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Zuvoyn :

Yt pelétn avtr yivetatl Tpofreyn tov opBpod agiemv yo tov Atebvi Agpolpéva ABnvav pe diipopa
HOVTEAD, pnxavikng pdbnong. Ilpdtog okomdc g £peuvag gival 1 avakaALYT TNG KOTNYOPIloG LOVTEA®Y
OV EMTVYYOVOVY KOADTEPO OMOTEAEGHOTO e Pdon Ta dedopéva avtd. Emumpochétmg, otdyog eivar M
AVOKAAVYT] TOL KOADTEPOV TPOTTOV SLUYEIPIONG TV JESOUEVOV OALY Kol TOV EEOYEVOV HETOPANTOV Yo
™ Bertioon tov npoPfrévewv. ‘Eva and ta kopo cvumepdopata ov fo mapouclasTodV 6T GUVEXELL
givar 6t1 0. ensemble povtéda anédwcav ta kaAdtepa anoteléopota. Xvveyilovtog, a&ilel va avapepOel
OTL M LETATPOTN TOV JEOUEVOV GE GTACLUO OEV EMEPEPE KATOOL CNUAVTIKY PeATion oTig TpoPAEyels
Tov povtédwv. Kieivovtog, onuavtikd givat 1o yeyovog OtL cupmepthappavovtag emyeveic petafinté,
Om®WG Tov Xpovo, TG kapavtiveg kot tov aplfud tov epporocuéveov oty katd g Covid-19 dev
BerTidOnkav o1 tpoPréyerc.

Abstract :

This study predicts the number of arrivals at the Athens International Airport using various machine
learning models. The primary goal of the research is to discover which category of models achieves better
results based on this data. Additionally, the objective is to discover the best way to manage the data as
well as the exogenous variables to improve predictions. One of the main conclusions that will be
presented later is that ensemble models achieved the best results. Furthermore, it is worth mentioning that
converting the data to stationary did not significantly improve the models' predictions. Finally, it is
important to note that including exogenous variables such as time, quarantine measures, and the number
of vaccinated citizens against Covid-19 did not improve the predictions.
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1 Eicaywyn

H oaepomopio. copfdiier onpoviikd oTiG Owovouies Tov Yopdv o€ moykocpo emimedo. O topéog
vroompilel onuovTikd apldud Bécemv epyaciog kot mapdyst vymid écoda. M To képdn avtd Pacilovrar
OTNV AETOLPYIO TOV OEPOTOPIKAV ETAPEIDV, TNV KOTAGKELT] OEPOCKAPOV Kot eEapTnUdTOV aAAd Kot
TNV TOPOYT| VINPESLDY GUVTNPNONG EMoKELNG agpookapdv (MRO). Awdpaparifet eniong {otikd poro
OTN OVVOEON TV Y®PAOV HETAED TOVG KOl OT OlEVKOAVVON TOL EUTOPIOV KOl TMV TOMTIIGTIKOV
avtolhoydv. Extog and Tig Queceg GUVEICPOPEG TNG OTNV Otkovouio, GUHPALEL Kot EUUECH, OPOV
vrootnpilel kot GAAOVG TopEls, OTmg 0 Tovplopds. O KAAdog TG agpomopiag vrootnpiletarl amd Eva
dikTvo oepodpopimv Kol GAA®Y VTOGOUMY KOl EMTPETEL TNV OTOTEAECUOTIKY KOl OGQOAN HETAKivVNON
avOpdTeV Kot ayoddv 1660 £vTOg 0G0 Kol LETOED TV YOPOV.

Avotoydc, 1otopikd pmopel vo mopotnpndel 6t 0 KAAS0G TMV OEPOUETAPOPOV EIvVOL OPKET
EVOAMTOG GE O TOKIAIDL JLPOPETIKAOV TPOKANCE®Y Kol yeyovotmv. I'eyovota Om®OG 1 OWKOVOLIKT
VEEOT, Ol PUOIKEG KATAGTPOPEG Kot Ol kpioelg vyeiag (eEAPOEIG WDV) HITOPOVV v EYOVV GTUOVTIKO
avTikTLTTo. AVTOV TOL €100VG TO YEYOVOTA UITOPEL Vo 00N yRGoVY o peimon g CNTNoNG Y10 AEPOTOPIKA
Ta&id Ko, GUVETMS, VO, EXOVV APVNTIKO OVTIKTUTO OTO, £6000 TV OEPOTOPIKAOV ETAPELDV Kol GAADV
EMYEIPNOEDY GTOV TOUEN TOV AEPOUETAPOPDY. O KAASOG VTLOKELTAL ETIONG 6€ AALOVG TOTOVS KIVOOVQYV,
OMMG YEOTOMTIKEG EVIUCELS, OALUYES OTIG TPOTYLOELS TOV KOTUVOIAOTMOV KOl TEXVOLOYIKES SloTapayés,
OV pPmopohv emiong vo. ennpedoovy Vv amddoon tov. Tlapd avTéc TIC TPOKANGCELS, 1| 0EPOTOPIKN
Brounyavio €xer deifel 10TOPIKA [ 1GYVPN KOVOTNTO TPOCAPUOYNG Kol ovakapyms amd Svopevi
YEYOVOTA Kot avapEVETOL va cuveyicel va dtadpopatifel {oTikd poOA0 TNV TOYKOGLLN OTKOVOLLIO.

Hopoanpodvrag otopikd yeyovota kpicemv vyeiog, onmg v £€aporn tov SARS (Severe Acute
Respiratory Syndrome) to £tog 2003 1 tnv £€apon tov Ebola 1o 2014, 0 kKAG80¢ TV 0EPOUETAPOPDV dEV
elye aﬂpsams{ moté Eava o OG0 peydAo PBabud GLYKPUTIKA e avTd oL EUEAAE VO OVIYETOTIGEL TO
2020. 12

Me myv gppavion g Covid-19 tov ®efpovdpio tov 2020, 1 KabnuepvéTTO OVOTPATNKE.
Hayxooping dnpovpyndnkay anpodceveg emdploels oe OLeG TIC otkovoplies pe Tepdotio avtiktumo. H
mavonuia eiye Pabdiég eMMTOOCEIG GTOV TOUEN TOV OEPOUETAPOPDOV TOYKOCHIMOS. EMUEIOONKE CNUOVTIKY
peiwon g {fmnong o agpomopikd to&idia e&attiog Tov oo yio taidio Adyw® Tov peydiov aplBpov
kpovopdtov. EmmpocBétwc, moAAEC ympeg epappocav  KAOOMKES amayopedoels  KLKAOQopiog
(lockdown) kot Ta&1d1mTiIKoVG TEPLOPIGLOVG Y10 TOV EAeYY0 TG EEATAMONG TOL 100.

O 1«KMddog g aepomopiog otnv EALGSA, 0 omoiog cupfdiret onpaviikd oty e&optdpevn and
TOV TOVPLIGUO OKOVOUIN TNG XDPOC, EMNPEACTNKE W10LTEPN GO TNV TAVOINUIC EPOGOV TAPOVGLAGTNKE
onuovTikn peimon ot (o yo agpomopikd ta&idio. AdY® Tng oNUAGiog TOL KAGOOV yio TV EAANVIKY
owovopia Kot Tov aplfpov tov Béceny epyaciag Tov vrootnpiletl, onpewddnke peimon ota £60d0 TV
OEPOTOPIKAOV ETAPELDV KAODG KOl TOPOVGIAGTIKAY EVPVTEPES OLKOVOLIKES ETUTTMCELG.

Tnv mepiodo lavovapiov-Agkepfpiov 2021 kataypdenxav 12,6 exat. d1ebveig aepomopikég
apielg évavtt 21,5 exat. g meptddov lavovapiov-Aeskepppiov 2019. IMapovoidotke dnAad peioon
kotd -41,2% / -8,9 exoar. apifeic. B

"Exovtoag voyiv OAo To TOPOTAvVEm, YIVETOL KOTOVONTH 1 ONUAGI0 TOL KAGSOL TNG aepomopiog
OTIC OIKOVOWiEG, KaBMG KAl ol mTPOKANGElg mov aviyetonilel. Eedoov dravdovpe o mepiodo 6mov
TOPATNPELTAL AVAKOLYT TOV KAGOOL, EMITAKTIKN glval 1 avéykn yio TpoPAeym tov apBpov agi&emv ota
aepodpopa. H pedém avt pmopei va ypnoylomrombel and agpodpopia, aepOmTopIKES ETUPEIES, TOMIKESG
KOwotNTeg, OAAA Kot amd TV KLPEpvnomn v eEoywyn Kpiciov TAnpoeopidv, ot omoieg, dSuvnTikd, Ba
pumopovoav va Anehovv vToOYN KoTd T SdIKAGIo AYnG amopACE®DV.

Apyd, 660V avapopd TIG 0EPOTOPIKES ETAULPELES, 1 LEAETN ALTN UIOPEl VO pavel xpown  yuo
™ Bedtiotomoinon TV dpoporoyimv Kot v kaAdtepn a&lonoinon tav ndpwv. I'a Topdadetypo, Eav o
aepomopiky|] etopeio yvopiler 0Tt évog ovykekpuévog apBudg aepomAdvev Bo @Tdcst og €va
GLYKEKPIUEVO OEPOSPOIIO, WTOPEL VO, TPOYPOUUOTIOEL Kol Vo StafEcel avaloyo TOVG OmOPAiTTOVG
TOPOVS, dnG TANPOLA E0APOVS KOl EEOMMGLO, Yo VL S0GPAAIGEL OTL TO AEPOTALVO VITOKEWVTOL OTIG
OTOPOITITEG KOl OTTOTEAECUATIKEG OlEPYOTIES OLOANG AetTovpylag Katd TV Agi&n Toug. Zuvendg, Pmopel
va Pondnoetl TG aepomoptkeg eTaPEieg Vo PEATIOCOVY TNV OMOTEAEGUOTIKOTITA TOVS, VO LEWWGOLV TO
KOGTOG 0ALG KOl VO BEATUOGOLY TNV gUmELpia TOV ETPATOV.
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Enmpocbétmg, 1 mpdPreyn tov apiBuod tov apifeov umopel va fondnoet to ogpodpoua vo
oXe6100VY KOl VO KOTOVEIHLOVY TOLG TOPOVS TOLG 7o amotedecpatikd. To yeyovog avtd pmopel va
Bonbnoel ot peimon tov Kobvotepoe@v Kot ot PeATIOON TG GUVOMKNG OTOTEAECUATIKOTITAG TOVL
aepodpoptiov. Eqv éva aepodpdpio avapévet peydio oyko agifemv, pnopel vo €I00TOMGEL TOVG TOTIKOVG
OVTOTTOKPLTEG EKTAKTNG OVAYKNG Kot Vo, cuvepyaoTel pali Tovg yio vo, SlucPaAicel OTL VITAPYOVY ETAPKELG
oOpoL, Om®G, Yoo Topddeypa, dwbeoudtro o YOPovg TOANG Kol TANpoUe €0dgove, Yoo va
e&umnpenBei n elopon A TOV.

H mpéPreym tov apiewv pmopel va eivor emiong em@EeAG KOl Yo TIG TOTIKEG eTOUPEieg L
drapopovg tpdémovg. Edv éva Eevodoyeio yvmpilet 6Tt moAAG agpomAdva £pyovtal 6To aepodpopLLo, UTopel
v amo@acicel va. TPooAdPel TEPIGGOTEPO TPOCOTIKO Yo TPOETOASia oG avEnong g Cnmmong
dopotiov. Tlopdpowr pe to Eevodoyeio, Ta €0TIONTOPLO. UTOPEL VO OTOPAGIGOLY Vo TPocHicouvv
TEPLGGOTEPO TPOCOTIKO 1 VO OAAAEOVY TO HEVOD TOVG UTPOCTH GTNV AVENCN TOV EMOKENTMV. ['eviKd, M
TpoPreyn TV 0piemv oTa aepodpipia propel vo Bondnocet Tig Tomikég eTatpeieg KOl TOVG KOWOTIKOVG
OPYOVIGUOVG VO, TPOETOWAGTOOV KAADTEPO Y10, 0AAAYEG ot (NTNOT TOV KATOVOAMTOV, TOV UTOpEl va
odnynoet oe PeATIOUEVT €ELTINPETNON TEAATOV Kot TOOVAS VYNAOTEPEG TOANGELS.

Ot kvPepvnoelg o epinTmon ovENoNg TOV aPiEemv UTOPOVV VO GUVEPYAUGTOVV LE AEPOSPOLLLN
KO L€ TOTIKOVG OVTOTOKPITEG EKTAKTNG avAyKNS Yo va Befatwbolv 6tL vdpyovv apketoi Topotl. Me tov
TPOTO oVTO YIvETOL EVPEST TLYXOV TPOTAOV oNUEl®V 1 advVadVY TOL Bo TPENEL VO AVTILETOTIGTOOV Yid
va avénbet ) aceireln TV TOEBOIOTOV 0AAG Kot 1) AGQAAELD TOL agpodpopiov. To Tpocwmikd acPaAeiog
N ot mpoundeleg €ktoktng avdykng eivar mapadeiypoto T€Tolwv TOpOV, Ol OTOiolL UTOPOVV VO,
ypnowonombovy yio ) dwyeipion omowacdnmote mBavig Kpiong. Avibétwg, epdoov mpoPrepOet
YOUNAOG aplOUdG TINoEMV Y10, LEYOAO XPOVIKO S1AOTNIA, Ol KOBEPVNOEIS LTOpOLV Vo Kpivouy gdv ypnlet
avaykng 1 onpovpyio KAToWg Tpocseopas (m.y. mopactatikod — voucher ) yo TV vioyvon TG TOMKNG
OlKOVOpi0G Kot Tov dgleacud meplocotepav tafdimtdv. Exovtag vadyty OAa To TOpOmavm, yivetot
KOADTEPO AVTIANTTH 1 oNpacio Tov KAAS0oL TG agpomopiag 6T okovopieg oAAG kot 1 Papdtnta g
TPOPAEYNS TV apiEemv.

Yta emdpeva 000 ke@dAato Bo yivel evnuépmon yo TV amapaitntn BeopnTik YvoOon TV
YPOVOGEPDOV KOl TNG UNYOvIKNG nabnong. Xuveyilovtag, oto kepdiato 4, Ba yivel avdivon Tov
BewpnTikov vroPabpov TV VIO eEETaom HOVTEA®V OAAG KOl TOL TPOTOL KOTNYOPLOTOINGoNG TOVG.
EmumAéov, oto kepdAiato 5 Ba yivel mopovsioon KpIioWWmV LVAEPTOUPUUETPOV TOV HOVTEA®Y OAAG Kol
HETPIK®V a&lohdynong tov tpoPfréyemy Tovg. 10 Ke@dAao mov axoAovbel, Ba yiver avapopd ywo v
EMAEYLEVT] YADGGO TPOYPUUHOTIGHOD KOl Yio TIG onpavtikotepeg Pipriobnkeg mov ypnoiponomonikay.
Y10 kepdloto 7, Ba yivel avdAivon g dadikaciog mov vAomomOnke OAAG Kol TOpovGiocn TV
amoteAesdT@V oV omoktOnkav. Emmpoctitwg, oto kepdiato 8, Ba yivel mapovcioon tng eQaproyng
7oV avamTuyOnke pe otdYo TN GLVOTTIKY Tapovcioon g pnerétg. Kieivovtag v mapovca perétn, o
yivel mopovcioon cvumepacudtov oAld kot Tpotdoewv mov Ba pmopovcav vo viomomnBoldv yio
TEPOUTEP® EMEKTAON.
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2 Xpovooelpég

2.1 Opiouog

M ypovooepd eivor pioe akolovBio onueiov dedopévev, To omoic YPMOIUOTOOOVIOL Yol TNV
TOPOKOAOVONON LG GLYKEKPYEVNG LETOPANTAG UE TV TTAPOSO TOL YPOVO.

Ewdwotepa, 1 ypovocelpd anotereitar and £va GUVOAO TOPATNPNCEDV LG LETAPANTIS, Ol TULES
g omoiog etval tepapynuévesg e Bacm T xpovikn mepiodo otV omoia avaeépovtat (w.y. £T10G, TPiUNVo,
pvog K.0.). Avtd ta onpeio dedopévov pmopel vo cLAAEYOVTOL G TOKTE 1 Tuyaio XPOVIKE Sl0CTHLLOTO
Ko v tval apliunTikd, Ommg TIHEG HETOYDV 1) LETPNOELS Beppokpaciag, 1| KOTNyopikd, Onmg o aplipog
TOV EMOKENTOV TOV 10TOTOTOV vl nuépo g ePfdopddag. Ta dedoupéva ypovooelpmdv Hmopody va
¥PNOOTOmnBovV Yo S1éPopovg GKOTOVS, GLUTEPIAAUPAVOLEVNG TG TPOPAEYNG LEAAOVTIKAV TYLMV, TOV
TPOGOI0PIGUOD TPOTOT®V Kol TAGEDV OAAG Kol Y. TOV EVIOMIOUO OVOROM®V 1 0Alaydv oty
vrokeipevn dadwkacio dnpovpyiag — enelepyaciog dedopévay.

H avdivon ypovocelpdv givar n dodikacion ¥poNG OTUTICTIKOV TEXVIKOV KOl TEXVIKOV
UNYOVIKAG Kanong Yy T HOVIEAOTOINGoT Kol TNV KOTavonon Ttov Jdedopévov. Avtd pmopel va
neplappavel epyacieg OTmg 1 amocHVOEoN Kol PEAETN WG XPOVOGEPAS 6T cuvioT®oeg: taon (T),
enoyotta (S), kukhikotta (C) ko toyodtnro. (I).

e To otoryeio TaoNg AVITPOCOREVEL TO VIOKEILEVO HOTIPO TV S€S0UEVMV LE TNV TAPOSO TOV
xPOVOL, OTMG 1o GUVOAIKTY Gvodog 1 Ttwon. Oa pmopovoe va givol oAl Kot va unv gival
YPOUUKO. Mo pn YPOLLIKT TAON WTOPEL VO TEPLYPAPEL YPTCYLOTOUDVTOS [0, TOAVMVULLIKY
TOAVOPOUNGT 1| GAACL U1 YPOLMIKE LOVTEAQ, EVA L0 YPOLLUKT TAOT| UTOPEL VO YopoKTNpLoTe
YPNOOTOIDVTOS £VOL LOVTEAD YPOLLLIKNAG TOAVOPOUNONG.

e H gnoyikn ovvictdca avtimpoconedel o potifa mov enavorapfdvovior oe va kabopiopévo
YPOVIKO ddoTnia, OTmG Kadnuepwvd, efdopadiaio 1 etnowa. o mapdderypa, TV TEPI0d0 TOV
€0pTAOV GLYVE Tapatnpeital AENCN OTIG MOVIKEG TOANCELS.

o Extog amd avtd to tpio xOpla otoryeio, opiopéveg ypovooelpés pmopel emiong va €xovv
mpocheto  otoryeiln, OMMOC O GLUVICTOCOH KUKAOV 7OV OVTITPOCHOTELEL TO HOTIfo 7OV
emavaAappavovtal o€ pia Tepiodo peyolvtepn amd Evo £T0G, OTMG EVOG EMYEPTULATIKOG KOKAOG.

e H oakavoviotn ocvvictdoa givolr 1 toyoio Stokvpoven Tov dedopéveov Tov dgv pmopel va
e&nynBet amd v tdon M Ti¢ emoykég cuvictdoes. O «B6pvPog» ot dedopéva givar éva, GAAO
ovopa ywo. avtd. Eivor onpoavticd vo onpeimbet 6Tt to vToAsippata Tpémel vo ivol Tuyaio Kot
doyeto peta&d Tovg.
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2.2 MaOnuaTiKf TEPIYPAPRN

A&ilel va avoeepbei 6tL vdpyovv 6vV0 povtéra ta omoio Pfondodv ot HAONUOTIKY TEPYPAPT] LG
ypovooelpds. Ta poviédo oavtd eoavepdvovy OmAad Tov TPOTO LE TOV OMOI0 Ol TOPOTNPNOELS
npocdiopiloviat amd Tig T€60epIS ouvioTthoes. Ta poviéha avtd gival o mpocbetikd poviéro (additive
model) kot to moAlamiaciaotikd poviédo (multiplicative model).

10 mpoobeticd poviéro (additive) ot Tyég g ypovooelpds yio Kabe mepiodo Bewpovvtar g To
GOpocU0 TOV TEGGAPOV GLUVICTOCHOV 6TO 1610 GUGTNUA HOVAd®V UETPNOTG Kot STUIOVPYOVVTOL [E TOV
axoAovbo Tpomo:

Ye =Tt + St +Ct + I¢

270 TOAAATANGIAOTIKO LOVTELO OL TIEG TNG YPOVOCEPAS TPoadiopilovTal amd TO YIVOUEVO TMV
TEGCHP®V GLVIGTOCMV AVEENPTITOV GUOTNIATOG LOVAS®V HETPTONG O 0KOAOVO®G:

Yi=T:* St *Ce %It

2.3 ZTOaoIpoTnTa

Y10 onpeio avtd a&ilel vo yivel avagopd otV GTUCUOTNTO TOV XPOVOCEWPDOV. AVOALTIKOTEPQ, Ba
aKOAOVONGEL GUVTOUN TEPLYPOPT] TOV OPICHOV OAAG KOl TOV ETMTTOCEDMV TOL EYEL OTN OladIKacia
LEAETNG TV XPOVOCEPDV.

Mia ypovocelpd Aéyetar OTL €ivol GTACLUN €QV Ol GTATIOTIKEG WOOTNTEG TV O£d0UEVMV, OTWS O
Héc0g Opog Kat M dakvpovor, dev aAAGlovv pe v Tapodo tov ypdvov. Me dria Adyla, pio otabepn
¥poviKn oepd eivar eketvny 6mov 1 vmokeipevn Kotovoun mMOAVOTHTOV TOV JESOUEVOV TOPAUEVEL
otofepn pe TV mapodo Tov Yxpovov. Eivar onuoavtikd vo onueiodel 0tL to mepocoTePa dedopéva
YPOVOGEPOV TOL cLVOvVI®OVTOL gival pn otdowo. Ta otdoo dedopéva eivor moAD 7o €0KoAo va
povielomomBodv kot va mpoPAie@Bovv amd ta un otdoyo dedopéva. Qg ek TOVTOL, &ivol cLYVA
QmoPOiTNTO E TN YPNON KOTOAANA®VY TEXVIKAV 1) ¥POVOCEPE VO LETATPOTEL 08 GTAGIUN TPV amd TNV
EPAPLLOYT OTOLOVINTOTE LOVTEAW®V TPOPAEYNG 1] OTATIGTIKNG AVAAVOT|G.

2.4 nNpoBAeywn

H mpoPreyn ypovooeipdv eivor 1 dadkacioo a&lonoinong 1oToptk®@y dedopévav yo, v TpoPieym
UEMAOVTIKOV TV UG (POVOCEPES. AVOADTIKOTEPO, 0 GTOXOG TNG TPOPAEYNS YPOVOCEIPGOV Eival va
YPNOYOTOUCEL TO. 1GTOPIKE dedOUEVE Yol VO dNLOVPYNOEL £va. LOVTELO TTOL UTOPEL va. xproiLomomfel
Yy va yivoov axpiBeic mpoPAEYELS CYETIKA LE TIC HEANOVTIKEG TYES TNG XPOVOGEPAC. Avtd yivertat,
ovvnBmg, avaidovtag Ta KpLULPEVA HoTIBo KOt TAGES GTO 1I6TOPIKA 0EGOUEVA, XPTCULOTOUDVTOS TO. Y1 VO
yivouv TpoPAéyelg oyt L TIG LEAAOVTIKEG TUYLES.

Yrdpyouv TOAAEG OPOPETIKEG TEXVIKEG Kol HOVIEAM TOL pmopovV va ypnoitomombovv yw v
TPOPAEYN YPOVOCEPDV, OTWOGC:

o Xratotikd povtéha, Ty ARIMA (AutoRegressive Integrated Moving Average)
e Movtéha unyoavikng pabnong, m.y veupovika diktoa
o YBpudd povtéra, mov cuVOLALOVV TEXVIKEG GTOTIGTIKNG KO LNYOVIKIG Labnong

H =mpofreyn ypovooeipmdv eivar évog gvepydc Topéag E€pevvag, OmMOL VEEG TEXVIKEG KOl HOVTEAQ
OVOTTUGGOVTOL TOKTIKA. YTAPYOUV TOAAEC OPOPETIKEG TEXVIKEG KOl HOVIEAD TOL HTOpovV Vo
ypnowonombovy yu v mpdPreym ypovooepdv. Opmg 1 emhoyr] g TEXVIKNG 1 TOL HovtéAov Ba
eEapOel amd To 101KA YOPUKTNPIOTIKA TOV dEGOUEV®VY Kol TO TPOPAN U TPOPAEYNG.
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2.5 E@apuoyég

H npopreyn ypovooeipdv givat Eva Pacikd epyaleio o€ TOALOVG TOUEIG TOV EMITPENEL GE OPYUVIGHOVG
Kot ATopa vo AapPBavouy KaADTEPES ATOPAGELG TAPEYOVTAS TOVG TANPOPOPIES Yiol LEAAOVTIKEG TAGELS Kot
potifa oto dedopéva tovg. Me TV OVAALGN 1GTOPIKOV OEOOUEVOV KoLl TOV EVIOTIoUO poTifmv, M
TPOPAEYN YPOVOCEPDOV EMTPENEL GTOVG OPYOVICHOVS VO TPOPAEMOVV LEAAOVTIKEG TOOCES KOl VO
Aoppavouy  tekumplopéveg amopdoelg. Me tn Porfelr TOV VE®V TEYVOAOYIDV KOl TOV UEYOA®V
dedopévav, to medlo G mPOPAeYNG YpovooEP®OV eEEMOGETAL GLUVEXDS Kot TopExel o oKpiPeig

TpoPAEYELC.

