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H dvodog TV de1kT®dV 1010KTNGiaG OYNUAT®V KoL, YEVIKOTEPQ, TNG ATNOMNG Y10 LETAPOPES TIC
TEAEVTOIEG OEKOETIES, MG AMOTEAEGLOL TNG OENGNS TOV TANBVGLOV Kot TNG OGTIKOTOINGNG, £XEL
evteivel o onuavtikd Pabud v mieon mov 0oKETOL GTO AGTIKG GUGTHUATO LETAPOPDV. 2g
OTOTELECUO TOV TOPATAVD, 1 GLYVOTNTO EUPAVIONG, KAOMDC Kol 1 EVTAGN, QUVOUEVOV
KUKAOQPOPLOKNG GUUPOPTONG €£xEl avENDEL, e ONUOVTIKEG AUECES KOl EUIECES GUVETELEG GTNV
vyeio TOV TOMT®V, TNV OlKOVOuia, TNV 001K 0CPAAELN KOt TO TEPIPAAAOV. ZE AVTO TO TANIG1O,
N QupAlovon TV QoIVOUEVEOV GLUPOPNONG £XEL KOTAOTEL Pl OTONTNTIKY KOl TOADTAOKN
arootoA). Ta tedevtaia 20 ypovia, n avamtuén é&vtvev cuotnudtov petaeopov (Intelligent
Transportation Systems — ITS) £xet avaderyOel w¢ T0 MO OTOTEAEGUATIKO EPYAAELD TTPOG CVTN
v KatevBovon. H de mpdodoc g Texyvntig Nonpoohvng, TV VIOAOYIGTIKOV GUCTNUATOV
KOl TOV TNAETIKOWVOVIOV TPOCPEPEL VEEG TPOOTTIKEG OGTNV AmOdOTIKN Oloyeipton g
KuKAopopiag.

H akpiprg Bpoyvmpdbeoun mpdPreyn g xvkioeopiog Oempeitor kabopiotikny yuo v
amoteAecpatiky spoppoyn tov ITS, dedopévov OTL emtpémel v EyKopn avtidpaon oTig
OVOUEVOLEVEG GUVONKEG KUKAOPOPTING, OTIMG 1) EPAPLOYN KATUAANA®MY GTPATNYIKOV OTOTPOTNG
™G EUPAVIoNS KUKAOQOPLOKNG cupeopnons. H avénuévn o yio axpiPeig mpoPréyelg o
oLOTHHOTA dlayEIPIoNG KUKAOPOPING £xEL VENCEL TO EVOLAPEPOV GTNV EPEVVITIKN TTEPLOYT TNG
TPOPAEYNC TOV KUKAOPOPLOK®V cuvinkmdv. MdMota, 1 Gvev mponyovpévon dobectudtna
KUKAOPOPLOK®V SEG0UEVOV, O AMOTEAEGUA TNG POYOAiNG AVATTVENG TG TEYVOLOYING KOl TMV
TNAETIKOWVOVIOV GTIG UEPEC WOG, £0TPEYE TNV TPOCOYN TMOV EPELVVNTMOV TPOC UeBOd0VC
001 yoLLEVEG 0md TO dedOUEVA Kat, Kupiwg, TNV Babid Mnyavikn Mdadnon (Deep Learning). Ta
UOVTELDL TTPOPAEYNC OV OVIAKOUV GE OLTH TNV Kotnyopia Osmpodviol G avtd UE TNV
pueyolotepn akpifeln kabdg umopodv Vo, TPOCOUOIDCOVY UE OKPiPeld  OmO100NTOTE
LOONUOTIKT GYEoT), AVEEUPTHTMS TG TOADTAOKOTNTAG TNG, OTMG Ol YMPOYPOVIKEG CUCYETICELS
UeTAED TOV KUKAOPOPLOKOV cLVONKOVY TV BEcemVv £vOg 0d1K0D SIKTVOV Kot LAMGTO XmPic Vol
arorteiton Wwoitepn Tpoondbelo amd Tov ypnoT.



Amo Vv GAAN pEPLd, TO CUYKEKPIUEVE HOVTEAQ OTOLTOVV UEYOAO OYKO dedouévev Kot
aVENUEVT] VITOAOYIGTIKY 16XV Y10 VO EKTOOELTOVY OMOTEAEGUOTIKE, VA €ivar dLGYEPNS M
KOTOVONOT TOU UNYOVIGUOD TV TPoPAEYE®V Kol 1) EPUNVEID TMV OTOTEAECUAT®V TOLG,
YEYOVOG IOV PEWDVEL TV 0E10TIoTion Ko T S1opaveld Tovg. Ot mapandve Adyor teplopilovy o€
peydio Pabuo tm xpnolpomoinon ouTdV TOV HOVIEA®V Y10, TOVS GKOTOLG TNG dtoeiplong
KUKAOQOPIOG G€ TPOYUATIKEG GUVONKEC, 1 OTOIN TAPAUEVEL AVTIOTPOPMG AVAAOYT TOV LEYAAOV
EPELVNTIKOV EVOLOPEPOVTOG KAl TOV GYKOL TV dNUOGIEVGEDY GTNV GUYKEKPLUEVT] EPEVVITIKTY)
nepoyn. Ilpoxdntel Guvendc 1 avaykn Yo ETavamposdopUd TV kprinpiov agloAdynong tmv
HovTEL®V TPOPAeyNC, Balovtag og KEVTIPIKO pOAO OYL LOVO TNV aKkpifela TV TPoPAEY®V dALY
Kot TNV a&omotia, Ty atidTTo, TV ENEENYNCIUOTNTA KOL TV 0TOJ0TIKOTNTA, O GUVOLACUOG
TV onoimVv KaBopilel TNV EQUPLOCIUOTNTA EVOG LOVTELOV.

A )'(s]

O xbdplog o16)X0¢ ™G MaPoHoog datpPng eival N avdmTuEn evog €PUPUOGILOL TANUGIOV
TPOPAEYNC NG KLKAOQOPIDG TOALUTAGDY YPOVIKAOV KOl YOPIKOV KAUAKOV Yo TNV
TPOYVOOTIKY dlyeiplon G KukKAo@opiag, TO Omoio EKTOUOEVETAL O TOAVLTPOTIKG
neptBdilovta (Aapfavovtag VoY TEPIGGOTEPA TOV EVOG HEGO LETAKIVIONG), AEIOTOIOVTOG
OITIDOELS YWPOYPOVIKES GYEGELS Kot TTVYEC NG Bempiag e Kvuihopoprakng Pong.

INo tov 6Komd avTd, TPOTEIVETAL [0 EPYAAEIOONKN AEITOVPYIKGOV HOVAd®Y, Kabeuia amd Tig
omoieg pmopel va a&lomomBel amd Tig apyés dtoyeiplong TG KukAoPopiag vd SaPOPETIKEG
GUVONKEG Y10, TNV TPAYLOTOTOIN G TOALUTADY EPYUCIDV TPOPAEYNS ATTO SLUPOPETIKEG OTTTUKEG
yovieg, Ty mpOPreyn moOAOTAOV peTAPANTOV €E0O0V, TOALTPOMIKOV 1 UEHOVOUEVOV
ePYOCIOV, TPOPAEYN o€ OA0 TO diKTVLO 1) OMUEWKA KOl PpayvrpoOecies 1| LakporpOOeseg
TPoPAEYELS (1 ypriom dedopEVMVY DYNANG 1 YoUNANG avaAvong, avtioToya).

[Ipog v katevBvven avth, 1 datpiPrn BETEL TOLG TAPUKATO ETUEPOVS GTOXOVG:

1. T[IpoGdlopIoHOg YMPIKOV GUGYETICE®MV 0T0 001KA dikTva, pe T YpNon oLYYPOvVOV
puefddmwv amd TV EQOPUOCUEVT] OTOTIOTIKN Kot TN Oewpila tng mAnpopopiag, Kot
a&loldynon g enidpacng Tovg otV axkpifela g TpoPreyNc.

2. Agpevvnon mlavoy ONUOVIIKOV OAANAETIOpAcE®Y METOED TOV oLUVONKOV 001KNG
KukAopopiag kot g {nong yu dhiovg Tpdmovg petakiviong kot a&moinomn Tovg yuo
TV TOPOYDYT TOAVTPOTIKOV TPOPAEWEDV.

3. A&omoinon oG eVGTOYNG KOl OVGLIGTIKNG AVOTAPAGTOGTG TOV 001KOD SKTOOV Yo, TNV
OTOTELECUATIKY LOVTEAOTTOINGT), TOGO TV YOPIKDY, OGO KOl TOV YPOVIKOV GYEGEDYV TOV
GLOTNHUOTOC LETOPOPDV ({TNON Yo SL0QOPETIKG, LECT).

4. Aviyveoon onUOVTIKOV TOdOV oYECE®V HETOED TOV KUKAOQOPLOIKAOV cLVONKDOV og
S1popec BEGELG TOV 0JKOD SIKTVOV KOl TOV KUKAOPOPLOUKDV LOTIP®V 0V avadekvHouY
o€ eMimedo TOANG, TG0 Ppoyvmpdbeciio 660 Kt LaKkpoTpOdeca.

5. Atgpgdvnon g EMOPOONG TOV OUTIOOMV CYECEDY GTIV EVIGYVOT TNG TPOPAEYIUOTNTOG
TOV KUKAOQOPLOKAOY cLVONKOV g eminedo diktvov, kobmg kor v aflomiotio. Tov
TPOPAEYE®V.

6. Ewoayoyn ototeiov and ™ Oswpia tg Kvkhogopiaxnig Porg oto otddio ekmaidsvong
TOV HOVTEAOL WE TNV avATTLEN LMOG GLVAPTNONG OTOAEIMV GUUPOTAG UE TN QUOT TNG
KUKAOQOplaKnG pong Kot TG eEEMENG NG o€ YdPO Kot xpdvo. Algpehvnomn Tng ETOPACNC
™G otV anddoot Kal TV aE0TIoTio TOL TANLGI0L TPOPAEYC.



7. A&oloynomn g emidpaong g Tpocdyyiong mov kabodnyeital omd T Bempio 66OV apopd
o dvvatdmra aflomoinong tov TAGIov o TWPAYUATIKES cvvOnKes (ambddoo,
0TOd0TIKOTNTA Kot 0510TIoTio).

MpokKAACEIG yia TNV AVATITUSH EQAPHOCIHWY HOVTEAWV

Xg oot TV gvOTNTa, TOPOLGIALOVTAL Ol CNUOVTIKOTEPES TPOKANGELS Tov oyeTilovTol pe ™
duvatotnta aélomoinong poviédwv Boabidg Mdabnong oty mpoyvootikn dtayeipion g
KukAopopiag, cOpemva pe TV Tpoceatn PipAtoypagic, kabdS Kol To EPEVLVNTIKA EPMTALLOTL
OTO 07010l EMIYELPEL VO ATOVINGEL 1] TOPOVGA SLOTPIPN.

MpdokAnon 1: Meplopiopoi Tng Badidg MadBnong

[Hopd v adepeiofrin anotehecpatikdtnTa s Badidg Mabnong omv axpip mpdPreyn
TOV UEALOVTIKOV GLVONK®V, LITAPYoUV OpIopéva RO Y10 TNV EQOPUOYT TOV CYETIKMV
HOVTEL®DV GE TPAYLOTIKEG CLUVONKEG:

e Amaitnon peydiov 6ykov deSOUEVAV, LE ETAPKN YEDYPOPIKT KAADYT TOV 001KOD SIKTOLOV,
KaODC Kol GVTITPOCSHOTEVLTIKOTNTOG TMV OEG0UEVDV OVTAOV.

e XpovoPopo Otadkacio ekmaidevong kKabmg kot Pabpovopunong g Soung Kot Twv
VREPTOPAUETPOV TOV LOVTEADV.

® Amouteital VYNAY VTOAOYIGTIKY] 1GYVG Y10, TNV EKTAIOEVOT] KAl GLUVTIIPNON TOL LOVTELOV,
KaOdC Kot Yo TV 0mofnKevo Kot ¥pNomn Tov avtioTolyov facemy dedouévmy.

o XounAn duvatdmTe EPUNVEING TOV OMOTEAECUAT®V, 1 omoila &ivor amapaitn
mpokeévou va dwkatoloynfel m Sadwkacio ANyng amopdcoswv Kot va avEndel M
0&107T1oTio TOV GUYKEKPIUEVOL LOVTEAOD.

o Ilepropiopévn duvatdTnTo LETAPOPAS KOl YEVIKELONG TOV LOVIEA®VY o€ dAla diKTva 1) o€
Ao onpeio Tov id10v SIKTHOV.

MpokAnon 2: AvatrapdoTtaon Tou 081KoU SIKTUOU Kol TwV Sedopévwy €106d0u

H gvctoyn avamopdcetaon Tov 001koD SIKTOOL KOl TOV YOPOYPOVIKMV GUCYETIGEMV HETAED TMV
TEPLOYDV TOV JVVATOL VO EVIGYVCEL TNV AOO0CT TOL HOVTELOV, KOOMG Kol TNV guyEpELn
epunveiog tov. Emiong, o avtifeon pe v mo cuvnOiouévn paxtikn g PipAoypagiog, 67ov
TO UOVTEAO TPOPOSOTEITOL UE OAEG TIC OLOOECIUES OKATEPYAGTEG TANPOPOPIES Ywpig Kopio
TPOMYOVUEVT] OVAALGT T EMAOYN TOV MO CYETIKOV YOPAKINPIOTIKOV, 1 OKPPNg
OVOTOPAGTUCT) TMV GUGYETICEMV UETUED TV OE00UEVMV ELGOSOD UEIDMVEL TNV TOAVTAOKOTTO
Kot T S10TaTIKOTN T TOV YMPOV 16030V TOL LOVTEAOL. Ot 10 S100£S0UEVES AVOTOPUCTACELS
elvar o1 €€Ng:

o Xtoifa dwavucudtov (Stacked Vector): Ot ypovocelpég TV KUKAOQOPLOK®DY LETPHOEDY
oo TIG SPOPEG TEPLOYXES TOV OIKTOOV (TOV Umopovv vo. BempnBodv ¢ dtavdcuato)
otoipaloviar oe £€vo Odvocpo dlovuoudtov. Avthy givalr M mo amhn  pébodog
AVATOPAGTACNG, (OGTOCO Elval KATAAANAN, KaTd KOp1o AdYO, Yo amAd 0dikd dikTvo pe
AMyec Oéoeig pétpnong.

e Ewova 1 mAéypa (Image or Grid): Opileton éva tetpaymvikd mAéyua pe to péyebog Tov
00100 S1KTVOV Ko o€ Kdbe eicovoaTorygio (iEeh) Tov TAEYUATOG AOSIOETOL 10, TN TTOV
OVTITPOCMOTEVEL TIG GVVONKEC KLKAOPOPING GTO E0MTEPIKO TOV, TO 0010 £ival aKPPAOC
avéioyn e o eidve o€ KAMpoka Tov ykpt. To petovéktnua autig tng pebooov givat ott,
ouvnBmg, T0 001KO dIKTVLO KAADTTEL Vol LUKPO PEPOG TOV TAEYHOTOG, OPNVOVTOG KEVA TO.
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TEPLOCOTEPX EIKOVOCTOLYEID. ZVVETMDC, TO LOVTEAO TPOPOJOTEITAL [IE EVAV TYETIKA LEYAAO
YDPO €1G000V, 0 000G OUMG TEPLEXEL TEPLOPLGULEVT] TTAT|POPOPLAL.

o ['pdpog: O1ypapotl umopolv va xpnotlononBody yio va ekQPAcovy To GOVOETEG GYEGELG
UeTAED TV OESOUEVAV E1GO00V OO SLOPOPETIKEG BEGEIC TOL 001KOD SIKTOLOV, Ol OTTOIES
amoppEOLY amd TN GLVOEGIUOTNTA TOV TUNUATOV TOV 001KOD SIKTVLOV, TNV EMOPACT] TOV
SCTAVPDOGEDY KOL TOV POTEWVAOV GULATOO0TAOV KOl T LOTIPa KUKAOPOPiag/cLHEOpNoNg
petald un-yertovikav 0écemv. Avtol ToL €100VG 01 GUGYETIGEIS EKPPALOVTOL HECH TNG
GULVOEGILOTNTOG TOV KOUP®V TOL YPAPOL Kot €VOG GUVTEAESTH PapOTNTOG TTOL AVTIGTOLYET
oe k@Pe ovvdeon. Yrapyovv tpelg Pacikoi TOTOL GLVIEAEGT®V PapVTNTOC: OVTOL TOV
eKQPAlovy TNV TPAYLOTIKY (YEQYPUPIKT) GUVIEGILOTNTO TOV KOUP®V, avTtol Tov gival
avéAoyol TG amdoTaoNS TMV KOUP®V Kot awtol mov ek@pdlovy v Tapsn GTATICTIKNG
GLOYETIONG LETAED TOV KUKAOPOPLIKMOV GUVONKAOV TV 0VTIGTOLY®V KOUP®V.

