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Mepianym

O topéag tv TpoPAéyemv, Kol EOIKOTEPO TMV EMYEPNCLOKAOV, Tapovcstdlel pio
a&loonpeiot avdmtuén to tedevtaio ypdvia, 1 omoio AauPdvel ydpo TAPAAANAL pE TNV
EMOVACTOOT TNG EMGTHUNG TOV OESOUEVDV.

Ot TopadoclokéS oTATIOTIKEG HEBOOOL TPOPAEYEDVY TTOV KLPLPYOVCAY GTOV YDPO KATH TO
TPAOTA YPOVILL TNG VEAG YAETIOG, apyilovy va d&xovTal EVTOVO avIay®VIoUO amd TiG Hefddovg
UNYOVIKNG paBnong kot 1taitepa amd To. VELPOVIKE d1KTLO, TPOG T OTTO10 TO EVOLAPEPOV TNG
EMOTNUOVIKNG KowdtNnTag, Tépace and tov evbovoiaocud katd v dexoetio Tov 80, otov
TOPOTAGHO, Kol KATOMY otV @pevipr viobEtnon tovg kotd ™ devtepn dekactio Tov 21°°
aLOVaL.

210 WPAOTO TUNUO NG TAPoVGOS OWAMUATIKNAG — yivetow piol EKTEVIAG MOPOLGINGT TMOV
TaPad0GLak®V HEBOSWV Kot TEYVIKOV TtapaymyNg tpoPréyenv. Katdmv, n epyacia eotialet
oT1g neBOdOVG Pnyavikng pdbnong Kot 101aitepa 6Ta VEVPOVIKA dIKTLO KOl TOV TPOTO YPNONG
TOVG GTOV YDPO TOV TPOPAEYEWV.

AxoAovBel M mepLypan TG TEPAUATIKNG OOIKAGIOG oL VAOTOMONKE LE TN YADOOWH
npoypappatiopod  python. Xto miaiocd ™ viomombnkav kot depevviOnkay TOAAEG
OPYITEKTOVIKEG GUVEMKTIKOV VELPOVIK®OV Oktov (CNN) mpokeipévov vo exkmovnfovv
ONUEKES TPOPAEYELS Y1d TIC ETNOLEG YPOVOCELPES TOL OlAYOVIGHOL M4,

Méoco ond o dSwdwocio Peitiotomoinong vrepmapopétpov, emdéyxdnke m PéATIoT
QPYLTEKTOVIKT], Kol Ol €mMOOGEG TG ovykpifnkav ue éva Multi Layer Perceptron mov
avortoydnke g benchmark pébodog yia tig avaykeg g mapodvoag, v pébodo Theta mov
amotedel kabiepopévn otatiotikn HEBodO pe eEapeTikéc €MOOGES G TPONYOVUEVOLG
daywviopodc M, kabmng kot pe v pébodo ES-RNN (Exponential Smoothing Recurrent
Neural Network), mov ovca vPpOKH péBodoc (cvvdvaoudc ekbetikng eEopdivvene ue
VOO POLUKA VELP®VIKE dlKTLO) avadelyOnke VKN Tpla Tov dlaywvicpov M4,

H egpyocio ohoxAnpovetar pe mpotdoelg mepaitépw Peltiotomoinong g emAeyeicog
OPYLITEKTOVIKNG GUVEMKTIKOV O1kTHOL, KaOD Kot dnuovpyiog piog SIKTLOKNG £QPAPUOYNG,
TPOKEWEVOD TOL OMOTOKA TNG Tapovoos va tefodv e mopay®YK) Agrtovpyio. Kot GTNV
duaBeon tov Kowvov. Télog, yiveror GLINTNON GYETIKA LE TO EVEPYEWNKO OMOTUTMUO TOV
neBdd®V oL YpNoyLoTOONKAV.

A1 KAELONG:

Teyvikég IpoPfréyemv, Mnyovikn Mabnon, Zvveliktikd Nevpovika diktvo, Python, Keras.
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Abstract

Forecasting, and in particular business forecasting, is a field that has shown remarkable
growth in recent years, a growth taking place in parallel with the data science revolution.

The traditional statistical forecasting methods that prevailed in the field during the first years
of the new millennium are beginning to face intense competition from machine learning
methods and especially from neural networks, to which, the interest of the scientific
community, transitioned from the enthusiasm during the 80s, in decommissioning, and then
again in a frantic adoption during the second decade of 21st century.

The present dissertation’s first part comprises of an extensive presentation of traditional
forecasting methods and techniques. Then, its focus shifts to machine learning methods and
especially to neural networks and their usage in the field of predictions.

What follows, is a description of the experimental process implemented with the python
programming language. As part of this, many convolutional neural network (CNN)
architectures were implemented and explored in order to get point predictions for the M4
competition’s, yearly time series data.

Through a process of hyper-parameter optimization, the optimal architecture was selected, and
its performance was compared with that of a Multi-Layer Perceptron (developed as a
benchmark method for the needs of the dissertation), of the Theta method which is an
established statistical method with excellent performance in previous M competitions, and of
the ESRNN (Exponential Smoothing Recurrent Neural Network), which, being a purely
hybrid method (combination of exponential smoothing with recurrent neural networks)
emerged as the winner of the M4 competition.

Our work is concluded with proposals for further optimization of the selected network
architecture, as well as the creation of a web application, in order for the findings of our
research to be put into production and become available to the public. Finally, a discussion is
made about the energy footprint of our methods.

Keywords:

Forecasting Techniques, Machine Learning, Convolutional Neural Networks, Python, Keras.
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1 Ewaywyn

1.1 Tsvika

210)0¢ NG TOPOLGOS SIMAMUOTIKNG £pYaciog etval 1 Slepedvnon TG OMOTEAEGLATIKOTNTOG
™G xpNong ZuvelMkTikov Nevpovikov Awktoov (CNN) omv mpdPreyn ypovocepav

YPNOUOTOIDVTOS OEOOUEVO TTOV TPOEPYOVTAL OO TOV SLy®VIoUO TpoPAéyemv M4,

[Mopadocakd o yOPog TV TPOPAEYEMY EMYEIPNCIOKDY YPOVOGEPADV KLPLOPYEITAL amd TIC
otoTloTikég ueboddovg. Qotdéco Ta teElevtaion ¥povia, €voc vEOG maikTng €xel e16€ADeL
duvapIKd 6To Y®PO, Kat dev ivar GALOG amd ) Mnyavikr) MdOnon (ML). Zvykexpuéva, yio
vo avagepOovE GTO YMPO TOV JAYOVICUOV TPOPAEYEDV, GE TOAMOTEPOVS OLYOVIGLOVG
(M3) 1 anddoomn tev pHeBOd®V avTOV dev KPiBNKe 1kavoTomTIKY £T61 AGTE VO AVTOYOVIGTOVV
TIG TOPASOGLOKES GTATIOTIKES HeBOd0VE. 26TOGO GTOVG TEAELTAIOVG dLYOVIGHOVS, M ¥PoN
OALG KOL M OTOTEAEGLOTIKOTNTA TOVG €£xel Peitiobdel onuoviwkd. H peydin éxminén mov
onpewdnke 6to dwyovicpnd M4 fitav n vikn piog «woPfpdkne» tpocéyyong 1 onoio £KOvE

¥PNON OTATIOTIKAOV aAAG Kot ML yapoktnpiotik®dv.

To peyddlo «pelovékTuoy TG UNYovikng padnong (ewwotepa g Pabdiac pabnong), eival
EUQOVAOG Ol PEYAAOL YPOVOL EKTTOIOEVONG TOL OTOLTOVVTOL KOl KOT' EMEKTOCT) TO EVEPYELNKO
¢ anotvnopa. H mapovoa dumhopatiky eotidlel ovv 101G dAL0IG 6T0 Vo aloAOYNOEL TO

YPOVO KOl GUVETMG KOL TV EVEPYELOKT CUUTEPIPOPA TOV GUVEAMKTIKAOV VELPOVIKDOV SIKTUMV.

Ov ypovooelpéc mov ypnoporomdnkayv aviAnOnkov omnd to d£d0péVE TOV OLYWOVIGHLOV
npoPréyewv M4. T v enelepyacio TV dedOUEVOV YPNGOTOMONKE TO OWKOCVLGTNHA
TEYVOLOYIOV TNG YAdooag python kot yw v OMpovpyio. T@V GUVEMKTIK®V SIKTO®V,

ypnoormomdnkayv ot fiprodrkeg tensorflow kon keras.
Yav kprrpro agloAdynong Tov poviédmv ypnolpomotdnke to SMAPE.

Q¢ pébodor avagopds ypnowomombnkav, £va  Multi-Layer Perceptron (MLP) mov
EKTTOLOEVTNKE OMOKAEIOTIKG YO TIG OVAYKEG TNG MOPOLGOS €PYOCiag, M Kobiepopévn

otatiotikn pébodog Theta, kabdg kot n viknripla pébodog tov dtyoviepod M4 (ES-RNN).



1.2 Opyavwon ti¢ epyaciag

210 dedTepo KEPAAOLO, YIVETOL TAPOLGINGT TNG OAOIKAGING Tapay®YNG TPOPAEYEDV KOl M
aropaitntn Beperinon Tov oyxetik®v gvvoldv. [lapovsidloviat ot mo KAUGIKEG CTUTIOTIKES
puébodol mpoPAeyng ko to pétpa axpifelag mpoPréyewv. Iveton emiong oavoeopd oty
oTopio, TO amOTEAEoUATO Kol TO ovumepdopata Tov dwyovicuov M (Makridakis

Competitions).

210 7piTo KEPAAULO TOPOVCIALOVTOL Ol KUPLOTEPES EVVOLEG TNG UNYOVIKNG Hdbnong, n omoia
dwakpivetonr o emPAendpuevn Ko pun emiPrenopevn kat meptrypapovtot ot facikés pébodot tng

Kd0e katnyopiag.

210 TETOPTO KEQAANIO YIVETOL OVOAVTIKY TOPOLGINCT] TOV VEVPOVIKOV OIKTVMOV KOl TMV
SOUIK®V TOVG GLOTOTIKAV. Idwaitepn Epeacmn SIVETOL OTOL GUVEMKTIKA VELPOVIKAE SiKTLO
(CNN) Kot otnv TOALL VITOGYOUEVT] OPYITEKTOVIKT) TOVC, MOV OKOVEL 6TO OVOUO XPOVIKA
Yvvelktikd diktva (Temporal Convolutional Networks), n omoior amevBivetar kot €xet

eUPavioel EENPETIKEG EMOOCELS GTNV OVAALGT XPOVOAOYIKADV dESOUEVMV.

Y10 méurmro Kepdlowo mopovoidletor 1 mepopotiky dwdwkocsio mov  axoilovOnOnke:
Agdopéva, mpoemeEepyacia, TEXVOALOYIEG KOl APYITEKTOVIKEG TV LOVTEA®V, EMAOYN LETPIKDV
a&loAdynong kot pefddv avapopds, Kobmg Kol BEATIGTONOINGT TOV VIEPTAPAUETPOV TOV

EMGTPOTELTNKAV TPOKEUEVOD VoL EMAEYEL 1] KAAVTEPT APYLTEKTOVIKT].

210 éxto KEPOAOMO YIVETOL OVOALGN KOl TTOPOVGIOGCT) TMV TEPAUATIKOV OTOTEAECUATWOV.
Atgpgovovtor To Oplo. TOL GTATIGTIKOV GOAOALOTOS TV HOVTIEA®V, Kol TpocsdlopileTor To
Bértioto mAnBog mov mpémel vor ekmodevTel Ko va cuvdvactel (ensembling) mpokeévon va

gxovpue To PEATIOTO OMOTEAEGLOTOL.

Atepgvvaton emiong M emidpacm NG KAOe TAPAUETPOL €KTOIdELONG OTNV Ookpifelo TV
npoPréyemv, yiveton daympiopdc Tov ypovocelpdv oe clusters ue PBaon tig b0 KOpLEC
GUVIGTMGEG TOVS KOl AvVOADETOL 1] €M{d00M TOV BEATIGTOV HOVTEAOV GE Toxéom Ue TIS neBddovg
avagopds mov emAéyOnkayv. Téhoc, ekteleitor Ypopukn Taivopdunon, n onoio. cuoyetTilel
mv akpifelo Tov TpoPAEyewV OV emTELYONKE OO TO EMAEYEV HOVTELO, LE TIC TIUEG TTOV

maipvel 1 KaOe ypovooelpd Yo Kabéva amd to PactKE TG YOPAKTNPICTIKA.



210 éfdouo KePAAMIO, TOPOLGLALOVIOL TO CLUTEPACUATO TNG MEAETNG, TMPOTAGEIS Ylol
TeEPALTEP® PEATIOON TOV EMOOGE®V TOV HOVTEAOL KOt YiveTal TPOTACT Yoo dSnNUovpyio oG
epapuoyng owdktoov (web application) péom tg omoiog o teboVV € TOPUy@YIKN
Aertovpyia ko otn 01dbeon Tov Kowvov T amoteAéouaTo TG Tapovoag epyacioc. I'veton

eniong ocv{NTNOM GYETIKA LLE TO EVEPYELNKO OTMOTOTMUA TV HEOOOWV.

Téhog, 610 0ydoo kepdiato, TapatiBeviar ot BPAMOYPUPIKEG avapOpEg GTNG OToies avETpeEe

0 HEAETNTAG Y10l TNV EKTOVNON TNG TAPOVGOC.






2 Tevika mepl TpoBAEPewv

Aéyovtag npoPreyn (forecasting) evvoodue t drodikacioo KoTd TV omoio Tpocmadovue va
npoceyyicovpe UEAMOVTIKEG TIWEC €vOG @otvouévov, Pactlopevol Katd kvplo AOYO ©E€
dedopévo  tov  TapeABOVIOC Kol TOv  TaPOVTOG. AmO TOvV  Oplopd  Tov  dOOnke,
avthoppavopacte TG ot TPoPALYELG eKTOC TOL OTL Ppiokovv epappoyr o pior peydn
ykapo  avlpomivov  SpacTnploTiTOV,  TOVTOYPOVO  YPNOCLUOTO0VVTOL KOl GTNV
KaONUEPVOTNTA HOg TOALEC POPES acvvaicOnTa (TT.). TPOYPUUUATIOUOS TWV OPUCTNPLOTITMV

nog pe Pdon pete®poroyikég mpoPAEVELS).

EeKVAUE AOUTOV, OVOPEPOVTAG EVOEIKTIKA OPIGUEVOVS PACTKODS TOUEIG TNG EMOTHUNG KOL TNG
avOpomoyevolg dpactnpdTag, oTovg omoiovg M afdmiomn mapaywyn mwPoPAEYE®V

dradpapatifel kopuPucd poro:

e Owovopio & Xpnpatoowkovopukd: Teyvikég mpofAéyewv TV ¥PNUOTIGTNPLOKOV
JEIKTAV, TG LETAPANTOTNTAS TOVG, KOBMG Kot TG PEATIOTNG EMAOYNG XOPTOPLAKIOV.
Eivar yvoot16 g n cwot) mtpoPreyn TOV TIUOV TOV UETOXDOV OTOTEAEL KATL GOV
«Ay10 SIGKOTOTNPO» Y10 OGOVG AGYOAOVVTAL LLE TOV YPNUATOOIKOVOUIKO TOUEQ.

o Ileprparrov & Kripa: TIpoPreym evepyelaxng {tnong, dayeipion vodriveov tépmv,
petemporoyia kot pomavon K.AT.. H evépyeta elvar og yvootov 1 Kivntiplog duvoun
TOV OIKOVOUIMV, Kol ©G €K TOVTOL M gvepyelakn {Ntnon cuvaptdrtol pe moAld dAAo
(QOVOLEVO TTOV APOPOLV TOVG TOAITES, OTTMG givar 1 aénon TV TIUOV TOV oyaddv
(otaopomAnBwpiopog).

e  Kowoviké nepipdrrov: TIpopreyn g minbuopokng e£EMENG, TOV EMONUOV, TNG
eykAnuatkottag kKA. o mapdaderypo n mpoPreyn g NAKIOKNG o0vOeong TOv
eAMMVIKoy TANBvuGpHoV, dtadpapatilel KOUPikd poAO oTn SLUUOPPOCT) TOMTIKOV Kol
OTPATNYIKOV PLOCIUOTNTOS TOV OGQOAIGTIKOV GUGTNUATOG, €V M TPOPAeyn g
eEEMENC og mavonuiog kabopilel oe peydro Pabud ta pétpa mov kaleitonr vo Aapet
pio kuBépvnon.

e Tovpwopoc: Extiumon aeilemv TOUPIGTOV, OSWIVUKTEPEVCEMV Kol TOEWOIWTIKOV
ocvvaArdypatoc. H cwot) mpdPreyn g tovploTikng Kivnong eivor {oTikng onuaciog

Yo o yopa 0tmg  EAAGSa (tng omoiag éva peydio mocootd tov AEIT e&aptdtan



amd Tov Topén aUTOV), Oyl HOVo o€ KLPepVNTIKO emimedo, Yoo TNV KATAPTION TOV
KPOTKoV TPOHTOAOYIGHOD, AALY Kot TN oQaipa TNG WOIOTIKNG OIKOVOUIaG.

e Meroagopés & Meraxivioels: [IpoPreyn kvkAogoplakoh @OPTOL KATA TOV
oxeO10GHO EPY®V 000TOUNG, EKTIUNOT] CVTOKIVITIGTIKAOV OTUYNUATOV K.AT.

o Axivnra & kmpotikés meprovoies: Afdmota  poviéha  mpoPreyng  Tov
OVTIKEYEVIKAOV 1) KOl TPOYUATIKOV aS1dV oKtV 0o propodoay va S1adpapoTicovy
ONUOVTIKO pOAO OTN XAPOEN TNG KPOATIKNG POPOLOYIKNG KOl KOWVMVIKNG TTOALTIKNG, Ko
va  Pondinoovv kot T Owdkacio. ANYNC  OMOPACEMV TOV  10IOTOV OV

dpaCTNPLOTOLOVVTOL GTO YDPO.

Ta tedevtaio ypovia, TO EVOPEPOV Kol 1 onuocio Tov mpoPréyemv €yovv avéndel
KATAKOPLOA, TOGO OO TOV OKAOUOIKO KOGUO OGO Kot amd TOLG TPAKTIKA EVOGYOAOVLEVOVG
pe TV emyelpnolokn Epevva. Ot oYedoTES TG KLPEPVNTIKNG TOATIKNG, Ol 1EVBVVOVTEG TV
EMYEPNOEDV Kot TOALOT GAAOL, TPOGTOOMVTOC VO OVTILETOTIGOVY TV €Yyevn afefardtnra
OTOVG TOUEIG TNG OWKOVOMIOG TNG TMOMTIKNG K.AT., avalntovv oloéva kol mo a&lomotn

Tapaywyn TpoPAEYE®V.

O «ivovvog dpwg kot 1 afefardtnra, amrotelovv KOUPIKE YopaKTNPIoTIKA GTO OAOEVA KoL TTLO
evpetdPfanto avOpwmoyevég mepiPdAiov dmov Stoflodpe Kol MG €K TOVTOV GTNV OAOTKAGTa
™G TpoPAreync. O kabnyntme Makpiddkng kat ot cuvepydteg Tov 610 Pifiio «Xopedovtag pe
™V THM», KATNYoplomolovy v kabnuepwn afefardtra ce Ola to enimeda ¢ {ong Hog,
Kévovtag Adyo yia v «ofefardtnra Tov peTpd» Kot v «afefordtmra TG KapHINSH. LTV
TPMOTN TEPIMTMOOT OVOPEPOVTOL GE GLVEXELS KO HIKPEG TUYXOUES OLUKVUAVOELS, TIS OTOieg
veioToTal Yo TOPASEYHO I XPOVIKN StdpKeEW TNG UETAROONG TOL HETPO aVAUESH GE VO
OTOLLOKPVGUEVOLG GTOOLOVGS, EVA TNV OEVTEPT GE EVIEANC OMPOCUEVO, KO CTAVIOL YEYOVOTO
mov umopel vo €(OVV OMUOVTIKEG EMOPACEIS KOU CULVEMELES, OMMG &ival Ol QLOIKEG

KOTOGTPOPES, Ot emdnuieg kKA. [1].

O topéag tov TpoPréyemv €xel dexBel duopevelg Kprtikég Ko peydAn dvcoapéoketo e€ontiog
™G omotuyiag Tov ueBodmv Yo £ykaipn TPOEWOTOINCY| GYETIKA HE EMEPYOUEVES OAAAYEGS,
oAAG ko eEoutiog TV peydAwv ceoAipdtov mov €yovv moapatnpndel otig mpoPAréyers.
Amoterel elpoveia BEPata 10 YEYOVOG, TMOG OTAV EMKPATOVV GLVONKEG OPAAOTNTOC, TOTE TO.

ocQAApaTO TOV HEBOOMV TPOPAEYNS EAATTOVOVTOL LEV OAAG TAVTOYPOVO EALATTOVOVTOL KO OL



avayKeg yio Topaywyn TpoPAéyemv. AviiBétwg, dtav emkpatobv anpdontec cuvOnKes (m.y.
TOAENOL, EMONES), OMOTE Kol AVEAVETOL KATAKOPLOA 1) OVAYKN Yo a&lOTIoTEG TPOPAEVELS,

161 glvar Tov ot péBodot TV TPOPAEYEDV ATOTVYYXAVOLV MG €Tl TO TAEIGTOV.

