG CUXVOTNTEC, OTIWCE Avw Twv 20 1} 30 OXNUATWY avd wPa, OPWE YIa
TO TIAPOV TIPOPBANUA KPIVOVTOI ETTAPKEIC.

4.7. EQOPHOLOHMEVEC TIOIVEG

Mo v €TUPROAN TWV TIEPIOPICHWY KOTA TNV ETTIALCT TOU TIPOPANMOTOC divovTal TIOIVEC OE
TIEPITITWOT UTIEPPOCTC TOUC. ZTO CUYKEKPIPEVO TIPOPANUA OI TIOIVEG Eival dVO TUTIWV:

Q)

B)

ApPIBUNTIKEC TTOIVEC: XPNOIYOTIOIO0VTOL KOl oTa OVO0 €idn TIEPIOPICHWY Kal opilovTal
W¢ TINEC TTOU TTPOOTIBeVTAl 1) TTOAAOTIAQGCIAOVTAl E TOV OPO TIOU LTIEPPAiVEL TOV
TIEPIOPIOMO, €T01 WOTE va avénoouv TNV TP TNE OVTIKEIMEVIKAG ouvdptnong. MNa
TOUG EUKOUTITOUC TIEPIOPICPOUC TIPOKEITOI YIO €vaV OPICHEVO OTIO TOV XPHoTn
apIBUO, EVW YIa TOLG OVOTNPOUC TIEPIOPICHOUC TIPORBAETTIETAI TIOAAATIAQCIOCPOC TOU
OPOU HE TO +0o, ETCI WOTE I AVTIKEIYEVIKI) CLVAPTNON VA OTIEIPIOTEL KAl N ADON auTh
va BewpnBEi avEPIKTN.

AOYIKEG TTIOIVEC: XPNOIUOTIOIOVVTAI OTOUC ALCTNPOUC TIEPIOPICHOVE Kal opilovTal W
“AOYIKEC TTIOAEC” OUP@WVA PE TIC OTIOIEC OV IO ADCN 1 TUAPO TN KOTA 1o oTAdIa
eTiALONG LTIEPPAiVEI TOLCG TIEPIOPICKOUC OUTOUC TOTE OV CUUTIEPINOUPBAVETOl OTIG
TUOAVEC AUCEIC 1) TO TPNPO TNG OEV EVOWUATWVETAL 0T AUCT CTNV OTIoid TPOTIO-
TIOINONKE.
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ApPIBUNTIKEC TTOIVEC XPNOIUOTIOINBNKOV OTOUC TIEPIOPICHOUC d1, d2, dun (Y) (UE TN XPrioN NG
TIOIVNC METETURIBOONC) KOl 0TO GUVOAO TOU TIEPIOPICHOU Y UE ATIEIPIOPO TNE OVTIKEIPMEVIKIC
oLVAPTNONG YIO PN EEUTINPETOVPEVEC PETOKIVAOEIC. AOYIKEC TIOIVEC EQAPPOCTNKAV OTOUC
TIEPIOPIOPOUG Smax (O), B KOl fraxn, fmina (€). ZTOUC ULTIOAOITIOUG TIEPIOPIOPOUE TIOU OEV
00BNKav TIOIVEC TTOPATNPNONKE OTI 01 AVCEIC TiEpIopidovTal aTtd T QLAON Toug OE auToUC,
OTIOTE OEV NTAV AVOYKAIa N Xprjon ToIvA¢ yia TNV oploBETnar) Touc.
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5. Me0odoAoyia eTtiAvong

210 KEQOAAOIO OUTO avaAvovTal O PHEBODOI Kal TEXVIKEC TIOL XPNOIYOTIOINONKaV yia Tnv
ETIIALON TOU TIPOPAAPATOC OXedIAOUOU OIKTUWV, KABWC Kol 0 OAyoplOuog Tou
ONMIOLPYNOBNKE Kal XPNOIKMOTIOINONKE yia autrv. ApxIKa Ba ava@epbei 10 TtEPIBAANOV OTO
OTIOIO TIPOYHOTOTIOINONKE N ETTHIALCN, €VW OTN OLVEXEID Ba avaAuBei n dladikacia TIoL
OXEOIAOTNKE KAl UAOTIOINONKE.

5.1. MepiaAAov eTtiALONG

O aAyopIBuog NG eTtiAvong Tou TIPORAAKATOC TIOU TIAPOUCIAZETAl OTNV TIAPOLCa Epyaaia
ONMUIOLPYNONKE OTO PEYOAUTEPO HEPOC TOL aTIO TNV apxn. H yAwooa TIpoypapuaTIGHoD
TIOU XPNOIPOTIOINBNKE yia TV vAoTtoinon €ival n Python 3.5, evw TO TIPOYPAUUATIOTIKO
TiepIBaArov (IDE) epappuoync eival to PyCharm 2016.1 Community Edition.

H yMoooa Python emAéxBnke S10TI €ival pia TIOAD ATIAN Kal

p pgthon KATOVONTA YAWOOO, EVE) TAUTOXPOVA TIOAD XPROIHN, duvaTh Kol

ypriyopn. Eival pia avTiKeIuevooTpePng YAWCOO avoIXToU KWOIKO

N OTIoi0 XPNOIUOTIOIEITAl ATIO PEYAAN opada Tpoypaupatiotwy. H duvaun tng Python

EYKEITAI OTO YEYOVOC OTI PTIOPEL VO JIOXEIPIOTEL UE EVKOAIO KOl EVEAIEIO HEYAAOLG OYKOUG

0ed0OPEVWV, YI' AUTO Kal XPNOIYOTIOIEITAI TIOAD GUXVA O€ AOYIOUIKA TIOU €XOLV APECT) GXEON

pe dlaxeipion Bacewv dedoUEVWVY. To TIAEOVEKTNUO AUTO, OE OCUVOLACUO PE TNV OTIAOTNTA

NG YAWOOoOC OuTAg 0drynoav otnv €TAOYN TNG YyIo TNV €TTIAUCN TOU GUYKEKPIYEVOU
TIPOPANMOTOC.

H €kdoon 3.5 g Python, kal yevikotepa n Python 3, amotelei e€EMEN tng Python 2 kal
EIONYOYE TIOAEC VEEC KOIVOTOMIEC YyIO TNV OTIOTEAECUOTIKOTEPN XPHion TNG yAwooaoc.
AgdOPEVOL OTI N €KOOCOT) 3 OTIOTEAEL TNV HEAAOVTIKI) BACN GTOV TIPOYPAPUATIOHO pe Python,
BewpnOnke onUAVIIKO N oluvtaén Tou KwAIKO va Tipayuatoroindei pe xprion g
OUYKEKPIPEVNC YAWGCOOC.

To Aoyiopikd PyCharm amotedei €éva amo 1o KaAOtepa IDEs yia tov
PC TIPOYPAPUATIONO o€ Python. To TtepIBAAAOV TOU €ival E0XPNOTO Kal KATAVONTO
— XwpIi¢ va Teplopidetal g duvatotnteg, T0oo coding 600 kal debugging. Zmnv
elkéva 5.1 @aivetal Eva TUTIKO TIAPABUPO TOU CLYKEKPIUEVOL AOYIOUIKOU.
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== ] XM AR < main-single-ga = | B ik | % 7 Q

Software ' @ main-single-ga.py

B Project - (3 K- 2 Al gle-ga.py x |5 resul axt X [ resulsaxe x
Software ~/Dropbox/SATM/Aumhwparuci/Software 4<% P ——
== # Svudptnon petdAAagng
il External Libraries 763 def mutation{routeset, demand, network, min_nodes, max_nodes, p_ms, p_del}:...

872
873
874 # TuvdpTnon MEveTikol AAy6p16uov - 1n gdon
875 def ga_minl(routeset@, demand, network, min_nodes, max_nodes, popN, iter_no, elite, transfpenalty, p_swap, p.ms, p_del):...
968
969
970 def ga_min2(reuteset®, demand, network, min_nodes, max_nodes, pepN, iter_no, elite, transfpenalty, p_swap, p_ms, p_del):...
1063
1064
1065 # Zyvdptnon npoypdupatos
1066 def main()
1ess
1089
1090 # TvvdpTnon mpoypdupatoc xuplc eroaywyr Gedouévav (pdvo yia EAeyyo!)
1091 def main_nodialog(RouteN, minN, maxM, transfp, popN, iterN, eliteN, p_swap, p_ms, p_del, resfile):...
115
1116
1117 def fileappend(file, minN, maxM, routeN, popM, iterN, eliteN, transfpenalty, p_swap, p.ms, p_del,
1118 routeset®d, score@l, routedem@l, busdem@l, score@2, routedem@2, busdem@2,
1119 routesetl, scorell, routedemll, busdemll, scorel2, routedeml2, busdemi2):...
183
184
1185 file = 'results-6-sens.txt’
1186 RouteN = 6
1187 minN = 4
1188 maxN = 8
1189 transfp = 5
1190 popN = 16
1191 iterN = 158
1192 eliteN = 4
1193 p_swap = 1/8
1194 p_ms = 8.7
1195 p_del = 0.4
1196

Run gle-g #- L

>

oo ||

=
?
O 1196:1 LF: UTF-8: B & 124 of 725M

Eik. 5.1. 'Eva turtiko rtapdBupo tou Aoyiauikov PyCharm 2016.1 CE

5.2. TEXVIKEG eTTIALONG

5.2.1. Mevika

H ertiAuon Tou TIPOBARUATOC TIPAYHOTOTIOINONKE YE TN XPHOT YEVETIKOU aAYOpiBuoL, OTIWG
ouvnBiletal oTIC AVTIOTOIXEC EPELVEC Ta TEAELTaia Xpovia. O1 Mevetikoi AAyopiBuol (GA), 1
OAIWG E&eAkTikoi AAyopiBuorl (Evolutionary Algorithms) 1 EEeAKTUKA Mpoypdupota
(Evolutionary Programs), €ival HOp@EC ELPETIKWY PEBOdWV eTTIAUCNCG TIPORANUATWY TIOL
ermvonbnkav otn dekoeTio Tou 1960 kai oxetiovial pe 1 Bewpia TOU €EEAIKTIKOD
Tipoypapuatiopod  (Evolutionary Programming). H AoyiKfj TOU YEVETIKOU OAyopiBuou
Baailetal otn Bewpia g e€EMENC (Evolution) Tou AapBivou, cUPPWVA PE TNV OTIOIN, HECW
TWV dI0BIKACIWV TNG “@LOIKNC TIAOYAC” (natural selection) Kol TNG XPHONG TWV “YEVETIKWV
TeAeOoTWV” (genetic operators), TPAYUOTOTIOIEITAI OTOSIOKN €EEAIEN €VOC OPXIKOL
TIANBUCPOL C€ évav VEo.
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5.2.2. lotopIK VOIS POHN YEVETIKWV OAYOPIOHwV

H apxiKni 10€a TNG HEAETNG TWV EEEAIKTIKWV CLUOTNUATWVY EiXE NON EEKIVAOEL ATIO TN OEKAETIO
Tov 1950 (Mitchell, 1998). Toéte cixe d1ad00ei n 18€a OT N PEAETN TN €€EMIENC TwV
OPYQVICPWV PTTIOPOUCE va XPNOIPOTIOINBEl 0TV QVATITUEN €PYOAEiwV yio TNV ETTIALON
TIPORANUATWY. Mia TIPWTN TIPOCEYYIoN NG PEBOSOL QUTAC TIOPOUCIACTNKE OTIO TOV
Rechenberg otn dekaetio Tov 1960 pe TIC “eEEAIKTIKEC OTPATNYIKEC” (evolutionsstrategie,
1965, 1973) kol €€eAixBnke TepaItépw amo tov Schwefel (1975, 1977). O1 €E€eNKTIKEC
OTPOTNYIKEC KOl Ol YEVETIKOI aAyopliBuol CuvéEXIoOV va avaTttuooovTol TIAPAAANAG Kal
aveddpTnTo PEXPL Kol TN OekoeTia tou 1990, oTnv OToiO yIa TIPWTN @OPA APXICE N
OAANAETTIOpacn PETA&L Twv 6V0 AUTWV TIEdIWV EpELvac.

To 1966 o Fogel avemtuée Tov “EEEAIKTIKO MpoypaupaTIoPO”, 0 0TTI0I0C avVATIaPIoTA TN AVCN
€VOC TIPOPANUATOC PE TPOTIO TIOU €EOPTATAl OTIO TO 010 TO TIPORANUA. Mapadeiypatog
XAapiv, o€ €va TIPOPRANPO BEATIOTOTTIOINGNG TIPAYHOTIKWY APIBUWY Ta YEAN TOL TTANBLCHOUL
avartapioTavTal w¢ dIoVOCPATA TIPAYHOTIKWY OpIBUwmY. AVTioToIXd, yio TO TIPOBANPO Tou
Tieplodevovioc IwANT (travelling salesperson problem, Cerna et al., 2011, Keg. 2.1.1.p),
XPNOIKOTIOIOLVTAl SIOTETAYUEVEG AIOTEC, €V VIO EQOPUOYEC PNXOVWV TIETIEPOCHEVWV
KOTAOTACEWVY XPnoIJoTiolodvTal ypd@ol. lMapoAa autd, n Kowotnta tng TeEXvNng
Nonuoaouvn (artificial intelligence) améppiPe TG TEXVIKEC TOUC.

Tnv id10 TIEPI0dO XOPOKTNPIOTIKO TIOPASEIYUO ETUTIAEOV £PELVOC GTOV TOUEN TOU EEEAIKTIKOU
TIPOYPOAPHATIOPOU OTIOTEAEL N EEEAIKTIKN) E@appuoyr) Touv Box (1957), n omoia Opwg €uolade
TIEPICCOTEPO HE KATIOIOU €idOLC TEXVIKN dloiknang, Tapd pe eEEAIKTIKO aAyopiBuo. Qotdoo,
N €EEAIKTIKI) EQOPUOYI OTIOTEAECE TIPOYOVO OPKETWV TEXVIKWV TOTIKNC avalntnong Tou
avaTttuxenkav apyotepa. AAEC EPEVVEC, OTIWC OUTEC Twv Bledsoe (1961) kal Bremermann
(1962), Atav TII0 CLVAQEIC PYE TNV TOTE AVTIANWN OXETIKA PE TOUC EEEAIKTIKOUC OAYOpPiBuOoLC.

MapdAAnAa, n XPrion NAEKTPOVIKWY UTIOAOYIOTWV OTOV KAADO NG €EEAIKTIKACG PBloAoyiog
010000nkKe, pe toug Baricelli (1957, 1962), Fraser (1957) kai Martin and Cockerham (1960)
va 0€loTtoIo0V TIC dUVATOTNTEG TWV NAEKTPOVIKWY UTIOAOYICTWV YIO TNV TIPAYUOTOTIOINGN
EAEYXOMEVWV TIEIPAPATWY OTA OTIOIO TIPOTOHOIWVOTAV N €EENIEN TWV QUTIKWVY OPYAVIGHWV.

TeAIKA, O TIPWTOC [EVETIKOC AAYOPIBUOC €QELPEBNKE aATIO TOV APEPIKOVO KABNyntn
PuxoAoyiag, NAEKTPOAOYO HNXOVIKO Kal €TIOTAPOVA TTAnpo@opikig John Henry Holland
Kota 1 dekastio Tou 1960 oto Maveruotuio tov Michigan. O Holland katookevaoe tov
OUYKEKPIUEVO OAYOPIOUO ylOo TN OCUCTNUOTIKA MEAETN TN dladikaoiag TN¢ @UOIKNC
TIPOGAPHOYNG Kal TN oxediaan AOYIOUIKOD TEXVNTWY CGTOTNUATWY, TO OTIOI0 JIOTNPEI TOUC
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ONUAVTIKOTEPOUC PNXOVIOUOUCG TWV (QUOIKWV CLOTNPATWY. MNapouvaidotnke 10 1975 o010
BiBAio touv “Adaptation in Natural and Artificial Systems” w¢ armAotoinuévn €kd0xn TNG
BloAoylKng €EEMIENC Kol TIEPIEypae TO Bewpntikd LTIOROBPO NG xprijong tou. o
OULYKEKPIPEVD, N TIPOCOPUOYH TIPAYUATOTIOIEITAI YE TN PETARAON €VOC apXIKOU TTANBLGHOL
XPWHOCWHATWY (CLUPBOAOCEIPEC aTIO “bits” 0 Kol 1) o€ Evav VEO JE TN XPron NG TEXVIKNG
NG “Q@UOIKNC €TUAOYNC” 0€ OLVOLAOUO MPE TOUC YEVETIKOUC TEAEOTEC TNC dlOOTAVPWONC
(crossover), ¢ METAANQENC (mutation) kol TNg avuotpo@ng (inversion). To KaBe
XPWHOOWHA OTIOTEAEITON aTTO yovidla (genes), T0 KoBéva ato ta ofoia kabopilel éva
XAPOKINPIOTIKO TOU OTOPoL. O TEAEOTAC NG ETUAOYNC OIOAEYEl TO XPWHOCWUOTO TOU
TTAnBuocpoL T oToia Ba dlaoTOVPWOOLUY, PE TA TUO “KATAAANAG” XPWHOCWHATO VO
TIAPAYOULV TIEPIOCOTEPOLC OTIOYOVOUC O€ OXECN ME TA ULTIOAOITIA. 2T OULVEXEID
XPNOILOTIOIEITAI O TEAEOTNC OIOTAUPWANG, O OTI0IOC AVIOAAACCEl TUUATO PETAED dLO
XPWHOOWUATWY PE TOV idl0 TPOTIO TIOU OTn QUGN JI0NCTAVPWVOVTOL OVU0 ATIAOEIOEIC
opyaviopoi. ‘ETelta, o TeAe0TNC TG METAANOENC OAAGLEl TUXaIO TNV TIUA KATIOIWY YOVIdiwV
KOl 0 TEAEOTAC TNG OVTIOTPOPNG OVTIUETOBETEL TN OEIPA EPPAVIONG TWV YovIdiwv o€ éva
TUNHO TOU XPWHOCWUOTOC.

O Tevetikog AAyopiBuo¢ tou Holland armotéAece Kalvotopio OTO XwWPOo NG TeXvnTig
Nonpoolvng o€ OUYKPION ME TIOAQIOTEPEC EPEUVVEC OTOV TOMEA TWV EEEAIKTIKWV
oTpaTnyIKwv. Mo ouykekpiyéva, o Rechenberg ixe xpnoiuyotoinoel aAyopiBpo GTov OTIoio
n opxIkr Aoon TepiEAGUPBave povo VO GTOPO, €vav YOVED Kal €vav ATIOYOVO, €K TwWV
OTIOIWV O QTIOYOVOC TIPOEKLTITE HECW METAANOENC TOU Yyovéa. Avtiotoixa, o Fogel
€€00@AAILE TNV TIOIKIAOPOP@ia TOL TIANBUVCPOD XPNOCIUOTIOIWVTAC OTIOKAEIOTIKA TOV TEAEDTH
NG peTdAAaéng. H peBodog tou Holland agloroinoe mepiocOTEPOUC YEVETIKOUC TEAEOTEC KAl
N opXIKA AVCN TIEPIEAAUPBOVE OAOKANPO TIANBUCHO Kal OxI €va 1 600 Atopa. Mo To Adyo
OUTO NTOV O TIPWTOC TIOL BepeAiwae BEWPNTIKA TNV UTTOAOYIOTIKN EEEAIEN.

Ao T Odekaetio Tou 1990, pe TV OAANAETIIOpacn HETA&L [evetikwv AAyopiBuwv,
E&eAkTikwv ZTpatnylkwv kol EEEAIKTIKOU Mpoypappotiopol, ta opid toug gival Alyotepo
ELOIAKPITA. ZNUEPA, O OPOC “TeveTIKOG AAYOPIBUOC” £XEl ELPUTEPN €vvola ATIO OUTH) TIOU
€ixe OTaV TIPWTOEPPaAvIoTNKE aTto Tov Holland.
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5.2.3. AI0SIKOTi0 EKTEAEGNG YEVETIKOU OAYyOpRiOpoL

H opoloyia TTou XpnOIYOTIOIEITOI OTOLC YEVETIKOUC OAyopiBuoug gival davelopévn armod 1o
XWPo ¢ Puoikng Mevetkng (MFewpyomouvAog Kal AvkoBavdaong, 1999). Me kabBe
ETTOVAANYN TOU OAyopiBuou dnuilovpyeital pia véa yevid (generation). To gOVOAO TwV
LTIOYNEILV ADCEWV OE KABE yevid ovouadetal TTANBuopog (population) kol KABE vTTOYNHRPIA
Aban Tou Bpioketal atov TANBLoUG ovopddetal atopo (individual) i yevotuTiog (genotype).
KdaBe dtouo atoteAsital amo €va cUVOAO XPWHOOWMPATwY (chromosomes), ouvnBiletal
OMWCG KABE ATOUO VO OTIOTEAEITAI ATIO €va XPWHOOWHA, UE OTIOTEAECHO TA ATOMA KAl TO
XpPWHoowUoTa va tovutidovial). Ta XPWHOCWHOATO artoTeAolvTal aTtO YPAUMIKA
olatetaypéva yovidla (genes). Ta yovidla TIoU €TNPEALOUV GLYKEKPIPEVO XOPOKTNPIOTIKA
TOU QTOpoU PpioKoviol O€ OUYKEKPIYEVEC BEaelg, o1 oroie¢ armokalovvtal loci. Ol
OlOPOPETIKEG KOTAOTACEIC Twv Yovidiwv ovoudlovial alleles (TIHEC XOPAKTINPIOTIKOU
yvwpiopatog). H ék@paon tou KABe XPWHOCWHOTOG, OnAadr N “OTtoKwdIKOTIoINKEYN”
pop@r tou, ovopaletal gaivotuttog (phenotype). Mapadeiypotog XApIv, TN CUYKEKPIYEVN
epyaoia KABe XPWHOOWHPO ATIOTEAEI TO GUVOAO TWV YPOAPMWY EVOC GUYKOIVWVIOKOU
OIKTVOOU.

‘Eva a1t 1o TIAEOVEKTAUATO TOL YEVETIKOU OAYyOPiBUOovL, TO OTIoI0 TIEPIYPAPETAl AVOAUTIKA
OTN GUVEXELD, €ival N TALTOXPOVN avadnTnaon o€ TIOAAEC KATELBUVOEIC Kal N agloTtoinan tng
TTApayopevVNG TIAnNpo@opiag. Ze KABe yevid, ol “KaAEC” ADCEIC TIOPAPEVOULV Kal
OVATIOPAYOVTOl, €VW Ol “KOKEC” AVCEIC ATOpOKPUVOVTOL. H KOTAAANAGTNTA piag ADonG
EKQPALETal aTo TNV TR QUOIKACG Katdotaong (fitness), dnAadr v TiPr} TNV OTIoia
AQUBAVEL N AVTIKEIYEVIKT) GLUVAPTNON.

Ta BAuata, CUVOTITIKA, TTOL aKOAOUBOUVTOL KATA TN dladIKAoia EQOPUOYNC TOU YEVETIKOU
oAyopiBuou gival Ta €&Nc:

a)  Apxikottoinon tAnBuaopoo (Initialization)
B)  A&loAoynaon kaBe AOong
y)  EtuAoyr véou TAnBuopov
0) E@oppoyr YEVETIKWV TEAEOTWV S100TAVPWONG KOl HETOANAENC
€) Emotpoen ato Brua (B)
ot) TepuaTIOPOC MeveTIKOD ANyopiBuou
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M0 AVOAUTIKA:

Q)

)

Y)

0)

ApxikoTtoinon TAnBuopoL (Initialization): Anuiovpyio evog apxikov TIANBLGPOL
AOCEWV, TO HEYEBOC TOL OTTOIOL TTAPAUEVEL OTOBEPO ae OAN TN dladIKaaia eTtIALCONC.

AZloAOynon kaBe ADoNG: YTIOAOYIOPOC TNC TIUNG TNE AVTIKEIYEVIKAG OLUVAPTNONG yia
KABE AOQON. Ze TIEPITITWAON TIPOBARUATOC EADXIOTOTIOINGNC, Ol KAAUTEPEG AVCEIG Eival
OUTEC ME TNV MIKPOTEPN TIUN TNG OVTIKEIMEVIKAG OLVAPTNONG, EVW OE TIEPITITWON
TIPOPBANMOTOC HUEYIOTOTIOINONC 01 KAADTEPEG AVCEIC €ival QUTEC PE TNV MEYOAUTEPN
TIMN NG AVTIKEIPMEVIKNC GLVAPTNONG.