MpokAnon 3: Zuoxérion Kai AImidTnTa

Ytov emotnUovikd KAAdo g mpoPAeyng tng KukAogoplag, mapd To Yeyovdg OTL Ol
TEPLOCOTEPOL EPEVVNTEC GUUPOVODV GYETIKA UE TNV VTOPEN GNUAVTIKOV OITIOOMV GYECEDV
petalld dapopeTikay Bécemv gvog odukov diktvov, cuviBmg Paciloviar oe poviéda Pabidg
pnabnong yo EVIOTIGUO GLGYETICEMV UETOED TOL HEYAAOL OYKOL TMV SeOPEVOV E1GOOO0V.
Q61660, 01 GUYKEKPLUEVEG GUGYETICELS OV €ival GUVHOME S10PAVEIC KO KOTAVONTEG Y10, TOVG
YPNOTES, EVD dev glvan eyyunuévo Oti elvan autiddelg. Katd t povielonoinor onotovdnmote
(QOIVOUEVOD, Ol QUTIDOELS GYECELG HETAED TOV UETAPANTOV €10000V Kot €000V mailovy TOAD
OMNUOVTIKO pOAO. Xg avTIDEST LE TN OTATIOTIKY] GUOYETION OV UTOPEl va mapatnpnbel o€ Eva
GUYKEKPIUEVO GUVOAO OEQOUEVAV, 1 £VVOLX TNG oUTIOTNTOG OVOPEPETAL GE O OTLOVTIKEG
oxéoelg Petold Ttov petafAntd@v, pe TNV évvola OTL, Y., M TN UG 1 TEPICCOTEPOV
petafintov ewwodov Ba "mpoxorécer v €€odo va AdPer pio ovykekpiuévn ty. Il
GUYKEKPIUEVE, 1] UEAETN] TOV QUTIOOMV GYECEMV €IVOL TOAD GNUOVTIKY Y10 TPEIS PaciKovg
Adyovg:

o Xpnon UeTafANTdV €16000V OV GYETIOVTOL ATIOIMC LLE TO OVOUEVOUEVO OTTOTEAEGLLOL
KO TV 001V 0 OVTIKTUTTOG G€ aVTO Topapével otalepds kot etvar ave&aptnTog amod Tig
LETAPOAEG TOV TILDV TOV PHETAPANTOV.

o Xuvlmc, 0 YHOPOC 16OV TEPIAAUPAVEL TOGO AITIOOELS OGO Kol U OITUDOELS LETUPANTEG
Kol, KOTO Tn Xpnomn TEYVIK®OV emnenynong TV omoTEAEGUATOV, O&V UTOPOLV Vo
L ®PLOTOVV, YEYOVOG TTOL 00N YEl o8 ava&lomioTteg EneENYNOELS.

o Otav ypnoomoodvial 1060 TSN 060 KoL U1 OUTIdON YOPOKTNPIGTIKG GV
TPOPAEYN, 1 SLOGTATIKOTITO TOL ¥DPOV E1GO00V OLEAVETOL CTLLAVTIK(, VTOVOUEDOVTOG
TNV amdO0GT TOL HOVIEAOVL, €VA 1 XPNON LOVO cUTIMO®V YOpOKTNPIoTIKOV B Ntov
EMOPKNG,.

Otav TpoxelTol Y10, SeS0UEVA YPOVOGELPDY, 1 TO KUTAAANAT Kot dSNuo@iAng puébodoc yia tnv
aviyvevuon atindmv oyxEcemV eivat o Eleyyog atiotntog Katd Granger. Me amid Adyo, Aépe
Ot pa ypovooelpa "x" mpokoel kotd Granger T ypovooelpd "y", dtav n "y" tpoPréneTon e
peyoAutepn axpifela and Eva poviéro, edv TponyovUeveg TIHEG g "X mepthapupdvovial 6To
YDPO £16050V. TNV KAootkn artidtnto katd Granger, T0 LOVTELO TOV ¥PNCLULOTOIELTOL Y10, TV
a&loldynon g Vapéne aTiwdmV oYEcEnV gival To AlvoUATIKO AVTOTOAIVOPOUO LOVTEAD
(Vector Autoregressive - VAR). I'iveton dnhadn n mopadoyn 61t vedpyovv UOVO YPOUUIKEG
ox£0€1C LETOED TOV SESOUEVOV, KATL TOL UTOPEL VO EIVOL VTTEPOTAOVGTELUEVO Y10, GUGTILOTO
TOV TPUYUOTIKOD KOGUOV, TT.X. Y10t 0£S0UEVE KUKAOPOPIOG



To onpavtikdtepo TAcovEKTNUO TNG aitiotnTog Granger, ®GTOGO, Evol OTL TPOKELTAL Y10 Ld
moAvpetafint pébodo, onAadn aforoyel v VmapEn otuddovg oyéomng petah 6vo
peTafAnTov Aapufavovtag vaoyn Kot T EXdpacT] OA®V TOV GAA®V LETARANTOV 16050V, GE
avtibeon pe TG mepLocoTEPEG AALEG HeBOdoVe Tov e€etalovv pOVo Tig oyéoelg avd Cevyn.
2opemva pe 1o tpotumo VAR, 1 petafint e£6d0v i etvan £vag ypopuptkds GuVOLAGHOS TOV
TPOTYOVUEVOV YPOVIK®V PrUETOV TV LETARANTOV EIGOS0V Xi c1:

T T T
Ve = Z Ay, X161 + Z Ay Xp ey + o+ Z A1 Xn,t—1 @)
=1 =1 =1

omov T eival o péyiotog aptBprdg YPOVIKOV VOTEPNCE®YV OV AoUBAavovtol voyn, n gival o
GUVOMKOG apllog TV YPOVOGEPAOV €10000V0 Kot aj) €lval O GLVIEAESTNG TNG 1-0GTNG
YPOVOGELPAG TTOV GYETICETOL LE TO YPOVIKO Prina t-1. Ot Tipég TV cuvteAEsTOV TPpocdiopilovtal
€101 OOTE va EAayloTomoleitat 1 akdAovdn TocoTTO!

%(i Ve _zn:iai,lxi,t—l) +lzn:i|au| un

i=11=1 i=11=1
6mov N &ival 0 cLVOAIKOG aPBLOG TV TOPATPNCEDV.

Mpo6kAnon 4: ETrenynaipdTnTa KAl XWPOXPOVIKN avaAuon

H gpunvevcipudmta 1 ene€nynciudTTo OVOQEPOVTOL GTI OPAVELN EVOG LOVTEAOD, 1) OOl
ocuvendyetol 0Tt To dedopéva 1 0 alyOplOOGC Kot 0 UNYOVIGHOG TTOL TTOPEYEL TIG TPOPAEYELG
elvar mpooPdolpa og kdmoo Pabud amd tov ¥pNoTn, YOpig va amonteitol TANPNS KoTovonon
NG SOUNE TOV HOVTEALOL KOl TOL palfnpatikod Tov vroPdfpov amd v TAgLPE Tov.

H ene&nynoudtnta Kot 0 EVIOTIGHOG TV YOPIKMV KoL XPOVIKOV oXEGEMV UETAED TV BécemV
TOV 001KOV JIKTHOV, UE COPNVELD KOl SLOQAVELD, Elval TOAD CNUAVTIKES Y10 TOVG GKOTOVG TG
dlayeipong ¢ KukAoQopiag, TPOKEWUEVOL:

o Na dikaroloyeitor 1 Stadkacio AQYNG OTOPAGEDY KOl VO AVEAVETOL 1] EUTIGTOCHVN
GTO GUYKEKPLUEVO LLOVTELO, TTPAYLLOL OTTAPOITITO Y10, T GUUUOPPEOOT] TV YPNCTAOV TOV
diktHov.

o Noa e€oybel véa ETGTNUOVIKT YVAGCT GYETIKG. LLE TN UNYAVIKT] TOV SIKTHOV.

e Noa Pertiwbei n anddoomn Tov HOVTEAOL TPOBAEYNG KOL 1] LETOPEPCLLOTITA TOV.

H efaymyn T@V YopoypovIKOV GYEGEMY KoL 1] EPUNVEIN TOV UTOTEAEGUATOV TOV LOVTEA®V
Babidg MdaOnong yivetar pe uebddovg ol omoieg dev Exovv 1oyvpd padnuatikd vedfadpo kot
eCoptdvion €& olokANpov amd Tao dtbéoipa dedopEVA - KATA CUVETELD, vl TOAD EVAAMTES
o€ 0opuPmon cHVOLL OOUEVOV KOl EVOEXETAL VO TOPEYOVY OvAELOTIOTH OTOTEAEGULOTAL.
Emumiéov, vrodnimvouv povo otoTioTikég Kot Oyl atiddelg oxéoelc. [ v avripetdnion
aVTOV TOL {NTHROTOC, 01 gpgvvNTéG Ba Tpémel va AaPfovv vIdYN TOVG APEVOS TN YVAGCT TOV
npoépyetal and T Bewpio g Kukhogopilakng Pong oyetikd pe ) xopoypovikn d1doon Kot
TOV SLVOUIKOV TNG KUKAOPOPIOG Kot TG CLHPOPNCNG KOl apeTEPOL PeBOSOVG Yo TV ETaom
KOLL TNV TOGOTIKOTOINON TV OITIOdDV GYEGEMY 0T Ol0OEGIL0 dedOUEVAL.

MpokAnon 5: Malnon oAAarAwyv digpyaciwv: H avaykn yia ToAupeTaBAnTES
mpoRAEYEIS

H évvola tov povtéhov TOAATA®OVY SIEPYOCIOV 1| TOAVUETOPANTOV TPOPAEYE®V aVaPEPETAL
omv avamtuén &vog HOVTELOL 7oV pmopel v TPoPAEYEL TEPLGGOTEPO TOL €VOC UEYEDM
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(d1epyaciec) Tavutoypova, dMNAadn Exel TOAAEG peTafintéc e£660v. Xtov Topéa TG TPOPAEYNG
™G KUKAOQOPIag, €va HOVIEAO TOAAATAGV Olepyacidv pmopetl vo ypnopomombel yio v
TPOPAEYN TEPIGCOTEPMV TOV EVOG KUKAOPOPLOK®V HEYEODV (POPTOC, TOOTNTA, TVKVOTNTO 1)
katdAnyn). To Baoikd TAcovEKTUO 0LTAG TNG HEBOOOL Ge GYEom Ue TN YPNoN HOVIEA®V Yia
mv mpoPreyn plog petafintig elvar 0T, ovppove pe TG Bepelddelg GYEGES NG
Kvrhopoprokng Teyvikng, xpetdlovtot TOLAGYIGTOV S0 HETAPANTEG Y10 TOV YOPAKTN PO TOV
KUKAOQOPLOK®V cuVONKAOV ¢ coppopnuéveg N un. o mapddetypa, pia T tov eOpTOL
avtotoryel oe dvo mbavég kataotdcels. [lapéyoviag 610 poviélo v TN Hog emmAéov
HeTafANTAG, aTo dvvatal va dtompilet T 000 KATAGTAGEIS KO TIG OLUPOPETIKEG SOLVOUIKEG
OV AVTIGTOLOVV otV Kafepud.

Mia Stapopetikn Tpoc€yyion tolvpeTaAnTdv TpofAéyewy otny TpoOPAeyn TG KVKAOPOpiag
elvar o1 Tolvtpomikég TpoPréwels, dnAadn n TpoPAeyn T Kuklo@opiag 6To 001Kd diKTLO GF
cuvdvaopd pe ™ {ftmon yu dAka péco petaeopds, .y, Méoa Malikng Metagopds. ‘Eva
oXeTIKO mapdoetypo mapovotdletor oto Kepdhoto 5 g mapovcag dwrpipnc. Ilpémer va
Toviotel 0TI, 1010iTEPA GE QVTN TNV TEPIATM®ON, EKTOC GO TOV EKTETANEVO YDPO €600V,
OVEAVETOL GNUAVTIKA KoL 1] TOAVTAOKOTNTO TOV YDPOL E16O00V. LVVETMS, OVTH 1) TPOGEYYIoN
TPEMEL VO EMIAEYETAL OTOV VAAPYEL OMUOVTIKY) GLOYETION TOV UETAPANTOV €£000V Kot
avapévetol va ovénbel n cuvolikt| akpifeia mpoPreymc yio dAec.

MpokAnon 6: Evioxupévn aglomioTio pe Neupwvikd Aiktua Baoiopéva Ztn Quoiki

H mpdcoatn Biproypagio oty mpdPreyn g kukhogopiog Paciletoan kuping oty Babid
Mdabnon, mopaPAEnovioc TNV EMGTNUOVIKY YVAOGCN 7OV TPoépyetal amd T Oesmpia g
Kvrhopoprakrig Texvikng. To yeyovoc avtd peidvel mepetaip® v aE0moTio TOV LOVTEA®V
KOl, G€ GLUVOLOOUO E TOLG TEPLOPICUOVS TOL avVOQEPONKAY VOPITEPH, HEWDVEL KOl TIG
TPOONTIKEG 0&10TOINGNG TOVG GE TPAYLATIKEG GLVONKES. ATO TNV GAAN HEPLE, T avaALTIKE (1)
OTOTIOTIKA) KUKAOPOPLOKA HOVTEAN 00N YOoOV Gg avakplPelg EKTIUNCELS Y10 TEGGEPLS KOPLOVG
AOYOLC: UTOPOVV VO, ATOTVTMCOVY [LOVO EVOL TEPLOPIGUEVO VTOGVVOAD TOV THAVAOY GUVONK®V
KUKAOQOPIOG Kot TNG OUVOLIKNG TOVG, OVOPEPOVTAL GE 10aVIKEG cuvOTKkeg, mepthapupdvouv
OPKETEG TOPAUETPOVG TTOV TPEMEL va. kafoplotohv omd Tov ¥pnot Kot gival evdAmta o€
BopvPmon odedopéva. Qotdco, avtov Tov gidovg ta povtéda givol gpunvedolua Kot dgv
OTOLTOVV PEYAAES TOGOTNTES SEDOUEVOV.