‘Eva and ta onuavtikdtepa mAEOVEKTALOTO TG TPOPAeync ypovocelp®dv gival dtt fonbdd Tovg
OPYOVIGLOVG VO TPOYPOULATICOUV TO LEAAOV TApEYOVTAS Lt oo katavonon tov Tt ivar mbavd va
oupPet.

Mo mopddetypo, ot emyePNOES LTOPOHV VAL YPNCLLOTOUGOVY TNV TPOPAEYT) XPOVOGEPDY Y10l
va tpofAéyouv tn {NMom Yo T TPOIOVTO Kol TIG VANPEGIEG TOVG, EMITPEMOVIAS TOVG VO OXESLICOVY
avaAoya XPovodIoypaLLLLATO TOPAYWYNS, EMINEdA amofepdTmV Kol Tpoc®TKd. Avtd pmopet va fondioet
TG eToupeieg va PEATIGTOMOUIGOVV TIG dPUCTNPLOTNTEG TOVS, VO HEIMGOLV TO KOGTOG Kol Vo BEATIOCOVV
TNV IKOVOTOINGN TOV TEAATMV.

2TOV TOUEN TMV OWKOVOUIK®V, 1 TPOPAEYN YPOVOGEPOV YpNCILOTOEiTaL Yoo TNV TPOPAewn
TILOV HETOYDV, CUVOAAAYUATIKAOV 1ICOTYUAV KOl GAADY YPNUATOOIKOVOUIKOV HETAPANT®V. AVTo pmopel
va Bondnoetl Tovg EmEVOVTEG KO TOVG EUTOPOVS VA AdPovv KaADTEPES EMEVOVTIKEG OMOPAGELS, KOOMG Kol
TOL YPNUATOTICTOTIKE WOpOpaTa vo TPpoPAETOVY TN LEALOVTIKY TOVG OIKOVOUIKT OTOd00N.

XV npofreyn Kopov, 1 TPOPAEYT YPOVOCELPDOV XPTCGLOTOLEITAL Y10 TNV TPOPAEYT KOPIKOV
ouvnkodv, 1 omoia pmopel va Ponbnoel tovg avOPOTOLE VA TPOETOYACTOOV Yo OKPOio KOLPIKA
Qovoueva, OTmMG KaTolyideg kot Kopate Kavowva. Avtd pmopel va fondfioet tig KuPepvioelg Kot Tovg
OPYOVIGHOVG VL TPOPOVV OTIG KATAAANAEG EVEPYELES Y10 VO EAOIGTOTOW|COVV TOV OVTIKTUTO TETOU®V
YEYOVOTOV GTNV KOW®VIO KoL TV OIKOVOLLiaL.

> dwayeipion mdpwv, N TpdPreyn ypovosepmv pmopel va ypnoonombet yo v npofreyn
NG KATAVAAMONG TOPOV OTMG 1] EVEPYELX Kol TO VEPO, KATL TOL Pmopel va fonbf ol Tovg opyavicpovg va
dwyepilovtar avtovg Toug TOPOLG MO AToTEAESHATIKA. AVTd pmopel va fondnoetl oty ghayiotomoinon
TOV OTOPPYLULATOV Kot 611 Lelwon Tov KOGTOUG.

‘Oco avaeopd, Tov moloTIKO EAeYY0, N TPOPAEYN ¥POVOCEPOV Hmopel va ypnoomombel ot
petamoinon kot o€ GALOLS KAASGOLS Yo TNV TPOPAEYN TNG TOLOTNTAG TOV TPOIOVIMV KOl TNV £yKoupn
aviyvevon e TTOUAT®V, YEYOVOS IOV UTtopel va fondnoetl Tovg opyavicovs Vo LEMGOLV TO KOGTOG Kot
Vo BEATIOGOVV TNV KAVOTOINOT| TOV TEAATMV.

Sovontikd, M TpoPreyn ypovocelpdv gival €va woyvpd epyodeio Kot givar kpioyn yuo TOLG
OpPYOVIGLOVG KOl TA GTORO OGTE Vo AauBdavouy kolvtepeg anopdoels. Mmopel va ypnoyomombel og
TOAAOVG TopEl PonbdvTag ot PEATIOTONOMNGOT TOV AEITOVPYIDV, GTNV EAAYIGTOTOMNGT TNG GTATAANG,
oTN HEI®OoT TOV KOGTOVG Kal 6T PEATI®ON TG IKOWVOTOINoNG TV TEANTOV.
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3 Mnxavikiq Maénon

H Myn minpoeopidv and to dedopéva gival 110iTePO ONUAVTIKY GTIV ETOYN TOV HEYOADY dESOUEVMV.
H teyvoloywn Bdon ywoo v €Eopuén dedopévov mapéyetar omd T Mnyovik Mdébnon (ML).
Xpnowonoteitat yo v €Eaymyn TANPOEOPIOV OO aKATEPYASTO dedopéva PAcemv dedopévmv, Tov
LITOPOVV VO EPUNVEVTOVV UE KOTAVONTO TPOTO KOL VO, XPNGLOTO B0V Y10l [ TOIKIAMO EQAPUOYADV.

H pmyavik pébnon eivar éva vromedio g Teyvntig Nonpoovvng mov acyoieitor pe v
avantoén olyoplBuov Kol OTOTICTIKOV HOVIEA®MV, HECH TOV ONOIMV KoBIoTOTOL EPLKTH OTOVG
VTOAOYIOTEG 1) «pabnony anevbeiog amd ta dedopéva. H mpofreyn ypovoceipdv eival Evog onpovTikog
TOMENG TG UNYOVIKNG paBnong mov cuyva mapapeieitat. Etvar onpoavikd yuti veépyovv 1060 TOAG
npofAnpata  mwpoPreyng mov  mEPAQUBAVOLV [0 GUVICTAOGCO YpOVOL. AvTd To  TpoPAnuata
TOPAUELOVVTOL EMEWDN EIVOL 1 XPOVIKT] CLVIOCTMOGO KAVEL O dVGKOAO TOV YEIPICUO TOV TPOPANUGTOY
avtdv. H yprion peboddov pnyoavikng pdbnong yw v mpdPfreym ypovoceipmdv £YEL EMIONG OMOKTNOEL
av&avopevo evolopépov, Kabmg tétoteg HEB0doL GLYVE TAPEXOVY KOADTEPO, ATOTEAEGLOTO O GYECT LE TA
napadoctakd poviéda ARIMA and ) otatiotikn Broypapio.

Me amhé Aoyw, n pnyoviky pabnon eivor 1 dwdikacio exnaidevong evog poviélov dote va
avayvopiler potifa kot vo AapuPdavel amopdocelg M vo mpoPaivel og mpoPréyelc Paoel dedopévav.
Xpnoonoteitat yio v eEaymyn XPNOW®V TANPOQOPIOYV, TPOoPAEYE®V 1 TaEVoUncE®V amd dedopéva,
TOL 07010, LITOPOVV VL PN GILOTOM B0V Y1 T ANYT| UTOPACEDV.

3.1 loTopikn avadpopn

H mpoéhevon g unyovikng uddnong (ML) umopel vo evtomiotei ot dekoaetio Tov 1950 kot tov 1960,
OTAV Ol EPEVVNTEG GTNV TEXVNTH VONUOGUVN GPYICOV VO OVATTOGGOLV 0AyOplOHovg Tov UTopodoay v
péabovv omd dedopéva. To medio g ML omwg to E€povpe onpepa, ®GTOG0, APYIcE VO SLOUOPPOVETOL
ot1c dekaetieg Tov 1980 war Tov 1990 pe ™V guEdvion WGYVPOV VIOAOYIGT®V Kot TN dSdecdTTA
HEYOIA®V TOCOTTOV OESOUEVQV.

H mpodt 10éa evog akyopiBpov punyovikng pabnong eivol to perceptron, €va amid HOVTEAO
VELPOVIKAOV SIKTO®OV, ToV emvorOnke to 1943 amd tov Frank Rosenblatt. ¥l H npdt spoppoym tov froy
o pnyavy mov kotaokevdotnke 1o 1958 oto Cornell Aeronautical Laboratory omod tov Frank
Rosenblatt, mov ypnuatodotibnke oo to I'pageio Novtikov Epgvvodv tov Hvopévov TTolrteidv

Tn dexaetion Tov 1960, ot gpgvvntég avéntvéav mepattép® to nedio g ML eiodyovtag véoug
alyépBpovg ommg to dévtpa amdeaons. Tig dexaetieg Tov 1970 kon 1980, o Topéag g ML dpyioe va
Kkepdilel TEPLEGOTEPT TPOCOYN KO SNUOTIKOTNTA, LE TNV EI0AYMYT VEOV TEXVIKAOV OT®G 0 aAyopdpog k-
Nearest Neighbors (k-NN) Bl kau ta Siktoa Bayes. ! Emmiéov, mv emoyny avtq eugoviotke o
aAyopiBuog g omicBiag Suadoong tov opaiuatog (Backpropagation algorithm), mov enétpeye ota
vevpavikd diktoa va pdbovy mo cvvleteg epyaciec. [N Tta téhn g Sexaetiag Tov 1990, o topdag g
ML yvopioe po aval@mndpmon Tov evoloeEépovtog He T SfecyloTnTa HeYGA®Y TOGOTHTOV SES0UEVOV
Ko TV ovamTuén véav alyopifuov 6mog o povtéda Support Vector Machines (SVMs) ! ka1 Random
Forest.[%

Ta tehevtaio xpovia, N pnyoviky pabnon (ML) éyet yivel akoun wo dNUOEIANG e TNV ELQAVIoN
TOV HEYAA®V OEOOUEVOV, TOV VTOAOYIGTIKOD VEQOLG Kol Trg OvENUEVNG YPNoNG TEXVIKOV Pabidc
puabnong. Me avtovg Tovg TPOTOVG EMTPEMOVY OTIG UNYavéG va pabaivovy omd peydiec moocoTNTEG
dedopévev kol vo  eKktehoOv  ouvbeteg epyacieg Om®MG 1M avoyvodplon  ewkovag kot optAdiag.
SVUTEPOCLOTIKG, TO TTESI0 TG UNXOVIKNG udbnong eEedicoetol €06 kot apketég dekaetieg, pe Pacikd
0pOGN IO KOl TPOOSOVG VAL KATAYPAPOVTOL OO AVTA TO XPOVLOL.

3.2 Karnyopieg Mnxavikng Maénong

Ot xovplor TOmor unyovikng pabnong eivan M emomtevopevr (Supervised), m un emomteLOUEVT
(Unsupervised) ko 1 evioyvtikn (Reinforcement) péOnon.

H emontevopevn pabnon (Supervised Learning) eivar évag tOmog punyavikng pabnong 6mov éva
povtédo ekmoudevetonr va mwpoPAémer o €€odo pe Pdon éva cvvolo eiopodv. O oTOXOG NG
EMOMTELONEVNG HABNoNg eivarl va udbet o ovtiotoiyion €1603wV-e£00@V amd £vo GUVOLO SEJOUEVOV
ekmaidevong.
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To ocvvolo dedopévov ekmaidevong amotereitar amd (e0yn €106d0v-e£000v, OmOL N €iG0J0G
OVTITPOCMOTEVEL TO, YOPOKTNPIOTIKA TOV dedoUéveV Kot 1 €£000C AVTIIPOCHOTELEL TV ETIKETO N TN
netoPint ot6y0. 1 T10 Mhaicio TV ypovoseiphv, sivar o Stodtkcocio 6mov £vo PovTELO ekmondeDsTaL
YPNOOTOIDOVTOS 1OTOPIKA dedopéva pe €TIKETEG YL va. TPOPAEYEL TIG WEAMAOVTIKEG TLLEG LLOG
YPOVOGELPAC.

C )

& h
oy

Ry
() ( ,TE

Algorithm

Tyipa 1: Erontevépevy Madnon 0

O1 KOPIEC EPYOGIES TNG EMONTEVOMEVT HAONoNC, sivar: 1Y

e Ta&wounon 1 katmmyopronoinon (Classification), 6mov and 0 choTNUO AvopéveTat 1| TPOPAEYN
Yo TV TaEvoUN o TV 0E00UEVOV GE SIAPOPES —EK TMV TPOTEPOV YVOGTEG— KATNYOPIES.
o TlaAwdpounon (Regression), 6mov and 10 GOGTNHA AVOUEVETOL 1] TTPOBAEYT LA TUNG.

H ndadnon ywpig ernipreyn (Unsupervised Learning) eivor évag tomog pmnyovikng padnong 6mov évo
LOVTELO EKTALOEVETOL VO OTOKOAVTTEL LOTIPO Kol oY€GEIG 6TO dedOUEVA Y@PIg TN XpTon dedoUEvmV pe
eticéta. O otdyog ¢ pabnong yopic emifreyn sival 0 €VIOMIOUOC VTOKEIPUEVOV OOUDYV KOl
YOPOUKTNPIOTIKOV TV OEOOUEVOV, O WHOTPa, OLOTAdEG T OVOUOAlES, Yopic va Tapéyovtol
TPokaBOPIGUEVES ETIKETE 1 LETOPANTEC-OTOYOL.

@ G|

Tyqna 2: Mn erontevopevy Madnon 6

Ot o cvvnBiopéveg epyacieg un enontevdpevng Habnong eivat:

e H ovotadomoinon (Clustering), 61ov amd T0 GOGTNUO AVOUEVETAL O SIYDPICUOG TV dEGOUEVOV
oe opogwelg ovotddeg. Xnpoaviikol adyopBuol avtic g kartnyopiog eivar o k-Means kot o
Hierarchical Cluster Analysis (HCA).

e H peioon dactdoewv (Dimensionality reduction), 6ov a6 T0 GOGTNLO ovapEveETaL 1) Eaymyn
YPNOOV 1WB10TTOV TV dedopévov pe amhomoinon tov dedopévov yopic va yadel Opmg
YPNON TANpOoPOpic. InHovTiKoi aAyoplOpol owtig TG Kotnyopiag glvar n avéAvon kvpiov
ouwvictwo®v (Principal Component Analysis - PCA), n pébodog kernel PCA mov omote)ei
gnéxtaon g PCA, xou 1 tomkn-ypapky evoopdtoon (Locally-Linear Embedding - LLE).
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H evioyotuc) pabnon (Reinforcement Learning) givar évag tomog punyavikng Habnong mov enttpénetl o€
évav mplxTopa va pabel mdg vo Aopfdvel amoedoels oAnAemdpdvtog pe 1o meptBdiiov tov. O
npaktopag podaivel va Aopfavet amo@doeig Aapfavovtag avtopolBég 1 TOES Y TIg TPAEELS TOV.

£ 6

Input Raw Data

Reward Q Best Action
Stat

o)

State Selection of
Algorithm

Tyipe 3: Evicyvtikii MéOnon 6

AvaAvtikotepa, pe v opbn evépyesio emPpofedetor kot oty avtibetn nepintoon Tipmpeitol. Xe vt
mv mepinTmon o mpdkTopag wpénet vo pobaivel povog Tov Kot 0 6Tox0g ivon 1 cuvexng emPpdafevon.
AnAodn o0TOYOG TNG EVICYLTIKNG MHAONoNG eival 1 HEYIOTOTOMNGN NG CWOPEVTIKNAG OVIOUOPNG He TV
7apodo Tov ¥povov.

KXetvovrag, a&ilel va toviotel 0Tt 6TIG KATYOPiEG TNG UNYOVIKAG LABNONG EVTACGETOL KO 1] ML
emPrendpevn padnon. H xatnyopio avt) givar évag cuvdvacpog emPremdpevng Kot un emPAETOpEVNS
pnabnong, Omov 1o GUOTHHO KOAEITOL Vo EKTOOELTEL GE GUVOAO OESOUEVMV TOL TEPEYXEL dOoUMUEVA
mopadeiypato, oA Kot adounToL.

21t ovvéyela g peAétng Ba mapovsiactody kot Bo avorlvBoldv Ta povtéha Tov xproipomo dnkay.
‘Exovtag vmoym Tig mopomdve TANpoeopieg Yo Tig peBOdoLE pnyavikng padnong, ypnown sivor m
evnuépmon OtL Ao ta povtéla mov Ba akolovbnoovv avikovv otnv Katnyopio g emPrendpevng
pabnong.
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4 OcwpnTIKO UTTORABPO HOVTEAWYV

Y10 ke@dAato avtd Ba d00obv TANpoPopies Yo Ta povTELD oL EMAEXONKAY va yproomombovy ot
pehétn. Apywd, oiler va  avoeepbei O6tt ot pébodor mov ypmowomomOnkay  pITOpOvV  va
KatnyoplomomBodv @¢ otatiotikd poviéda (statistical models), poviéda vevpovik®dv diktowv (ANN) kot
pébodotl ouvorov (ensemble methods). Avaivtikdtepo, T0 OTATIOTIKO HOVTELD OV emAéyxOnKke givar to
AutoArima. Q¢ poviédo vevpovikdv diktowv emedéynoav to. MLPRegressor, BDLSTM kot TCN
povtéra. Térog, To povtého XGBoostRegressor, AdaBoostRegressor kot HistGradientBoostingRegressor
ATOTEAOVV TNV Katnyopia tv ensemble povtédmv. X1 cuvéysta Oa yivel pio mpdT GOVIOUN TEPLYPAPT|
TOV TPIOV KOTNyopldv. AKolovBme, Ba yivel avaAvTiky Tapovsiocn Tov ev AdY® HOVIEA®V, KaBdG Kot
TOV TPOTEPNUATOV - LELOVEKTNUATOV OVTDV.

»  XT0TIoTIKG poVTELQ:

Ta ototioTikd povtéAa eivol évag TOTOG HOBNUOTIKOD HOVTEAOV 7OV TEPIYPUPEL TIG VITOKEIEVEG
Katavopés mbavotntov kot TG oyéoels pHeTafy petafAntdv  oe  €va GUVolo  dedopévav.
Xpnoonoovvial cuvnO®S TV TPOPAEYT XPOVOGEP®V Y10 TNV TPOPALEYN HEALOVTIK®V TIL®OV e Bdom
LOTOPIKA OEOOUEVAL.

»  Nevpwvikd Alktoa:

Ta vevpovikd diktoa givar £vag TOTOG LOVTEAOL HXOVIKNG LABNoNG TOL gUmVEOVTOL OO TN SOUT| Kot TN
Aettovpyios TOV AVOPAOTIVOL EYKEPAAOL. ATOTEAOVVTOL OO CTPMUOTO SAGVVIESEUEVDV KOUP®VY, TOV
ovoudlovtat veupdveg, ot omoiot eneEepydlovtat kot petadidovv mAnpogopies. Kabe vevpmvog Aapfavet
€l6000 0md GAAOVG vevpmVES, ekTeELEl €vav amAd VTOAOYIGUO otV €ic0d0 Kol oTtédvel TV ££000 o€
GAAOVG VELPDVEG GTO ETOUEVO GTPOUA. AVTN 1] S10d01KOCT0 ETAVAAAUPAVETOL HECH TOAALATADY EMTESWV,
eMTPEMOVTOG 6TO OikTLO Vo pabet Kot va e&dryel chvOeTa yapakTNploTkd omd o dedopéva 166dov. Otov
TPOKELTAL Yo TPOPAEYN XPOVOGEPDY, TO. VELPOVIKG, dikTva €ivor Wioitepa KaTdAAN L, €PpOGOV ival o€
0éom va Kotoypdeovy potifo Kot TACES oTa dESOUEVO KOL VO YPNCILOTOIOVY OVTES TIG TANPOPOPIES Yo
vo eviuepdvouy TG TpoPrEvelg Tovg. Toppova pe tn pedétn tov Sheela kot Deepa (2013) [12] dev
VILAPYEL YEVIKA amodekTh) Bempia yio Tov 0piopd Tov TANH0VG TOV KPUULEV®Y VELPOVOV. 2T UEAETN OV
axoAovdnoel, yio ta poviédo MLPRegressor kot BDLSTM erniléyfnkav 2 otpodpata vevpovov pe 14
Kot 7 vevphveg, avtiotoya. Ocov avoaeopd to poviédo TCN, emihéyfnke m ypnon 2 CLVEMKTIKOV
otpoudtov pe 30 kot 7 @iltpa, avtictorya.

> Mé0odot cuvorov - Ensemble:

Ot péBodor cuvorov (ensemble) eivar évag tomog pnyavikng pndnong mov cvvovalel T mPoPAEYELS
TOMOTAGDV PovTEA@V Yo T Peltioon g cuvolKkng axpifelog Kot upwotiag TV mpofAéyemy. 10
maiclo g wpoPheyng ypovooelpdv, ot uébodol cuVOAOL pUmopoLV Vo ypnoiporonbodv yw va
oLVOVAGOLV TIG TPOPAEYEIS TOAMOTADY HOVTIEADV VELPOVIKOV SIKTO®OV. Xuvovdlovtag Tig mpoPALYeLS
TOMOTADV HOVTEA®DY, 01 HEBOSOL GUVOAOL UTOPOLV VO LEIDCOVY TN SKVIOVGT Kot VO, ovENoouy T
ot0fepOTNTa TOV TPOPAEYEDY.

4.1 Arima

n.n

To povtého ARIMA Boaoiletor otig Tpelg vreprapapétpovs p, d, q. To "p" mpoépyetal amd t0
avtomaiivopopo tufue (AR) kor givor o oapiBudg tewv kabuotepnUévev  TOPATPNCE®Y  TOL
YPNOWOTOOVVTAL Yio. TNV TPOPAeyn TG TpEYovoag Tyng g ypovooelpds. EmmAiéov, 1o "d"
AVTITPOCMOTEVEL TN GEWPE S10popoToinong, 1 Omoie XPNCUYLOTOLEITAL Y10l VO KAVEL TN YPOVOGELPE GTAGYL.
Mo otdoyn ypovooelpd €xel otabepd péEco 0po Kot dtakvpaven. Avtiy 1 mopduetpog Pondd otnv
enitevén otacotntog Aappavovrac ™ dweopd tev dedopévov (differencing), vy v ogaipeon
TAoeV Kot EmoyKOTTOC amd Tig Ypovooelpés. Xvveyiloviag, to "q" avimpocmnevel tov fabud Tov
kwvntov  péoov  opov (MA). Anhodn eivor o aplBudc TV  TPONYOOLUEV®V  CQUAUATOV TTOL
YpNGIHOTOm AN KAV Yia TNV TPOPAEYN THG TPEYOVGAS TING TS XPOVOsELpd. ¥

EmumpocBétmg, ailet va avapepbel to poviého SARIMAX (Seasonal AutoRegressive Integrated
Moving Average with eXogenous variables), to onoio givon enéktaon tov ARIMA. Tepihaufdaver tig
101eg TPES TOPAUETPOVS LLE TO OPYIKO LOVTEAO KOl TPOCHETEL TPELS OVTIOTOU(ES TOPOUETPOVS YO VO
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et voym N emoykotto. Kieivovrag, va avagepbel 6Tt meplapfdvel akopo Ty mopapetpo m, M
omoia apopd Tov aplfud TV TEPLOd®V Yio KabE emoym.

4.2 Auto Arima

To Auto ARIMA egivor pe péBodog mov ypnolonoleital oTny ovOAALGY YPOVOGEP®V Yo TNV
amoteAeopatiky wpoOPAeyn pelloviik®v tipudv. Etvor pio ovtopatomompévn €kdoomn Tov HOvTEAOU
ARIMA (AutoRegressive Integrated Moving Average), n omoio. mepthapfdvel v eEETaoT 1GTOPIKAOY
OEJOUEVOV YPOVOGEIPDV KOL GTT) GUVEYELD TV TPOCAPUOYT HOVTEA®DV OLTOTOAVOPOLOV Kl KIVOOUEVOL
LEGOL OPOV.