I'evikd Oewpeitor koA TPOKTIKY] om0 TOVS OOYOAOVUEVOLS UE TIG TPOPAEYELS, TO Vo
Katadeikvoouy tov PBabud afefordotntag mov cvvemdyetor n péBodog kot M evon TV
dedopévmv ov ypnoponoincay. IIoAdg Adyog €xet yiverl ya v axpifeia TV HOVTIEA®Y TOV
&xovv avamtuydel, Ta omoia 16TOPIKA £YOVV YOPAKTNPIGTEL Amd PEYAAN GOAALATO KAODS Kot
amd TNV adLVOi TOVG Vo VTTOOEIEOVY EMEPYOUEVES OALAYES TTOL CUPVISIOGOV OAOKANPO TOV
emyelpnuatikd Koéopo. Qotdco, n Pacikdtepn artict TOV TVPOSOTEL TNV KPITIKES AVTES, £ival
Ol E€0QUAUEVEG OATMOITNOEIS TGOV YPNOTOV TV TPoPréyewv, kabdg cuvnbmg avtd mov
amorteiton dgv glvan pio TpoPAeyn oAAd pio «tpoenteioy. Avtd OUWOC améEYEL TOAD amd TNV
npoypaTikdTnTo Kabdg 1 TpdPAeyn dev givar VITOKATAGTATO TNG TPOPNTEIOG, KOl PLGIKA TOL

oQAApOTA EIVOL OVOUEVOLEVO KO OVOTOPEVKTOL.

Eivar Aomdv kopuPikng onpoaciog vo evnuep®VoVTaL Ot TEAKOL ¥pNoTeEG TV TPOPAEYE®V,
OGOV apPOpPA T PEAAIGTIKA TAEOVEKTIIATO OAAG Kot TOL OPLoL TOV avTioTOrY®V HeBdOwV, apov
poévo av AneBodv avtd v’ Oyrn, UTOPOVV EMOPEADS Vo, ypnoyoromnfodv katd TOV

oXEOLOGLO KOl TN ANYT) TOV OTOPAGEDV.

Boowod dwxvPBevpa oe kabe dadikacio mpoPreync, sivor m vmapén dedopévov 6Go 1o
SLVATOV O EMKALPOTOMUEVAOV KOl DYNANG TOOTNTOS, OVTMG MOTE Vo AdBovpe Kot TiG o
axpPeic TpoPAéyelc. Le KATOEG TEPUTTMOCELS KOO KOL TO, OEOOUEVA TTOV YPTGLULOTOLOVVTOL
TPOKENEVOL va, TPOPAEPOEl 1 LETOPANTN EVOOPEPOVTOG, TPOKVITOVY LEGH L0G OLUOKOGTOG
mpoPreync. Elvar opwg avoamdeevkto, moAAEG PopEc, va unv vrdpyel mpoécPacn oe akpipn
Kol 0EOTIOTO OEGOUEVA, EVED OKOUO KOL OV OVTA LITAPYOVV, UTOPEL Vo UV OmOTEAOVV TOV
BEATIoTO 0OMYO Yo pie ETEKTOOT 0TO LEALOV. AVTO pmopel va opeileTan £iTe 6TO OTL APOPOVV
TOAD TOAOTEPEG YPOVIKEG OTIYUEG, TTOL Ogv €xovv TAEOV Kamown poPAentikn atia, gite 610
OTL M QUOTN TOL EOIVOUEVOL ToL TpooTafodpe va TPoceyyicovue eivor TéToln, MOGTE Vo
emmpedleton amd anpofrentovg eEmteptkong mapdyovtes. o mapdaderypa ot TpoPAEyelS oToV
YPNUOTOTICTOTIKG - EMLYEPMUATIKO TOEN, Eivan TOAD emppeneic o€ Tapdyovieg Onmg givat ot
vouobetikég pvuioeis (my regulations kpvrrovopucpdtmy and v Apepikavikn Koépvnon),

N oAtk (Eapvikég aAAayég KuBEPYNONG TOV UTOPOVV VAL EXNPEAGOVY SUGUEVMG 1| EVUEVAG



KATO10V O1KOVOUIKO Topéa EatTiog NG 10€0A0YIKNG TomofEéTnong ¢ véag Kuépvnong), ot
(QLOIKES KATOOTPOPES, Ol Tavonies (etvan og OA0VG YVvoTéc ot cuvéneleg Ttov COVID19 og
ONUOYPAPIKE, OIKOVOULKA HeyEON kat delKTEG uNUEPING TOV TEPIGGOTEPMV KPOUTMOV TNG YNG),
kaBmg kol éktaxto yeyovota (T M OvVOKOivoon VEOL TPOIOVIOS) 7OV LITOPOVV Vol
emnpedoovy BeTiKA 1 opvnTIKA TNV €EEMEN TOL VIO TAPAUTHPNON PALVOLEVOV, KO TTOV PLGIKA

pio péBodog TpoPAeyng dev pumopel va yvopiletl €K TV TPOTEPM®V.

Téhog mpémel va avapepbet, mog ta povtéda TpdPreyng cvvnbwg veiotavtat pio dtaducacio
BeAtioTomoinong, TPOKEUEVOL VO TPOGAPLOGTOVV OGO TO dVVOTOV KOAVTEPO GTO VITAPYOVIQ
dedopéva. QotdG0, N Tposaproyn avtn kibe GAAO Tapd EYYLATOL O TOLOTIKY TOPOY®YN
TPoPAEYE®V, €KTOG KOl av 1oYVeL I VtOBeon g otabepotntoc. H vobeon avt onuaivet
¢ dev wpénel v cupPfoivouy oAAOYEC OTO TOLOTIKG YOPOKTNPIOTIKA TOV YPOVOGEIPGOV.
Qo1660, €yydnon yw ta T otafepdtnTo €ivonl TPOPOVEG TG OEV LWAPYEL, KOl GTNV
TPOYUATIKOTNTO AdpPavouy Kanuepvd ydpa SopKES OAAaYEC GtV owKovopia, oAAOyEg
0écewv Kol okEYemV, TOMTIKEG KIVNOELS avTifETEG TPOG TIC LVILAPYOVOES TAGELS, KOOMDG Ko
TEYVOLOYIKEG PEATIOGELS o1 omoieg dlatapdocovy to vEapyovta TpoTua. Etot Aowmdv 1)
EMGTAUN TOV TPOPAEYEW®V, ElVOl KATOIIKAGUEVT] VO OVTILAYXETAL TO OEVOWMS UETAROAAOEVD.

TPOTLTTO. GLUTEPLPOPAS TMV YPOVOGELPDV.

2.1 Xpovooelpég

Aéyovtag ypovocelpd evvoolpe €va GUVOAO 1OTOPIKOV OedOUEVOV TToV amaptilovior amd
OOOYIKEG TTOPOTNPNCELS €VTOG €VOC YPOVIKOL OlGTHHOTOS. ZuvinBmg pio. ypovocelpd
nepthoppdvel mopatnpnoelg mov £yovv Anedel pe otabepd ypovikd Prua. Zvvnbiopéva

Brpota Kotaypoaens mapatnpnoemy sivol:

. Hpegpiow: tipég g eAdyiotng Ko pHéytotng nuepnotag Bepuoxpaciog K.AT.

. Epdopadwaio: EBdopadioicc mwAncelg pog emxtyeipnong K.Am.

. Mnvwia: O deiktng epmotocvvng katavaiot) (CCI) mov vroloyileton oe unvioio
Baon k.Am.

. Tpwnvwaia: AxaBdpioto EOvikd [Tpoidv (AEIT) kon deikteg avepyiog vroroyiouéva

o€ Tpunviaio faon K.Am.



. Etiow: Ta mponyovueva peyédn vmoloyiopéva oe etnoto Béorn K.AT

ZNUOVTIKO YOPUKTNPLOTIKO TOV XPOVOGEPOV £ival OTL 01 S1000YIKEG TOPATNPNOELS deV gival
avegapmteg petalhd tovg, dev givol OUMG Kol TANP®G EEAPTNUEVEG. TNV TEPITTOON TOV
VINPYE W TANPNG eEGPTNON, TOTE O1 PEANOVTIKEG TIUEG Bol Lmopovoay Vo TPOGOIOPIGTOVY
VIETEPUIVIOTIKA atd TIC TPONYOoOUEVEC. Q0TOGO, 0TS OVOPEPALE OVTO OV GLUPaLvEL Kot Ot
TPOYUATIKEG UEAAOVTIKEG TIHES Kabopilovior povo pepikdg omd Tic moapeAbovoes. Xtov
TPOYUATIKO KOGLO, TO. TEPIOCOTEPO Pavopeva emnpealovtal oe peyaho Babud amd v thyn
KOl OG €K TOVTOL TIG TEPICGOTEPEG POPES AVTILETOTILOVIE TIG YPOVOGEIPES MG CTOYUCTIKEG

Pl
dwdkaoies .

2.2 IoloTIK& XXPAKTNPLOTIKE X POVOCELPWV

2t evotTo oVTH TOPUOETOVIE GUVOTTIKA TO KLPLOTEPO TOLOTIKA YOPUKTNPICTIKG TOV
YPOVOGEPOV, TOV AapPavovtol v’ dym oTig dtadikacieg TPOPAEYNG e OKOTO TV TapOy®YN

aE10TIOTOV ATOTEAEGUATWV.

2.2.1 Taom (Trend)

Mia ypovocepd Aéyetan OTL £xel Tdom, OTav LIAPYEL pio. poKpoxpovia avénon 1 EAdTTOoN
oTIg TWWES TV dedopévev. H adénon kot n peiowon avt) dev givar amapaitnto va givol
ypoppky [2]. Xapaktnpiotikd Topadetypo xpovocelpds pe téon omoteAel 0 moykOGUIOG
TANBvoudc, Tov omoiov TV €&EMEN amd to 1600 p.X. €wg TIg péEpeg poag PAEmOLUE GTO

akoAovbo dtaypappa [3] kot Tov OTmg TapaTNPOHUE TOPoLGIAlEl ekOeTIKN TAO.

Q¢ otoyootikny M tuyaio Sadwacior opiletar pion GLAAOYN TVYXOH®V ULETOPANTOV TTOL SEIKTOSOTOLVTOL AT
KGmowo pofnpatikd cuvoro, Tov onpaivel 6Tt kdbe tuyaio petafAnt) g dadikaciog oyetifetal pue povadikod
TPOTO g Eva Tuyaio otolygio Tov cuvorov [15].
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Ewoéva 1. E&EMEn Tov taykocpov aindvepod and to 1600 pX.

2.2.2 Emoxwkdétnta (Seasonality)

World

Asia

Africa

Europe

North America
South America
Oceania

Mia ypovooelpd Aépe 6Tt £xetl emoykd potifo, otav emnpedletol amd mopayovies, OTmG sivat

N emoyn tov Ypoévov, N M Uépa G ePdouddas. Qg muPAdEIYUa TETOLOV YPOVOGEIPDV,

UTOPOVLE VO OVOQEPOVUE TIG KPOTNGES O TOLPIOTIKG KatoAvpate, 1 Tov opluo

KPOLGUATMOV TNG EMOYIKNG YPITNG.

s —— CoV229E —e— CoV 229E
—— CoV NL63 0.04{ —e— CoV NL63

" —— CoV HKU1/0C43 " —e— CoV HKU1/0C43
‘g 0.08+ m— 3|l COVs ;m'; o= all CoVs
-~ -~ i
9 v 0.03
5 0.06 1 S
8 ]
Q o 0.02
< 0.041 c
© o
-+ -
® ®
8 0.02] € 0.01

0.001 0.001

2010 2012 2014 2016 2018 2020 2 4 6 8 10 12
time month

Ewoéva 2. Emoyikég SL0KVPUAVGELS TOV TOGOGTOV OETIKAV TEGT Y10 KOP®VOT0US 6TV Lovndia.
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210 T A TOV JyPAUUATOS PBAETOVLE TO TOCOGTO TMOV BETIKOV TEGT KOPOVOIDV OVAUESH
ota £t 2010 xon 2019, evd oto Tpuquo B BAémovpe ta avé piva abpoicpéva TocooTd Yo
60 10 Xpovikd dtdotnua. [Tapatnpodue Twg 1o T0GOoTA EREAVIfoVY PEYAAN TTMOGN KATA TN
dbpkelo. TOL KoAokoplod kol Tig apyés tov ebwommpov, evd ot 1oi HKU/OC43
Tapovctdlovv Kopvpmon 1o dtdotnua AskepPpiov-lavovapiov kot ot NL63 ko 229E katd

10 didotuo DePpovapiov-Maptiov [4] .

2.2.3 EItaocwotnta (Stationary)

2Thoiun (povocelpd AEYETOL VTN TNG Omoilag ol W0TNTEG dev €£0PTOVTAL OO TN YPOVIKN

oTIyuN| Katd v omoio v mapatnpovue [2].

2.2.4 KvukAwkotnta (Cyclical)
Korhovg Aépe 0t €xetl pio ypovocelpd 6tav epgoavilel ovodovs Kot TTOCEL Ol 0moieg dev
&xovv otabepn] cvyvOTNTA. AVTEG Ol SLOKVUAVGELS GLVIOWOS OPEIAOVTAL GTIS OWKOVOUIKES

ovvONKeg TOV EMKPATOVV, Kol GLYVA GYETILOVTAL LLE TOV «ETLYEPTNUATIKO KOKAO».

H dupkeln tov dakvpdvoemv givar ouvifog peyoldtepn tov 600 ypdvev [2]. Qg
Topadetypa 0o UTOPOVGOUE VO OVAPEPOVLE TOVG KOKAOVG 1 odldg kduata Kondratieff
(mov emiong ovopdlovton supercycles, great surges, long waves, K-waves 7 the long
economic cycle) ot omoiot avaPEPOVTOL GTO KUKAKA QAIVOUEVO TOV SIETOVV TNV TOYKOGLLO,
ovYypovn otkovopio kot oyetiCovral otevd pe Tov KOKAo {ong g texvoAoyiag. Avagépetan
To¢ M mePiodog evdg KOpatog kvpaiveror amd 50 €wg 60 ypdvia, Kot o1l KOKAOL
neploppdvouy  evaArlacooeva  SCTAHOTO HEYOANG ovamTtuéng okolovBoldueva amd

SGTAOTO VPECNG 1) GYETIKA Yo uUnANG avamrtuéng [5].



4™ Kondratieff 5t Kondratieff 6" Kondratieff

1930-1970 1970-2010 2010-20XX
Automobiles, Information technology, Envirenment
18% petrochemicals communications technology?
~] 1*Kondratieff 2™ Kondratieff 3" Kondratieff Nano-/
16% -1 1780-1830 1830-1880 1880-1930 Biotechnology?
Steam engine Railway, Electrification, Health care?
14% chemicals
12% -
10% —
8% —
6% —
4% —
2% —
0% —
-2% "y yn " | LI | " : ~
ol I L | | (Il 15t & 2nd Ol criss I
'|| Long Depression || 1974-1980 |
6% _ 1873-1879 i |
-8% — Panic of 1837 Great Depression Financial Crisis
10% 1837-1843 1929-1939 500722009

1819 1829 1839 1849 1859 1869 1879 1889 1899 1909 1919 1929 1939 1949 1959 1969 1979 1989 1999 2009
W Rolling 10-year yield on the S&P 500

Ewéva 3. Kvimépevn 10etig amédoon tov dciktn S&P 500.

Xy ewkova 3 mapatnpodE Tovg KOKAOLG 1 oAlmg kopoto Kondratieff énwg amotumdvovtan
amo TIC 0modOcELS TOL Ypnuatiotnplakoy deiktn S&P 500 katd tn Sidpkelo Tov etdv 1814

émg 2009 [6].

2.2.5 Aovvéxeleg

. AcvvnOioteg Tipég (outliers)

Acuvi010TeC TIHES G pia Ypovocelpd, elval aVTEC TOV S1OPEPOVYV CTUOVTIKA atd To. LoTifo
(patterns) kot TG Téoelg mov akoAovBolv ot vmorowmes. Xav mopdaderypo outlier Tumv Oa
pumopovcay vo avapephovv ta Tpoyaic atvuyfLoTe Katd T SdpKeLn (oG Katalyidog 6 oyeon
HE TS TWES ov AapPavouy vd Kavovikég cuvOnkes. Mio cuyvr mnyn epedaviong outlier
TGOV eivor o Tvmoypagikd AdON katd ™ Sdpkeln kaToayd®pnong Tov doedopévav. H
EMCNUOVOT] TOV TILOV OVTOV givol moAD onpovtiky Kotd ) dadikosio Tov TpoPfréyemy,

KaOMG ivart IKavES VoL 0ALOLDGOVV TNV TPOPAETTIKY duvatdTnTa Tov povtélov [7].
. AMayn emmédov (level shift)

Otav vepiotaton pio ardtopn Gvodog N TTAOGCT OTIG TIEG LG XPOVOCELPAS, omd piol YpOVIKN

GTLYUT] KO LETA.
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2.2.6 TuyaoTnTa

Mua ypovoacelpd yapaxtnpiletat amd ToyodTra, OToV Ol TAPUTNPNOELS Elval TIOUVOKPOTIKE,
avedptntec petacy toug. Ioapd v dmapén wog TAeiddos LoviéAmy Kot alyopifumy yio v
TPOPAEYN YPOVOGEPGOV, Elvar adLVATO Vo TPOPAePOEl 1 KaTOVOUT TNG TIUNS GTOYOV, OV Eivat

Agvkdg 06pvPoc N akorlovbel avtd mov ovopdlovpe Tvyaio tepinato (random walk) [8].

2.3 Baoika Bjuata os pua Aiadikaoia lpofAsyng

H ovvOng pebodoroyia mapaymyng mpoPréyemv akorlovbel kamolo cuykekpuéva Prinota.

Oa avaeepBoLe GLVOTTIKA GE QVTA.

2.3.1 Ka@opionog IpopBAnuatog (Problem Definition)

AmoteAel YEVIKA TO 1O SVGKOAO KOUUATL 6TV dtadtkacio TG TpoPreyns. 1o otddo avtd
avapéveTol vo  amocapnviotel to TL okplPdc Oa mpoPAéyovpe, pe mowo tpoémo Oa
ypnoonomBodv ot mpoPfAréyelc kabdg kot oot Ba givar ot telkol yproteg Tovg. [dwaitepn
onpacio wpénet va 600l kot va yivouv cul{nTtnoelg Pe Toug approOdIoNg Yo T GLAAOYN TV

otoyeiov kot t dwoyeipion tov Pdocswv dedopévav [2].

2.3.2 Xuykévtpwot) mAnpo@oplwv (Gathering Information)

H opbn ovAhoyn kot cvvinpnon tov dedopévev gival €mioNg KEQAAOLMOOVS GNUAGTIOC.
Yuvnfwg etvar amopaitntn 1 GLYKEVIPWON 600 E0MV TANPOPOPIDOV. APEVOS TOV GTATIGTIKAOV
mov givar ¢ enl T0 TAEIGTOV APIOUNTIKA KOl APETEPOVL SEFOUEVAOV TTOV GYeTICOVTOL UE TNV
Kpion, v melpa KoL TNV EUTEPIN TOV TPOCOTIKOL TOL AGYOAEITOL LE TNV VIO PEAETN oyopdL

v v g€gtalopevn ypovikn tepiodo [2].

2.3.3 IIpostopacia xpovoosipwyv (data and adjustments)
Kotd to fripo avtod, emdOdKOVE VO ATOKTNGOLE Lo YeviKn “aictnon” twv dedopévav kot

CLYKEKPIUEVO VO SLOTICTMOGOVUE OV 1] YPOVOGELPA akoAovbel kdmowo mpdTuma, av VILAPYEL

Tho™, EMOYIKOTNTO, 1] ALV O10TES TIHEC.

Yvviog M dadikacio Eexvael pe anelkovioels tav dedopsvov [2], kot katdmy yivovtan
KATO1Eg TPOGAPLOYES £TGL MOTE VO, JIUYEPICTOVUE TIG KEVES KOl TIG UNOEVIKES TIUEG KoL VOl
YivouV 01 amapaiTNTEG NUEPOLOYIOKES TPOCAUPUOYES TTOL Bal AapAvouy VT’ OYT| TIC EPYACULES

NUEPES, TIG apyies K.AT.
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Koatém, yiveton amopdvoon Tov eni HEPOvg GLVIGTOGHOV TNG YPOVOGEPAHS (TAoT, KUKAOG,
EMOYIKOTNTA) Kol avayvoplon edkov yeyovotov  (special events) mpokeiévov vo
kataAnEovpe oe pio eCopodlopévn oepd, omv omoia Ba eaplocTOhV TO EMAEYHEVOL

LOVTELQL.

2.3.4 Emuloy1 & [Ipocappoyr) MovtéAov (Choosing & Fitting models)

270 o VTO KOl YPTCLULOTOUDVTOG T YVAGCT TOV £XOVUE OTOKOMIGEL OO TO. TPOT YOV LEVA,
KOAODLOGTE VO EMEKTEIVOLLLE TN XPOVOGEPA GTO UEAAOV, KAVOVTAG XPNoN MOVTEA®V, /Kol
KPLTikNG TpoPAeync. Znpavtikn givol 6 autd 10 6TAO10 1) EMAOYT TOV COGTAOV TAUPAUETPOV
TOV HOVTEAOL, EMAOYN oV e€0pTATOL TOGO OO TIC WOOTNTESG TNG YPOVOCELPAC, OGO Kot 0md TO
povtéro. Ocov aeopd 10 mowo eivar 1o PéATioTo povtédo, €optdton amd TO 1GTOPIKE
dedopévo mov etvar OoBécio Kot TO TOCO 1GYXVLPES E€lvarl Ol cuoyeTicEl petald g

petafAntg mov BEhovpe vo TpoPAEYOLUE Kot TOV EXEENYNUATIKOV UETOPANTOV (regressors)

[2].