O ocvvdvao s TV Topandve Tpoceyyicemv viobeteitar and ta Nevpovikd Aiktva Baciopéva
ot Pvoikn (Physics-Informed Neural Networks) mov givatl ToA) 0m0d0oTIKG OGOV 0POPa TIC
OTOTNOEL 0ES0UEV®V, EMTLYYAVOVTOG TOPOUOLES 1] Kol KOAVTEPEG EMOOCELS OO T KAOGIKA
povtéha Babid Mabnong. Mdaioto n elcaywyn otolyeiov and tn Oewpio avapéverol vao,
LEUDGEL TNV TOAVTAOKOTNTO TOV HLOVTEAOV, VO BEATIOCEL TNV ATOS0GT Kot TNV a&lomoTiol Ko,
Kupilog, va 0dNyNoetl oe &ykupeg TpoPAréyelg Kot opforoyn Ay aropdoemv. H évvola g
Evnuepouévng amod m Oswpia Babidg Mdbnong otoyxevel 6To va GUVOLAGEL TO TAEOVEKTALLOTA,
TOV 000 TOPUTAV® TPOCEYYIGEMV HOVIEAOTOINONG. ZUYKEKPIUEVE, EPUPUOLETOL OTOV €val
LOVTELO 0O YOOUEVO atd To dedopéva mepthapPavel, g €icodo 1 €000, wio 1| TeplocdTEPES
UETAPANTES Y10 TIG OTOIEG €IVl YVOGTH Ui ovVAALTIKY/ UaOnpatikny oy€on omd To avTicToryo
emotnuovikd medio. H oyéon vt cuvfwg eVOOUOTOVETOL GTI GLVAPTIOTN OTMOAEIDV TOL
HOVTEALOL 1] XPNOUOTOLEITOL GE Lo aveEdpTnTn ovIdTNTO Kol OTOCKOTEL GTNV TPOGUPUOYN
Wwitepa AavBacpévav, mopdloymv mpoPréyemv tov povtéAov, mpog TiG "BewmpmrTukcd
OVOUEVOLLEVEC.



MpokAnon 7: NpoBAéyeig o€ etiTedo dIKTUOU

H avantoén evog mhouciov poviglomoinong mov Ba mapéyet mpoPréyels v éva ohdkAnpo
001KO OIKTVO TOVTOYPOVA, TOPAUEVEL OVETOPKADC SEPELVNUEVT], OV Kl UTOPEl Vo avENoet
OTMUOVTIKA TN SLUVOTOTNTA 0E10TOIN G OTOIOVINTOTE HOVTEALOL. XNV Tpdceatn PifAloypagia,
T TEPLOCOTEPA LOVTEAQ TTaPEXOLV £€000 Yo pio povo BEom kot Gyt Yo OAEG TOVTOXPOVA, TOL
ocuvnbmg avapépeTal g BE6M-0T0Y0G, Kol EKUETAAAEDOVTOL LLOVO EVOL GYETIKE UIKPO TUALLO TOV
001Ko0 d1KTHoV MG €icodo. Ot Adyor mov ocvpPaivel owtd TEPAAUPAvVOLY TNV OVETOPKN
Otofec1dTTA Kol TOWOTNTO OEOOUEVAY, TIC VYNAEC VTOAOYIOTIKEC OTOLTACEL Kol TNV
TOALTAOKOTITO, EVOG TETOL0L LOVTEAOD.

[Noa v avtyetdmion TV Topamdve TEPLOPICUOV, Ol EPELVNTEG GTPEPOVTAL KUPIMG GE
alyopiBpovg kot peBddovg g Ymoloylotikrlg Emotiung mov eppaviotnkov oyetikd
npoceata. H mo onpavtikn and avtég eivar n Yroroyiotikn [lapveav (Edge Computing),
GTNV 0TO{0L 01 VITOAOYIOTIKEG EPYAGIES EKTEAOVVTAL OTIS TAPVPES TOL SIKTVOV, dNANOT EKEL TOV
GLAAEYOVTOL TO, OESOUEVE, KOl Ol GE VO KEVTPIKO VTTOAOYIGTIKO VEPOG 1| KEVTPO deO0UEVOV.
INo mapdderypo, n Yroroyiotikn Tapveadv umopei vo ypnoyomombei yio v eneéepyocio
LEYOA®V TOGOTNT®V OEOUEVAV KUKAOPOPIOG OV Tapdyovtal omd oucOntipes, Kauepec,
ovokevég GPS kot dAAEG TNYEC TOTUKE, TPOKEEVOD VOl TOPEYOVTAL TPOPAEYELS TV GUVONK®V
KUKAOQOpiaG oXedOV GE TPAYLATIKO YPOVO.

Boaowopévo otig apyég g Ynoroyiotikng [Hopvemv, n Opoocnovdiokn Mabnon (Federated
Learning), eivot éva TpoTumo Unyovikng Labnong mov enttpénel o€ TOAAUTAOVS GUUUETEYOVTEG,
OM®G GLOKELEC M| KOUPBOLE OKU®V, Vo uaboivouy cuvepyatikd &va UOVTEAO Ywpig va
popdloviar To aKaTEPYOoTo OedOUEVO. TOLG HE MO KEVIPIKY ovtotnta. Avt oavtov,
OVTIOAAGGGOUY  HETAED TOVG EVNUEPMDOELS TOV UOVTEAOD UE OTOKEVIPOUEVO TPOTO,
eMUTPENOVTOGS TN PEATIOOT TOL GLVOAKOD LOVTEAOL HEGH TMV GLAAOYIKDV GUVEIGPOPDY OAMV
TOV GUUUETEYOVTOV. AVTN 1 TPOGEYYION £XEL TA TAEOVEKTILATO TNG SUVATOTNTOG KAUAK®ONG,
oMAodn 10 @OPTIO TOV VTOAOYIGTIKOD E£PYOV KOTOVEUETOL OTIC GUUUETEYOVGES GUGKEVEC,
EMTPENOVTOG TNV KAPAKwon og mpofAnpata mov Ba Ntav avépikto vo emivfodv pe pio
KEVIPIKT TPOGEYYIoT, Kol TG avlektikotntog, Kabmg 1o ovotnuae Oa givar og Béon va
ocuvveyloel vo Aeltovpyel, akOUN KOl 0V KOTO10l GUUUETEYOVTES TOPOVGLICOVY OTOIOVONTOTE
gldovg actoyia.

[Ipog to mapdv, n aglonoinon Twv mapoumdve pebddwv oty TpdPreyn tng KukAopopiag, Kabmg
KoL yevikoTtepa g TpoPreyng e eninedo diktvov, Bpicketal 6€ TOAD TPOWO GTAS10.

MpokAnon 8: ATTodOoTIKOTNTA Kol ETTEKTACIPOTNTA O€ TTOAUTPOTTIKG TrEpIBAAAOVTa

H mpéPreyn g &mong tov pécwv Hallkng HETapopic, Kabmg Kot AAA®V TPOTOV LETAPOPAS
(m.y. Ta&l, vinpeoieg petakivnong, TodMAUTa K.AT.), 0TOTEAODV TAPUAAAYEG TOV TPOPANLOTOC
™G TPOPAEYNG TG KUKAOPOPING, TOV ETIONG HTOPOVV VO AVTILETOTIGTOVV UE TAPOLOLO TPOTO.
Mo oAoKANp®UEVT TPOGEYYIoN, TToL Oa AapuPdvel vTOYN O T LECO, HETAPOPAS, Do Epepve
EMOVACTOOT 0T OlaYEIPLET TNEC KLKAOPOPING Kol 6T AYN amoPAcE®mY G EXITESO TOANG Kot
Oo mapelye otic apyég éva epyadeio mov Oa emétpeme tn Pelticromoinon TtV cuvONKOV
KUK OQOpiaG & 0AOKANPO TO 001Kd dikTvo. Ta Topamdve givarl Suvatd pe TV ETEKTACT] TNG
Evvolug TNG TPOPAEYNC TOAATADVY S1EPYACIOV TNV TPOPAEYT TOAVTPOTIKNG KLKAOPOPIaG.

Edv avénbei n dtobeoipdtra de00UEVOV TOALOTAGDY TINY®OV, avapévetal va avéndel Kot m
SNUOTIKOTNTO TNG TOAVTPOTIKNG TPOPAEYT S KuKAoQOpiag. [Tpokeévov va avamrtuyfel Eva
HOVTELO IKOVOTOMTIKG YoUNANG TOAVTAOKOTNTOG TTOV Bl eivar amodoTikd, mapd To Yeyovog 0Tt



&xel €vay 1000 PEYOLO YDPOo 16000V, givar amopaitnTr Hio akpiPig avomTapicTocT] TOV YOPOV
€16000V KOl TV PETAED TOVG GYECEMV.

Epeuvnrikad EpwrApara

YOopemvao pe to gupnuata TS PPAOYPAPIKNG OVOCKOTNONG KOl TIS TPOKANGELS TOL
evIomioTNKOVY, Kol OGOV aQOpl GTOLG GTOYOLG TNG TOPOVGAS SWTPPNG, Hmopovv vo
Stotu®OoVV TaL AKOAOVLOA EPELVNTIKA EPMTNLOTOL:

El: Mmopodv va €vIomoTOOV GNUOVTIKE Y®poypovikd potifa kvukiogopiog ce €va 001KO
diktvo; [1660 gvaicOnta eival avtd ot dwwdikacio eaymyng; [lolog etvar o avtiktumog avTtdV
Tov potifav ot Ppayvrpoddecun dvvatdnta TpoPAieyns g Kuklopopiog;

E2: Ilog pmopovv va enektaBodv Ol TUTMIKES OVATOPAGTAGELS TOL 0OIKOV SIKTVOV Kol TMV
YDOPOYPOVIKOV GUGYETICEDMV DGTE VO CLUTEPIAAPOVY TANPOPOpPieg amd TOAAATAODS TPOTOVG
petaxivnong kot wolog Ba etvat o avTikTuTog 6TV TPOPAEYILOTNTA TG KLKAOPOPIOG;

E3: ITowa Ba Ntav n katdAAnAn S10tdHTOon Tov TPOPANUOTOS KoL 1 dOUN HOVIEAOTOINGNG
TOAAOTAGV EPYACIOV MOTE VO KATUGTEL OLVOTN 1) ATOTEAEGLLOTIKY KOl aKPIPNC TpoPAeyn ¢
KuKAoQopiag o eninedo dkTHOL;

E4: Mmopel va kotaptiotel £va TAaic1o aitiddovg TpofAeyng Tov Bo 001 YNGEL GTNV OVixveLon
GNUOVTIK®OV TPOTHI®V KUKAOPOPIAG, EVIGYVOVTAS TapdAAnAa TNV adlomoTtio Kot TNV akpifela
TV TpoPAEYE®V;

ES: g Ba umopodoav vo evompatmbodv TTTuyéc g HOVIEAOTOINONG UE EMYVOOT NG
Bewpiag ot dadikacio TpOPAEYNG Yia va, fEATIOGOVLY TNV aS0TIoTIO KOL T EQOPLOCIUOTI T
TOV LOVTEAWV TTPOPAEYNC;

E¢opuin IMNpappikwyv Kai Mn Fpappikwv XwpoxpoviKwy
XapokTnploTIKwy o€ AoTIKG AikTua

Sopemva pe 0ca £yovv NN cvintnbei, évo Tpoeavic TpmTo Prina TPOg TNV avAaTTLEN EVOC
EPOPHOCIUOL HOVTELOL TPOPAeymc eivor vo efetaotel katd TOGOV VIAPYOLV YOPIKES
eEoptnoelc uetald TV KUKAOPOPLOKOY cuVONK®Y oTIC didpopeg BEGEIG EVOG 051KV S1KTHOV
Kol TO1eG €ivol Ol EMITTMOGELS TOVG ot PpayurpdBeoun mpdPreyn tng kvkiogopiag. T to
OKOTO avTo, gpapudlovtol Tpelg HEBodot yio Tov evIomoUd TOVG: Xvoyétion katd Pearson,
ApoBaio [TAnpoeopio (Mutual Information) kot Avvaukry Xpovikn [Hopapdpemon (Dynamic
Time Warping). H mpotewvopevn pebodoroyikn mpoceyyion epapproletar 6to 0dkd diktvo g
noAng Xi'an g Kivag, ypnoyoroidviog dedopévo tpoylic mov mapéyovor amd tnv Didi
Chuxing Technology Co, o kwveQkn etoipeion Tapoyne vanpeoiov taéi KivnTikdmrag, o
omoia a&tomomOnKay ylo TNV EKTIUNGCT TNG YPOVOGEPAG TNG HESTG ToOTNTAG Yo kafe TUnpa
Tov 00wov Jdiktvov. [l ocuvykekpyéva, mpayuatomotleitar evromionde tov 20 mo
ocvoyeTwopévav Bécewv pe T Béon-otdx0 ocvppmvo pe Kabe péBodo cuvoyitiong Kot
ovykpivovtor ot akpifeleg  mwpoOPAeymc  OTAV  YPNOUYLOTOIOVVINL  OTOKAEIGTIKA Ol
npoavapepbeiceg 0¢celc ¢ €i60d0¢ o€ Eva LLovTélo katnyoplomtoinong Maebliavod SiktHov.

Mpoemeepyaoia Sedopévwv

To, dedopéva TOL ¥PNGIUOTOLOVVTAL GE QLTI TNV EVOTNTO ATOTEAOVVTOL 0o 3,2 ekaToupdpla
dwadpoués GPS tav oynuatov g Didi 6to 0d1kd diktvo tng Xi'an, wov Tpoyuatomomonkay



peta&o 2 kot 30 NoguPpiov 2016. Kabe tpoyid avtiotoyel otnv akpipn 8€on Tov oynuotog
KkéOe 2 éwg 4 devtepdhenta, KAOMG Kot TNV TOXVTNTA TOV, TOL €ival Kol 1 LETAPANTY] TOL
ypnowomonke vy v TPOPAEYT. TN OULVEXEW, EQPAPUOCTNKE Evag aAYOpOUOg
OVTIGTOI(IOTG TMV CTUEIDV GTO 0JIKA TUALOTO TOV SIKTOOL Kal, OLOOOTOIDOVTOS TO OESOUEVA
KkéOe tufuoTog ava pio ®po, TPoékuyav ol mplaieg YPOVOCEPES PEOTG TOXDTNTAS TMV
TunUdToV.

EvTomoN6G XWPIKWV CUOXETIOEWV

Xpnoonoldvtog Tig Tpelg mpoavagepeiceg peboddovg, vmoroyiletar n cuoyétion OAwV TV
00IKOV TUMUAT®V HE TO TUAUO-0TOY0G. Q¢ TUNUa-oTOY0g emAéybnke évo amd To o
TOALGLYVOCTO TUNUATe 7ov Ppioketor oto kévipo g Xi'an. Ilapatnpovtag ta
amoTEAECLLATO, POIVETOL OTL Ol TPEIS TPOGEYYIOELS AMOTLTAOVOLY SLOPOPETIKA YMPIKA HoTifa
070 1810 GOUVOLO dedopévav. [T1o cLYKEKPIUEVE, COUPMVO LE TOVG VTOAOYIGLOVG TNG CpLotBoiog
mAnpoeopiog kot TG cvoyétiong Pearson, ta kovtivd kdBeta odwkd tunpata cvoyetiovron
TEPLOCOTEPO LE TO EMAEYUEVO, KOODG KOl OPICUEVOL OVAVTIN KOl KOTOVT OOWKG TUAUOTO.
Emuwiéov, vy v apoifaio mAnpogopia, evromiloviolr opiopéva mopEAANAC TUNUOTO.
Avrtifeta, pe v DTW, dev aviyvedetor Kavéva kdfeto 0dko tufua, aAld avtifeta kdmolo
yerrovikd TapdAinio (to omoia dev aviyvedovtal amod Tig AALeC nebodovg). O avtikTumog avTdV
TV Swpopmv Ba tpénel va diepguvnBel mepattépm doov apopd v akpifeia tpoPreymng. To
TUHO-0TOYO0G KoBMG Kot Ta 20 O GUGYETIGUEVA. [LE QVTO TUHOTA, COLE®VA LE Kabe nébodo,
napovcidlovtal otnv Ewkova 1.