Aodyot yio v avtopotomomuévn povielomoinon ARIMA: (o)  uéBodog yio TV KATAGKELT
evoc povtéhov ARIMA eivan mepimhokn kot amottel mAnpn katavonon g pebodov. (B) H koaraokevn
evoc povtédov ARIMA omoutel evdekeyn exmaidevon ot otatiotikny avaivon (y) To wnbog tov
YPOVOGEIPDY KOl TOV SWPOPOV GUVSVAGUOVY TapapéTpov sivar peydio. 14

H pébodog Auto ARIMA epappoler v mpocéyyion Box-Jenkins. T tov evtomoud, v
Tpocapproy” kat ) didyvemon poviédov ARIMA, ot George Box kot Gwilym Jenkins dnpodpynoav v
teyvikn Box-Jenkins ) dekaetioo Tov 1970. H teyvikn avt cvvayetot amd pia 6epd S1001KacIdV, 0TS 0
KaBopIo oG TOV €I60VE TNG TAGNG KO TNG EMOYIKOTNTOG GTO SEOOUEVA, 1) ETIAOYN TNG GEPAS TOV LOVTEAOD
(ONA. 0 apBuds TOV CLGTATIKOV ALTOTOAIVOPOLOL KOl KIvouIEVOD PEGOV Opov) Kot 1 a&loAdynon g
TPOGOPLOYNC TOL LOVTELOD YPNGILOTOIMVTAS GTOTIOTIKES SOKIES Ko S1oyvao Tk Storypdupata. [

To Auto ARIMA emitpénet Tt GOYKPIOT SLOQOPETIKMV HOVTEA®MY Kot eEETACEL TIG TAPAUETPOVG
TOVG Y10 VO TPOGOIOPIGEL TO KOATOAANAGTEPO LOVTEAO Yoo TNV TPOPAEYT LEALOVIIK®OV TIL®V. AvTi 1)
avtopatonompévn pébodoc Aapfaver vdym tig kabvotepnuéves (lagged) Tipég tov dedopévev Kot v
TEPLOdIKOTTA TV oNpEinV dedopévov. (6]

OcTikdL:

e  Mnopel va yeplotel pio TOWKIMO KOONUEPIVOV TPUKTIKAOV GeEVOpiov KoBmG kot Tepimloka
potifa, 6mwe emoykdTTA, KVKAKOTNTO, TaoElS, eEmyeveic N eEwtepikég mopeuPfaoelc, akpoieg
Ko TUYOHEC TULEC TTOV TPOoKaAoVVTOL 0md GAleg ontieg. [M7:18]

o TIpooeéper T OSvvaTOTNTA VO OMOKOADWEL TN LI OTACIUN GUUTEPIPOPE og dedopéva
YPOVOGEP®V, Pondodviag otnv TPOPAEYN UEAALOVTIKOV TACE®V Kol GTNV OVATTLEN YPNOU®Y
LOVTEA®V.

o  Avalntoviog omAadn mOAAMATAEG TOPUAAGYEG TOV TOPOUUETPOV Yo TN HOVTELOTOINGN
YPOVOGEIPDV, EEVTNPETEL TOVG XPNOTES OTN YPIYOPN EVPEST] TV BEATIOTMV.

e ’'Evo televtaio TAEOVEKTNHO OVTNG NG TEXVIKNG &lvon OTL eColeiper v amaitnon 7y
YELPOKIVITN EMAOYT TAPAUETPAOV, 1O10TNTA TOL GVUPAAEL 6TV EAayloTOTOINGT TG TOAVOTNTOG
VIEPTPOGAPLOYNG.

Apvnrikd:

o Ymv mepintowon oOmov to dedopéva,  ypovooelpdv eugaviovv mepimhloko  potifo M
YOPOKTNPIOTIKG, UTOPeEl Vo PV €mAEYEL TAVTIO TO KOADTEPO WHOVIEAO €POCOV TO HOVTEAO
ARIMA 3dev eivar o€ Béom va aviyvedoetl. Tovende, akdpa Kot pe v ovalnTnorn Tov HoviéAov
mov tapléletl kaAvTepa, dev pumopet va Paciotel Kavelg o avth ) péBod0 Yo vo avakaAdyeL To
yviiolo PérTioTOo HoVTéELO.

o Tlpokeyévov va emdeyel T0 KOAOLTEPO WOVTELD, M GLVAPTNON TPEMEL v a&lOAOYHOEL TNV
TPocapproyn moAlomA®V poviéAowv ARIMA pe d1dpopovg cuvdvacpols, kabmg amaiteitol 1
BeitioTomoinon tov Topapétpmv. Avti 1 ddkacio Lropel vo £ivol VTOAOYIGTIKE AmALTTIKY,
Woitepa, Yo peydAo cOVoLo SESOUEVMV YPOVOGEIPGDV.

o  EmmpocBétwc, n avtopotn emhoyr] tov PEATIOTOL HOVTEAOL UTOPeEl VO SVGKOAEWEL TOVG
YPNOTEG VO KOTOVONCOUV TG emAEYONKe 1O poviéAo kol T toplalel oto dedopéva.
AToKTOVTOG LmEpPOAIKG  TOADTAOKA HOVTEAD HE TEPLOCOTEPES TOPAUETPOVG ONO  TIG
OTOTOOUEVEG, OUCKOAEDEL TOL YPNOTEG VO  KOTOAVONGOLV  KOADTEPA TN  Jddikacio
LOVTEAOTIOIN GG KO TIG VTOOECELS oW 0td TO EMAEYUEVO LOVTEAO.

o Télog, éva akOUN LEWOVEKTNUO 0TS TG TPOGEYYIOoNS eival OTL dev AapPAveL LTOYN TG TILES
onuavtikoétntog (p-values) tov 6pmv Tov HoVTELOD KoTd TNV €TA0YT TOV PEATIOTOV HOVTELOV.
H i p etvon éva pétpo tng otatiotikng onpaciog vog Opov Tov HOVTEAOL Kot YP1CLLOTOLEITOL
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Y0 VO TPOGSI0PIoTEL GV 0 OPOg GUUPAALEL OTUOVTIKG GTNV TPOGOPLOYN TOV HOVTEAOL. Mn
Aappavovtag vdym Tig TYEG AVTEG, TO PEATIOTO HOVTEAD UTOpEl VA TEPIAAULBAVEL U] OTOTICTIKA
OTHOVTIKOVG OPOVG, YEYOVOGS Tov 0dnyel o vrepPfoikn mpocappoyn (overfitting) 1 avakpPeic
npoPAréyers.
Yvunepaopatikd, to AutoArima ypnoiponotel Evav GuvOLOCUO HOVIEA®V GTOTIGTIKNG KOl UNYOVIKNG
pnabnong vy va Ppet tig kaAbtepeg mapapéTpovg yuo évo poviédo ARIMA. Amlomotel 1 dwdikocio
EMAOYNG TOV COOTOV TopopéTpev Yo éva poviého ARIMA kou pmopel va Peitidost v anddoon
TpoOPAeYNS. QoT0600, glval TAVTA ONUOVTIKO 1 ardd00T] TOL HOVTEAOL Vo A&LOAOYEITAL YPTCLOTOLOVTOG
KOTAAANAEG LETPNOELG KOl GUYKPIVOVTAC TO e GAAA LLOVTEAQL.

4.3 Perceptron

To perceptron givatr 11 amhoVoTEPT LOPPT] VELPMOVIKOD SIKTVOL Kot amoterel To Pactkd Sopkd ototyeio
tov diktvov MLP. Eivor évag adyopiBuog dvadikng tagvopnong mov Aettovpyel Ommg 1 AOYIGTIKY
TOAWVOPOUNCT. ATOTELEITAL, OVOLOGTIKE, O £vav VELPOVA TTOL AopPdvel oG gicodo éva didavocua Tng

HOPONG X = [X1, . . . , Xn] kO 1 ££000G TOVL KaBopileTar amd TO 0mOTEAEG O TOV GTUOIGUEVOL 0fpOiGLOTOG
TV e100dVv pe Bapn (weights) w = [X1, . . ., Xn] ovv pio otaBepd b mov ovopdleror moOAmon (bias). [To
GULYKEKPLLEVOL:

w-x+b>0

0, Stapopetikd

1,
f(x;w,b)={

Weights

Constant| 1 \
e W,

Weighted
Sum

§ Out
> _I'
inputs —| 6 _,_,.—) W, 7 .

Step Function

Tynua 4: Perceptron [

4.4 Multilayer Perceptron

To moAvemninedo perceptron (Multilayer Perceptron, MLP) amoteAel o yevikevon tov amkol perceptron.
To povtého MLPRegressor eivor évag tomog eUmpocBoTPOPOSOTOVUEVOL VEVPMVIKOD OIKTVOL TOL
ypnowonoteitar yioo v mTPOPAEYN YPOVOCEPOV Kol GAAeS epyocies maAwvdpounons. Eivar éva
EMOMTEVOLEVO LOVTEALO LNYAVIKTG HAONoNG To omoio omottel dedOpUEVA EKTAIOEVONG e ETIKETEG YL VAL
pébet mdg va kavel mpoPAéyels. Amoteleitan and mANB0g VELPOVAOV OPYOVOUEVEOV GE dadoYIKA EMimeda
(layers), oto omoia kGBe vevpdVOG G€ KATOW EMIMESO CLVIEETOL PE KADE VELPOVO TOV TPOTNYOVLEVOL
emuédov. Omwg 6Aa ta vevpwvikd diktva, amoteleitar and €va eminedo €16000v, Eva N TEPIGGITEPQ
KPLEA emineda kot éva eminedo e£650v.1

Hidden layers

Input layer Qutput layer

X, Y1
X2 Y2
Xn ym

Tyipe 5: Eppoc@o-tpogodotodipsvo Texvntéd Nevpoviko Aiktvo 78
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To eninedo 16650V AapPavel To dedopéva €160V Kot T TEPVAEL 6TO KPLPO EMimedO, TO 0010
emelepydleton o 6edopéva YPNOILOTOIOVTAG £va GUVOAO Bapdv Kot TOAmone. To kpved eminedo pmopei
va éyel moAhomAég povadeg. Ta Bapn kot 1 wéhmon pabaivovtol Kotd T SIGPKEW TG EKTOOEVTIKNG
dwdkooiog yio v EQy®Yn CYETIKOV YOPOUKTNPIOTIKOV and Ta dedopéva €160dov. To enimedo €660V
Aoppavel v €€060 amd T0 KPLEO EMIMESO KOl Topdyel TNV TeEMKN TpoPAeym yia v é€odo otdyo. H
Sodkacio vroAoyiopov TG €£G00V TV KPLPOV EMITESIWV Kol TOV €mMTEdOV €£000V amotedel pio
yevikevon TG ddikaciog VToAOYIoHod ¢ €£0dov Tov amiov perceptron. T v TpOPreym
YPOVOGEPDV, HE PAom To SEOOUEVA TMV TPONYOVUEVOV YPOVIKOV cnueimv, n mwpofieyn elvar n
TPOPAETOUEVT TN Y10, TO EXOUEVO YPOVIKO oo dedopévav. 2O

Avoloticotepa, 1 ekmaidevon onupaivel Peitiotomoinon tev Papdv kol g TOA®ONG,
ovoyetiCovrag ta dtavdouata 16000V Kot e£660V aAAL KOl EACYIGTOTOIDVTOS TO COAALATO HETAED TMV
TPOPAETOUEVOV KL TOV TOPATPOVUEVOV TV €£600V. AVTO TO HOVTELO BEATIOTOTOLEL TO TETPOYOVIKO
o@dApo (squared error) ypnowonowdvtag LBFGS 7 stochastic gradient descent.

EmumpocHeta, a&iCet vo onpewwbdei 61t o1 emleypéveg cuvaptioelg evepyoroinong sivar  ReLU
(Rectified Linear Unit Activation Function) kot 1 Tanh gvd o odyopiBpoc glayiotonoinong c@AAUATOG
sivan o Adam (Zhang et al.2019). 21

OcTikdL:

e To diktvo pmopei va pébet vo Tpocopoldvel Tig IAANAETOPACELG HETAED TV YOPOKTNPIOTIKOV
€16600v. Ze avtifeon pe 1o va AapPavel voyN HOVO KaOE YopaKTNPIoTIKO EEXWPLIOTE, TO JTKTLO
pmopel va pabel va avayvopiler potifo ota dedopévo Tov €E0PTMOVTOL OO TOV CLVOVAGUO
TOMOV YOPUKTNPLOTIKAOV €10000V. AvoAvTikotepa, umopel va udbet vo avayvopilel Kot vo
eKQPALEL OVTEG TIG CUVOESELS YPTOYLOTOLDVTOS To KPLPE EMimedo Tov dKTHOV. TVUVERMG, gival
mOhave vo eMPEPEL KOADTEPO OMOTEAECUO OO €vo, HOVTEAO TOL OomA®dG AapPdaver kabe
YOPOUKTNPLOTIKO £10000V € EeYPLoTA.

Apvmrid:

e To MLP amattovv peydio aplBpd TapopéTpmy, YEYovog IOV UTOPEL VO To. KOTOOTHOEL ENPPET
o€ vrepnpocapuoy. To @avOUEVO TNG LRIEPTPOCAPUOYNAS TOPATNPEITOL OTAV €VO LOVTELO
mnclalel ToAD oto dESOUEVA EKTTOIOEVLONG, KATL TOV TO KAPIOTH TEPITAOKO Kol MG €K TOVTOL
odnyel og yapnAng moldttog yevikevon yio véa dedopévo Eivar onpovtikd vo gpappodlovron
pébodot dnmg n weight decay 1 | dropout kot vo BEATIGTOTTOLEITAL TO LOVTEAD YPTCLLOTOLDVTOG
ueboddovg oOmwg m  cross-validation, mpoxeywévov va  peiwbei o kivovvog vmepPoliknig
TPOGAPLOYNG.

o  EmumpooBétac, eivar gvaicOnto oto apyucd Bapn kot t1¢ mpokatodnyelg (bias) tov dikTvoUL,
YEYOVOG TOL UTOPEL VoL EXNPEACEL TN GOYKAIOT TOL LOVTEAOL KOTA TN SIEPKELN TG EKTAIOEVOTG.
Edv ta Bapn kot ot tpokatadyelg dev apytkoroinbodv cmotd, to povtého umopel va unv givat
wKovo va pabet kot vapyet 1 ThovotTTa va unv cuykAivet. [ v avtipetdmion avtod Tov
{nmpatog, gival onuavTikd vo xpnoylomombody KaTIAANAEG TEXVIKEG VIO TNV OPYIKOTOINoT|
tov Papdv Kot vo mopokolovBeitar M oOykAion Tov poviélov katd Tn SudpKew TNG
exnaidevong. 222

e Axorovfwg, o MLP, kot ewdcdtepa to MLPRegressor, avapépovtotl Lepkés popég g LOVTEAQ
"Hodpov KoVTIOD" AGY® TV TPOPANUATOV EpUNVELNG TOVG. AVTO OQEIAETOL OTNV IKOVOTITA TOV
KPUOAOV EMTEI®V TOL HIKTVOL VO Lafaivouy Kol Vo avaToptoTohV TEPITAOKEG CLVOPTIHGELS.
Avto 10 YEYOVOG pTopel vo. SuokoAdyel TV akpiP] KOTAvON o TOV TPOTOV E TOV OTOI0 TO
povtéro dnpovpyet poPréyets. Ewdikotepa, eivarl apketd 600Kolo va yivel TPOGIOPIGLOG TOV
OMUOVTIKOV Y10. TO HOVTEAO YOPOKTNPIOTIKMOV 1) VO YIVEL KATAVONGN TOV TPOTOL YXPHONG TOV
YOPOKTINPIOTIKOV €600V Yo TNV Tapay®yn TpoPréyemv. AALeG LOPQEC LOVTEA®Y, OTMOC TO
OEVTIPO. YPOUUIKNG TOAVOPOUNOTG 1 OOPACNG, €VOL O SOPOVEIG (OC TPOG TNV KATOVON O™
uédodot. 24

Yvumepoopatikd, To poviého MLPRegressor gival éva 1oyvpd kot gvéAKTo gpyaieio yia tnv TpoPfAeyn
GUVEYMV OTOTEAEGUATOV GE €vo, EVPV PAcpa epoappoydv. H covotntd tov vo poaboivel ToADTAOKEG Un
YPOUKES OYéoels, va yepiletar vYNAEG S100TAGELS OALG Kot 1 IKOVOTNTA TOL Vo PEATIOVETOL Pe TV
Tapodo Tov ¥POvoL To KaPIGTOVV TOAVTILO TAEOVEKTNUA Y10 KABE emoTtpove, dedopuévav. Amartel KoAn
KOTOVONON TNG LTOKEIREVNG OPYLTEKTOVIKNG TMOV VELPOVIKAOV SIKTO®V Yoo TV emitevén PéATiotng
anddoonG.
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4.5 LSTM block

Mia povado LSTM (Long Short-Term Memory), 1| onoia givat to Boocikd S0UKd 6TOLXEI0 TOV dIKTHOV
BDLSTM (Deep Bidirectional LSTM Network), anoteieitar and kehd pviqung (cell), moieg 166d0v,
TOAEG ££050V Ko TOAEG emhekTIKNG cuykpdtnong (forget gate). ]

& ® ®
1 ! f

~

| —® i “:h
‘ = ' [ Eb Efg rr 2 ¥
&) ® &

Tyipa 6: LSTM Block [
To ke pvAung eivor vevBovo yo TV TOPAKOAOLONGT TOV TANPOEOPLOY GtV akoAovdia, pE TO va
oLVOLACEL TNV TPONYOULEVY] KOTAGTOOT, TNV TPEXOLGO PvAun kot v gicodo. H moAn emextikng
ovykpatnong (forget gate), mpokeital yo orypogdés eminedo mov amopacilel €av n Ty €£680v g
wponyovuevns katdotaong Ba dwatnpnBel 1 0x1. To emdpevo Prpa etvar va Anebel n amdpacn oyxetkd pe
TO 7Ol VEO TANPOQOPIa. TPOKEITOL VO KATAYPAPEL 6TO KEAL PvAuNG. Avtd vAomoteiton HEGm NG TOANG

€16000V UE OLYHOEDEG EMimEdO, OOV TapdryovTal VIOYNPLES TWES TToL Ba pmopovcay vo eleayfovy oty
Kkatdotaon. O cuVOVAGHOG TOVG TPOKELTAL VAL EVILLEPMGEL TV KATAGTACT TOV KEAOV LVIUNG.

4.6 Bidirectional Long Short-Term Memory

To povtého Bidirectional Long Short-Term Memory (BDLSTM) givat évag TOT0G avaTpOQOSOTOVIEVOL
vevpavikod diktvov (RNN). H 18éa mpoépyetal omd to appidpopo RNN  twv Schuster kot Paliwal
(1997). 281 To pmhox LSTM pmopel va Stotnpicet mANPOQOPIES Y10 HEYGAO XPOVIKO SIUGTNHO Ko
Eemepvasl To TPOPANU ToV KAicewv (vanishing exploding gradients) mov £yovv o RNN. Pl Emméov,
emelepydleton T akolovbieg 16000V TOGO TPOS TOL EUTPOG OGO KOl TPOG TO. TO®. ZOUPVa. e Tovg Box
et al. (2015), n avdivon g TEPLOSIKOTNTAG YPOVOGEPOV KOl 0t TIG VO YPOVIKEG TPOOTTIKEG EVIOYVEL
™V TPOYVOGTIKY amddoon. (28]

Ye éva apeidpopo LSTM, ypnowomoovvror dvo Eegyopiotd diktva LSTM: 1o éva
emelepyaletor v okolovBia €060V mpog ta eumpodg (omd aplotepd mpog ta de€ld) kot to GAlO
emelepyaletor v akolovBia 16000V TPog To To® (amd 6e§16 mpog ta apiotepd). H £€0dog amd ta 600
SLPOPETIKAOV TPOOTTIKAOV LOVTELD, EVOVETAL KOl TEPVE PEGO 0 EVO TANPOG GLUVOEIEUEVO GTPAOLO Y10
va mapoyBel n telkn €£odoc.

A&ilel va Ttoviotel 0Tl emAéyOnke M ypnon ¢ ovvdptnong Huber og cuvdptnon onmdAciog,
epocov  ypnowomoteitar og  woyvpd mpoPAnpoaTe maAwdpounons. Etvor évag ovvdvaouds tov
GULVOPTHCEDV OTMOAENG HEGOV TETPAY®VIKOD c@aipatog (MSE) kot pécov andivtov cpdipatoc (MAE).
H ocvvaptnon omdieiong Huber givar Ayotepo evaicOHntn oe axpoiec Tipég ota 6edopéve amd
GULVAPTIOT OMOAEWNG HLECOV TETPUYOVIKOD GOAALATOS, YEYOVOG OV TNV KaHIoTA Mo ovOEKTIKY otV
napovsic. BopvPov oto dedopéva. 1 Emmdéov, oto poviého ypnoiomomdnke o alyopiduog
ghayrotomoinong ceoipdtov RMSProp.

To BidirectionalLSTM ocvurepthapfdveror kopimg ybpwv mAnpdTTog TOV €pYoreimv TOL
SoKIHACTNKOV Kol GNUEWOVOLHE OTL ADVEL éval LKPOTEPO TPOPANL, ONAadT aVTO TNg eKTIUNONG TNG
EMOLEVNG XPOVIKNG oTLyung (t+1), dobévimv Tmv petpioemv mapeAbovtog (émc Kot T ¥POVIKY GTiyun t)
Kot péAlovtog (Hetd ™ xpovikn otypn t+1). Ipoxertor dnradn ev mpokelpéve yio péBodo cupmAnpwong
TG,
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OeTikdL:

o Me myv enefepyacio g akorovbiog £1G050V TOGO TPOG TO EUTPOG OGO KOl TPOG TO TO®, EVOL
apgidopopo LSTM pmopet va AdPel vtoyn tdéco 10 mapehfdv 660 Kol 10 HEALOVTIKO TAICLO
otav Kavel TpoPAréyelg. Avtd emtpénel oto PovTéLo v pdbet mo axpiPeic xpovikég eEaptnoeig
070, 0€00UEVQ., YEYOVOG IOV Umopel va 00N yNoeL o€ o axpiPeis mpoPréyels.

e Ta dedopévo Ypovooelpmdv cvuyva eUEavilovy pn YPOUUIKES €EQPTNOEIS KoL TO TOPAOOGIOKE
povokatevBuvtikd LSTM pmopel vo duokoAehovtal va. PLOVTEAOTOUGOVV aVTEG TIG EEQPTNOELS.
‘Eva apeidpopo LSTM, upmopetl va yeipiotel kodvtepa pn ypappukés €£0pTioels epocov
eneEepyaletor ta dedopéva amd d00 kaTevdLVGELS Kot GLVOLALEL TIG TANPOPOPiES Ao
ta 600 LSTM.

Apynrikd

o Qcwpeitor LOVTELO LODPOV KOVTIOD EMELDN Ol ECOTEPIKEG TOVG AEITOVPYIEG EIvOl TOADTAOKES KOl
dvovonteg. Avtd opeiheTor KUPIOS 6TO YEYOVOG OTL TO LOVTEAO EKTALOEVETOL YPTCLLOTOLDVTOG
peyddo aplOpd Topopétpmv oALG Kot meldN ol oy€oelg HETAED TV 1603V Kol TV €E00MV TOL
LOVTEAOL EVOIL U YPOLLLUKES Kot SOCKOAO EPUTVEVGLES.

e H éhhewyn epunveiag tov pmopet va kével SOGKOAN TNV KATOVONGT TOL TPOTOL LE TOV 0ol TO
povtédo kdvel T mpoPAéyelg tov. [T cvykexpyéva, givar SOVGKOAOG 0 TPOGIIOPIGHOG TOV
YOPOKTNPLOTIK®V £16O50V TOL £ival TO GUAVTIKA Y10 TV TPOYLLOTOTONGN LG CUYKEKPLUEVIG
mpoPreync. Emiong yivetor dvokodn 1 KoTovonotn Tev vokeiteveov Hotifov o omoio aviyvedet
7O povtého. AVt 1 EAAELYT JLOPAVELNG UTOpEl VO OVCKOAEWEL TOV EVIOMIGUO GPUAUATOV TOV
HOVTEAOL Kot TNV KaTavonor| tov, iaitepa 0tav ot mpofAréyelg dev elvan axpPeis. Axkdpa, to
YOPOKTNPIOTIKO TOV ovTd pmopel vo otobel eumddio oty eEnynon tov mpoPAéyeny ot
EUTEPOYVOUOVEG M emyelpnpatieg ot omoiot BEAovv va Paciotovv € avtd Yoo v Aym
SPOPOV UTOPAGEDV.