2.3.5 Xp1non kat amotipnon tTov povtéAov mpoPAsymc (forecasting and

monitoring)

210 teAELTOIO OVTO OTAOIO YPNOCUYLOTOOVUE TO EMAEYUEVO HOVTEAO HE TIC OVTIGTOUYEG
TOPAUETPOVG TTOV TPOEKLYAY, Yo, TNV Tapaywyn TpoPréyemy. Kabdg o xpodvog mepviiet Kot
véa dedopéva €pYOVTOL, UTOPOVUE VO TPOUYLOTOTOUW|COVUE Wid TOGOTIKY 0E0AOYNON TOL
povtélov mov emhé€ape, pe Paon e€edikevpévong otatiotikovg deikteg [2]. Tavtdypova,
TOPAKOAOLODVTOG TO TPATLTO TNG YPOVOGELPAS KOl TO GOAALOTA TOV TPOPAEYEWDV, UTOPOVLLE
va TpoPovpe o 010pB®TIKES aAAayEg Kol va eEalelyovpe KATOEG amd TIC LEPOANYiES TV
puefodwv pag. Katt tétoro ocvvemdyetonr evogyouévmg v emavaAnymn Kdmowwv amd To

wponyovueva Pripato g Stodkaciog.

2.4 Baoik1 ETaTioTIK) avdAvon

Boaokn mpoepyacia yio TNy HEAETN TV ¥POVOGEPAOV Kot TNV de&aywyn TG Slodkaciog TV
npoPAéyemv elvar 0 VTOAOYIGUOC TV POCIKOV OTATICTIKGOV OeKTOV (Bewpovdpe mmg

ueketobue pio ypovooepd Y 1 omoia £xel uéyebog n mapatnpnoemv).
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2.4.1 Méon Tty (Average)

H péon tiun avagépetor otov omAd YpoUUKd HEGO 0pO TOV TGV TOV Tapatnpioemy. Mag

delyvel 10 emimedo YOp® omd TO 0010 KIVOOVTOL O TPOYHOATIKEG TYLES TG YPOVOGELPAC.

Y = Y;

S|

n
i=1

2.4.2 Méylot kat eAayiotn tiun (Maximum kat Minimum)
ATOTEAOVV TIC OKPOIEG TILEG TNG YPOVOCELPAC, Kot pog divouy pia €voelEn g dtaukdpavong

TOV 0EO0UEVOV, KAOMDG KoL TNG TUYOOTNTOS TTOV TEPLEXETOL GE OVTA.

2.4.3 Tvumkn anokAion (Standard Deviation)

H tomik andxhon amoterel éva pétpo tov Pabpov Katd tov omoio ot mapatnpioels sivat
OLECTIOPIEVES YOP® OO TN péoN TN KoOMG Kot TS HETOPANTOTNTAS avT®dV. Atveton amd
SPOPETIKO TUTO, AVAAOYO LE TO av TpoKettar ywo delypa 1y tAnbovopd. Mia younin
TUTIKY omOKAon pog delyvel OtL ot Tipég teivouv va Ppickoviar e kovtvo ddotnua YOpw

amd TV HESM TIUN, KOl AVTIGTPOPM®G.

e mepinton TANOLGHOV 1 TLTIKT aTOKAIoN divetal amd Ty eEicmon):

OnAn6vouod = n

, , , 2.
Kot avtictorya o€ mepintwon deiypartog”:

O§siyuatoc =

2.4.4 Awxvpavon (Variance)
Q¢ Awaxopovon opilovpe TO TETPAY®VO TNG TLMIKNG OTOKAIONG. XVVETMG O TOTOS NG

dwakpiveron emiong avdAoya Le TO oV avagepONaoTE 6 delypa 1} TANOLGUO.

2 Sy mepintoon mov AapPavovpe To PETPO SLUCTOPHS (TVUTIKY ATOKAIGY, SoKOHaVOT) evVOg defypoTog avti
oAOKANpov Tov TANBLGHOD, Kdvoupe T dtaipeon pe N-1 avti yio N, Tpokewévou va Adfovpe pio apepOANTIN
eKTiUNo™M NG 1KV UAVETS TOV GLUVOALKOD TANBVoHOV. AvTh 1) 610pBwon ivar yvoot wg Bessel’s Correction.
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e mepintwon TANBvcpov Eyovpe TV egicmon:

52 . — ?zl(yvl' - 7)2
nAnBvao ol n
Evo mepintwon deiypotog:
S2 _ ?=1(Yi B 7)2
Selypuatog — ?

2.4.5 Xuvdwakvpavon (Covariance)

2V TEPIMTOON TOL HEAETOLUE VO SoPOpeTIKES aveEdptnteg petafintés, X ko Y,
opifovpe ®G GLVOAKVUOVOY, TO UETPO 7OV HOG Ogiyvel TOCO aVTEC GLUUETOPAALOVTOL,
npokeévoy vo kabopicovpe teMKA T0 Katd mOcov PeETaBAALOVTOL OVAAOYO, OVIIGTPOP®S
avdioya, 1 eival acVoYETIOTES HETAED TOVG. XTNV TPOTN TEPInTon Aépe OTL £xovpe BeTKn
GULVOLOKDLOVGT, GTNV OEVTEPN APVNTIKT, EVAO OTAV EIVOL ACVLOYETIOTEG Ol UETAPANTEG EYOVLE
TIéEG ovvolakvpovong kovtd oto 0. Katd ™ pelém tov ypovocselpdv vroioyilovpe )

GULVOLOKVULOVGT] TOVG avAAOYa LE TOV av&ovTa aptBpd TG XPOVIKNG TEPLOSOV.

Atveton amd v akdAovdn oyxéon:

n

1 _ _
Cov(X, ) == [(X; = D% = 7]

i=1

2.4.6 XvvtedeoTNC YpaupLKG ovoxetiong (Linear Correlation Coefficient).

O ovvteleong aVTOC, EKPPALEL TN GLYKEVIPWOT TOV SNUEIDV EVOG S0y PAUILOTOS SLOCTOPAG
YOp® amd TV vbeio TAAVIPOUNONG, Kot Hag divel £ToL Eva LETPO TNG YPOLLUIKNG CLGYETIONG

Heta& TV 6v0 petafintov mov peletape [9]. O tég Tov Bpickovtat oto ddomua [-1,1].
YvpPoAiletTar pe r Ko avapEPETaL Kot oG cLVTEAESTNG Pearson.
Avr=+-1, vrdpyet téleta ypappukn cvuoy€tion Hetabd Tov 000 peTafAnTdV

Av -0.3 <r< 0.3 dgv VIapyEL KATOWO, YPOUUIKY] GLGYETION UETOEL TV 000 HETAPANTOV,

®GTOCO, UTOPEL VoL LITAPYEL KATOLL AAAOV €100V UM YPOAULKT CLGYETION.
14



Av -05 < r <= -03 1 0.3<=r <= 0.5 vmdpyer pioa acOevig YPOUUIKY CLGYETION

(avToTPOP®S avAAOYT 1 OVAAOYN OVTIGTOTYMG)

Av -0.7<r <= -0.5 1 0.5<=r <= 0.7 vadpyel péon ypouuKn cvoyétion (avieTpoemg

avaAoyn 1 avaioyn avTioToiywmc)
Av-0.8<r <=-0.710.7 <=r < 0.8, vdpyet 1oYLPN YPOLUUIKT CLCYETION.
Av-1<r<=-0.81M0.8 <=r < 1, vndpyet TOAD 1GYLPN YPOUUIKT CLCYETION.

XV TePInTMOOT TOL PEAETOVUE YPOVOGELPEC, 1| GLGYETION YIVETOL OTMOG KOl GTNV TEPITTMOON

™G GLVLKOHOVOTG, BEpOVTOG G pio petafAnTy To Ypovo.
O tdmog tov cuvtereot Pearson eivat o €€nc:

i=1[(Xi = O[(Y; — V)]

e (B = X0 [Si, (0~ V7

[Mapatnpodpe mwg 0 cvviedeotng Pearson amotelel ovGLOGTIKA TO TNATKO TOL GUVIEAEGTY

GLGYETIONG TPOG TO YIVOLEVO TMV TUTKOV amokAicewmy TV petapintav [10].

2.4.7 XvvteleoTi§ avtoovoxéTtiong (Autocorrelation Coefficient)

O ovVTEAESTIG OTOCLOYETIONG €KEPALEL TN CLOYETIoN UETAED TapoTnpPNoE®V NG 010G
petaPAntg pe xpovikn votépnon k meptodovg. Ot Tpég mov maipvel kopaivovtol Eniong 6to
dwwotnua [0, 1]. Edv n tyun eivon kovtd 6to undév, n cuoyETion etvar avOmapKTn, VO av 1
T €tvot Kovid ot povada, tote Exovpe onpavtikny cvoyétion. H yprion tov deiktn owtov
OmOKTAEL 10witepn onuacio otav 0&lovpe va  eviomicovpe OAYEBPIKA TNV EMOYIKN

oLUTEPLPOPE LIaG oEPaC Tapatnpioemy [9].
Atvetan amd v akdAovOn oyéon:

i=14kl (Y = DY = V)]

ACF,, = —
“ ?=1[(Yl - Y)z
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2.4.8 Xvuvtedeotig petapfintotntag (Coefficient of Variation)

O Zvvtedeotng PETAPANTOTNTOC OTOTEAEL VOl KOVOVIKOTOUMUEVO HETPO TNG OLGTIOPAS TV
TaPATNPNOE®Y EVOG SEIYUOTOG 1] €VOC TANOLOLOY. Xe GUYKPION WE TNV OMAT TUTIKY| ATOKAION
EYel TO TAEOVEKTNUO. OTL &lvol OTOAAAYUEVOS OO TNV EMOPOCN TOL EMITEIOL TMOV
TopaTNPNoE®V Kol cLVNOMG ekEPAletal ®G TOGO0TO. QQ6TOGO0 O VLIOAOYIGUOS TOL &ivan

advvaTog Otav 1 péon Tn wobvtat pe unoév [9].

Atvetan amd v akdAovOn oyéon:
o
Cy= 7 100(%)

2.4.9 Méon Tyun Staxotpatog petadl {ntoewv (intermittent Demand Interval).
To pétpo avtd avagépeTan 6€ YPOVOCEIPES dakomTopevNng CRTNoNg kot ekepalel tn péon
T TOV OTOCTACEDY JO0YIKMOV TEPLOO®V HE Un undevikny tun. Eav n tyun tov deikt
avtov givar {om pe 1 povdoa, tote £ovpe pia YpOvocelpd cuvexovg {Tnong, eved otnv
nepintwon dakomtopuevng {NTNong EYOVUE TIES PEYOADTEPES TG Hovadag. Mia peydin tun
TOV OEIKTN] CLUVEMAYETO HEYAAD KATA WEGO OPO UECOOICTNUHOTA UETAED UM UNOEVIKOV

TOPUTNPCEMV.

2.5 Xtatiotikég MéBodot mpofArépewv

Xy evotnta avT| 0o TOPOVGLAGOLUE TIG KVPLOTEPES OTATIOTIKES LeBOOOVG TPOPAEYNC.

2.5.1 Naive

AmoteAel v mo anhf otatiotiky] péBodo. Eni e ovsiog n mpdPreyn g yio v emodpevn
nepiodo avTIoTOLKEL TNV TOPATNPOVUEVT] TN TNG TPEXOVCAS TEPLOdov. Emedn n nébodog
ot mpoPAémel PEATIOTO OTAV TOL OE00UEVA 0KOAOLOOVV TO HOVTELD TOL TLYO{OL TTEPITATOVL,

armokaleitar cuyva ko random walk forecast [2].

H pébodog avtn dev ypnoiponoleitor yevikd yio v mopaymyr TpoPréyemv, oA €xel asio

¢ benchmark mpokepévov va a&loloyndei 1 oot GAA®V HeBOd®V.

Fit+1) =Y
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2.5.2 AmAn ypappikn Taivdpounon

H am\q ypoppkn modvdpoéunon amotelel epappoyn g pebddov ehoyictov TETPayOVOV.
Baowm g vndbeon eivon mwg dvo petafintéc X kot Y ek tov omoiwv n X ovoudletal

aveEdptnm ko Y e£opTnuévn, cuvoEovTol LETOED TOVG LE YPOUUIKT OXECT TG LOPPNG:
Y=a+p-X

Oewpodue g &ovpe N mapotnpnoels (X, ¥V, ) ko {ntovpe va mpocdlopicovpe tnv

KaAVTEPT €VOEin TOV TEPTYPAPEL TN LETOED TOVG TYEDT).

Oewpovpe emione mwg n aveEaptn petofAnm X eivor mavtote ot oot ¢ 0éom,
OLVETMOC M OIOGTOCT TOV onueiov amd v gubeia divetar og N amdcTaon TG e&opTnUéVNS

petafintmg Y amnd avtnv:
d; =Y, —a—pBX;

Amodewkvietan Bewpnrtikd 6t  mBavitepn gvbeia mov avticToryel 6TIG TapaTNPNCELS Eival
avt mov dlvetar amd TG TWEG TOL O KOL TOL B OV €AOYIGTOMOOLY TO GOpOoIGHL TOV

EAAYIOTOV TETPAYOVOV TOV ATOKAGEDY TV onueinv and v evbeia [11].

n

n
S = Z d? = Z(Yi —a— BX;)? = eAdyioTo0
i=1

=1 =
Ot avaykaisg cuvOnkeg yio v elayiotomoinomn tov S eivar ot

dS_O dS_O
Ta = Katdﬁ—

Ao TIC 0TOlEC TPOKVTTTOLV 01 CYECELS:

n n
av+,BZXi = ZYi
i=1 i=1

Ko:

n n n
aZXi+ﬁZXi2 =in-yi
i=1 i=1 i=1
17



O1 800 awTég oyéaelg umopovv vo, AvBovV ¢ TPog o Ko B Ko TEAMKA TaipVOLLLE:

= [X = X) - (- 1))
?:1(Xi _X)z

B =

Kot

Omnov X kat Y etvon o1 péoeg Tipéc tov dtavoopdtov X ko Y.

Me avtd tov Tpodmo, Kot £yovtag mpocsdlopilel v gvubeia maAvopoOUNoNG, UTOPOVLE VO TN
YPNOULOTOUCOVLE OC LOVTEAO TPOPAEYNS, dNAdN Vo TPOGdlopicovpe TV TN Tov Y Yo
pio peArlovtikn tiun tov X.

E&attiag g vmdbeong ypo KNG CLGYETIONS TNV OTTOT0L KAVOLLE, DITAPYOVV TPOPAVAS TOAAEG
TEPIMTMOGELS OTIS OTOIEG 1 EPAPLOYN TNG OMANG YPOUULUKTG TAAVOPOUNGNG Elvar aKATAAANAN
o¢ povtéro [9]. Mapadetypo téT010G TEPITTOONG Eival Ol TOANGELG EVOC TPOTIOVTOG M| LIS
VANPESIOG OV EEOPTMOVTOL MO TIG EMOYEG TOV YPOVOL, OGS Yo mopddetlypa 1 mpOPAeyn

TOANCEDV TAYOTOV TOV EAPTAOVTAL GXEOOV ATOKAEIGTIKA OO TNV ETOYY| TOL £TOVG.

2.5.3 MMoAAamAn ypoappikn TaAvépounon
Y& TOMEG TEPIMTMOGELS VILAPYEL Lol YPOUUKT oxEon petald pag eEapnuévng petapintmg Y
Kol TEPIOGOTEPWV NG Hag aveCdptntov petafintov X. H yevikny popen tg moAlamAng

naAvdpoUNong etvan
Y=a+ﬁ1'X1+ﬁ2'X2+"'+ﬁk'Xk+e

Omov 10 € avaeépetal 610 TVYAI0 GEAANN TO omoio Bewpeitan mwg aKolovdel Kovovikn

Kotavoun pe péon tun to unoév [9].

2V mepinT®on TG TOAAATANG YPOUUIKNG TOMVOPOUNONG £YOVUE MO YPOUKT GYEON ©C
TPOC TOVG GLVTEAESTEC [, TOVG omoiovg pmopovpe va vroloyicovpe pe T péBodo TV

elaylotov TeETpaAyOVOV €l TOL GLVOAOL dedopévev mov Jdwbétovpe, pe pebodoroyia

avTioTOYYN TG OMANG YPOUUKNG TOAVOPOUNONG.
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[Ipéner va emonudvovpe €0® TMG OTNV TEPINTOON MOV TO0 Y &&optdtal uoévo omd pio
petafint) (amAr YPOUUK) TOAVOPOUNGoT)), TOTE UTOPOLUE VO TO TOPUCTHCOLUE HE pio
evbeio oto emimedo, Otav efoptdror amd 6Vo petaPintég pmopel va mapooctabel pe €va
EMIMEDO, EVA OV £YOVLLE TAPUTAVE® 0TTO dVO HETAPANTES, TOTE TO Y TOPICTAVETOL GE EMLPAVELD

LLE TTEPLEGOTEPES Ad dVO BLAOTAGELS YVOOTH Kol oG vrepeninedo [9].

2.5.4 Mé£00od8otL Ex0stikn¢ EEopdAvvong

AvoantdyOnrov v dekoetio Tov 50 kot £ytvav and TG To dNUOPIAELG neBddovg TpofAéyemv
OTOV KOGLO TOV EMYEPNCEOV KUPIMG AOY® TG EVKOALOG TOVLS, TNG EAAYIOTNG amaiTnoNG GE
VTOAOYIOTIKO ¥pOVo, KaBMG kol TNV avaykn vmopéng Alyov avaykoiov Topotnpioemv
npokelévoy va  mopaybovv  mpoPréyelg. Ot pébodor ovtég elvar  kaTOAANAEG Yo
BpayvmpoBeopeg mpoPAéyelg evog peydAov OyKov ypovooelp®v. Amodidovv kaAvTepO OE
dedopéva Tov TaPoLcldlovy GTAGIUATNTA 1| WKPO pLOUS avdmTuEng N Helwong wg Tpog To

xpOVO.
Ot xupoTepeg HEBOdOL TG Katyopiog avTng givat ot :

2.5.5 Movtédo otafepov emmédov (Simple Exponential Smoothing (SES))

H mo amdnq pébodog ekbetikng eopdAvvong, n onolo eivar KatdAAnin ywo tnv mpdfieyn
YPovooelp®V 1oV dgv  gpeaviCouv EekdBapn taon M emoywkotnto [9]. To poviélo

epLypaeTal amo Tig eEI6ADGELS:
ee=Y, —F
S¢ =Si1ta-e
Fry1 =S¢

H 1 e onAlovel v amdKAIoT TG TPAYLOTIKNG TWNG arnd v TpoPAeym (ceaiua), St sivor
10 emMinedo NG YPOVOCEPHS Katd v ypovikn otiypn| t koau Ft n avtictoyn npdPreyn. H
TAPAPETPOS o efvar 0 cuvtedeotng e€opdAvvong g nebddoov kat pmopel vo mapel TYWEG 6TO

dwaotnua [0,1].
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2.5.6 Movtédo ypappikng taong (Holt Exponential Smoothing)

H pébodog Holt mov eivar yvwot kot ©¢ ypoppukn ekBetikn eopdAvvon, sivor pio
oMUoeIAng péBodog eopudivvong yoo v TpoPAeym dedopévov mov eppavifovv taon. H
enéktoon mpotddnke and tov Holt 1o 1957. To povtéro tng meprypdoetar and Tig akOAovbeg

eflomoelg:
ee =Y, —F
Se =81 +Ti 1+ a-e;
T,=Ty_1+a-p-e
Foom=S+m-T,

Kot avtiotoyio kot pe v amdn exbetikn eEopdAvvon, € gival 1o oaApa, S 1o ninedo ™G
ypovooelpds, F n mpoPfieym, t n ypovikn mepiodog, kot M o ypovikdg opiloviag oTov omoio
extetvoope v mpoPreyn. Téhog, pe o cvpPoriletor o ovvtedeotng eEopdAvvong tov

emmédov, evo pe fo ovvieleotg e€opdlvvong tng téong. [9].

[Tapatnpodpue €d®, 0Tt M cuvhptnon TPdPrleyng oev elval Aoy emimedn aArd pe tdom. H
TpoOPAeyM Yo M Prjpato UTpootd, 1600TOL HE TNV TEAELTOIO TIUN TNG CLVAPTNONG TOV
EMIEOOV, AVENUEVN KOTA M QOPEG TV TYN TNG TEAEVTAIOG EKTIUNGONG TG TAOTG. LVVETMG Ol

TPOPAEYELS TOV TPOKVTTOLV givar pia Ypoppukn cuvdptnon tov m [2].

2.5.7 Damped

Ot poPréyerg mov mapdyovtor amd v ypoppikn pébodo Holt, mpofdiiovv pia cuveyn téon
™G YPOVOCEPES TPoc 10 HEAAOV. QOTOGO eUmEIPIKES HeATeG €xovv Ogifel mwg avTEG Ot
péEBodOL TEIVOUY VO «OTEP-TPOPAETOVYY, E10IKA OTOV TPOKELTAL Y10 LOKPVTEPOVG YPOVIKOVS
opilovtec. avtv Vv advvapia épyeton va oopbmcel n pébodog Damped (pBivovcag N un
YPOUUIKNG ThoNG) pe tpomomomoelg oto poviédo Holt (Gardner kot McKenzie 1985). Xt
péBodo avty ekteleiton pio amdn ypopuUk] moAwvdpounon pe to ypdvo ¢ oaveEdptnn

petoPANTN:

X=A+B-t
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opiletor o¢ apywod eminedo 1 otabepd A TG TOAVOPOUNCNG, OC apyIKn Tdon 1 KAion B g

ToAvdpounong, ki emiéyetor évag damping factor .
O1 e€lomoelg mov TEPLYPAPOLY TO €V AGY® HOVTELO Elvat Ot :
e, =Y, —F;
Se=Si.1+o-Ti_1+ a-e

Tr=¢ - Ti_1+a-p-e
m

Ft+m=5t+z<ﬂi"rt
i=1

[Mapatnpodpe mwg vdpyel opoldTNTU TOV EEIGCOCEMV HE OVTEC TOL YPOUUIKOD HOVTEAOD,
eKTOC amd TNV TeEAELTOiN, OMOL AvTi Yyl (o YPoppK) avénon HEc® TOv GUVTEAESTH M,
OVGLOCTIKG TPOYUOTOTOLEITOL €Vag UM YPOUMIKOS VTOAOYIGUOC HEC® TOV GULVIEAESTY|

eEopdAvvong o.