(a) (b) ©

Ewéva 1. Ta 20 o coyeTICPEVE 001KA TUNRATA (KOKKIVO) pE TO EmAEYpEVO TUNpRa (UTAE), 0o
myv amoyn (a) g Zvoyétiong Pearson, (B) ™g Apopaiog ITAnpoopiog kat (y) Tng Avvapikig
Xpovikiic Mapapdépewonc.

Amoteléoporo mpofleyns xou abyrpion pedodwv

[Ipokeyévov vo cuykplBody Ta amoteAéopoto TV HebOdwV, OovamTOCCOVTUL UOVTEAQ
TPOPAEYNC ™G TOYXVTNTOG TOV 051KOD TUNUATOG-0TOYov. To povtéda eivar Mmedlovoi
ta&vountég mov TPoPAETOLY TNV TOLTNTA TOV TUNUOTOS GE TPELG ICOPPOTNUEVES KAAGELS:
<20, 20-26, >26 km/h. Xvvolikd oavamtdyOnkav tpio povtéda: Ta 600 TPOTU dEYOVTUL GOV
€16000 TIg TIEG TNG TayVTNTOG 0Ta 20 TO GLGYETICUEVO TUNLOTO COUPOVA UE TIG HeBOSoVG
g ApoPaiog [TAnpogopiag kot tng Avvapkng Xpovikng Hapapdpemong, avtiotolya, EVéd To
Tpito amd ola to tunuata. H axpifeia tov tpidv poviédov tapovoidletol otov Mivekog 1.



MMivaxag 1. MeTpikéc TaSvopunong TOV TPLOV HOVTEAWDV

. Model 1 Model 2 Model 3 (all
Metrics .
(Mutual Info) (DTW) locations)
Accuracy 89% 86% 84%
Recall (Sensitivity) 89% 86% 84%
Precision 89% 86% 85%
F1 - score 89% 86% 85%

Amd tovV mapomAve Tivako UTOopel KOVElG VO cLUTEPAVEL OTL 1M ypNom TG apotPoiog
TAnpoeopiog elval N TO KOTAAANAN €TIAOYN Yo TV TEPLYPAPY| TOV YOPIKAOV CLGYETICEMV,
TOVAQYLOTOV Y10, TNV GUYKEKPLUEV EQAPUOYN. APETEPOL, TO dVO TPAOTO LOVTELD EXOVV CAPDS
KaAOTEPT amodoon amd to Tpito. To amotélecpa avtd avadelkviel T XpNodTTA NG
EKTELECTG KO KO LLOG OTATIG XMPOYPOVIKNG OVAALGTC YO TV EMAOYT T®V O KATAAANA®V
dedopévav e1eooov. Emmiéov, n mopondve Slodikacio HEIDOVEL TN OGTATIKOTITO TOV
mpoPAnuatoc, 1 omoia givar éva moAd cvvnbiouévo {muo KoTd TN YpNon oryopibumv
UNYOVIKNG pabnong. v mopovca zwepinmtwon, Nntav dwbéoueg 283 petafintég (odkd
TUALOTO), TTOV EvaL (o VYNAY TR, aAAG ev TEAEL NTaY amapaitnta Lovo 20, LEWdVOVTOS Kol
TOVG AOLTOVLEVOVG DITOAOYIGTIKOVG TTOPOLGS, KATL OV £ivol £&icov oNUOVTIKO.

MpdéBAsyn Kukhogopiag pe Xprion MAnpo@opiwv MoAAaTTARG
XpovikA¢ AvaAuong ue Acdopévwy Tpoxiag OxnudTwy Ze
Emimedo AikTUou

H avédivon mov tapovctdotnike 6To TponyoHIEVO KEPAANLO KATESEIEE OTL, TPAYUATL, VITAPYOVV
ONUOVTIKEG YOPIKEG OYECELS UETAED TV KUKAOPOPLOKDV GLVONKAOV £vOG 001K0D d1KTHOV, Ol
0mOo1eC UTOPOVV VO EVIOTIGTOVV LE T1 ¥PNOT KUTOAANA®Y LeBOS®V 0o TN GTATIGTIKT KO TN
Bewpia g TAnpopopiag. EmmAéov, mpoékvye OTL M emidpocn Tovg oty akpifela Tng
TPOPAeyYMC eivar a&roonuein. Ztnv Tapodoa evoTnTa, diveTal ELPACT OTIC XPOVIKEG GYECELS,
YPNOUYLOTOIDOVTOG U0 O KOTAAANAN dopn poviglomoinong, omAadn éva poviédo Babuig
Md&Bnong, Tov omoiov o YMPog 16600V amoTeEAEITAL OO Ypovocelpés. Emimiéov, ta dedopéva
GLYKEVTPMVOVTOL GE VYNAGTEPT YXPOVIKN GVAALCT Ko, o€ avtibeon pe tnv mponyovuevn
evotnta, Tapéyovral fpayunpdbecpeg mpoPfAréyels, KATL IOV amoteAEl TO SOGKOAO EYYEIPM UL

Movredomoinon odvOetwv ypovikwy uotifwv

H nolvmAokdtnra Tov 0d1kov mepPAALOVTOG, TOV UNXOVIGUMY EAEYYOV, KOOMG Kot To TA00G
TOV 03N YIKOV GCUUTEPLPOPADV KOL TOV U1 EXAVOAAUPBAVOUEVOV GUVOTK®DV, 0011YOUV GE GUVEXDS
UETAPOANOUEVES YPOVIKES SVVOIKES TTOL KOOIGTOUV €EQPETIKG OVGKOAT TNV HOVTELOTTOINGN
ToVg amd e omAn doun. o mapddetypo, ota Avadpopkd Nevpovikd Alktva (Recurrent
Neural Networks), mov Oewpodvtarl ta wo KatdAAnAo Kot akpiPn poviéla oV avdAvon
YPOVOGEPDOV, OEV TPOPAETETAL 1] XPNOT SEGOUEVAOV EIGOO0V LLE LETOPANTH YPOVIKT GLYVOTNTA.

Yg auTn TNV EVOTNTO, EMYEPEITOL 1] ATOTOIWGCT TOV PpoyLTPdBecumy Kol LaKpOoTPOOEGU®Y
eMOPACE®V MOV TAPATNPOVVTAL GTNV KUKAOQOPiQ, 1) €0MTEPIKEVOT TOL (NTUOTOG TV
YPOVIKA LETAPAALOUEVDV YPOVIKOV EEQPTHGEDV OV TAPATNPOVVTAL GTH POT KUKAOQOPING OTN
dwdkacio padnong kot 1 Pektioon g wovotnta TpOPAEYNg o€ OXECTN HE TO KAOGIKA
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Avadpopkd Nevpovikd Alktoo, He TNV EQOPUOYT TPONYUEV®V YPOVIKG UETAROAAOUEVOV
EMOVOLOUPOVOUEVOV — VELPOVIKAOV — OOHMV.  XZUYKEKPIUEVO, 1  OPYLTEKTOVIKY] TV
Awotedlopevov Avadpopikdv Awctoov (Dilated Neural Networks) eivor puo molveninedn
OPYLTEKTOVIKY] VELPOVIKOD OIKTOOL 7oL &€ivol TOAD OmA] 6TV KATOVONGN 1TNG, OAAQ
OTOTEAECLLATIKNY KOl 0modoTikn Kot Pacileronl ota amid Avadpopkd diktva. Xapaxtnpileto
emiong amd TG Ol0OTUAUEVEG EMAVOAQUPOAVOUEVEG GUVOEGEIS TOPAAEWYNG KOl Tr YPNon
exfetikd av&ovopevng d1eToAN S, 1| omoia amelkoviletal oty Ewkova 2.

Hidden Layer
Dilation = &

Hidden Layer
Dilation =2

Hidden Layer
Dilation = 1

Ewéva 2. H apyrtektovikny Tov Ataoteliopevov Avadpoputk@v Atktoov (Dilated Neural
Networks)

MpoeToipacia dedopévwv

To, dedopéva OV ¥PNGLLOTOLOVVTOL GE QVTH TV EVOTNTA EIVOL AVTA TOV HEGHV TOYLTHTOV TOV
00100 S1KTVOV TNG Xi’an oL ¥PNGLUOTOMONKE KOl GTNV TPOTYOVLEVT EVOTNTA, LLE TT| SLLPOPEL
OTL Ol YPOVOGEPEG OpadomolovVTal avd mevidiento. O ydpog €16660v TepLapPaverl Tig
YPOVOGELPES OA®V TV 0KV TUNUATOV (497 Guvolikd), yio 12 ypovikd Prpata (pio dpa)
avé TPOTHPNOT, Ol OTTOIEG XPNOLULOTOIOVVTOL Y10 TV TPOPAEYT TNG TOOTNTAG TOV TUNLOTOG-
OTOYOL 5 AEMTA UETAL.

ATOQaGIGTNKE OTL Ol TAYVTNTEG TOL TUNUATOG-0TOYX0L Oa mpémel va ta&vounbodv ce 600
Katnyoplec, ondte, Kot mhAL, Exovpe €va mpoPAnpa tagvounons. Ot dvo katnyopieg sivar
Myotepo and 33 km/h ko mepiocodtepo and 33 km/h, mov eivart 1 S1AUEGOC TOV TAXVTHTOV TOV
TUHOTOC Y10 TIG 29 nuépeg TV dedouévay. Me autdv Tov Tpomo, vmobitovue KoKES £mC
pETPleG cuvOnKeg KuKAopopiag dtav 1 Katryopio ToydTnTag eivar 1 TPpdTN Kot HETPLEG EMG
KaAEg cuvONKec OTOV givor 1 devTEPT.

Amoteléouora

TN v TpoPreyn tov TaxvTOV Ypnoomoteital Evo AtacteAlopevo diktvo mov Pacileton
OGUYKEKPIUEVO, OTNV OPYLTEKTOVIKY ToL Atktoov Maxpdg BpayvrpdOeoung Mviung (Long
Short-Term Memory — LSTM). Ztov Mivakag 2 Topouctdlovtal o1 HETPLKEG KATYOPLOTOINoNg
Y10 TO TPOOVAPEPDEY SUGTEALOUEVO BIKTVO GE GVYKPIoT UE £va, amAd 6ikTvO 010V THTOV.

To amotedéoparta g oOykplong petald evoc Alnotedddpuevou otktoov LSTM kot gvdg
KAOo1KOD oTNV TPOPAEYT] LEALOVTIKOV cLVONKOY KuKAOQOpiag [E XpIoT dedopévmy amd OAO
70 diKTLO £081&ay OTL TO SlGTEAAOUEVO UmopEl va PedTidoel v akpifela mpdPfreyng, xmpic
va glodyel vepPoAkn ToAVTAOKOTNTA 0T dladtkacio. H apyltektovikn tov mpoTevouevon
OKTVOL glval OopkeTd omAn Kol emiong evkoAa oviiinmtn. To kbplo mAcovéKTNHO TNG
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TPOTEWOUEVNG OPYLITEKTOVIKNG G€ oVYKplon pe To amdd LSTM eivar OTL omoTumtmdvel Kot
EKUETOAAEVETOL TIG LOKPOTPOBEGUES GLGYETIGELS TOV UTOPEL VO EMNPEAGOVV TIC LEAALOVTIKES
ouvOnKeg KOKAOQOPLog TTo KaBopLoTIKG Gg cUYKPIoN LE TIS Ppoyvmpobeciieg

IMivaxag 2. ZOyKpLon anoTELESPHATOV ALOOTEAAOPEVOV KOl KAOGGIKOUY AVAOPOUIKOD HIKTVOV

Dilated LSTM  Simple LSTM

Precision 0.85 0.83

Recall 0.85 0.82
F1 score 0.85 0.82
Accuracy 0.85 0.819

MoAutpomiki Mp6RAewn o€ Emimedo AikTuou

[poywpavtog éva Prue Topokdto omd TNV oA ETAOYN UETOPANTOV €16000V Kol TNV
LLOVTELOTIOINOT] TV YOPOYPOVIKDV GUGYETICEWV Le PAon KATO LETPIKT], GE QVTH TNV EVOTNTO
npoteivetar 1 vioBEtnon tov [Holverninedov Atktvov (Multiplex Network) amd tnv gpguvnTikn
nepoyn ¢ Avarvong Kowvovikdv Aktooy yio v avamapioTacT) TOV LETAPOPIKOD SIKTHOL
g ABnvog kol Tov avtiotoyywv cvoyeticewv. Emiong, ypnowomoteitor évog aiydpiBuog
Evtomiopod Kowotitowv oto Iloiverinedo Aiktvo yio TOV TPOGIIOPICUO TOV TO CYETIKMOV
OTOYEI®V TOV YOPOV €GOS0V Y10, TO, LOVTELD TPOPAEYTG TTOV AVATTOGGOVTOL GTN] GUVEXELD.

MdMoTa, o€ aVTi TNV EQOPLOYT], AKOAOVOEITAL 10l TPOGEYYIGT) TOAVTPOTIKMY KOl TOAAOTAMY
YOV ded0UEVOV, KOOMG, Oyl HOVO TPOPAETETAL O HEALOVTIKOG GOPTOG KUKAOPOPING Kot M
pueAlovtikn (Rtnom tov peTpd, aAAd a&lomolovvTal ETIONG MG YOPUKTNPLOTIKA LGOS0V Y10, TV
TPOPAEYN TOL €vOG amd TO GARO. AVTN 1 TPOGEYYIOT EVOC TOAVTPOTIKOD TANIGIOV, TO OTOi0
evtomilel oNUAVTIKEG GLOYETIGELS UETAED TV SLOPOP®Y PECHOV UETAPOPAS (Kot Prmopel emiong
va enektofel og nepiocdTepa and dvo péoa), Ba Exel TOAD ONUOVTIKEG TPOEKTAGELS OE &va
OMOTIKO GOGTN A SLoYEIPIONG TNG KLKAOQOPING.

MoAvemiTeda dikTua

To [MoAvenineda Aiktvo eivat ToAVTAOKEG dOUES YPAP®V OV S1aBéTovY GTPOUOTO EKTOC OTd
KOpPoLg Ko akpéS, Ta omoia dtabéTovv ot amAol ypapotl. 'Eva moiveninedo diktvo amoteAeiton
a6 VO N TEPLGGOTEPOVS dAGVVIESEUEVOVG OTTAOVG YPAPOLS TTOL PPIGKOVTOL GE SLOPOPETIKA
otpopato. Kdbe otpodpa £xel dlopopeTiky doun GLVIEGILOTNTOS EVTOG TOL. AVTO TO €id0g
OIKTUOV EMUTPEMEL [OL TO PEOAICTIKY] TPOCEYYION OTN UEAETN] NG OAAnNAemidpaong
OTOUMV/TPAKTOPMOV, TO. OTTOI0L UTOPOVV VO, EXIKOIVOVOVY UECH OLOPOPETIKMY TOTTMV KAVUALDV.
H mapodoa epyacio vioBetel tov opiopd evog moiveminedov Siktdiov ®¢ &va SiKTLO TOL
amoTeELElTOL 0O TOAAG GTPMUATA, OTOV £VOC KOUPOC 0V GuVOEETAL e KOUPBOLS TToL PpickovTtal
0€ OL0POPETIKO GTPOUO, OAAG LOVO EVTOG TOV 1010V GTPDOOTOC.