EruAoyn véou mAnBucopol: ETtAoyr Twv atopwv TIov Ba ETIRIOOOLVY PEXPL TNV
ETIOMEVN YEVIA UE TN XPHon “eTIAOYNG POLAETAC pE oXIopES” (slotted roulette wheel
selection). ZOp@WVO PE TNV TEXVIKA OUTH, KAOE ATOPO TOTIOBETEITAI TN POVAETA Kal
KOTOAQPPBAVEL XWPO OaVAAOYo MPE TNV aTt0d00M TOv, €101 WOTE ETTIONG avaioyn va
gival kal n TuBavotnta €mmIAOyng tou. EmmmAéov, ocuvhBw( e@apudlETal Kal N
pEBOSOC TOL eNtiIopoL (elitism), cLUEWVA PE TNV OTIoIO €vag TIPOKOBOPICHEVOC
OpPIOUOC TwWV KOADTEPWV AUCEWV Ot KABE yevid HETOPEPETOl AULTOVCIOG OTNV
ETIOPEVN.

E@appoyn YEVETIKWV TEAEGTWV dlIO0TAVPWAONG Kol JETAANAENC:

Me tnVv e@apuoyr apxIka ¢ dlaotadpwaonc (crossover), KABe AToPo €XEl OEAOUEVN
TUOAVOTNTO Pe VO ETIIAEYEL. ZTO KaBEva avTIoTOIXI(ETOl £vag TUXAIOC TIPOYHOTIKOC
apIBuoC r ato didotnua [0, 1]. Av o€ KATIOIO ATOMO IOXVEL OTI I < P, TOTE ETIIAEYETAI
ylo dlootav-pwon. O avapevoUEVoC aplBuog dI0CTOVPOVUEVWY HEAWV OPICETAl WC
pc * N, omou N 10 peEyeBog¢ TOL TIANBLUOUL. To PEAN TIOU ETUAEXONKOV YO
dlaotavpwaon Ttorobetolvial o (elyn Kal o€ KABe (evyog avtioTtolxidetal évag
Tuxaiog okEpalog aplBuog amd 1o didotua [1 , m-1], é1tou M TO MPrKOC TOU
XPWHUOOWHATOC, 6nAadn To TIANB0C Twv yovidiwv. O apiBuog auvtdg kabopilel 1o
“onueio dlaotavpwaong” (crossover point), dnAadr T0 ONUEIO OTO OTIOI0 TO OPXIKO
XPWHUOCWHA SICTIATAI OE ETUPEPOLC TUNPOTA. ‘ETol, dnuiovpyolvtal 00 vEa atoud
(Xpwpoowuata) YE EVOANOYN TV TUNUATWY ToU KaBevog (ZX. 5.1).

_
Parents

| crossover point
1

. ]
Children g

2x. 5.1. Aumradpwan
(rtnyn: wikipedia.org)

APKETOI YEVETIKOI OAyOpIOUOlI XPNOIYOTIOIODV MIO TIOPOAAOYH TOU TEAECTH
dlootadpwang, aut TG opoldpopeng dlactavpwaong (uniform crossover). H
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o7)

Ol0POPA EYKEITOI OTO YEYOVO( OTI KABE yoveag, avTi va Xwpiletal ae 600 SIOKPITA
MEPN, KANPOJOTEI 0 KABE ATIOYOVO €va OPICPEVO TTIOCOOTO TWV YOVIdiwv Tou, Ta
ottoia  Bpiokovtal oe dlAQOPeC BECEIC OTO Xpwuoowua Kal Ol armopaitnta
OI0BOXIKEG (ZX. 5.2).

>T0 GTOMO TIOU TIPOKUTITOUV OTIO TN Ol0CTOUPWAON €QAPUOLETal O TEAECTNC TNG
METAANOENG (mutation), cUU@EWVA PE TOV OTIOI0 ETUAEYOVTOl KOl PETORAAAOVTON HE
TUXQI0 TPOTIO OPICHEVA YOVISIO TWV ATOPWY TOL TTANBLGHOD.

parents: NN I | I O N A

A Y I
._.I--- With a probability of 0.5, children hawe

Children: S0% genes from first porent and 508 of

L ————,

randomly chosen crossover points.

2X. 5.2. Ouoiduopen diaatavpwan (rtnyn: wikipedia.org)

Emotpogny oto Brjua (B): AZIoAOyNon Twv ATOPWVY TIOU OTIOTEAOUV TN VEA YEvId,
oLUEWVA PE TN dlodIKAaia TIov TIpaypatoTtolEital ato BrAua (B).

TepUATIOPOC YEVETIKOU OAyopiBuouv: Mpaypatoroinon Tepuatiopol TnG dIadIKOCiag
OTav KOTAoTel OANBNC n OLVONKN TEPPOTIONOVL. TETOIEC OLVONKEC Eeival o1 €ENC
(Sivanandam and Deepa, 2008):

* TIARB0¢ emavoAYPewV: TEPUATIOPOC TOU OAYOPIBUOL PETA ATTO TIPAYUATOTIOINCN
0ed0OUEVOL apIBUOL ETTOVAANPEWY, Apa PE TNV TIAPOOO QVTICTOIXOL OpPIBPoL
YEVEWV.

*  ZUMPTIANPWGN O€B0UEVOL XPOVIKOU dIOCTIUOTOC EKTEAECNC TOL OAyOopiBuov.

* AToucia TEpAITEPW BEATIWONC TWV TIOPAYOPEVWY AVCEWV Yia OESOUEVO apIBuo
yevewv (stall generations) ] ye tnv 1Aapodo kKabopiopévou xpovou (stall time
limit).

AKOpa, ard toug Sivanandam and Deepa ava@Epovial EVOANOKTIKEC TEXVIKEC

TEPUOTIOMOU:

*  Texvikr) TOL “KOAUTEPOL aTOuov” (Best Individual): H avadntnon otauatr 6tav n
ENOXIOTN TP KATOAANAOTNTOC OTOV TIANBUOPO KOTOOTED KOAUTEPN TNC TIUNG
oUyYKAIoNG (convergence value).

*  Texvikn ToU “xelpotepoL atopov” (Worst Individual): H avaliitnon otapotd otav
N TR T0L AlyOTEPO KATAAANAOU ATOPOU TOU TIANBUGHOU gival KAAUTEPN ATIO TNV
TIA GUYKAIONG.
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* Texvikn tou “aBpoicpotog KataAAnAotntog” (Sum of Fitness): H avadninon
OTOPOTA OTAV TO AOPOICHA TWV TIHWV TWV CLVAPTICEWV €ival KAAUTEPO OTIO TNV
TIMN oVYKAIONC.

o Texvikn NG “Odlapécou KataAAnAotntac” (Median Fitness): H avadiitnon otauatd
OTOV TOUAAXIOTOV TO PICO ATOMO TOU TIANBUOHOU €XOLV TIMN KOTOAANAOTNTOG
KOAUTEPN OTIO TNV TIUN OVYKAIONC.

210 X2X. 5.3 mtapouaoidletal 10 dlaypappa pong yia tn oladikoaoia eTtiAvong evog TIPOPAN-
MOTOC YE TN XPron YEVETIKOL OAyopiBuou.
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5.2.4. MAgovEKTHHOTH XPHONG YEVETIKOD aAyopidpou

Z0pQwva e Toug MNewpyottovAo Kat AvkoBavaaon (1999) kol MakpoTtouAo kol EvotpoTtiddn
(2011) T BaoIKOTEPA TIAEOVEKTHMOTO TWV MEVETIKWV AAYOpIiBuwy cuvoyidovial w¢ ENG:

a)

)

Y)

0)

o1)

YYnAn amodotikotnta: O MeveTIKoi aAyopiBuol £xouv T duvatotnTa va €TIADOLY
ypryopa Kol o&IOTIOTa  TIEPITIAOKA  TIPORARMATA TIOAAWV  MPETABANTWVY Kol vd
€VTOTTII(OLY TO OKPOTATO MIAG CGLVAPTNONG OE MIKPO OXETIKA OPIBUO JOKIYWV.
Tavtoxpova, €ival 10avikoi yia tnv €Ttidvon TPORANUATWY PE CUVOPTACEIC TIOU
Tapovaialovv évtovn dloKUUAvVAn, T OTtoio LTIO AAAEC oLVBNKeC Ba ATaV TIOAD
O0OKOAO va ETIIALOOUV pE TTOPASOCIOKES HEBOdOUC. MpakTkd, e€€taan 10 aTOHwWY
OTIO YEVETIKO OAyOpIBuo 10oduvapuei pe €€€taon 1000 atOpwv aTo  KATIOIN
TIOPOd0CIaKN HEB0J0. 'Eva BaciKO XOPOKINPIOTIKO TV YEVETIKWY OAYOpIiBUwV €ival
0 OLVOLOOMOC TNG €€EPeVNONC TOL XWPOUL avValNTNONG UE TNV EKUETAANELON TWV
TIOPAYOUEVWV TIANPOPOPIWYV, EVK Ol TIAPAdOCIOKEG PEBO0dOI dIEBETAV Eva YOVo aTto
Ta dV0 XOPOKINPIOTIKA, OTIWC 0 “oAyopiBuog tou opelBatn” (Hill-Climbing Algorithm),
0 OTI0I0C EKUETOAAEVETAI G€ PEYAAO BaBUO TV TapayOuevn TIANPO@OPI aAANG dev
oélomtolei OV OlaBECIUO XWPO avalnTnong, Kol 0 aAyopiBuog¢ TN “tuxaiag
avalntnong” (Random Search), o otoiog €€gpeuva IKAVOTIOINTIKA TO OIABECIUO
XWPO, ayvowvtag OPwC TIAAPWCE TIC TIOPOYOUEVEC TIANPO@opieC. TEAOCG, N
oLVOTOTNTA TIAPAAANANG LAOTIOINGNC, APO KOl EKPETAAAELONG TWV TIAEOVEKTNUATWVY
TIOU TIAPEXOLV Ol TIOPAAANAEC MNXAVEC, €LVOOUV TNV ATIOOOTIKOTNTO TWV
OAyopiBuwv autwv.

EOkoAoC ouvduaopOg PE ULEICTAPEVO TIPOTLTIA KOl cuoThuota: Or [eveTikoi
AAyOpIBpol puTtIopolV va XpnoldoTtoinBoly otnv €TiAvcan TIPOPRANPATWY XwPig va
OTTIAITOUVTOIl TPOTIOTIOINOEIC OTNV QVTIKEILUEVIKH] GLVAPTNON, AOYW TOL YeyovoToc OTI
XPNOIYoTIoIoUVTAl POVO Ol TIANPOQOPIEC TIOU a@OPOUV OTn CLVAPTNCN TIOL
TIPOKEITOI VO BEATIOTOTIONOEI.

Eupl medio epappoyng: Or Mevetikoi AAyopiBuol, €meidry cuvduadovtal EDKOAD UE
TIPOKTIKA OTIOIOONTIOTE TIPOTUTIO, KOBIoTAVTOI KOTAAANAOL yia XPriOn O€ TIOIKIAOLG
ETIOTNUOVIKOUG TOMEIC, OTIWC aUTOUC TWV HABNUOTIKWY, TWV OIKOVOUIKWY Kol TWV
MNXOVIKWV.

EmntektaoipétnTa kot e€eMi§ipotnta: O Mevetikoi AAyOpIBpol £Xouv TN duvatoTnTa Vo
Tipocapuolovtal OTIC IBINITEPOTNTEC TOL KABE TIPOPBANPOTOC KOl VO TPOTIOTIOINO0LY
ylo LPNAOTEPN aTIOA00N KOTA TNV Kpion Tou oXedIA0TA TOV.

EveAi&ia otov ouvduoopo pe GAAeC peBodoug: Or Mevetikoi AAyOpIBUOL PTTOPOUV
TIOAU €UKOAO Va “LPBPISOTIOINBOLV”, HEGW CGUVOUVOCHWY HE AANEC PEBODOLC, EQOCOV
QTIOITEITON VIO TNV E0PEOT BEATIOTNC AVONC.

Avegaptnaia ato 1I810TNTEC AVTIKEIUEVIKAG auvdaptnaong: O1 Mevetikoi AAyopiBuol gival
ave€dptnTol ato TG IBI0TNTEG TNC OVTIKEIPEVIKIC OUVAPTNONG, O avTiBeon MPE TIG
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TIoPadOCIaKEC HEBOdOLC, Ol OTIoIEC aTTAITOUV TIOAD GULXVA TNV LUTIAPEN OESOUEVWV
IBI0TATWV OTNV AVTIKEIPEVIKI) GLVAPTNAON, OTIWC I CUVEXEID KAl N TIOPAYWYICIHOTNTA.

5.3. Mapouaioaon TnG SOUNG TOU TIPOYPAMMATOC ETTIAVGNG

5.3.1. Msvika

Onw¢ ava@epOnKe Kal TTopaTIAvw, yia TNV €THALCN TOL TIPOPANPOTOG OTnV Ttapoload
epyaaoia avartoxbnke poypauua emiAvong Pe TN xprion tng yh\wooacg Python 3. H doun
TOL TIPOoypauMaToC Baciletal oTn AOYIKA €TTIALONG PE XPNON YEVETIKOU aAyopiBuou. Mo
OUYKEKPIPEVO, N TIPOCEyyIon TnG Tapoloag epyaociag Paciotnke otn peBodo TTOUL
Ttapovciace o Nayeem (2014) pe KATIOIEC TPOTIOTIOINCEIC, Ol OTIOIEC TIPAYOATOTIONBNKAV
AOYW ENAEIWNC TIPOOBaacnC oTov BACIKO KWOIKA TIOL avETITLUEE 0 Nayeem, KaBw¢ Kal Adyw
NG d10QOPOTININGNC TOL TIAPOVTOC TIPOPANHATOC ATIO TO LTIOAOITIO.

210 2X. 5.4 @aivetal to SIdypOoPUa PONG TOU OUYKEKPIUMEVOL TIPOYPAUMUOTOC. AVOAUTIK)
TIOPOLCIaCT) TWV BNUATWY TIPAYUOTOTIOIEITOI TIOPOKATW.
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5.3.2. AVOAUTIKN Ttapoucioon Twv Bnudtwv eTtiAvong

To mpoypappa €miAuong Tou TIPORAAUATOC OXESIAOUOU SIKTUOU OCTIKWVY CGUYKOIVWVIWY
TIOU TIOPOULCIALETON OTN OULYKEKPIPEVN EPYOOia ATIOTEAEITOI OTIO TIEVTE PBrUOTO, TO OTIOIx
avaAvovTal w¢ ENG:

a)

Elcaywyn Twv de60HEVWV:

ApXIKA €l0dyovTal OTO TIPOYPOPUO TA aTIopaitnTa dedoPEVA YIO TNV ETTIALCT TOU
TIPOPBANPOTOG, Ta OTtoia €ival ol Trivokeg Mpoélevong — MpPoopIoUOL YIa TOUC
OE0MIOLC ETURATEC KO TO GUVOAO TWV ETIROTWY, KABWE Kl N Jop@r) Tou JIKTOOL OTO
0T10i0 B0 TIpaypATOTIOMNBEN N £TTIALOT).

O1 dvo mivakeg Mpoglevong — lMpoopiopol €loAayovTal OO OpXEio csv (comma
separated value), 010 OTI0i0 Ol PETOKIVACEIC Ppiokovtal og Ttivaka pop@ng NxN,
ottou N 0 apiBuog Twv KOPPwv (otdoewv) Tou dIKTVoL. O aAyopiBuog autol Tou
otadiov dloPadlel To apxeio csv, dNUIOLPYEL Eva AVTIOTOIXO YPAUMIKAC MOPPNAC, OTNV
OTIOI0 KABE ypOUMN OTIOTEAEITAlI OTIO TPEIC OPOULC: KOMUPBOC TIpoEAeLONC, KOUPOG
TIPOOPICHOU, HETOKIVIAGCEIC OTIO TOV KOUPBO TIPOEAELGNG OTOV KOUPBO TIPOOPICUOU.
Tavtoxpova, 0 idlo¢ TIVOKAC YPOUMIKAG MOP@NG KOTOypA@ETal OTn PvAUn TOUL
TIPOYPAUMATOC YIO XPrON 0T GLUVEXELD.

To diktuo elodyetal amo apxeio csv poper¢ NxN, ottou N 0 apIBPOC TwV KOPPBwWVY
Tou JIKTUOUL, OTIWC Kal Ol Ttivakeg Mpogleuang — MPOOPICUOVL. ZTOV GUYKEKPIPEVO
THivoKa N d10popoTIoinan ato TOuC TIPONYOUPEVOUC EYKEITAI OTO YEYOvVO(C OTI Ol
YEITOVIKOi HETOEL TOLG KOUPBOI AaPBAVOLY W¢ TN TNV YEan SIAPKEIN PETaKivnong (o€
AETTTA) 01O TOV €vav KOUBO OTOV GAANO, EVW CGTNV TIEPITITWON WI YEITOVIKWY KOUPBwWV
n uun auty opiletal ion pe undév, €101 WOTE va avayvwpilel 0 aAyopiBuog Tolol
KOMBol €ival yermovikoi Kal va dnuiovpynaoel 10 diktuo. Ta dedopéva Tou JIKTUOU
aroBnkevovTal Ot PvAuUN TOL TIPOYPAUMATOC WC YPAYOC (graph) g HopEncg

OTI0UL:

G = ypagoc diktvou (graph)
N = koupog (node)

i = TtpoéAevan (origin)

j = TIpoopIopo¢ (destination)
t = xpovog Petdpaong

Mo ™ dnuioupyia Tou ypdeou aglottoinenke n duvatotnta NG python va dnuiovpyei
oopr dedopEvwy Ae€IkoL (dictionary), n oTtoia aTtoTeAE] €va €id0C TTivaka GTO OTT0I0
KABe oToixeio €xel Kal Eva KA (label) og avtiBeon pe v ammAf popen Ttivaka
(array) otnv otoia n avadtnon TTPAYUATOTIOIEITOI e TOV APIBUO OTNANG WG KAEIDI.
O ypda@oc¢ tou BIKTUOoU €ival €va Ae€IKO G TO OTT0I0 TIEPIAAUPBAVEL WG KAEIDIA OAOUC
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B)

Y)

TouC KOUBouC TtpoEAeVaNnC Ni, Ol TIMEC TWV OTIoIWV Eival KABE pia Eva dIOQOPETIKO
Ae€IKO TO OTI0I0 TIEPIAAUPBAVEL WC KAEIDIA OAOLC TOUC KOUBOUC TIPpoopIopoL N; aTto To
OULYKEKPIPEVO KAEIDI N; evTO¢ TOU OTToioL BpioKovTal Kal Ol TP Tou KaBevog IcouTal
ME TOV XpOVO PETAROONC tj TOU CLYKEKPIPEVOL (EVYOUC.

Anpiovpyia apxikoO SIKTOOUL:

H dnuioupyia TtOU 0OpxIKOU OIKTUOL, O OvTIBEON HE TIC AANEC €PELVEC OTO
OUYKEKPIPEVO TIPOPANMPO, G€ QLT TNV €PYOCio TIPAYUATOTIOIEITOI CUPEWVO UE TIG
OVAYKEC TWV OETUIWY XPNOTWV. AUTO TIOPEXEL TO TIAEOVEKTNUA TNC dnUiovpyiag evog
OIKTOOU pE Pdaon TNV €EUTINPEINCN TWV OECPIWV XPNOTwV, €T101 WOTE VO
€€ao@OAIOTEl TIpWTA IO OAX TO BACIKO TOUC SIKAiWUA OTN PETaKivnon.

Me Bdon T¢ IBITEPOTNTEC TOL TIPORAAUATOC KAl OE GUVAQEID UE TIC AVTIOTOIXEQ
€PeuVeC, Bewpeital oTabePOC apIBUOg ypaupwy routeN oplopeévog amo 10 XpnoTtn.
Emopévweg, yla va Tpoaydotoroinbei n dnuiovpyio ToU apXIKOU OIKTUOUL
TipaypoToTIoleital n €€n¢ oladikaaoia, n oroio emavaAapBaveTal TOOEC POPEC OOEC
KOl O apIBUOC TWV YPAUPWY TIOU ETUAEXONKE:

ATIO Ta dedOPEVA PETAKIVIOEWVY YIO TOUC OETUIOUE XPNOTEC LTTOAOYI{OVTOL UE TN
Xpron tou oAyopiBuouv Tou Dijkstra o1 ouvtouotepeC OIOOPOPEC yia TO
OUYKEKPIPEVO OikTUo. Ol JI0OPOUEC AUTEC OTIOTEAOLV LTIOWNPIEC YPAUMES TOU
OpPXIKOU SIKTVLOU.

e KOBe vrmoyn@ia ypauurn uttoAoyidetal 0 aplBUOC TwV HETAKIVIOEWY TIOL
MTIOpoUV va e€umnpetioouy arevbeiag, onAadn xwpic uetemBifacn. O
UTTOAOYIOMOC OUTOC TIPAYMOTOTIOIEITAl VIO TO GUVOAO TWV CTACEWVY TNG YPAUMNC,
ETIOMEVWC N KABE ypauun IKavoTiolel, Bewpntikd, Ttepiocotepn {Atnon armod 1o
{ebyoC TIPOEAELONG — TIPOOPICHOL OTIO TO OTIOI0 dNMIOLPYHBNKE.

O1 vToYnPIEC YPAPPEC KataTtaooovtal o€ @Bivouvoa oelpd Bacel tng {Atnong
TIOU IKAVOTIOIEL (LTTOAOYIOUEVN OTTIO TO Brua (2) ). H ypauur Tou IKaVOTIOIEL TNV
TIEPIOOOTEPN {1)TNON TIPOCTIOETOI OTO APXIKO SIKTLO.

Ol YETOKIVACEIC TIOU €EUTTNPETOLVTAI ATIO TNV YPUUMN TIOL ETUAEXONKE 0TO Brua
(3) agaipolvtal amo ta dedOUEVA HETOKIVAOEWVY TIOU XPnalyoTtoénkav. Kotd
NV €MIoTPOPN OTo Prjua (1), Ta OedOUEVA PETAKIVIOEWY Eival UTTOGUVOAO TWV
OPXIKWV OEGOPEVWV TIOU XPNOIUOTION0nKav.

ATIO TNV TIAPATIAV® O10dIKOCIO TIPOKUTITEL TO APXIKO SIKTLO TOU TIPOPANMOTOC.

A&loAGynon apXIKov SIKTOoUL:

>1n @Acon auTr To apXIKO OIKTLO eloEpxeTal o€ dladikaaia a&loAoynanc (evaluation),
oTnNV OTIoi0 LTIOAQYICOVTaI TO ATIOPAITNTO GTOIXEIO TOL dIKTVOUL, dNAadN Ta TTOCOCTA
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d)

METAKIVIIOEWVY avaloya PeE Tov aplOud peterifiBacewy (do, di, dz, dun) KOl O HEGOC
XPOVo¢ peTaKivnong ava srupatn (ATT).

H a&loAdynon mpayyatotoleital Pge oAyoplOuo avabeong (assignment) Twv
ETPRATWV OTIC YPOAPPEC TOU OIKTUOUL. Ma KABe {ebyog TIPOEAELONG — TIPOOPICHOU
uTtoAoyidovtal o1 vTIoYNPIEC dIOdPOUEC TIOL Ba akoAouBrjoouv, TIPOCBETOVTAC OF
KOBe dladpopr pe MeTeTURiBaon v avtiotoixn ToIvVh, OvAAoyo HE TOvV apiBuo
peteTuPIBAcEwyY, OTOV XPOVO OdlodpOoUNnG. 2Tn cuvéxela dlatnpouvtal Pévo ol
Ol0OPOUEG PE TOV EAGXIOTO XpOvo. H péBodog autr) Teplypd@etal otn BiBAloypagia
w¢ MéBodog 2 (Fan and Mumford, 2010), otnv oTtoia Bewpeital 0Tl 0 ETIRATNG EXEL
TIANPN YVWOn ToU SIKTU0U, ETIOPEVWE TIPOTIHA TIC SIOOPOUEC PE MIKPOTEPO XPOVO O€
TIPWTO ETTTIESO KAl PE PIKPOTEPO OPIOUO PETETURIBACEWY 0g BEVTEPO. AlATNPULVTAC
TIC EVAANOKTIKEG PE TOV EAAXIOTO XPOVO KOl TOV EAAXIOTO OpIBuo petemfiBdocwy, n
{ATNon TOU OCULYKEKPIPEVOU (eVYOUC TIPOEAELONC — TIPOOPICHOL MHOIPALETal OTIC
EVOAMAKTIKEC OIUTEC.

Mo TV TTOPOLCIiaGT TWV OTIOTEAECUATWY UTIOAOYIETAI TO GUVOAO TWV ETTIROTWV TIOL
IKavoTtolouvTal arteudeiag (do), pe pia peterupBifaon (d;), ye dvo petemPiBacelg (ds),
N ME Avw Twv dVo peteTIfIBacelg (dun), aBpoilovtal ol Xpovol dladpoung Kal oTo
TEAOC OI101POLVTAL PE TOV APIBPO TWV PETAKIVOUUEVWVY (ATT).