Av 0 ocvvteheoTtng awTOC givan icog pe 0 tote N pnéEBodog expuAileton oe oTabepod emmédon
(SES) evd av eivon icog pe 1 tote towtileton pe v pébodo ypappkng taong (Holt). Ot
ocvvnbeig Tyég mov maipvel o damping factor givor peta&d 0 kon 1, omdTE Ko TpokHTITEL TO
Aeyopevo povtéro pBivovoag Thong, eved TEAOG OV TO @ TAPEL TIUEG LEYOUAVTEPES TIG LOVADGS,

TPOKOITEL TO LOVTEAO TG ekBeTIKNG Tdong [9].

2.5.8 Winters

Ta povtéda mov meptypaenKay HEXPL CTIYUNG EVOL U1 ETOYIKA LOVTEAQ KO £fvol KATOAANAQ
YL XPOVOGEIPES TTOV EUPOVIOVY UOVO TPOTLTTOL TACEWV. € TEPIMTOON OUMG TOL EYOVLE
€VIOVI] EMOYIKY] GLVIGTMOGO, MUTOPOVUE VO TO EMEKTEIVOLUE HE TNV TPOSHNKN €VOC
eCopolvpévou emoykov mapdyovta yia ke ypovikn mepiodo oe ddotnpa vog £ToVe, 0moiog
amookonel otV O0W0pbwon TtV TPOPAEYEDV OVAAOYO, HE TNV OVOUEVOLEVN ETOYIKN

SloKOLLOVOT).

Ol emoyikég OKLUAVGELS Umopel va elvar eite mpooOetikol e€ite MTOAAATAOGIOGTIKOV
YOPOKTNPO. XTNV TPOTN TEPITTOON 0 €MOYIKOG Tapdyovtag, opiletar ¢ 1 dopopd Kabe

onpeiov g ¥PovoceElpds amd Tov HEGO OPO TOV TIUAOV TNG Y1o. OAO TO £TOC. LVVETMG LE TN
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YPNOT TOL TOPAYOVTO OVTOV TPOKVTTOLY Ol TIUEG amd TIG omoieg £xel apoipebel 10 emoykod

TPOTLTO.
ATIOETMOXKOTTOM HEVEG TIHEG = TIPAYUATIKES TULEG — EMOXLKOG TAPAYOVTAG

AvtiBétmg ot devtepn mEPInT®ON, 0 EMOYIKOC Tapdyovtag opileTor ™G 0 AOYog KABe TYUNG
NG XPOVOCELPAG TPOG TO HECO OPO TMOV TILADV TNG Yo 0A0 T0 £t0o¢. Kat’ avtiototyio &xovue

otL:
ATIOEMOXIKOTTOM HEVES TIHEG = TUPAYUATIKES TLUESG / ETOXLKOG TIOLPAYOVTS.

H pébodog Winters ypnoipomotel Tig GLVIGTOOES TOL EMMESOV, TG TAOMNG KOl TNG
EMOYIKOTNTOG YO TNV TOpay®YN TpoPAéyemv. Xe kbbe mepiodo yivetar ypnomn Tpldv Bapov (M
TAPAUETPOV EEOUAAVVOTG) TPOKEEVOD VO EVIILEP®OOVV 01 TIUES TNG EKAGTOTE GLVIGTAOGCS.
To poviého avtd [12], eivor otabepod emmédov pE TOAAATAAGIOOTIKY ETOYIKOTNTO Kot

nePLYPAPETAL O TIG AKOAOVOES EEICMGEIS:

e =Y — F
a'et
St=St—1+
I,y
Y€t
I,=1_,4+——

Feom = St " It—psm

Y115 e€lomoelg avtég, cvpporicape pe | tov eEopohvpévo emoyikd mapdyovta. Ocmpovpe TmG
10 £€10¢ amoteAgiton amd P (periods) mepiddovg kol cuven®g Oa vEhpyovv P emoyKol
TaPAYoOVTES, £vag OnAadT| Yo kdbe mepiodo. Xvvenmg o 0pog Iy avapépeTon otnv mepiodo t
EV® 0 0pog I;_p, avaQEPETAL GTOV EMOYIKO TTaPAyOVTa TPV amd P meptodovs. H mpofreyn g
pneBOO0L TPOKVTTEL MO TO YIVOUEVO TOV OTOETOYIKOTOUEVOD EMITESOV UE TOV KUTAAANAO

EMOYIKO TOPAYOVTA Y10, TN YPOVIKT TEPI0S0 GTO HEAAOV TTOV apopd 1 TpoPAieyn [9].
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2.5.9 Mé£00o8o¢ Theta

H pébodog 6 [13] eivar o povodidotatn uébodog mpdPreync. Baciletar oty petofoin tmv
TOTMKAOV KOUTVAOTNTOV HOG YpovoceElpds péco omd v mapauetpo 0 (Theta), n omoia
epapuoleton amevdeiog (TOAATANCIOCTIKA) OTIS O0POPES SEVTEPTG TAENG TV OEOOUEVMV.

YuyKeEKPUEVOL:
¥l =6-Y"
Omov:
Y=Y, —-2Y_1+Y:,

Me tov TpOmO aVTO dNUIoLPYEITAL Hio VEQ YPOVOCELPE TOL JlaTNPEl TNV WEST T KOl TNV
KAlon maAtvdpounong g apytkng XPovooelpds aAld Oyt Kot TS TOMKESG KAUTLAdTNTES. Ot
YPOVOGELPEG OV TAPAyovVTaL HE ot TNV dadikaoio ovopdalovrar ypopupég 0 (Theta Lines).
Boowd mootikd yopaKInploTikd auTOV TV YPOUU®V €ivol 1 KOADTEPN TPOGEYYIoN NG
HOKPOTTPODECUNG CLUTEPIPOPAS KOl TACTG TMV dedOUEVOV KOl 1 OVAOEEN-TOVIGHOS TMOV

BpayvmpodBecumV YopaKTNPIOTIKOV, OVOAOYA [LE TNV TN TG TAPUUETPOL 6.

Ooco pikpotepn stvor n TN g TapapéTpov, TG0 PHeYOADTEPOS elvar Kot 0 Babuodg peimong
TOV KOUTLAOTHTOV. AVvtifeta, o€ TEPIMTOON OV £YoLUE THES TOV O peyakdtepeg Tov 1, TOTE
TPOKVITOVY YPOVOGELPEG OLOYKMUEVEG GE GYECT LE TNV APYIKT], KATL TOL EXEL G OMOTEAEC AL
™V evioyvon g PpayvurpdOecung copmeplpopds tG. XtV oplokn mepintmon émov 6 = 0
YPOVOGELPE OV dnpovpyeitot elvar QLT TG OTANG YPOUUKNAG TOAVOPOUNOTG.

H péBodog amocuvhétet (draywpiler) v apyikn xpovocselpd 6e dV0 1 TEPIGGOTEPES YPUULES
Theta. H xa0e ypopun Theta mpoexteiveton 6to péAlov Egxwplotd (pe tnv 10w 1| Kot pe
drpopeTikég neBddovg mpoPreymc) kol ot mapaydueveg mpoPréyelg cuvovalovtol yio va

TPOKVYEL 1] TEMKT TPOPAEYT).

Ta Baocikd Prpota mov akolovbodvior ot dadikacio g kKhaotkng pebddov Theta givar ta

egng:

o ’'Eleyyog emoykotnrac: EAEyyovpe ™ ¥pOVOGEPE Y10 GTATICTIKA GNUOVTIKY] ETOYIKY|

GLUTTEPLPOPA
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o Amoemoykomoinon: E@’ 0C0oV J0MIGTAOCOVE TETOW CUUTEPIPOPA OO TOV EAEYYO
TOV TPONYOVUEVOL PBNUOTOC, OTOETOYIKOTOIOVUE TN XPOVOCSEPH UEow TG HeBddov
TOAAOTTAQGLOGTIKNG 0TOGVVOESTG.

e Amoo¥vOeon: Amocuvvbitovpe N ypovooelpd o dVo ypouués Theta. Avtéc sivor m
evbeia ypoppukng maAvopounong (0 = 0) kot i ypouur Theta wov npoxvmtet yio v
T 6 = 2.

o IIpopreyn: Aoaupdvovpe v’ Oyn G UEAAOVTIKEG TIMES TNG €LOelag YPOUUIKNG
TOAVOPOUNONG, KOOMOG Kot TIG TIWES OV TPOKVTTOVV amtd TNV JeVTEPT YPOUUN OV
EPAPLOCOVUE GE QLTI OAT eKOETIKY] EOpdAVVO).

o Yuvovaopdg: ITaipvovue tov amkd péco 6po TV TpoPfAéyemv Twv 600 yYpouumv (ico
Bapn).

e Emoywkomoinon: Emoywomolovpe Ti1c TEMKEG TPOPAEYEIS YPNOUYLOTOIDVTOS TOVG

OelKTEG EMOYIKOTNTOS TOV VTOAOYIGTIKAY GTO AVTIGTOLXO PriUa.

Yy mepintowon mov 0éhovpe va cvumepthapovpe teplocdTEPEG omd dVvo ypouués Theta,
pENEL €ite vo EMADGOVUE £vol GOGTNUO YPOUUK®OV EEIGMCENMY, €ITE VO LITOAOYIGOLUE Lo

amAn ToAvdpounon.

[Mopabdétovpe TAPAKAT® VAV EVIALAKTIKO TPOTO VIOAOYIGHOV TG Ypouung Theta yu 6=2

£YOVTOG TPOGIIOPICEL TOVG GVVTIEAEOTES TG OMANG YPOULIKNG ToAvdpounong [9]:

1 =1
Yt — E . (Yt9=1+a + Yt9=1—a) a=>

1 B . vP=0=LRL,
Y, = 5 (Y2=° +vf=2)

1 60=2
Yt:E-(LRLt_i_Yt_ )(:

2:Y,=LRL,+Y/? &
YP=2 = LRL, - 2-Y,

[Tapatnpodpe and To TOPATAVE®, TOG LE ALTO TOV TPOTO Ol VTOAOYICLOL Y10l TOV VTOAOYIGLO

™e ypopung Theta yia 6=2 amhomolovvral ToAD.
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O amhog suvdvacpdg dvo ypappmv Theta, yio 6=0 (gvbeia ypapun) kot 6=2 (durthaciocuodg
TOV TOMKOV KOUTLAOTHTWOV) ¥PNOILOTOmONKE yia TV Tapaymyn npoPréyenv yu tig 3003

YPOVOGELPES TOV d1EBVONS draywviopov mpofiéyeny M3 [14].

H péBodog mapnyaye mohd kadd amoteAéopato, pe PKpd OAALOTO TPOPAETTIKNG akpifelag,

10104TEPQL YOl TIG UNVIOHEG YPOVOGELPES KO TO, LIKPOOTKOVOULKE OEOOUEVQL.

2.5.10 OAokAnpwuéva Avtomaiivdpoukd Movtéla Kuwvntov Méocov 'Opov
(ARIMA).

Ta oloxAnpopéva  ovTOTOAVOpOIIKG HOVTEAD Kivntav pécomv opov ARIMA (Auto
Regressive Integrated Moving Average) (Box Jenkins 1970) sivol otoyaotikd poviélo to
omoia pag PonBdéve va meptypdyovpe 10 punyoviopd e&EMENg evog peyéBoug evolapEpovtog
Kot vo. wpoPAdyovpe TG UEAAOVTIKEG TWWEG TOV. AMOTEAOVV YEVIKELOT TOL HOVTEAOL
AVTOTOAVOPOLIKOD KivnTov pécov 6pov (ARMA) kot entl tng ovoiog kot Ta V0 eKTELOVV pia
npocappoyn (fitting) omv YPOvosEPA TPOKEIUEVOL VO YIVEL KOAVTEPN KOTOVONOY TOV

dedopEVMV.

Onwg kot Ao otatiotikd poviélo mpoPreyns, yoo mopdaderype ovtd NG eKOETIKNG
eEopdivvong, ta poviéda ARIMA mapdyovv mpoPAéyelg Pacillopeva amoKAEICTIKA OTI
LOTOPIKEG TOPATNPNGELS TOV VIO eEETaoN HeyEBoug. Avtd amotedel mAEOVEKTNHO, E0IKE OE
TEPIMTMOGEIS TOL OV yvopilovpe TiG ewteptkég MHeTOPANTEG mov TO emnpedlovv 1 dgv

UTOPOVLLE VO TIG 0EI0TOM GOV UE dpesa (PA. VIETEPUIVIGTIKG LOVTEAQ).

Kafe povtého ARIMA exppalel éva Slopopetikd unyaviopd €£EMENG Kol 1 ETAOYN TOV
KATOAANAGTEPOL Y10 TV TPOEKTACT] HOG YPOVOGELPAS, Yivetar eEeTAlovTag TapAyovVTES OTMG
N oxéon HeTad OOOYIKMOV TOPATNPNCEDV (AVTOGVGYETION), N VTaPEN Tdong, M VIapén

EMOYIKOTNTOG Kol TO SOAALA TPOPAEYNG.

Ymv yevikn toug popon to povtédo ARIMA amotedoOvtor amd Tov Tuyoio mopdyovta
(mapdyovrog MA), Ti¢ TYES TOV ERPAVIOTNKOV GE TPONYOVUEVES TTEPLOOOVS (TTapdyovtoc AR
kot I) ko dAreg otoyootkég petofantés. ITo ovykekpéva, kdbe poviého ARIMA pmopel
VO EKPPACTEL OC YPALUIKOG GUVIVOGUOS TOV TAPOUTAVE TOPAYOVI®OV Kol GTOYOG LOg Eivat va
AVOKOADYOVUE EKEIVOV TTOV TOPAyeL TIG KaADTEPES TPOPAEYELS. AV TO HOVTELD TepAapPdver

OMOKAEIOTIKA TAPAYOVTEG OVTOTAAVOPOUNONG ovoeépetor o¢ AR(p), av meprhapPdver
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OMOKAEIGTIKA TAPAYOVTEG KIVNTOV HEC® Opmv ¢ MA(Q), Kot av TepthapPavel Kot Tovg 600
o ARMA(p,q), 6mov ta p Kou q dNAdvovy v Tdén 1oLV povtélov avd mapdyovta. O
napdyovtag I(d) avagépetor ot dEOPIOGN NG YPOVOCEPAG TPV TNV EQPAPUOYY| €VOG

povtélov ARMA(p,q) Kot €€l @G GTOYO TNV APOIPEST) TG TAONG AT T OEOOUEVAL.
IMa v epappoyn tov poviéAwv ARIMA eivar avaykaieg ot axoiovBec Tpoimobécers:

e Awxkpurotnto. H ypovocepd mpénel va amoteleitanl amd TIHEG TOV OVAPEPOVTAL GE
woanéyovoeg ypovika mopatnpnoels Y, Yiir . Yeer HE T ak€poo UEYOAAVTEPO TOV
UM oEVOC.

o Xracwétnre. H mpoimdbeon avty cvvendystor mog n péon twn (1), n dakdpavon
0? xofd¢ kar n ovvdptnon ovtoovcyétiong (ACF) Swurnpovvion otadepéc 610
népacpa Tov xpovov. Otav 1 ypovooelpd dev TANpol TV cuykekpyévn tpovmodeon,
TOTE UMOPOVUE VAL TNV UETATPEYOVUE GE GTAGIUT, KAVOVTOG YPNoN SpOPIoNG 1OV
TPOYUOTOTOEITOL  HE  TOV  VROAOYIOUO TO®V  SQOpPAOV  UETOED  SLOOOYIKMV
TOPOTNPTCEDV.

Yt =Ye = Ye-1
Mo vo egoxkpPmbel pe owTOUATO KOl OTATIOTIKO TPOTO TO OV LITAPYEL OVAYKN
dpdpong, vapyovv ddpopot EAeyyxol VITOBEGEMY OV KAVOLV TNV apyIkn vdOeom
TG 1 YPOVOCELPE eV EIVOL GTAGIUN, KOl OVAAOYOL LLE TO, ATOTEAECLLOTO. OTTOOEYOVTOL 1|
amoppintovv TV apykn vedbeon. O mo dadedopévog amd Tovg EAEYXOVG OLTOVG
givon o édeyyog Dickey-Fuller.

o Tapayoyn Bpayvypoviov mpoPréyemv. Enedn ta poviéda ARIMA amotelovv
YPOUUIKOVS GUVOVACHOVS IGTOPIKMY TOPATNPCGEMY KOl GTOYOCTIKOV TopayOVI®V, N
Tapoymyn TPOPAEYE®V Yo LEAAOVTIKEG YPOVIKEG OTIYUEG OMOLTEL TN YVAOON TO®V
TPOTYOVUEVDV TIUDV. LVVETMG, OV EMOIOKOVUE VO, TPOPAEYOVUE YPOVIKES GTIYLES
TOAD LETOYEVESTEPEG, O1 TPOPAEYELS AVTEG Bal TPEMEL OVOYKAGTIKA VO BacioTodv 6€
avtég mov £ywvov Yo mo  Ppayeig ypovikovg opiloviec, pe omotéAlecpo M
TPOGOOKMOUEVT OKPIPED OVOYKOCTIKA VO EANTTOVETOL, OQOV Ol TPOPAEYELS OTIg

omoieg facilONAoTE TEPLEYOVV EYYEVDS KO COAALLOTAL.
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Oao avagepbolpe akolovBwg oe opiopéveg Yvootég meputtdcels poviéAwv ARIMA mov eite
TPOKVTTOVV LE PLGIKO TPOTO, €ite ivarl LOONUATIKOG ovTioToly e te GAAN SNUOPIA HOVTELD

TpoOPAeYNC:
e To povtého ARIMA (0,1,0) 1 aAlwg I(1) diveton amd ™) oxéon: Xy = Xi_q — &4
oOmov &; giva 10 cEAAL0, Kot enl TG ovoiag amotelel Evav Tuyaio TepimaTo.

e To ARIMA (0,0,0) givon éva povtédo Agvkon BopOov

e To ARIMA (0,1,2) avtictoyei oto povtého Damped Holt, dniadn exBetikn
eEopdAvvon pe un ypoppukn téon.

e To ARIMA (0,1,1) ywpic otabepd, omoterel €va poviélo aming ekOeTIKNG
e&oudAvvong [15].

2.6 Avaivon akpifeiag mpoPAéPewv

Oa avapepBolde aKoloVBmG, GTIG KLPLOTEPES HETPIKEG OV YPNCUYLOTOOVVTOL Yo TNV

a&lohdynon g axpifelog tov TpoPALyeV Kot 0TS BOGIKES TOVS WO1OTNTES.

2.6.1 Méco o@daipa (Mean Error).

Ynohoyiletar amd tov amid TPOSNUOCUEVO HECO OPO TOV COUAUATOV Kot EKOPAlel €va
HETPO GLOTNUOTIKOTNTOS TOV GQAApatos. Oco m Ty tov egivor kovid oto Unoév, T
ocpdApata tetvouv va givor toyaio kot Oyt cvotnuatikd. Otav o deiktng AapPdver Betikég
TIESG, T0TE 01 TPOPAEYELS YapakTnpilovion amd anaclodosio (e’ 6Gov ot TpoPAEyelS NTav
LIKPOTEPEG OO TIC TPOYUOTIKEG) KOl avtioTpo®o. Avagépetor cvyvd kol ©¢ bias
(Hepolnyia).

n

ME =2 (v~ F)

i=1
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2.6.2 Méco anoAvto o@dAipa (Mean Absolute Error).