Evromiop6g koivothTwv

To wpaypatikd diktva Tapovctdlovy PeYIAEG OVOUOIOYEVELES, dNAOOT KOPLPES UE YOUNAO
Babuo cvvdeoudTTog (Aiyeg cLVOESELS) GUVLTTAPYOVY UE KATOEG KOPVPEG e VYNAS Babud.
‘Eto1, M kotavoun Tov okUdV Vol GUVOAIKG KOl TOTIKG OVOUOLOYEVIG. AOMIKES SL0POPES
Uopotv va mopatnpnlody EVIOg GUYKEKPIUEVMY OUAd®mY KOPLO®V, OTTMG VYNAES 1| YOUNAES
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GLYKEVTPMGELS OKUOV HETAED OQVTMOV TOV OUAd®V. AVTO TO YOPOUKTNPIOTIKO TOV TPAYLOTIKOV
dwtowv ovoudletor dopn kowotntag M opadomoinor. 'Etor, ot xowdtntec, ot omoieg
OTOKOAOUVTOL EMIONG GVOTAOEG N EVOTNTEG, €ivol OUAdES KOPLPDV TTOL LOPAlovTol KOWVEG
1010t TES KON TTailovv TapopHolo poro HEGH GTOV YPAQO.

Mo tovg okomovg Tng mOPOVGAS epyuaciag, ypnolpomoleitor o adyopiBuog Louvain. O
alyopBpog aviyvevong kowotntwv Louvain Paocileton ot Peitictomoinom g
apBpwoyotrog (modularity) katd v Tpdodo tov adyopifuov. H apbpwciotnta givar pra
T KAlpoaxog petagd -0,5 (un apbpot opadomoinon) kot 1 (mApwg apbpmti opadomoinon)
OV UETPE TN GYETIKN TLKVOTNTO TV OKUAV EVTOG KOWVOTNTMV GE GXECT| UE TIC OKUES EKTOC
KOWOTHTOV Kol 1 BEATIGTOTOINGT 0WTNE TS TUNG 00N Yel 6TV KaAOTEPT duVaTH OpOdOTOINGT
TOV KOUP®V EVOC GUYKEKPLUEVOD SIKTHOV.

[N Holverineda Aiktoa, 1 apBpocipudna divetol amd TV TapakdT® cyéon:

On =7, Z[( o ”)a(s 1)+ w8 ﬂ]ams,m i

i,jsr

OmoV 1, j efval 01 TPAKTOPES, S, T €lvan TaL GTPONATA, Cijs Efval 1 av 1, j von YEITOVIKG 6TO GTPOLLA
s, ks efvar o faBpog tov mpdktopa i 610 oTPOUA S, L Eival 0 aplBudg Tov (EuydV KOPuOOV TOv
gite etval YEITOVIKEG GTO GTPMLLO 0L EITE OVTIGTOLYOVY GTOV 1010 TPAKTOPa, M Elvar 0 aplOudS
TOV OKUAOV GTO GTPAOUA S, Yis EIVOL 1 KOWATNTO 0TV omoia £xel avatedel o TpdxTopag i 6TO
oTpOpa s, & etvan To déAta Kronecker kot o glvar éva Bapog: dtav o 16106 mpakTopog aviKel
oV 1010 KOWOTNTU GE 6V0 SUPOPETIKA GTPMUATA, TOTE TO Qm av&dveton katd ®. To ouéya
elvar P wapapetpog mov maipvetl TipéS amd 0 émg 1. O kaBopiopdc vymAdTEP®VY TILOV TOV
ouéya Ba &xel mg amotédeoua KowvotTNnTeg TOL B0l eKTEIVOVTOL 0€ TOAMATAG GTPOLOTH Kol Oo
AmOTELOVVTOL amd TOLG 1310VG TPAKTOPES, APOD LE QVTOV TOV TPOTO QLEAVETOL 1| TIUN TNG
apBpoopdtTog. AT TV GAAN TAELPAd, av To uéya opilotel ico pe 0, n dmapén TV idlwv
TPOKTOP®V GE OWPOPETIKA OTPOUOTH otV 0 Kowdtnte, dev  ouuPdiiel oty
apBpooyotra.

AloBéoipa dedopéva

Mo v avértoén tov poviélov mpdPreyng e KukAopopiag ypnoiuomomonkay dedopuéva
KUKAOQOPLOKNG porg Kot {ATnong tov petpd, to. omoio avtiotolyohv otov aplfud Ttov
OLEPYOUEVAOV OYNUATOV KOl TOV ETPATOV, AVTIoTOLYA, 0O S1APOPa GNUEN TOV 051KOV SIKTVOL
Y10 TEPTIOD0 OGS DPOS. ZVYKEKPLUEVQ, YpnotpomomOnkay dedopuéva 10 unvav (Iavovdplog £mg
OxtdPprog tov 2021) and 113 and aviyvevtés Ppoyov mov Ppickovtor yOp® amd 10 KEVIPO NG
ToANGg g AMvog, kabmg kot  {tnon 6Awv tov 63 octabudv Tov petpd. Xty Ewéva 3
eaivetal  axpiPng 0éon tov aviyveutdv Ppoxov pe TPACIVO XPOUO KOl TOV CTOOUMY TOV
HETPO LE KOKKIVO YPDLLOL.
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Ewova 3. T'e@ypoa@iki] KOTAVORY] OVVELTAOV (TPAGIVO) KOl 6TAON®V TOV PETPO (KOKKLVO)

To dikTuo TnG ABRvag wg MoAueTritredog Mpapog Kal EVTOTIONOG KOIVOTATWY

To ovykowvoviakd diktvo g ABMvag (avigvevtés kor otabuoi petpd) upmopel va
avamopootadel ¢ €va TOAVETITESO YPAPNUL TOV YOPOYPOVIKOV GYECEMV TOV KOUP®V,
TPOKELEVOL VO aviyveLBOLV KowoTNTEG KOl Vo avTANBoUV TOADTILEG TANPOPOPIES YOl TIG
YOPIKEG Ko YPOoVIKEG oxEoelg mov 1o diémovv. H katackevn tov ypapnuatog Pacictnke otnv
10éa, 6T ke eminmedo Oa. avtioTol el o€ KAOE DdPO TG NUEPOC, OTOTE TO YPAPN U OTOTEAEITOL
arn6 24 eminedo. Kdbe otpdpa amoteAeiton and 176 koéppovg, kabévag amd Tovg omoiovg
OVTITPOCMOTEVEL Evay aviyvevtn Ppoyov N évav otafud tov peTpd. XTn GLVEXELD, Yo VO
Kka0op1oToVV 01 0KUEG KAOE GTPMUATOS, OYNUOTIOTNKE 1) Ypovooelpd TG {nnong kdbe koppov
v avtictoymn ®pa Kabe nuépag (.. Kabe pépa otig 9 m. L. Y10 T0 90 GTPOLA) KOl GTN GUVEYELL
voAoyiotnke n apoiPaio TANpoopio, LETOED TV XPOVOGEPDY OAMY TV KOUPOV Yo TNV 1St
opa. Edv n apopaio minpogopia petald ovo koppwv etvor peyoaivtepn ano 0,5, yeyovog mov
VTOONADVEL GNUOVTIKT) GLGYETION, OMovpYEiToL Ui, akur LeTa&d Tovg. Me awtdv Tov TpoTo
HOVTEAOTOWONKE 1 YWOPOXPOVIKY) GLOYETION METOED TV kouPov. Xpnoipomowdnke 1
TOPOTAVED TEYVIKT] Yo va SnNpovpynBodv ol akUEG TV YPUPNUAT®VY, OVTL Y10l TIC TPOLYLAUTIKESG
OUVOEGELG, EMELDN, OE €Mimedo OIKTHOV, dgv €lval Wnitepa EVYEPNG O TPOGOIOPIGUOG TNG
ouvoESIOTNTOG TV KOUPmV, 18img peTasd etepoyevdv kOpPov (otabuoi tov petpd Kot
aviyveutég Ppdywv) kat, kupimg, n néBodoc avth 0dnyel o EeymPIoT SOUN YPAPMUATOV GE
Kkd0e eninedo, 1 omoia avTikaTomTPilEl T SLVOULKT PUOT] TOV YOPIKDY GYECEMV.

Metd TV KATAGKELT] TOV TOAVETITEIOV YPUPTLOTOS AKOAOLOEL 1] AViYVELOT) KOWVOTHTMOV YWOPO-
YPOVIKA cuoyeTIcuévVeV kouPov. Eeapudloviog tov alydpiBpo aviyveuong KOwoTHTov Tov
Louvain, evtomiovtor 7 wowdtnreg, Omov o1 KOUPOL  SPOPETIKOV  GTPOUAT®V
avtototyifovtar oty 10 kKowotnto edv dadpopatifovv tov idto poro, o kabévag oTo
avTIoTOU0 OTPOUO Kol OESOUEVODL OTL Ol KOUPOL aVTITPOCOTEVOVY YPOVOGELPEC Kol Ol
OUVOEGELC TOVG OVTIOTOL(OVV OE GTATIOTIKEG GYE0EIS, Ol KOUPol mov avikovv oty idwo
KOWOTNTO £(0VV TAPOUOLN TPOTLTO, KuKAOQOpiag Kot {Rtnong. Emumiéov, Aoym tng vmapéng
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KOUPOV amd S10QOPETIKA CTPOUATO OTIS 1018C KOWOTNTEC, UTOpEl Kavelg va vmobécel Ot
avadekviovior Oyt UOVO YOPIKES, OALL Kol YPOVIKEG GYECELS KOL TO GLYKEKPIUEVA,
VTOOEIKVVETAL 1 VIOPEN ONUAVTIKNAG OTOTIOTIKNAG GLOYETIONG METAED TV KOUPmV o€
SLPOPETIKEG DPES TNE NUEPOC, 1) OTT010 pImopel va. amodobei € Tapopotla TPOTLTTO KLUKAOPOPING
mov gUPovilovTanl 6TOVG GLYKEKPIUEVOLS KOUPOVG KATA TIG OLPOPETIKEG DPESG TNG NUEPAC,
OGS N ELPAVION CLVONKOY GLUEOPTOTG.

Avarrugn povréAwv TpOBAeYng Kai atroteAéopaTa

[N v Tpaypatonoinon tpofréyemv, avantucoeTat v Lovtéro yia kKabe kKopPo kat yio kibe
opa ™G NuEpag Yoo MV TTpOPreyn e {Tnong otov avtictoyo aviyvevt| 1 otabuod,
YPNOUYLOTOIDVTOS MG YAPAUKTIPIOTIKG E1GO0V TIC TEAELTAIES TIHEC TN (NTNONG TOV VTOAOITMOV
KOpPov Tov avijkovy otnV idta kowvotnta. ‘Etot, 0 aptBpog tov yapaktnpliotikdy 160500 kbe
povtélov eival icog pe to péyebog tng KovotnTag oty omoia avikel to {ntovuevo (gbyog
(k6upog, dpa) Kain TN KEOE YOpaKTNPIOTIKOD OVTIGTOLYEL OTIG LETPTCELS TV TPOT)YOVLEVMV
24 opov. Ta moporndve dedopévo a&lomolobvtal Yo TNV TPOPAEYN TOV KUKAOPOPLUKDV
cuvinkav M e iTnong (Yo Toug kKOuPovg tv otabumy Tov petpd) pe opilovto Tpofieyng
1 dpa. Ze avtd T0 KEPAAULO, Ol TYEG TOV UETARANTOV-GTOY®V SEV KOTNYOPLOTOLOVVTAL, OAAL
TPoPAETETOL | AKPIPNC TN TOVG,.

1 ovvéyela, yuo kaOe (ebyog kduPov-ypdvov, Eva povtého maivdpounong Gradient Boosting
avanmTOooETal, T0 omoio givol éva poviého Mnyaviking Mébnong pe onuoviikd pikpotepn
moAvTAokOTTA 0€ oxéon pe To. Babid Nevpwvikd Aiktva. Ta anotedécpato cuykpivovtol pe
éva povtého LSTM yia ke aviyveutn kot otabud UeTPO, TO 0oio EQopUOleTol OT aApYIKA
dedopéva, xopic va Aappdvetat voyn 1 SoUN TOL TOAVETITESOV YPAPOL KOl O EVIOTIGUOG TMV
KOWOTNTOV.

O Hécog 0poc TMV GEUAUATOV TOV HOVIEA®V 7OV ovarmthyOnkav pe Tig 600 Topamdved
oTpatnyKég mopovstaietat otov Mivakag 3. [lapatnpodpe 6Tt Yo TO TPOTEWVOUEVO LOVTELO,
EMTLYYAVETOL U0 TKOVOTTOMTIKA Uikpn Ty Tov Mécov Andivtov [locootioion Zpdipotog
(MAPE) 9,5%, evé ot xopfot aviyvevtdv Ppoyov mpoPrémovtan pe peyaidtepn okpifelo og
oyéon pe toug otabpovg tov peTpd. Emmiéov, n mpotevopevn avarnapdotaoT Kot ETA0y TV
O GYETIKAOV UETAPANTOV €1GO00V GE GLVOVAGUO UE Eva AmAODGTEPO HOVTELO 001YOUV GE
ONUOVTIKA KOADTEPN OTO0CN MG TPOG TO CPUAUN TPOPAEYNG O GYEON e €va HOVIEAO
VYNAOTEPOV SVVOTOTHTAOV KoL, OE®PNTIKA, T1O KOTAAANAO Y10 TN GUYKEKPLUEVT EPYUTIAL.

MMivaxkag 3. ZOyKpLon PHETPIKAOV COUARATOV TOV HOVTEL®MV

Metrics Multiplex-Gradient Boosting LSTM
Traffic Transit Traffic Transit
MAE 91.28 30.81 133.14 52.02
MAPE 9.0% 11.3% 16.8% 23.0%
Overall MAPE 9.5% 18.8%
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Mpo6BAcwn o€ Emimedo AikTUou

To povtéla mov €govv mapovolaotel PExpt GTIYUNGS, XPNOLLoToovV HeTaPANTES €16050V amd
0éoelg oe O0A0 1O OikTvo. Expetadlievdpeva TG Y®POYPOVIKEG GYEGEL TOVS, TOPEYOLV
TPOPAEYEIC TV PEALOVTIKDV GUVONKOY KUKAOQOPIoG 0 cLYKeEKPILEVEG BEaelg-oToY0VG. [
kd0e Béon-o1oY0 amarteitan Evo EEXMPIOTO LOVTEND, LE TIG AVTIGTOLYES LETAPANTES E1GOS0L Kot
TIpéG vepmapouéTpov. Eva poviého mpofreymc mov Ba gival og B€om va Tapéxel mpoPréyelc
Y 6A0 10 SikTVLO GE TTEPIPAAAOV TOALUTADY OlepyasidV, OnAadn va mpoPArémet Tig cuvOTKeg
KuKAopopiag og 0Aeg Tig e€eTalOpeveg BECELS TONTOXPOVA, YPNOYLOTOIOVTOS Mia eviaio dopun
Kot a&lomo1DVTOC TEPIOCOTEPEG A0 Hia TYEC OES0UEV®V, TOV AVTIOTOLYOUV o€ KO B€om Ba
elye TOMD oNUOVTIKEG EMTTMOGELG 6TN Owyeipton ¢ KukAopopiog, KaBdg Ba mapeiye OAeS TIC
amopaitnteg TAnpogopieg. EmmAiéov, yia va givar epappocipo, 1o poviédo awtod Ha mpénet va
elvar axpifég kol tovTOXpOVA ATOS0TIKO, OGOV OPOPA TOV XPOVO EKTAIOELONG KOl TIG
OTOTNOELG GE VTOAOYIGTIKN 16Y0 Kot dES0UEVA, KATL TOL dev UmOopel va eEac@aMoTel akoun
00TE Y10 povtéa piog 0éomg.