4.7 TCN

‘Eva TCN, 1} Temporal Convolutional Network, ivar évag tomog povtélov Babudc pabnong mov
éxel oxedlootel yio v enelepyacio S1d0YIKDY dEBOUEVMV, OTIMS XPOVOCEPES 1| PLGIKN YA®ooa. A&ilet
vo, toviotel 0tL 1 apyrrektoviky TCN evoopatdvel ta mheovektipota tov recurrent neural network
(RNN) aAAé kot tov convolutional neural network (CNN). B9 Eivar o mapadiayq evog Tuveliktikon
Nevpovikod Awtvov (CNN), n omoia mpotdbnke ywo mpmdtn @opd to 2018, ahdd pe pepicés Pacikég
dwpopéc. B ¥ Mo Bacikny Stagopd eivon 6Tt ypnolwomolel artiokéc cuvelifelg, yeyovog mov
ovvendyetar 0Tt 611 N é€0doc oe KABe ypovikd Pripa eEaptdtor povo amd v gicodo péypt avTd TO
YPOVIKO PApa Kot Oyt amd ohokAnpn Vv akoiovdia. BBl Avté emtpémer oto poviédo va pabaivel
OTTOTEAEGUATIKA TG pakponpoBecpeg eEaptnoelg ota dedopéva. Enuriéov, ta TCN ypnoiponolovy coyva
dtevpupéveg cvveritels, ol omoieg av&dvouv 1o dektikd medio Kibe vevpdva 6To JIKTLO, EMTPEMOVTAS GTO
HOVTELO va eEeTaGEL Vol peyaldTepo mAAiGLo Yo kKGBe xpovikd Pripa. B4

Mia apyrtektovikny TCN amoteleitar cuvndmg and moAAATAG oTpdUOTe / EMITESO IEVPVLUEVIG
OLTIOAOYIKNG GUVEMENG, akoAovOOVUEVO OO UN YPOUUIKT GUVAPTNON gvepyomoinong, onmg 1o ReLU,
KO GTN] GUVEYELL £VOL TEAIKO TUKVO GTpdL0 oV Tapdyst Ty ££080. B3 O apBuoc tov otpdoemv kot o
TapAyovtag SGTOANG TOL YPNCLLOTOOVVTAL UTOPOUV VO TPOGUPUOCTOOV OCTE Vo Tapldlovv o
OLYKEKPIUEVT epyacia kal oty molvmAokotnta Tov dedouévav. H apyrtektoviky TCN upmopel va
EKTOIBEVTEL YPMoOTOIDOVTOG TLTIKOVG aAydpiBpovg backpropagation kav Peltictomoinong. A@ov
eKTadELTEl, TO PovTéAO Pmopei va ypnotponombel yio Ty TpoPAEYN HEALOVTIKOV TILDY GTI| YPOVOCELPE
TPOPOSOTMVTOG 10, 0KOAOVOIO 1I0TOPIKADV TIUDV.

Qo1600, éva TCN, avti va éxst otabepd aplBud vevpdvmv, 1 ApPYLTEKTOVIKY YPNOLOTOLEL
GUVEMKTIKG GTPOUATA, TOL 0T0i0L amoTeA0OVTON amtd £va svvoro giktpmv. B8 Kdbe piltpo sivar o pkpn
piTpa Bapdv Tov ypNCHoTotEiTaL Yo TNV eEAY®MY] CUYKEKPILEVMV YOPOKTNPIOTIK®OV ond To dedopéva
€16000v. To @iktpo olcBaivel Tave omd Vv gicodo kol og kKabe Béon Aappdvetor o yvopevo peta&o
TOV Papdv ToL GIATPOL KOl TNG AVTIOTOYNG TEPLOYNG TNG €16050V. AVTO £xEl MG OMOTEAEGHO vy VEO
YOAPTN XOPOKTINPLOTIKAV, O 0T0I0G VILOYPUULULEL OPIGUEVA YAPAKTNPLOTIKG TV SESOUEVOV EIGOSOV.
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O apBuds Tov @idtpov oe kdbe eminedo ivol pia VIEPTAPAPETPOG TOV UTopel va emAEEel O
xpome. Kabopilel tov apBud tov «vevpdvov» ce avtd 1o otpdpo. Oco mepiocodtepa iltpa o€ Eva
eninedo 1660 To MEPITAOKO Umopel va yivel to poviéro. Qotdco, 1 avénon Tov apBuod TOV EIATp®V
avédvel emiong tov aplBud TtV mapapéTpov mov AapPdvovior vwoyn katd T Swdkacio TG
EKTTOUOEVONG KoL UTOPEL VO 0ONYNOEL GE VIEPTPOGOUPLOYN. ZUVOTTIKG, avti va éxel otabepd aplOpd
vevpovav oe kbbe otpopa, €vo TCN ypnoomolel GUVEMKTIKA GTPOUATO TOV OTOTEAOVVIOL OO £V
ovvoro QiATp@V.

OeTikd:

o Apywd, a&iler va avapepBel 10 yeyovog Ot o poviédo awtd pmopel vo AdPer vmoym
TEPIGOOTEPQ, 1OTOPIKA dedopéva Otav KAvel TpoPAEyelc, kATl Tov givar Wwaitepa PNOILO Yo
ded0UEVA YPOVOGELPDV OV EYOVV LOKPOTPODEGLEG EEQPTNTELG.

Apvmrd:

o Aaupavovtag voymn to yeyovog 0Tt T0 povtédo Bewpeitol pLovpo KovTi, To OTOTEAEGHOTA TOV
pmopet va gtvot SOGKOAO Vo EpUNVEVTOVY, YEYOVOS OV UIOPEL VoL SUGKOAEWEL TNV KaTavOnom
TOV GLALOYIGUOD THO® 07T6 TIG TPOPAEYELS TOV LOVTELOV.

e H ypnon kot 1 ekmaidevon TCN pmopet va givat voAoytotikd damavnpr, £10Kd 6tav To TAN00g
TV dedOpEVOV €1G000V Etvorl LeEYOAO 1 0 oxedlacLOg etval ToAVTAOKOG. AvTtd cupPaivel emedn|
VILAPYOLV HEYALO TANO0G TAPAUETPOV TOV TTPEMEL VO ANPOOLV VITOYN KaTd T dodKacio Tng
EKTTOIOELOTG.

e To TCN evdéyetor va €ivolr €0AAMTO OTNV VAEPTPOCUPUOYN, KAODG TEPLEXOVV TOAAEG
TOPAUETPOVG, EOIKA €hv dev vhpyovy TOAAG dbéotpa dedopéva ekmaidevons. Avtd woydet
Wwitepa, 0TOV TO HOVTEAO &€ivol TOAOTAOKO, O€doUEVOL OTL O OPOHOG TOV TAPAUETPOV
av&dveton exBetikd pe Tov apliud TV ETmES®V.

Yvurepoopatikd, To povtédo TCN pe Ta 1oyvpd GUVEMKTIKO GTPOUOTO TOV, EIVOL [0 OPYLTEKTOVIKY|
ayung Pabiac pabnong mov kataxAvlel Tov KOGHO TG TPOPreync ypovocelpmv. Qotdco, atilel va
onuelwdel 6Tl OMOG Kol KABe GAAO HOVTEAO, pmOopel Vo €yl KATOOLG TEPLOPICUOVS OAVAAOYO LE TN
OLYKEKPIUEVT epYacia Kot To SESOUEVA GTO OTTOl YPNOLOTOLEITAL.

4.8 XGBoost Regressor

To povtého XGBoost 1 aAldg Extreme Gradient Boosting, eivat éva woyvpd Kot gvélkto epyaieio y
™ onovpyio. povtéhov modwvdpounonc. ‘Exer yiver apretd dNUo@IAEG GTOV TOMED TNG UNYOVIKNAG
pabnong egoutiog e omoTEAECHOTIKOTNTOG Kot TG akpifeldg tov. Qg Paowd aiyopBuo expddnong
¥pNoonotel dévipa amodPace®V, To omoin givar emiong yvwotd g Classification and Regression Trees
(CART). Qotdoo, dev givan évag anrog arydpiBpog CART. Amotedel o Pektictomrompévn ekdoyn tov,
ovopalopevn og gradient boosting, m omoia ypnowomolel KAMGES N UEPIKEG TAPAYDYOVS, YO VO
BEATIGTOMOMGEL TIC TOPUUETPOVS TOV SEVIPOV KO, GUVETMOS, va Pedtidost Ty anddoon tov. B7 38
YUVORTIKA, YPNOLOTOtEiTal £vag cuvdVLAGHOG GmAnctov olyopifumv Yo v ovanTuén tov dEvipmv
amoPdcev, Kt 1oV Bondd ot Bedtion g akpiBELOS Kot TNG OTOTELEGUOTIKOTITOS TOV LOVTEAOL.

Katd ™ dupkeio ¢ ekmaideuong o maAvopounmg ypnoionolel tov aiyopidpo Gradient-
based One-Side Sampling (GOSS). O Ganinctog owtodg aAyOpIOpOG EMAEYEL TEPUTTMOGELS, Wia KAOs popd
pe Baon po evupetikn. H evpetikn mov ypnoiponoteitat divel mpoTepaidTnIo 6€ TUPOTNPNOELS TOL EXOVV
HEYOADTEPEG KAIGELS, O1 OTOlEG £ival O1 TEPIMTMOGELS OEGOUEVMV TOV TAEIVOLOVVTOL TTO EGOAAUEVO 0T TOL
nponyovpeva dévipa. H daicbnon micom and avtd ivol OTL 01 TEPMTMOGCELS [LE PEYOADTEPEG KAIGELS ivart
MO eVNUEPOTIKEG Kot Bo odnyfoovv oe peyoddtepn peloon g ovvdptnong ommAcwg Otav
YPNGILOTOIOVVTOL Y10, THY EKTOASELGT TOL £mdpuevoy dévipov. B

Xpnowonotel exiong évav olyopduo mov ovoudletar Exclusive Feature Bundling (EFB) yio vo emiléEet
TO YOPOKTNPLOTIKG Yo KABe dévtpo. O aAdydplBpog ovtde eivar emiong ATANGTOC Kol EMAEYEL TO TLO
GNUAVTIKS VTOGHVOAO JOPOKTNPIGTIKOV GE kG emimedo Tov dévrpov. [0

OcTikdL:

o Apywd, o maivdpountig XGBoost givar yvootdg yio v amodotikdtd tov. Ot EpapUOCUEVES
teyvikég emtpémovv 6to XGBOoost va yepileton amotedespatikd pHeyalo cHvVora dE0UEVOV Kol
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YDOPOVG YOPOUKTNPIOTIKOV VYNADV Sl0CTAGE®V, KOOIGTOVIOG TO [0 KOAN EMAOYH Yo
mpoPAuaTa TpOPAEYNC XPOVOGEIPDY TOV TEPLOpPAvOLY TOAAA Sedopéva. 4

e  EmmpocOétmg, mov pmopel vo omo@éper TN onupoviikotnto tov yapoktmplotikov (feature
importance), ot omoieg pmopovv va ypnoyonotnfody Yo TOV EVIOMGHO TV TO KPIGIU®OV
otolyeiov mov emnpedlovv Tig TpoPAréyels. Avtd pmopel vo Pondncel otov EVIOTICUO TV TTLO
ONUOVTIKOV YPOVIKOV Topayoviev 1 kabuoTepnoemv G KOTAGTACES TOL TEPAAULPAvoLY
TpOPLeyn ypovoselphv. 42

o YuveyiCovrag, a&ilel va avopepbel 1 tkavotnTa Tov LOVTELOL va. dloyelpilotel dedopéva To omoia
dev elvan otdoya. H mpoPreyn ypovooepdv amottel cuyva to poviédo vo givar oe Béon va
TPOGAPUOCTEL OTIG CAANYEG GTNV LIOKEIHEV KoTavoun Tmv dedopévav, 1 omoia ivar yvmot
®¢ un otofepoémra. To XGBoost, pe ™ Un TOPOUETPIKN TOV TPOGEYYIOY, UTOPEL va
TPOGUPLOGTEL Ge [ioL TéTota U 6TafepdTNTO. Kot v ovéNcel Ty gvehéio Tov povréhov.

Apvnrikd:

e To XGBoost givat éva poviélo mov Poaciletar og dEvipa Kot TAPOAO TOV UTOPEL Vo KaTaypayeL
Un YPOLLKES OYEocEls, 0V Hovielomotel pntd OAANAEMIOPAGELS 1| U1 YPOLLLKE YOLPAKTNPLOTIKG
HeTOED TV XOPOKTNPIOTIKOV €16000v. Emopéveme, evdéyetar vo unv €xel koA amddoon oe
GUVOAD 0dOUEVOV e EEAPETIKA L YPOUUIKES GYECELS.

e O XGBoost givot évag moAdmAokog aAydplBpog Kot Pmopel va, ivol SUGKOAO va epunveLBodv ot
Adyor micw amd Tic mpoPréyelg Tov. Avtd pmopel va glvor évo pelovEKTNUO OTOV KATO0G
npocmafel vo AGPet EMLYEPTUOTIKEG AMOPACELS e BACT TO OTOTEAEGLOTO.

o Tlpwv and v ekmaidevorn, o akyopBpog XGBoost amattei ™ dopdpeworn pHog Totkidog
VIEPTAPAUETPOV, GLUTEPAUPAVOUEVOL TOL apBUoD TV dEVTp@Y, Tov PLOUOD ekpadnong,
Tov PabBovg dévipov, K.Am. H emhoyn tov 18avikod cuvorov LTEPTAPAUETP®V Umopel va givor
dvoKoAn katl ypovoPopa dwadikacio, Wwitepo av o ypnotng Oev givar €EOIKEIOUEVOG LE TO
novtédo. (441

Yvumepaopatikd, o povtého XGBoost Regressor givatl évag oyvpds aiydpiBpog pnyovikng pnabnong
7ov €yl ypnoonombel evpéwg yio TpofAnpoto toAvdpounong. Eivatl éva ioyvupd kot amotelecpatikd
gpyoAeio ylo gpyacieg maAvopounong Kot Exel ypnowomombel yioo v emitevén omoteAEcUATOV
Tehevtaiog TeYvoroyiag oe d1popovg TOUEIC.

4.9 AdaBoostRegressor

O AdaBoost (Adaptive Boosting) eivar évag ensemble olydpibuoc ekpdbnong mov pmopei vo
ypnoonombet yua va cuvdvdoet Tig tpofréyelg ToAaTADY Bacikdv povtédwv. Ta facikd povtéda mov
ypnowonoovvtol givar cuvibmg amAd povtéda, OmG dEVIpU AmOPACGE®V, OAAG HTOPOVV VO
YPNOILOTOMBOOVV ILE OMOI0SHTOTE THTO HOVTELOV TTOV UTOPE] VoL eKTatdevTei Y10, o kével mpoPfAdyec. ]

O apywédc aryopiBuoc AdaBoost, o omoiog swonydn oto péco tng dekaetiog tov 1990,
ypnotpomoince dévipa amdpoons o Pactkd povréha. 8 Ta Sévipa amopdcemy sivar amhd kot gvkoAa
otV ekmaidevon poviéda To omoio umwopovv va ypnoiporombodv yo éva gupld @dopa TpoPfinudtov,
ocupumeptAapavopéving g TaSvounong Kot g TaAvopounons. H amhdtmto tov 64vipov omopicemy o
kafotd po ko emthoyn yw ta Pacwkd povtéha otov AdaBoost, KaBmg pmopovv vo eKkmodevovToL
YP1YOpO Kol VoL xpnoipomomBoiv yia vo kévouv mpofAréyelg e vymio Pabud axpifetog.

Mo va AMdoovv mpofAnpote maAvdpdunong, ot Freu kor Schapire dnpodpyncov to poviéro
AdaboostR. 1 £ cuvéysio, o Drucker avéntoée 1o Adaboost.R2 1o omoio poviélo ypnoiomolEiToL
TOpa 6N PiPriodnkn sklearn. (48]

H Poacwn 10éa wico and 1o AdaBoost eival 1 eTavoAnTTiky ekmaidevon oG oepas Pacikdv
HOVTEA®V, KB Qopd £0TIALOVTAG OTIG TEPTTMOEL eKaidevong mov eiyav ta&vounBel espaipéva amod
TOL TPOTNYOVLLEVO, LOVTEADL.

XV TpoOTN EMOVIANYT, G OAo Ta oTiypdtuma ekmaidevong diveton to 1010 Pdpog kor Eva
Boowd poviéo ekmondedeTol oto dedopéEVa. XTI GUVEYELD, TO HOVTEAO YPNOLLOTOLEITOL Yiol VO, KAVEL
TPoPAEYEIC OYETIKG pE TO. SESOUEVA EKTOIOEVOTG KOl Ol TEPUTTOGEIS TOV TAEIVOLOOVTOL ECQUAUEVD
Aappavoovv peyakvtepn Poapdmro oty emdpevn emoviAnym. Avti 1 dadwacio emavolopPdveton
TOMEC Qopég, pe kabe Pacikd povtého va eotidlel oto onueio dedopévav mov eiyav to&voundel
EGQAAEVO amd TO TPONYOVLEVO LOVTELQ. XTO TENOG, Ol TPOPAEYELG OOV TV PACIKOV LOVTEA®MY
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ouvvovdalovtal, covnbmg pe otabuopuévn mieoyneia, ywoo va yivelt 1 tehkn TpdPreyn. Kot yi' awtd
ovoudletran Adaptive Boosting, eneidn o aiydpiBpog mpocapudletar ota dedopéva ekmaidevong oe kébe
EMOVAATYT).

O AdaBoost.R2, yvmotdc kot og Adaptive Boosting with R Squared etvon o enéxtacn tov
Tomkov akyopBpov AdaBoost mov €xetl oxediaotel €1dkd yio v TpoPreyn ypovooepdv. Onwg kot o
tomikog AdaBoost, ypnowonolel évav cuvévacud addvapwv Pocikdv povisdov. Qotodco, ovti va
XPNOWOTOEL TO TOGOGTO EGPUAUEVNG TAEWOUNOTG (1] TO TOGOGTO GPAALATOC) MG KPUTHPO Yol TNV
gvnuépmon tov Papdv Tov delypatog, ypnowonotel T otatiotikny R-squared, éva pétpo mov deiyvel
1660 KoAQ Toptdfovv ot TPOPAEYELS EVOG HOVTELOV OTIG TPUYUATIKEG TOPATNPNCEL. AVOIALTIKOTEPW, O
aiyopifuog AdaBoost.R2 exmaideder évo Poocikd poviélo ypnoyonolidviag oAdkAnpo 1o ohvoro
dedopévav kal, ot cuvéyeld, voioyilet v T Tov R-squared ywo to Tpéyov povtéro. X1 GLVEYELD,
EVNUEPDOVEL TO PBAPN YO TNV EMOUEVY] EMOVOANYN Kot emavoiapufaver ovt T oladkacio yo Evov
kaBopiopévo apliud emavalnyemv N péxpt vo ikavorombei kamolo kprriplo dtakonrg. Metd amd avtd,
ovvdvalel Tic TpoPAéyelg and OAa ta Bacikd poviéla og éva TeEMKO povtédo ensemble pe Bapn.

OeTikd:

e ’Eva mleovékmua tov Adaboost.R2 givar 1 wavotntd tov va yepiletoan dedopévo vynAdv
dwotdoewv. Q¢ alyopiOuoc mov Paciletar og dévipa, o Adaboost pmopei va yeipiotel peyaro
apBpud Astovpyldv yopig v ovdykn peioong dctdoemv. Avtd Tov kabiotd ypnoio
oAyopiBpo yio v TpdPAeyn xpovocelp®V, KaOMG To dEGOUEVE XPOVOGEIPDY £XOVLV GUYVE
TOAAOVG TOOVOVG TPOYVMOGTIKOVG TOPAYOVTEC.

« O alyopBuog avtdg Bempeitarl yevikd évog apketd akpiPig yio v TpofAeymn ypovocepov
alyéplBpog, o omoiog KOTOypAPEL PN YPOUUIKEG OXECELS UETAED TOV YOPUKTNPICTIKOV KOl TNG
petapintng otoyov. Emmhiéov, cuvdvdalovtag tov adydpBpo Adaboost pe tn otatiotikn R2, o

Adaboost.R2 givar o B£om vo gviomicel To O CNUAVTIKG XOPOKTNPICTIKG Y10, TV TPOPAEYN.
[49]

Apvnrucd:

O Adaboost.R2 eivar évag 1oyxvpog aAydpOpog yoo Ty mpoPAeyn xpovooelpav, alAd €xel oplouéval
LLEOVEKTILOTO TTOVL TTPEMEL VoL ANPBOVY vIToyM.

e ’'Eva amd ta xdplo petovektipata tov Adaboost.R2 yio v mpdPreym ypovoocelpdv etvar m
gvawoBnoia tov oe BopuPfddn dedouéva. O akyopiOpog Adaboost Pacileton oe dévipa
amopdoewyv, ta onola pmopel va givarl gvaicOnto o axpaieg Tirég kal B6pvPo ota dedopéva.
AVt onpaivet 6Tt €dv T dedopéva ival BopuPmon, o aAydplBpog evdéyeTon va Unv ExXEl KOAN
amodoon. Emmiéov, n otatiotikn R2 givar eniong evaicOntm oe akpaieg Tipéc kot pmopei va unv
gtvor mn koAdtepn pétpnon yoo v ofloAdynon g anddocng Tov aAyopifuov mopovcio
Bopvpov.

e ’Eva GMo peovéktmua tov Adaboost.R2 sivar m édkewym epunveiog tov. O akydpbpog
Adaboost ompovpyel éva cuvBeto poviého cuvdvalovtog moAAamAd 6Evipa amdPacnc. Avtd
pumopel va KoTootnoel OVUCKOAN TNV KATOVONGN TOV VTOKEIHEVOV OYéce@v HETOED TOV
YOPOUKTNPIOTIKOV KoL TG HETOPANTG otoy0v. EnutAéov, to ototiotikd R2 dev eivar kaAd pétpo
gpunveiog tov povtédov, kKabmg dev mapéysl mANpogoples Y TS OxEcEl HETAED TOV
YOPOUKTNPIOTIKOV Kot TNG LETOPANTAG 6TdYOoV.

e Emm\éov, o Adaboost.R2 pmopei va givar evaichntog oty enthoyn tov Topopétpmyv, Wioitepa
otov puOpd expddnong kot otov apBud TV dEvipwv mov ypnoilomolovvtol. Edv o puBuog
expdOnong eivar moAd vynAdc, o aiyopdpog pmopel vo Tpocoppoctel vaepPfolkd  oTa
dedopéva ekmaidevone, odNydvVTag o€ KoKn amoddoct oe véo dedopéva. Eav o apiBudg tov
dévipov gival TOAD yoUNAOGS, 0 aAYOPOLOG EVOEYETAL VO NV KOTOYPAWEL OAES TIC OYETIKEG
oyéoelg ota, dedopéva. Avtod KaBIoTé GNUAVTIKO TOV TPOGEKTIKO GUVTOVIGUO TOV TUPUUETPOV
Tov oAyopiBuov yo v emitevén g PEATIOTNG OIOSOGNG.

o Télog, T0 HOVTELD OWTO UTTOPEL VO LNV €IVOiL KOTAAANAO Y100 XPOVOGEIPEG UE TOAAUTAG EMOYL0KE,
potifa 1 va €xgl moAvmlokeg thoelg. Eved o aAdyopiBuog Adaboost kataypdger T pn
YPOUUIKOTNTO, evOEYeTaL Vo unv givar og BEom vo xelplotel TV TOAVTAOKOTNTO TOALOTAGDY
EMOYLOK®V LOTIP@V 1] TOAOTAOK®OV TAGEMV TOL VLAPYOLV GE TOAAE dedopEVa YPOVOGELPGOV.
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Yvvontikd, o Adaboost.R2 givar évag 1oyvpog akydpiOpoc yo v mpoPreyn xpovocelpdv, oAAG propet
va givar gvaicOntog oe BopuPddn dedopéva. Xapaxmmpiletar amd EAAewyn epuMVeLSUOTNTOS KoL
evailctnecia oty emAoyn mapouétpmv. Avtoi ol mapdyovreg Ba mpénel va Aapfdvovtor vadyn otav
anopacifetor edv Ba ypnowomombei o Adaboost.R2 yio éva cvykekpyévo mpdPAnue TpoOPAeyNg
YPOVOGELPDV.

4.10 HistGradientBoostingRegressor

To HistGradientBoostingRegressor &ivar évag akydopiBuog gradient Boosting ywr mpofAfuata
ToAMvSpounong Kot givar eumvevopévog omd ™ pébodo LightGBM. BOSU Eivou ensemble poviého mov
oLVOLGLEL TOAAG adVVape HOVTEAD (OTG OEVIpA AMOPAGE®MY) YI0. VO ONUIOVPYNOEL €va MO 1oYVPo
HovTELD. AVTOG 0 ToAvdpoUN TG Elvat TOAD mio ypriyopog and to GradientBoostingRegressor yio peydia
obvvora dedopévev (n_samples > 10.000). Ewdwdtepa, eivar oyedlocpévos Yoo 0moTEAEGUATIKO YEPIGUO
HEYOA®V GUVOAWDV OEGOUEVMV KOL Y10, TTPOPAEYT] Y POVOGEIPDV.

O okyopBpog Eexwvd pe éva povo dévipo mov €xet ekmoudevtel ota dedopéva. Xe Kabe
emavainym, éva véo dévipo mpootifetar oto chvoro. To véo dévipo eivar ekTAdELHEVO VO LELDVEL T
vroAemopeva AaON oV, GLVOAIKA, Eyovv mapatnpnOel uéypt exeivn ™ oTiyp. Xt cvvéyeld, 0 vEo
dévtpo mpootifeTar 6To GUVOAO Kot 1 dradikacio emavarappavetal. To cuvoro TV dévtpmv cuvovaleton
Aappavovtag Tov otabucpévo péco 6po v tpofréyenv oAwv Tov dévipov. To Papog ke dévipov
kaBopiletar ammd TV amdS0GN TOL GTO GUVOAO EMKVPMONC.