O deikng avtdc MNimvel éva péco pétpo actoyiog e mpoPreyng Aapupdvovtag tov pHéco
OpO TOV OTOADTOV TIHOV TOV S0POoP®V TOL EMESOV omd TV TTpoPreyn. Oco peyorvtepn
elval n Ty Tov OgiKtn, 1060 UIKPOTEPT elvan Kou 1 axpifeta g pebooov. Iapatnpodpe Twg
LE TN XPNOTM TOL O&IKTN OLTOV eV UTOPOVUE VO OMOKOUIGOVE EIKOVA GYETIKA LLE TO OV Ol

TpoPAEYeElS pog ivatl ao10d0Eeg 1 AmoG1O00EEC.
n
1
MAE == |V~ Fy|
e

2.6.3 Mé£c0 TeETPpaAYWVIKO 6@dApa (Mean Squared Error)

Omnwg ko 1o MAE, to MSE, amotelel pétpo axpifetag g mpofreyng ympis vo pog oivet
TANPOPOPIN GYETIKA e TO av eivar oo10d0én N araistodoén. H dtapopomoinon tov o€ oyéon
ne to MAE éykettor 610 y€yovog 0Tl T0 €v Ady® divel ToAD peyaAvtepo Papog oto peydia
ocpaipata (aeod AauPdvetor v’ dyn 1O TETPAY®OVO TOV GOUAUAT®V) €VA OVTICTOU(O.
pkpotepo  Papoc dlvetanr ota pikpodtepa oedipato. Bpiokel peyddn epappoyn otov

VTOAOYIGUO TV BEATIOTOV TOPAUETP®V EEO0UAAVVONG.
n
1
MSE == (¥ = F)’
n .
=1
2.6.4 Pila péoov teTpaywvikoL L@aipatog (Root Mean Squared Error)

Ynoioyiletar and v tetpaywvikn piCo tov MSE. ‘Eyxetl tig 101eg 1010tTEg e aVTO, OVTOG

EKTEPPUGUEVO GTIG LOVADES TNG APYLIKNG XPOVOGELPAG.

n
1
RMSE = VMSE = EZ(Yi — F)?
i=1

2.6.5 Méco amoAvTto TocooTiaio c@aipa (Mean Absolute Percentage Error).

2T1G TEPUTTAOGELS OTOV £Iva TTLO YPNGLUOG O VITOAOYIGHOS COAAUATOV TPOPAEYNS o€ Kabapd
TOGOOCTLOHO LOPPT, OTMOG Y10 TOPAOELYHO. GTNV TEPINTOOT TOL BEAOLE Vo GLYKPIVOLUE TNV
axpifeta pog peBoddov TPOPAEYNC OV £XEL EPOPUOCTEL GE TAPATAV® OO i YPOVOCELPES Ol

omoieg €yovv JPOPETIKG  emimedo pEONG TWNG METOEDL TOVG, YPNOUYLOTOOVUE TN
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OLYKEKPIUEVN UETPIKN. Meyddn ypnonotnta epeavilel emiong oTig TEPMTMOELS OOV Ol
npoypatikés tipnég (Y), elvar wwaitepa vymiés. O dsiktng MAPE eivon ekneppacuévog emi
101G eKkatd kol AopPdavel TéS peyolvtepeg M ioeg tov undevog. Eivar epgovég mog ot

UIKPOTEPEG TILEG TOL OEIKTN VTOONADVOLY Kot KAADTEPT amddoon TG nebddov TpoPreymnc.

Q61060 0 JeiKTNG OeV UTOPEL VO EPUPLOCTEL GE YPOVOGEIPEG OAKOTTOUEVNC {TNonG, KoM

KOTOANYEL GE AMPOGOIOPLIoTIaL.

Ynohoyiletar and v akdAovdn e&icmon:

l

MAPE = > ; |Yi_Fi| 100(%
_”-1 7 (%)
i=

2.6.6 TUPUETPIKO péoo amOAVTO TOGOoTLXiO 6aApa (Symmetric Mean Absolute

Percentage Error).

Amotedel o TopaAlayn TOLV HEGOL ATOAVTOV TOGOCTINIOL GPAALATOS. XTOV €V AOY® Ogikn
[16], n amolvtn T TOL GEAANATOC Oev SlOPEiTAL PE TNV TPAYUOTIK TIU OAAG LE TO
NWAOPOIG A TNG TPAYUATIKNG TG Kot TG TpOPAeyms. Me tnv Tpomtomoinomn autn, 0 deiKTNG

amOKTA £val Ave Opto pe amotédeopa va Aapupdavet Tyég oto dtotnpa [0% - 200%].

Q061660 Pacikod TpoPANUa Tov gv AdY® deiktn, KaBdS dev eivor amdALTA GLUPETPIKOS, OTMG
avoapépetar 6to dvopd tov [17], éykertan 6To YEYOVOC OTL 01 0IG10B0EES KO Ol OTOLGLOd0EEG

TPOPAEYELS OV TLYYAVOLV AVTIGTOYNG LETAYEIPIONC.
A1 yiveTton epeavég oto ENG TapAdELYIL
A1616060EN TpoPArey:
Y =100 ke F; = 110 —» sMAPE = 4.76%
Amaic1660EN TpdPAeym:
Y; = 100 katF, =90 - sMAPE = 5.76%

O deiktng vroroyiletar and TV akdAovdn e&icwon:
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MAPE = En Y B oocon) = 2 En |2'(Y"_Fi)| 100(%
S _n (Yi+F)) (0)_7’1' 4 Yi+Fi (O)
2 =

i=1

2.6.7 XIxetikol SeikTec.

XTI MEPWMTAOCEL; 7oL  e@apuolovpe meplocoTepeg omd  pia  pebBoddovg mpoOPAeyng,
vroAoyifovtag yia TV Kabepio KAToov amd Tovg OEIKTEG COPAALOTOC TOL TPOUVUPEPONKAY,
OTOPUIVOLOGTE Y10 TNV KATOAANAOANTO TOVG MG TPOG TIG GUYKEKPIUEVESG XPOVOCELPEC, PACEL
NG CMOTNG TPOSAPLOYNG Tov povtélov. H oldykpion pmopet va yivel Bacet kdmotag pedosov
nov Bewpeiton wg péEBodog avapopdg (benchmark). Opilovpe AomdV 10 GYETIKO GOAALO TNG
pedddov, ¢ 10 TAIKO TOLV GEAAUATOG TNG HEBOJOV TTPOG TO GPAALA TG HeBOSOL avaPopdg
omwg @aivetar oty akoiovdn e&icwon. Eoto yio mapddstypo 6t opilovpe cav deiktn
opdiuatog to MAE. Tote n oyetikn Tt tov pétpov g pebddov i oe oyéon pe v

benchmark pébodo, Ba divetar amod v akolovdn e&icwon:

MAE,

RelMAE =
M AEbenchmark

ZxeTko c@dApo propel va epaprooTel Y1o. GAOVG TOVG OEIKTES TOV TPOUVOPEPULLLE.

2.6.8 M£c0 amoAUTO KavovikoTomuévo o@aipa (Mean Absolute Scaled Error).

Ot Hyndman kot Koehler (2006) [18], mpokelévov vo, avTIHETORTICOVY TIG TEPUTTMOCELG
anpocolopiotiog Tov dewktdv MAPE kot SMAPE aAld kot va ddcovv v ida fapdtnra oo
pikpd Kot ta peydia cpdipota, o€ ovtifeon pe toug deikteg MSE kot RMSE, npotevav tov
OLGYETIOTIKO oTaTIoTIKO dgiktn MASE yio v pétpnon g axpifelog tov mpoPfréyeny. O

deikng dlvetan omd v axodrovdn eEiocwon:

1
MASE n ?=1|Yi_Fi|
SE =

1
— 2= Vi = Vil

n-1

H e&iowon tov, Bopilel apketd 10 HEGO AMOAVTO COAAL, TO OTOI0 £ival KOVOVIKOTOUUEVO
pe TN péomn TN TV 0popadv mp®dtov Pabuod g ypovooelpdc. O mOpPOVOUUGTNG
oVCO0TIKA amoTelel TO PHECO amMOALTO GEAALN TOVL POVTEAOL TTPOPAeEYNC, OTaV G HEBOSOG
npoPreymg £xet epappoctel n péBodog Naive, n omoia divel wg mpoPAeyn g emnduevng

YPOVIKNG TEPLOd0L, TV mopatnpndeica tiun g tpéyovoas. Otav to MASE vrmoloyiohei
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UIKPOTEPO TNG LOVASNS, TOTE CLUTEPOIVOVUE TG 1| LEOOOOG TTOV YPNCULOTOGOUE EYEL KATA
péso 6po kaAvtepn amddoon amd v péBodo Naive, kot avtictpopo. H povn mepintmon
Katd v onoia o deiktng MASE divel ampocdidpiota cedipota eivor 0Tav OAES Ot TIUEG TOV

dedopévamv mov drabétovpe gival ioeg HeTa&d TOLG.

2.7 Alaywviouol mpofAePewv

H oeipd dwayovicudv Makridakis Competitions (eniong yvootoi wg M-Competitions) givot
pio oepd ovoLYTOV SOY®VIGHMY, TOL ATOCKOTOVV GTO VA ASI0A0YNCOVV KOl VO GLYKPIVOUV
™V okpifela dtoedpwv HovtéAwv TpOPAeyMC ypovooelp®dy. Opyavmvovtal and opddes, Tov
Kafodnyobvtarl omd Tov peuvNTi TOL TOpEN TV TTPoPAEYev Zmhpo Makpiodkn. O mpmdTog
Syoviopog g oelpdg 01eénydn to 1982. To cuveymdg av&avopevo evolagépov yio T oelpd
TOV SIOYOVICUDV, VoL ELEAVESG OO TO YEYOVOG OTL EVD GTOV TPMTO SAYOVIGUO GUUUETEL OV
uovo ot Makridakis kot Hibbon, otov méumnto dayoviepd (MS) cvupeteiyav cvvorikd 5.507
onadeg pe 7.092 ocvppetéyovteg and 101 yodpeg, evd avtictoyn adénon mapovciocav to
GUVOAQ OEQOUEVOV TMV YPOVOCSEP®V, Ta. omtoia ard 1.001 ypovoocepéc otov M1 éptacav ce

42.840 ypovooelpéc 6Tov dloywviopo MS.

2.7.1 Awaxywviopog M1

Ytov TpmTo draywvioud mov deé&nydn to 1982 [19], To 6vvolo dedopévmv amotehodviay and
1001 xpovooelpéc ot omoieg apopoHGUV KPOOTKOVOULKEL, LOKPOOTKOVOULKA, BLOUMYOVIKA Kot
oNuoypaeikd peyeédn. Amod avtég ypnotporomOnke éva vrocsHvoro Twv 111 ypovoselpdv oTig
TEPIMTOGES OmMOv NtV TOAD OVokoAo va tpé&ovv OAec ov 1.001. O dyovildpevor

ypnowonoinoav 15 Bacikéc peboddove mpdPreyng kabmg kot 9 mapariaysc.

To Boaocikd cvumépacpa mTov TPOEKLYE amd TV OEEay®Yn TOL JYOVIGLOV, NTOV TS Ol
OTOTIOTIKA TOAVTAOKEG Kot  eEelntnuéveg pébodol dev  mapdyovv omapoitnTo Kot
axpiéotepeg mpoPréyelg oe oyéon pe Tig mo omAés. [lapatnpnbnke eniong g n katdTaén
™G amOd00oNGg TOV dEOpOV HEBOd®V dlaPopomoOnKe avaroya e TO KPLtnplo akpifetog
TOL 0moiov YiveTal ¥PNoT, EVO 0 GLVOVOCUOS aTA®Y HeBdOWV TPOPAeYNS cuVB®G 00N YN CE

o€ KoAOTepN akpifela o oyEon e AT TOV ETUEPOVS HEBGO®V TTOV YPNGLOTOMONKOAV.
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H oxpifeia mpoPreyng OTme NTov avapevopevo gavnke twg e€aptdrol and Ty £KToeN TOV
opifovta mpdPreyng kot ocvykekpiuéva 000 avtdvetar o opiloviag mpoPreyng 16G0

EAATTAOVETOL KOt 1) akpiPela TV TpoPAEyewmv.

Ta gvpuata g peAétng tov dymviopod €yovv emoindevtel kol avamapoyfel pécm g

xpNong vémv nebddmv oe petayevéotepeg épevveg [20].

2.7.2 Alaywviopog M2

O Ayoviopdg dieénydn 1o 1993 oe evpvtepn KAILOKO GE GYECN LE TOV TPAOTO, KOl LAAGTO
avoyt mpdokAnon onpocievtmke oto International Journal of Forecasting. To obvoio
dedopévmv amotelobvtay amd 29 ypovocelpés, oTig omoieg meptiapfavoviayv 23 oelpég and
11 4 ovvepyaldueveg etaipeieg KaOOS Kol 6 GEWPES e LOKPOOIKOVOULKA dedopéva. Aniadn
avaAvOnkov moAd Ayotepeg amd Tig 1001 ypovooepéc tov dyoviopod M1. Qotdco, N
JPOPOTOINGCT GE GYEST LE TOV TTPOTYOVUEVO, £YKEITO GTO OTL VINPEE GLVEYNG EMKOVOViD,
Kot SLVOTOTNTO TOV GLUUETEYOVI®V VO {NTOVV dEOUEVH OO TIG EMYEPTOEL TPOKELUEVOL VL
BeAtiwbei n wpoPrentikn akpifeia TV pHeBdd®V. ZTOV AYOVICUO EQUPUOGTNKOY GUVOAKE

16 pébodor mpoPAeync kabdg kot 3 cuvovaspol Twv peBOSWV AVTOV.

2KOTOG TOV JYOVIGHOD NTOV Vo TPOocopolwbel 1 dradikacio twv TpofAéyemv mov yivetot
0€ TMPAYUOTIKEG GLVONKEG KOl Vo EPUPUOCTEL €VOG GLVOLOGUOC GTATIOTIKOV HeBOOWV e
KPITIKEG TPOPAEYEIS OV Tpodkvyay Oomd TNV EEMTEPIKN TANPOPOPNCT Kl EUTEPIO TOV
ooppeteXOvIov. Ot avalvutés pmopodoay va BEATIOGOLV TN YVAGT TOLS VIOPAAAOVTOG TIg
TPOPAEYELS TOVS Y1a TG dtadoyKEG doKipacies mpdPAeynNs (KaBMG 0 draywviopog deEnyon ot
KoAMOpeva ypovikd dSwaothiuata), kot Aapfdavovrog petd omd Kabe mepiodo, kdhmolo

TANpoPOpNoN amd TV KAOe etanpia, TNV 0TOi0 YPNCLOTOIOVGAYV GTNV ETOUEVT TEPT000.

Extoc tov OnuocievBéviov  amoteAespdt@v  TOL  Sly®Viopol, MWOAAOL  amd  TOvg
CUUUETEYOVTEG EypayaV LKPA ApBpa Omov TTEPEYPAPOV TIG EUTEIPIEG TOV ATOKOUICAV GTO
SyoViopo. QoT10c0, Tapd To EXCTUA TOL dEXOMNKAY 01 SOPYUVOTES Y10 TIG TPOCTADEIEG TOV
KatéPalov, VIMPEE 1N EVIVTTOGT TWG Ol CLUUETEXOVTEG EEOKOAOVOOVCAY VO UMV £X0VV OPKETN
€K TV €60 TPOGPacT oTo dEdOUEVO TV ETOPELDV, KATL oL Bo ioyve €v MOAAOIG Kol €6V
npoonabovcav vo deEdyovv TpoPréyels vd kavovikég cuvinkeg [21]. AAMwaorte, mapd TIg
emmAéov TANpoopieg mov d6ONKav, o1 PeAtidoels oy akpifela TV TPoPAéyewv MTav
HkpéG £mg avomopkteg [22].
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2.7.3 Alwxywviopog M3

O 1pitog daymvicpds ™g oepdg deénydn to étog 2000. Zkomdg TOL SlAy®VIGHOD, NTAV
Kupimg va avomapoyBovv Kot vo enekTafodV T YOPOKTINPIOTIKA TV 000 TPONYOOUEVOV
Sly®VICU®V, LE TO VO GLUTEPIANPOOVV TEPIocdTEPES HEBOOOL TTPOPAEYNC, TEPIGGOTEPOL
epeuvNTES (KVplmg Omd TOV YMOPO TOV VELPOVIK®OV OKTO®MV) KOOMG Kol TEPLGGOTEPES
ypovooelpég [14]. H onpooievon towv amotelespdtov €ywve oto International Journal of

Forecasting.

Ta dedopéva anotedovviav and 3003 ypovooelpés mov mepthdufovay ETNGIES, TPYUNVIOIES,
unviaieg  xoBdg kol GAA®V  GLYVOTHTOV,  OVOQEPOUEVEG GE  UKPOOTKOVOUIKAL,

LLOKPOOTKOVOLUKE, Bropmyovikd, dnpoypaeikd dedopuéva, K.AT.

[Tpokeévov va eEacpoicBel n Vmapén enopKOV OEOOUEVOV Yo TNV OVATTLEN HOVTEA®V
TpOPAEYN S VYNNG axpifetag, TEONKaV KoTOTOTA OploL Yoo TOV OPlOUO TOV TOPATNPNCEDY
mov Qo meptlapPave KaOe ypovooepd: 14 v 11g €moteg, 16 v T1g Tpyunviaieg, 48 yo T1g

unviaieg kar 60 yo Tig veodroumeg ypovooelpés [14]. Zvvolkd epapupootray 24 pébodot

npoPreyNc.

Kotd ™ de&ayoyn tov dtayoviopod avtob, emPefoaidbnkay ta facikd cvunepdcupata tov
Swyoviopod M1 kot €ytvav OMUOGIEVCELS HE SOPOPETIKEG OVOADGELS €Ml TOL GLVOAOL
dedopévov [18]. Emiong katackevdotnke &va ueydlo o€t 0edOUEVOV TO OTOI0 amOTEAEL
aKoOpo Kot onpepo onueio avaeopds. Zopemva pe tov Rob J. Hyndman, to dedopéva tov
dwyoviopol e&akorovncav va ypnopomotovvtotl ond to 2000 £w¢ Kol GNjUEpA Yo TOV
gleyyo g akpifelag véwv pneboddwv, og t€toto Pabud mote av pio véa péBodog dev kataotel

OVTOYOVICTIKN GTO GUYKEKPIUEVO GET OESOUEVAV, Elval SVGKOAO va dnpooctevdel oto IJF.

Té\og, otov dtaymvioud avtd kabiepmdnke n pébooog Theta g pia véa kot akpPng pébodog
exkndvnong mpoPréyewv. Ztov akdéAovBo mivako mopatiBeviol GUVOTTIKA TO OTOTEAEGULATO,

TV HeBdO®V oL dloywvioTnKay.
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SMAPE twv 1428 | SMAPE oto cuvolo

M£Bodog MpoBAsyng pnviaiwy TWY XPOVOGEIPWV
XPOVOGEIPpWV (3003)
THETA 13.85 13.01
ForecastPro 13.86 13.19
ForcX 14.45 13.49
COMB 5-H-D 14.48 13.52
DAMPEN 14.59 13.63
THETAsmM 14,66 13.88
RBF 14.77 13.75
B-J automatic 14.81 14.01
AutomatANN 14.93 14.11
SMARTFCS 15.03 14.13

Ewovo 4. Ta amoteréopata Tov pedddomv tov drayovicpov M3 copgmva pe ) petpiky) SMAPE

2.74 Awxywviopog M4

O tétoptoc daymviopog g oepds (M4) avakovadnke to Noéufpio tov 2017 ko denybn
Kb’ 6An ™ didpketa tov 2018 [23].

O Sy®VIGUOG EMEKTEVE KOl OVOTOPNYOYE TO OTOTEAEGULOTO TMV TPONYOVUEVOV TPLOV
SYOVIGU®V, XPNOLLOTOIOVTOS VO EKTETAUEVO Kol XopaKTNPLOpevo amd TolKiAie cUVOAO
ypovocelpadv. AdOnke €tor mn evkapia vo ovykpiBel m axpifeiar mov mapovsialovv
SrapopeTikég pneBodor mpdPieyng Kot kKupiwg va cvykplBodv ot emdOcELS HETAED UNYOVIKNG
péonong kot ototiotikng. H ovykpion avtn €ywve pe m yprion ankodv pebodswv avapopds,
eV TO peydho mANBog twv dedopévev aflomombnke mpokeévovr va e€axpiPmbel M

OTOTIGTIKN CNUOVTIKOTNTO TOV OTOTEAECUATOV.
e  XUvoLro dgd0uévOV

To obvoro dedopévov, dmwg tpoavaeeépdnke mepthaupove 100.000 ypovoroyikés Gepés, ot

omoieg vrodioupoHvtal oe 6 Katnyopiec ypoviknig ocvuyvotntag, Kot o€ 6 Pactkovs ToUElS.

O1 100.000 ypovoocepég aviAndnkov and pio Bacn dedopévav ovopatt Fore-DeCk, n omoia

onuovpynbnke oto EBvikd Metodfo ITlodvteyvelo wor meprapfaver 900.000 oepég

GLVEYOVG XPOVOL, TTOL AVTANONKOV a0 TOAAEG SLOPOPETIKES Ko dMPEGY TPOSPAGIUES TNYEC.
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H Bdaon avt eotidlel oe epopproyég enyelpnolokdv Tpofréyemy, TePAaUPAVOVTIS GEIPEG
amod OlPOPETIKOVG TOUEIG NG owKovopiag, Ommg Propnyavic, vINpeciec, TOLPIGUOG,

elo0y0yEg eaymyéc K.AM. [24].
o Ilpoenelepyaocia

H emioynq tov ypovooelpdv &yve pe toyoio dSetypotoAnyio amd tn Pacn oedopévov.
Koatom, €ytve mpocappoyn tovg Tpokeltévon va eEaAelpovv ot apvnTiKeS TIHES, Kabmg Kot
aVTEG TTOL NTAV HKPOTEPES TOL 10, Tpokeévov va amoeevybodv mbavd mpoPfAnpate Kotd
TOV VTOAOYIGUO T®V HETPIKAOV amddoons. H mpocappoyn €ykerto oty amAn tpdcsbeon piog

otafepdc oTIC TIEG TOVE, £TOL MOTE 1) EAAYLOTN TN va givat to 10 [23].
o Koafiépoon pedodov avagopdg

Mia kowvotopio Tov dtayovicpol nTav 1 kabiEpmon dapopmv nebddmv avapopds, ot omoieg
OVTAOUV OO TN OTATICTIKY Kot T punyovikn péddnon. ‘Etol Aowmodv, yia va agoroynfovv ot
BeAtiopéveg emddceEl TV VIORoA®V Tov M4 évavtl TV amA®V TUTOTOMUEVOV HeBOd®V,
kol yioo vo e€axpiPwBoiv ot Adyolr mov cvviéAecav oTIC PEATIOUEVEC OVTEC EMOOCELS,
amopociocTnke vo coumeptAneBovv 10 dStapopetikég pEBOdOL ovaPOpas, e SLOPOPETIKA
YopoKINPoTIKA 1 k&Be pio. o mapddetypa, n pébodog Naive 2 pnopet va gvromilet povo tig
emoywkottee, n Single Exponential Smoothing (DSES) evtomiler 710 emimedo, n Holt

TPoPAETEL KAVOVTOC YPNON YPUUUKAG TAoNG K.0.k [23].
o  ApOpoc mapatnpriocemv Kot opilovrag TpoPreyng

O opBuog TV €AYIOTOV TAPATNPNCE®V TOV TEPLEIYAY Ol YPOVOCELPES TOL GLVOAOL
JeJOUEVMV, NTOV SAPOPETIKOG Yo KABE KT yopio ¥pOVIKNG GuxvOTNTAG, KOl GUYKEKPIUEVO,

nrov (poli pe tov aptud Tov aTotoVUEVOV TPOPAEYEDV):

13 ka1 6 Yo TG €TNOIEG,

16 ko1 8 yo T1g TpUNVIOiEG,
42 xon 18 o Tig unviadeg,

80 ko 13 yia 115 efdopadiaieg
93 kot 48 yia TIC NUEPNOLES.