H aglohdynon tou SIKTOoU, yia AOyou oUYKPIoNG, TIPOYHUOTOTIOIEITAl KAl YO TOUC
OECMIOUC XPNOTEG KAl YIA TIC GUVOAIKEG PETOKIVAOEIG.

BeAtiotoTtoinon Ye tn XPron YEVETIKOU aAyopibuou:

>t @don outr TipaydaToTiolEital N PeATion TOu OPXIKOU SIKTOOL WE TN XPrnon
YEVETIKOU OAyopiBuovu. H diadikaacia gival tapopola e auth TIou SIOTUTIWVETAI OTO
Ke@. 5.2.3, Y€ KATIOIEC TPOTIOTIOINCEIC Ol OTIOIEC AVOAVOVTAI TIAPOKATW. H dladikaaia
TIOL aKOAOUBEITaI Eival N €ENG:

ApxikoTtoinon T1AnBuopoL (Initialization): Zto Prpo oULTO TIPOYUOTOTIOIETAL
onuiovpyia Tou ApPXIKOD TIANBUCHOU. AeBOUEVOL OTI OEV EXEl EUPAVIOTEI OKOUO
TIOIKIAOJOP®Ia, TO KABe &topo TOou TIANBLCPOU Eeival B0 PE Ta LUTIOAOITIO KOl
QVTiypa@o Tou apxIKoD SIKTUOL TIOL TIPOEKLYE aTtd TN @don (B). MNa 10 Adyo
OUTO TIPAYUATOTIOIEITAI EK TWV TIPOTEPWV AEIOAOYNON TOU OPXIKOU SIKTUOL HE
UTIOAOYIOMO TNG TIMNAC TNG OVTIKEIMEVIKAG ouvaptnong fitness (6€ ouuTiepl-
AapBavetar ot @aon (y). To péyebog¢ tou TANBLOPOUL €€apTaTal OTIO TNV
TIOPAETPO popN TIoL opileTal aTto T0 XProTn €€’ apxnCg. TEAOC, TO apXIKO diKTLO
TIpOCTiOeTal KO 0TV YETAPBANTI best, n ortoia TrepIAaPBAvel T0 KAAOTEPO SIKTLO
TIOU €XEl TIPOKOWEL HEXPL OTIYUNC.

MEeTa@Opa TwV KOAVTEPWV LTIOWNPIWV SIKTVWV OTN VEX YEVIA: XPNOIKUOTIOIVTAG
TNV TEXVIKN ToL eAtiopoL (elitism) kal pe Baon tov aplBud KOAUTEPWVY AVCEWV
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eliteN 1oL opiletal aTto TOV XProTn, Ol KAAUTEPEG AVCEIC TIPOCTIBEVTAl AUTOVCIEC
OTOV VEO TIANBLCO.

E@appoyn yevetikwv TeEAeaTwV: MNa 10 a0VOA0 Tou TTANBLCHOU Kal yio apIBuo ico
ME TO MIOO NG d1a@opdc tou peyeboug eliteN amd 1o oOvoAo Tou TTIANBUGHOU
((popN — eliteN) / 2), €tol woTte 0 vEOg TTANBLCOPOC va €Xel id10 apIBud aTtopwWY
aTtd TOV TIPONYOUHEVO, TIPAYMOTOTIOIEITAI ETUAOYI YOVEWV PE BACN TNV TEXVIKN
NG €TIAOYNACG POLAETAC (roulette wheel selection) kal e autolg e@appoloval ol
TEXVIKEC dlaoTavpwanc (crossover) Kal HETAANOENC (mutation), TIPOKEIPEVOL VO
onuiovpynBoulv aTtdyovol.

MO CLYKEKPIPEVD, N ETUAOYI POLAETOC KOTATACOEl Pe Baon Tnv Tipn fitness ta
AToMa TOL TTANBLOPOUL Kal LTIOAOYIZEL yia TO KaBEva TNV TIBaVOTNTA ETIIAOYAG UE
Baon tnv tyn fitness diaipguevn pe 10 dBpolopa Twv TIHwWVY fitness dAwv Twv
OTOMWV. 2T OUVEXEID UTIOAOYIETOI €vaC TLXOIOC TIPOYUOTIKOC apiBuog OTo
olaotnua [0 , 1] Ko ol TIPEC TUBAVOTNTOC TIPOOTIBEVTAl PE TN OEIPA PEXPL TO
aBpoiopd tOLC va &emepdoel TOV TUXAio oplBud. To ATOPO OTO OTIoIo
EEMEPAOTNKE AUTOC O apPIBUOC aToTEAEl TNV €TIAOYN NG POUAETAC.
EmavaAapBavoviag 1 dladikacia autr) GAAN dia @opd TIPOKUTITOLV ol dLOo
“yoveic”.

21N OULVEXEID, OTOUC YOVEIC EQPAPPOLETAl O YEVETIKOC TEAEOTNC TNC dlooTAUPWAONC
(crossover). ETIAéyetal évag Tuxaiog TIpaypaTIKOG aplBudg oto didotnua [0, 1]
Kal, €QOOOV €ival PIKPOTEPOC OTIO TOV OOCHEVO OTIO TOV XPNOTN OPIOUO Pswap
(crossover rate), TIPAYPOTOTIOIEITON N TEXVIKNA TNE O100TAVPWONG. Z€ TIEPITITWON
TIOU TEAIKA TIPAYUATOTIOIEITOl SlOCTAVPWAN, ETUAEYETOI EVOCG TUXMIOC OKEPOIOG
aplOuog oto diaotnua [0 , routeN — 1]. Me Bdon Tov apIBUO OUTO ETTIIAEYETAL N
Béon oTnv OTIoio TIPAYUOTOTIOIEITAl N EVOAAAYT YPAUMUNAG METagL Twv OLOo
OIKTOWV. Ta Vo véa diktua aroteAoly Ta “Ttaudid” chy, chy.

TENOCG, EQAPUOLETAl O TEAEOTNC TNC METAANOENG (mutation). e avtiBeon pE Tov
TeEAEOTN TNC dl0OTAUPWAONC, AUTOC EQPAPUOLETAl TIAVTA, OPWC Xwpiletal ag d0Oo
KOTNYOpPIeC:

* Mikpn tpomoroinon (small modification): Ztn GCUYKEKPIYEVN TIEPITITWON
ETUAEYETOI OTIO TO OIKTUO HiO yPOUUA ME TNV ETUIAOYI POULAETAC, GTNV OTIoIO
W¢ PBapo¢ AauPaveral To avtiotpo@o 1ng¢ {ATNCONG TIOU UTIOPEi va
IKOIVOTIOINCEl ATIELOEINC, £TC1 WOTE VA ETUAEYOVTAl PE PEYOADTEPN TTIBOVOTNTA
Ol “XEIPOTEPEC” YPAUMEG. ZTN OUVEXEID, ETTIIAEYETAI TUXMIOC OKEPOAIOG APIBUOC
oto dldotnua [0, 1] Kai, avdioya pe autd Tov aplOuo, ETIIAEYETAl TIPOC TPO-
TIOTT0INON N APETNPIO 1) TO TEPUO TNCG YPAMMNC (TIPWTOC 1) TEAELTAIOC KOUBOC
avtiotoixa). ‘Emeita, pe Bacn tnv mBAVOTNTA Py, N OTIOIO OpileTal ATIO TOV
XPNOTN, ETUAEYETAl TUXAIOC TIPAYUATIKOG aplBudg oto didotnua [0, 1]. Av o
OpPIBUOC aUTOC €ival JIKPOTEPOC OTIO TNV TUBAVOTNTO Pel, TOTE O ETIIAEYUEVOC
KOPBOC agalpeital armod N ypapun. Av gival peyoAlTepoC, TOTE, YE BAaon 1O
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EIONYUEVO OIKTLO, ETUIAEYETAI TUXOIO €vag KOUPBOC OO TOUCG YEITOVIKOUC TOU
ETUAEYUEVOL KOUPBOL (0 oTtoiog dev TepINOUPBAvETal RO OTN ypPOuun) Kal
TIPOCTIOETOlI O€ aUTH. Z€ TEPITITWAN PN LTTAPENG YEITOVIKOL KOUBoL TIou va
TIANPOI TIC TIPOUTIOBECEIC, O OAYOPIBOC OEV TPOTIOTIOIEL TN YPAMM).

* MeydAn tpotomoinon (big modification): Ze autr) TV TEPITITWAN ETUAEYETOI
TuXaia N ageTnpia 1 T0 TEPPA TNC YPOUUNG (OPOoIWE PE TNV TIEPITITWON NG
MIKPNC TPOTIOTIOINONG. ZTN OCUVEXEIA, OPWC, KATOypA@OVTIal OAEC Ol
OLVTOPOTEPEC DIOOPOUEC ATIO 1] TIPOC TO ETUAEYHEVO onueio pe T Bor Bl Tov
oAyopiBuouv tou Dijkstra kol katatdooovial o€ @Bivovoa oeipd Pe Baon tn
{Atnon TIoL PTIOPOUV VO IKOVOTIOIoouY aTtevBeiag. ‘Emerta, pye ) pEBodo
ETUAOYNG POLAETOC PE BAPOC TIOU TIPOKUTITEL ATIO TNV IKAVOTIOINGN attevdeiog
\tnong, eTuAéyetal n dladpoury TIou Ba OTIOTEAECEl TN VEA YpPOUUR. Z€
TIEPITITWON TIOU Ogv LTIAPXEl UTIOYNRQPIO EVOAAAKTIKI Olodpopr (ouvhOwg
EM@OAVICETAl QUTH N TIEPITITWON AOYW MPNOEVIKAC {NTNONC OTOV ETUIAEYUEVO
KOUBO) EeTIIAEyeTal O AAAOC KOUPBOC (O@eTnpio av TIPONYOLUEVWC EiXE
ETUAEXDEI TO TEPUA 1] TO AVTIOTPOPO) Kal N dladiKagia eavaAauBaveTal.

H emAoyry Tou TOTIOU TPOTIOTIOINONG TIoL Ba e@apuoctei Paciletal otV
TUOAVOTNTA Pms, N OTIOIO KABOPIZEl TNV TUOAVOTNTA VA TIPOYHOTOTIOINGED HIKPN
Tportormoinon. H mBavotnta autr eival ouvnBwg peyAAn, OI10TI N HEYAAN
TPOTIOTIOINGN XPNOCIUOTIOIEITAL VIO TNV OTIOQUYI] EYKAWRBICHOU C€ TOTIIKA PEYIOTA,
TIOPEXOVTOC OPKETA HEYAAEC TPOTIOTIOINCEIC YIO VO CULVEXIOTEL N avaldftnon
KOAOTEPWV AVCEwWV. H dladikaaia tng PETAANAENG TIPAYUOTOTIOIEITOl dV0 POPEC,
Mia yio KaBe “Ttondi”.

AZloAoynon Tapayopevwy  SIKTUWV: To TIOPayopEva amo TG TIAPATIAVL
oladikaaoie¢ diktua (“rtandid™) a&loAoyouvTal, TIPOKEIPEVOL VO UTIOAOYICTOUV Ol
TINEG fitness TOL KABEVO(. ZTn GLVEXEID TIPOCTIBeVTAl OTOV VEO TTANBLGUO Kal
TIPAYMOTOTIOIEITON KOTATAEN TOU VEOU TIANBUCOL o€ avéouaa aelpd Ye Baon v
Tiun fitness.

E&€taon Omapéng koALtepnC Avong: H tiyn fitness tou mpwtou oTn oelpd
OTOPOUL TOUL VEOU TIANBUOHOU GULYKPIVETOL PE QUTH TOU ATOPOL TIOL PpPioKeTal
otnVv JETaBANTA best. Av n Tiun fitness tou atéuov Tou Bpioketal oTn PETABANTH
best eival peyaAltepn amd TV AVTIOTOIXN TOU TIPWTIOU OTOV VEO TIANBLOMO
(dnAadn XEIPOTEPO OTIOTEAECUA), TOTE N WETAPBANTA best opiletal amo v TTpwn
TOUL VEOUL TIANBUCUOU.

‘EAeyxo¢ ouvBnkng TEPUATIOPOU: ZTO GUYKEKPIPMEVO TIPOYPAUMO ETUAEXONKE WC
OLVONKN TEPUATIOPOD QUT) TOU OCUYKEKPIYEVOL aplBpol emavaAnPewv. O
OpIBUOC OLTOC OpIlETal €K TWV TIPOTEPWVY OTIO TOV XPNOTN. ZE TIEPITITWAON TIOV
IKAVOTIOIEITOl N OULVONKN TEPUOTIOMOU, O YEVETIKOG OAYyOpIOPOC Aryel Kal
ETUOTPEPEl TNV TP} Tou OIKTLOL TIOL [pioketal otn PetaBAnt best. e
TIEPITITLOT) TIOU A€V IKAVOTIOIEITAI, TOTE 0 APIBUOC ETTOVAANPEWY aLEAVETal KATA
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Mia povdada, o apxIKOg TIANBLoPOC avTikaBioTatal amd Tov VEO Kal O VEOC
TIANBLO PO dlaypaeTal. MeTd ATIO OUTO, 0 OAYOPIBUOC ETIIOTPEPEL 0TO BAuA (2).

€) AZI0AOYNoN Kol UTTOAOYICHOC OXNHATWV:

TN OULYKEKPIUEVN @dAcon emavaiapBdvetal n oladikacio agloAdynong Tou
TIpAYPOTOTIOINBNKE TN @Acn (Yy) yia 1o TEAIKO OIKTUO TIOUL TIPOEKLYE ATIO TOV
YEVETIKO aAyopi1Buo (pdon (). Emimpoabeta, otn @don autr vrtoAoyiletal n {ntnon
KABE ypauMNC yia KABE aLVOECHO, KOBWC KOl TA AEITOLPYIKA OTOIXEIO TWV YPAPHWVY.

Me Tnv avadeon twv emiBatwv oTto diKTuo (assignment) IOV TIPAYPOTOTIOIEITON KOTA
N dldpkela TG a&loAdynong MTopoUV va ULTIOAOYICTOUV Ol (QOPTIcEIC Ot KAOE
olUvdeouo, dnAadn n {Nnaon o€ Kabe oOVOETHO. ATIO TIC QOPTIOEIC AUTEG, PE BAan
TN MEYIOTN @OPTION KABE ypOauUNG, UTTOAOYIZETAI N ATIOPAITNTN CLXVOTNTO JIEAELONG
TwWV OXNUATWV. APXIKA, XPNOIYOTIOIOUVTOl TUTIIKA Asw@opeia 80 Bocwv Kal,
OlIPWVTAC TN QOPTION HPE ToV aplBud Twv B€cewv, TIPOKUTITEL O APIBUOC TwV
OTIOPAITNTWVY AEWPOPEIWV ava wPa. & TIEPITITWATN CLXVOTNTAC PEYOAUTEPNG TwWV 12
OXNUATWV avd wpa (dNAadr XPOVOATIOOTOCH UIKPOTEPN TWV 5 AETITWV) ETUAEYOVTAI
apBpwtd Acw@opeio 150 BEcewV Kal 0 LTIOAOYICPOC eTTavoAapBavetal. ‘ETeita, yia
KOOE ypauun uTtoAoyietal 0 XpOvog dI0dPOUNC, O OTI0I0G TIOAAATIAACIALETAI PE 2.2
(*2 yia emiotpo@r) + 10% ava KatebBuvan yio XPOVO ETTAVAPOPAC). T CUVEXEIA, UE
Bdon 10 XpOvo dIadPOUNC Kal TN ouXVOTNTa SIEAELOTNC, LTIOAOYIZETOI O ATIOPOITNTOC
OPIOUOC OXNUATWY. 2TO ATIOTEAECHUATO TIOU TIPOKUTITOUV TIEPIAAPPBAVETAL Yia KABE
YPOUUR O TIIVOKOC TWV QOPTICEWV avA CUVOECHO, N PEYIOTN POPTIoN, N cuxvoTnTa
OIEAELONC, O TUTTIOC OXNMOTOC KOl O ATIOPAITNTOC apPIBUOC oxnudatwy. ETunpoceta,
LTTOAOYIZETON KOl TIPOOTIBETAI OTA OTIOTEAECHOTA O APIBUOC TNC PEYIOTNC QOPTIONC
TIOU TIPOKUTITEI hE BAan T ouxvotnta SIEAELONG KOl TOV TUTIO OXAMUOTOC. KaVOoVIKA,
n MEYIOTN QOpTION E&ival PIKPOTEPN 1 OPIAKA ion HE TN MEYIOTN QOPTION TIOL
XPNOIKOTIOINONKE yIa TOV LTIOAOYIOHO TN CLXVOTNTAC, OMWC, ETIEION EXEI TIPONYNOEI
OTpOyyuAoTtoinon TPo¢ Ta TIAVW AOYwW OKEPAIOL aApPIBPOD OXNUATWY Kal
ouxVOTNTAC, N TIYA TNG oLVABWC €ival PEYOADTEP.

210 ETIOPEVO KEPAAOIO Ba TTOPOLCINCTOUV Ol TIOPAPETPOI TIOU OPICTNKOV OTIO TOV XPRoTh,
KOBWC Kal Ol TIHEG TTIOL AOOBNKAV KAl TO OTIOTEAECPOTO TOL TIPOYPAUUATOC.
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6. EQappoyn — ATtoTEAETpOTA

Ma v emilvon tou TIPOPRANUATOC OXESIAOUOU XPNOIUOTIOIBNKE TO TIPOYPOUUA TIOL
QVOTITOXONKE yia TNV TIOPOoLCa Epyaaia Kol TIEPIYPAPETAl avaALTIKG oTo Keg. 5. H ermiduan
TIPAYMOTOTIOINBNKE yia diKTua e 6, 7 Kal 8 YPAUMEG.

H doun ¢ €@apuoyng Tou TIPOYPAUMATOC Kal TNG TIOPOUGCIacNG TWV OTIOTEAECHATWVY
Bagiletal otn AoyiKA TNG KATnyoploTtoinong Ye BAon Tov apiBuo Twv YPOPPwY. Z€ KABE
Katnyopia avaAvovtal tpia Bruota:

o)  EmAoyn KAtGAANAWVY TIOPOUETPWV
B) AmoteAéopata BeAtioToTIoINONG

Y)  AvdAuon evaiobnaiag TapoapETpwY

6.1. ETtiAuon 8IKTVOU 6 YPOUHWV

6.1.1. ETuAoyn TTHPOPETPLWV

Ma tv emiduon Tov OIKTVOU PE 6 YPAUMPEG €ival OTIaPAITNTO va 0PIoTOUV Ol BOCIKEG
TIOPAETPOI TIOL divOvTal OTO TIPOYPAUMA EK TWV TIPOTEPWV. MPOKEITAL YIO KATIOIEC OPXIKEG
TIOPAUETPOVE OXETIKA MPE TNV €MIBLPNT POPER Tou OIKTUOU, KOBWC Kol TIOPAUETPOI
OXETIKEC PE TOV YEVETIKO OAYOpIOuO.

Ol apXIKEC TTAPAPETPOI TOL TIPOPBANUATOC gival ol EENG:
*  EANGX10TO UAKOC YPOAUMNG: Smin = 4 KOOI
*  MEyIoTO PAKOC YPOUMNG: Smax = 8 KOUPOI

* o peterufifoonc: penaltypanst = 5 min
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Ol TTaPAPETPOI TOL YEVETIKOV aAyopiBuou, 0Ttw  avaAubnkav oto Keg. 5.3.2.8 eival o1 €€1¢:
*  MéyeBog TAnBuopoL: popN = 20
*  Meyebog eAit: eliteN = 8
*  ApiBuog emavoAPewv: iterN = 150
e JuvteAeoTn¢ dlaoTavpwang (crossover rate): Pswap =1 /1iNneN=1/6
*  JUVTEAEOTNC MIKPNC TpoTtoTioinang (small mod rate): pms = 0.9

*  JUVTEAEOTHC Olaypa@nC KOUPBOUL: Pae = 0.4

6.1.2. MNapovaciaon ATTOTEAECUATWV

Ta oTIOTEAECUOTO TIOU TIPOEKLYAV VIO TN CUYKEKPIUEVN Katnyopia SIKTuou Ttapouaidloval
TIOPOKATW. Ta ATIOTEAECUATA OQOPOUV TNV OEIOAOYNGCN TOU OPXIKOU Kal TOU TEAIKOU SIKTUOU
TO00 OTIO TNV TIAELPA TWV SECUIWV XPNOTWV, 0G0 KOl aTIO TNV TIAEUPA TOL GUVOAOU TWV
Xpnotwv. Xtov Tivoka 6.1.1 Tmapoucialovial o PeEyEBn TIOL TIPOEKLYOV ATIO TN

OUYKEKPIPEVN EQAPUOYN.

Mévedo ApPXIKO dikTLO ApPXIKO dikTLO TeAIKO diktvO TeAIKO dikTLO
YEvoq AgopI01 XPHOTEG | ZOVOAO XPNOTWV | AEGHIOI XPOTEC | ZUVOAO XPNOTWV
ATT 11,8 11,79 10,58 10,48

do 86,48 84,46 93,00 91,91
d, 13,15 14,96 7,00 8,09
d. 0,38 0,58 0,00 0,00
dun 0,00 0,00 0,00 0,00

Miv. 6.1.1. ArtoteAéouata BeATiaTornoinang yia diKTuo 6 yPauuwy

Mapatnpeital 0Tl To ATTOTEAECUATA €ival OVIWG PeATIWPEVA, TOOO Yyia TOUG OECUIOUG
XProTeg, 000 Kal yio TO OUVOAO TV METAKIVOUPEVWY. AUTO CGnuaivel 0TI 0 aAyOpIBPOC
TIOPAyel VEEC KAADTEPEG AVCEIC, €VW TOUTOXPOVO TA QATIOTEAECUATO, KPivovtag oo Tov
MECO XPOVO avd eTRATN, €ival IKOVOTIOINTIKA Kal yia TIG V0 KOTnyopieg emiBatwy. Emionc,
€Va OKOPO OTOIXEi0O TIOL ETIIOPA OETIKA OTO OUYKEKPIYEVO OTIOTEAECUATO  Eival N
TIPAYMOTOTIOINGN TOL GLUVOAOL TWV PETOKIVAOEWV UE Mia PeTeTIRiBaon To TIOAD Kal yid TIC
000 KOTnyopieg ETIRATWV.
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210 Alay. 6.1.1 TIAPEXETAI ETIOTITIK ATIOTOTIWAOT] TWV OTIOTEAECUATWV.

18000 12

16000

14000 1.5
12000
11 ®mATT
10000 = dun
8000 M d2
0,5 mdl
6000 Hdo
4000 0
2000
0 95
AAME  AAX AOE AOX TAE TAX TOE  TOX

Aidy. 6.1.1. AtoteAéauata TTpoypappatoc yia SiKtuo 6 ypauuwy

=

=

O1 Katnyopieg peyebwv emeényolvtal oTo LTIOPVNUA. O apIoTEPOC Y-AEovag OXETI(ETAI PE
Ta PEYEDN emIPOTIKNC Kivnong, evw 0 Og€log Y-a&ovag oXeTi(etal PYe TOV PECO XPOVO
oladpoung Kabe mepimtwong. H kwdikoroinon tou X-d&ova TipayuaToTIoIEiTal e TN XPrRon
TPIQV YPOUUATWY, Ta OTIoi0 avaAVoVTal W EENC:

A: ApXIKO dikTuo — T: TEAIKO diKTUO
A: Aéopiol xprioteg — O: Z0VOAO XpnoTwv
E: Mocootd emifatwv — X: Mégog Xpovog Metakivnong

O oxedIaoPOC TWV YPOPHWY TOL SIKTUOU, dNAAdH N oAANAoLXio OTACEWY, TTOPOUCIALETal
oTov Ttivoka 6.1.2:

1: 0 1 2 5 9 10 12
2: 4 5 7 12 13

3: 0 1 2 5 14 6

4: 8 14 6 9 10 11

5: 8 14 5 7 9 13

6: 0 1 3 11

Miv. 6.1.2. H pop@rj tou TEAIKOU SIKTUOU
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Mo oLVOAIKN eTTOTTTEIO TOL dIKTVOUL, oTa Alay. 6.1.2, 6.1.3 TtapovaialovTal TO aPXIKO Kal TO

BeAtioTOTIOINWEVO BIKTLO, AVTIOTOIXO.

Ta AEITOVPYIKA OTOIXEIO TWV YPAPPWY TOU TEAIKOU SIKTUOU TIOpouaIalovTal OTOV TTiVaKO
6.1.3, evw atov Tivoka 6.1.4 TtapouacidlovTal ol PoPTICEIC ava GUVOETHO YIa KABE ypauun,

pe Bdaon tnv e€umtnpetolevn {nTnon.