Ye auTV TV EVOTNTA, TOPOLGIALEToL Lo amd TIC TPOTES Tpoomdfeieg ot PifAloypagia yio
™V TVTOYpOVN TPOPAEYM TV Ypdvmv dradpoung yuo tn dérevon 30 oNUAVIIKOV 0dIK®V
TUNUATOV YOP® oo TO KEVTPO TS ABNVAG, XPTOLOTOIOVTS O OEDOUEVE, EIGOS0V JEOUEVA
KUKAOQPOPLKOD pOPTOL aTtd aviyveLTé Ppoyov. I'a v a&loAdynon Tov anoTeAecUATOV TNG
TPOPAEYNC, €KTOG OO TIG KAOCIKEG WETPIKEG GOAAUOTOC, TOPEYOVTOL EMEENYNOELS TMV
amotelecudtav, pe Pacn v ektipnon tov tiudv Shapley (1 SHAP).

AloBéoipa dedopéva kai Eappoyn

Mo v avantoén tov povtéhov mpdPreyms, cvvovdlovtonr to dedopéve KUKAOQOPLOKOD
(POPTOV TOV AVIYVEVTOV Ppdyov amd v TOAN g AOMvag pe dedopéva ypovov Ta&dton Tov
avokthOnkoy amd ™ dNpoeiA vanpecio yaptdv ko mhonynong Google Maps. Ot ypdvor
Tag0100  avoEEPoVTOL 610 ¥povo (o€ devtepoiemta) ywoo T Oiédevon 30 amd TO 7O
TOAVGUYVOOTO Kol KPIGIU 00UKA TUALOTO KOTO TIG TPOIVEG KO ATOYEVHOTIVEG MPEC ALYUNG,
onAadn amd tig 8 m.p. mg Tig 10 .. ko amd TG 12 pp. €og Tig 7 Y., Yio K6Oe nuépa pHeTa&d
Tovviov kot Aekepfpiov tov 2021. O cuvoikdg apBudg tov Kotoypaeov sivar 1110. Ot
QOPOTESG Kot 01 S1adpopéEG Tov Apdniay vToyn eaivovtal otV Ewkéva 4.

To povtého TpoPreyng mov a&lomoteitan eivor £va oyetikd pnyxod Nevpawvikd Aiktvo pe 3 kpued
otpopoto. H €i6000g ToUv LoVTEALOV €lval 01 @PLOIEC UETPNOELS TOV ETIAEYUEVOV OVIYVEVLTOV
Bpoywv (uion pétpnomn avd aviyvevrn), eved mn £Eodog mepthauPdavel kol tovg 30 ypovoug
SLOPOLTG TTOL OVTIOTOLYOVV GTNV ENOUEVT] OPa and AT TV dedopévav gleodov. Tlaporo
7OV TO LOVTELO TTOV YPNOIUOTTOLEITOL EIVaL ATAG GE GUYKPLON WE TV TOAVTAOKOTITO TOV YDPOL
€£000V, EKTTONOEVETAL OMOTEAECUOTIKA KOL OVOUEVETOL Vo €XEL OPKETA KOAEG EMOOCELS.
E&GAdov, emdéyOnie va ypnoipomoteitol mg £16000g LOVO 1 TeEdgvTaio PETpnon ke aviyveuth
Bpoyov Kkat oyl xpovocelpés petpnoemv, ot omoieg Oa avéavay, yopic va eivol arapoitmro, TV
TOAVTAOKOTNTAL.
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Ewova 4. TomoBeoicg Qopat®dV KoL O10OPOROV

To povtého amodidel Ge YEVIKEC YPOUMES UKOVOTOMTIKG, EMITVYYXAvovTog €vo, uéco Méco
Amdlvto Ilocootwaio Zedipe (MAPE) 12,3%, evd vrdpyet évag onpovtikdg aplfpoc
ddpoudv TV omoimv ot ypdvol taidov mpoPrémovior ue MAPE pikpdtepo amd 9%
(tetoptnuopio 25%). Emmhéov, ot vynlotepeg mapatnpodueveg tiuég MAPE givon 20,4% kot
19,4%, evd to tetaptnuopo 75% tov MAPE etvon 15,8%, to onoio Bewpeitan amodektd. H
UEGN TIUN TOV HEGOV amOAVTOL QAApaTOC eivar 23,1 s/km. To cedApata TPOPAEYNC Yo OAES
T1G dadpopég mapovstalovtal avaivTiKd otov Mivakag 4.

Emmiéov, and tov vmoroyiopd tov tipmv SHAP, mopatnpeitor éva otabepd potifo yuo
oxéon HETaED TV YPOVOY SLOPOUNG KoL TV POPTMV IOV KATAYPAPN KOV GTOVG POPUTES: OTOV
TOPOTNPEITOL YOUNAY TN TOL KUKAOQOPLOKOD (OPTOL, T OMOio LTOOMAMVEL GLVONKES
oupedépnong, N tiun SHAP tov ypdvov dadpopng avslvetal onuavtikd, dnioadn avapuévovtot
vynAdTEPOL YPOVOL dradpouns. Edwdtepa yia Tig dadpopés mov Ppickovral mo Kovtd 6to
KEVTPO NG TOANG (T.y. Xtadiov kKot Bao. Zogiag) mapatnpodviot emniong vynAotepeg TEG
SHAP yevikd, o1 omoieg gival emiong eVOEIKTIKEG TNG UEYAAVTEPNC SIHKOUAVONG TOV XPOVOV
SLOPOUNG TOVG KO TNG CNUAVTIKOTNTOG TNG EMOPUOTS TG EUPAVIONES GuuUeOopnong. Ado
EVOEIKTIKG apadeiypata mapovotdloviol oty Ewéva 5.
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Taffic flow (veh/h) of M5392
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MMivoxog 4. Aroteréopata Tpofreync ypoévov sradpop®v

Awdpopn MAPE MAE
Panepistimiou (Vas. Sofias - Patision) 9.8% 19.8
Akadimias (Patision - Vas. Sofias) 11.3% 26.4
Stadiou (Aiolou - Vas. Georgiou) 15.9% 53.5
Athinas (Ermou - Stadiou) 9.4% 25.2
Athinas (Stadiou - Ermou) 8.6% 21.8
Vas. Sofias (Va.s. Ko.nstantinou - 19.49% 56.4
Panepistimiou)
Vas. Amalias (Ath. Diakou - Panepistimiou) 17.0% 44.7
Patision (Alexandras - Stadiou) 8.3% 16.6
Pireos (Kolokinthous - Omonoia Sq.) 15.8% 51.3
Syngrou Av. (Vas. Amalias - Frantzi) 6.3% 9.1
Pireos (Kolokinthous - Iera Odo) 17.3% 41.5
Syngrou Av. (Frantzi - Vas. Amalias) 20.4% 44.8
Alexandras (Kifisias - Patision) 11.1% 21.7
Kallirois (Petmeza - Ardittou) 10.3% 32.0
Patision (Ioulianou - Chalkokondili) 9.2% 13.0
Patision (Stournari - Ioulianou) 10.4% 22.9
Kifisias (Alexandras - Panormou) 16.0% 24.5
Kifisias (Panormou - Alexandras) 13.4% 21.7
Mesogion (Katechaki - Kiprou) 13.9% 16.1
Vouliagmenis (Arditou - Ilia Iliou) 12.9% 15.1
Vouliagmenis (Ag. Konstantinou - Pirronos) 4.9% 1.9
Vouliagmenis (Pirronos - Ag. Konstantinou) 5.8% 1.7
Ilioupoleos (Ilia Iliou - Arditou) 15.2% 32.2
Cephissus (Posidonos - Pireos) 15.0% 11.7
Cephissus (Pireos - Posidonos) 13.7% 6.3
Cephissus (Athinon - Moudrou) 8.0% 1.3
Cephissus (Moudrou - Athinon) 17.3% 24.7
Posidonos (Niarchos - Cephissus) 5.7% 0.4
Posidonos (Amfitheas - Alimou) 13.8% 14.4
Posidonos (Alimou - Amfitheas) 14.0% 21.0
Méoog 6pog 12.3 23.1
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Ewova 5. Tipéc SHAP evOSIKTIKAV 100 pop@v.
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Aopfavovtog vmoyn v avénuévn amodoTIKOTNTH VOGS LOVIEAOD TOL UTOpel va TopEyel
éykopeg mpoPréyelg oe OAo 1O OIKTVLO, 1) OMUOGIO TOL GTNV TPOYVOGTIKY OLXEIPIOT TNG
KUKAOQOpPIaG Kot 6T ANYT amopacemy eivat LEYAAN Kot 1 EAALEWYT TAPOLOIOV TPOGEYYIGEDV
elye mponyovpévog emonuaviel og pio amd TIg KOPIEG UVOIKTEG TPOKANGELG Yo TNV aviaTTLEN
LOVTEA®Y TIOL UTOPOoLV Vo xpnoipomombodv e mpaypatikés cvvOnkes. Ta amnoteléopoto
delyvouv emiong OTL VTAPYOLY CNUOVTIKEG Ppoyvmpobecues Kol PaKPOTPODEGIES OYECELG
petald TV KUKAOPOPLOKAOV GLVONK®V Kol Tov Ypoévev Odpopuns TV EMAEYHEVOV
Swdpopdv- €161, o TPOGEYYIoT HABNoNG TOALOTAGDY OlEPYOsIdV, OT®S OLTH OV
TOPOVGIALETOL, UTOPEL VA TIG EKUETAAAEVTEL ATOTEAEGLLOTIKG KOl ATOOOTIKAL.

Aimiwdng Babid Maénon yia Bpayutrpddeoun MpoRAewn Tng
KukAogopiag

H péBodog g Bewpiog g minpoeopiog (opoiBaio mAnpopopia), KoBmG Kot ot GAAES
oTOTIOTIKEG UEHOOOL TOL YPNGOTOMONKAY GE TPONYOVUEVEG EVOTNTES YO TNV OVIYVELGT
YDOPOYPOVIKDV GYECEMV UETOED TV BEGE®V TOV 0d1K0D d1kTVOV, TAPOVSIAlovy €va GoPapd
LEOVEKTNUO: DIOVOOVV TNV VIAPEN HI0G OTOTIOTIKNG OY€omng, 1 omoio. pmopel va givol
ONUOVTIKT, 0AAG dev eyyvdrtal v autidtnra. Kotd cuvénela, ol 6Y£0EIg TOV aviVEDOVTUL
umopel vo. apopodV OMOKAEISTIKO TO GUYKEKPIUEVO GUVOAO dedopévmv, dnAadn dev eival
YEVIKELGUHEG KO TOOVOV VoL U1V 15YVOVV Y10 aKpaieg cuvOnKeg /Kol HEALOVTIKA dedopEVa.
Q¢ ek TovTOVL, TEPLOpilovv TV aflomatia kol TV EXEENYNGOTITO TOV LOVTELOL.

Yty mapovoa vOTNTa, TOPOLGLALETAL EVO TANIGLO Y10 TOV TPOGIOPIoUO TNE OUTIOO0VE SOUNG
evOg GLVOLOL KUKAOPOPLOKODY OEGOUEVOV TTOV OTOTEAEITOL OO LETPIOELS GE OOPOPETIKEG
0éoelg Tov 081KOD S1kTOOV, TO OTolo Wmopel emiong va epapuocTel 68 GALN TPOPALOTA
xpovocepav, pe Pdon to vevpwvikd povtédo Granger (Neural Granger). A&omorovvron
dedopéve,  KUKAOQOPLOKOD @Optov amd meplocdtepovg amd 300 gopatég mov eivar
EYKATEGTNUEVOL 0TO 001KO diKTVLO TG ABNVAG Kol TO TPOTEWVOUEVO TTAIGL0 QapuUOleETal TOGO
Yo TNV €£NYTNON TOV ATOTEAEGUATOV TOV LOVTELOL OGO KoL Y1 TNV EMAOYT YULPUKTIPICTIKAOV.
¥t ovvéyela, ovomtiooeTol éva UOAAOV amhd poviédo Nevpovikod Aktdoov Makpdg
Bpayvrpdébeopng Mvrung (LSTM) yio v mtpofreyn tov KKAOQOPLOK®OV cuvOnkdv og
TOALEG onpaVTIKEG TOTOOEGTEG KO, AELOTOIDVTOG TO, AMOTEAEGLLOTO TOV TAUGTOV, EMITVYYAVEL
TOAD IKOVOTTONTIKEG EMOOGELC.

Neupwviké Movtédo Aimidtnrag Granger

[Ipokeyévov va Eemepacstodv o1 advvapies TG KAUCIKNG TPOGEYYIoNG KOl KuPIE 1) Tapadoyn
NG YPOULUIKNAG GYECTC, AVOTTOGGOLLLE £VO VEVPOVIKO d1KTLO Kol GuyKkeKpLpéva éva LSTM yia
TNV TPOCOUOIWMOT) TG OYEONG HETOED TOV LETARANTAOV €16000V Kot €£600V, e BAcT TIC 0PYES
tov Nevpwvikod Movtéhov Granger.

To povtélo ekmotdedeTon pe v akOA0VON GUVAPTNOT ATOAEIDV:

N n
1
= G = b +2) Wi av)
i=1

O wpdtog OpOG €ival To PEGO TETPAYWOVIKO AL TNG ekTiunong tov Granger LSTM, evd o
ogvtepog elvar 10 dbpowopa tov Papodv €60d0v (BApog TOL GTPOUNTOG €1GOO0V) TOL
ovvdgovTal LE Kabe ypovooelpd Tov ydpov 16ddov. H mapduetpog A mailel tov 1610 poAo dmmg
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Kol 6TV KAOGIKY], YPOUUIKTY TPOGEYYIoT, ONAadT] EAEYYEL TN GNUAVTIKOTITO TOV OEVTEPOL
Opov. Avtictoryo, OTaV [0, YPOVOGEPA Oev £XEL GNUAVTIKY] GLVEIGPOPE GTOV TPMOTO OpO
(ONA0dN dEV UEUDVEL GNUAVTIKA TO GOAANO EKTIUNOTG), TO BAPOG 10000V TNG GUPPIKVAOVETUL
010 UNdév (O6e0TEPOG OPOC) KOl OeV E1GEPYETOL GTO HOVTEAD. XTO TEAOG TNG OldIKOGing
eKTaidevuong, ot Ypovooelpég e pUn undevikd Papn ewcddov Bewpeitar 0TI TPOKAAOVLY KOTd
Granger v €£060.