YV V. V V V V

700 kou 48 Yo T1G oplodec.
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O oepég meplelyav Kotd pEGo Opo TOAD TEPIGOOTEPEC TMOPATNPNOELS COE OYECN LE TOV
dwyoviopd M3, mpokeipévov va. 600el 6TOVG GUUUETEYOVTEG 1 gukapiot Vo, SOKLUAGOVY
nepimiokeg HeBOd0LE o1 omoieg amottovy TV VTAPEN UEYAAOL OYKOL OEOOUEVMV Yiol TNV
KATAAANAN ekmaidevor. Ot opilovieg mpdPreync kabopiotnkav Aappdvoviag v’ dym
@OON TOV ATOPACEMY GTIC 0TOieg GLVNOWME GLUUETEYOLV 01 XPOVOGEIPES PACEL TNG YPOVIKNG

TOVG GVYvOTNTOG [24].
o Xvumepdopata

Ta kvplotepa cvumepdcpoTo OV TPoEkLYaV omd Tn Oeoywyn TOv  Sly®VICUOD

ovvoyilovtat oto Toapokato [24]:

» O ovvdvacpog pebddwv mpoPreyng ovveyiler va givar 1 omOTEAECUATIKOTEP
oTPATNYIKN Topay®yng mpoPAéyemv LYNANG okpifelag. Xvykekpiuévo, ek tov 17
emkpotéstepV PeBOOwV, ot 12 Ntov cuvdvaouol g el T0 TAEIGTOV GTATICTIKMV
puefOdwV.

» H ypnon «wPpdikdv pebddwv» mov cuvdovalovv pebddovg Mnyavikng Mabnong pe
OTOTIOTIKEG, anédmwaoe PéATiIoTa. Tn peydAn ExmAnén tov Sly®VIGHOV, ATOTEAECE 1
mpocéyyon mov vréPaile o Slawlek Smyl, emotiuovag dedouévav oty Uber
Technologies. Zopeova pe to pétpo agordynong SMAPE, n nébodog mapovsioce pio
Beitioon g 1aEewc tov 10% o€ oyéon pe tov cvvovacud peBddmV «opooT Lo
(Comb) tov dtarywvicov.

» To olvvoro TtV pebdd®V vmoektind Vv ofefardtra tov péEAAOvVTog. Qot1dc0,
VILAPYOLV KATTOLEG TTOL TNV EKTILOVV e LYNAN axpifeta.

» Il moldmhokeg péBodol evdéyetal va. odnyodv ce vynAdtepn akpifeto. Ot Tpelg
nTponyovuevol dywvicpoi, mbavotato kot dAleg peiéteg [25] [26] katéAn&av oto
OTL M xpnon mo TOAOVTAOK®V HeEBOd®MV KOl ¢ €K TOVLTOL Kot 1) dOTAVT TEPIGTOTEPOV
VTOAOYLGTIKOD YpOVOL dev avtapeiptnke pe avtiotoyn Peitioon g axpifelag twv
OTTOTEAECUATMV, YEYOVOG TTOV QVTIGTPAPNKE oTOV M4,

» H o&omoinon mANpoeopidV 7oL TPOEPXOVIOL OO TOAAEG YPOVOGELPEG (Cross
learning), odnyel o€ KOAVTEPO. OMOTELEGOTA OE GYECT UE OVTA TOL TOPAYOVTOL OO

wpoPArEyelS Baciopéves o pio LOVO YpovoGELPdL.

36



» O pébodor mpoPreync mov Pacilovrar amokAeloTikd o akyopifuovg Mnyovikig
Md&Bnong dev mapdyovv akpiPeig TpoPAEyels.

2.7.5 Awxywviopog M5

O tehevtaiog OAOKANPOUEVOS SymVIGHOG TG oelpdc M [27] d1e&nyon to 2020. Q¢ dataset,
YpNoomomOnKay mpaypatikd dedopéva mov aviAndnkay ard | Walmart kot apopovoav
3,049 Jwpopetikovg KmIkovg mpoidvimv. O dyoviopog oeénydn oty diktvokn
mAateoppo Kaggle [28] kot mpocépepe onuavtikd Bpapeio e taéemg twv 100.000$ otovg

VIKNTEG.

Yuvolka 060nKav Tpog TpdPreyn 42.840 nuepNOLES XPOVOGELPES, LEPAPYIKA SOUNIEVES, TTOV
Eexwvovoav amd 1o eminedo g amodnkne (SKU) kot khMpokdvovtoy €mG Kot TV GUVOAIKT
Mtnon oe pia peydin yewypaeikn meployn. Zvppeteiyav péBodol GTaTIOTIKES, UNYOVIKNG

puéOnong kot cuVOLAGUOG AVTAV .

[Tépa amd to dedopéva mwANGE®V, VINPYOV emione eEwyevelg HeTaPANTEG OYETIKA LE TIG
TIWES, TPOMONTIKEG EVEPYELES, OTOK OTIG amobnKeg, TV Nuépag g efdopddag otnv omoia

AVOPEPOVTOL TOL OEQOUEVA, YIOPTEG KO OPYIES.

Ot dwyoviCopevotl véPariay TOc0 onuelakeg mpoPAéyelg 66o kot mbavotikés (50%, 67%,
95%, 99% wor median). AdOnke Eupacmn oe dedouéva  Olaxkomtopevng (nrnong. Ot
CLUUETEYOVTEG NTOV OE peyaAdTepo Pabud emayyedpotieg tov Ydpov kot AryodteEPO

axadnpoiKot.

Boowd cvpnepdopato mov npoékvyay and v a&loldynon tov dwyoviopov [29] frav ta

akorovOa:

e Ot pébodor pnyovikng péOnong xatdeepov vo EEMEPAGOLV TIC TOPAUOOGLUKES
oTaTIOTIKEG HeBOOOVS. ZuyKeKpIéEVa OAeC ot kopveaieg néEBodol mov vroPAndnkav
ypnoonoinoayv kabapd pnyovikn pdonon.

e O ovvdvaouog pefddwv axoua Kol amAmv odnynoe o Peitioon g axpifelag twv

TpoPAEYE®V
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e H a&io Tov cross learning, dniadn n a&lomoinen tov yeyovotog 0Tt 01 YPOVOGEIPES TOV
S y®VICHOD NTOV GUGYETIGUEVEG.

e Evd otov dayovioud M2 ot eEmyeveig minpoeopieg dev Pedtiocay oNUOVTIKE TV
akpifelo. tov mpoPréyenv, avtibeta otov M5 n 2" kou 5" oe axpifeio pébodot
YPNOLOTOIN oAV TETO0V £I00VG TPOGAUPOYEG Y10 TNV EVIGYLOT| TOVG.

e H mnpootiféuevn aio tov otpatnyikov emkopwone (Cross  Validation).
Yuykekpéva ot 4 kopveaieg vToforég Tov daywviopol kot 1 TAsovotnta TV 50
KOPLEAI®V VTOPOADYV, XPNCYLOTOINCAV TETOLEC GTPUTNYIKES.

¢ H onuocio tov eoyevov emeEnynuotikeov petafintov. Fevikd ot pébodot mov
Aoppévovy amokAEIGTIKA VT’ OYN TIG LOTOPIKES TOPATNPNOELS, OTOTLYYAVOLV Vo
OOTVITMOCOVY TNV EMOPACT] APYLDV, EWIKOV YEYOVOTOV, EKTTOCEMV, TIUAOV Kot
mOhavov Kot ToOL Kopov. ZTov Sy Vvicpo OAeg ot vikntnpleg pHéBodot a&tomoincay tnv

oxetkn e€wyevn TAnpoeopia.

2.7.6 Awaxywvicpog M6

O dwyoviopog M6 deédyeton katd ) dbpketa Tov 2022 kon €mg T15 apyés Tov 2023, Oa
elval TapOUO10G [LE TOVG TPOTYOVUEVOLS S5 S10yOVIGHOVG, VD £0TIALEL 6TV TPOPAEYN TILOV
petoxadv (amoddcelg) Kot Kivovvov. H katvotopio Tov GUYKEKPIUEVOD OYOVIGHOV EYKELTOL
010 Yeyovog mwg £oTidlel €5’ {60V otV Ay ETEVOLTIKOV AmoQAce®V Tov Paciloviotl 6Tig
npoavapepbeiceg mpoPfAréyelc. And Toug cvppeTéyovteg (nteitan va dteEdyouv mpoPAEyelg Kot
va AdPovv emevovtikég amopdoelg and éva ocoumav 50 S&PS500 petoxadv, kot 50 diebvav
dampayuatedouov apoaiov keparaiov (ETFS), tov kaldmtouy pia gupeio yKapo yophv

KoL KEQAAOLOVYIKAOV GTol ElmV (assets).
Bookd okenticd oyediaons g 0oUns Tov day®vico, anotéAese 10 eENg mapado&o:

Xoupova pe v “vmdbeon g amodotikng ayopds”’ (EMH), ot tiuég tov petoyov,
OVTOVOKAODV OAN TNV VITAPYOLGO GYETIKT TANPOPOPNOT, KATL TOV GLVERAYETAL OTL OEV €lval
epktn M kat’ eEaxolovOnon “emikpdnon” TV €neVOLTOV €Ml TG ayopds. Amd TV GAAN
mAevpa, Opviikol emevovtéc ommwg o Waren Buffet, kabbhg ko etaupeieg 6mmg 1 Blackstone,
Exovv emtdyel a&l00adUOoTO ATOTEAEGHOTO ETL LAKPDOV YPOVIKMOV OUCTNUATOV Kol £XOVV
oVooMPEVGEL KEPON TOL ivarl adVvaTo v arodoBovv oe amhr] ToyM. To yeyovog avtd Btet

mv a&lomotio g EMH vad ™ oxud g apeiforiag [30].

38



O Paockdg o1dY0¢ TOL M6 daywvioov, ivar va pedetnBel to Tapandve moapdadolo kot vo

egetaotel 1 EMH vrd éva dtapopetikd mpicpa.

2Komog givatl Lomdv, HEGm Tov daywviopuod M6, va eEaxpifmbel edv amoddoelg peyaldtepeg
TOV HEGOL OpOVL UTOPOLV va emtevyBovv, amd €vav mopdyovto 1| omd GLVOLAGUO TV

aKOAoVO®V TapayoVI®V.

e Trnv duvvardotnra okpifovg mPOPAEYNG TOV GLVOMK®OV ATOOOGE®V NG Oyopds, M
LELOVOUEVOV PETOXDV/ apotBoiny KeQoloimy.

e Tnv dvvatdmta KATIAANANG Onovpyiog poviéhov afefatdtnrag Kot Kivduvov Tov
GLVOLOL TNG AYOPAS N LELOVOUEV®Y HETOXDV/OpoIPoiny KeQaAaiwy.

e Tn duvatdémmra va cvvdvactodv ot mpoPréyelg axpifewag kot afefordotnroc pe
EMEVOVTIKEG AMOPAGELS.

e Tn dvvatdNTO XPNONG KPITIKNG WKAVOTNTOG KOTE TNV Topaymyn mpoPAéyewmv Kot
EMEVOVTIKAOV ATOPACENDV, LUE OKOTO TNV “emkpatnon” ent TG ayopdc.

e Tn onuacio mov £yxet pio oTabepr| EXEVOVTIKY GTPOATNYIKY.

e Tn onuocio mov &ovv AAAOL TAPAYOVTES, OGS Ol KPITIKEG TPOPAEYEIS I AVTEC TOV
Bacifovion o pOVTEAD, OAAG KOU Ol TPOKOTOANWYELS KOTO TN ANYM EMEVOLTIK®OV
amoPAcE®V Kol GAAEC advLVOUIEC, Ol omoieg UmOPOVV v, TUYOVV EKUETAAAELONG

TPOKEEVOD Vo EMLTELYHOVV Gved TOL PHEGOV OPOV ATOOOGELC.
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3 Texvntn Nonpoovvry - Mixavikn Mabnon

210 KePAAOL0 VTS O TEPLYPAWYOLLLE, TOV OEVTEPO LEYOAO TOUEN TTEPAV TNG OTOTIGTIKNG, OO
TOV 0Toi0 piropovv va avtAnbovv pebodoroyieg yproleg otov touéa twv TpoPréyewv. O
Topéag avtog ivor 1 Mnyavikn Mabnon mov anotedel TopakAdadt g Te(VNTNS VONUOGHVIG,
Kol 0 0moiog OmmG ldape Kol TNV EVOTNTO TOV SyOVICH®V M, ta Tedevtaia xpovia Exet

OTOKTNGEL KLPLOPYO POAO GTOVG SO YMVICUOVS OALA Kol GTO YDPO TWV TPOPAEYEDV YEVIKAL.

3.1 Teyvntn vonuoovvny

O 6pog teyvnt vonuoovvn (Al) €xel gumvedoet €0 Kol TOAAL ypoVIAL TN GOVTOGIO TOV
avBpadmov £yovtag cav amdToko TV dNUIoLPYio TOAAGV PIPAMOV KOl TOVIOV ETIGTLOVIKNG
eavtociog, o€ TOALL pHdAota amd To Omoia, Ot UNYaVEG KOTAPEPVOVV LE KATO0 TPOTO VO
avtovoundovv omd tov AvOp®TO Kot v EVEPYNGOVV LE GKOTO TNV EMKPATNON Kol Kuplapyio

TOVG ML TOL AVOpPOTIVOL €160VG.

O1 opiopoi mov €yovv d00el mokiAlovv, wotdc0 cvuPwvo, pe tovg Russel & Norvig [31],
601 01 optopol TEPIAAUPAVOVY UNYOVEC/VTOAOYIGTES TTOL £X0VV TIG akOAoVBeC 1010TNTeS: Eite
evepyolv Aoyikd n/kot avBpomva gite oképrovior Aoywd 1/kar avBpomiva. ‘Evag dAlog
oOvtopog optopdc mov diver o Francois Chaullet [32], sivar: «H teyvnty vonuooivvy
oLVIoTOTOL GTNV TPOGTADELD AVTOUOTOTOINONG TVELHATIKAOV EPYOCIAOV TOL VIO KOVOVIKEG

ovvOnkeg dlekmepatdvovy dvlpwmTo.

Amotedel évav amd TOvg MO GVYYPOVOVS EMGTNLOVIKOVG TOUELS. ZEekivnoe va ovamtHGGETOL
uetd tov 2° moykdopuo morepo kot o dvopa «Texvnth Nonuooovny kabiepddnke to 1956.
[Tepthappdver dg, pio tepdotio mokidMa empuEpove medimv, mov ekteivovtal amd Mo YeVIKA
(nabnon kot avtilnyn) oe mo €0k [31], 0nwg ta moyvidio, N amddEEN padUATIKOV
Bewpnudtov, n avTdHaTN 001YNoN OYNUATOV Kot 1) ddyvoon acBevelmv. Endpevo frav, mwg
Kol 0 Y®pog TV TpoPréyemv Ba emtyelpoboe vo etmPeAnBel amd v avdrTvén ToL TOpE
avToD, EMYEPOVTIOG TN Onuovpyio poviéAwv mpoPreyng mov Bo vreptepodv TV

«IOPASOCIOKAOVY» GTUTICTIK®V HeBOOWV.

Am6 to 1956 mov BepeMdbnke 1 TeXvNTH VONUOGHVN OG EMCTNHOVIKO TTeEdio, £mG Kol oUeEPa,
N mopeia g KaOBe GALO Topd ypappukn pmopet va yopoaktnpiotel. AvtiBétmg, yapoaktnpileton

amd KOpOTO 01o1000&i0G Kol ToTNG OTIC TPOOTTIKEG TOL TOUEN, TTOL akoAovBovvtal amd
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TEPLOOOVG OTOYONTELONG KOl OIKOVOULKNG GTEVOTNTOS AOY® TG EAAEYNG YPNUATOSOTNONG,
11§ omoieg dtadéyoviar Eava meptdodovt aiclodoliag Adym g edpeong vémv pneboddwv Kot

TeYvOLOYIKGOV avakaidyewvy [31] [33] .

210 TAaioo TG TEYVNTNG VONUOGUVNG, £X0VV SOKIUACTEL TOAAEG SLOPOPETIKEG TPOCEYYIOELS,
ocvumeptrappovouévng e eEopoimong Tov avOpOTIVOL EYKEPAAOL, TNG LOVTEAOTOINGCNG TOV
avBpomvov Tpdémov gbpeong AVONG G€ TPOPANUATE, TUMIKNAG AOYIKNG, MHEYOA®V Pdoewmv
dedopévav, cuotnuatev yvoong kAt Kotd t didpketa tov 21°° cudvo, Topatnpovue tmv
EMKPATNON TOV EMUEPOVLS TESIOV NG UNYXAVIKNG Udbnong, to omoio Pocileton oe peydio
Babud oe pabdnupotikéc Kot otoTioTikes HeBooovs Kot amodeiydnke apkeTd amoteAecUATIKO
oV EMIAVON apPKETOV dVOKOA®V TpoPAnudtoV gite oe akadnuaikd, eite oe Propunyovikd

miaiocwo [31].

3.2 Mnyavikny Ma6non

Onwg avapépbnke kol otnv TponyodUEVT EVOTNTA 1| UNYOVIKT HaOnon anoteAel entl pépovg
nedio tov gupHtepov Topéa TG TEYVNTNG vonuoovvne. Ovolaotikd meptiapfavel T peAén
VTOAOYIGTIKOV ahyopiBuwv ot omoiot £xovv ™ dvvotdtnTo vo, BEATIOVOVTOL AVTONATO LECH

™G eUmELpiog Ko TG xpnons dubéotuav dedouévav [34].

H punyavikny pabnon anydéler omo to e€ng epdtnua mov Bétet o Francois Chaullet [32]: «Oa
UTOPOVGE £VOG VITOAOYIGTHG VO TPOXWPNGEL £Vl Priol Tapamépa amd TOV YVOOTO TPOTO TOL
yvopiloope 0tL Asttovpyet kat va pdber povog tov Tov TPOTO Vo EMTEAEL 0L CLYKEKPUUEVN
epyoacio; Oa pmopovoe dNAadT, avti va dEXETAL Kot Vo EKTEAEL KOVOVEG TTOV TOL divovTtol pe
TPOCTOKTIKO TPOTO OO TOLG TPOYPOUUUOATIOTEG, VO «HABEL LOVOG TOV TOVG KAVOVES QLTOVG,

e€etdlovtag Ta Subécia OedoUEVAL;»

To gpd™HO 0WTO dMpovpyel Tovg opilovTeg Yo Eva EVIEAMS KOVOUPLO TPOYPOULOTIOTIKO
TOPAOELYLO. XTOV KAOGIKO TPOYPOUUATIONO, O GvOpTOg TPOPOSOTEL TOV LTOAOYIOTN UE
KOVOVEG Kot 0edopéva, Kot oVaUEVEL ad avTOV vo. enesepyaotel Ta dedopéva avTd cOLP®VO
LE TOVG KAVOVEG, MOTE VO TPOKLYOLV Ol {NTOVUEVES AMOVINOEIS. AVTIOETOC GTN UNYOVIKY|
pébnon, o VTOAOYIGTNG TPOPOdOoTEiTOL pE dedouéva OAAG Kol UE TIG OOVINGELS-
CUUTEPAGLOTO, TTOV AVOLEVOVTOL ATTO T, OEO0UEVO, KOl LECH oVTOV e&yel TOVg Kavoveg [32].
Ot kavoveg avtol umopobvv €metta va ypnotomomBovy yia v e€aymyn anavince®y and véa

dedopéva Tov Ba TpoKvoLV.
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Rules Classical

Data o| Pprogramming

== AnNSwWers

Uata Machine

Answers ——= learning

= Rules

Ewkovo 5. To mapdderypo TG pnyavikis padneng 6g 6o He TOV TPOSTAKTIKO Tpoypoppatiopd [32].
Ot odyopiBpor g pnyovikng pddnong, ypnoytomolovvior mAEov oe pia gupeio ykdpo
EQUPUOYDV, OO avaPEpOnKe Kol GTNV TPONYOOUEVN EVOTNTA. XTI TEPIGGOTEPES OO TIC
EPAPLOYEG OVTEG, Ba TV TOAD dVGKOLO £MG KOl AOVLVOTO VO OVATTUYOOVV OMOTEAEGLOTIKOT

ovuPartikoi adyopibpot [35].

H pnyovicr péOnon, yopiletor oe 000 peydreg katnyopies. Tnv emiPAemodpevn kot v un

emPAenopev.