Xp. KOKAOL | Zuxvotnta | Ap. OXNHAETWV ToTT0(Q Méy. Meta@opIki

(min) (vehl/h) (veh) oxfuoatog (N,A) | ikavotnta (pas/h)
1 33 16 20 A 2400
2 30 12 14 A 1800
3 18 6 A 1200
4 32 9 11 A 1350
5 29 12 13 N 960
6 21 10 8 N 800

iv. 6.1.3. A&ITOUPYIKG TTOIXEIX TOU TEAIKOU SIKTUOU
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APXIKO AIKTYO
6 TPAMMEZX

Ynouvnua

o= [papun 1

=== [pappm 2

= [pauun 3

== [papun 4

e [pappn 5
Fpappn 6

Aidy. 6.1.2. To apxIKO SIKTUO 6 ypauUwY
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TEAIKO AIKTYO

6 TPAMMEZX
Yrouvnua
o= [papun 1
e [papA 2
= [pauun 3
Mpapun 4
e [pappn 5
Fpappn 6
Aidy. 6.1.3. To T€AIKO SIKTUO 6 YPaUUWYV
1 0 2 5 7 9 10 12
1230 1756 2038 2274 2076 1660 1006
2 4 5 7 9 12 13
960 1700 1706 1722 570 130
3 0 2 5 14 6
808 1022 1162 972 940
4 8 4 6 9 10 11
386 380 1328 1276 820
5 8 4 5 7 9 13
218 232 770 920 456
6 0 1 3 11
596 730 220

Miv 6.1.4. dopTticei¢ ava ypauun avd gUVOEaUo
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6.1.3. AvaAucon vaioONCioG TIOPOUPETPWV

H avdAuon evaicbnoiog TpaypoToTIOEITOl YIo VO TIEPIYPAPEI TIOIOTIKA O TPOTIOC TIOU
ETINPEALEl KABE TIAPAPETPOC TO ATIOTEAECUATA TOU TIPOYPAMUATOC. INa va TipayuatoTtoinoei
OUTO ETUAEXONKAV Ol POCIKOTEPEC TIOPAUETPOI TOU YEVETIKOU OAyopiBuou, Ol OTIoieg
au&nbnkav Kal PEIwBnKav Katd £va TT0o0 aVAAOYO HE TNV TAEN PeyEBOUC. ZTn CUVEXEID, UE
TIC TIOPOUETPOUC TPOTIOTIOINUEVEG KOTA Mia KABE @opd eTOVAANQONKE n €TTiALCN TOU
TIPOYPAMMATOG KOl KATAypA@NoOV Ta OTIOTEAECHOTA. Ol JETABANTEG TTOU ETUAEXONKAV yia

TNV avaAvon evaiodnaiag, KaBw Kal ol HETOBOAEC TOuG ival o1 €ENC:

popN, eliteN (x4 kal yia Ta dU0 TAVTOXPOVA, £T01 WOTE VA HEIVEI OTABEPOC 0 apIBUOC

VEWV ATOPWV)

Pms (£ 0,1)
Pael (£ 0,1)

Mo TIPAKTIKOUG AGYoUC, N GUYKPIOH TIPOYUOTOTIOIETAL YIa TNV a&I0AOYNGN TOU GUVOAOU TWV
XPNOTWV. AVOAUTIKA OTTOTEAECUOTA ETTIICLVATITOVIOI OTO TIOPAPTNMO. XTov Tivoka 6.1.5

OTIEIKOVICOVTOI Ol HETOPROAEC OTO OTIOTEAECHATO TOU TIPOYPAMHATOC.

ApX.| TeA. | PopN+4 | PopN-4 | Pyns+0,1 | Pns - 0,1 | Py + 0,1 | Pge - 0,1
ATT | 11,79/10,48 10,63 10,59 10,50 10,52 11,50 10,53
do 84,46/91,91| 93,26 92,10 91,78 94,03 92,61 91,39
d, |14,96| 8,09 6,23 7,90 7,45 5,97 7,39 8,09
d. | 0,58 | 0,00 0,51 0,00 0,77 0,00 0,00 0,51
du, | 0,00 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Miv. 6.1.5. MeTafBoAéc ata ammoteAEouaTa amo 1V avdAuan uaiabnaiag

H emippor] Twv TIOPAPETPWY OTO ATIOTEAEOUATA Ba avOAUBOUV GUVOAIKA Yia OAEC TIG
KOTNyopieg SIKTOWV o1o Ke. 6.4.
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6.2. ETtiAuon 8IKTVOUL 7 YPOUH®WV

6.2.1. ETuAoyn TTHPOMHETPLWV

O1 apXIKEC TTAPAPETPOI TOL TIPOPANUATOC gival ol €ENG:
*  EMNGX10TO UAKOC YPOAUMNG: Smin = 4 KOOI
*  MEyIoTO PAKOC YPOUMNG: Smax = 8 KOUPOI

* Mo peterufifoaoncg: penaltypanst = 5 min

Ol TTaPAUETPOI TOL YEVETIKOV aAyopiBuou eival ol €ENG:
*  MéyeBog TAnBuopoL: popN = 20
*  Meyeboc eAit: eliteN = 8
*  ApiBuog emavoAPewv: iterN = 150
*  ZuvteAeoTn¢ dlaoTaVPWAONC (Crossover rate): Pswap =1 /lineN=1/7
*  ZUVTEAEOTNC MIKPNC TpoTtoTtoinang (small mod rate): pms = 0.8

*  JUVTEAEDTHC d1aypa@rC KOUPBOU: Pae = 0.3

6.2.2. Mapovuaciaon ATTOTEAECUATWV

Ta OTIOTEAECUOTO TIOL TIPOEKLYAV IO TN CLUYKEKPIUEVN Katnyopia SIKTuou Ttapouaidloval
TIOPOKATW. Ta OTIOTEAEGUOTO A@OPOUV TNV A&IOAOYNGN TOU OPXIKOU Kal TOU TEAIKOU SIKTUOU
TO00 OTIO TNV TIAELPA TWV ECHIWV XPNOTWV, 0G0 KOl aTIO TNV TIAEUPA TOL GUVOAOU TWV
XPNoTwv. Xtov Tiivaka 6.2.1 Ttapouciadovial ta PEYEBN Tou TIPoEKLYAV ATIO TN

OUYKEKPIPEVN EQAPUOYN.
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ApXIKO dikTLO

ApPXIKO dikTLO

TeAIKO diKTLO

TeAIKO diKTLO

HERUEE A¢opi01 XprOTEG | ZOVOAO XPNOTWV | AECUIOl XPHOTEG | ZUVOAO XPNOTWV
ATT 11,72 11,70 10,52 10,40
do 87,70 85,61 93,80 92,94
d. 12,30 14,39 6,20 7,06
d: 0,00 0,00 0,00 0,00
dun 0,00 0,00 0,00 0,00

Miv. 6.2.1. ArtoteAéouata BeATiaToroinang yia SiKTuo 7 YPauUwY

OTIW¢ Kal TNV TIEPITITWAT TOL SIKTUOUL 6 YPAUUWY, TIOPOTNPEITOI OTI 0 OAYOPIBPOC BEATIOVEL
TO QTIOTEAECHATA PE TNV TIAPAYWYH VEWV KOAUTEPWV AVCEWV, EVW TALTOXPOVA Ol XPOVOI
JI08POMNC Eival IKAVOTIOINTIKOI Kal yia TIC OV0 KOTNyopieg PETaKIVOLpEVWY. Kal ag auth v
TIEPITITWON O PEYIOTOC apIBPOC PETETIIRIBACEWVY Yia TIC VO Katnyopieg sivar 1.

210 Alay. 6.2.1 TIAPEXETAI ETIOTITIKN ATIOTOTIWAOT] TWV OTIOTEAECUATWV.

18000

16000

14000

12000

10000
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12

11,5

HATT
B dun
md2
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=

Aidy. 6.2.1. ArtoteAéouarta Tpoypauuatoc yia OiKTUO 7 YPAULWVY
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O1 Katnyopieg peyebwv emeényolvtal oTo LTIOPVNUA. O aploTePOC Y-A&ovag OXETICETal PE
Ta PEYEDN €TPROTIKNC Kivnong, evw 0 Og€log Y-A&ovag oXeTi(etal Pe TOV PECO XPOVO
oladpoung Kabe mepimtwonc. H kwdikoroinon tou X-ad&ova TipayuaToTIoIEiTal e TN XPrRon
TPIWV YPAUUATWY, TO OTIOI0 OVOAVOVTOL WG EENC:

A: ApXIKO BiKTLO — T: TEAIKO OiKTLO
A: Aéopiol xprioteg — O: Z0UVOAO XpnoTwv
E: Moocootd emipatwv — X: Mécog Xpovog Metakivnong

O 0XedIa0POC TWV YPAPUWY TOU dIKTOOUL, dnAadr N aAAnAovxia oTacewv, TIAPOLCIAETal
oTov TTiVOKa 6.2.2:

1 0 1 2 5 9 10 12
2: 4 5 7 12 13

3: 4 1 2 5 14 6

4: 8 14 6 9 10 11

5: 2 7 9 13

6: 0 3 11

7: 0 2 5 14 8

Miv. 6.2.2. H pop@n 10U TEAIKOU SIKTUOU

Mo oLVOAIKN €TTOTTTEIO TOL dIKTVOUL, oTa Alay. 6.2.2, 6.2.3 TtapovaiadovTal TO aPXIKO Kal TO

BeAtioTOTIOINWEVO OIKTLO, AVTIOTOIXO.
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APXIKO AIKTYO
7 TPAMMEZX

Ynopvnua

e [pappn 1

e [papun 2

= [papun 3

e pappn 4

e [pappn 5
Mpapun 6

= [pauun 7

Aidy. 6.2.2. To apxIKO SIKTUO 7 ypapUwV
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TEAIKO AIKTYO
7 TPAMMEZX

Ynopvnua

e [pappn 1

e [papun 2

= [papun 3
Mpapun 4

e [pappn 5
Mpapuf) 6

= [papun 7

Aidy. 6.2.3. To T€AIKO SIKTUO 7 YPAaUUWV

Ta AEITOLPYIKA OTOIXEIO TWV YPAUPWY TOU TEAIKOU SIKTUOU TIOpoLaIalovTal OTOV TTiVaKa
6.2.3, evw aToV TIivoKa 6.2.4 TtapoucldlovTal ol QoPTIoEIC ava UVOETHO YIa KABE ypauun,

pe Bdaon tnv e€umtnpetovevn {RTnon.

Xp. KOKAOL | Zuxvotnta | Ap. oxnUaTwv ToT0G Méy. Meta@opikn

(min) (veh/h) (veh) oxfuotog (N,A) | ikavotnta (pas/h)
1 33 15 19 A 2250
2 30 12 14 A 1800
3 16 12 8 N 960
4 32 11 A 1350
5 21 A 1050
6 21 6 N 560
7 24 11 10 N 880

iv. 6.2.3. A&ITOUPYIKG aTOIX €l TOU TEAIKOU SIKTUOU
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1 0 1 9 10 12
1316 1666 1670 2152 2026 1660 1006
2 4 3 12 13
590 1530 1728 1722 570 130
3 4 1 6
366 582 700 918 934
4 8 4 11
360 376 1328 1276 820
5 2 5
234 858 962 450
6 0 1
504 526 218
7 0 1 8
808 688 528 292 260

6.2.3. AvaAucon voicONCiag TIOPOUPETPWV

H avaivon evaiobnoiog TIPOyUOTOTIOIETAlI YIO VO TIEPIYPOAPEL TIOIOTIKA O TPOTIOC TIOL
ETINPEALEl KABE TIOPAPETPOC TA ATIOTEAECHOTO TOU TIPOYPAPMOTOC. MNa va TTpayuatortoindei
OUTO ETUAEXONKAV Ol POCIKOTEPEC TIOPAUETPOI TOU YEVETIKOU OAyopiBuou, Ol OTToieg
OUENBNKOV KOl PEIWBNKOV KOTA €va TTOOO aVAAOYO HE TNV TAEN PEYEBOLC. ZTN CLUVEXEID, HE
TIC TIOPOUETPOUC TPOTIOTIOINUEVEG KOTA Mia KABE @opd eTAVAANQONKE n €TtiAuon TOU
TIPOYPAPUATOC KOl KATaypa@noav ta armoteAéopata. O1 YeETaBANTEG TIOU ETUIAEXONKAV yid

iv 6.2.4. doprtioei ava ypauur avd gUVOEGUO

TNV avaAvaon evaiodnaiag, KaBw Kal ol HETOBOAEC TouG gival o1 €ENC:

Mo TIPAKTIKOUG AOYou(, N 6UYKPIOH TIPAYUOTOTIOIETAL YIa TNV 0&I0AOYNGN TOU GLUVOAOU TWV
XPNOTWV. AVOAUTIKA OTTOTEAECOUOTA ETTIICLVATITOVIOI OTO TIOPAPTNMO. ZTOV Tivoka 6.2.5
aTtelkovidovtal ol PETORBOAEC OTA OTIOTEAECHOTO TOL TIPOYPAUATOC.

popN, eliteN (x4 kal yia o dU0 TAVTOXPOVA, £T01 WOTE VA HEIVEI OTABEPOC 0 apIBUOC
VEWV ATOPWV)

pms (i 0’1)
Pael (£ 0,1)
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ApX. | TeA. | PopN+4 PopN-4|Pns+0,1 Pns—0,1|Pge+ 0,1 Py —0,1
ATT | 11,70 | 10,40 10,48 10,42 10,58 10,50 10,60 10,59
do | 85,61 | 92,94 91,84 92,55 92,36 94,09 94,16 94,16
d, | 14,39 | 7,06 8,16 7,45 7,64 5,91 5,52 5,84
d; 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00
dun | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Miv. 6.2.5. METaBOAEC OTa ATTOTEAEGUATA ATIO THV AVAAUGT EVaIoBnaiag

H emippor] Twv TIOPAUETPWY OTO ATIOTEAéOUATA Ba avOAUBOUV GUVOAIKA Yia OAEC TIG
KoTtnyopieg dIKTOwV ato Ke. 6.4. Qatooo, aéidel va onuelwdei 0TI, OTIWG @AIVETAI ATIO TO
OTIOTEAECPOTO TNC QVAALCNC evalocbnoiag, Ol TIOPAPETPOl Pms KOl Pge ETNPEALOLV OE
MEYOALTEPO BaBUOG TIC TTAPAYOUEVEC AVCEIC GE OXEQN PE TNV PETOBOAA TOL TIANBUCUOV.
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6.3. ETtiAuon d1KTUOUL 8 YPOUHWV

6.3.1. ETtIAoyn} TTOPOUETP LV

O1 apXIKEC TTAPAPETPOI TOL TIPOPANUATOC gival ol €ENG:
*  EMNGX10TO UAKOC YPOAUMNG: Smin = 4 KOOI
*  MEyIoTO PAKOC YPOUMNG: Smax = 8 KOUPOI

* Mo peterufifoaoncg: penaltypanst = 5 min

Ol TTaPAUETPOI TOL YEVETIKOV aAyopiBuou eival ol €ENG:
*  MéyeBog TAnBuopoL: popN = 16
*  MéyeBoc eAT: eliteN =4
*  ApiBuog emavoAPewv: iterN = 150
e JuvteAeoTn¢ dlaoTavpwang (crossover rate): Pswap =1 /1liNneN=1/8
*  ZUVTEAEOTNC MIKPNC TpoTtoTtoinang (small mod rate): pms = 0.8

*  JUVTEAEDTHC d1aypa@rC KOUPBOU: Pae = 0.3

6.3.2. Mapovuaciaon ATTOTEAECUATWV

Ta OTIOTEAECUOTO TIOL TIPOEKLYAV IO TN CLUYKEKPIUEVN Katnyopia SIKTuou Ttapouaidloval
TIOPOKATW. Ta OTIOTEAEGUOTO A@OPOUV TNV A&IOAOYNGN TOU OPXIKOU Kal TOU TEAIKOU SIKTUOU
TO00 OTIO TNV TIAELPA TWV ECHIWV XPNOTWV, 0G0 KOl aTIO TNV TIAEUPA TOL GUVOAOU TWV
XpNotwv. Xtov Tiivaka 6.3.1 Ttapouciadovial ta PeyEBNn TIou TIPOEKLYAV ATIO TN

OUYKEKPIPEVN EQAPUOYN.

67



ApXIKO dikTLO

ApPXIKO dikTLO

TeAIKO diKTLO

TeAIKO diKTLO

HERUEE A¢opi01 XprOTEG | ZOVOAO XPNOTWV | AECUIOl XPHOTEG | ZUVOAO XPNOTWV
ATT 11,66 11,65 10,44 10,35
do 88,92 86,58 95,54 94,16
d. 11,08 13,42 4,46 5,84
d: 0,00 0,00 0,00 0,00
dun 0,00 0,00 0,00 0,00

Miv. 6.3.1. ArroteAéouata BeAtiatoroinang yia diKTuo 8 ypauuwy

OTw¢ Kal OTIC TIPONYOUMEVEG TIEPITITWOEIC, €ival EPPAVEC OTI O OAYOPIOUOC PBEATIWVEL
a1I0ONT& Ta ATIOTEAECPOTO PECW TNG TIAPAYWYNG VEWV KOADTEPWV AVGEWVY, EVW Ol XPOvol
OI0dPOMNCE Eival IKOVOTIOINTIKOI Kal yia TG d00 KOTNyopieg METAKIVOUUEVWVY. AKOUN, O
MEYIOTOC apIBuOg peTeTIBIBAgewY dev uTtepPaivel TNV 1 yia TIC VO OUTEC KATNYOPIEC.

210 Alay. 6.3.1 TIAPEXETAI ETIOTITIK ATIOTUTIWAOT] TWV OTIOTEAECUATWV.
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Aidy. 6.3.1. ArtoteAéouarta rTpoypauuatoc yia OiKTuo 8 ypauuwy
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O1 Katnyopieg peyebwv emeényolvtal oTo LTIOPVNUA. O aploTePOC Y-A&ovag OXETICETal PE
Ta PEYEDN €TPROTIKNC Kivnong, evw 0 Og€log Y-A&ovag oXeTi(etal Pe TOV PECO XPOVO
oladpoung Kabe mepimtwonc. H kwdikoroinon tou X-ad&ova TipayuaToTIoIEiTal e TN XPrRon
TPIWV YPAUUATWY, TO OTIOI0 OVOAVOVTOL WG EENC:

A: ApXIKO BiKTLO — T: TEAIKO OiKTLO
A: Aéopiol xprioteg — O: Z0UVOAO XpnoTwv
E: Moocootd emipatwv — X: Mécog Xpovog Metakivnong

O 0XedIa0POC TWV YPAPUWY TOU dIKTOOUL, dnAadr N aAAnAovxia oTacewv, TIAPOLCIAETal
oTov TTivoKa 6.3.2:

1 0 1 2 5 9 10 12
2: 4 5 7 12 13

3: 0 1 2 5 14 6

4: 8 14 6 9 10 11

5: 2 5 7 9 13

6: 0 1 3 11

7: 4 3 5 14 6

8: 0 1 2 14 8

Miv. 6.3.2. H op@n 10U TEAIKOU SIKTUOU

Mo oLVOAIKN €TTOTTTEIO TOL SIKTVOUL, oTa Alay. 6.3.2, 6.3.3 TTapovaiadovTal To aPXIKO Kal TO

BeAtioTOoTIOINPEVO BIKTLO, AVTIOTOIXO.
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APXIKO AIKTYO
8 TPAMMEZX

Yropvnua
e [pappn 1
e [pappn 2
= [papun 3
== [papun 4
o= [pappn 5
Mpapun 6
e [papun 7
Mpaupn 8

Aidy. 6.3.2. To apxIKO SIKTUO 8 ypapuwV
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TEAIKO AIKTYO
8 TPAMMEZ

Yropvnua

e [pappn 1

e [pappn 2

= [papun 3
Mpaupn 4

o= [pappn 5
Mpapun 6

o= [pappn 7
Mpaupn 8

Aidy. 6.3.3. To TeAIKO SIKTUO 8 ypauuwv

Ta AEITOVPYIKA OTOIXEIO TWV YPAPPWY TOU TEAIKOU SIKTUOU TIOpOoLaIAlovTal OTOV TTiVaKO
6.3.3, evw atov Ttivaka 6.3.4 Ttapouaidldovtal ol POPTICEIC ava GUVOECHO YIa KABE ypapun,
pe Bdaon tnv e€umtnpetolevn {RTnon.

Xp. KOKAOL | Zuxvotnta | Ap. oxnUATWV ToOTt0G Méy. Meta@opikn
(min) (vehl/h) (veh) oxfuoatog (N,A) | ikavotnta (pas/h)
1 33 14 17 A 2100
2 30 12 14 A 1800
3 18 11 8 N 880
4 32 11 A 1350
5 21 6 A 1050
6 21 10 8 N 800
7 14 7 4 N 560
8 24 7 7 N 560

iv. 6.3.3. A&IToUpyIKG aToIX €l TOU TEAIKOU JIKTUOU
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1 0 1 2 5 7 9 10 12
1032 1516 1632 2100 2038 1660 1006
2 4 3 5 7 9 12 13
578 1160 1548 1698 570 130
3 0 1 2 5 14 6
582 746 848 710 710
4 8 14 6 9 10 11
374 360 1328 1264 820
5 2 5 7 9 13
262 800 962 450
6 0 1 3 11
530 726 214
7 4 3 5 7 14 6
366 514 302 278 250
8 0 1 2 5 14 8
492 506 458 228 242

iv 6.3.4. doprtioeic ava ypauur avd gUVOEGUO

6.3.3. AvdAuon vaiocOnciog TIHPAHETP WV

H avaivon euaiobnoiog TIPOyUOTOTIOETAl YIO VO TIEPIYPOAPEI TIOIOTIKA O TPOTIOC TIOL
ETINPEALEl KABE TIAPAPETPOC TO ATIOTEAECUATA TOU TIPOYPAPUATOC. IMa va TipayuatoTtoineei
OUTO ETUIAEXONKOV Ol PACIKOTEPEC TIAPAPETPOlI TOU YEVETIKOU QAyopiBuou, 01 OTIOiEC
QUENBNKOV KOl PEIWBNKOV KOTA €va TT0GO AVAAOYO UE TNV TAEN YEYEBOUC. 2T CLVEXEID, E
TIC TIOPOMETPOUC TPOTIOTIOINMEVEG KOTA Hia KABE @opd e€TTAVOARQONKE n €TTIALGN TOUL
TIPOYPAPMATOC KOl KOTAYPA@NOoOV Ta artoteAéopata. Ol PETABANTEC TIOU ETUIAEXONKAV yid
TNV avaAvaon evaiodnaiag, KaBw Kal ol HETOBOAEC TOuC Eival o1 €ENC:

popN, eliteN (+8 kal yia Ta d00 TAVTOXPOVA, £TCI WOTE VA UEIVEI OTABEPOC 0 OPIBUOC
VEWV ATOPWVY). AOYW HIKPOU TIANBUoHOL otn BEATIOTN AUON, ETUAEXONKE va pnv
TIpayPOTOTIOINBE avAaAvoT evalodNnaiag yia PIKPOTEPO deiyua TIANBUGIOL

Pms (£ 0,1)
Pael (£ 0,1)

12




Mo TIPOKTIKOUG AGYoUC, N oUYKPIoN TIPOYHOTOTIOIEITAl YIO TNV a&I0AOGYNCN TOL CUVOAOL TWV
XPNOTWV. AVOAUTIKA OTIOTEAECUATA ETIICLVATITOVIOI OTO TIOPAPTNMO. XTov Ttivoka 6.3.5

aTteikovidovtal ol HETOPBOAEC OTA OTIOTEAECUOTO TOL TIPOYPAUUOTOC.