YAotroinon

2TV TPOTEWOUEVT TPOGEYYIGT, APYIKA a&lomoteitan To VeEupwViko povtédo artiotntag Granger
YO VO KOTOGKELOOTEL O YPAEOC ouTIOTNTAG TOL 0dKOV JlkTOoL TNng ABMvog, 0 omoiog
amoteleitol omd meplocdTepeg amd 330 BEoelc/popaTég TOL Elval EYKOTEGTNEVOL GE OAOKANPO
10 001k6 diktvo. To Neural Granger, vAomompévo o¢ diktvo LSTM, emriéybnke og 1
KaTOAANAOTEPN LEBODOG Y10, VO YEWPLOTEL VO TOGO PEYAAO OIKTLO UE TOAVTAOKESC e€OPTHOELS
petald twv Béoemv. Katd cuvéneln, avontuooeTol Eva UikpdTePO Kot amAovoTtepo SIKTLO
LSTM yia v ektédeot oL £pyov TpoPAreync, To omoio avapépetal exiong g "Apatdo LSTM",
KaODC 0 YDdPOC €16600V TOV TEPIAUUPAVEL LOVO TIC XPOVOGELPEG TTOV PpEOnKay Vo TPOKaAODY
katd Granger tn YpOvOGEPA-GTOXO KATE TO TPMOTO P TOL TPOTEWVOUEVOL TAOIGioV. Oa
TPEMEL VO, KOTOOTEL caPEg OTL Yo KAbe Béon-otdyo Oa mpémel va avamtuybobv éva Granger
LSTM «au éva Sparse LSTM. H Bdon dedopévav mov ypnoiponomfnke givol autn 1e Xpovikn
avéAvon piog PG TOL TAPOVCIAGTIKE KOl GE TPOTYOVLEVO KEQPAAULO.

Evromiopog aimiwdwv oxéoewv

H exrnaidevon tov Neural Granger LSTM kotaAnyel 6Tov aitiddn Ypaeo tov 0d1koH S1KkTHov,
ONAadn o€ £vo GUVOLO EVIOTIGUEVAOV ATIOODY oyécemv. Katd péso 6po, Eva pukpd Tuipa Tov
0010V dktHov, mepimov 1o 7,3% TV ypovooelpdv (nepinov 25 Bécels), Ppédnke va Tpokalel
katd Granger kabe ypovooelpd-otoyo. To mapomdve eopnua deiyvel 0Tt o€ éva TG0 peydio
001k0 dikTvo, Oa Tpémel va koataPAndel cofoapn mpoondbela oTNV ETAOYN YOPAKTNPIGTIKDV,
KaODC Ol TPAYUOTIKEG OLTIDOELS OYEGEIC €ival TOAD Alyec Kol 1 S10GTATIKOTNTO, TOV YDPOL
€10000V pumopel va pewwbel dpapatikd, yopic va Bvowaotel 1 amddoon mTPOPAEYNS TOL
HOVTEAOUL.

Ytnv Ewkova 6 Topovctdlovtal EVOEIKTIKG 01 TEPLOYES TOV SIKTOOL 1oL PPEDnKe OTL TPOKAAOVV
katd Granger Kamolo onpeio 610 KEVTPO NG TOANG.

Evdwpépov mapovstdlet 1o yeyovog 6Tt Topatnpovie £va TOAD 16YVP0, Koo HoTifo yio OAeg
T1G 0€6E1C-6TOYOVG: 01 aviXVeELTEG BpdywV oV BpickovTal 6To KEVTPO TNG TOANG TPOKAAOVVTOL
katd Granger omd aviyVeLTEG TOV PPIGKOVTOL GE GNUAVTIKA TUNUOTO TOV 001KOD OIKTOOV GTHV
nepipeTpo g TOANG TG ABMvog, mov Agttovpyolv ®¢ £i00001 GTO KEVIPO TNG TOANG KoL, (G
i o mhgioToVv, O)1 TOAD KOVTA 6TO KEVTPO TNG TOANG. EmimAéov, éva aAAo onuavtikd gbpnua
elvar 6tL vapyovv Alyor (3 N 4) CLYKEKPIUEVOL QVIYVELTEG PpOY@V OV TPOKAAOVY KOTA
Granger 6yed0v OAOVG TOVG AVIYVELTES PPOY®V TOL KEVIPOL TNG TOANG- OTOSEIKVVETAL OTL OL
TEAELTAIOL OVIYVEVTEC UITOPOVV VO TaPEYOLY {MTIKNG CNUOGIOG TANPOPOPIiEg OYETIKE UE TI
UEAAOVTIKEC KUKAOPOPLUKES GLUVONKEG OTO KEVTPO TNG TOANG, OmOTE oL apyYEG SlayElpLong TG
KuKAoQopiag Kot GAAOL emaryyelpnotiec Oa mpénel mavta va AapuPdvouy voyn TIC LETPNOELS
TOVG Y10t GKOTOVG TPOPAEYNG KoL AYMG amopdoemv. TéEAog, Lmopel Kovelg va Topatnpnost 0Tl
01 AUTIDOELG OYECELG TOL EVIOTIGTNKOV Elval HETAED TOV AVIXVELTOV PpOY®OV-0TOY®V Kol GAL®V
avIVELTMV TTOL dgv Ppickovtal ToAD KoVt o€ anTovG,.
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Ewéva 6. Ileproyéc mov mpokarovv katd Granger Tig mEPLOyES-6TOYOVG

AtroteAéopara TpOBAEYng

INo v a&loAdynon g akpifelog tov mpotewvouevov Apatod LSTM yia xdbe tomobeaioa,
TPOYUATOTOOVVTOL SLYKpicels pe Paon éva diktvo LSTM mov Aapfdvel og €icodo 1
YPOVoGEPE Lovo and v tomobecio-otoxo (Single-point LSTM) kot éva diktvo LSTM mov
Aappdver gicodo amd OAeg Tig tomobeoieg (Inclusive LSTM), dcov apopd v axpifeia
TPOPAEYNC Kot TNV VITOAOYIOTIKY amodotikotnta. [To cuykekppéva, yio kdbe éva and ta 334
povtéha petprOnkav ot tipéc MAPE kot o ypovog exmaidosvong.

Onwg eoaivetot EexdOapa otov Iivekeg 5, TO TPOTEWOUEVA OPALE LOVTELD, EKUETAALELOUEVO.
TN GTPOTNYIKN EMAOYNG XOPOKTINPIOTIKMV OV EQPapUOLETal pe BAGT TNV aViXVELST ALTIHOOVS
doung, EmLTLYYAVOLY KOADTEPN ETtidooT TPOPAEYNC o T, 000 GAAM, EVED EIVOL OTLOVTIKG, TTLO
0modoTiKG amd to Inclusive povtého, KaOMG 1 OPYLITEKTOVIKT TOVG Eival O OTTAT, AOY® TNG
UEWMUEVIG SLOCTOTIKOTITOG TOV YDPOL ELGOO0V.

Mivoxog 5. A&oldynon povrérlov Tpofireyng (péon T 6@V TOV ToT00GLOV)

Average MAPE Efficiency (time to

Model (and deviation) train per model)
Inclusive LSTM 12.6% + 3.1% 104s
Single-point LSTM 13.3% £ 3.7% 27s
Sparse LSTM 9.1% + 1.8% 46s
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‘Eva BswpnTIKa evnEPWHEVO, TTOAUPETABANTO, aITIWdES TTACITIO
yia Bpaxutrp60eopues mpoBAEWEIS KUKAOQOpIag

Ye oA TNV EVOTNTO, EVOOUATM®VOVTOL TPOcheteg mTuyég mov oyetilovtan pe ) Bewpio g
POTG TNG KLKAOPOPIOG Kot TPOTEVETAL Pot OAMGTIKNY TTPoGEyyion (and v mpoemeepyacia Tav
OEQOUEV@V £MG TNV EKTOIOELOT Kot TNV AEI0AIYNOT TOV LOVTEA®V) Y10l £va TAAIGL0 TPOPAEYNC
g KuKAopopiag mov PacileTon otn Bewpia, eivol atiddeg kKol TOADUETAPANTO, LE GTOYO VO
elvar emiong eQoppocipo. Xtov mupnva NG mpotevopevng pebodoroyiag, vmdpyer éva
KOIVOTOUO VELPOVIKO JikTvo ToAhamldv Oepyacidv mov Paciletar otn Bewpio g
KUKAOQPOPLOKTC POTG, TO OTTOI0 YPNCOTOLELTAL Yio TNV alTd KOO Ppoyvrpodecun tpdfreyn
dV0 peTafAnTdv ™G KukAogopiag ( KUKAOPOPLOKOS POPTOG Kot TayTNTA), Ol OTOIES GLVIGTOVV
po Kotaotaon kukiogopiag. o v ekmoidevon Tov povtéAov, TPOTEIVETOL LU
TPOGUPLOGUEVT) GLUVAPTIGT] UTMOAELDV, 1] OTTOI0 EVGMOUATAOVEL TV AOGTACT TG TPOKVLITOVGAG
noivpetafintig mpoPreyng (Ledyn kukAoQOplOK®Y HETOPANTOV) ONO TO TPAYLATIKO
Oegpemdeg duaypappo. ¢ avtiotoyng 0Oéong. Ta va evioyvbeli mn amddoom Kot 1
EPUNVELCIUOTNTO TOV HOVTEAOL, EMIAEYOVTOL TANPOPOPiES €16O00V KVKAOQOPioG o€ eMinedo
SIKTVOV ad TIC O GYETIKEG DECELS, XPNOLOTOIDVTAS TO VEVPMVIKO povtédo Granger. [a ta
nepdpoata Tov mapovctdloviol otny mapodoa epyacic, avamtocoetal Eva diktvo Makpdg
Bpayvnpobeoung Mviung (LSTM), wotdco, oldxAinpn 1 pebodoroyia (cuumeptiapfavopévng
NG GLVAPTNONG OTOAEIDV) eivar cvuPot pe omoladnmote doun Pabdidg pabnong. OXoKANPN
1N uebodoroyio epapuoletor oe dedopéva VYNANG OvEALGNG TOV TPOEPYOVTOL OO TO OJIKO
diktvo g Adnvac.

ZuvapTtnon amwAgiwv pe Baon Tn Bewpia pong KuKAogopiag

H exnaidevon evog povtédov Pabibg pabnong esivor éva mpoPAnpa Peitictomoinong mov
0TOCKOTEL GTOV TPOGIOPIGUS TOV BEATIOTOV TIUOV TOV BapdV TOL Yo TNV ANy IGTOTOINGN
LLOG GUVAPTNOTG OTOAEIDV, OTOC TO UEGO TETPUYOVIKO 6@aipa (MSE) 1 10 péco tetpaymvikd
oopdipa (RMSE). Aappdavovtag vmoyn v mepintmon g Kowng TpdPreyng KukAopoplakon
QOPTOV KOl TOYLTNTOG, OE Lo Oldtaln UOVTEAOTOINGNG TOALOTAGDY OlEPYACIDY, 1 TIO
ONUOPIANG TPpooEyyion Ba Tav 1 eKTIUNGCT HOG TG OTMAELNS (LETPIKT] COAALATOS) V1o KAOE
pio amd g TpoPréyelg eoOpTov ko TaxvTnTag o€ Kabe emoyn exmaidevons. Oco younAdtepn
elval n andAE0, TOG0 KOADTEPES Elval O1 EMUEPOVS TPOPAEYELS. 26TOGO, EKTOG OO UI0L YOUNAN
T oPAANATOG, Ba Tpénet va mepyuévoupe 0Tt Oha ta Tpofiendpeva Cevyn Tindv Bo mTpémet
va Bpiokovtal Kovtd oty avtictotyn OepeAmon KapumoAn ToyvTnToc-opTov. To TeElevTaio dgv
eCooporileton amd o yopmAn T GEAALOTOG- OTNV TPAYHOTIKOTNTA, Mo 0EL0TPETNG
OTOHIKY HEOT] TIUN COAAMOTOS Yo kGBe petafint pmopel vo KaAvmtel {ntiuoata 6mwme To
npoavapephiva.

o va AneBovv VoY 01 TAPATAVE® TPOKANGELS, TPOTEIVETAL 1] GLVAPTION ATMAELNG LE Bdom
1 Bewpia pong kukhoeopiog (Traffic flow theory-informed loss function - TFTI loss), n oroia
ovvovalel to MSE tov 600 emuépoue PetafAntav He TV omdctaot TG Tpofreync omd to
TAnoiEotepo onpeio oto ekTipdpevo Bepehmdeg dSdypappa. To televtaio opiletar Yo kébe
Oéon/Tunpa Tov 001KOD JIKTOOL TOL TAPOKOAOVOEITOL KOl UTOPEL VO EYEL GUYKEKPLUEVN
ovvapmotakh popen. Eotw §; = (7, §;) n mpdPreym yio va mpaypotikd (evyoc y; = (v;, S;)
Ko gj = (vje, sje) TO TANGLEGTEPO ONUEID OTO EKTIUMUEVO OeueMdOEC SLaypapue. wov
yapoktnpilel  0éom evdapépovtog, n ammAeio. TFTI opiletan wg e€ng:
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1
TFTI loss = a * E\/ [MSE, + MSE] + (1 —a) *d(§;,9;) (V)

omov MSE,,, MSE elval 10 péco TeTpayoviKO cQAALN TV TPOPAEYEMY TOV OYKOL KOl TNG
TavTnTag avtiotoyo, d (¥, g;) etvarn gukheidein andotacn Twv TpoPremdpevov Cevydy Kot
TOV TANGEGTEPOL oNpeioV TOL BepeMDIOVE S1OYPAUIOTOS GTV OVTIGTOYT TPOYLOTIKT TULY.
O mapdyovtag a eléyyel T onpacio Tov deDTEPOV TaPdyovTa EvavTt Tov TpdTon, a € [0,1].

AloBéoipa dedopéva kai diatagn povrehotroinong

Mo tovg okomovg g mapovoag epyaciag, téOnkav ot dwdbeon pag uetpnoelg amod 420
QOPOTEG TOV JIKTVOL TNG ABNvoG, Ol O0moieC AMOTEAOVVTOL GO TOV KUKAOPOPLOKO (OPTO
(oyquata/dpa), ™ péomn taydvmra (km/h) ko v katddnyn (%). H ypovikr avdivon tov
dedopévav eivor 6 Aemtd, onAadn To dOedouéva mov aviygvevovtal cvvabpoilovior oe
SloTNUATO TOV 6 AETTOV, CUVERMG givol KatdAAnia yio Bpoyvrpobecuec mpoPréyets. Ta
dedopéva apopovy 40 nuépeg puetpnoemv, uetatd 20 Maptiov kot 30 Ampidiov 2023.

Eivar onuavtikd vo toviotel 6t m ouvdpmon onoieidv mov Pocileton otn Oswpia g
KUKAOPOPLOKNG pONS, KABMS Kot 0OAOKAN PO TO TAAIG10 TOV TAPOVGLALETOL GE QDTN TNV EVOTNTO,
elvar copPatd pe omotodMmote LovtéAo fabiic udbnong. v topovoa epyacia, TPOTUNONKe
va ypnopomombei o pdArov omAn apyrtektoviky, niadn éva diktvo LSTM, yia vo tovieTel
OTL TO TPOTEWOUEVO TAQICIO UTOpel vo EMTUYEL KOPLPOIES EMOOCELS OKOUN Kot OTav
ypnowonoteitar pio amhodotepn doun. O 000 Tpoceyyicelg mov cuykpivovtal eivar 1
exmaidevon Tov poviédov pe (i) amdd oedipo MSE ko (il) v mpotevopevn cuvaptnon
anoiewov TFTI, pe mapdupetpo a=0,7. Extdg and T cuvaptnomn anoAEidV, 10 VO UOVTEAQ
elval amoATeg opote Hetald Tovg.