3.3 EmPAemousvn uabnon

v emPremopevn pdonon, kdvovtag ypnomn 10TOPIKAV dedopévmv, Kot yvopiloviag o
ntovpeva amoTEAEGLOTA, OTOGKOTOVE GTO VO GUGYETICOVUE T OEdOUEVA TNG E1GO00V LE
Kémowo emBountd omotélecpo 10 omoio omoteAel Ko v €£0d00 TOL  poviéAov mov Ba
onuovpynooovpe. Emi g ovoiog m emPrendpevn pdbnon Eykertar oty oadikacio
«eKkpadnong» piog cvvaptnong mov avtiotoryilel v eicodo oe pia £€0do, pe Paon Ta NoN

vrdpyovta deiypota 16050V - e£6d0v [31].

‘Evag adyopiBuog emPrendpevng pnabnong Aowmdv, pécm tng ovaivong TV O0edouévav
exmaidgvong (6mwg amokaAobvtol To dedopéva yio ta omoia dtafétovpe v {nTovpev TN
e£0dov), ocvumepaivel (infer) pio ocvvdptnon m omoia Katdémy ypnouonolEital yo ™V
EPOPUOYN TG o€ dedopéva TV omoiwv v £€£000 dev yvwpilovpe kot otdyog eivar m

KOADTEPT SLVATH TPOGEYYIoN QLTS TS ££600V amd TN GLVAPTNON.

Ta povtéha g emPremopevng pabnong ocvvibog emAdovv Vo Pacikég Katnyopieg

TPOPANUATOV:
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Katnyopromoinon (Classification), oniadn ta&vounon tev derypdtov e 1606600 6€ 600 1
neplocotepeg kK AoelS. [Tapaderypa tpofAnatoc Kotnyoplonoinong ivat o S1oymPIoHOg TOV

gloepyopevayv e-mails oe avembounta (spam) kot o€ pun avemOvunta (Not spam).

Malwvdpopnen (Regression), dniadn extipmon e Tung piog 1 TepLocotépwv eEQPTNUEVOV
petofintaov. Iapaderypo mpofAnuoatog maivopounong eivorl n ekTiunon tTwv HEAAOVTIKOV

TILOV HOG XPOVOGELPAG.

Mia mieldda alyopibumv eumintouv oty katnyopio g emPAemopevne pddnong kot Ho

AVOPEPOVLE EVOEIKTIKE LLePLKOVG:

3.3.1 Mnyavég Stavvopatwv vtootpiEng (Support Vector Machines)

H pébodog avtn cvvictatol otny katackevn evog vrép-emumédov (hyperplane) otov ydpo tmv
dedopévmv, To omoio daympilet PEATIOTA TIG SLOPOPETIKES KAAGELS OEOOUEVOV OTTMG PaiveTal
oto axkoAovbo oynuoa [36], Omov onueion dVO SLOCTAGE®Y KATNYOPLOTOOVVTOL UE TOV

TPOCIOPIoHO piag gvbeiag ypapung (BEATIoTO VITEP-EMinedo).

® class A sample

Optimal . P [ class B sample
Hyperplane \\
W.X+b=0 X @ ® ®
N Q
s\ [ ] [
Y \\ .

\\ @
= . N
- m| - | ‘& Support Vector
. N
\\
- . \\\I.-Il
O >~ ' >
I N N
H, Hyperplane

Ewéva 6. Katnyopromoinen dedopévov ané Myyavig Atavoopdatov Yrootipiéng [36])
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H pébooog avt) €yxer 10 mAeovéktmuo Ott pmopel va  mpooeyyiler mpoPAnuata
KOTNYOPLOToinong, £xovtag avaykn amd moAld AyOTEPO VTOAOYIOTIKO XPOVO GE OXE0M LE TO
VELPOVIKA OiKTLO, EVM YpMolponoteitar Kou og mpoPAnuate moiwvdpounons. Ov unyovég
SLVUOUATOV VTTOSTHPIENG Exovv ypnowomombel gvpitata oe mpoPAnuata emeepyociog
QLOIKNG YADooog, katnyoploroinong kewévov [37] [38], avayvodpiong ewkovog, evd €xet

emyelpnOei Ko 1 ypron tovg otov topéa TS TPOPAEYNS Ypovosep®dv [39].

3.3.2 Aévépa andé@aomng
Ta 0évopa andeacng, Tapdyovy Tpofréyels KaTaoKELALOVTOS ATAOVG KAVOVES OTOPAOTG LLE
Baon 1o Swbéowua  dedopéva, pmopodv  va  ypnogomombovv G mPoPAnuaTa

KOTNYOPLOToinong, 6mmg eniong Kot 6€ TpofANUoTa TaAVIPOUNOTG.

Ta dévdpa avtd ypnoomolovvtol kupiwg ocav  egpyoleld VTOGTNPIENG ATOPACEDV
TPOKEWEVOD VL TPOGOOPIoTEL M oTpATNYIKY oL €ival Mo mOavd vo 0dNyNceEL GTOV

eMBLUNTO 0TOYO, OMOTEAOVV OUMG KL £vo. ONUOPIAEC EPYOAEID OTOV TOUEN TNG UNYOVIKNG

padnong.
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=0.202

number of
inhabitants

administrative

area
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sixt/ \ last
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>5477
<5477 >1646.19 1646.19

selected

2y mopamdve ewova PAEmovpe £va 0EVOPO amOPAOTG TPOKEEVOL Vo ANEOEl 1 amdpoon

EMAOYNG TG amekdviong N OyL, otoyeiomv og yapteg pkpng khipakoag [40].

selected

distance to
nearest neighbor

\53151 375

>3|513/
selected

administrative
area

3.3.3 Texvikég maAv8pounong

Y& TPONYOVUEVT] EVOTNTO OVOPEPONKOLE OTNV QAT YPOLUIKT TOAVOPOUNCT], LE TN YPNON
™G Omoiag UmopoVUE VO, TPOGEYYIGOVUE Kol Vo, TPOPAEYOLUE TIG UEANOVTIKEG TIUES piog
YPOVOCEPEG HEG® piag evbeiog YPoUUNG OAAG Kot 6TV TOAAMTAY, YPOUUKT TEAVOpOUN O,
n omoia dnuovpyel pio Ypoupkn oyéon uHetabd g e€aptnuévng HETAPANTAC Kol TV

aveEdptnTeV HETABANTOV.
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Linear Regression , Logistic Regression

Y=1 Y=l o0 5.
—
< 2
< g
b
Y=0 s Y=01 s

X-Axis

Ewcova 8. Xpiion LoyioTikng Ko ypappikig odwdpopnong os mpopinuo dvaducis karnyopromoinong [41].

Mio akopo Hopen TOAVOPOUNCNG OV XPNCIUOTOLEITAL GLYVE OTO TAAICLO TG UNYOVIKNG
péonong eivar n AoyoTiKy] ToAVOpOUNOT, N OTOi0 ¥PNOLUOTOLEL TNV AOYIGTIKY| KOUTOAT Kot
xpnowonoteitor cuvnBmg e dLAdIKA TPOPANUATE KATNYOPLOTOINoNG. ZTNV AOYIGTIKN
ToAvOopounon, ovti vo povieAomolovpe TV T ¢ e€aptmuévng petafinmme Y,
povtelomolove v mhovotnta va avikel 10 Y o€ pio ovykekpévn kotnyopia [42]. H
xpNoM TG Umopel wotdco va emektabel oe TPOPANUOTO KOTNYOPLOTOINOTG, TEPAV TMV VO

KOTNYOPLOV.

Ymv ewdvo 8 mapatnpovpe N povtelomoinom ¢ mbavotnrog pog  eEapmuéving
HETOPANTAG HE TN YPNOTM YPOUUIKNG TOAVOPOUNONG OTO OPIOTEPO GYNUO KOl AOYIGTIKNG
TaAVOpOUNoNG 6TO deEl oy,

p(X) =Pr(Y =1|X)

H oyéon peta&d p(X) ko X, 6NV Tepintmon g YPOUUKAS TOAVSpOUNOTS avamapioToTol
OG EENG:

p(X) = Bo + B1X
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Ed&v ypnotpomombei vt n mpocéyyion yio vo tpoPrepdei n mbovotnta, vadpyel To ELPOVEG
TPOPANUO TOG GE TEPLOYEG KOVTH 6TO UNOEV 1 TOOVOTNTO TaipVEL APVNTIKEG TIUES, KATL TOV

QLGIKG dgv pmopel va vepiotaton Kabmg 1 mhavotnteg Taipvouv Tég and 0 £oc 1 [42].

o vo omogevybel avtd to mPOPANua, mpémel va poviehomojoovpue v P(X) pe pia
ocuvdaptnon g omoiog To medio TV givor petald tov 0 kot 1 Yoo OAEG TIC SVVATEG TIUEG TOV
X. Mia amd avtég T TYéG givarl Kot 11 AOYIOTIKE) GLVAPTIOT TOL TEPLYPAPETAL OO TNV

axorovdn e&icmon [42].

eﬁo+ﬁ1X

p(X) - 1 + ePotB1X

H e0peon tov cuviehestdv yivetan pe ™ néBodo g HEYIoS ThovoPAveELag.

3.3.4 Nevpwvika Siktva.

Ta vevpovikd diktva givar alydpiBpolr mov emyelpodv Vo, TPOGOUOLDGOVY, TOV TPOTO
Aertovpyiog TOV POAOYIKOV VEVPOVIK®OV SIKTO®V 7OV amopTilovV TOVG €YKEPAAOVS TV
{oviov opyaviopu®v Kol KOOMG OmOTEAOLV TO KLPIWG OVTIKEILEVO NG TOPOLGOG

SMA®UOTIKNG B0 TOPOVGLIGTOVY OVOAVTIKE GE EMOEVT EVOTNTAL.

3.4 Mn emPremousvn uabnon

Ev avtiBéoel pe mv emPrenduevn pdbnon oémov 6mmg ovapépbnie dtobétovpe €va cHVOLO
and delypato, Kabmg Ko v amdvinon — mpoOPAeyn mov avTioTolyel G aVTA, GTNV Un
emPAemopevn ndbnon, enyelpovpe v enilvon tov TPOPANUATOS GTO OTOI0 SEV VTLAPYOLV
OTOVTOELS — TPOPAEYELS, Y1l TOL OELYLOTO TOV GLVOLOL dEOUEVOV. ZKOTOG TOL TPOPANLATOG
etvar avt’ avtov, N avakdivyn HoTiBoV Kol CUUTEPACUAT®V TOL aPOPOVV TO GHVOLD TMV
derypdtov mov dwabétovpe. Ot 600 KvpLdTepeg LopPEG un emPrenduevng ndnong ivor m
avaivorn oe koOpieg ovviotmoeg (Principal Component Analysis) kot n ocvotadomoinon

(clustering).

H pn emPremopevn pdbnon epeaviCelt cuvnlog moAd mEPLGGOTEPES TPOKANGELS GTOV
EPELVNTN GE GYEOMN UE TNV EMPAETOUEVT], KATL TOV YIVETOL EUPOVES OO TO YEYOVOG OTL OV

VILAPYEL KATO10G GLUYKEKPIUEVOS OTOYOG OTNV avAALOY|, OTm¢ eivor o mTpoPAeyn M o
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amdvinon [42] kar cvyva YPNOWOTOIEITOL 0T TPOKOTUPKTIKG oTddle TG emPAenOUEVNG

pabnong.

3.4.1 Avdlvon o€ kVpLeg ovviotwoeg (Principal Component Analysis).

H pébodoc avtn ypnoyomoleitor OTOV LIAPYEL N OVAYKN YOl OTTIKN OVATOPACTOCT TOV
dedopéEvmV, KoM Kol PEIOT TNG S1AGTAONG TOV YOPUKTNPIOTIKAOV, TPOTOD EPAPUOGTOVV Ol

TEYVIKEG EMPAETOUEVNC LAONONC.

Ortav dabétovpe évo chHVOAO dedopEVOV e peyain dtdotaon (ueydrog apbuog features), ue
petafintég mov cvoyetiCovrar peta&d Tovg, o1 KOplEg cuVIcTMGES Lag Bonbovv 6to va Tig
ooumTOEOVUE, GE VoV LIKPOTEPO OaplBUd HETAPANTOV, Ol 0moieC GLAAOYIKA UTOPOVV Vo
EPUNVELGOLV TO UEYOAVTEPO UEPOG NG peTtafintomtog (variability) tov apykod cvvorov
[42].

H avdivon oe kbpleg cuviotdoeg avapipetatl otn dladikacio e tnv omoia vwoioyilovtal ot
KOPLEG CLUVIOTMGES, KAOMDC KOl 6TV UETENELTA XPTOT) TOV GLVIGTOOMV OVTMV, TPOKEUEVOD

va amoktnOel pio kKodvtepn katavonon tov dedouévov [42].

Scree plot All continents
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Ewova 9. Avaioon KOPLov 6UVIGTOGOV 6€ H£d0UEVE TOMGEOV Uy TOV.
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Xy ewkovo PAETOVUE TO. OMOTEAECUOTO TNG OVOAVONG KOUPU®V GUVIGTOOMY GE OEOOUEVA
ToAMocewv @ayntov. To emdve aplotepd TETOPTNUOPLO OMEKOVI(EL TO TOGOGTO 1TNg
HETAPANTOTNTOG TOV EPUNVEVETOL amO TIC KOPLEG CLUVIGTMGES, MG GLVAPTNON TOV APOHOD
Tovc. Xt0. voAowmta Tpio amewkoviovionr ta dedopéva pe Paon Tig 000 TPOTEG KVUPLES
OUVIOTAOOEG. Ta O10POPETIKA GCOUPOAN OVTIGTOLYOVV GE SOUPOPETIKES YDPES KoL 1 dtafabpion

TOV YPOUATOV YiveTal pe Baomn ta 106006t ¢ mayvoapkiog [43].

3.4.2 Xvotadomoinon (Clustering)

H ovotadomroinon avapépetar o pia gvpeia yrapo peboddowv kot texvik®dv pe ) Pondeia twv
OTMOlMV UTOPOVUE VO EVIOTMICOVUE LTOOUAOEG KOl GLOTAOES GE €vO GUVOAO OedouEVav.
YKOTOG TNG GLOTOJOTOINONG TOV dEGOUEVMV EIVaL O SLOY®PIGUOG TOVG LE TETOLO TPOTO, DOTE
Ol TOPATNPNOELS 6T TANIGL TNG KAOE Opddas Vo Tapovstdalovy OpotdTNTO HETAED TOVG, EVAD
Ol TTOpOTNPNCEG UETOED SPOPETIKDY OpAd®V vo gival dwapopetikés [42]. Avaykn yuo
oLGTAOOTOINON UTOPEL VO EUPAVIOTEL GE TOALEC TEPMTMGELS, OMMOC Yo TAPASEIYUN GTOV
KOTOKEPUATIOUO TNG AYOPES (S1o®PIGUOC TEAATMV GE OUAOEG UE TOPOLOLL YOPOKTNPIOTIKE),
oTNV  avAALOT KOWOVIKOV OIKTO®V, otV  10Tpikn  (cvotadomoinon  Kuttdpwv  omd

KOPKIVIKOUG OYKOVG e Péon Tig LETPNGELS TOVG) K. 0L

Toéco m ovotadomoinom, 000 kot 1 AvAALON O©E KUPLEC GLVIGTMOGES, EMOUDKOVV Vol
OTAOTOI|COVV TNV EPUNVELN TV OEGOUEVAOV HEG® P0G TTIO GLUVOTTIKNG TOPOVGIOGNS, OLMG Ol

UNYOVIGLLOT TOV YPNGULOTOIOVVE AVTEG TEYVIKES EIVOIL OLPOPETIKOL:

e H avéivon og KOPLEC GLVIGTMOGESG EMOIDKEL TNV AVOTAPAGTACT) TOV OEOOUEVAOV GE EVA
YDOPO AMYOTEP®V JAUGTAGEDV OO AVTOV TOV TOPATNPNCEMY, UE TETO0 TPOTO DCTE VO
eme€nyeiton £va ONUOVTIKO KOUUATL TNG LETAPANTOTNTOC.

¢ H cvctadomoinon endldKeEL Vo EVIOTIGEL OHOYEVEIS VTTOOUADES HECH OTIG TOPATNPY]-

oeig [42].
Yvotadomoinon pe Tov aryopiOpo K-Means

O aAyopBuog K-means amotedel Evov amhd Kot KOUWO TpOTO TPOKELUEVOD VO SO MPIGOVUE
éva. ovvolo dedopévav oe K dwokpitég kot pn emkaAvntopeveg ocvotddec (clusters).

[Tpokelpévou va epapUOGOLLE TV €V AOY® TEYVIKY| TPEMEL APYIKE VoL ATopactoTel 0 aptOudg
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TV cvotddmv K. Katonty o adydpiBuog 0o avabécel kdbe mapatnpnon o€ akpiPac pio amod

116 K ovotddec.

Emdinén tov aAdyopiBuov eivar vo S10p0pPOGEL TIC GLOTAJEG UE TETOWO TPOTO (GTE TO
dBpotopa TV SPOoPOTOCEMV Yo KBE cVoTAdN HeTAD TOV HEADV NG VA YivEL EALAYLOTO.
H dwagpoporoinon avt) cvvibmg opiletar o¢ 1 evkAeidewa oamdotaon [42]. Telkd 1o
TPOPANUa avayetor oe Eva TpOPAnue PeAtictonoinong, to omoio avamopictatol omd TV

axolovOn elcwon:

K p
pimise 10 . 0 =)
minimize — Xij — X;li
C1..Cx =] |Ck| Y vl

LIIECK j=1

Onov pe |Cy | ovuporiletar o apldudg tov mopatnpiceny mov avijkovy 6to K-0oté cluster.
AnAadf pe Ghda Aoyl M dlapopomoinon eviog tov K-ootod cluster eivar to ava (evyn
dBpowopo TV SPOPOV HETAED TOV TOPATNPNCE®V O10 TOV GLVOMKO aplOpd Tov

TOPATNPHOEWV 0T cvoTdda oty [42] .

To npdéPpAnuo avtd sivar dvoerilvto omd olyopOuknc andyemg (NP-hard) akopa kot ov

EMOIOKOVLE VO, S10Y®OPIGOVHE T, OEOOUEVA GE 2 GLUGTAIEC.

Yrhpyer ®o10060 £vag amhdg adyoplOog o omoiog £xel amoderydel Twg umopetl va pog 0NGEL

éva, Tomikd BEATIOTO 670 TPOPANLO Kot Tapovctdletat ota mapakdto Pripata [42]:

1. Amodidovpe pe toyoio tpdmo Evav apBud amd 1o 1 éwg 10 K og kdbe mapatinpnon,
oniadn v avabétovpe og pia amd TIC GLGTAES.

2. Emavaiappavoope ta akoiovba Pripata £0¢ 6Tov ot avabicels Twv cueTAdmV Topa-
petvouv apeTapAnTEC.
A. T «éBe pla and t1c K ovotddeg, vmoroyilovpe 10 KEVIPOEDEG TNG, TO ONOLO
ovvioToTolr 610 dtdvooua oV £xEl MG yapaktnplotikd (features), tov péco 6po TV
OVTIOTOY(WV YOPUKTNPIOTIKOV TOV TOPATNPNCE®Y TOL OVINKOLV OTNV &V AOY®
oLOTAdO.
B. AvaBétovpe kdbe mapatipnon omv cvotdda TG omoiag To KEVIPOEWES elvat

TANGCLEGTEPO TTPOG VTNV (LE TO KPITAPLO TNG EVKAEIDELNG OmOGTAONG).
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O odyop1Buoc avtdg eyyvdton TNV EAATTIMOT TOV TILAOV TNG OVTIKEEVIKNG GUVAPTNONG TOL
npoPAnuatog oe kabe Pruo. H Asrtovpyio tov adyopiBpov moapovctdleTor €MONTIKA GTO

axoAlovbo oynpua.