To Baowd yapaxtnpiotikd tov HistGradientBoostingRegressor givat 1 yprion piog mTpocéyyiong
Booiopévng og otoypappata. Avtd meptlapPdvel T SE0UELGT TOV OEGOUEVOV KOL TOV KOTA TPOGEYYION
VROAOYIOUO TV KAMGE®MV YPNOOTOIDOVTAS HOVo To decpevpéva dedopéva, ovti yo T Xpnon Tov
TAPOVG oLVOAOL dedopévav. AvTd PTOpPel VO PEMOEL CUOVTIKG TN UVAUN KOl TIG VTOAOYIGTIKES
OMAITAGEL TOV 0AYOPiBOL, KadIoTOVTAG TOV To KATEAANAO0 Yo peyéa chvora dedopévay. B2

OcTikdL:

e O HistGradientBoostingRegressor pmopetl vo avTieTOmIGEL TEG TOV AEIMOVY KOl KATIYOPIKES
peTaPAnTég, yeyovog mov tov kabiotd eEapeTikn emhoyn yio TpdPAEYN XPOVOCEPDOV.
e Emiong, éxet vymA axpifela pofreyng, kabmg dnpovpyetl £va GOVOAO SEVIPOV AmOPAGEDY
Kot kGOe dévpo exmoudeveTal va dtopbmvet Ta, AN mov Eyvav amd To. TPOTYOVUEVA SEVIPU TOV
ouvolov. Avtd emitpénel oto poviédo vo pobaivel and to AGON Tov KOl vo PeATidvel TIg
TPOPAEYELS TOV pLE TNV TAPOSO TOV XPOVOL.
Apvnrucd:

e O HistGradientBoostingRegressor eivor £vag molvmlokog akyopiOuog mov omortel Koln
KOTAVONON TOV dEVIPMV OTOQACE®MY Y0 OMOTEAEGHOTIKN ypNon. Amattel emiong Aemtopepn
pOBIoN TOAAGDV TapaUETpOV, OT®S 0 apldudc tov dévipav, 0 PAbog tov dévipmv Kot O
pLOLOG ekpaBNong. AVTo TO YEYOVOG Uopel va SUGKOAEWEL TN (PTOT| TOL.

e Onwg «abe ensemble povtédo, o HistGradientBoostingRegressor  kwdvvevel  va
VIEPTPOCAPUOCTEL €AV 0 aplOUOC TV JEVTPOV 6TO GUVOAO €ival TOAD peydAoc 1 to Babog tav
dévipov elvar ToAD peydho. Avtd pmopel vo odnynoel o€ kakn amnddoon yevikevong ce véa
dedopéva.

e  Emmpoofétwc, epdcov o HistGradientBoostingRegressor cuvictator o €va GUVorlo dévTpwv
AmTOPAcE®Y, UTOPEL VO Elval SVGKOAD VO EPUNVEVTOVV TO LEHOVOUEVE OEVTPO, ATOPACEDY KOl
va YIVeEL KOTOVONTO TG TO LOVTEAO KAVEL TIG TPOPAEWELS TOV.

o Kieivovrog, o HistGradientBoostingRegressor evoéyeton va, gival vToloyioTikd «akpifog» otnv
exmaidgvon, Wwitepa 6tav o aplBpdg TV SEVIpOV 6To GOVOAO glvar peydlog 1 to BaBog Tmv
dévtpav givar peydro. Avtd UTOpEl Vo KOTOOTNOEL ¥povoPopo. TV ekmaidevon evOg LOVTELOL GE
peydia cuvoro dESOUEVMV.

Yvumepaopatikd, o HistGradientBoostingRegressor givat £vag evéAkTog Kot 1oyvpdg aAydplBog yo tnv
TpoPreyn ypovooelpmdv. Xvvdvalel ta mieovekthiuoto tov gradient boosting pe po mpocéyylon mwov
Booiletar o€ 10TOYPAULATA, YEYOVOS IOV TOV KOOIGTA OMOTEAEGLATIKO KOl KOTOAANAO Yol Leydla cOVOL
dedopévav. Av kot pmopel va amontel €vo OpPIGUEVO EMIMESO TEYVOYVMGING KOl AETTOUEPELNG YO VO
ypnoponomOel amotelespoTikd, umopel va gtvarl éva TOAOTIHO epyaleio yio TV emitevén axpifov Kot
a&OTIeTOV TPOPAEYEDY OTAV YPNCLOTOLEITOL KOTAAANAO.
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5 Ymnepmmapaperpol

X pnyovik padnon, éva povtého €xel 600 TOHMOLG TOPOUUETPOV: OVTEG TOL poboivovior amd To
dedopéva Kot VITEPTAPAUETPOLG TToL opilovtal and Tov emayyeipatio. Ot VIEPTAPAUETPOL ElVaL TIHEG TOV
opiCovtal Tpv omd TV €KMAideuon TOV HOVTEAOL Kot EAEYYOLV OLAPOPES TTUXEG TNG EKTOUOEVTIKNG
duadtkaoiog Kot Tng GVUTEPIPOPEs Tov povtéiov. Tlopadeiypata vrepropoapétpov rteplopfdvovy Tov
puOud ekpabnong oAl Kot Tov aplpd TOV KPue®OV OTPOUITOV of éva VELP®VIKO diktvo. O
GLVTOVIOUOC TOV VIEPTMAPAUETPOV €vol €vo OLGLOOTIKO Prpa ot dwdikacio ekmaidevong vog
LOVTEAOL pPNMYOVIKNG HABNoNG, KoBMG M EMAOYN TOV LAEPTAPAUETPOV UTOPEl Vo €YEL CMUAVTIKO
avTIKTUTTO GTNV ATOO00T| TOV EKTAUIEVHEVOL LOVTELOV.

5.1 Zuvaptnoseig Evepyomoinong

Mo cuvvépnorn evepyomoinong eivor pio pobnpatikn cuvaptnon mov eeoppoletal oty €060 evog
vevpava, 1 ontoio kabopilel v 5050 dedopEVNG LaG E1GAO0V 1 €VOS GUVOLOL E1GOOMV.

H ovvdptnon evepyomoinong givatl éva onuUovIIKO oTOLKElo £vOG VELPOVIKOD SIKTOOV, EMELN
enutpénel oto Olktvo vo poboaivel Ko vo dnpuovpyel mepimloxo, pun ypoppkd opo amogoons. Ot
GUVOPTICELG €vEPYOTMOINONG €Val ONUAVTIKEG €MEWDN EGAYOLV UN YPOUHIKOTNTA 0TV £5000 €VOg
veup@va. AV N U YPOLUKOTNTO EMTPENEL GTO VEVPMVIKG SIKTLO, VO, LOVTEAOTOIOVV TOADTAOKEG
oyéoelg HeTasd 1603MV Kot 5600V Kot Vo LaBaivouy o eKQPACTIKA LLOVTEAQL.

Eivar onuavtikdé va onuewwbel Ot dopopetikég cuvaptnioelg evepyomoinong etvol mo
KOTAAANAEG Y10 SLAPOPETIKOVG TOTOVG EPYACIOV KOl apyltekTovik®v. Eniong, n emhoyn g cuvaptnong
gvepyomoinong umopei va €xel peydho avtiktomo oty amnddoon tov poviédov. Emopévamg, sival
ONUOVTIKO Vo Yivel TEWPAUOTIOUOS HE OOUPOPETIKEG EMAOYEG, LE OKOTO TNV €OPECT TNG KOALTEPNG
EMAOYNG Yo €va. 0e60UEVO TPOPAN AL

5.1.1 Sigmoid

H owypogidng cuvaptnon 1 ahdmg Aoyiotiky (Logistic), ival pio evpEMG YPNOOTOIOVUEVT] GLVAPTNOT
gvepyomoinong o vevpovikd diktva. [Ipdkertor yo pio amd TG TPAOTEG GLVAPTICELS EVEPYOTOINOTG TOL
ypnoonomnke gupémg, KabMdG 1M Topdyyds TG eivol moAD gdbkoha vmoAoyiown. H cuvvaptmon
avtiotoyilel omolodnmote T €060V o€ pio Ty petad 0 kot 1, n omola pmwopel vo epunvevTtel o¢
mbavotnta. H orypoedng cuvaptnon opileton wg: B

1
1+e>

sigmoid(x) =

v

Tynua 7: Sigmoid %

Onov x givor 1 €i6000¢ 6TOV veEvpdVa Kot € 1 Baon Tov puoikov AoydpBpov. A&ilel va avaeepbel 6TL N
ouvaptnon &xel oynua S. Kabmg n eicodog x yivetar peyorvtepn o péyebog, 1 ££080g TG cuvVAPTNONG
mnolaler o 0 1 to 1. Avtd onpaivel 0Tt yo peydheg Betikég Tipég €16680v, 1 £€0dog Ba givar kovtd oto
1 kot 7y peydreg oapvntikés TWEG  €w6o6dov, 1M €€odog Ba  elvaw  kovtd oto 0.
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To kOp1o TAEOVEKTNLLOL TNG YPNONG TG CIYLOEWBOVE GUVAPTNONG Eival OTL ENTPETEL GTO VEVPOVIKO SIKTLO
va g€dyet o Ty Thoavotntag, 1 oroia propel va xpnoyomomOel yio T AMyn Hos andeoaong dSVadkng
tawopnong. B Qotoc0, N oryposdig Aettovpyia €xel emiong opiopéva petovektpota. IIpdTo eivar To
npdPAnua tov efapovildpevov khicewv (vanishing gradients problem), 6mov ov SwPabuicec g
oLVAPTNONG Yivovtal TOAD [KpEG, yeyovog mov emPpadvvel T Sadwkacio ekpddnonc. Eva dilo
TPOPANHa glvar 6TL umopel va TPOKAAESEL TOAD LEYAAT eVNUEPOOT] TOV Papdv.

5.1.2 Tanh

H ocvvépmon evepyomoinong vrepPoikng epamtopévng (tanh) eivor o P ypoppK: cuvaptnon mov
ypnoonoteitar cuvimg ota vevpovikd diktva. Eivar pa mopoihayn g cuvaptnong evepyomoinong
olypogldone kot opiletot padnpoticd og: B

2

1+e %
H ovvdapton avtiotoyilel omoadnmote T 16650V X o o Tiun petadd -1 kot 1. Avtd v kobiotd
Waitepa ¥pNOUN YO OPYLTEKTOVIKES VEVPOVIKOV SIKTO®V OV amaitovv oplobétnon tudv e£6dov. H
ouvaptnon tanh &yl TaPOUOIO GYNLLOL [E TN GIYHOEWN GLVAPTNOT, dNAadT eivar oyqpatog S, oAAd Exet
g dEova ocvppetpiog tov dEova X. AVTo emTPENEL 6T GLVAPTNOT Vo e&Ayel BeTIKES Kol apvNTIKEG TIUES,
YEYOVOG TOL TNV KOOIGTA XPHCIUN Yo T HOVIEAOTOINGT dedopEv@V mov Umopel va Exovv BeTikég Kot
OpVNTIKEG TIUES.

tanh(x) = -1

v

-
-

Tyfipa 8: Tanh (9

"Eva and ta facikd mheovekThipoTo ¢ cuvaptnong tanh évovtt tng otyogdovg cuvaptnong ivat 4Tt ot
TIEG €600V NG emkevipdVOVTOL YOpw amd To pPndév, yeyovdg mov umopel va Ponbiocer otnv
AVTETMOTION TOV TpoPAnuatog eéapaviiopevov Khicewov (vanishing gradients problem).

5.1.3 RelU

H ovvaptnon evepyomoinong Rectified Linear Unit (ReLU) eivon o un ypoppkn covaptnon. Opiletan
podnpoticd og: B
relu(x) = max (0, x)

H ovvépton avtictoyilel omowdnmote T 160000, X, og pa T petaly 0 ko X. Edv 1o x
givon peyaAvtepo and 0, Oa Pyalet x, dapopetikd Bo emotpépet 0. ITio cuvontikd, datnpei Tig BeTiKég
gwoodovg kot undevifer tig opvnTikés. Avtd v KoOoTd Wwitepo YPACIUN YO OPYITEKTOVIKES
VEVPOVIK®V SIKTO®V OV omotohV ot TIES €E0S0V VoL givat un apvnTikés.
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B
r

Tynpa 9: RelL.U B

H ReLU &ivol vroloyioTikd omodotTikn Kot dgv amottel TOAVTAOKES HaONUOTIKEG TPAEELS OTWG
EKOETIKEG, EMOUEVMG VOl TAYVTEPT) GTOV VITOAOYIGHO G GUYKPIOT LE GALEG CUVAPTIGELS EVEPYOTOINGCTG,
omwc M otypoedng 1 n tanh. Emmdéov, Bondd omv enihvon tov mpoPfinquatog tov eéapavilopevov
KAMogwv (vanishing gradients problem).

Aé&iCer va avoeepbel 0Tl ypnoomoteiton ektevdg oe Pabid vevpovikd diktvo emeldn] eivor
VTOAOYIGTIKG OT0d0TIKY|, EPOCOV emTPENEL TOXVTEPN ekmaidevon. Eivor Wwitepa yprioun oto kpued
OTPOUATO EVOS VELP®VIKOV d1KTOOV, dmov BonbBé otnv expddnon tev pun ypopuKov opimv ardeaonc.

5.1.4 Softmax

H ocvvéptnon softmax givar pio Snpo@idng cuvaptnorn evepyomoincng mov YPnGYOTOoLEiTal cLYVE GTO
eminedo e£0600v gvog veLPOVIKOD dKTVLOL Yia TpoPfAnpata Ta&vounong ToAAanidv Kidoewv. Opiletot
pobnpoTika mg:

ex
Y€
omov X; gival 10 1-00Td oTOoLKElD TOV SVOCLATOG E1GOJ0V X KOl O TOPOVOUACTIS gival To dBpotopa g
eKOETIMG TIUNG OA®V TV 6ToLYEIOV 6TO d1AVVGHA E16OJ0V.

Softmax(x) =

H ovvéptnon softmax avtiotoyilel omol0dnmote StGvucUa €1GO00V TPAYHOUTIKOV apOUdV o€
o katavoun mlovotntag otig K dwapopeticés khdoelg, omov K eivar o apBpdc tov kidoswv. Avtd
yivetor Aapfdavovtag v ekBetikn T Yo Kabe €i60d0, Tov £xel g amoTéreso OTIKES TIHEG, Kot OTN)
oLVEYELD, OloupdVTAG KAOE TUN [E TO AOpoIopa OA®V TV EKOETIKOV TIUDV.
O1 k0pieg 1310tNTEG TG cuvaptnong softmax sivar:
e H &£odoc g cvvdptnong eivan pio katavoun mbavotog otig K dapopetikég kKAAoEL, TOL
onpaivetl 6tL to dfpotopa TV TidVY €£6d0v gival ico e 1.
o Kdabe i €€o6dov givan otnv meproyn [0, 1], n onolo pmopel va epunvevdel og n mbavotnta to
duivuopa 16650V va avi|KEL TNV avTicToyn KAGo.
e H ocvvapmon eivol S10popomotGin, YEYOVOS OV TG EMLTPETEL VAL XPTOYLOTTOLEITAL O
aly6piBpovg Bertiotomoinong mov Paciloviat oe KAlon.
Efautiog avtdv tov 1d10ttov, n cuvdpnon softmax ypnoyomoteitor cuyvd oto enimedo e£06d0v evidg
VELPOVIKOD SIKTOHOV Y10 TPoPANLaTo TaEIVOUNONG TOAATADY KAAGE®MY, OOV 0 GTOY0G Eival va Topoy el
o Kotovoun mbovotnrag otig kKhaoels. H khdon pe m peyaddtepn mboavotnta Oswpeitor 1 teAkn
€£0d0¢ 1 TpOPAeyn TOL S1KTOOV.
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5.2 AAyopi18uol EAayioTommoinong Z@AaApgarog

Ot olyopBuotr avtoi mailovv onuoviikd poAo otV ekmaidevon TV VELPOVIKAOV Jdiktdmv. Eivol
VIELOLVOL Y1 TV EVIUEPMOT TOV TOPAUETPMOV TOV HOVTEAOL UE TPOTO MOV EAMYICTOTOLEL TO GOAALL
peta&d g mpoPlemdpevng kot ™G mpaypotikng €£6dov. Ymdhpyovv dSidpopot TOTOL aAyOplOumv
ghayrotomoinong oedipatog, Kabévag pe ta dwd tov dvvard ko advvata onueio. H emdoyn tov
Beltiotomomty Ba e&optnOel and to cLYKEKPIUEVO TPOPANLO KoL TO YOPUKTNPIOTIKG TOV OES0UEV@V.
>t ovvéyela, Bo axohovBnoel cuvontikny mopovsioon Tov oaiyopiBuwv Gradient Descent, Stochastic
Gradient Descent, RMSProp kot Adam.

5.2.1 Gradient Descent

O otdyog tov akyopiBuov eivar va Ppet T0 GHVOAO TOV TAPALETPOV TOV EAYIGTOTOOVV TI GLVAPTNHON
OMOAEWG. AVTO YiveTOL WE TNV EMOVOANTTIKY EVNUEP®OOT] TOV TOPAUETPOV TOL HOVIEAOL TPOG TNV
KatevBuvon ™G apvnTIKiG KAoNS TG GUVAPTNONG OTMAELNG O GYEON LLE TIG TOPAUETPOVG,.

H Pacwn ¥éa givarl n ekkivnon pe €va apyikd GOVOLO TOPOUETPMV KOl GTN] GUVEXELD 1) EMOVOANTTIKY
EVILEPMOT TOV TOPAULETPDV.

O aryopOpog Tpoywpl w¢ eENG:

1. ApyIKOTOWGN TOV TOPAUETPMOV TOV LOVTEAOL LE TVUYOHES TILEC.

2.  YWOAOYIGUOG TNG CLUVAPTNGT OTMOAELNS Y10 TO TPEXOV GUVOAO TOPUUETPMV.

3. YmoAoyiopog g KAMonG TG GUVAPTNONG AMMOAENG GE GYECT] LE TIC TAPAUETPOVG,.

4. Evnuépmon tev TopopéTpov apapdvTog Lo LK T g kKAiong and 1o tp€xov chvVoAo
TOPAUETPOV. AVTO TO Ppa gival YvooTd o¢ kavovag evnpépmong (update rule) kot cuviBog
YL HopeN:

an+1 = an — learning rate * gradient

5. Emavdinyn tov fuotov 2 éog 4 yo 6tabepd apBpd sravolqyeov 1 £0g 6Tov 1 cLVAPTNON

OTTOAELNG GLYKAVEL GTO EAGYLOTO.

O pvBude expddnong (learning rate) givar pia LVIEPTAPAUETPOC OV eAEYYEL TO péyebog Prinotog g
evnuépwong. Edv o puBudg expdabnong eivar modd vymAog, to poviého pmopet va vrepPet tn Pértiom
AOom, eved edv eivar mOAD YopunAod, to poviélo umopel va cuykAivelr ToAd opyd. O cGuykekpévog
alydpBpog eivar moAd onpoavtikds, kabde meptypdpet T Pacikn W0 TG OTPATNYIKNG OV akoAovdeitat
Kot 6€ OAOVG TOVG VIOAOITOVS aAyopiBovg Beltiotonoinong mov Ba avapepBovv.

5.2.2 Stochastic Gradient Descent

O Stochastic gradient descent (SGD) eivon . maporrayn tov olyopifpov gradient descent mov
YPNOOTOIEITAL EVPEMG OTNV EKMAIdEVEN VEVP®VIKAOVY dtkTOV. H facikn Wéa micw and tov SGD givou n
dw pe Tov Gradient Descent. Xvykekpipéva, o okondc, eivar va Ppedel to ochvoro TV TapapéTpov Tov
EAUYIOTOTOOVV TN GLVAPTNOT OmdAEwWSG. Q0Td60, ovii vo vrmoloyilelr v KAion g cvvapTnong
OIOAEWNG GE OYECT HE TIG MOPUUETPOVG TTOV YPTCUOTOOVV OAOKANPO TO cOVOLo dedopévav, o SGD
ypnowonotel éva povo mopdderypo exmaidevong (| €vav pkpd apBud TOpOdEYHATOV) YL Vo
EVNUEPADGEL TIC TAPUUETPOVG.
O aAyopBpog Tpoywpd ®¢ eENG:
1.  Apywomoinon TV TopaUETPOV TOV HOVTEAOL UE TOYOEG TILES.
2. Emdwoyn toyoiov mopadeiypotog eknaidevons amd 10 6OVOLO SE0UEVOV.
3. YmoAoyiopog TG cLVAPTNONG OTAMAELNG Y10 TO TPEYOV GUVOAO TOPOUETPOV KOl TO EMAEYUEVO
mopadetypa ekraidgvong.
4. Ymoloyopdg g KAIONG TNG GLVAPTNONG UMMAELNG OF GYECT LE TIC TOPUUETPOVGS Y10, TO
EMAEYLEVO TTOPAOELY IO EKTOUOEVLOTG.
5. Evnuépoon tov mopapiTpov apopdvtag Hio Likpn T g kAlong and 1o tpéxov chVOAo
TOPOUETPOV.
6. Emaviinyn tov fnudtov 2 éog 5 yo otabepd apBpud eravolnyeov 1 £0g 6Tov 1 GLVAPTNON
OTOAELG CLYKAVEL GTO EAGYLOTO.
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Qo1600, 01 eVNUEPDGELS facilovtal o€ £va LLOVO TOPASELYLLO EKTOIOEVOTG, TO 0010 €104 YEL TOAD BOpLPo
ot Swdwkacio Peitiotonoinone. Avtodg o B0pvfog pumopel va TPOoKOAESEL TAAGVTOOT ToL OAyOpLBLov
Kot vo yboet ™ Pértiotn Avon. o va petpraoctel ovtd to Tpofinpa, o pvBudg pabnong cvvinbog
LEIDOVETOL [E TNV TAPOd0 TOL Xpdvov, ot a dradikacio Tov ovopdletar learning rate decay.

5.2.3 RMSProp

Eivar pio eméxroon tov aiyopiBuov gradient descent, mov Ponbd oty emitéyyvvon g cOYKAMONG TG
dwdkaciog Pertiotonoinong kot oty amotpomy| g vépPacng g Pértiotg Aong. H Paowkr| déa
nicw ond Tov RMSprop (Root Mean Square Propagation) givail n mpocapuoyn tov pubupod exkpdadnong
Tov pe PBdon Tic TAnpopopieg wropkng kAiong. Xpnowonotel to plikd péco tetpdyovo (RMS) g
SPadONC e TV TEPOSO TOL YPGVOD Y10, Vo KApoKdGsL Tov puOud ekpuddnong. B
O aAyopBpog Tpoywpd w¢ eENg:
1. Apywonoinomn TV TOPAUETPMV TOV HOVTELOV LE TUYOIEG TIHEG.
2. Apywomnoinon oG Kpueng HvNuNg Yo KGOe TopauUeTpo Yo amobnKevon TV TANPOEOPImV
KAiong.
3. T kdBe emoviinyn exkmaidgvuong, VIOAOYIGLOG TNG KAIOTG TG GLVAPTNONG OTMOAELNG GE GYEOT|
LLE TIG TOPOLLETPOVG Y10 TO TPEXOV TOPADELYLLOL EKTAIOEVONG.
4. Evnuépoon g pvnung yw kée mopdpetpo vroroyilovtag tov Kivntd péco 6po Tov
TETPAYDOVOL TNG KAONG.
5. YmoAoyiopog tov Kovovo eviuépmong Yo kaOe mapdpueTpo, dopdvtag TNy KAlon pe v
TeTpaymVIKn pila TG LvAunc.
6. Emaviinym tov fnudtov 3 éog 5 yu otabepd apBpd sravoriyeov 1 €og 6Tov 1 cuvapTnon
andAE0G GLYKAIVEL GTO EAGYIGTO.
‘Eva a6 to Pacwd mAeovektipota tov RMSprop og oyéon pe dAhovg odydpiBpovg Peitictonoinong
etvar 0tL pmopel va yeprotel TIC dpopetikég KAIHoKeS Kot KAloglg Tov mapapétpov. EmumAéov, o
aAyoplOpog pmopel vo TpocapprocEl avTopate tov puBud exkpddnong yw Kabe TOPAUETPO, KATL TOL
pmopet va fondnoet 6tn obykiion og pia kaAdtepn Aoon.

5.2.4 Adam

O Adam (Adaptive Moment Estimation) givar évag alyopiOpog PeAtictonmoinong mov ypNoIonoleitoL
EVPEMC TNV EKTAIOEVOT VEVPOVIKGOV dkTO®V. Elvan o enéktacn tov aAyopibpov Stochastic Gradient
Descent (SGD) mov eVG®OUATOVEL TANPOPOPIEG CYETIKE LLE TIG TPONYOVULEVES KMOELS Y10 VO TPOGUPLOCEL
tov pooud expddnone. B8 Emyepel va ocvvdvdost ta mAeovekTHHOTO TOV SVO TPOYEVESTEPMY
aAyopifuwv, tov Adagrad kot tov RMSProp.
O ary6pBpog Tpoywpd g eENG

1. Apywonoinomn TV TOPAPETPMY TOV HOVTELOV LE TUYOIEG TIUEG.

2. Apywonoinon t@v 000 KWNTOV HECOV OpmV, €vav yio TV KAlon kol évov yuo TV

TETPAYOVIKT KAloT.