Evromopog aimiwdwy cuoxeTioewv

Metd v gpoppoyn g peboddov vevpovikov Granger oto defecipo ohvoro dedopévov,
poékvuyoy ot tonobecieg mov mpokadoOv koatd Granger Tig tomobeciec-otoyovg. O pécog
aplBpdc tov eviomopévayv Bécewv Ntav 6,6 and T1g 420 Béoelg, yeyovog mov deiyvel 0Tl N
SOOTOTIKOTNTA TOL YDPOV E16OS0V Y10 KGOE LoVTELD TPOPAEYNC mopel vo, uetmBel Kortd moAD,
Y®Pic ®oTOG0 Vo yafovv onuavtikéc mAnpoeopiec. Ot tomobecieg mov Ppédnkav va Tpokaiovv
katd Granger Kamoteg evOeKTIKEG TOmo0esiec-610YX0VE Tapovsidlovtal otnv Ewova 7.

Ewova 7. Oéocig (nmhe) mov tpokarovy katd Granger Tig 0£6€15-616%00G (KOKKIVO)
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ATtroteAéopara kot AvaAuon AlomrioTiog

Ytov Mivaxkag 6 mapovoidlovtar o péco oamdivto opdipo (MAE) kor 1o péco amdivto
mocooTwoio opdipa (MAPE) tov npoPAéyeny yia Tig 600 GUVAPTAGELS ATMOAELDY GUVOMKE
Kot yio kGBe petaPAntn Eexplotd yio opIoHEVEG EVOEIKTIKEG BEGEIG OTOYMV.

MMivakag 6. XOykpron amwoteAeopdtmv Tpofieyng

MSE TFTI MSE  TFTI

loss loss loss loss
Location MS106 MS230
Volume MAE 40.6 62.3 35.4 39.5
Volume
MAPE 6.8% 9.1% 9.2% 10.5%
Speed MAE 8.0 3.3 3.9 2.1
Speed MAPE 17.3% 6.4% 23.0% 9.4%
z)j';lg 12.0% 7.8% 15.6% 9.9%
Location MS443 MS634
Volume MAE 40.4 49.2 29.5 31.0
KZZ/‘;E? 9.6% 13.0% 8.6% 9.7%
Speed MAE 4.3 2.8 3.2 1.8
Speed MAPE 17.0% 9.3% 11.1% 6.7%
g;j’;lg 13.3% 11.1% 9.8% 8.2%

Onw¢ pmopet kaveic va mapatnpiost, 1 TFTI cuvdptnon anwieidv Pondd to poviédo va
EMITOYEL YOUNAOTEPO GUVOAIKO GPaAua. Yo, Tig eéeTaloueveg Ttomobeaiec. To péco MAPE yia
v andieo TFTI etvon 10,9%, évavtt 13,0% yio v andrein MSE v tig 12 Béogic-otdyovg.
To televtaio opeileTan Kupimg 6T0 YEYOVOG OTL TO HovTELD pe TV ammAgl MSE amotuyydvel
oxedOV og OAEG TIG MEPMTMOGCELG VO TPOPAEYEL pe akpifela Tig TIHES TG T HTNTOG, OV KOt
ATOdIdEL IKAVOTOMTIKA 0TIV TPOPAEYT TOL POPTOL KLKAOPOpPiag. Mia mbav e&nynon yt avtd
glvar 0Tl T0 GUVOLO dedopévav gival 10laitepa. avicoPapés, ONANOT TO TEPIGGOTEPN GTUELD
OVIKOVV GTOV KAGS0 Y®Pic KUKAOPOPLOKT GUUPOPT|ON, YEYOVOG TTOL TPocBETEL pepoAnyia 6To
UOVTELO MG TPOC TNV TPOPAEYT VYNAOTEP®V TIUOV ToOTNTOG. ATd TNV dAAN TAevpd,  TFTI
loss eVo®UOTMOVEL TNV TANPOPOPIN GYETIKG, LE TOV KAGOO GTOV 0moio o £TPEne Vo OVIKEL TO
onueio (dNAadn v amdotacn and 10 Bepeiddeg Sdypappo) Kot datnpel po a&lompenn
Q050G KoL Y10 TOV GLUPOPNUEVO KAGDO.

‘Evag amhog, adlAd axpiffng opioudc evoc aidmiotov poviélov sival 0Tt mpokeltal Yo £va
LOVTELO TTOV SLOTNPEL P10l GMOGTH GLUTEPLPOPE TOV GLUVADEL LE T SEGOUEVO EKTAIOEVOTG KO,
YEVIKQ, LE TNV KOTOVONGT TOV EIOTKMY TOV OVTIKELEVOD Y10 TOVG TOPAYOVTEG TTOV emNpedlovy
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TO OWOTEAEG LA TV TPOPAEYE®V. C2G €K TOVTOV, KOBIoTATOL CAPEG OTL £VOL OKPPES LOVTELD OEV
elvar mdvta a&omioTo.

[N va e&gtdoovpe v a&lomiotio Tov povtédov, tapadétovpe Ta BepeAdon darypdppoto Tov
TPOKVTTOVV OTTO TIG TPOPAEYELG GE GUYKPLON LE TO TPOYUATIKO SLAY PO EVOEIKTIKOV BEcEmY
omv Ewéva 8. Ta ypaeruato deiyvovv 0Tl o1 TPOPAEYEIC TOL YivovTal OO TO, LOVTEAQ TTOV
exmardevovtar pe v TFTI loss eivor mo a&omiotes, Kobmdg 1 katavoun tov onpeiov
TPOPAEYNG Elval TLO KOVTA OTNV TPOYUOTIKN KOl GTO OVTIOTOL0 OEUEAMMOEG OLAY PO, EVD
T povtéla pe v MSE anotuyydvouy cuostnuatikd va tpofAéyouy tov kKAGS0 cupedpnong.
Emuiéov, n TFTI eivar Aiydtepo gvdAmtn o BopuPmorn dedopéva Kot akpoieg TIUEG, Y.
onpeio mov Ppickovtar peta&d TV 600 KAAS®mY TOL avVaUEVOUEVOD OEIEMDOOVE S0y PALLLOTOC,

MSE loss TFTI loss

M5106 M5106

actual actual
predicted +  predicted

100 100

BD 1

Average speed (kmyh)
o
(=]

Average Speed (km/h)

- - + T - + v + . T T T T
o 250 500 50 1000 1250 1500 1750 2000 o 250 500 750 oo 1250 1500 1750 2000
Tratfic Volume (veh/h) Traffic Volume (veh/h)

M5230 M5230
120 120

aetual actual
predicted - predicted
100 4 100

o
-]
L

60 4

Average Speed (kmn/h)
@
3

Bverage Speed {km/h)

20 1

[+] 250 500 750 1000 1250 1500 1750 2000 o 25‘»0 500 ?T‘-L" 1000 1.;"510 1500 l?.’:l! 2000
Traffic Volume (veh/h) Traffic Volume (vehth)

Ewova 8. IlpoPrenopeva Ocpeion oloypappata 6 oyxéon pe To IpayproTikd yio Tny MSE
(aprotepd) kon v TFTI (6e€1a)

Téhog, yivetar ektiunom g akpifelog v LovTéEA®Y otnV TPOPAEYN TS CMGTNG KATNYOPILG
ocuvinkav, avedptnta omd TG akpiPeig TG TV peTafAntov. Agdopévon OTL o1 GuvOnKeEg
CLUEOPNONG AVTITPOCOTEVOVY TEPimov T0 11% ToL GUVOAOL dedouévmv, O AVTIKTLUTTOC TOV
AavOacpéva Tagvounpévav cuvinKov copeopnong 0gv eival TOG0 GNUAVTIKOG 6T GUVOAIKT|
axpifeia. ‘Etol, exktyodpe emmiéov 10 ovvolkd Fl-score kot to Fl-score tng xidong pe
ovpedpnon. Ou avtiotoreg uéoeg TWEG Yoo OAeg TIg Béoelc-otoxovg eivar yioo v MSE:
Axpipela = 0,92, Fl1-score (cupupopnuévn khaon) = 0,43, Overall F1-score = 0,69, evd yio v
TFTIL: Axpifeia = 0,96, Fl-score (khdon cvupdpnonc) = 0,74, Overall Fl-score = 0,86.
Eppovac, ta povtéla mov ekmoidevovran pe v TFTI loss mopéyovy Beltiouévn anddoon o€

25



oLYKPION HE ekeivo mov ekmoidgvovior pe tnv MSE. Zvykekpyiéva, 6oV a@opd To
aroteléopata F1, vrepéyouv onpavtikd, e0kd yio v KAGon cupeopnons. Aappdavovtog
VITOYT OAOL TO TOPATAV®, TO LOVTELD TTOV EKTOLOEVTNKAV e TNV cuvapTnonm anwAisimv TFTI
eaiveral va givar mo a&lomiota, eKTOg 0md To axkpiPi.

Luutrepaopara

Fevika

v mopoboo dSTpiPn], TOPOLCLICTNKE M0 EPYOAEIOONKN EQUPUOCIUOY HeBOd®V Kol
TEYVIKOV  YO0. TNV EKTEAECT] OLOPOPETIKAOV €pYacI®V TPOPAEYNG, Kol GLYKEKPUEVA
TOAVTPOTIKES TPOPAEWELC, TPOPAEYELG TOALUTADY EPYACIOV GE OAO TO dIKTVLO, TPOPAEYELS [UE
Baon 1 Bewpia kukrhogopiag, aviyveLoT CTOTIGTIKOV KOl OITIOODV GYécemv, Kabdg Kot £va
mhaiclo ywo v agloloynon g adlomotiog tov tpoPfréyeny. ExTdc and Tig S1opopeTikés
YOPIKEG KAIUOKEG, Ol TPOTEWOUEVEG OOUEG UTOPOVV Vo a&lomomBoby Yo, SlapopeETIKODS
ypovikovg opilovteg mpoPreyng (Ppoyvmpdbeopes kol pokpompdbecpes mpoPAéyels),
YPNOWOTOIDOVTOG dedoUEVE DYNAGTEPTG N YOUNAOTEPN G ovdlvone. EmumAéov, damiotdbnke
OTL, XPNOLOTOIDVTOG TIG TOPATAVED HeBOS0VE, Umopel KavEIG va ETITOYEL KOPLPaIES EMOOGELG
TPOPAEYNC, OKOUT KOl LLE GYETIKA ATAEG OPYLTEKTOVIKEG LOVTEAOTOINGNG, OV KO TO OAO TAAIG10
elvar copPatod pe omolodnmote poviélo Babidg Mabnong. ‘Etot, o apuddia yio ™ diayeipion
g KukAopopiag apyn, eEOTAMGUEVN He TNV Tapamdve epyaielodnkm, Ba sival oe Béom va
EPUPUOCEL TPOYVMOOTIKT OLOYEIPIOT TS KUKAOQOPING, TPOYPOULUUOTIGHO KOl ANYT] OTOPAGEDY
Y10 TOV XEPIOUO GYEOOV OTOLGONTOTE KATAGTOCNG GE EMIMEDO TOANG KOl VIO OTOIEGONTOTE
cuvOnKes.

ZuveioQopd Kal KaivoToplia

H opra cuvelopopd g mapodoag epyaciog sival Eva vEo TA0IC10 TOAAUTADY SIEPYACLOV TOV
Baciletar ot Bempio TG KLUKAOPOPLOKNG PO, TO OTOI0 YPTGILOTOIELTAL VIOl TV OO KOVOD
BpayvmpdOeoun wpoPreyn 600 petafintov kvklogopiog. EmumAéov, mpoteivetor o véa
TPOGEYYIOT YO TOV GLVOLOCUO TOATPOTIKADV dEO0UEVAV (0dIKNEC KukAopopiag Kot {fTnong
ONUOCI®V PETAPOPDV), BOTE Vo AENDEL 1 TPOPAEYIHOTNTO TOV HEAAOVTIKOV TIUMV KOl TOV
V0 HECOV KOl GUYKEKPLUEVO, L0 KOWVOTOUOG OVOTOPAGTAGT TOV 0OIKOL SIKTOOL KOl TOV
OEOOUEVOV E1GO00V Y10l TOAVTPOTIKES SIOTAEELS, PACIOUEVT OTNV €VVOLl0 TOV TOAVETITES®V
diktowv (Multiplex Networks) awo Tnv €pguvnTIKn TEPLOYN TNE AVAAVGTG KOIVOVIKMY SIKTO®V,
N omoia a&lomoleitol Yo TPOTN POpa TNV TPOPAEYT TG KLKAOQOPIaG.

AKOUN, TOPOVGIAGTIKE U0 OO TIG TPAOTEC Tpoomhbeleg Yo TpOPAEYN 6€ OA0 TO diKTLO, LE
v évvola 0Tt Oyl LOVO 1 €i0000G TOL LOVTELOL TTEPIAAUPEVEL TANPOPOPiES OO TOAAEG 1) OAES
T1g 0€c€1C TOL 001KOV S1KTVOV, OAAG EMTIONC, KL TO 7O GNUAVTIKO, 1| ££000C TOV AVOPEPETOL
emiong oe Oleg T B€oelg, ol omoieg mpoPAémovtal TawTdYpPOVE PE TN YPNON EVOS EVINIOL
povtélov, e Pdon v Evvola g ToAvdiepyactakng padnong (Multitask Learning).

Mo GAAN GNUOVTIKY GLVEICQOPE TNG TaPOVG UG pyaciag etvar dTt TpoteiveTan éva véo mAaicto
a&loldynong mov a&loroyel v aélomiotio Kot TV avOEKTIKOTNTO TOV LOVTEAOL 6€ BopuPdon
Kot avicofopn dedopéva. Téog, To mAaicto mov avartuydnke gival oxedlacpévo MGTE Vo, Uy
Bociletar vrepPoiikd oe moAvTAOKES dopéc Babidg Mdabnong, evd mopdAinio emttuyyavet
KOVOTIOUTIKY| EIS00T).
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Mepropiopoi kai pEAAOVTIKNA EpEUVa

Ot onuovtikotepol TePOPIGHOL NG TaPoVGOS epyaciog oyetiloviar HE TNV GYETIKA
TEPLOPIOUEVT OLALOEGILOTNTO KUKAOPOPIUK®Y SEGOUEVAOV DY ANG YPOVIKNG TLYVOTNTOGC, KAODS
Kot dedopévev ypoévev dadpoung kol {tnong Mécwv Malwng Metagpopdg mov dev
EMETPEYAV TNV aVATTLEN avTiGTOY(OV HOVTEA®V BpayvmpdBecuwmv tpoPfréyemy.

H peloviikn épevva Ba meprhapfdver m ypnion mo obvvBetowv apyltektovikdv Boabudc
MdéBnong, dote va eéetaotel 1 mepeTaipo Pektioon g akpifelag Tov poviédwy. Emxiong Oa
a&lohoynBei n dSuvatdTnTa LETAPOPAS TOV EKTAUOEVUEVOV LOVTEL®V o8 dALa dikTua 1) 6€ AAAQ
onueia Tov idtov diktvov. Téhog, Ba emiyelpn el 0 GUVOILOGUOG TOV CTUAVTIKOTEP®Y EPYUAEIDV
OV avoTTTOHYONKAY Yia TN InpUovpyic EvOg TOAVTPOTIKOD Kol faciopévon ot Bempio TAaiciov
mov Ba mapéyel TpoPAEyels yia OA0 10 diKTvOo.
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