ApX- TeA. PopN+4 Pns+0,1 Pns—-0,1 | Py +0,1| Pees—0,1
ATT 11,65 10,35 10,63 10,50 10,40 10,49 10,37
do 86,58 94,16 93,32 93,64 93,51 93,71 94,09
d; 13,42 5,84 6,49 6,36 6,49 6,29 5,91
d- 0,00 0,00 0,19 0,00 0,00 0,00 0,00
dun 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Miv. 6.3.5. MeTaBOAEC aTa amOTEAEGUATA ATTO THV AVAAUGT VaIioBnaiag

H emippor] Twv TIOPAUETPWY OTO ATIOTEAéoUATa Ba avaAUBOUV GUVOAIKA Yyia OAEC TIG
Kotnyopieg dIkTOwvV oto Ke. 6.4. AgiCel va avagepBei 0TI, OPOIWC UYE TNV TIPONYOUMEVN
TIEPITITWOT], Ol TIOPAUETPOI Pms KAl Pyel ETTNPEALOVY OE PHEYAADTEPO BOBUOG TNV TTOIOTNTO TWV

TIOPAYOPEVWY AVCEWV, OE OXECN WE TNV PETABOAR TOL TTANBULCHOV.
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6.4. AVAAUGT OTTOTEAECUATWV

6.4.1. AVOAUGH OTTOTEAECHATWV ETTIALGNG

Omnw¢ TEPIYPAPNKE AVOALTIKG TIOPOTIAVW, N ETTIALCT TIPAyUATOTIONONKE yio diktua 6, 7
Kol 8 ypapuwy. H emiAvon yia auTteg TIC TPEIC KOTnyopieg €dwae TN duvatotnTa EAYWYNG
ONUAVTIKWY CUPTIEPOCHATWY OXETIKA UE TIC TIOPOUETPOLE TIOL XPNOIUOTIOINBNKAV 0€ KABE
Kotnyopia. Mo tv olyKplion autr Bewpeital w¢ PEON TEPITIIWON auTH NG ETTIAVCONG
OIKTUOUL 7 YPOUMWV, EVQ Ol AAAEC BVO KATNYOpPIieC ATIOTEAOUV GLYKPITIKEG AUTHC.

Katd tnv emiAvan SIKTLOU 6 YPAUPWY TIAPATNPErONKE OTI Ol ETTIAOYN TIOPAPETPWVY VIO TN
BEATIOTN AOGN dlOQEPEL OE ALTA TWV 7 YPOUUWY OTO PEYEDN Pms KAl Pael. 110 GUYKEKPIUEVQ,
Kal ol 000 TTAPAPETPOI HTav avénuéveg kata 0,1 oTnV TIEPITITWAON Twv 6 ypapuwy. H 110
TBavr dikaloAoyia yia TIC dV0 AUTEC METAPBOAEC gival N AVEAACTIKOTNTA TNE UTIOPENC PIKPOUL
OpPIOUOL YPOAPHWY. ZTNV TIEPITITWAON MIKPOTEPOUL OIKTUOUL N TIIBAVATNTA TNG IKOVOTIOINONG
NG {ITNong yia €va (eLyog TIPOEAELANG — TIPOOPICHUOU HE AVW TNG Piag EVOANOKTIKEC ival
MIKpOTEPN. ETopéVME, N TTOIOTNTA TOL PIKPOU SIKTVOUL Eival APKETA EVAIOONTN OE PEYAAEC
METABOAEC, Gpa KOl N TIUA Pms TIPETIEL VO €ival LPNAN. Tla va amo@evxdei, Ouwg, o
EYKAWPBIoOPOC o€ TOTIKO BEATIOTO, Eival ATIOPAITNTO va BPEeBel EVOANOKTIKA OTIEYKAWPBIOHOD.
Ma 1o AOYo QUTO N TIPN NG TIOPAUETPOL Paer EIVAL AVENUEVN, ET01 WOTE VA EVIOXVOEL TNV
TIOIKIAIOL OTOUWVY OTOV TIANBLUGUO.

2V TEpITTwaon ermiAvong OIKTLOU 8 ypOaUPWY TIapaATNENONKE OTI n BEATIOTN AUOn
TIPAYUOTOTIOINONKE PE YIKPOTEPO TIANBLCOPO OE OXECN WE TNV TIEPITITWOTN TWV 7 YPAUPWV,
onAodn ol tiyeC popN kai eliteN ntav peiwpeveg kKata 4 atoua. Aedopévng Tng OONC Tov
TIPOPBANMOTOC Kal TOU TPOTIOV HYE TOV OTIoi0 avadntouvtal VEEC LTIOYNPIEC AVCEIC UE TOV
YEVETIKO OAyOpIBpo, &€ UTIOPEl va LTIAPEEI OiyouPO CLUTIEPACHA YIO TN JI0EOPA aUTH).
MoA0 TuBavOV va o@eiletal o€ aTAG TuXaio yeyovo(. Ouwg, Mo Aoyikh €&nynon 6a
MTIOpOUCE VO ATAV O TIEPIOPICHOC TOL XWPOUL AVCEWV, dEAOUEVOL OTI O PEYANOC APIBUOC
YPOUUWVY OE OUVOLOCHO PE PEYAAO TIANBUOUO UTIOPEL VA TIAPOLCIACEl LTIEPPOAIKA €vTovn
TIOIKIAOJOP®Ia, N oTtoia dev eival erBuuntd, d10T dev av&avel TNV TUBAVOTNTA €EEVPEDNC
KOAUTEPWV AVCEWV, EVW TALTOXPOVA ETUGEIVWVEI TOV XPOVO ETTIALCNC, O OTIOIOC €ival NN
eTIBapupévoC aTto v UTTapén PeyaAlTEPOL apIBPOL ypaupwy oTo diktuo. Mapodia autd,
TO OUYKEKPIMEVO OCUPTIEPACUO OTIOTEAEI LTTOBECON Kal Oev OTIOKAEiEl TNV €&eLpeon
KOADTEPNG AVONG PE PEYOADTEPO TIANBLGO.
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ZUVOAIKA, TTapatnpEital 6Tl 0 aAyopIBUOG AEITOLPYED IKAVOTIOINTIKA OTNV TIAPAYWYI VEWV
KOADTEPWV AVCEWVY, EVW BETIKO aNUAdI ATIOTEAEI TOOO TO YEYOVOC OTI TO ATIOTEAETHATA Eival
IKOVOTIOINTIKA Kal yia TG OV0 KOTNYOopieC METOKIVOUUEVWY, OTIOOEIKVUOVTAC OTI OTOUG
OEOMIOLE XPNOTEC TIOPEXETAI TIOIOTIKA Kal ypryopn METOKivnon Ouola e T0 0UVOAO TwV
METOKIVOUPEVWY, 000 Kal N ouPPATOTNTO TWV OTIOTEAECPATWY HE TNV TpEXOLOa

BiBAoypagia.

6.4.2. ATtoteAéopota avaAuvong evaicOnaiog

Me TNV avAaALcon EVaIOONGIOC TWV ETIIAEYUEVWV TIAPAUETPWY UTIOPOLV Va eEaXO00UV apKETA
CLUTIEPACHATO YIO TN AEITOLPYIO TWV TIAPAPETPWY KOl TOV TPOTIO TIOL ETNPEAOLY TNV
e&eupean ¢ BEATIOTNE AVDONC.

H avopeiwon tov TTANBLOPOD CLUTIEPIPEPONKE BIAPOPETIKA O KABE TEPITITwOon. AUTO
OULVEPN BIOTI €ival N POVN TIAPAPETPOC TIOL Oev ETINPEALEL TNV TIOIOTNTA TNG AVCNG, OAAG
TNV €€epPeEan VEWV OTOUWV. AedopEVOL OTI 0 apIBUOC eTTavaAPEWY gival oTaBePOC, cival
TIOAD TTIIBOVO VO €XOUV OVTIOTPOEN OXEon WE 1o YEyeBoC TAnBuopoL, dnAadn oe Evav
MEYOAO TIANBUOHO va LTIAPXEl duvatotnta €€eVpean ADONG TIO YPHYOoPO, EVW OE &vav
MIKPOTEPO VO XPEIALOVTal TIEPIOOOTEPEC ETIAVOANWEIC, TIPOKEIUEVOL Va BpeBei n idia AVoT.

H petaBoAn g TIAPOUETPOL PIKPNC TPOTIOTIOINONG Pms EIXE TN OLVOTOTNTA VA UETOPRAAEL
TNV €AACTIKOTNTO TPOTIOTIOINGNC TOL OIKTUOU, PECW TNC TUBAVOTNTOC TIPAYMOTOTIOINONG
peyaAng tpottortoinon¢ (big mod), n omoia odnyei oe peydAn ToIKIAOPOP@ia Kal BonBd
OTOV OTIEYKAWPRIoOPO armtd ToTuka peyiota. Kal oTi¢ U0 TIEPITITWOEIC N UETABOAN TOU Pms
a0&Noe TOUC MEOOULC XPOVOUC avd ETIRATN, OMWCE Ta eVAIOEPEPOVTIO CUMPTIEPACHOTA
OTIOPPEOLV ATIO T CUYKPION METOED TWV KATNYOPIWV SIKTUWV. M0 CUYKEKPIPEVD, QAVNKE
0TI 01 SlIaPOPEC OTIC VO CUYKPITIKEC ETUAVCEIC (a0&NoN Kol Peiwan TN TIOPOUETPOL) €ival
MIKPOTEPEC OTNV TIEPITITWAON TOL SIKTOOL 6 YPOUMWY KOl HEYOAUTEPEC GTNV TIEPITITWAON TOL
OIKTUOU 8 ypOuuwWV. AUTO PTIOPEI va aTtod00el 0TO yeyovog OTl Ta diKTLa HPE PIKPOTEPO
OPIOUO YPAPMPWY Eival TIO “EVAAWTA” O€ TPOTIOTIOINCEIC, APA KOl Ol YEYAAEC TPOTIOTIOINOEIG
€ival TIOAU TTI0 €UKOAO Va aTtoppIPBolV Adyw TIOAD LYNAGTEPOL KOOTOLC. ETopévwg, o€
MIKpG OIKTUO Ol AUCEIC PE MIKPEC TPOTIOTIOINCEIC €ival TEAIKG TIEPIOCOTEPO OTTOOEKTEC.
AVTIOETO, OTNV TIEPITITWON TWV PEYAAWV SIKTOWV LTIAPXEl PEYOAVTEPN TIOIKIAIO ETTIIAOYWV,
ETIOPEVWC Ol MEYOAAEC TPOTIOTIOINCEIC “LTIOOTNPIOVTOI” EVUKOAOTEPA OTIO TO UTIOAOITIO
OIKTUO, ME OTIOTEAECHO VO EPQOAVICETAl TIOIKIAOMOP@IO N OTIoI0 €LVOEL TNV €UPAVION
KOAUTEPWV AVCEWV.
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Me tov id10 TTEPITIOV TPOTIO YE TNV TIOPAUETPO Pms ETINPEALEI TIC AVCEIC KOl N PETABOAN TNG
TIOPAMETPOL dlayPaPC KOUBOUL Pael. MO CUYKEKPIYEVA, OTNV TIEPITITWAON SIKTOOL HPE HIKPO
OPIOUO YPOUUWY, 1 dlaypo@r) EvOC KOUPBOL UTIOPEL VO OTIOTEAECEL dlaypa@r] TOL GUVOAIKA
amtd 10 dIKTLO, MPE ATIOTEAECHO TN PN €ELTINPEINON TWV ETIROTWY TOU CULYKEKPIPEVOU
KOMBOoUL, apa Kal ATEIPIoUO TOL YECOL XPOVOUL UETOKIVNONG, EQOCOV UTIAPXEI O OLCTNPOC
TIEPIOPIOHOC IKAVOTIOINONCG TOL OUVOAOU TN¢ {Nong. Ta diktua, ETTOMEVWCE, TO OTIoix
emnpeadovtal ammd ouTy TNV TIOPAPETPO ATIOKAEOVTOl OTIO TN SIAdIKACIa TOU YEVETIKOU
OoAyopiBuou Kal, EMoPEVWE, N ETTIPPON TNG TIAPAPETPOL OUTHE GTa LTIOYNEIa dikTLa Eival
MIKpH). To avTiBeto ocupPaivel o€ HEYOAUTEPA SiKTLA, OTIWC OTNV TIEPITITWON TWV 8 YPAUUWVY
OTIOL, AOYW TNG MEYOANG TIOIKINOG KOl MIKPOTEPNC TUBOVOTNTOC OIEAELONG MOVO Miag
YPOUUAG OTIO €vav KOPPBOo, €xel TN dLVOTOTNTA VO ONUIOVPYACEL PEYAAEC dIOQOPEC OTIC
uTIoPNPIEC AVCEIG.

Eival &ekdBapo 611 og KABe TIEPITITLON EANPONCav LTIOYN Ta KOAUTEPO ATIOTEAECUATA,
ETIOPEVWC OTNV OvaAuon evalobnoiag kabe aAAayry ¢ TIOPOUETIPOL 0ONynoE o€
XEIPOTEPQ. MPETIEL OPWG VO onEIWBED OTI, AOyw TN QUONG TOL YEVETIKOU OAyopiBuou, o
OTIoiog ouvdualel o€ KABE yevid TIARBOC TuxXaiwV METABANTWY, TPOTIOTIOINCEWY Kl
Ol0OTAVPWOEWY, UTIAPXEl TIEPITITWAN €vag SIAPOPETIKOC GLVOLOCHOC TIAPAUETPWY, N
OKOUO Kal KATIOIOC ATIO TOUC LPICTAPEVOUC, VO KOTOANEEL O KAADTEPO ATIOTEAEOUATA ATIO
auta Tou Ttapouaialovtal. To yeyovog OuTO UTIoPEl va OAAAEEl a€ peyaAo PBabuo ta
OTIOTEAECPOTO TNG KABE TepITTTwong. To POVadIKO OTOIXEI0 TIOL PTIOPEl va gyyunBei Tn
pEYAAN TIBavOTNTa (OAAG OxI BeBauOTNTA) TNG ETIIAOYAG TWV CWOTWV TIOPAUETPWVY, KABWC
Kal TNG ETIIPPONC TOLG aTnV avaldntnaon Abong, gival n OTIapén AOYIKNC EpPNVEING avTAg NG
CUUTIEPIPOPAC. Z€ KABE TIEPITITWON WTTIOPOLV VO TIPAYUATOTIOINB00V TIOAD TIEPIOCOTEPA
TIEIPAPOTO TIAVW OE AUTO KAl TA ATIOTEAECUATA, OTIWC KAl N ETIIPPON TWV TIOPAUETPWY, Va
avaALBOULVY Kal Va EPUNVELBOUV CTOTIOTIKA PE PEYOAUTEPN BERAIOTNTA PECW GUYKAIONG TWV
OTIOTEAECPATWY, KATI TIOU OUWC OTIITED TIOAD XPOVO Kal BPIoKeTal EKTOC TWV 0PiwV TN¢
OUYKEKPIPEVNC EPYOTiag.
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7. ETtiAOyo(

7.1. AVOOKOTINON TOL TIPORARHATOG

Vv TopolOO E€PYOCIa TIOPOUCIACTNKE AVOAUTIKA TO TIPOBANUO OXESIOGHOU OIKTOOL
OOTIKWV CUYKOIVWVIWV Kal pia TIpooEyylon €TTIALCTC TOU. M0 GUYKEKPIPEVD, ava@EPBNKE
TO I0TOPIKO TTAQICIO TWV EPEVVV OTNV TIPOCEYYIOTN TNE ETHIALCHC TOUL, AVOAUBNKE N doun
TOLU KOl O AOGYOoG yla TOV OTIoi0 TIapOoUCIAdeTal TOOO MEYOAN TIEPITIAOKOTNTA GCTNV
TIpooTiatela eTTiAUONG. EEETAOTNKAVY OI JIOMOPETIKEC TIPOCEYYIOEIC KOl TIAPOULCIACTNKE Hia
VEa N ortoia, Baacilduevn OTIC TIPONYOUPEVEC, SIOMEPEI OTO YEYOVOC OTI AapBAavel uTtown ¢
KOIVWVIKA KPITAPIA KOl TIOAITIKEG, MECW TWV OTIOIwV dnuiovpyolvtal ol BACEIC yia TNV
LAOTIOINGN €VOC OIKTOOUL MPE KOIVWVIKO TIPOCNUO, XWPIC OUWC va autd va oonyeital o€
OKpPIBEC AUCEIC, TOCO yio TOug ETIRATEG, 600 Kol yia Toug @opeic. MpwTta ar’ oAa, o
OXEOIOOUOC apXIKOTIOIEITal PE BAON TOLG OEOUIOLE XPHOTEC, AULTOUC ONAQSK) TIOL E£XOULV
MEYOADTEPN AVAYKN OTIO €va TETOIO OIKTLO, KOl OTN CUVEXEID BEATIOTOTIOIEITOI PE KPITAPIA
100TNTAC OTn METOKIivNon Kol Aaufdavovtag uTtoPn 10 GUVOAO TWV HPETAKIVOUPEVWV EVOC
OIKTOOUL, aVeEAPTNTA OTIO TNV ETTIAOYH PEGOUL. To TTOPAYOPEVO JIKTLO aTtoTeEAE TN Bdon yia
NV €€UTINPETINCN TWV OECUIV XPNOTWV, OPWC TAUTOXPOVO TIOPEXEL OLVATOTNTO
METOKIVNONG ME KPITNPIa 100TNTAC O0€ OAOUC TOUC TIOATEG, PE OTIOTEAECHO VO TIPOWOEI
OTIOTEAECHUOTIKA TN BIOOCIUN KIVNTIKOTNTO KAl TNV evOTNTA YETOEY TWV PETOKIVOUUEVWV. 2€
Mia Tepiodo 1ou N Biwaoiun KivnTKOTATA Kal N tpowenaon twv Mécwv Madlkrc MeTa@opag
OTIOTEAE( TIPOTEPAIATNTA TOU OOTIKOU OXESIOOHOU, N CLYKEKPIUEVN EPYOCia TIAPOUCIALEL pia
AOYIKI] OX€AIO0MUOU TIOL TNV TIPOWOEI EEKABaP, XWPIC OPWE va KAVEl SIOKPICEIC PETAEL
TWV KOIVWVIKWV OPAdwV, Kal TIOPEXEl OLVATOTNTA METOKIVNONG O OAOUG TOUC TIOAITEC
QVEEAPTNTO OTTIO TNV LPICTAUEVN ETIIAOYA HECOU.

7.2. MIPOTACEIC Y10 HEAAOVTIKN £pELVO

Mo v KOAUTEPN O0UN TWV TIPOTACEWVY, OUTEC KATnyoploTtololvTal Ye BAaon to ertimedo
ETEPPAONC TOUC, £TOI WOTE VA dlaXWPIOTOUV € TIPOTACEIC TIOL A@OPOUV TNV TIOAITIKI] Kl
TN AOYIKN €TTIALONG TOL TIPOPBANPOTOC KOl TIPOTACEIC TIOL OXETI(OVTAI PE TO TEXVIKO KOMMATI
TOUL TIPOYPAUMATOC Kal TNC dladiKaaiag TtiAvong.
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7.2.1. NpoTACEIG OXETIKA ME TN AOYIKA €TTIALCNG TOL TIPORANHATOC

H Baocik apxr, Kol TauTOXpova HOVASIKOTNTA TNG GCULYKEKPIYEVNC Epyaaiag, €ival o
OIOXWPIOPOC TWV METAKIVOUUEVWY O OEOUIOLE KOI M, ME OTIOTEAEOHA TN XPHRON Twv
TIPWTWV Yyia T dnuiovpyia tou SIKTUOU Kol TOU CUVOAOU Yyia TN BeAtiotortoinon tou. H
€PELVA OXETIKA ME TNV OTIOJOTIKOTNTO TNG OUYKEKPIUEVNG TIPOOEYYIoONG MTIOPEL va
OULVEXIOTE( PE TOLC EENC TPOTIOUC:

* E@apuoyn NG AOYIKNC OUTAG O€ €va PIEYOAUTEPO OIKTUO, GTO OTIOIO T OESOUEVA TWV
OE0MIWY XPNOTWV Eival dlaBECIPa KOl TOUTOXPOVA UTIAPXEl TIOIOTIKI) TIPOCEYYION
QUTAC TNG KOTNYOPIag PETAKIVOUPEVWVY, £TOI WOTE VO UTIOPETEL VO EAEYXOEL OV OVTWC
N OUYKEKPIUEVN TIPOCEYYION PPICKETOlI TIIO KOVIO OTNV TIPOYHUOTIKOTNTA Kal T
OTIOTEAECPOTA TNG TIPOCEYYI(OLY KOADTEPO TIC OVAYKEC TOU OIKTUOU aUTOU.

* Eq@apuoyn OdOI0@OPETIKWV KPITNPiwV ETIIAOYNGC HMECOUL Yia KABE Katnyopia
METAKIVOUPEVWV: AEOOPEVOL OTI Ol QEGHIOI XPNOTEG OEV €XOUV AAAN EVOAANOKTIKNA
METaKIVNONG, EVW Ol P dECMIOl £XOLV TIEPIOCOTEPECG, UTIOPEL va eAeyxBei n xprion
OIOPOPETIKWV KPITNPIWV yia TNV ETTIAOYI PECOUL, OTIWG YIO TIOPASEIYHO O HEYIOTOG
OpPIOUOC PETETUPRIBATEWV 1 N XPOVIKI ATIOKAIOT) OTIO TN OLVTOUOTEPN SlIOdPOT).

* H Kkatnyopia Twv OECUIWV XPNOTWV PTIOPED va €ival pia oTtoladnTIoTE KaTnyopia
XPNOTWV TIOU WUTIOPEL va XPNOIUOTIOICEL O (POPENC TIOL TIPOKEITOL VO  KAVEL
OXEQIOOPO OIKTVOU. Mo TIapAdElyUa, OE TIEPITITWAN VTTAPENG LEICTAPEVOL SIKTUOU,
YEYOVOC TTIOU I0XVEI TNV TIAEIOYN@Ia TWV TIPAYHOTIKWY TIEPITITWOEWY, UTIOPOUV va
BewpnBoly w¢ OECUIOl XPHOTEC Ol UQPICTAUEVOL XPNOTEC Twv MEowv MadikAg
METO@OPAC, ETTOPEVWC MTIOPEI va dnuiovpyndei diktuo Tou va Paciletal oTnv
€ELTINPETNON TWV ULVEICTAPEVWVY XPNOTWV Kal va PeAtiotoroinbei pe Baon Tig
OUVOAIKEG METOKIVNOEIC TNG TIEPIOXNC, £T01 WOTE va dlOTNPACEl TNV LEICTAPEVN
€EUTINPETNON TWV XPNOTWV KAl TAUTOXPOVO Vva OnUIoOLPYACEl TIPOUTIOBETEIC
EAKUOTIKOTNTOC TOU OIKTUOU YIO TOUC XPNOTEC GAAWV HECWV. € QUTO @aiveTal
KOAOTEPO KOl N dla@opd 1n¢ Tapoloag TIPOOEYYIONG O€ avtiBeon HE TIC
LUTTAPXOLCEC, Ol OTtoie¢ TpooToBolY va €EUTINPETHOCOLY TO COUVOAO TWV
VPIOTAPEVWV XPNOTWV PE TOV KOADTEPO TPOTIO, AYVOWVTAC OPWC TOUC LTIOAOITIOUG
METAKIVOUPEVOUC, Gpa Kol KOABE TIPOOTIABEId TIPOCEYYIONG TOUC OTO OIKTLO TWV
Méowv Madlkng Meta@opdc, PEIWVOVTAE TNV TIpowbnon tng PBlwoiung Kivntiko-
TG,
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7.2.2. MPOTACEIG OXETIKA PE TO TEXVIKO THAMO TOL TIPORARHATOC

MEANOVTIKI) €peuva UTIOPED va TIpayuatoroindei kal pe aglomoinon g AOYIKAG Tou
TIOPOULCIALETOI OE AUTH TNV €PYACia, 0€ GUVOLACHO PE PEBOBOUC Kal TEXVIKEC TIOU €£XOLV
non avarmtuxBei otn BiBAloypagia. O1 TOUEIC OTOVC OTIOIOVLC PTIOPEI VO TIPAYUOTOTIOINBEI
TIEPAITEPW EPELVA Eival ol EENC:

« O cepd TtV dlOdIKACIWV MTIoPEl va dlo@EPel: H OULYKEKPIUEVN TIPOGEYYIO
TIEPIAOPPBAVEL aPXIKO OXESIAOUO TOL BIKTUOU ME BAon TOug OECHIOVC XPNOTEC Kal
BeATioTOTTIOINGT] TOUL YIO TO GUVOAO TWV HETAKIVOUUEVWY. EVOANOKTIKA, YTIOPOUV Ol
OI0dIKOCIEC AUTEC VA AVTIOTPOPOLY, €V TOUTOXPOVO MPTIOPOUV Vo TIPOCoTEBOUV
YEVETIKOI aAyopiBuol otn dladikaoia yia TIEPAITEPW BEATIWON TOL ATIOTEAECHATOC,
OTIWC ME TNV dnuiovpyia apXIKoU OIKTUOUL Yyia TO GUVOAO TWV METOKIVOUUEVWV,
BeATioTOTIOINON APXIKA YIO TOUC OECUIOUC XPNOTEC Kal BEATIOTOTIOINGT OTN CUVEXEID
Y10 TO GOVOAO TWV PETAKIVOUPEVWV.