3. T kdbe emavidnyn exnaidevong, LTOAOYIGUOS TG KAIONG TG GLVAPTNONG UTMAELNS Yo
TO TPEYOV MAPAOELY U EKTAIOEVONC.
Evnpépwon tov kivodpevou pécov 6pov KAIoNG Kot TG TETPAY®VIKNG KAIoG.
Apbwon g TpokaTAANYN TV Kvntodv péowv Opwv vroAoyilovtag Tig dopbopéveg
€KOOCELG.
6. YmoAOyIGHOG TOV KOVOVO EVIUEPWOOTG Y10, KAOE TOPAUETPO.
7.  Emavdinym tov Pnpdrov ta fipoata 3 éog 7 v otabepd apBud emavaiyenv 1 éog 6Tov

1 CLVAPTNOT) ATOAELNS GLYKAIVEL GTO EAYLOTO.

o &

O Adam givarl yvootd 6t1 Aettovpyel Kok otV TTPA&n Kot XPNOLOTOoLEiTOL cLYVE Ge €va gupl QAGHO
gpyooidv Pabibdg pddnong. ‘Eva omd 1o Poacikd mAeovekTHoTd TOL Evovtl GAA@V  olyopiBuwmv
BeltioTomoinong etvor 0Tl pmopel va yePLotel TIG SOPOPETIKEG KAILOKES TOV TOPUUETPOV KOl TOV
KAicewv mov eppavifoviar cuyvd oe Pabid vevpovikd diktva. Emimiéov, o alyopiBuog pmopel va
TPOGAPUOcEL ALTOHOTO TOV pLOUS ekpdOnong Yo Kabe TopdueTpo, KAtL TOLv Pmopel va Pondioel ot
oVYKAIoN og o KaAdTepT Ao
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5.3 BeATioTomoinon

210 onpeio avtd, ePOGOV EYIVE OVOPOPA GE PEPIKES VITEPTAPAUETPOVS, SNUOVTIKO gival va Yivel avapopd
otov Tpomo PeAticTonoinong tovg. O otoy0c g Pertiotomoinong (hyperparameter tuning) eivor va
Bpebel 0 cLVSVUCUOS TOV VIEPTOPAUETPMY TOL EXOVV MG OTOTEAECUN TNV KOADTEPN OTOJ0GT TOV
LOVTEAOL G€ €va GHVOAD EMIKVPMGNG 1] GUVOLO SOKIUNG.

H Beltiotomoinon vrepmapapétpov ektereitoar cuvnbmg PHEGH EVOG CLUVOVAGHOV JOKIUNG KoL
AGBovg oAMG KOl KATOVONONG TOL VIOKEILEVOL LOVTEAOL KOl Tov TpofAnpatoc. Mmopel va givor pa
xpovoPopa dwdikacic, KaBMS amortel eKmaideVoT TOV LOVTEAOL TOALEG POPEG LLE SUPOPETIKES PLOUIGELS
VIEPTOPAUETPDV.

Yrdpyovv moAAEG SLUPOPETIKES TEYVIKEG GUVTOVICHOV VIEPTAPAUETPOV, Kabepio e To SIKA TG
TAEOVEKTNHATO KOl UEOVEKTAHOTO. XTr GLVEXELD, 0o akOAOLONGEL TEPLYPOPT VIO PEPIKES GO TIG TTLO
S10.0e00UEVES TEXVIKES.

5.3.1 Grid Search

H avolimon nAéypoatog (Grid Search) eivor po andfy kot gvpéwg ypnoyomoovpevn péBodog
BeltioTomoinong tov vrepmopapéTp@V ot pnyavikn padnon. H 1¥éo micew omd v avalnmon
mAéypotog etvor va kobBopiotel éva €0pog TWdV Yoo KABE LREPTAPAPETPO KOl OTN OCULVEXEW VO
exkmaudevtel To HovTéLo pe 6Aovg Tovg THaVOHS GUVILACHOVG VITEPTOPAULETP®Y. O akydpBLLog Tpoywpa
g eEfg:

1. Opiopdg TAEYLOTOG VIEPTOPAUETPMV, TO OTO10 TEPApPAVEL TO €0POG TIMV YioL KAOE pia.

2. Eknoaidevon tov povtéhov e GA0VG Tovg mBavong GLUVOVAGLOVE VITEPTIOPUUETPMV.

3. T kdBe cuVOLAGLO VIEPTOPAULETP®V, AEOAOYNON TG OTOS00NG TOV LOVTEAOL GE £V GOVOAO
EMKVPOGCTG YPNOOTOIDOVTOG pio LETPTOT| 0mddocn s OTms 1 axpifeta (precision), to Fl-score 1)
pébodog AUC.

4. Télog, emthoyN TOV CLVIVAGHOD TOV VIEPTUPUUETPOV TOV EXOVV MG OTOTEAEGHO TNV KAADTEPN
at600G6T) GTO GUVOLO EMIKVPMONC.

‘Eva and to kbpro mAeovektipota g avalnmong mAéypatog ivat 0Tt 1 pébodog avtn eivar amin kot
€0KOAN oV €pappoyn. Qot1dco, pmopel va gival LTOAOYIGTIKA akpiPr], €W0Kd 6tov 0 aplduds TV
VREPTAPAUETPOV 1| TO €0POC TOV TIMV glvar peydro. Emumiéov, n avalijtnon nAéypatog propel va ivo
EMPPENNG G VIEPPOAIKT TPOGOPHOYN, WaiTEPA €AV O UPBILOG TOV GLVOLOCUOV EivOl PEYAAOG Kot M
pétpnon amddoong eivor BopvPddng.

5.3.2 Random Search

H toyoia avalfmon (Random Search) eivor po péBodog Peltiotonoinong t@v LAEPTAPAUETPOV TOV
givar mapodpoa pe v oavalnmon mAéypotog. Ouwmc, avti vo yivetar dokir] OAwv tov mloavov
oLVOLACUMV, AapPdvovTol Tuyaio delyIoTo VIEPTAPAUETPOV OO [d TPOKOBOPIGUEVT] KOTAVOLLT.

H toyolo avalnmon éxer moAhd mAgovektnpoto o oyxéon pe v ovalnmon TAEYHATOC.
[pdtov, pmopel va gival o 0L0d0TIKY VIOAOYIGTIKG, E0UKG OTAV 0 ApOUOS TOV VAEPTUPOUETPOV 1| TO
€0pog TV eivor peydro. Aedtepov, pmopel v €EEPELVIGEL TOV YDPO TOV VIEPTOPUUETPMV TLO
OTOTEAESULATIKA, 010iTEPO OTAV 1] KaTavoun ToV BEATIOT®OV vaepmopapétpmv dev givarl yvooty. Tpitov,
UTTOpEl Vo HEDOEL TOV KivOuvo LIepBOMKNG TPOCAPUOYNG, KOOMS TO HOVTELD EKTOLOEVETOL [IE TOIKIAEG
VREPTAPAUETPOVG,.

Qotdéco, M Toyxoio avalnmon €xel emiong opwopéva  peovektnpato. Mmopel va  efvon
VROAOYIGTIKA aKpiPn edv 0 apBudg tov eravolqyewv eivan peydiog. EmmAéov, pmopel va unv Ppet o
OLUVOMKO PEATIoTO €4V 0 apBpog Tov emavolnyemv dev elvan emopkng. Kielvoviog, m emtoyn tov
KOTOVOL®OV Y10 KAOE VIEPTOPAUETPO UTOPEL VO EXEL ONUOVTIKO OVTIKTUTO GTO OTOTEAEGLLOTOL KO LITOPET
va gtvat GOGKOAO VoL TPOGIOPIETOVV O BEATIOTEG KOTAVOUEG.
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5.4 MeTpikég

10 KOpUpATL 0VTO B0 Yivel TOPOLGINGCT] TOV UETPIKAOV TOL YPNCIomomdnKoy yio v a&loAdynon tov
OTOTEAEGLATOV.

H yvoon tov KoAdtep@v HETpIK@V Yoo TNV a&oAdyNnon evoc poviédov eivar (oTKNAG onpaciog yo )
onpovpyio akpiPdv Kol OTOTEAECUATIKGOV HOVTEA®V pnyovikng ekpddnong. Emitpémer po dikoun
oOYKPIoT OLOPOPETIKMY HOVTEA®V Kal, ENTAEOV, Bon0del 6ToV EVIOTIGUO TOV AdVVALLDY EVOG LOVTEAOV.
Epocov 10 vnd e&étaon mpdPfAnpa eivar 1 mpodPreym ypovooepds, emdéybnkav ot petpiké RMSE,
MAPE kot MAE.

211G TOPOKATO LoONUATIKEG EI0DCELS TOV HETPIKOV BewpodvTtat ot €€Ng LETOPANTES:

Z0uBOAO MeTafAnTA

% ‘ MpoPAendpevn TIUA
y MpayuaTiKA T
n MARBog Tiwyv

5.4.1 RMSE

Avolvticotepa, 10 RMSE (Root Mean Squared Error) givotl éva gupémg ypNOILOTOIOVUEVO UETPO TNG
dwpopdg petaly mpoPrendpevav kot Tpaypatikdv Tndv. H évvora tov RMSE, kafdg kot n pobnpoticn
TOV STVTOOT, givar KOAd edpouwpévn Kot pmopel vo Ppebel oe mOAAG €YYEidl GTOTIGTIKNAG Kol
gpeuvnTikég epyaociec. Eivon éva pétpo tov mdoo kohd éva poviélo etvar oe Béom vo mpoPAdyet

petapAnti 6toy)o.
20 @i —y)?

RMSE = V=1~
n

To RMSE eivon par dnpogidng pérpnon a&ordynong yo mpofAnpata maivdpounong, kabmg
nepropilet ta peydha sedipara. B Avtd to kabiotd po kodn emhoyn Yo Ty afloddynon e amddoong
TOV LOVTEA®V TTOL (P CLULOTOLOVVTAL Y10 EpYOCies TPOPAEYNC.

Eivar onpovtikdé vo onuewwbel o6t 660 younidtepo etvor to RMSE, 1600 KoAvtepa
OVTOTOKPIVETOL TO LOVTELO oTNV TPOPBAEYN TG petaPAnthg otoyov. ‘Eva povtédo pe yapnioé RMSE éyxet
Hio kpn d1opopd HeToEd TV TPOPAETOUEVOV KOl TV TPOYUATIKOV TILOV Kol TO avTioTpo@o. Ot Tipég
OV TalpveEL 1 LETPIKN ovTY| givar ThvTa pun apvnTIKES Kot o T 0 vwodnAmvel TEAELWD TPOGAPLOYT OTA
dedopéva.

5.4.2 MAPE

To péoo andivto mocootd cediuatog (Mean Absolute Percentage Error - MAPE) givar pia supémg
¥pNoonoovpevn pétpnon a&loAdynons yw TpofALaTe ToAVOPOUNOTS, O0UTEPA GTOV TOUEN TV
OKOVOIK®OV Kot Tov owkovopik@v. To MAPE ypnowomoteitor eupémg o€ O14Qpopovg TOUElG Kot
Bropmyavieg kot el ypnoylomom el o€ TOAAEG pevVNTIKEG EPYAGIEG KO EYYEPIOLOL.

Eivar onpoavtikd va avagépovpe 61t 10 MAPE etvon éva oyetikd pétpo oedipatoc, divel 1o
TOGOGTO TOL GOPAALOTOG LETAED TOV TPOPAETOUEVOV KO TOV TPOYUATIKOV TI®V. To yeyovog antod givar
ypNoo 6tav 1 KAipoko g petafAntig dev givat idlo o€ OAEG TIC TAPATNPNGELG.

100% n i~ }Ahl
MAPE " > ! "

A&ilel va tovioTel To yeyovog 0Tl 1 HETPIKT ot dgv opileton otav M mpoypoatiky tiun (y) givan
undév. To yeyovdc autd pmopsi va KOTooToel SUCKOAN TN XpNon Yo TpofArLata 6mov N pHetafAnTi
010Y0G Umopel vo Adfel v Tiun pundév. Xe dheg mepmtdcelg Tpémel va Anedel avtd vIdyv Kotd TV
npoenebepyacio TV dedopEvay.
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5.4.3 MAE

To péco andivto opdipa (Mean Absolute Error - MAE) elvon pia kowvn pétpnon mov ypnoiomoteitot
vy ™ pérpnon g anddoong evog poviédov oe mpoPAnuata mavdpounons. Eivar n péon dapopd
HETAED TV TPOPAETOUEVOV Kol TOV TPUYUATIKAV Ti®dv. Oco pikpdtepo givar 1o MAE, 1660 kaldtepn
gtvat 1 0mdd06M TOV LOVTELOV.
X" 19 —il
MAE = —5——
n

Enedn ypnowomnotel amoéivtes tyés, o MAE dev emnpedleton amd oxpaieg Tiég 160 660 GAlEG
petpnoels. Elvor pio epunvedoyun pétpnon kot gival gvkoro va vroloywotel. H petpucny avt eivor pia
KOAN ETAOYT OTOV TO. SEGOUEVA £YOVV OKPAIES TIHES Kot 0 6TOYO0G Eival va yivel katavonon tov peyéboug
TOV GOAANATOV, aveEaptnTa omd v Katevhuvon.
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6 nMepipaldov YAomoinong

H dwdwacio vAomoinong ¢ HeAETNG €ivol TO OVTIKEILEVO OLTOV TOL KePAAaiov. Apywd, Oa
TOPOVGLOCTOVV TANPOPOPIES YO TNV YADGGO, TPOYPULLOTICUOD OV EMAEYONKE. X1 cuvéyewn, Ba yivel
pa ohvTopn meptypar] Tov Pacikdv BPA0ONK®OV Tov ypnoiporomnkay.

6.1 Nwooa TPOYPAHHATICHOU

H yAdooa mpoypoppoaticpod mov enidéybnke vo, ypnoyomomBei ivar 1 Python. H Python sivar pua
e€apeTikd gVEMKTT Kot SNUOPIATG YAMGGOO TPOYPUUHATIGHOD TNV KOWOTNTO TNG EMGTNUNG OESOUEVOV.
H yhdooa avth kokhopopnoe yio tpdtn opd tov defpovdpiov tov 1991 amd tov Guido van Rossum.
601 Efvou o Sieppmvevpévn, vymiod emmédov, yevikig ypiong yAmooa mpoypappatiopod. H
oyedlootikny erocoeio tg Python divel éupacn oy avoyvooiuotnta koddwko pe v afloonueint
YPNON ONUOAVTIKOD KeEVOD yMdPov. Ot YAMGGIKEG KOTAGKEVES KOL 1 OVTIKELEVOSTPOUPNG TPOCEYYIoN TG
GTOYELOLV Va. foNBGOVLY TOVG TPOYPAUUATIOTEG VO YPAPOLY GOPT, AOYIKO KOJIKO YioL EPYo LIKPNG KoL
peydng kiipoaxag. H Python ypnowomoteital svpémg otn Propnyavio Kot Tov akadnuaikd xopo, £xel
QUK TTPOG TOV ¥pNoTn ovvroaln Kot gival gdkoho va v pabetl kaveic, KoboTdvTag TV €E0PETIKT
EMAOYN TOGO Y10, APYAPLOVG OGO KO Y10, EUTEIPOVS EMOyyeLLOTiEG TOV Ydpov. Eyxet, emiong, o peydin
KOWOTNTA YPNOTAOV MOV GUUBAAAOLY OTNV OVATTLEYN Kot TNV VIOSTHPEN TG, KATL TOoL UTopel va givot
YPNOO Y10 TNV OVTILETOTIOT TPOPANUATOV Kot TNV €0PECT] AVCEMYV GE TPOPANUATOL.

H Python, mg o eppunvevpévn yAdooa kot £(0vTog £va TEPACTIO 0KocVoTN BiAodnkdy Kot
miaciov, v kabotd 1Bavikn YAOcoo Yoo TOAAOVG emayyehpotieg g emotiung dedopévov. H
dnpotikdétra g Python kot to evpy edopa Piprodnkodv kot miaiciov g v Kefiotodv ToAVTIHO
EPYOUAEID Y100 TOVG EMOYYEMUATIEG TG EMGTAUNG OESOUEVDV.

H éxdoon mov ypnoipomombnke eivar  3.10.6 kot ekteréotnke og mepifdriiov VScode. ‘Eywve
dnpovpyla dvo oapyelov, éva apyeio O6mov mephapfdvel TG omopoitnTeS ONHOVPYNUEVES KAAGELS
(Utils.py) ko éva dapopetikd apyeio yio tnv ektédeon avtodv (Execution.py).

6.2 BiBAioOnkeg

Ot PipAoBnkec otov TPOYPOUUATIGHO €ival GULAAOYEG TPO-YPOUUEVOL KMOKE 7OV UTOPOVV VO
¥PNoonomBovy yio. TNV ekTéAecn Kowav gpyactdv. Avtéc ot Biflodnkeg €xovv oyedlaotel Yo va
Kévouv T dadikacio avATTLENG IO OMOTEAEGLLOTIKY], TOPEYOVTAS ETOVAYPNCULOTOWGIUO KOIKO TOV
pmopet bkoAo va evoopatwbel o€ £va £pyo.

H onuocia tov Pfiprlodnkdv oty emomun tov dedopévav Eykertar oto yeyovog OTL mapéyouvv
SOKIHACHEVO KoLl PEATIGTOTOINUEVO KMOWKO OV UTopel va ekTeAécel ouvheteg epyacieg pe Alyeg povo
YPOUUEG KOOKo. Avto efowkovopel mOAD ypoOvo Kol TPoomdbeln. oTOV EMIGTAOVE OEOOUEVMV,
EMTPEMOVTAG TOL VO EMKEVTPMOEL OTIC O ONUAVTIKEG TTVUYEG TOV £PYOL TOV, OGS 1) AVAALGT dedOUEVMV
KoL 1 povielomoinon.

Emutdéov, ot Piprobrikeg €xovv ovyvd peEYAAeES KOWOTNTEG YPNOTAOV TOL CLUPAAAOLV OTNV
avantuén kKot TV VIOGTNPEN] TOVG, KATL 7oL pmopel vo €ivol YPNOYO Yoo TNV  OVILETOMTION
TPOPANUATOV Kot TNV g0pecn ADGEDY G€ TPpoPApaTaL.

YuvoAikd, ot PipAodnkec eivar £va OVCLICTIKO €PYOAEIO YLOL TOVG EMOYYEALOTIEG TNG EMIOTHUNG
dedopévov kot dwdpapatiCouv kpicio poéko oty Swdikacio avamntuéng kot oty avénomn g
OTOTEAESUOTIKOTNTAG TNG.

BeautifulSoup: Xpnowomowiton yioo v and&eorn 16100 (Web scraping) kot v aviivorn gyypaewv
HTML xor XML. Tlopéyer évav oamhd kot BoAwkd tpoémo e&oywyng Oedopévov amd 16T0ceEMOEC,
kafotdvTog To 1Wavikd epyaieio yio v e€aywyn dedopévmv. Tvvolkd, to Beautiful Soup sivon pia
wyvpn] PPAobNnkn mov dievkodvvel v e&aymyn O6edopévav Omd 10TOGEAIDEG, KaboTOVTAG TNV €val
TOADTIHO €PYAAElO Y10 EMOyYEANATIEG TNG EMOTNUNG deSOUEVOV KOl EpEVVNTEG TTOL YPEILOVTaL GLAAOYN
dedopévav omd tov IMaykoouto Ioto. Bl

MpoAewn agigewv otov AleBvi AgpoAipeva ABnvwy pe Xprion povtéAwv Mnxavikng Maenong 27



Metantuylokn AwTpipn EppavounA BouBakng

Pandas: TTopéyst dopég dedopévov ko epyodeion avdivong dedopévav yia aptBuntikovg mivokeg Kot
dedopéva ypovooelpdv. Ymootnpilel emiong v avayvoon Kot £yypaern S£dopEvav omd S18popes LOpPES
apyeimv, onmg Bacelg dedopévay, apyeio CSV, Excel kot SQL. To Pandas ypnoonoteitatl evpéwg oty
emotNUn dedopévav kol givar amapaitnto epydieio ywo tov KoBopopd, TNV TPOETOACIO Kol TNV
e&epedvnon dedopévav. Zovorikd, To Pandas givar puo woyvpn kot gvéhiktn BiPAobnkn yo yepiopd kot
avéAvon dedopéEvmv, mapéyel Evav amho Kot BoAkd TpdTo YEPIGUOV dEGOUEVMY OE JAPOPEG LOPPES Kal
YPNCIHOTOIEITON EVPEMC GTHV EMGTAUN dedopévay. 62

Numpy: Xpnoonoteitar Yo ETIGTHOVIKOVG VITOAOYIOHOVS KOl ¥EPopd oedopévav. Toapéyet éva
1oxVpo avtikeipevo mivaka N-didotdoewy, poll He pio ey cuAloyn HaBNUATIKGOV CUVAPTICE®MV Yo
Aertovpyio og owtovg Tovg mivakeg. To NumPy ypnoiponoteitol evpEémc otV EMGTHUN 0EG0UEVOV KoL TN
UNYOVIK) pabnorn, kafmg emTpénel TOV anoTEAECUATIKO YEPIGHO peydAov celpdv dedopévav. Tlapéyet
emiong epyodeio yuoo ypapkn Giyeppa, petooynuatiopd Fourier kol dnpovpyio tuyaiov aplOpmv.
Tovoitkd, 1 NUmPy sivan o Bacticry Bipriodiin yia v epyosio pue apdpmtiké dedopéva. [

Matplotlib: TTapéyer pa diemapn vyNAod emESOL Yoo TN OYESIAOT EAKVOTIKDV KOl EVIUEPWTIKMV
OTOTICTIKOV YPaQIK®V. Mmopel emiong va ypnotporonbel yio v anekdviorn TPiodidoTatoV YPapiKdv
TOPACTAGEDV. XPNOUYLOTOIEITAL EVPEMG GTNV OMTIKOTOINGT Oed0UEVMV, TNV EMOTNUOVIKY £PELVA KL,
YEVIKA, TN UNYOVIKT] HAOnon yio T dnpovpyio oTaTIK@V, KIVOOUEV®V Kol SIOPUCTIKMY OTEIKOVIGE®DV.
Enutpémel v mpocappoy ypaeikov mopoactdcemv pécm pubuicemv kot Bspdtov kot vrootnpilet
dupopeg Hopeég apyeimv yio amobnkevon kot eEaywyn ypoenpdtov. Xvvoikd, To Matplotlib givar pia
wyvpr] kot gvéhktn PPrlodnkn ywo ™ INpovpylo OTOTIKOV, KIVOUUEVAOV KOl Ol0dPACTIKOV
angovicewy. 64

Seaborn: Eivar pio Piprodfixn ontikomoinong dedouévav, ytiouévn mave arnd Tt Piflodnkn
ontikomoinong dedouévov Matplotlib. Tlapéxsr o diemopr vynlod emmédov ywo T Snpovpyia
EAKVOTIKDOV KOl EVIUEPOTIKAOV OTATIOTIKOV YpoeiK®dv. Edwodtepa, eivar KoTtdAAnAn vy v
OMTIKOTOINGT TOADTAOK®Y GUVOA®V dgdopévev pe molhomiéc petaPintés. To Seaborn mapéyet
AE1ToVpYieg OV S1EVKOAHVOLY TV OTTIKOTOINGT GTUTIGTIKGY LOVTEA®Y. ]

Keras: To Keras givor pio BipAodnknm Pabidc ekuddnong avorytod kddiko ypoupévn oe Python. ‘Eyxet
oxedlooTel yuo va givar eUMKO Tpog To ypnotn kot e0koro vo emektafel. To Keras avantoybnke yo va
Kaver ) onpovpyior poviédmv Pabidc pabnong 6co to duvatov mo amAr. H PPriobnkn ovth sivan

YTIopHEVN TAve and GAdeg PipAtobnkeg Pabidc nabnong, énwg to TensorFlow, to Theano kot to CNTK.
[66]

Sklearn: To Scikit-learn, yvootd kot ¢ sklearn, givan pio Bipiodnixn pnyovikig exkpdnong avorytov
kodwa. [Mapéyel éva gupd edopa epyoreiov yio e£6pvén kot avdAivon dedopévav. ZvpmneptiopPavet
EMOMTEVOIEVOVG KOL [T EMOTTELOUEVOLS 0AyOplBpovg pabnong, mpoemetepyooiag, emAoyng Kot
a&ordynong poviédov. Etvan yticpévo mdve og diiec dnpoeireis Bipiiodnkec Python, énwg to NumPy,

Pandas, kot evoopatdveror koAd pe dhieg Biflodnkeg 6nwe to Matplotlib yio oxomovg ontikonoinong.
[67]

Sktime: Eivor Pacicpévo oto scikit-learn kou mapéyet éva cvvemés, vyniod emmédov APl yo
dnpovpyia, exmaidevon kot v aloddynon poviédav ypovooelpdv. Tlepiiapupdavel éva gupd @dopa
epyoleiov yia mpoemeepyacia, emhoyn poviélov kot aflohdynon. (8

Streamlit: To Streamlit givor wio BipAodfkn avoytod kddika yo TN SNUOLPYIC EPAPUOYDV TOV
Baoifovtar otov 1616. Emttpénel 6100¢ Tpoypappatiotég vo dNUovPYouV StadpuoTIKES, PIMKEG TPOG TO
YPNOTN EQUPUOYEG YPpNyopa Kot €0koAa. Xpnowomotlel o amdn obvtaln Kot €vo EVOOUUTOUEVO
"ovTIOPaCTIKG" HOVTELD TPOYPUULOTICHOD, TO OO0 EVIUEPDVEL QVTOLOTO TV EQOPLOY O OTOKPLON
oTIC oAMNAETIdpacelg TV xpnotdv. Ieplopfavet eniong dvvatdtreg OT®S VIOSTAPIEN Y10 TOAAATAEG
€10000vG Kot €£0d0vg, evompatopévo otuod Kot Bépata, kabdg kot T Svvatdtmra TPosbnkng
TPOGOpHOGHEVOL Khdtko JavaScript kon CSS.