*  BeAtiwpeveg péEBodOL: H GUYKEKPIPEVN AOYIKA) UTIOPEI va TIpayuoToTIoINdEei Kal JE
OAAEC PEBOOOLE, OTIWCG Yia TIAPAdElyUa MPE XpPrion Olo@opPETIKOD oAyopibuou
oLVTOMOTEPNC dladpoung arod autoL tou Dijkstra.

o BEAIWPEVEG TEXVIKEC OTOV YEVETIKO aAyopibuo: H dladikagio Tou YeVETIKOU
oAyopiBuov utopei va BeAtiwBeil pe xprion dl1a@opeTIKWY PeBGdwY dlacTadpwaong,
METAANOENG, QKOPO KOl MPE TPOTIOTIOINCEIC OTNV idla T OOur TOU YEVETIKOU
oAyopiBuov.

* 'Evtoén tou LTIOAOYICHOU OXNUATWY OTNV OVTIKEIMEVIKI) CUVAPTNON KOl TOV YEVETIKO
OAyOpIBuo KOl Xpron opiov, €101 WOTE O OXESIOOPOC VA TIPOYUOTOTIOIETAI
TAUTOXPOVA HE TOV UTIOAOYIOUO TWV ATIAITOVHEVWY OXNUATWY, EVW TAUTOXPOVA Vo
oploBeTEiTal N EEUTINPETNON TWV XPNOTWV UE BAcN TIC SLVOTOTNTEG TOL OPYAVIGHOU
Aeitoupyiag (operator) TnN¢ TIEPIOXNC OTNV OTIoIO TIPAYHOTOTIOIEITOI O OXESIATHOC.

o Xpnrion duvapikoL TIPOCdIoPICHOL XPOVWVY BlIadPOMNC, £T01 WOTE TA ATIOTEAECUATA
VO AVTOTIOKPIVOVTOI TIEPICOOTEPO OTNV TIPAYUATIKOTNTA. ETUTPOcBETa, Ymopouv va
uTtoAoyidovTal o1 JIOPOPEC GTOLG XPOVoUuC dlodPOoUNG UE BAon Toug eTIPATEG TIOL
elgépxovtal oto OiKTuo Twv Méowv Madlikng MeTagopdg Kal €1l va avaiuBoulv Ta
OQEAN TNC TIPOCEAKLONG VEWV ETUPRATWV OTNV KUKAOQOPIOKIK) OavOAALCH TWV
OULVOETUWV.
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ApPXEIO ATTOTEAEGUATWVY SIKTOOU 6 YPOHHWV

10, Vehicle type: N
12, Vehicle type:
4, Vehicle type:
3, Vehicle type:
5, Vehicle type:

N
N,
N,
4, Vehicle type: N

16, Vehicle type:
18, Vehicle type:
6, Vehicle type:
8, Vehicle type:
6, Vehicle type:
6, Vehicle type:

50*ATT*dun*dtotal

Pdel (Delete/Add node rate):

11, Vehicle type:
10, Vehicle type:
4, Vehicle type: N,
5, Vehicle type: N,
6, Vehicle type:

3, Vehicle type: N,

20, Vehicle type:
14, Vehicle type:
6, Vehicle type: A,

11, Vehicle type:

N,
N,

A,

, Max.
N,

, Max.

Max.
Max.

, Max.

A, Max.
A, Max.

Max.
Max.

Max.

Max.
Max.
Max.
N,
Max.

A, Max.
A, Max.

Max.
Max.

Max.

. Capacity
. Capacity

Max.

Capacity (pas/h/link):

Capacity
Capacity
Capacity
Capacity

(pas/h/1link):
(pas/h/1link):
(pas/h/1link):
(pas/h/link):

Capacity
Capacity

(pas/h/link):
(pas/h/1link):
(pas/h/1ink):
(pas/h/1link):

Capacity (pas/h/1link):
Capacity (pas/h/1link):
Capacity (pas/h/link):
Capacity (pas/h/link):

Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/link):

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer
Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 11]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT: 11.8 minutes

Bus passenger demand per link:

Line 1: [368, 456, 484, 664, 704, 246]

Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles:
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles:
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles:
All users' score:

dO: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles:
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal +
Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9,
Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [8, 14, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 93.0%, dl: 7.0%, d2: 0.0%, dun: 0.0%, ATT: 10.58 minutes

Bus passenger demand per link:

Line 1: [386, 442, 554, 698, 708, 256, 154]

Line 2: [292, 454, 578, 652, 36, 32]

Line 3: [208, 280, 370, 346, 334]

Line 4: [68, 64, 196, 298, 234]

Line 5: [50, 50, 310, 4600, 186]

Line 6: [108, 166, 36]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles:
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles:
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles:
Line 5: Route duration (m): 29, Frequency (veh/h): 5.0, No. of vehicles:
Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles:
All users' score:

do: 91.91%, dl: 8.09%, d2: 0.0%, dun: 0.0%, ATT: 10.48 minutes

Bus passenger demand per link:

Line 1: [1230, 1756, 2038, 2274, 2076, 1660, 1006]

Line 2: [960, 1760, 1706, 1722, 570, 130]

Line 3: [808, 1022, 1162, 972, 940]

Line 4: [386, 380, 1328, 1276, 820]

Line 5: [218, 232, 770, 920, 456]

Line 6: [596, 730, 220]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 16, No. of vehicles:
Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 8, No. of vehicles:
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles:
Line 5: Route duration (m): 29, Frequency (veh/h): 12, No. of vehicles:

13, Vehicle type:

N,

Max.

Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/1link):

Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/link):

Capacity (pas/h/link):

720
880
480
240
480
320

2250
2550
1350
1350
1050
1050

720
720
400
320
400.0
240

2400
1800
1200
1350
960



Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [1, 3, 5, 7, 9, 12]

Line 3: [1, 2, 5, 7, 9, 13]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 2, 5, 14]

Captive users' score:

dO: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT: 11.8 minutes

Bus passenger demand per link:

Line 1: [368, 456, 484, 664, 704, 246]

Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
All users' score:

do: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Genetic algorithm data:

Population Size: 24, Elite Size: 12, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add node rate): 0.4

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [0, 1, 3, 5, 7, 9, 12, 13]

Line 3: [4, 1, 2, 5, 7, 9, 13]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [4, 3, 5, 7, 9, 10, 11]

Line 6: [0, 1, 2, 5, 14, 6]

Captive users' score:

do: 93.8%, dl: 5.82%, d2: 0.38%, dun: 0.0%, ATT: 10.69 minutes

Bus passenger demand per link:

Line 1: [390, 396, 426, 542, 558, 186, 152]

Line 2: [74, 106, 128, 306, 374, 34, 32]

Line 3: [66, 76, 150, 294, 324, 188]

Line 4: [124, 60, 196, 190, 118]

Line 5: [226, 322, 460, 532, 204, 136]

Line 6: [224, 272, 340, 398, 334]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 2: Route duration (m): 37, Frequency (veh/h): 5, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 3: Route duration (m): 29, Frequency (veh/h): 5, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 3, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 1: Route duration (m): 33, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 6: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
All users' score:

dO: 93.26%, dl: 6.23%, d2: 0.51%, dun: 0.0%, ATT: 10.63 minutes

Bus passenger demand per link:

Line 1: [1304, 1444, 1500, 1698, 1546, 1286, 1006]

Line 2: [438, 438, 484, 854, 954, 560, 130]

Line 3: [316, 528, 614, 914, 884, 460]

Line 4: [612, 360, 1328, 802, 436]

Line 5: [630, 1114, 1402, 1502, 1018, 554]

Line 6: [884, 954, 1026, 1208, 956]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type: A, Max. Capacity (pas/h/link): 1800
Line 2: Route duration (m): 37, Frequency (veh/h): 12, No. of vehicles: 17, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 3: Route duration (m): 29, Frequency (veh/h): 12, No. of vehicles: 13, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 33, Frequency (veh/h): 11, No. of vehicles: 14, Vehicle type: A, Max. Capacity (pas/h/link): 1650
Line 6: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350




Main Data:
6 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [3, 5, 7, 9, 10]

Line 5: [3, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT: 11.8 minutes
Bus passenger demand per link:

Line 1: [368, 456, 484, 664, 704, 246]
Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
All users' score:

dO: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add node rate): 0.4

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [8, 14, 5, 3, 11]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 92.86%, dl: 7.14%, d2: 0.0%, dun: 0.0%, ATT: 10.76 minutes

Bus passenger demand per link:

Line 1: [386, 442, 554, 854, 910, 256, 154]

Line 2: [290, 390, 734, 856, 222, 218]

Line 3: [208, 280, 370, 330, 324]

Line 4: [68, 70, 196, 298, 234]

Line 5: [48, 60, 58, 12]

Line 6: [108, 166, 22]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 2: Route duration (m): 30, Frequency (veh/h): 11, No. of vehicles: 13, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 25, Frequency (veh/h): 1, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link): 80
Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
All users' score:

do: 92.1%, dl: 7.9%, d2: 0.0%, dun: 0.0%, ATT: 10.59 minutes

Bus passenger demand per link:

Line 1: [1230, 1758, 2042, 2666, 2530, 1668, 1010]

Line 2: [958, 1426, 2086, 2198, 1026, 590]

Line 3: [808, 1022, 1162, 960, 932]

Line 4: [376, 374, 1318, 1262, 810]

Line 5: [226, 248, 276, 90]

Line 6: [596, 730, 132]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type: A, Max. Capacity (pas/h/link): 2700
Line 2: Route duration (m): 30, Frequency (veh/h): 15, No. of vehicles: 17, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 3: Route duration (m): 18, Frequency (veh/h): 8, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 25, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:



Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9]

Line 3: [4, 1, 2, 5, 14, 7]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [368, 456, 484, 664, 704, 246]
Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

11.8 minutes

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
All users' score:

do: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 1.0, Pdel (Delete/Add node rate): 0.4

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [4, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 92.58%, dl: 6.57%, d2: 0.85%, dun: 0.0%, ATT: 10.62 minutes

Bus passenger demand per link:

Line 1: [572, 574, 514, 652, 700, 256, 154]

Line 2: [212, 422, 582, 652, 36, 32]

Line 3: [80, 182, 306, 396, 332]

Line 4: [124, 60, 196, 298, 234]

Line 5: [106, 348, 410, 188]

Line 6: [130, 118, 36]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 3: Route duration (m): 16, Frequency (veh/h): 5, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

dO: 91.78%, dl: 7.45%, d2: 0.77%, dun: 0.0%, ATT: 10.5 minutes

Bus passenger demand per link:

Line 1: [1930, 21806, 1944, 2152, 2026, 1660, 1006]

Line 2: [570, 1510, 1728, 1722, 570, 130]

Line 3: [390, 7806, 940, 1206, 950]

Line 4: [616, 360, 1328, 1276, 820]

Line 5: [264, 858, 962, 450]

Line 6: [700, 530, 220]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 15, No. of vehicles: 19, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles: 14, Vehicle type: A, Max. Capacity (pas/h/link): 1800
Line 3: Route duration (m): 16, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 9, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 720
Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]



Line 5: [5, 7, 9, 13]
Line 6: [2, 1, 3, 11]

Captive users' score:
do: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT: 11.8 minutes

Bus passenger demand per link:

Line 1: [368, 456, 484, 664, 704, 246]
Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:
Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles: 4, Vehicle type:
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type:
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type:
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type:

, Max. Capacity (pas/h/link): 480
Max. Capacity (pas/h/link): 240
Max. Capacity (pas/h/link): 480
Max. Capacity (pas/h/link): 320

z=z=z=

All users' score:
dO: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]
Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]
Line 5: [310, 864, 968, 574]
Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050

Genetic algorithm data:

Route duration (m): 21, Frequency (veh/h):

Population Size: 20, Elite Size: 8, No of iterations: 150
Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal
Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.8, Pdel (Delete/Add node rate): 0.4

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 12, 13]
Line 3: [4, 3, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [0, 1, 2, 5, 14, 8]

Line 6: [0, 1, 3, 11]

Captive users' score:
dO: 94.84%, dl: 5.16%, d2: 0.0%, dun: 0.0%, ATT: 10.7 minutes

Bus passenger demand per link:

Line 1: [398, 426, 502, 854, 910, 256, 154]
Line 2: [196, 382, 734, 856, 222, 218]

Line 3: [90, 150, 182, 288, 322, 326]

Line 4: [60, 64, 196, 298, 234]

Line 5: [196, 184, 170, 74, 66]

Line 6: [98, 88, 34]

Bus information per line:
Line 1: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type: N, Max. Capacity (pas/h/link): 960

Line 2: Route duration (m): 30, Frequency (veh/h): 11, No. of vehicles: 13, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 17, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 24, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160

All users' score:
do: 94.03%, dl: 5.97%, d2: 0.0%, dun: 0.0%, ATT: 10.52 minutes

Bus passenger demand per link:
Line 1: [1296, 1638, 1836, 2638, 2514, 1660, 1006]

Line 2: [556, 1430, 2098, 2194, 1010, 570]
Line 3: [402, 610, 738, 830, 922, 938]
Line 4: [360, 376, 1328, 1276, 820]

Line 5: [788, 660, 558, 290, 258]

Line 6: [548, 386, 214]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 18, No. of vehicles: 22, Vehicle type: A, Max. Capacity (pas/h/link): 2700

Line 2: Route duration (m): 30, Frequency (veh/h): 15, No. of vehicles: 17, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 3: Route duration (m): 17, Frequency (veh/h): 12, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 24, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 800
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 560

Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer
Initial Route Set:

Line 1: [1, 2, 5, 7, 9]

Line 2: [4, 3, 5, 7, 9, 12, 10]
Line 3: [0, 1, 2, 5, 7, 9, 10, 12]
Line 4: [8, 14, 6, 9, 10, 12]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:



do: 86.48%, dl: 13.15%, d2: 0.38%, dun:

Bus passenger demand per link:

0.0%, ATT:

11.8 minutes

Line 1: [368, 456, 484, 664, 704, 246]

Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
All users' score:

do: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9, Pdel (Delete/Add node rate): 0.5

Final Route Set:

Line 1: [4, 1, 2, 5, 7, 9, 6]

Line 2: [4, 3, 5, 7, 9, 10, 11]

Line 3: [0, 1, 2, 5, 7, 9, 10, 12]

Line 4: [8, 14, 6, 9, 10, 12]

Line 5: [11, 3, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 92.72%, dl: 7.28%, d2: 0.0%, dun: 0.0%, ATT: 11.84 minutes

Bus passenger demand per link:

Line 1: [76, 174, 358, 560, 634, 376]

Line 2: [216, 286, 448, 524, 254, 232]

Line 3: [584, 574, 554, 584, 606, 200, 112]

Line 4: [120, 120, 204, 156, 78]

Line 5: [12, 118, 308, 380, 214]

Line 6: [120, 118, 22]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 640
Line 2: Route duration (m): 33, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 3: Route duration (m): 33, Frequency (veh/h): 8, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 640
Line 4: Route duration (m): 27, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 32, Frequency (veh/h): 5, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

dO: 92.61%, dl: 7.39%, d2: 0.0%, dun: 0.0%, ATT: 11.5 minutes

Bus passenger demand per link:

Line 1: [370, 910, 1224, 1622, 1768, 1390]

Line 2: [578, 994, 1342, 1438, 1144, 816]

Line 3: [1960, 2030, 1894, 1810, 1694, 1360, 882]

Line 4: [616, 616, 1138, 1098, 734]

Line 5: [88, 520, 898, 1000, 566]

Line 6: [670, 530, 128]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 12, No. of vehicles: 13, Vehicle type: A, Max. Capacity (pas/h/link): 1800
Line 2: Route duration (m): 33, Frequency (veh/h): 10, No. of vehicles: 13, Vehicle type: A, Max. Capacity (pas/h/link): 1500
Line 3: Route duration (m): 33, Frequency (veh/h): 14, No. of vehicles: 17, Vehicle type: A, Max. Capacity (pas/h/link): 2100
Line 4: Route duration (m): 27, Frequency (veh/h): 8, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 5: Route duration (m): 32, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 9, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 720
Main Data:

6 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [9, 7, 5, 3]

Captive users' score:

dO: 86.48%, dl: 13.15%, d2: 0.38%, dun: 0.0%, ATT: 11.8 minutes

Bus passenger demand per link:

Line 1:

[368, 456, 484, 664,

704,

246]



10, Vehicle type:

12,
4, Vehicle
3, Vehicle
5, Vehicle
4, Vehicle

type:
type:
type:
type:

Vehicle type:

16, Vehicle type:
18, Vehicle type:

6, Vehicle
8, Vehicle
6, Vehicle
6, Vehicle

type:
type:
type:
type:

z=z=z=

N

, Max.
N,
Max.
Max.
Max.
Max.

A, Max.
A, Max.

Max.
Max.
Max.
Max.

Max.

Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/1link):
Capacity (pas/h/1link):
Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/link):

Line 2: [290, 644, 786, 866, 192]

Line 3: [220, 302, 370, 406, 342]

Line 4: [124, 60, 190, 170]

Line 5: [112, 348, 410, 218]

Line 6: [108, 206, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 6, No. of vehicles:
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles:
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles:
All users' score:

dO: 84.46%, dl: 14.96%, d2: 0.58%, dun: 0.0%, ATT: 11.79 minutes

Bus passenger demand per link:

Line 1: [1194, 1850, 1890, 2222, 2064, 1278]

Line 2: [960, 2336, 2424, 2450, 1612]

Line 3: [842, 1100, 1172, 1246, 976]

Line 4: [620, 350, 1300, 848]

Line 5: [310, 864, 968, 574]

Line 6: [596, 910, 1040]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles:
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal +

50*ATT*dun*dtotal

Pdel (Delete/Add node rate):

11, Vehicle type:

10, Vehicle type:

5, Vehicle type:
5, Vehicle type:
3, Vehicle type:

4, Vehicle type:

N
N
N

19, Vehicle type:
14, Vehicle type:
A, Max.
A, Max.
A, Max.

6, Vehicle type:
11, Vehicle type:
6, Vehicle type:

N,
N,

Max.
Max.
N,
Max.
Max.
Max.

A, Max.
A, Max.

Max.

Capacity (pas/h/1link):
Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):
Capacity (pas/h/link):
Capacity (pas/h/1link):

Pswap (crossover rate): 0.16666666666666666, Pms (Small mod rate): 0.9,
Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Captive users' score:

do: 92.58%, dl: 7.04%, d2: 0.38%, dun: 0.0%, ATT: 10.62 minutes

Bus passenger demand per link:

Line 1: [380, 436, 466, 652, 700, 256, 154]

Line 2: [290, 452, 582, 652, 36, 32]

Line 3: [214, 290, 358, 400, 336]

Line 4: [124, 60, 196, 298, 234]

Line 5: [112, 348, 410, 188]

Line 6: [108, 166, 36]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles:
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 5.0, No. of vehicles:
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles:
Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles:
All users' score:

do: 91.39%, dl: 8.09%, d2: 0.51%, dun: 0.0%, ATT: 10.53 minutes

Bus passenger demand per link:

Line 1: [1216, 1730, 1784, 2152, 2026, 1660, 1006]

Line 2: [960, 1760, 1728, 1722, 570, 130]

Line 3: [826, 1050, 1120, 1216, 956]

Line 4: [620, 360, 1328, 1276, 820]

Line 5: [304, 858, 962, 450]

Line 6: [596, 730, 220]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 15, No. of vehicles:
Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 9, No. of vehicles:
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles:
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:
Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles:

8, Vehicle type:

N,

Max.

Capacity (pas/h/1link):

Capacity (pas/h/1link):

Capacity (pas/h/link):
Capacity (pas/h/1link):

Capacity (pas/h/link):

Capacity (pas/h/link):
Capacity (pas/h/link):

720
880
480
240
480
320

2250
2550
1350
1350
1050
1050

720

720
400.0

320

480

240

2250
1800
1350
1350
1050
800



ApXEio ATTOTEAEGHATWVY SIKTOOU 7 YPAHHWV

Main Data:

7 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]

Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 22, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 6: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 24, Frequency (veh/h):
All users' score:

do: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 848]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

, No.

, No.

No.

No.

No.

No.

No.

11.72 minutes

of vehicles:
of vehicles:
of vehicles:
of vehicles:
of vehicles:
of vehicles:

of vehicles:

11.7 minutes

10, Vehicle type:

12,
4, Vehicle
3, Vehicle
5, Vehicle
4, Vehicle

2, Vehicle

type:
type:
type:
type:

type:

N,

Vehicle type:

N,

Max.

, Max.

Max.

Capacity (pas/h/1link): 720
Capacity (pas/h/1link): 880
Capacity (pas/h/1link): 400
. Capacity (pas/h/1link): 240
. Capacity (pas/h/link): 480
. Capacity (pas/h/link): 320
. Capacity (pas/h/link): 160



Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.14285714285714285, Pms (Small mod rate): 0.8, Pdel (Delete/Add node rate): 0.3

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [4, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

dO: 93.8%, dl: 6.2%, d2: 0.0%, dun: 0.0%, ATT: 10.52 minutes

Bus passenger demand per link:

Line 1: [402, 426, 438, 652, 700, 256, 154]

Line 2: [216, 426, 582, 652, 36, 32]

Line 3: [74, 136, 230, 320, 324]

Line 4: [60, 64, 196, 298, 234]

Line 5: [92, 348, 410, 188]

Line 6: [90, 118, 36]

Line 7: [200, 184, 156, 72, 64]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 3: Route duration (m): 16, Frequency (veh/h): 5, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 7: Route duration (m): 24, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240

All users'

sC

ore:



do: 92.94%, dl: 7.

06%, d2: 0.0%, dun:

Bus passenger demand per link:

Line

Line

Line

Line

Line

Line

Line

1:

2:

[1316,

[590

[366

[360,

[234,

[504,

[808,

1666, 1670, 2152,

1530, 1728, 1722,

582,
376,
858,
526,

688,

0.0%, ATT: 10.4 minutes

2026, 1660, 1006]

570, 130]

700, 918, 934]

1328, 1276, 820]

962, 450]

218]

528, 292, 260]

Bus information per line:

Route duration (m): 33,

e

e

e

e

e

e

duration (m): 30,

duration (m): 16,

duration (m): 32,

duration (m): 21,

duration (m): 21,

duration (m): 24,

Frequency
Frequency
Frequency
Frequency
Frequency
Frequency

Frequency

(veh/h): 15, No. of vehicles:
(veh/h): 12, No. of vehicles:

(veh/h): 12, No. of vehicles:

(veh/h): 9, No. of vehicles:
(veh/h): 7, No. of vehicles:

(veh/h): 7, No. of vehicles:

(veh/h): 11, No. of vehicles:

19, Vehicle type: A, Max. Capacity (pas/h/link): 2250

14, Vehicle type: A, Max. Capacity (pas/h/link): 1800

8, Vehicle type: N, Max. Capacity (pas/h/link): 960

11, Vehicle type: A, Max. Capacity (pas/h/link): 1350

6, Vehicle type: A, Max. Capacity (pas/h/link): 1050

6, Vehicle type: N, Max. Capacity (pas/h/link): 560

10, Vehicle type: N,

Max. Capacity (pas/h/link): 880

Line 1:

Line 2: Rout
Line 3: Rout
Line 4: Rout
Line 5: Rout
Line 6: Rout
Line 7: Rout
Main Data:

7 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Line

Line

Line

Line

Line

Line

Line

Captive users'

5, 7,9, 10]
7,9, 12]
5, 14, 6]

14, 6, 9, 10, 12]

5,

1,

1,

do: 87.7%, dl: 12.

Bus passenger

Line

Line

Line

Line

Line

Line

Line

1:

2:

7, 91

3, 11]

2, 5, 14]
score:

3%, d2: 0.0%, dun:

demand per link:

[322, 402, 442, 664, 704, 246]
[288, 642, 792, 872, 198]
[150, 220, 286, 342, 342]

[60, 60, 190, 170]

[96, 348, 410, 218]

[98, 206, 270]

[130, 138, 140, 64, 64]

Bus information per line:

Line 1:

Route duration (m): 28,

Frequency

0.0%,

ATT: 11.72 minutes

(veh/h): 9, No. of vehicles:

10, Vehicle type: N,

Max. Capacity (pas/h/link): 720



12, Vehicle type: N, Max.

4, Vehicle type: N, Max. Capacity (pas/h/link):

3, Vehicle type: N, Max. Capacity (pas/h/link):
5, Vehicle type: N, Max. Capacity (pas/h/link):
4, Vehicle type: N, Max. Capacity (pas/h/link):
2, Vehicle type: N, Max. Capacity (pas/h/link):

Capacity (pas/h/1link):

880

400

240

480

320

160

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link): 2550

5, Vehicle type: A, Max. Capacity (pas/h/link):

8, Vehicle type: A, Max. Capacity (pas/h/link):

6, Vehicle type: A, Max. Capacity (pas/h/link):

6, Vehicle type: A, Max. Capacity (pas/h/link):

7, Vehicle type: N, Max. Capacity (pas/h/link):

Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles:

Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles:

Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles:

Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles:

Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles:

All users' score:

do: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT: 11.7 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 8438]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles:

Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles:

Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:

Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:

Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles:

Genetic algorithm data:

Population Size: 24, Elite Size: 12, No of iterations: 150

Objective function: minZ =

Pswap (crossover rate): 0.14285714285714285,

Pms (Small mod rate):

0.8,

2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pdel (Delete/Add node rate): 0.3

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 11]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 12]

Line 5: [1, 2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

do: 93.0%, dl: 7.0%, d2: 0.0%, dun: 0.0%, ATT: 10.58 minutes
Bus passenger demand per link:

Line 1: [324, 338, 382, 612, 662, 338, 232]

1050

1350

1050

1050

560



Line

Line

Line

Line

Line

Line

[288,

[148,

450, 594, 672, 58, 32]

202, 272, 336, 336]

[60, 60, 194, 188, 128]

[46, 134, 368, 422, 188]

[98, 166, 36]

[128,

126, 132, 64, 64]

Bus information per line:

Line 1: Route
Line 2: Route
Line 3: Route
Line 4: Route
Line 5: Route
Line 6: Route
Line 7: Route
All users'

duration (m): 38, Frequency (veh/h): 9, No. of vehicles:
duration (m): 30, Frequency (veh/h): 9, No. of vehicles:
duration (m): 18, Frequency (veh/h): 5, No. of vehicles:
duration (m): 27, Frequency (veh/h): 3, No. of vehicles:
duration (m): 23, Frequency (veh/h): 6, No. of vehicles:
duration (m): 21, Frequency (veh/h): 3, No. of vehicles:

duration (m): 24, Frequency (veh/h): 2, No. of vehicles:

score:

dO: 91.84%, dl1: 8.16%, d2: 0.0%, dun: 0.0%, ATT: 10.48 minutes

Bus passenger

Line

Line

Line

Line

Line

Line

Line

1:

2:

[1012,
[960,
[592,
[350,
[368,
[530,

[502,

demand per link:
1210, 1324, 1848, 1792, 1540, 810]
1700, 1774, 1788, 640, 130]
710, 830, 956, 956]
350, 1320, 1280, 900]
584, 1088, 1102, 460]
736, 226]

480, 450, 270, 270]

Bus information per line:

duration (m): 38, Frequency (veh/h): 13, No. of vehicles:
duration (m): 30, Frequency (veh/h): 12, No. of vehicles:

duration (m): 18, Frequency (veh/h): 12, No. of vehicles:

duration (m): 27, Frequency (veh/h): 9, No. of vehicles:

duration (m): 23, Frequency (veh/h): 8, No. of vehicles:

duration (m): 21, Frequency (veh/h): 10, No. of vehicles:

duration (m): 24, Frequency (veh/h): 7, No. of vehicles:

13, Vehicle type: N,
10, Vehicle type: N,
4,

3,

Vehicle

Vehicle

Vehicle

Vehicle

Vehicle

type:
type:
type:
type:

type:

N,

Max. Capacity (pas/h/link): 720

Max.

Max.

, Max.

Max.

Capacity (pas/h/1link):
Capacity (pas/h/1link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):

. Capacity (pas/h/link):

. Capacity (pas/h/link):

720

400

240

480

240

160

19, Vehicle type: A, Max. Capacity (pas/h/link): 1950

14, Vehicle type: A, Max. Capacity (pas/h/link): 1800

8, Vehicle type: N,

Max. Capacity (pas/h/link): 960

9, Vehicle type: A, Max. Capacity (pas/h/link):

7,

7,

8, Vehicle type:

Vehicle type:

N,

N,

Max.

Max.

Vehicle type: A, Max. Capacity (pas/h/link):

Capacity (pas/h/1link):

Capacity (pas/h/1link):

1350

1200

800

560

Line 1: Route
Line 2: Route
Line 3: Route
Line 4: Route
Line 5: Route
Line 6: Route
Line 7: Route
Main Data:

7 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Line

Line

Line

Line

Line

[0, 1
[4, 3
[0, 1

, 2,5, 14, 6]

[8, 14, 6, 9, 10, 12]

[2, 5,

7,9, 13]



Line 6: [0, 1, 3, 11]

Line 7: [11, 3, 1, 2]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%, ATT: 11.72 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]

Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

dO: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT: 11.7 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 848]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of jterations: 150



Objective function: minZ =

Pswap (crossover rate): 0.14285714285714285,

Pms (Small mod rate):

0.8,

2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pdel (Delete/Add node rate): 0.3

Line 1: [0, 1, 2, 5, 7, 9, 10, 11]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 12]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [4, 1, 2, 5, 14, 8]

Captive users' score:

dO: 93.38%, dl: 6.62%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [386, 410, 422, 634, 676, 338, 232]

Line 2: [220, 430, 590, 668, 54, 32]

Line 3: [214, 256, 294, 340, 336]

Line 4: [62, 60, 194, 188, 128]

Line 5: [92, 348, 410, 188]

Line 6: [88, 118, 36]

Line 7: [70, 70, 96, 54, 56]

Bus information per line:

Line 1: Route duration (m): 38, Frequency (veh/h):
Line 2: Route duration (m): 30, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 27, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 6: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 22, Frequency (veh/h):
All users' score:

do: 92.55%, dl: 7.45%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [1266, 1616, 1610, 2076, 1928, 1542, 810]
Line 2: [620, 1560, 1770, 1786, 640, 130]

Line 3: [858, 900, 900, 968, 956]

Line 4: [356, 350, 1320, 1282, 904]

Line 5: [234, 858, 962, 450]

Line 6: [494, 536, 228]

Line 7: [336, 384, 332, 252, 258]

Bus information per line:

Line 1:

Line 2:

Route duration (m):

Route duration (m):

38

30

Frequency (veh/h):

Frequency (veh/h):

14,

12,

No.

No.

No.

No.

No.

, No.

, No.

No.

No.

of

of

of

of

of

of

of

of vehicles:

of vehicles:

10.53 minutes

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

10.42 minutes

13, Vehicle type: N, Max.

10, Vehicle type: N, Max.

4, Vehicle type: N, Max
3, Vehicle type: N, Max
5, Vehicle type: N, Max
2, Vehicle type: N, Max
2, Vehicle type: N, Max

20, Vehicle type: A, Max. Capacity (pas/h/link):

14, Vehicle type: A, Max. Capacity (pas/h/link):

Capacity (pas/h/link): 720

Capacity (pas/h/link): 720

. Capacity (pas/h/link): 400

. Capacity (pas/h/link): 240

. Capacity (pas/h/link): 480

. Capacity (pas/h/link): 160

. Capacity (pas/h/link): 160
2100
1800



Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 4: Route duration (m): 27, Frequency (veh/h): 9, No. of vehicles: 9, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 7: Route duration (m): 22, Frequency (veh/h): 5, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 400
Main Data:

7 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:

Line 1: [1, 2, 5, 7, 9, 10]

Line 2: [3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [6, 14, 5, 3]

Line 7: [4, 1, 2, 5, 14]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%, ATT: 11.72 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]

Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160

All users' score:

do: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

11.7 minutes



Line

Line

Line

Line

[350,
[270,
[530,

[506,

350,
864, 968,
906, 1038]

534, 490,

Bus information per line:

Line

Line

Line

Line

Line

Line

Line

1:

2:

Route

Route

: Route

: Route

: Route

: Route

: Route

574]

270,

1300, 848]

270]

Frequency
Frequency
Frequency
Frequency
Frequency
Frequency

Frequency

No.

No.

No.

No.

No.

No.

No.

of vehicles:

of vehicles:

of

of

of

of

of

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link): 2550

, Vehicle

, Vehicle

, Vehicle

, Vehicle

Vehicle

type:
type:
type:
type:

type:

A,

A,

Max.

Max.

Max.

Max.

Max.

Capacity
Capacity
Capacity
Capacity

Capacity

(pas/h/1ink):
(pas/h/1link):
(pas/h/1link):
(pas/h/link):

(pas/h/link):

Genetic algorithm data:

Population Size: 20,

Objective function: minZ

duration (m): 28,
duration (m): 28,
duration (m): 18,
duration (m): 22,
duration (m): 21,
duration (m): 21,
duration (m): 24,

Elite Size:

8, No of

2*ATT*dtotal +

(veh/h): 15,
(veh/h): 17,
(veh/h): 7,
(veh/h): 9,
(veh/h): 7,
(veh/h): 7,
(veh/h): 7,
iterations:

5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

150

Pdel (Delete/Add node rate): 0.3

1050

1350

1050

1050

560

, Vehicle

Vehicle type: N,

type: N,

Max. Capacity (pas/h/link): 720

, Vehicle

, Vehicle

, Vehicle

type:
type:

type:

N,

Pswap (crossover rate): 0.14285714285714285, Pms (Small mod rate): 0.9,
Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [11, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 14, 8]

Line 6: [6, 14, 5, 3, 1, 0]

Line 7: [4, 3, 5, 7, 9, 12, 13]

Captive users' score:

do: 93.9%, dl: 6.1%, d2: 0.0%, dun: 0.0%, ATT: 10.71 minutes

Bus passenger demand per link:

Line 1: [388, 444, 520, 700, 708, 246, 142]

Line 2: [36, 94, 372, 466, 18]

Line 3: [206, 278, 328, 240, 232]

Line 4: [64, 60, 190, 296, 234]

Line 5: [82, 50, 54]

Line 6: [96, 96, 60, 166, 108]

Line 7: [288, 284, 496, 584, 208, 218]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11,
Line 2: Route duration (m): 34, Frequency (veh/h): 6, No. of vehicles: 8
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5
Line 5: Route duration (m): 14, Frequency (veh/h): 2, No. of vehicles: 2
Line 6: Route duration (m): 20, Frequency (veh/h): 3, No. of vehicles: 3

, Vehicle

type:

Max. Capacity (pas/h/link): 480
Max. Capacity (pas/h/link): 400
, Max. Capacity (pas/h/link): 320
, Max. Capacity (pas/h/1link): 160
, Max. Capacity (pas/h/link): 240



Line 7: Route duration (m): 30, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 640

All users' score:

dO: 92.36%, dl: 7.64%, d2: 0.0%, dun: 0.0%, ATT: 10.58 minutes

Bus passenger demand per link:

Line 1: [1236, 1756, 1948, 2294, 2068, 1480, 828]

Line 2: [228, 482, 1048, 1160, 362]

Line 3: [806, 1008, 1050, 702, 674]

Line 4: [370, 350, 1316, 1260, 810]

Line 5: [224, 224, 244]

Line 6: [280, 292, 208, 710, 596]

Line 7: [958, 1026, 1392, 1476, 830, 580]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 16, No. of vehicles: 20, Vehicle type: A, Max. Capacity (pas/h/link): 2400
Line 2: Route duration (m): 34, Frequency (veh/h): 8, No. of vehicles: 10, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 3: Route duration (m): 18, Frequency (veh/h): 7.0, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050.0
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 14, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320

Line 6: Route duration (m): 20, Frequency (veh/h): 9, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 720

Line 7: Route duration (m): 30, Frequency (veh/h): 10, No. of vehicles: 11.0, Vehicle type: A, Max. Capacity (pas/h/link): 1500
Main Data:

7 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%,
Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]
Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

ATT: 11.72 minutes



Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

do: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT: 11.7 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 848]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560

Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of

Objective function: minZ =

Pswap (crossover rate): 0.14285714285714285,

iterations:

150

Pms (Small mod rate): 0.7,

2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pdel (Delete/Add node rate): 0.3

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]
Line 2: [4, 3, 5, 7, 9, 10]

Line 3: [4, 3, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [1, 2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

do: 94.46%, dl: 5.54%, d2: 0.0%, dun:

0.0%, ATT:

10.63 minutes



Bus passenger demand per link:

Line 1: [398, 394, 410, 616, 660, 236, 194]

Line 2: [198, 378, 590, 672, 114]

Line 3: [90, 150, 172, 268, 320, 324]

Line 4: [60, 64, 194, 260, 234]

Line 5: [46, 130, 368, 422, 216]

Line 6: [98, 88, 34]

Line 7: [196, 174, 150, 72, 64]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 23, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 3: Route duration (m): 17, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 23, Frequency (veh/h): 6, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 7: Route duration (m): 24, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
All users' score:

do: 94.09%, dl: 5.91%, d2: 0.0%, dun: 0.0%, ATT: 10.5 minutes

Bus passenger demand per link:

Line 1: [1296, 1380, 1420, 1864, 1778, 1922, 1624]

Line 2: [554, 1420, 1786, 1826, 630]

Line 3: [402, 610, 700, 770, 918, 934]

Line 4: [360, 376, 1330, 1060, 820]

Line 5: [348, 554, 16090, 1106, 586]

Line 6: [548, 390, 218]

Line 7: [788, 622, 498, 292, 260]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 1950
Line 2: Route duration (m): 23, Frequency (veh/h): 13, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1950
Line 3: Route duration (m): 17, Frequency (veh/h): 12, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 23, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 7: Route duration (m): 24, Frequency (veh/h): 10, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 800
Main Data:

7 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:
Line 1: [1, 2, 5, 7, 9,

Line 2: [4, 3, 5, 7,



Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 12]

Line 5: [8, 14, 6, 9]

Line 6: [0, 1, 2, 5, 7, 9, 10]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]

Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 22, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 6: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 24, Frequency (veh/h):
All users' score:

dO: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 848]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 22, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 24, Frequency (veh/h):

11.72 minutes

9, No. of vehicles:
11, No. of vehicles:
5, No. of vehicles:
3, No. of vehicles:
6, No. of vehicles:
4, No. of vehicles:
2, No. of vehicles:

11.7 minutes

15, No. of vehicles:
17, No. of vehicles:
7, No. of vehicles:
9, No. of vehicles:
7, No. of vehicles:
7, No. of vehicles:
7, No. of vehicles:

10, Vehicle type: N, Max. Capacity (pas/h/link): 720

12, Vehicle type: N, Max. Capacity (pas/h/link): 880

4, Vehicle type: N, Max. Capacity (pas/h/link): 400
3, Vehicle type: N, Max. Capacity (pas/h/link): 240
5, Vehicle type: N, Max. Capacity (pas/h/link): 480
4, Vehicle type: N, Max. Capacity (pas/h/1link): 320
2, Vehicle type: N, Max. Capacity (pas/h/link): 160

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link): 2550

5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
7, Vehicle type: N, Max. Capacity (pas/h/link): 560



Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ =

Pdel (Delete/Add node rate):

10,

2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Vehicle

Vehicle

, Vehicle

, Vehicle

, Vehicle

type:
type:
type:
type:

type:

N,

Vehicle type: N,

, Vehicle type: N,

Max.

Max.

0.4

. Capacity
. Capacity
. Capacity
. Capacity

. Capacity

(pas/h/1link):
(pas/h/1ink):
(pas/h/1link):
(pas/h/1link):

(pas/h/1link):

Capacity (pas/h/1link):

Capacity (pas/h/1link):

Pswap (crossover rate): 0.14285714285714285, Pms (Small mod rate): 0.8,
Final Route Set:

Line 1: [4, 3, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [7, 14, 6, 9, 10, 12]

Line 5: [0, 1, 3, 5, 7, 9, 13]

Line 6: [0, 1, 2, 5, 7, 9, 10, 11]

Line 7: [8, 14, 6, 9, 10, 11]

Captive users' score:

dO: 93.62%, dl: 6.24%, d2: 0.14%, dun: 0.0%, ATT: 10.69 minutes

Bus passenger demand per link:

Line 1: [88, 112, 94, 166, 314, 362, 112, 64]

Line 2: [198, 302, 420, 486, 24, 30]

Line 3: [220, 272, 340, 374, 318]

Line 4: [32, 22, 74, 90, 64]

Line 5: [82, 76, 122, 294, 368, 188]

Line 6: [368, 376, 404, 518, 540, 194, 134]

Line 7: [126, 60, 120, 156, 120]

Bus information per line:

Line 1: Route duration (m): 32, Frequency (veh/h): 5, No. of vehicles:
Line 2: Route duration (m): 30, Frequency (veh/h): 7, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles:
Line 4: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles:
Line 5: Route duration (m): 33, Frequency (veh/h): 5, No. of vehicles:
Line 6: Route duration (m): 38, Frequency (veh/h): 7, No. of vehicles:
Line 7: Route duration (m): 32, Frequency (veh/h): 2, No. of vehicles:
All users' score:

dO: 94.16%, dl1: 5.52%, d2: 0.32%, dun: 0.0%, ATT: 10.6 minutes

Bus passenger demand per link:

Line 1: [378, 576, 744, 814, 1146, 1184, 986, 612]

Line 2: [576, 992, 1158, 1230, 402, 118]

Line 3: [874, 934, 1028, 1088, 860]

Line 4: [130, 100, 498, 690, 536]

Line 5: [486, 314, 498, 838, 962, 458]

Line 6: [1272, 1382, 1440, 1640, 1544, 946, 586]

Line 7: [618, 360, 828, 672, 440]

400

560

400

160

400

160



Bus information per line:

Line 1: Route duration (m): 32, Frequency (veh/h): 8, No. of vehicles: 10, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 3: Route duration (m): 18, Frequency (veh/h): 8, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 4: Route duration (m): 21, Frequency (veh/h): 9, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 5: Route duration (m): 33, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 38, Frequency (veh/h): 11, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 1650
Line 7: Route duration (m): 32, Frequency (veh/h): 11, No. of vehicles: 13, Vehicle type: N, Max. Capacity (pas/h/link): 880
Main Data:

7 lines, 4-8 nodes per line, 5 minutes penalty for every tran

sfer

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 4: [1, 2, 5, 7, 9]

Line 5: [3, 5, 7, 9, 13]

Line 6: [0, 1, 2, 5, 7, 9, 12]

Line 7: [0, 1, 2, 5, 14, 8]

Captive users' score:

do: 87.7%, dl: 12.3%, d2: 0.0%, dun: 0.0%, ATT: 11.72 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 704, 246]

Line 2: [288, 642, 792, 872, 198]

Line 3: [150, 220, 286, 342, 342]

Line 4: [60, 60, 190, 170]

Line 5: [96, 348, 410, 218]

Line 6: [98, 206, 270]

Line 7: [130, 138, 140, 64, 64]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No.
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of
All users' score:

do: 85.61%, dl: 14.39%, d2: 0.0%, dun: 0.0%, ATT: 11.7 minute

Bus passenger demand per link:

. of vehicles:

. of vehicles:

of vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

S

10, Vehicle type: N, Max. Capacity (pas/h/link): 720

12, Vehicle type: N, Max. Capacity (pas/h/link): 880

4, Vehicle type: N, Max. Capacity (pas/h/link): 400
3, Vehicle type: N, Max. Capacity (pas/h/link): 240
5, Vehicle type: N, Max. Capacity (pas/h/link): 480
4, Vehicle type: N, Max. Capacity (pas/h/link): 320
2, Vehicle type: N, Max. Capacity (pas/h/link): 160



No.

No.

of vehicles:

of vehicles:

of vehicles:
of vehicles:
of vehicles:
of vehicles:

of vehicles:

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link):

5, Vehicle
8, Vehicle
6, Vehicle
6, Vehicle

7, Vehicle

type:
type:
type:
type:

type:

Max.

Max.

Capacity (pas/h/1link):

Capacity

. Capacity
. Capacity

. Capacity

(pas/h/1ink):
(pas/h/1link):
(pas/h/1link):

(pas/h/1link):

Line 1: [1004, 1630, 1734, 2218, 2062, 1278]

Line 2: [960, 2336, 2440, 2464, 1624]

Line 3: [596, 784, 890, 976, 976]

Line 4: [350, 350, 1300, 8438]

Line 5: [270, 864, 968, 574]

Line 6: [530, 906, 1038]

Line 7: [506, 534, 490, 270, 270]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15,
Line 2: Route duration (m): 28, Frequency (veh/h): 17,
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No.
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No.
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No.
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No.
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No.
Genetic algorithm data:

Population Size: 20, Elite Size: 8, No of iterations: 150

Objective function: minZ =

Pswap (crossover rate): 0.14285714285714285,

Pms (Small mod rate):

0.8,

2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pdel (Delete/Add node rate): 0.2

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 11]

Line 2: [4, 3, 5, 7, 9, 10, 11]

Line 3: [0, 1, 2, 5, 7, 9, 10, 12]

Line 4: [4, 3, 1, 2, 5, 7, 9, 6]

Line 5: [0, 1, 3, 5, 7, 9, 13]

Line 6: [0, 1, 2, 5, 7, 9, 12, 13]

Line 7: [8, 14, 6, 9, 7]

Captive users' score:

do: 93.94%, dl: 6.06%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [208, 206, 218, 282, 298, 194, 126]

Line 2: [204, 292, 378, 414, 204, 134]

Line 3: [210, 208, 218, 282, 300, 150, 128]

Line 4: [80, 148, 178, 296, 470, 510, 382]

Line 5: [68, 72, 100, 220, 258, 188]

Line 6: [198, 196, 208, 266, 276, 40, 32]

Line 7: [94, 94, 168, 90]

Bus information per line:

Line 1: Route duration (m): 38, Frequency (veh/h):
Line 2: Route duration (m): 33, Frequency (veh/h):
Line 3: Route duration (m): 33, Frequency (veh/h):

4, No.

6, No.

4, No.

11.91 minutes

of vehicles: 6, Vehicle type: N,

of vehicles:

of vehicles:

8, Vehicle type:

5, Vehicle type:

N,

N,

Max.

Max.

Max.

Capacity (pas/h/link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):

2550

1050

1350

1050

1050

560

320

480

320



Line 4: Route duration (m): 29, Frequency
Line 3: Route duration (m): 33, Frequency
Line 6: Route duration (m): 35, Frequency

Line 7: Route duration (m): 25, Frequency

All users' score:

(veh/h):
(veh/h):
(veh/h):

(veh/h):

do: 94.16%, dl: 5.84%, d2: 0.0%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line 1: [756, 790, 828, 928, 884, 940, 520]

Line 2: [556, 1012, 1198, 1202, 980, 510]

Line 3: [740, 764, 792, 892, 848, 1150, 946]

Line 4: [390, 614, 782, 918, 1292, 1356,

Line 5: [404, 302, 422, 674, 716, 458]

1354]

Line 6: [710, 714, 732, 792, 726, 596, 130]

Line 7: [576, 576, 1114, 314]

Bus information per line:

Line 1: Route duration (m): 38, Frequency
Line 2: Route duration (m): 33, Frequency
Line 3: Route duration (m): 33, Frequency
Line 4: Route duration (m): 29, Frequency
Line 5: Route duration (m): 33, Frequency
Line 6: Route duration (m): 35, Frequency

Line 7: Route duration (m): 25, Frequency

(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):

(veh/h):

12,

9,

8,

10,

10,

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 560
of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 320

of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240

10.59 minutes

of vehicles: 17, Vehicle type: N, Max. Capacity (pas/h/link): 960
of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
of vehicles: 10, Vehicle type: A, Max. Capacity (pas/h/link): 1200

of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1500
of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720

of vehicles: 13, Vehicle type: N, Max. Capacity (pas/h/link): 800

of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1200



ApXEio aTTOTEAECHATWVY SIKTUOU 8 YPAHUWV

Main Data:
8 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 7]

Line 8: [7, 14, 5, 3, 11]

Captive users' score:

do: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT: 11.66 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]
Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320

Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240

Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480

Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160

Line 8: Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link): 160

All users' score:

do: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT: 11.65 minutes

Bus passenger demand per link:
Line 1: [1004, 1630, 1732, 2236, 2074, 1284]
Line 2: [606, 1892, 2422, 2452, 1624]

Line 3: [596, 764, 868, 658, 658]



Line 4: [360, 350, 1300, 842]
Line 5: [268, 866, 970, 576]

Line 6: [530, 886, 1034]

Line 7: [506, 534, 488, 240, 250]
Line 8: [340, 446, 338, 318]

Bus information per 11

Line 1: Route duration
Line 2: Route duration
Line 3: Route duration
Line 4: Route duration
Line 5: Route duration
Line 5: Route duration
Line 7: Route duration
Line 8: Route duration

ne:

(m):
(m):
(m):

(m):

28,

28,

18,

22,

21,

21

24,

13,

No.

No.

No.

No.

No.

No.

No.

No.

of vehicles:
of vehicles:
of vehicles: 8, Vehicle type: N,

of vehicles:

of

of

of

of

vehicles:

vehicles:

vehicles:

vehicles:

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link): 2550

8,

Vehicle

, Vehicle

Vehicle

Vehicle

Vehicle

type:
type:
type:
type:

type:

A,

Max.

Max.

Max.

Max.