To cvvoAikd mepidAlov mov givar amopaitnTo Yo TNV HEAETN ot Uropel vo Anebel omd edm:

AHYH
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7 Aedopéva

H emoyn tov dedopévav ival évo onpavtikd Pipo oty emotiun Tov dedopévav, oot fondd oty
€OTIOON OTIS OYETIKEG TANPOQOPieg Kot TN PeEATiOon NG OMOTELEGUATIKOTNTOG TNG OVAAVGONC.
Eniéyovtag 1o katdAAnio dedopéva Yoo TNV avAALOT, Ol EMGTHUOVEG O€dOUEVOV UTOPOVV Vo
SCPAAIGOUV OTL £XOVV TIG TO OYETIKEG KO YPNOIUES TANPOQOPIES Yot TO TPOPANUa. Avtd pmopel va
Bonbnoer ot PeAtioon ¢ axpifelog Kot TG 0EOMOTIOG TOV OTOTEAESUATOV, £oTdlovTag ot
dedopéva mov givar wo whavd vo mapéyovv moOAOTYEG TANPOoPopiec. Mropel eniong va Ponbnoel ot
Lelmon Tov 0YKov TV dedopEvev Tov TPEmeL Vo vIToPANBovV o emelepyacia, KaOIGTOVTAG TNV AvAAVOT|
O OMOTEAEGUOTIKT KO St EPioLUN.

7.1 MnyR

Nyt Sedopévav yia Ty vAomoion ¢ perétng omoteAei o OpenSky Network 2020. % A ty mym
T Yivetol andktnon dedopévev amd v TpaTn Nuépa tov 2019 €ng kot tov Oxtdppn tov 2022, yio
TTNOES 6 OA0 TOV KOGLO. Me TN yprion Tng TPOyPOUUATIOTIKNG YA®GGsos Python, eotidlovpe otig
petaPintég day ko destination, HEc® TV 0TOI®V TAPEXETOL 1] dSVVATOTNTO VO LETPCOVUE TIG APIEEIS oF
kabnuepwn Paon.

mABva
mHpaxAao
uPoSoc
»Ozooalovikn
BKZpxupo
BKwg

o Xowvia

B Zoviopivy
®Zaxuvioc

B Mixovo

| Aona

Tynua 10: Mepidio ayopdg Aspodpopimv [/

Youvenmg, amoktOnkav dedopéva apiemv y €61 and T peyolvtepa agpodpopa g EAlGdag. Xt
ouvéyeld, akolovbei n ontikomoinon Twv v Aoy dedopévav.

ICAO Agpodpouio

LGAV AeBviig Agpolpévag ABnvov

LGRP Kpatwdg Agpoipévag Poddov Ataydpag

LGSA AeBvég Agpodpopo Xoviov Iadvvng Aackoaroyidvvng
LGIR Kpatwdg Agpoipévag Hpaxdeiov N. Kalavtlaxng

LGTS AeBvng Kpatikog Agporpévag Oecoarovikng Makedovia
LGKO Kpartucdg Agpohpévag Ko Inmokpdng
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LGRP
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Xyqpa 11: A@igels og d10.QopeTIKA agpodpopLa

7.2 EmAeypévo Agpodpouio

To mo molvoHyvacto agpodpoo otnv EALGSa eivar To AebBvéc Agpodpopio ABnvav, yvootd pe tov
ko6 LGAV, 10 omoio kot katéxel v Tpetid pe 10600td 30% enti Tov GLVOLOV, WG TPOG TO pEPISIO
ayopds tov agpodpopiov g EAAGSac.

O pdLog TOV €V AOY® 0EPOSPOLIOL EIVOL VEVPOAYIKOG TOGO Y10, TOV TOVPICUO OGO KOL, YEVIKE, YioL
™V owovopio g Ydpos. Avtd TPOKOTTEL ®G AmOTELEGUE TOL POAOVL TOV ©G KOUPog TOGO Yt TNV
€0MTEPIKN 000 Kot ywo TN O1ebv) aegpomopiky kivion oty EALGSa. To aepodpdpo Asitovpyel g
KpIoog cOVOECHOG HETOED OMOUOVOUEVAOV KoL U] OTOUOVOUEVOV TEPLOYDOV Kol TOV VITOAOUTOV £0voug.
Yuvenmg, amotelel avandoTUGTO GTOLELD TOV EAANVIKOU GLOTHNOTOS petapopav. Extdc and ta dueca
OQEAN Yl TNV TOTIKT] OIKOVOWIQ, TO OEPOSPOLIO EYEL EMIONG EUUECESG EMOPACELS OTIG EMYEPNOEIG TOV
Bropnyoviov ta&dimv, TG rho&eviag Kot Tov AoviKoD eumopiov.

Yoppova pe po perét too FOUNDATION FOR ECONOMIC & INDUSTRIAL RESEARCH yw tig
OLKOVOLIKEC ETITTOGELS Tov AleBvovg Agpodpopion ABnvav mapovcidotkay ta e&ig: [

. H cvveiopopd tov oto AEIT extipdton og 7,9 d10. eupd to 2017 (4,4% tov AEID).

. O avtiktumog otV anacyoAnon ond 1t Asttovpyio tov LGAV vroloyiletat oe 181.000 Béceig
gpyaoiog to 2017 (4,8% g cuvolKNG EYXDPIAG OTAGYOANGCTIS).

Tevikd, o Aebvig Agpolipévog ABMvav €xel TOAD OMUOVTIKO OVTIKTUTO GTIV EAANVIKT OUKOVOuio Kot
oty Katevbuvon g owovopiog g x®pas. AdY® g TEPAOTIOG OVTNG ONUAGING GAAG KOl E YVMUOVO
TNV ToL0TNTO. TV dedopévmv, enhéydnke o Alebviég Agpodpopo ABNvav o¢ To vtd LeAETN 0EPOSPOLLLO
v TpOPAEYN TOV apBuov apiewv.
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7.3 Kabapiopog Asdopusvwv

H @don xabapiopov givar £va onuavtikd Pripa otnv eXIGTAUN TV dedopévav, eneldn dtuoPaAilel ot Ta
dedopéva etvor akpiPn), ocvovemn kot étoa yioo avdivon. Bonbd oty aeaipeon 1 m 610pbwon tuydv
CQOUAUATOV 1| OOULVETEIOV O©TO OEdOUEVA, TO. OTOl0 WTOPEl Vo 0dNYNOOVY GE UEPOMTTIKG 1)
TOPATAOVITIKO OTOTEAECHATO GV dgv avTETOMIOTOVV. [0 mapddetypa, ot avakpifeieg 1 o A
dedopEVa UTOPEL VO TTOPULOPPACOVY TO ATOTEAEGLOTO TG OVAALGNG Kot VoL SUGKOAEYOLV TNV Eay@yn|
TOWTIKOV cvuumepacpatmv. Opoimg, ot acvvéneleg otn Lopen dedopévev pmopel va SLoKOAEWOLY TV
gpyacio pe to dedopéva Kol vo SMUIOVPYHCOoVY TPOPANLOTO KOTG TNV TPOCTAOE GLVOVOCLOV
SedopEVOV amd SPOPETIKESG TN YEC.

EnumAéov, katd ™ o@don kabopiopod umopoldv va aviyvevbovv ol axpoieg TUEG Kot va
AVTILETOMIOTOOV, YEYOVvOG mov umopel emiong va Peltudost v okpifeia tov anotelecpdtov. H
dwdkocio kaBapiopod tov dedopévev puropei eniong va fondnoel 6N LEI®ON TOL OTOITOVUEVOL YDPOV
amobnkevong, kdtt mov pmopel va gtvol onuavtikd ota peydAo cuvola deSOUEV®V. ZUVOTTIKA, 1| OAOT|
kaBopiopol etvat éva ovolaoTikd Pripe otV EMGTAUN TV dedopévav Tov cupBailel otn Pertioon g
TOWOTNTAG Kot TG a&lonIoTiOg TMV OmOTEAECUATOV aQUIPOVTIC aVOKPIPEIES, ACVLVETEIEG KOl GGYETEG
TANPOPOpieC.

7.3.1 Missing Values

210 0edopéva ToV OmOoKTNONKAV TapatnpiOnKe OTL Yoo To TEPIGGOTEPA OLEPOSPOULD. VITAPYEL VYNAN
gppavion missing values. Avovtikdtepa

ICAO Agpodpouio Missing Values
LGAV Aebviig Agpolpévag Abnvov 2.57%

LGRP Kparticog Agpohpévag Podov Awaydpag 11.14%

LGKO ‘ Kpatkdg Agporpévag Ko Inmoxpdng 15.00%

LGSA Aebvég Agpodpdpo Xaviov Iodvvng Aackaroyidvvng 42.93%

LGIR ‘ Kpatikdg Agporpévag HpaxAeiov N. Kalavt{dxng 63.14%

LGTS ‘ Aebviic Kpatikog Agpoipévag @eocarovikng Maxedovio 86.93%

E@ocov emedéyn oc mepintmon perétng o Aebvig Agpolpévag ABnvaov, Bo eoTidoovie aTOKAEIGTIKA
otV enelepyacio TOV GLYKEKPILEVMV OESOUEVAV.

To mpdTo MPOPANUa mov ypnlet emiivong eivon ot elheimovoeg tipnéc. Mia ortio mov pmopel va
TPOKOAEL TO POIVOLEVO AVTO UTOPEL VO EIVOL EVILEPDOELS TOV GUOTNIOTOC 1] AVTILETOTIOT COUAULATOV.
Koatd ) d1dprela T£1010vV TEPIOTATIKMV, TO GUOTNUO TOV AOUPAVEL TO CTLOTO TOV OEPOTALVOV Kot TO
amobnkevel umopel vo mopopéVEL KAEIOTO KoL, GLVET®MS, va Tapovstdfoviol Nuépeg yoplg kaborov
dedouéva. To elheimovto dedopéva dopbmbnkov pe v yprRon ¢ ypapuikng mapeufoine (linear
interpolation). Tt elvon Sp¢ ypapkn Topepfoin;

Avoloticotepa, 1 YPOLUIKT Tapepforn givar o péB0d0g EKTIUNONG TG TIUNG NG CUVAPTNONG
peta&d dvo yvootdv onpeimv. Xpnoyomoteital cuvndme ota LaONUaTIKA, T HNXOVIK] Kol To YPoQKa
VTOAOYIGTMV Yo, TNV OROAN HeTdPaom peTal)d TV TIHOV. XV emoTiUn Oed0UEVOV, 1) YPOLLUKY
napepPorn eivor po péB0S0G OV ¥PNGILOTOLEITAL Y10, T CUUTANPMGT CNUEIOV - TIU®V, TOV, TOUVAG,
Agimovv amd €va cOvVoAo dedopévav.  Agttovpyel vmobBétovtog OTL To onpein - TYWEG TOL Agimovv Eyovv
L0 YPOUUIKT] oY€omn KE Ta YOP® YVOGOTA onueio - Tiéc. Avti n pébodog ypnoyonoteitar cuvinbwg dtav
pekeTmdvtan dedopéva YpovosEpmV, OOV Ta ded0oUEVE UTOPEL VO GUAAEYOVTUL G OKOVOVIOTO SLOGTHLLOTO
M/ Kot pe Keva.

Atvovton 600 onueia (Xo, Yo) Ko (X1, Y1) kot éva dyvmoto onpeio (X, y), 1 YPOUUKY TopeUPoAn
Bpiokel v T T0V Y 010 onpeio X maipvovag pio evbeia ypapun peta&d Tov 600 YVOoTOV onueiov
Kot vroloyilovtag v T Y 6To onueio X. Avto yivetor Bpiokovtag tnv KAion g vbeiag petald tmv
300 oNuEi®VY Kol 6T GLVEXELL YPNGLLOTOLOVTAS avTHY THY KAion 1o vo. Bpedei n Tiun y oto X. [

H g&iocwon mov ypnoponoteitat eivot:
Y1i—=Yo

Xy —Xo

y = Yo+ (x — xo)
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7.3.2 Outliers

[Tépa amd T1g 36 elleimovoeg Tipég, mapoatnpnOnke OtL vaqpyav opketég nuépeg 6mov oto LGAV
onuelddnke ToAD YapunAog apliudc aeisemv. AVaALTIKOTEPD, TEPIGCOTEPES TANPOPOPIES TaPOVSIALoVTaL
GTOV TOPOKATO TIVOKAL.

2019 2020 2021 2022 TOTAL
ARRIVALS LGAV < 10 12 33 56 10 111
ARRIVALS LGAV < 20 17 61 82 17 177

Onwg mapovcidomke, onpewdvovtal 111 nuépeg dnov oto aegpodpdpio LGAV koatépbacav Aydtepeg
ar6 10 mmoeic. EmmAéov, onuewtdvovrat 177 nuépeg 6mov oto aepodpopio LGAV katépbacav Aydtepeg
ond 20 ttioeis.

Agdopévov tov peyébovg tov aepodpopion LGAV, eyeipovtar Pdoyleg vmoyieg 6Tl vmdpyet
oQOALA OTO OE0OUEVH. ZUUTANPOUATIKG GTNY TOPOTAVE Topatipnon Kot Aapfdavovtag emniong vadym
OTL Kol o€ AL agpodpopia Tapatnpeitol To 1610 pawvopevo (pkpodg apbpog apitewv), counepaivoovpe
ot1, mBavdg, to mpoPAnua evtoniletan otn dradikacio Aqyng / kataypa@ng Tov dedopivmy.

Mo mBavn epunveio evogyetar va givar 0Tt dev ouvepydlovtar OAES 01 0EPOTOPIKEG ETOUPEIEG LUE
™V nyn mov gpevvatat, dnAadn to OpenSky Network. Mn otédvovtog dedopéva Yo OAESG TIG TTNOELS,
epoaviletar yapnAotepog apBog TTNCEMVY Y10 KATOLES NUEPES.

Io v avtipetdnion tov npoPfAnpatoc t@v outliers dOKWWAGTNKE G€ TPAOTN PACN 1 OTAAOIPY
TOUC HE TNV XPHON TOv Kavova 3 tomikdv amokiicewv (3o rule). M Me avty v avtipetdmon dev
emtedyOnke Kopio 610pfmon 610 GOVOAO JESOUEVMY. XVVETDC, YPEGOTNKE EMVONGT OLOPOPETIKOV
TPOTOV YOl TNV CVTIUETMTIOY| TOL TPOPANLATOS.

Avolutikotepa, otV TEPInT®OT avt) vVIoioyiletat 1 mocootioio petaforn avd (edyn nuepdv.
Av ovt n petaPoln) etvar peyorvtepn ond o 80%, tdte yiverotl apaipeon e mkpOTEPNG TIUNG OO T
dedopéva. Ot Tég mov apopodvTol ovIyeT®nifovtal ¢ missing values pe ) ypoppikn mopepfoin
(linear interpolation). Avtq 71 dwdwocio yivetor emovoalnmIkd Yoo TV enitevén KaADTEPOV
amotereopdtov. H dwdikaoio teppotiletar 6tav dev evtomotel kdmowo T mov vo yapaktnpiletot og
outlier.

O 1pdTOG OV MAPOVOIACTNKE LElwoe TO TAMB0G TV YOUNADV TGOV OAAG dev TIC eE0PAVICE.
Eniong, Pertiooe T1¢ anodocels tov poviedmv mpoPieyns. Metd ) dwdikacia Stayeiptong Tov akpaiov
TIL®V TopaTnpovVTOL TO ENG:

2019 2020 2021 2022 TOTAL
ARRIVALS LGAV < 10 0 6 19 1 26
ARRIVALS LGAV < 20 0 21 40 4 65

Yvykpivovtog tovg mapambve mivokeg yivetar kaAdtepa aviinmtog o Pabudc emefepyaciog tv
dedopévav. 1o onpueio owtd a&ilel va avapepbel To yeyovog 0Tt Kot T0 TEPAG KOl TOV 000 S0dIKAGLDV
kaBapiopod Tmv dedopévav, 610p0monkay cuvolikd 270 TapatnprcELs.

7.4 Exploratory analysis

Yto tunqpa owtd Ba yiver diepguvnTtikny avaivorn (EDA) tov dedopévav mov Tposkuyov HeTd amd
dwdwooio kabapopov. H EDA (Exploratory Data Analysis) eivor pia mpocéyyion yio v avdAvcn Kot
TNV KOTOVONOoT| SE00UEVOV HEG® GUVOTTIKMY GTOTICTIK®OV, OTTIKOTOU|CEMV Kol GAA®V Hebddwv. X1dy0c
glvan n amokdAvym potifov oyécemv Kol 10DV oTo dedopUEVa TOL PTOPEl Vo v €ivol GUESO EUPOVT.
Eivar onpavtikd va onueimBei 6t 1o EDA givon éva kpioio Pripa o€ kéBe €pyo avdivong dedopévay,
Kkabmg mapéyet T Pacn Yo TNV avATTLEN O EMIGNUOV GTATICTIKOV LoVTEA®V Kal Bondd tov epevvnti
va gvtomicel TuyoOv mBava TpofANpaTa e To SESOUEVO 1] TO EPEVVITIKO EPMTILLOL.
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Daily Arrivals

- LGAV

0- Quarantines
Jan Jul Jan Jul Jan Jul Jan Jul
2019 2020 2021 2022

Date

Typa 12: A@igeig oto AieBvi) Agpopéva AONvov

Amd v mapandve ontikonoinon a&ilel va TovieTel 1 amdTOT TTAOOCT] TOV TOPATNPEITOL GTNV ETOYN TNG
TpO™G Kapavtivag. Emmpdcbeto, katd ) didpkelo tng de0TEPNG KAPAVTIVOG CTUEIDVETUL [ EXUTAEOV
peioon, oe avtifeon pe v teElevtaior Kapovtiva. TEAOC, TAPATNPDOVTOG TPOGEKTIKA TO SldypoLpio
eoivetal po emoykotnta e péytoto tov pnva lobio kabe €tovg. H maparipnon avtr opmg ypeidleton
nepeTaipo avdivon yio eniPePfaioon.

O mapakdtm mivokag TepAapPavel GNUOVTIKG GTOTIGTIKEG PHETPIKES Y10 TNV XPOVOGELPA.

LGAV
COUNT 1400.00
MEAN 115.95
STD 75.16
MIN 2.00
25% 55.00
50% 98.00
75% 168.00
MAX 303.00
KSTESTSTATISTIC 1.00
P_VALUE 0.00
ADFULLERSTATISTIC -2.50
P_VALUE 0.12

Onwg eaivetat,  péon Ty Tov aeieov eivar 116 nuepnoteg mmoeis. H péyiot tiun apiewmv mov €yet
napatnpndei eivar 303. Emmpocheta, a&ilel va onpeimbdei 6t n vd eEétaocn ypovocelpd dev akolovddet
TNV KOVOVIKT| KoTovoun Kot dgv givat otdoun.

Avoloticotepa, 0 EAEYXOG Y100 TO AV 1) ¥POVOCEPE akoAoLOEL TNV KovovikT Kotovoun eAEyybnke and to
Kolmogorov-Smirnov test. To teot awtd éyet Tig mapokdtom vrobéoes:

Ho: Ta detypata avikovv oty id1o KOTOvop).
Hi: Ta delypoto aviKovy o€ S10pOPETIKT KOTAVON.

H i p etvan yopnidtepn amd 1o 6pro tov 0,05. Emopévag, yivetal amdppiym g undevikng vmdbeong
VIEP TNG EVOALOKTIKNG. ANA0dT o 5ed0UEVA OEV KATAVELOVTOL GOLPMVO LLE TNV KAVOVIKT KOTOVOLLT.
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EmnpocOétwe, o éheyyog otacyudtag yiveror pe tn xprion tov Augmented Dickey-Fuller Test pe 1ig
TOPAKAT® VToOECELS:

Ho: H ypovoceipd dev givar otdoiun.
Hi: H ypovoceipd eivar otdoun.

Edv n tiunq p amd 1o teot eivonr pkpotepn and 1o enimedo onpovikoémros (o = 0,05), 16te yiveTon
amoOPPIYN TNG UNOEVIKNG LTOBECTG KOl GLUpUTEPALVETOL OTL 1 YPOVOGELPE ivarl otdoun. Ouwg n T p
givon peyoddtepn omd 1o 0pro. Emopévac, yivetar amodoyn tg undevikng vmdbeong kot cvpmepaivetal
OTL M XPOVOCELPA deV glval GTAGUN.

EmumpocBétog amd to mapakdto oyfue pmopel va mapatnpndel 0tL mo cvyvd vmdpyovv mepimov 50
nuepnoleg apitels.

200 - LGAV

Count

50 160 15;0 2lI)D 2_‘;0 360
Type 13: Ietoypappa cuyvoTiTOV
Arrivals throughout the week
125.0 - = LGAV
122.5 -
120.0 -
1175
115.0 -
1125
110.0 -

107.5 -
' i 1 ! ! ! !
Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Zyqpa 14: Méoog aplOp@v atioemv yia Tig NRéPES TS Efdopddog

Tnv Iapaockevn onuetdvovtal Katd HEGo 0po o1 meplocdTePes api&els, eva v Tpitn onpeudvovtot ot
AMyoOTepeg.
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Arrivals throughout the seasons
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Xympo 15: Méoog aprOpu@v TT1oemV Yo TIS EToyEg

KXetvovtag 10 kepdhoo avtd, afiler va oyxohootel n emoywkotnte. Onwg mopoatnpnbnke ot oe
TPONYOVUEVT OTTIKOTOINGN £T0L Kot €0 emPePordveton 1 voapén g emoykottoac. To yeyovog owtd
glvar Loyiko epOGOV T0 Kahokaipt yivovtal Ta TeptocoTep ToEid10 Kot LITdPYEL N GvONGT TOL TOVPIGLOYD.

7.5 Efwyeveig peTaBAnTég

Ot e€myeveig petafintéc, yvootéc Kot g eEmtepikég 1 emenynuotikés petapintésg, ivor mapdyovieg
oV dgv TEPIAMOUPAVOVTOL GTIG YPOVOGELPEG IOV OVOADOVTOL OAAG popel va égovv emidpacn oe avtés. H
ocounepiinyn eEmyevav petofintdv oty mpoPreyn ypovocelpdv pmopel vo givar kpioiun emedn
EMTPENMEL O O OAOKANPMUEVY] KOTAVONGT TOV VIOKEILEVOV TOPAYOVTIOV TOL EmNPedlovV TG
ypovooelpés. Xwpic va Aappdvovrol vioyn eEwmyeveig petafAntés, o tpdPreyn xpovooelpdv Utopet va
givar Atydtepo axpifig Aoym ¢ TapaAEYNg CNUAVTIKGOV TANPoeopIdV. EmimAéov, pe v evoopudtmon
eEmyevav petafnTodv, KobiocTotol duVATOG 0 EVIOMICUOC GYECEMV OLTIOV-OTOTEAEGHOTOG HETALD TV
petafAntav, ot onoieg pmopodv vo Pondncovv ot Ayn KatdAAnA®V gvepyeldv ywo T PBeAtioon g
peMAOVTIKNG amddoons. Zvumepacpatikd, otv egwyeveic petafintés mailovv onuavtikd poAo otV
TPOPAEYN YPOVOGEPDV TTapEyovTag Tpocbetec mAnpogopieg mov umopovv va Pedtidcovy v akpifeia
KOL TNV KOTovON o TV TPOPAETOLEVOV TACEMV.

Aopfavoviag TG Topamdve TANPOEOpieg VoWV, dNUIOLVPYHONKAY SOPOPETIKE GUVOAX
dedopévav ota omola cupmeptlapPdvovtor drapopetikeés emyeveic petafintéc. O eEmyeveic petafintég
7OV ypnoiporomnkay mepAapfavovy Tov xpdvo, Tig Kapavtiveg oAAd Kot TV aplipd T@V oTOUOY TOL
éxouv gpupolaotel. Avaivtikdtepa, mépa amd 10 cHVOLO dedouévav mov meplapPdvel ) ypovooelpd
yopls eEoyevelg petafintég, Omuovpynnkav 3  emmpdcbeto cvvoro  dedopévav.  Apyikd,
dnpovpynnke évo mTP®OTO GVVOLO SedOUEVOV TO OT0i0 TEPIAAUPAVEL YPOVIKEG TANPOPOPIEG MG
KovoOpyLo YOPUKTPIOTIKAL.