Capacity (pas/h/1link)
Capacity (pas/h/1link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):

. Capacity (pas/h/link):

. Capacity (pas/h/link):

Genetic algorithm data:

Population Size: 16,

Objective function: mi

nZ =

Elite Size: 4,

2*ATT*dtotal +

Pswap (crossover rate): 0.125,

Frequency (veh/h): 15,
Frequency (veh/h): 17,
Frequency (veh/h): 11
Frequency (veh/h): 9,
Frequency (veh/h): 7,
Frequency (veh/h): 7,
Frequency (veh/h): 7,
Frequency (veh/h): 6,

No of iterations:

Pms (Small mod rate):

150

0.8,

5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pdel (Delete/Add node rate):

.3

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [4, 3, 5, 7, 14, 6]

Line 8: [0, 1, 2, 5, 14, 8]

Captive users' score:

dO: 95.54%, dl: 4.46%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [334, 382, 424, 644, 704, 260, 154]

Line 2: [196, 322, 554, 652, 36, 32]

Line 3: [144, 208, 274, 266, 266]

Line 4: [64, 60, 196, 298, 234]

Line 5: [96, 338, 410, 188]

Line 6: [98, 166, 32]

Line 7: [90, 122, 72, 82, 74]

Line 8: [124, 132, 134, 56, 60]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9,
Line 2: Route duration (m): 30, Frequency (veh/h): 9,

No.

No.

of vehicles:

of vehicles:

10.44 minutes

11,

10, Vehicle type:

Vehicle type:

N,

N,

Max.

Max.

Capacity (pas/h/1link)

Capacity (pas/h/1link)

. 880

1350

1050

1050

560

480

720

720



Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 7: Route duration (m): 14, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 8: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

do: 94.16%, dl: 5.84%, d2: 0.0%, dun: 0.0%, ATT: 10.35 minutes

Bus passenger demand per link:

Line 1: [1032, 1516, 1632, 2100, 2038, 1660, 1006]

Line 2: [578, 1160, 1548, 1698, 570, 130]

Line 3: [582, 746, 848, 710, 710]

Line 4: [374, 360, 1328, 1264, 820]

Line 5: [262, 800, 962, 450]

Line 6: [530, 726, 214]

Line 7: [366, 514, 302, 278, 250]

Line 8: [492, 506, 458, 228, 242]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 14.0, No. of vehicles: 17, Vehicle type: A, Max. Capacity (pas/h/link): 2100.0
Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles: 14, Vehicle type: A, Max. Capacity (pas/h/link):
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Line 7: Route duration (m): 14, Frequency (veh/h): 7, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 8: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Main Data:

8 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Line 1: [1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [6, 14, 5, 3, 1, 4]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [3, 5, 14, 6]

Captive users' score:

do: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT: 11.66 minutes

1800



Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]
Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link):
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link)
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link):
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link):

Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link):

Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link):

Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link):

Line 8: Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link):

All users' score:

dO: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT: 11.65 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1732, 2236, 2074, 1284]
Line 2: [606, 1892, 2422, 2452, 1624]

Line 3: [596, 764, 868, 658, 658]

Line 4: [360, 350, 1300, 842]

Line 5: [268, 866, 970, 576]

Line 6: [530, 886, 1034]

Line 7: [506, 534, 488, 240, 250]

Line 8: [340, 446, 338, 318]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/1link)
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link)
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link):
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link):
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link):
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link):
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link):
Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link):

Genetic algorithm data:

Population Size: 24, Elite Size: 12, No of iterations: 150
Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.125, Pms (Small mod rate): 0.8, Pdel (Delete/Add node rate): 0.3
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: 880

320

240

480
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160
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: 2550

880

1350

1050

1050

560

480



Final Route Set:

Line

Line

Line

Line

Line

Line

Line

Line

(4, 1,

[4, 3,

Captive users'

score:

do: 93.94%, dl: 5.82%, d2:

0.23%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

[44, 8
[94, 1
[420,
[116,
[74, 2
[104,
[270,

[118,

0, 128, 256,

296, 162, 74]

74, 318, 368, 34, 90]

386, 380, 452, 450, 60, 30]

60, 196, 168, 78]

12, 248, 188]

114, 72, 116, 36]

278, 330, 280, 234]

202, 360, 422, 186, 94]

Bus information per line:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

Route

Route

: Route

: Route

: Route

: Route

: Route

: Route

All users' sco

duration (m):
duration (m):
duration (m):
duration (m):
duration (m):
duration (m):
duration (m):

duration (m):

re:

do: 93.32%, dl: 6.49%, d2:

36, Frequency
33, Frequency
35, Frequency
32, Frequency
21, Frequency
18, Frequency
18, Frequency

33, Frequency

(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):
(veh/h):

(veh/h):

0.19%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

[220,
[254,
[1484,
[610,
[190,
[300,
[1124,

[314,

590, 664, 956, 968, 852,

580, 894, 942, 560, 364]

1366, 1302,

342]

1360, 1170, 650, 130]

360, 1328, 718, 294]

536, 598, 450]

390, 266, 508, 170]

966, 1002,

820, 660]

750, 1136, 1224, 908, 374]

Bus information per line:

No.

No.

No.

No.

No.

, No.

, No.

, No.

of

of

of

of

of

of

of

of

10.68 minutes

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

10.63 minutes

Vehicle

Vehicle

Vehicle

Vehicle

Vehicle

, Vehicle

, Vehicle

, Vehicle

type:
type:
type:
type:
type:
type:
type:

type:

. Capacity
. Capacity
. Capacity
. Capacity
. Capacity
. Capacity
. Capacity

. Capacity

(pas/h/1link):
(pas/h/1link):
(pas/h/1link):
(pas/h/1link):
(pas/h/1ink):
(pas/h/1link):
(pas/h/1link):

(pas/h/1link):

320

400

480

240

320

160

400

480



Line 1: Route duration (m): 36, Frequency (veh/h): 7, No. of vehicles: 10, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 2: Route duration (m): 33, Frequency (veh/h): 12, No. of vehicles: 15, Vehicle type: N, Max. Capacity (pas/h/link): 960
Line 3: Route duration (m): 35, Frequency (veh/h): 10, No. of vehicles: 13, Vehicle type: A, Max. Capacity (pas/h/link): 1500
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 8, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 640
Line 6: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 7: Route duration (m): 18, Frequency (veh/h): 8, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 8: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Main Data:

8 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [11, 3, 5, 14, 6]

Captive users' score:

do: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT: 11.66 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]

Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles:
Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles:
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3,
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3,
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5,
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4,
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2,
Line 8: Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles: 1,

All users' score:

Vehicle type:

Vehicle type:
Vehicle type:
Vehicle type:
Vehicle type:

Vehicle type:

N,
N,

N,

10, Vehicle type: N, Max.
12, Vehicle type: N, Max.

Max.

, Max.

, Max.

Capacity (pas/h/link): 720

Capacity (pas/h/link): 880

Capacity (pas/h/link): 320

. Capacity
. Capacity

. Capacity

Capacity

Capacity

(pas/h/1link):
(pas/h/1link):
(pas/h/1link):
(pas/h/1link):

(pas/h/1link):

240

480

320

160

160



dO: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT: 11.65 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1732, 2236, 2074, 1284]
Line 2: [606, 1892, 2422, 2452, 1624]

Line 3: [596, 764, 868, 658, 658]

Line 4: [360, 350, 1300, 842]

Line 5: [268, 866, 970, 576]

Line 6: [530, 886, 1034]

Line 7: [506, 534, 488, 240, 250]

Line 8: [340, 446, 338, 318]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 480

Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal
Pswap (crossover rate): 0.125, Pms (Small mod rate): 0.9, Pdel (Delete/Add node rate): 0.3
Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 10, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [4, 3, 5, 14, 6]

Captive users' score:

dO: 94.79%, dl1: 5.21%, d2: 0.0%, dun: 0.0%, ATT: 10.58 minutes

Bus passenger demand per link:

Line 1: [334, 382, 424, 636, 670, 196, 108]
Line 2: [202, 342, 596, 682, 156, 82]

Line 3: [144, 208, 274, 230, 230]

Line 4: [60, 60, 190, 258, 232]

Line 5: [96, 346, 410, 214]

Line 6: [98, 166, 32]



Line 7: [124, 132, 134, 58, 58]

Line 8: [82, 102, 100, 100]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 32, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 6: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 24, Frequency (veh/h):
Line 8: Route duration (m): 13, Frequency (veh/h):
All users' score:

dO: 93.64%, dl: 6.36%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [1032, 1516, 1632, 2062, 1870, 1326, 850]
Line 2: [614, 1276, 1812, 1868, 1226, 770]

Line 3: [582, 746, 848, 658, 658]

Line 4: [370, 360, 1326, 1058, 820]

Line 5: [262, 862, 968, 576]

Line 6: [530, 726, 214]

Line 7: [492, 506, 458, 230, 240]

Line 8: [332, 402, 318, 298]

Bus information per line:

9, No.
4, No.
4, No.
6, No.

3, No.
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of

of

of
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. of

10.5 minutes
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vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

11, Vehicle type: N, Max.

Capacity (pas/h/1link)

1 720

10, Vehicle type: N, Max. Capacity (pas/h/link): 720

3,

5,

Vehicle

Vehicle

, Vehicle

, Vehicle

, Vehicle

, Vehicle

type:
type:
type:
type:
type:

type:

N,

N,

Max.

Max.

, Max.

, Max.

, Max.

, Max.

Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):

320

320

480

240

160

160

Line 1: Route duration (m): 33, Frequency (veh/h): 14, No. of vehicles: 17, Vehicle type: A, Max. Capacity (pas/h/link): 2100
Line 2: Route duration (m): 28, Frequency (veh/h): 13, No. of vehicles: 14, Vehicle type: A, Max. Capacity (pas/h/link): 1950
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 480
Main Data:

8 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]
Line 2: [4, 3, 5, 7, 9, 12]
Line 3: [0, 1, 2, 5, 14, 6]
Line 4: [8, 14, 6, 9, 10, 11]
Line 5: [2, 5, 7, 9, 13]

Line 6: [8, 14, 5, 3, 11]



Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [3, 5, 14, 6]

Captive users' score:

dO: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT: 11.66 minutes

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]
Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720

Line 2: Route duration (m): 28, Frequency (veh/h): 11, No. of vehicles: 12, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 4: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480
Line 6: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 8: Route duration (m): 13

Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link): 160

All users' score:

dO: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT: 11.65 minutes

Bus passenger demand per link:

Line 1: [1004, 1630, 1732, 2236, 2074, 1284]
Line 2: [606, 1892, 2422, 2452, 1624]

Line 3: [596, 764, 868, 658, 658]

Line 4: [360, 350, 1300, 842]

Line 5: [268, 866, 970, 576]

Line 6: [530, 886, 1034]

Line 7: [506, 534, 488, 240, 250]

Line 8: [340, 446, 338, 318]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles: 18, Vehicle type: A, Max. Capacity (pas/h/link): 2550
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560

Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 480



Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal
Pswap (crossover rate): 0.125, Pms (Small mod rate): 0.7, Pdel (Delete/Add node rate): 0.3
Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [4, 3, 5, 14, 6]

Captive users' score:

dO: 95.02%, dl: 4.98%, d2: 0.0%, dun: 0.0%, ATT: 10.47 minutes

Bus passenger demand per link:

Line 1: [334, 382, 424, 652, 702, 258, 154]
Line 2: [198, 338, 580, 652, 36, 32]

Line 3: [144, 208, 274, 230, 230]

Line 4: [60, 60, 196, 298, 234]

Line 5: [96, 346, 410, 188]

Line 6: [98, 166, 32]

Line 7: [124, 132, 134, 58, 58]

Line 8: [84, 104, 100, 100]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 480

Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240

Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160

Line 8: Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link): 160

All users' score:

dO: 93.51%, dl: 6.49%, d2: 0.0%, dun: 0.0%, ATT: 10.4 minutes

Bus passenger demand per link:

Line 1: [1032, 1516, 1632, 2170, 2038, 1666, 1006]
Line 2: [606, 1256, 1710, 1710, 570, 130]

Line 3: [582, 746, 848, 658, 658]

Line 4: [370, 360, 1328, 1270, 820]



Line

Line

Line

Line

[262, 858, 962, 450]

[530, 726, 214]

[492, 506, 458, 230,

[340, 424, 318, 298]

Bus information per line:

240]

Line 1: Route duration (m): 33, Frequency (veh/h): 15, No. of vehicles: 19, Vehicle type: A, Max. Capacity (pas/h/link): 2250
Line 2: Route duration (m): 30, Frequency (veh/h): 12, No. of vehicles: 14, Vehicle type: A, Max. Capacity (pas/h/link): 1800
Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 32, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 6: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 480
Main Data:

8 lines, 4-8 nodes per line,

5 minutes penalty for every transfer

Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [3, 5, 7, 9, 10]

Line 5: [2, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [1, 2, 5, 14, 6]

Captive users' score:

do: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT:
Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]

Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 22, Frequency (veh/h):

9, No.

11,

4, No.

3, No.

No.

11.66 minutes

of vehicles:

of vehicles:

of vehicles:

of vehicles:

10, Vehicle type: N,

12,
3, Vehicle type:

3, Vehicle type:

Vehicle type: N,
N,

N,

Max.

Max.

Max.

Capacity (pas/h/1link):

Capacity (pas/h/1link):

Max. Capacity (pas/h/link): 720

Capacity (pas/h/1link): 880

320

240



Line

Line

Line

Line

Route duration (m): 21, Frequency (veh/h): 6, No. of vehicles:

Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles:

Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles:

Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles:

All users' score:

do: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT: 11.65 minutes

Bus passenger demand per link:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

[1604, 1630, 1732, 2236, 2074, 1284]
[606, 1892, 2422, 2452, 1624]

[596, 764, 868, 658, 658]

[360, 350, 1300, 842]

[268, 866, 970, 576]

[530, 886, 1034]

[506, 534, 488, 240, 250]

[340, 446, 338, 318]

Bus information per line:

Line 1:

Line

Line

Line

Line

Line

Line

Line

Route duration (m): 28, Frequency (veh/h): 15, No. of vehicles:
Route duration (m): 28, Frequency (veh/h): 17, No. of vehicles:

Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N,

Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles:
Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:

Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles:

Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles:

Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles:

5,
4,
2,

1,

16,

18,

8,

Vehicle

Vehicle

Vehicle

Vehicle

type:
type:
type:

type:

Vehicle type: A,

, Vehicle

Vehicle

Vehicle

Vehicle

type:
type:
type:

type:

Max.

Max.

Max.

Max.

. Capacity (pas/h/1link):
. Capacity (pas/h/link):
. Capacity (pas/h/link):

. Capacity (pas/h/link):

Capacity (pas/h/1link)
Capacity (pas/h/1link):
Capacity (pas/h/1link):

Capacity (pas/h/1link):

. Capacity (pas/h/link):

. Capacity (pas/h/link):

Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.125, Pms (Small mod rate): 0.8, Pdel (Delete/Add node rate):

0.4

Final Route Set:

Line

Line

Line

Line

Line

Line

Line

Line

Captive users' score:

do: 93.62%, dl: 6.38%, d2: 0.0%, dun: 0.0%, ATT: 10.63 minutes

Bus passenger demand per link:

480

320

160

160

Vehicle type: A, Max. Capacity (pas/h/link): 2250
Vehicle type: A, Max. Capacity (pas/h/link): 2550

. 880

1350

1050

1050

560

480



Line 1: [392, 422, 436, 564, 572, 196, 108]

Line 2: [192, 290, 420, 482, 42, 40]

Line 3: [206, 252, 290, 338, 334]

Line 4: [122, 310, 388, 240, 230]

Line 5: [92, 274, 312, 214]

Line 6: [96, 88, 32]

Line 7: [62, 60, 188, 118]

Line 8: [86, 104, 74, 98, 56, 58]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 8, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 640
Line 2: Route duration (m): 33, Frequency (veh/h): 7, No. of vehicles: 9, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 3: Route duration (m): 18, Frequency (veh/h): 5, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 4: Route duration (m): 29, Frequency (veh/h): 5, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 400
Line 5: Route duration (m): 21, Frequency (veh/h): 4, No. of vehicles: 4, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 6: Route duration (m): 21, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 7: Route duration (m): 22, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 8: Route duration (m): 23, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

do: 93.71%, dl: 6.29%, d2: 0.0%, dun: 0.0%, ATT: 10.49 minutes

Bus passenger demand per link:

Line 1: [1266, 1618, 1660, 1892, 1660, 1338, 850]

Line 2: [578, 962, 1174, 1206, 602, 168]

Line 3: [828, 860, 888, 968, 956]

Line 4: [552, 972, 16090, 1114, 810]

Line 5: [234, 684, 744, 568]

Line 6: [538, 390, 220]

Line 7: [356, 350, 1316, 542]

Line 8: [376, 514, 466, 358, 244, 250]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 13, No. of vehicles: 16, Vehicle type: A, Max. Capacity (pas/h/link): 1950
Line 2: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 3: Route duration (m): 18, Frequency (veh/h): 7, No. of vehicles: 5, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 4: Route duration (m): 29, Frequency (veh/h): 8, No. of vehicles: 9, Vehicle type: A, Max. Capacity (pas/h/link): 1200
Line 5: Route duration (m): 21, Frequency (veh/h): 10, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 800
Line 6: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 7: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 8: Route duration (m): 23, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: N, Max. Capacity (pas/h/link): 560
Main Data:

8 lines, 4-8 nodes per line, 5 minutes penalty for every transfer

Initial Route Set:



Line 1: [0, 1, 2, 5, 7, 9, 10]

Line 2: [4, 3, 5, 7, 9, 12]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10]

Line 5: [14, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [4, 3, 5, 7, 9, 10]

Captive users' score:

do: 88.92%, dl: 11.08%, d2: 0.0%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line 1: [322, 402, 442, 664, 706, 248]

Line 2: [198, 530, 790, 872, 198]

Line 3: [150, 214, 280, 230, 230]

Line 4: [60, 60, 190, 170]

Line 5: [96, 346, 410, 218]

Line 6: [98, 200, 266]

Line 7: [130, 138, 140, 58, 58]

Line 8: [84, 110, 106, 106]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):
Line 3: Route duration (m): 18, Frequency (veh/h):
Line 4: Route duration (m): 22, Frequency (veh/h):
Line 5: Route duration (m): 21, Frequency (veh/h):
Line 6: Route duration (m): 21, Frequency (veh/h):
Line 7: Route duration (m): 24, Frequency (veh/h):
Line 8: Route duration (m): 13, Frequency (veh/h):
All users' score:

do: 86.58%, dl: 13.42%, d2: 0.0%, dun: 0.0%, ATT:

Bus passenger demand per link:

Line 1: [1004, 1630, 1732, 2236, 2074, 1284]

Line 2: [606, 1892, 2422, 2452, 1624]

Line 3: [596, 764, 868, 658, 658]

Line 4: [360, 350, 1300, 842]

Line 5: [268, 866, 970, 576]

Line 6: [530, 886, 1034]

Line 7: [506, 534, 488, 240, 250]

Line 8: [340, 446, 338, 318]

Bus information per line:

Line 1: Route duration (m): 28, Frequency (veh/h):
Line 2: Route duration (m): 28, Frequency (veh/h):

9,
11,
4,
3,

6

2

2,

15,

17,

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

of

of vehicles:

of

of

of

of

of

of

of vehicles:

of vehicles:

11.66 minutes

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

vehicles:

11.65 minutes

10, Vehicle type:

N,

12, Vehicle type:

3, Vehicle
3, Vehicle
5, Vehicle

Vehicle

ES

2, Vehicle

1, Vehicle

type:
type:
type:
type:
type:

type:

N,

Max.

Max.

Capacity (pas/h/1link):

. Capacity
. Capacity
. Capacity
. Capacity

. Capacity

(pas/h/1link):
(pas/h/1link):
(pas/h/1link):
(pas/h/1ink):

(pas/h/1link):

720

Capacity (pas/h/link): 880

. Capacity (pas/h/link): 320

240

480

320

160

160

16, Vehicle type: A, Max. Capacity (pas/h/link): 2250

18, Vehicle type: A, Max. Capacity (pas/h/link): 2550



Line 3: Route duration (m): 18, Frequency (veh/h): 11, No. of vehicles: 8, Vehicle type: N, Max. Capacity (pas/h/link): 880
Line 4: Route duration (m): 22, Frequency (veh/h): 9, No. of vehicles: 8, Vehicle type: A, Max. Capacity (pas/h/link): 1350
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 5: Route duration (m): 21, Frequency (veh/h): 7, No. of vehicles: 6, Vehicle type: A, Max. Capacity (pas/h/link): 1050
Line 7: Route duration (m): 24, Frequency (veh/h): 7, No. of vehicles: 7, Vehicle type: N, Max. Capacity (pas/h/link): 560
Line 8: Route duration (m): 13, Frequency (veh/h): 6, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 480
Genetic algorithm data:

Population Size: 16, Elite Size: 4, No of iterations: 150

Objective function: minZ = 2*ATT*dtotal + 5*dl*dtotal + 10*d2*dtotal + 50*ATT*dun*dtotal

Pswap (crossover rate): 0.125, Pms (Small mod rate): 0.8, Pdel (Delete/Add node rate): 0.2

Final Route Set:

Line 1: [0, 1, 2, 5, 7, 9, 10, 12]

Line 2: [4, 3, 5, 7, 9, 12, 13]

Line 3: [0, 1, 2, 5, 14, 6]

Line 4: [8, 14, 6, 9, 10, 11]

Line 5: [6, 14, 5, 7, 9, 13]

Line 6: [0, 1, 3, 11]

Line 7: [0, 1, 2, 5, 14, 8]

Line 8: [4, 3, 5, 14, 6]

Captive users' score:

dO: 95.49%, dl: 4.51%, d2: 0.0%, dun: 0.0%, ATT: 10.45 minutes

Bus passenger demand per link:

Line 1: [334, 382, 488, 698, 710, 258, 154]

Line 2: [196, 336, 576, 652, 36, 32]

Line 3: [144, 208, 288, 210, 210]

Line 4: [62, 60, 196, 298, 234]

Line 5: [50, 54, 316, 400, 186]

Line 6: [98, 166, 32]

Line 7: [124, 132, 148, 58, 60]

Line 8: [82, 102, 80, 80]

Bus information per line:

Line 1: Route duration (m): 33, Frequency (veh/h): 9, No. of vehicles: 11, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 2: Route duration (m): 30, Frequency (veh/h): 9, No. of vehicles: 10, Vehicle type: N, Max. Capacity (pas/h/link): 720
Line 3: Route duration (m): 18, Frequency (veh/h): 4, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 4: Route duration (m): 32, Frequency (veh/h): 4, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 320
Line 5: Route duration (m): 23, Frequency (veh/h): 5.0, No. of vehicles: 5, Vehicle type: N, Max. Capacity (pas/h/link): 400.0
Line 6: Route duration (m): 21, Frequency (veh/h): 3, No. of vehicles: 3, Vehicle type: N, Max. Capacity (pas/h/link): 240
Line 7: Route duration (m): 24, Frequency (veh/h): 2, No. of vehicles: 2, Vehicle type: N, Max. Capacity (pas/h/link): 160
Line 8: Route duration (m): 13, Frequency (veh/h): 2, No. of vehicles: 1, Vehicle type: N, Max. Capacity (pas/h/link): 160
All users' score:

do: 94.09%, dl: 5.91%, d2: 0.0%, dun: 0.0%, ATT: 10.37 minutes



Bus passenger demand per link:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

[1032,
[610,
[582,
[376,
[166,
[530,
[492,

[344,

Bus information per line:

Line

Line

Line

Line

Line

Line

Line

Line

1:

2:

Route

: Route

: Route

: Route

: Route

: Route

1522, 1822, 2278, 2088, 1666, 1006]
1260, 1674, 1710, 570, 130]
748, 894, 576, 576]
360, 1328, 1270, 820]
178, 802, 924, 460]
726, 214]
508, 504, 218, 234]
428, 236, 216]

Route duration (m): 33, Frequency (veh/h):
duration (m): 30, Frequency (veh/h):
duration (m): 18, Frequency (veh/h):
duration (m): 32, Frequency (veh/h):
duration (m): 23, Frequency (veh/h):
duration (m): 21, Frequency (veh/h):
duration (m): 24, Frequency (veh/h):
duration (m): 13, Frequency (veh/h):

: Route

16, No.
12, No.
12, No.
9, No.
12, No.
10, No.
7, No.
6, No.

of vehicles:

of vehicles:

of vehicles:

of vehicles:

of vehicles:

of vehicles:

of vehicles:

of vehicles:

20, Vehicle type: A, Max. Capacity (pas/h/link): 2400

14, Vehicle type: A, Max. Capacity (pas/h/link): 1800

8, Vehicle type: N, Max. Capacity (pas/h/link): 960

11, Vehicle type: A, Max. Capacity (pas/h/link): 1350

7,

3,

11, Vehicle type: N, Max. Capacity (pas/h/link): 960

8, Vehicle type: N, Max. Capacity (pas/h/link): 800

Vehicle type: N,

Vehicle type: N,

Max. Capacity (pas/h/link): 560

Max. Capacity (pas/h/link): 480
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