H onpacio g mpochkng tov ypovov o¢ e&myevong LETOPANTAG oTNV TPOPAEYT] ¥POVOCEPDY
gykertan oty Peitioon g KovoTTd Tov HOVTELOL va Aopfdvel vdyn to TPOTLTO KoL TIG TAGES OTa
dedopéva. H emoyuwcomta Ko  avdivon tdoswv givor pepikoi omd tovg Pactkods Tapdyovies mov
UopovV vo. amotunobovv tpochitoviag Tov ypovo o¢ e&myevn petafAnty. Zvumepthapfavovtag tov
YPOVO ®¢ eEyevn LETOPANTY, Elvat duvaTh 1 avaAvo™ Kot 1 TPOBAEYT CVTOV TOV TAGEDV.

Ta yapaktnpiotikd mov dnuovpyndnkay givar n pépa g Poouddag (Weekday) , to tpipnvo
oAl kot To €toc. To yapaktmpilotikd Weekday givar apOuntikd ko maipvel typég amd 0 émog 6. To undév
avtiotoyel omv Aevtépa kot to €&l oty Kvuplokn. Emmiéov, 1o tpiunvo eivar kot avtd apBuntikn
petaPAntn kot waipvel Tég amd 1 émg 4, 6mov 1 givat o xedvag eved 4 to OvoTwmpo.

Ocov avagopd TNV kapavtive, o¢ eE@yevég yapakTnploTikd, dnuovpyndnke o Boolean
petaPinty, o6mov €xst mv Tt 0 dtov dev vanpye Kopoviiva, eved moipvel v Ty 1 og avtiBetn
TEPINTOON.
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Téhog, cuvektymbnke N petafint mov meptypdpet aplBpd tov atdpmv oV £Xouv UPoAooTEl.
To yopaxTpioTiKd avtd omokThdnke amd dnuocievpéva dedopéva mov apopovy v Covid-19. ¥ To
dedopéva avTd eAEyXOnKay e AVAAVOT GUGYETIONG Kot EMAEXONKE TO YOPUKTNPLOTIKO TOV EUPOMACUOV
€POGOV gixe TNV UEYOADTEPT] GLGYETION LE TNV YPOVOCEPE TV apiewy.

7.6 Ailaxgipion ZTaCIHOTNTAG

Onwg TopovcldoTnKe 6T0 TPMTO KEPAANIO, CUAVTIKY VAL 1 OVIWETAOTION TNG KN OTAGIUOTNTOG TNG
xpovocelpds. O HETACYNUATIOUOS LG U1 OTACYNG YPOVOGELPES G OTACLUN &ivol CNUOVTIKY ETEWN
TOAMAEG TEYVIKEG AVAAVGNG YPOVOCEPDV, OTMG 1| TPOPAEYN KaL 1] OTATIOTIKY LOVTEAOTOINGT, VITOBETOVY
ot ta dedopéva givan axivira. Ta un otdoiuo Sedopéva, UmopovV v TOPEYoLY TOPOUTAAVITIKG 1)
EGQUALLEV OTOTEAEGLLOTO KOTA TN XPNOT] QLTMV TV TEXVIKDV.

Hopampodvtag 6Tt 1 xpovocelpd dev givar otdown, o&ilel va avapepbel 0Tl To. LOVTEAN OV
YPNOOTO O KAV SOKYACTNKAY [E TA SLAPOPA GUVOAD SEOOUEVMV OAAG KOl LE TO. GOVOAN SESOUEVOV
TpomOTOMUEVE. G oTAcIo. Avalutikdtepa, maipvoviag Tig mpmteg dapopés (differencing) ot
YPOVOGELPH onueddnke N petorpon g o€ otdoiun. Ov mpoPAéyelg mov dnpovpynnkav amd Tig
OTAOIES YPOVOCELPES TPOPANONKOY €K VEOV GTO OPYIKO EMIMEDO TNG YPOVOCEPAS TPV TNV 0El0AOYNoN
LLE T XPNOT| TOV LETPIKDV.

7.7 MNivakag armoTEAECHATWYV

210V mopokdto mivako mopoatifevrol o amoteAéopata NG LEAETNG Yo TV TPOPAEYN TV 0pifewVv 6TO
AeBvég Agpodpdpio Abnvav. A&iCet va toviotel 0Tt To diotnpa mpoPAeyng mov emdéybnke givar 60
NHEPES.

Xpetdletor va  ovapepBel o1t ommv omyin Features Ppiokovtar ot petapintég mov
ypnoonomdnkay o¢ eEwyeveic. Xe TPonyovEVT EVOTNTO £YIVE AVOAVTIKY ovapopd yia To Vo eEETaom
eEMYEVNG YOPOKTNPIOTIKAL.

MODEL FEATURES RMSE MAPE MAE DIFFERENCING TIME
Covid 81.34 0.39 51.73 True 0:01:06.410
Covid 82.37 0.37 51.32 False 0:01:15.872
None 81.24 0.39 51.7 True 0:00:44.425

P . None 79.76 0.45 53.83 False 0:01:05.483
Quarantines 81.24 0.39 51.7 True 0:01:34.822
Quarantines 82.51 0.36 50.83 False 0:02:07.827
Time 82.37 0.39 52.18 True 0:07:07.864
Time 79.55 0.51 56.65 False 0:17:42.342
Covid 84.52 0.39 52.17 True 0:00:00.205
Covid 44.98 0.28 28.52 False 0:00:00.220
None 91.89 0.4 57.92 True 0:00:00.151

P None 44.65 0.28 27.87 False 0:00:00.160
Quarantines 93.31 0.37 56.77 True 0:00:00.161
Quarantines 45.7 0.29 29.38 False 0:00:00.171
Time 87.34 0.39 53.97 True 0:00:00.223
Time 44.94 0.28 28.15 False 0:00:00.236
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Covid 93.66 0.44 59.23 True 0:00:00.553
Covid 45.55 0.3 30.32 False 0:00:00.611
None 83.55 0.49 55.73 True 0:00:00.465
e None 4419 0.29 28.73 False 0:00:00.483
Quarantines 80.8 0.58 58.73 True 0:00:00.537
Quarantines 45.02 0.3 29.23 False 0:00:00.598
Time 10446 0.6 75.22 True 0:00:00.709
Time 43.56 0.29 28.67 False 0:00:00.755
Covid 86.19 0.48 57.2 True 0:00:00.082
Covid 51.81 0.31 36.6 False 0:00:00.083
None 108.67 0.67 80.25 True 0:00:00.070
A None 46.52 0.31 30.65 False 0:00:00.064
Quarantines 101.67 0.65 73.93 True 0:00:00.065
Quarantines 47.41 0.33 32.3 False 0:00:00.071
Time 108.82  0.64 78.72 True 0:00:00.082
Time 45.76 0.32 32.43 False 0:00:00.087
Covid 125.17 1.54 110.87 True 0:00:05.338
Covid 96.79 0.39 61.8 False 0:00:09.000
None 83.71 0.38 53.93 True 0:00:07.257
Ep— None 49.03 0.34 32.2 False 0:00:05.730
Quarantines 84.22 0.82 72.83 True 0:00:06.780
Quarantines 55.52 0.49 39.7 False 0:00:09.679
Time 101.76  0.62 75.52 True 0:00:09.060
Time 47.87 0.36 33.32 False 0:00:06.753
Covid 81.6 0.76 68.55 True 0:00:00.085
Covid 13544 1.0 112.3 False 0:00:00.168
None 93.75 0.38 57.77 True 0:00:00.042
None 44.49 0.31 30.22 False 0:00:00.091
MLP Quarantines 85.69 0.66 64.97 True 0:00:00.071
Quarantines 44.48 0.28 28.85 False 0:00:00.095
Time 77.49 0.55 57.72 True 0:00:00.041
Time 49.52 0.34 34.32 False 0:00:00.237
Covid 13713 1.26 111.38  True 0:01:28.562
Covid 47.2 0.38 33.82 False 0:00:16.276
None 235.96 2.95 192.8 True 0:00:55.868
- None 48.8 0.32 33.37 False 0:00:22.782
Quarantines 93.41 0.5 65.92 True 0:01:06.691
Quarantines 47.81 0.38 31.08 False 0:00:19.738
Time 154.75 1.89 129.35 True 0:01:42.322
Time 47.29 0.32 30.63 False 0:00:29.911
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7.8 OnTiKomOoinoN AMMOTEAETHATWYV

Y10 KEPGAA0 ovtd o Yivel ONTIKN TOPOVOINGT) TOV OTOTEAEGUATOV, KOODS KOl avapopd TV
GUUTEPACHLATMV TOV TPOEKLYALV.
RMSE

None Time

160

140 A
200
120 4
150 4 100
80
100 4 60 4
40
50

20 4

:

o
BDLSTM MLP TCN Arima AdaBoost HGBoost XGBoost BDLSTM
Quarantines Covid

AdaBoost  HGBoost XGBoost

0
AdaBoost  HGBoost XGBoost BDLSTM Arima AdaBoost  HGBoost XGBoost BDLSTM

Differencing
B False - True

Xyfpe 16: Ontikoroinon RMSE

MAE

None Time
200 §

175 4 120 4
150 100 4
125 4
100
754
50 1

254

3

AdaBoost ~ HGBoost XGBoost BDLSTM Arima AdaBoost ~ HGBoost XGBoost BDLSTM

Quarantines Covid

AdaBoost ~ HGBoost XGBoost BDLSTM Arima AdaBoost ~ HGBoost XGBoost BDLSTM

Differencing

EEE False . True

Typa 17: Ontikonoinon MAE
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MAPE

None Time

3.0
1.75
2.5
1.50
2.0 1.25 1
15 1.00 A

0.75 1
1.0 4

0.50 4

0.5 0.25 4

0.0 -

Arima AdaBoost  HGBoost XGBoost BDLSTM Arima AdaBoost

HGBoost XGBoost BDLSTM

Quarantines Covid
1.6

0.8
1.4+
0.7 4
124
0.6
05 ] 1.0

0.4 q 0.8+

0.3 0.6

0.2 0.4 4

0.1 021

0.0 - 0.0-

Arima AdaBoost HGBoost XGBoost BDLSTM Arima AdaBoost HGBoost XGBoost BDLSTM

Differencing

EEE False mm True

Yyqpa 18: Ontikomoinon MAPE

[pdto ko KOpo cvumépacpo amotehel 1 Un onotelecpoTIKOTTO TG HEBOdOL TPOTO®V dPopdV
(petatponn| ypovocelpds o oTAoIUN) ot PeATiOoN TOV OTOTEAEGUATOV TV poviéAwy. Me Bdon Oleg
TG LETPIKES, mapatnpeitar 0Tt Pedtimoe onpavtikd to amoterécpata povo tov poviéhov MLPRegressor
oV mePInT®on Omov ypnoylomomdnke cov eE@yeving petafAnti o apBud TV atdp®v Tov £YovV
euporactel.

Emumdéov, a&ilel vo tovioTtel 1 GOYKPION TOV OTOTEAECUATOV UETAED TOV KATIYOPIDV TOV
LOVTEA®V. ApPAvovTag LTOYIV Kot TIG TPELS UETPIKES 0E0AOYNONG TV TPOPAEYE®V GTO U GTACLUA
dedopéva, Topotnpeital 6Tt To ensemble Kol To VEVPOVIKA LOVTEAN TOPEIOV OE OPIGUEVES TEPUTTMGELG
KOADTEPEG TPOPAEYEIS GUYKPITIKG LE TO GTOTIOTIKO UOVTEAO. AVOADTIKOTEPO, GTNV OTAN YPOVOGEPH
aALG KoL 6TO0 GUVOO0 dedopévav pe Tov xpdvo cov eEmyevn| YapaKTNPLOTIKE TapaTnpeital OTL To LOVTELD
avtd a&loroynOnkay kaAdtepa amd to AutoArima.

Ewwotepa, a&ier vo avapepbel meplocdTePO KoL 1 Aod0TIKOTNTO TOV HOVTEL®Y ensemble ota
un otdoia dedopéva. AvoluTikotepa, He Pdom Kol Tig TPEG UETPKEG a&loAdynong ta HOVTEAD avTd
épepav otabepd KoAVTEPO OmMOTEAEGUOTO G OAAL To GUVOAO OEOOUEVOV GUYKPITIKG UE TO HOVTIEAO
AutoArima. 'Eva tedevtaio copnépacpa givar to yeyovog OTL 1 €l00y®Yn eE@YEVOV LETOPANTOV dev
dnpovpyNnoe Kamoto onpovtikn Peitioon oto vd eEETaon LovTELQ.
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8 FlightForecaster

Y10 kepaiao ovtd Ba yiver avaeopd yio v avamtuén epappoyng FlightForecaster. H spappoyn avti
dnovpynonke pe ckomd v cOUTTLEN TOV OTAdi®V ORTIKOTOINGNG TV JESOUEVMV, EKTELEGNG TV
HOVTEA®V OAAG KOl TNG Tapovsioong Tov evpnuatov. H dadpactiky avty epoppoyn ovamtoydnke pe
™mv xpnon g Pprobnkng Streamlit tng Python.

Avolotikotepa, 1 EpopHoYN ovT omoteleitan omd 4 KopTéhes. XtV Tp@OT KopTéAo mepAapuPaveTol pio
oOVOYT TV SVVATOTNTOV TNG EPAPUOYNG, KAOMOG Kot AALEG TANPOoPOpieg OV ¥PNLOVY AVAPOPIG.

Y Introduction

FlightForecaster

)
=
WP Results

(

Welcome!

Thank you for using FlightForecaster for your data analytics needs. This project was created as part of my MBA studies in Business
and Data Analytics. This application is designed to help you predict the number of arrivals at the Athens International Airport, up to 60
days in advance. The forecasts are used to view the performance of different predictive models.

Firstly, you can use this application to visualize and filter your data in various ways. As part of the main forecasting functionality, you
can choose from a variety of exogenous variables and predictive models. Also you can enable differencing to test the accuracy of your
predictions.

| hope you find FlightForecaster to be a valuable tool in your data analysis journey. If you have any feedback or questions, please don't
hesitate to reach out

Sincerely,
Emmanouil Vouvakis

More Info

Models

In total there are 7 different models. The selected models can be categorized as Statistical, Neural Networks and Ensemble.

0 AutoArima Statistical

MLP Neural Network
2 BLSTM Neural Network
3 TCN Neural Network
4 HGBoost Ensemble
5 AdaBoost  Ensemble

6 XGBoost  Ensemble

Exogenous Variables

Exogenous variables/features can be utilized in time series forecasting to increase prediction accuracy. Economic indicators,
weather patterns, and occasions like holidays or sales are a few examples of exogenous variables. Exogenous variables can help
a time series model better represent the underlying relationships and pattems that underlie the time series data, producing
forecasts that are more precise. In this case the selected features are:

o Time ( Weekday(1-7), Quarter(1-4), Year )

© Quarantines ( Quarantine: 1, No Quarantine: 0 )

o Covid data ( People_vaccinated )

Sources

o Covid :
o Flights :

Yyqpna 19: Ewoayoyikn kaptéla
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Yvveyilovtog, otn 0e0TEPN KOPTEAQ, YIVETOL 1) OLTIKOTOINGN TOV ded0UEVOV api&EV TOV VIO HEAETN
0.EPOOPOLIO [E TOKIAOVG TPOTOVG,.

¥ In
% Exploratory Analysis Enable Rolling Enable yearly Enable Average?
Mean? filtering?

@ Machine Lea
@ Machine Lea

P Results

0

Jan 2019 Jul 2019 Jan2020 Jul 2020 Jan2021 Jul2021 Jan2022 Jul2022
Date

Arrivals throughout the week Arrivals throughout the seasons

Xypa 20: Kaptéha sEgpevvnong
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Yy tpitn kaptéha divetar 11 SuVATOTNTO GTOV ¥PNOTN VA VAOTOMGEL 0 1010¢ T0. povtéda TpoPreyng oe
mpaypoatikd xpovo. Emmiéov, yiveral ontikonoinon tov TpofAEyeny Kol TV GOUALATOV TOV LOVIEAOL
mov anédmwoe to pikpdtepo MAPE.

Exogen Models:

No Exogenous MLP x  HGBoost x AdaBoost x

View: Enable differencing:

60 Days - ® True

False

Evaluation Metrics
RMSE MAPE MAE
83.5464 0.4859 55.7333 0:00:00.526
90.3775 0.3627 54.3667 true 0:00:00.162
93.7488 0.3823 57.7667 true 0:00:00.064
44.1946 0.2926 28.7333 false 0:00:00.502
AdaBoost S 459121 0.2902 29.6833 false 0:00:00.162

MLP ous 44.4925 0.3104 30.2167 false 0:00:00.100

Best Mape (Model: AdaBoost , Differencing: False)

Truth
~—— Prediction

o
©
=
£
<

Sep 11 Sep 18 Sep 25 oct23

Residual Analysis
Stationarity Status: Stationary (ADF Pvalue = 0.0)

e

2022-09-08  2022-09-15 2022-09-22 2022-10-01 2022-10-08 2022-10-15 2022-10-22

Distribution: Normal (Kstest Pvalue = 0.0)

S 9o
> o

Frequency

o
~

=50
0

Autocorrelation

Yypa 21: Koptéha sknaidsveng poviéhov
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YV tedevtaio KapTtéAa TG EPAPIOYNS, YIVETOL 1] OTTIKOTTOINOT] TOV ATOTEAECUATOV TTOV TPOEKVYAV GTO
TAOIG10 TNG CLYKEKPILEVNG HEAETNG. AVTO OMOQOCIOTNKE Yo VO UnV ¥PELILeETOL O YPNOTNG VA TEPLUEVEL
va tpé€ovy Ta povtého Yoo vo del to amoteléopata. Emmpocbeta, afilet vo onueimbel otL Ta
amoteAéopata ovtd pmopodv va Anebovv emiong omd avti v Koptéha. Kieivovtag, akolovfel n
KOTOYPOPT] CUUTEPUCUATOV TOV TPOEKLYAV OTTO T OTOTEAEGLOTO, TTOV TP ONcaV.

Features: Differencing:
None x  Time X  Covid x False x  True x

Quarantines x

AdaBoost
HGBoost
XGBoost
BDLSTM

AdaBoost
HGBoost
XGBoost
BDLSTM

Quarantines

AdaBoost
HGBoost
XGBoost
BDLSTM
AdaBoost
HGBoost
BDLSTM

Not Stationary
Stationary

Show table

Features MAPE MAE Differencing Time

None 81.2400 51.7000 0:00:44.425
None 79.7600 53.8300 0:01:05.483
Time 82.3700 52.1800 0:07:07.864
Time 79.5500 56.6500 0:17:42.342
Quarantines 81.2400 51.7000 0:01:34.822
Quarantines 825100 50.8300 0:02:07.827
Covid 81.3400 51.7300 0:01:06.410
Covid 82.3700 51.3200 0:01:15.872
Covid 84.5200 52.1700 0:00:00.205

Covid 44.9800 28,5200 0:00:00.220

Download data as CSV

Conclusions

The first conclusion is the ineffectiveness of the differencing method (time series conversion to stationary) in improving the results of the

models. Based on all metrics, it is observed that it significantly improved only the results of the MLP model specifically in the case where the

number of vaccinated people was used as an exogenous variable.

In addition, it is worth comparing the results between the different categories of the models. Taking into account all three metrics for evaluating
predictions on non-stationary data, it is observed that the ensemble and neural models in some cases provided better predictions compared to
the statistical model. In more detail, using the dataset with no exogenous variables but also with time as exogenous features, it is observed that

these models were evaluated better than AutoArima.

Continuing, it is worth mentioning the great efficiency of the ensemble models in non-stationary data. More specifically, based on all three
evaluation metrics, these models consistently performed better in all datasets compared to the AutoArima model.

Afinal conclusion is the fact that the introduction of exogenous variables did not create any significant improvement in the considered models.

Type 22: Keptého aroteheopdtov

Téhog, vy Adyovg mANPOTNTOG KOl KOAVTEPNG MAPOVLOINCNG TOV OSLVATOTHTOV NG EPAPLOYNG
dnpovpynnke éva cvvtopo Pivteo. To Pivteo avtd pmopel va Ppebei edm: AHYH
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9 Zupnmepaopara - Mporaocsig

Y10 teAevtaio avtd Keedioo ofiler va yiver por oOvioun avokepoiaioon g HEAETNG OAAL Kot
mapovcioon mpotdoemv yioo v eEEMEN e Ze apykd mAaiclo yivetol mEPLYpaPn TG ONUAGIOG TOV
KAGOOV NG 0EPOTOPIOG OTIG OIKOVOUUEG, KAOMG Kol TV TPOKANcE®mV mov avtipetonilel. Zuveyilovtag,
TEPLEYPAPNKOV Ol TPOTOL LE TOVG 071010V¢ 1 TPOPAEYN TOL aplBrov aPifemv ota 0gpodpopLLo pUmopel va
ypnowonomBel amd oepodpoLe, OEPOTOPIKES ETOLPEIES, TOMIKEG KOWOTNTEC, OAAG Kol amd TV
KuBépvnon v e&aymyn KpiooV TANPOPOpLOV.

lNo va yiver TAM PG katavontdg o TPOTOG TPOPAEYNG YPOVOCEPAS HE UNYOVIKT Hadnon,
amapoitn eivar 1 yvoon Beopiog. Xvvendg akorobbnoe Bewpntikh avaivon yuo Tig ypovocepés aAAd
Koy TNV pnyovikn pdbnon. ZvveyiCovrag, £ywve avagopd oto Bewpntikd voPfabpo tov emheyuévav
HOVTEA®V TpOPAEYNG OAAG KoL GTOV TPOTO KOTNYOPLOTOINGNG TOVG G GTATIOTIKG, VEVPMVIKA Kol
ensemble povtéio. Adyw g TANODPOG TOV VIEPTOPAUETP®V ALY KOl TNG LEYOANG ONUAGIOG TOVG OTo
HOVTEAD, TOPOVCIAGTNKAY OCUVOPTNOELS €VEPYOmMOINoNG OAAG Kot aAyopiOpol  elaylotomoinong
opaipatoc. o v odokApmaon Tov Bewpnrtikod vofabpov, avoarthydnke 1 anapaitntn Oewpla yo Tig
petpicég a&loAdynong.

Y10 emdpevo eminedo g HEAETNG, Eyve TaPoLGiaoT Tov TEPPAALOVTOC TTOV VAOTOWONKE CVTY
oALG Kol ot TeyvoAoyles mov ypnowomowdnkoav. Xto onueio avtd emiong avaeépdnke o TpdmMOG
dwyeiptong Tov dedopévav amd v Tyn oAAd Kot 0 Adyog mov emAéyxOnke 1o AeBvég Agpodpopio
Avev og 1o vrtd perétn aepodpdpo. Emmdéov €ywve e&nynom tov tpdémov emefepyaciog twv
ATOKTNUEVOV Se60UEVOV OALY KOL TOV EMAEYHEVOV EEMYEVAOV PETAPANTOV.

Ye teMkd emimedo €yve OMTIKOMOINGCT TMV OMOTEAECUATOV OAAG Kol ovoeopd  GTo
ocvumepdopata wov dnuovpynOnkav. Avolvtikdtepa, mapovoidotnke OtL To. ensemble povtéda
amEdMOaV TO KOADTEPA AMOTEAECUATO AALG KOt OTL 1] LETATPOTN TOV OESOUEVOV GE GTACLO OEV EMEPEPE
Kamow onuovtiky PeAtioon otig mpoPAéyelc tov povtédwv. EmmpocBitwg, mapatnphnke Oti
ovuneptiappavovrog emyeveic petafintés, Oommg TOvV YPOVO, TIG KAPOVTiVEG Kal TOV aplBud tov
gupolacpévav moltov xatd tng Covid-19 dgv PeltidOnkav ov mpoPréyewc. Kheivovrag, éywe
napovoioon g epapuoyng FlightForecaster n onoia dnuovpyndnke pe okomd TNV GOUTTLEN TOV
otodi®v omTkomoinong TV Oedopévav, EKTEAEONG TOV HOVIEA®V OAAG KOl TOPOVGILOCNG TOV
gupnudtwy.

H mapamdveo perétn pe tov 1pdmo mov €yl VAOTOM el TPOYPUUUATIOTIKG UTOPEL e EVKOALD VO
epapuootel o onolodnmote GAAO agpodpduio. Emmiéov, emhéyoviag neplocotepa omd £va ogpodpopLio
Katd ™ dwdkacio chpwong Tov apyelmv g anyns, kot abpoiloviog ta avd nuépa omoteAécpora,
yivetol dvvarh n vVAomoinon TG HEAETNG GE Vo EVPVTEPO YEDYPUPIKO YDPO (Y. xdpa). Mo axduo
mlavn moporhayn ™G peAETng Bo pmopovoe va viomomBel pe TV ¥pNon JSPOPETIKOD TPOTOL
dayeiptong g U oTACOTNTOS TOV OESOUEVMV Y10, GOYKPIoN TV amoteAeoudtov. Kisivovtag, a&ilet
va avoeepbel 0Tl TOAD gvdlapépovca Ba Mtav 1 emEKTOON TNG UEAETNG QVTHG LE TNV EVOOUATOOT
dwpopetikdv e&myevav petofintov. [Hapadeiypata tétolwv petafintov 0o pmopodoav va givor o
TAN0wPopog TG YDPOC, 1| Léon Beprokpacia 1 aKOL Kot 1) T TOV KOVGIL®Y TOV 0EPOTALVOV.
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