Data Step 1 lteration 1, Step 2a
- - -
f - ® T TR [ TRl
'.:.‘"&‘.: . '? K : . .1 K :
* :.. l‘ '. [ ] L [ ] Ll
* ' - » * .
-
. . ™ . L] L]
.' ﬂ{ - . < L) . @ < .
." ‘. 1 :. :. e . ".:..- : .l . ".::- ’
A ) L AL L AL
l. .:‘FI' at*® : 0' - L -4 0' - ¥ L
* *} - * *
lteration 1, Step 2b lteration 2, Step 2a Final Results

@) O

Ewéva 10. Ta prjpata tov alyopiOpov K-means og disdraotata dedopéva [42].
Téhog mpémetl va. avapEpovpe, 6Tt 1 EMAOYN TOL OPLOLOD TOV CLGTAS®Y dEV OMOTEAEL AAN
dladkacio, Kol ETPEPEL APKETEG TPOKANGELS OTOV HEAETNTN, KOOMOC pio AavBacuévn emioyn

TOV, Uopel va 001 yNoet Kot o€ AAB0g cuumepdoaTa GYETIKE e TO dEGOUEVAL.
Iepapyuc ovotadomoinon:

H epapykn svotadomoinon sivon pion pébodog mov emdunkel Ty dnuovpyio piog epapyiog
oLOTAOWV. YTAPYouV OVO OLPOPETIKES OTPATNYIKEG TPOKEUEVOL Vo emTevyBel ovTOG O
otoyo¢ [44]:

¢ H ovecopotukiy (Anglomerative) :
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Amotelel mpocéyylon TOMOL «omd KAT® 7mpog To. mwhvo» (bottom-up). Kdabe
nopatipnon Bewpeitor apyikd oc¢ €va cluster, kot dwdoykd 0G0 TPOYWPAEL O

alyopBpog, Levyn TopaATNPGED®YV GUVEVAOVOVTOL.
e H dwnperiki) (divisive):

Amotelel mpocéyyion TOTOL «amd TAve TPog Ta. Katw» (top-down), otnv omoia OAeg
ol mopaTNPNoelg Bewpodvtal apyikd ™G pio cvueTdda, Kol ETITEAOVVTIOL OLOOYIKES

avadPOUIKES dlapepioelg avtng 060 eEedicoetal o aAyopOog

[Mopayopevo g d1adIKOGIOG 1EPUPYIKNG CLOTASOTOINGNG ATOTEAEL VOl OEVOPOYPOLA. XTNV
TEPIMTOON 7OV YPNOUYOTOIEITOL 1) GUGCMOUATIKY] GTPATNYIKY, TO OeVOPOYPAUI OVTO

AopPdveton pe ) xpnon tov €€\ amhol aiyopifuov [42]:

Hexwape kabopilovtag éva pétpo dapopetikdOtnTog petald kabe Cevyovg mopatnprcE®V.
XTI TEPIOGOTEPEG TV TMEPMTMCEMY YPNOOTOlEital 1 gukAeidewn amdotacr. Onwmg
avaeépinke, Eexwvaviag o aiyoplpog oavrtipetoniler v kdbe moapotipnon o¢ pio
Eexyoplot ovotdda. Or 000 mapoatmpnoelg mov givol o ocLuvaEElg HETAED  TOVG,
oLVEVAOVOVTOL, Kl €Tl av glyape apywkd N ovotdoes, mAéov &xovpe N-1. O akyopBpog
ovveyilel emavaAnTTiKd pe 1o emdpevo {evyog kal TAEov Exovpe N-2 wopotnpnoelg K.0.K. Ev
TéEAEL HETA TNV OAOKANP®ON TOL OmopéVeEL UOVO pio. GLGTAdN KOl TO OEVOPOYPOLLLO. £XEL

oAOKANpwOEl, 0TS PaiveTtan 610 akOAoVOO Ty
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Ewovo 11. Anpovpyia devdpoypappatog tepapyikig cvetadomoinong [42]
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4 Nevpwvika Aiktua - BaBud Mnyaviki) Mabnon

Atovdovope Vv tpitn dekaetio tov 21°° oudva, kot 0 Opog Babdid unyaviky pddnon, akodyeton
mAéov pe ekBetikd oavEavopevovg pvbuovc. H PBaon mdve oty omoia Oepehimwbnke o
ovykekpipévog topéag eivar ta texvntd Nevpovikd diktva (ANN), to onoio Oa propovoe
Kovelg Vo opicEl MG VIOAOYIOTIKG GLGTNLOTA, TOV OTOiMV 1 doun kot 1 Asttovpyio eivon
EUTVELOUEVT] atd Ta BloAoyiKd VELP®VIKA dikTva OV ATaPTILOVY TOV EYKEPUAO TV (OVTW®V
opyoviopav. H onuogidia kot 1 xprion tovg €govv ektvaybel to tehevtaio ypovia Kot ot
EPAPLOYEG TOVG GmTovTol TALOV TG KaBnuepvOTNTOS OA®V HaG. Q6TOGO deV NTAV TAVTOTE

£tol.

[Top 6Ao MOV Ol KEVIPIKEG 10€eC To® amd Ta vevpovikd diktva, elyav epgovnbel amd v
dekaetio tov 1950, m mpocéyyon owt) ypellonke Oekaetieg Yoo va EEKVNoEL va
epappoletar oty wpaén. o éva peyddo ypovikd SAcTNU, O YOUEVOG GUVOETIKOG KPIKOg
NTOV 0 AMOTEAECUATIKOG TPOTMOG ekmaidevong Tovg. Avtd dAAhale Katd TN OdpKeELD TG
dekaetiog tov 80, Otov «emavepevpénke» o aiyopiOuog omichiag TPoPodHTNONG
(backpropagation) kot Eekivnoe va epappoletar ota vevpovikd diktva [32]. To ypovikd
dwaotnua avtd vanpée £vag PeydAog evOOLCIACUOG Yl T GLYKEKPUEVT TPOGEYYIoN, UEXPL
10 onueio mov gpeaviotnkov ot Mnyovég Atavvopdtov Ymoot)piéne (SVM), n teyvikn
boosting kot to random forests, to omoio. omopdKpLVAY TO. VELPOVIKG OIKTLO OO TO
TPOCKNVI0. AVTO 0QENITOV €V UEPEL GTO YEYOVOS OTL TO VELPOVIKA OIKTLO. ATALTOVGOV
ueydAn mopopetpomoinon evd ot véeg avtég uébodot Aettovpyovoay oyeddv “out of the box™.
Opeotav emiong ko oto yeyovdg OTL or véeg néBodol vmeptepohicav Kol MG TPOG TO

anoteléopora [42] .

H kotdotacn oty e&akolovdnoe kot katd T TpdTn dekoetio tov 21° ardva, Opme and to
2010 ko petd, ta vevpwvikd diktvo eraviABoyv 6To TPOGKNVIO UE TNV VEN TAEOV Ovouaciol
«Babid pnyovikny pabnon» €yovtag va emdsiEovv peydieg emtuyieg o€ mpoPANpOTO OTMG

avayvopion ewovog Kot Pivteo, eneepyacio keyévov kat opudiog kAT, [42].

Qo61660, o1 Packég apyés TV GLVEMKTIKOV veupmvik®dv diktowv (CNN), o aiydpiBuog
backpropagation kot o alyopiOuog Long Short Term Memory (LSTM) mov ypnowonoteitot
eVPEMG YO TNV TTPOPAEYN YPOVOGEP®V, NTOV NN YVOOTA amd Ta TEAN Tov 1990. H Pabid
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uébnon ouwmg, amoysumdnke v dekaetia Tov 2010, e€attiag Tov e&Nng Kupimg mopaydvtwv

[32] :
e Hardware ka1 vToAOYIGTIKY IKOVOTTA

Meta&b tov 1990 kou tov 2010 ot enelepyaoctéc Tov gumopiov emtaybvOnKav Kotd Evav
napdyovta g taEewc Tov 5000 mepimov, pe amotédecpo mALov, UiKpd poviéha Pabidg
UNYOVIKNIG HABNoNG Vo UTOPOVV VO EKTTALOEVLTOVV G £VaAV OIKIOKO (POPNTO VLTOAOYLOTY|

(laptop) kdtt Tov Ba HTav advvato Kotd To TEAN TG dekaetiog Tov 1990.

o Asgoopéva

Youepwvo pe tov Francois Chollet [32] n teyvnt) vonuooivn Bewpeitan amd Kamolovg n véa
Bropnyoavikn eravactacn. Av Aowmdv 1 Padid unyavikny pabnon amotelel tn Aokopotifa g
EMOVAGTOONG OVTNG, TOTE TO OEJOUEVO AMOTEAOVY TNV KOVGIUN VAN TS Xmpic autd timota
dev Ba NTav ePIKTd. AVOQOPIKA [e Ta dESOUEVA, TEPAV TNG EKOETIKNG (cVUQ®VA e TOV VOO
tov Moore) avénong g amofnKevTIKNG tKovoTnTag To. TEAELTAio. 20 ¥POVIA, TPAYHOTIKO
KATOADTH OmOTEAECE KOL TO O100IKTVO, TO OOI0 KOTEGTNOE EPIKTN TN GLAAOYN Kol SLOVOUN

LEYOA®Y GLVOA®V OEJOUEVOV TPOKEWEVOL aUTE Vo XPNOHOTomOBoVV oIV  UNYOVIKT

puéonon.

e Behtuwoeig otovg alyopifpovg
Ext0¢ amd toug mEPIOPIGHOVG GTNV VTOAOYICTIKY 1o}V KOl 6TO dEGOUEVA, LEYPL TO TEAT NG
dekaetiog Tov 2000 dev VPOV KO OTOTELECUOTIKOL TPOTTOL VO EKTTALOELTOVV TOL TOAD Pabid
veupovikd dlktva. Avtd didate YOpw oto 2010 pe v €AgvoN OMNUOVTIKOV OAYOPLOHK®V
Bertidoewv, mov apopodoav 6e cuvaptoelg evepyomoinong (activation functions) twov
VEVPOVIK®OV OIKTO®V, G€ KaAVTEPEG HEBOOOVG apywomoinong tov Papdv, Kabdg Kol oe
uebodovg Pertiotonoinong 6mmg n Adam.
Tavtdypova pe avtd, vmpée avalomOp®oN TOv EVOIPEPOVIOS TOV EMEVOLTAOV TPOS TNV
Babid pnabnon pe amotédecpa v teEAEVTOL0 OEKAETIO TOL TOGA TOV OLOYETEVTNKOV TPOG OVTY
v kotevBovvon va avénbodv ekBetikd.
Téhog, oev mpémel va mapafAéyovpe Tov «EKONUOKPATICHO» Tov emteAéotnke. Katd ta
Tp®OTO XPOVIA, Yo vo, acyoAnBel kdmotog pe ™ Pabid pabnon, Ba Enpeme va €xel onpovVTIKN

eunepia otig yddooeg C/C++ kabdc ko oty mhateopua CUDA. TTAéov erapkodv Pootkég
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YVOGELS TNG YADooog Python, mTpokelpévon va emTeAEGEL KATOL0G TPOY®PNUEVT £PEVVO. GTNV

Bobid pabnon [32].

4.1 Nevpwvikd Siktva

H nepntovoia tov vevpovikdv diktvmv amotedei To Multi Layer Perceptron kabmg amotelel
TO YOPAKTNPIOTIKOTEPO TTAPAdELYIA TOVG. 'l TV Katavonomn g Aeltovpyiog Tov HOVTEAOD
avtov, Bo mopovoldoovpe pePKA Poacikd oTorelo Yoo TOVG TEYVNTOUS VELPOVES, TO

Perceptron kot ) dwadikacio pdbnong tov.

O avBpomvog eyképarog amotereiton omd dioekatoppdpla vevpoveyv. Ot vevpmves givat,
SoLVOEdEUEVE LETOED TOVG VEVPIKA KVTTOPA Ta omoia glvar vevBuva Yo v emeEepyacia
KOl HETAOOCT YNUK®OV KOl NAEKTPIKAOV CNUATOV. ATOTEAOVVIOL amtd TOVG OEVOPITEG, TOV

TUPNVA Kat TOV AEova, OTMG PaiveTal 6TV akOA0VON EIKOVA.

Axon
terminals
Myelin sheath /\
s
—
—>
Input — Qu st
. Signals
Signals ~ —» :
\ 4
—»
—

Ewova 12. Avanmapdotacn 100 floroyukod vevpova.

O devdpiteg (elc0d0g TOL vevpmdva) eivar daKAadDoEL Ot omoieg Aapupdvovy mAnpopopia
amod GAAovg vevpaves. O moupnvag ivar vrevBuvog yuo v eneEepyacia TOV GNUATOV TOV
Aappavovtal, evd T€A0g 0 AEovag HUmopel va yivel avTIANTTOg ooV v KAAMAI0 oL EXEL GOV
QIIOGTOAN T LETOPOPA TOV EMEEEPYAGUEVOD OLOTOG TPOG AALOVG vevpmveg [45]. O d&ovacg,
OM®G QoiveTal KOl OTNV €KOVO, KOTOAYEL O OLOKAUOMOELS - TEPLOTIKA» Ol OmOieg
oLVOEOVTAL [LE TOVG OevOpiteg TV GAA®DY vevpdvmv. Ot cuvdéoels petald tov dEova Kol TV

GAADV VELPOVOV OVOUALOVTOL CUVAYELS.
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4.1.1 Teyvntol vevpwveg.

H mpdt avapopd kot cOAANYN tov tervnTod vevpdva £ywve omd tovg McCullock-Pitts
(1943) ko to amotérecpa ovopdotnke McCullock-Pits (MCP) neuron. O teyvntdc vevpmvog
elvan ent ¢ ovoiog pio padnuotikny cvvaptnon mov Paciletor oe £va HOVTEAO PloAoyiK®V
vevpovav. Kdbe vevpmvag déxetat Evav aptBpd N 1603wV, omodidel £va GLYKEKPIUEVO BAPOC
omv Kabgpio Kot Tpo@odotel T0 GBpoloud Tovg 6€ piot pUn YPOULIKY GLVAPTNOT 1 OToid

napéyel pio ££0d0. H dradikacio avth aneikoviletor oto akdolovbo oynua [46].

44

Non Linear Output
Transfer }——wp
Function

W3

, g
5 (o] &

Ewoéva 13. H Asrtovpyia tov tevnTov vevpdva [46]

4.1.2 Perceptron

H 18éa Tov perceptron diatvnddnke and tov Rosenblatt (1957) [47]. [Ipdteve évav kavova
péonong Pacicpévo oy apyttektovikn tov apytkov MCP vevpava (1943). To perceptron
amoterel akydpBpo emPrenodpevng pabnong yio dvadikos katnyoplomomtés. O akydpidpog
Tov Perceptron kabiotd TO0UVG Vevpdveg kavog va pabaivouv kot vo emeEepyalovror To
otoyeio, e To omoio TPOPOSOTOVVIOL OO TO GUVOAO OEOOUEVMV eKTOiOEVONG, ££€TALOVTAG

10, éva KdOe popd.

To perceptron ovciactikd, evromilel ta PBéAtiota Papn mov mpémel vo €YOLV T ONLOTO
€10000V, L OKOTO VO, CYNUOTIOTEL £vaL YPOUUIKO 0p1o amdPaonS, TO 0moio kabiotd dvvatd To

S ®PIGHS TOV OESOUEVDV GE OVO YPOUUKA StorymPllOpEVeES KAAGELS.
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Weight update

Error

Netinput  Threshold
function function

Ewkovo 14. O kovévos padneng perceptron [48]

Aoppdavoviog mollamhd orjpota 16000V, To perceptron to abpoilel molhanrocialovidg Ta
ue to fapn Wi. Av 1o d0poicpa vrepPaivel Eva GLYKEKPILEVO KATOPAL-OPL0, ETOTPEPEL 1) OEV
emoTpéeel avtiotoryo pia £€€000. Xe éva mpoPAnpa emPremopevns nabnong, avtn 1 ££000¢
pmopet eni mopadeiypatt vo ypnotpomomOet yio va tpoPAEyel v KAAGN TNV Omoiol aviKEL

éva detypa.

H ocvuvdptnon mov ypnoipomotet to Perceptron mpokeévou va ovVIIGTOYNGEL TIG E160J0VE TOV
pe v €€060 opiletan g e&ng:

ro=ly i
2y e&iomon avtr, svpPfoiilovpe:
Me W 10 dtdvooua Bapdv Tov 1600wV TO 0010 TaipVEL TIHEG GTO GOVOAO TMV TPUYUOTIKOV
aplOuov.
Me b 1o Aeyouevo bias , dnradn éva ototyeio To onoio petatomilel Tnv evbeia Tov opiov étot
®OoTE Vo UMV TepvAEL amd TV apyf] TOV aSovav Kot 1 omoia ogv e€apTtdtarl amd TG TIUES
€16000V.

Me X 10 0184vLG O TV EIGOIMV.

Yuvenmg, 1oyveL Ot

n
w:*X = E Wi X;
i=1

Omov N 0 aplBog TV E1GOdWV OTMG EYOVLLE 1OT] OVOPEPEL.
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Lingar function Sigmoid function
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himn fiinectinn Rartifiad inaar fiinctinm

Ewoéva 15. Zovn0opéveg cuvaptiicers evepyomoinong ota Nevpovikd dikrtva [49].

H dvadikn avt €0dog umopet va €xet gite ) popen 0 ko 1 glte ™ popoen -1 kot 1 avdioyo
pe to molo. cuvdptnon evepyomoinong Bo emieyel. Ta televtaio ypdvia Kol 101KOTEPU OTIC
o TOAMOTAOKEG OPYLTEKTOVIKEG Pobidg pabnong, €xel yivel moAD OMUOPIANG M GuvVApTHOoN

ReLU (Recitified Linear Unit) n onoia déivetor amd v axdAovdn eEicoon:
f(x) = x* = max(0, x)

H ReLU, &exivnoe va epappoletar yio v eoymyn ontikdv yopoktnplotikov (features) oe

OPYLITEKTOVIKES 1EPAPYIKDV VEVPOVIKMV SIKTO®V EEKIVAOVTOG KATd TNV dekaetioo Tov 1960, kot
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OTNV TOPElD ERPAVIOTNKE 1OYLPT ETLYEPNUATOAOYIN Y10l TO OTL €Yl €vTovn Ol0GVVOESN UE
BroAoykovg unyoviopovg Kabmg kot pabnuatikny orttoddynon mepi avtov [50] [51]. To 2011
napatnpnke 6Tl odnyel oe kaAvTEPN ekmaidevon aAdyopiBuwv g Pabibg unyovikng
uébnong oe oyéon pe TIG UEXPL TOTE KOWVADG YPNOULOTOIOVUEVEG CLUVOPTNOGELS EVEPYOTOINGONG
[52], 6nmg yroo Tapddetypa 1 AOYIOTIKY] GLYHOEWONG GLVAPTNOT, N ool Eival EUTVEVGUEVN
a6 1 Bewpio T@v TOOVOTHTOV Kot ylo. TV omoio £ywve AOYOG G€ mPONYoVUEVT] EVOTNTO,

KoOdG KoL M O TPOKTIKY GTY (PO TG GLVAPTNOT| TNG VIEPPOAIKNG EQUTTOUEVNC.
Ta mAeovekTnHOTA TG £YKELVTOL OE:

o Apau] gvepyomoinet): Xe £va veEpmVIKO dIKTVO e TUYaio apykoTotnpéva Bapn, pno-
vo 10 50% T®V VELPOVOV KPLPADV EMTEOWDV EVEPYOTOLOVVTAL.

o Kalotepn dwddoon khiong (gradient propagation). To mpdpinua eEapavilopevng
KAMong (vanishing gradient) spgaviletol Ayotepo cuyva e GYE0N UE TIC OIYLOEDELS
ovvaptoelg [52].

e  Am0d0TIKOG voroyiopldg: Yrmohoyiletar pévo pécm ocvykpicewv, mpochicemv kot
TOALATAQGLOGULAV.

e Khpokota apetapin: Iloxdern oxéon :

max(0,ax) = amax(0,x)Va =0
Kamowa mBavé mpofAnpato mov pmopet va Tpokdyovy amd ) xpnomn g sivat:

e  Mn dweopiocun 610 pndév. Qotd6c0 givar dStoeopiciun omovINTOTE AALOD Kot 1 Ti-
U1 TS Tapay®@yov 6to Undév pmopel va emieyet avBopétmg oe 0N 1.

e Mn GUUUETPIKT] O TPOS TO UNOEY.

e  Mn nepropiopévn

e To mpopinpa g «amoBvijokovooc» ReLU (dying ReLU problem). Xg xdmoteg
TEPIMTMOGELS O VEVPMVEG UTOPEL va TePLEABOVY G€ KATOOTAGELS OOV TAEOV OEV EVeEp-

YOTOLOVVTOL Y10 Koo Suvath T €16000V.

Agdopévov 011 1 ev Adym cuvdaptnomn ypnotpomoteitor oyxeddv amokAelotikd and 1o 2017 otic
TEPLOGOTEPES EPAPUOYEG UINYOVIKNG LEONONG TOL 0LPOPOVY VTOAOYICTIKT] OPACT), AVAYVAOPIoN
OLUATOG KO DVTTOAOYIGTIKNG VEVPOEMIGTAUNG, EMAEXONKE Kot Yio TNV TopoVGo SUTAMUATIKY MG

GULVAPTNOT EVEPYOTOINGOTNG Y10l TOVS VELPAOVEG, LE eEaipEDT) TO EMimed0 ££600V.
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4.1.3 Ma6non

Onwg avagépape Kot TPpoNyovpéves, 1 factkn Widtta tov Perceptron £ykeitan otov Kovova
puébnong, HEsm Tov omoiov Ta TVYUUMS apytkomouéva Bapn, PEATIoTOTOI0VVTOL, £TGL MCTE N

€£000¢ TOL VEVPMOVO VO, OTVEL TN 6MGTN AVOT Yo TO TPOPAN L.

Eivar mpogavég mmg ot apyikég £Eodot Tov Perceptron, dev umopovv va SGOVV KOVTIVEG GTIV
npoypatikdétro Tipés. Ipokeyévovr va ocvpPel avtd, AapPdvel yopa pio oTadlokm
tponomoinon tov PBoapwv, 1 omoio Pociletor otV avatpo@oddTNoN TOL AGUPAVOLLLE,
ovykpivovtag v 6000 pe Ta 1Wavikd amoteléopato mov Ba Enpene va TpokHyovv. ALt M

JLdKaGIoL GUVICTA KOl TNV AEYOUEVN EKTAIOELON amtd TNV omoia maipvel To dvoud g 1M

punyoviky palnon.
To pApoto tov eravainmtikov olyopifupov mov epapudlovrar givor ta e€ng [32]:

1. ®ewpodue éva tunua (batch) derypdtov ekmaidevong kot Tig avticToyes TWéS —
oTOYOVG.

2. AapBdévovpe Tic TpoPAdyelc mov pag divel To S1KTLO Y10l TO GUYKEKPIUEVO TUNLOL.

3. Ymoloyilovpe pe éva pétpo amdretog (loss function) v andctaon tv mpoPréyemv
amd TIG TEG GTOYOVG.

4. Evnuepavoope ta Baprm KaTd TPOTO TETOO0 MOTE VO, EAUTTMOGOVUE EAAPPDS TNV OTtd-

GTOGT TOV TUNUATOG OVTOV OO TIS TIHESG GTOYOVG.

Epappolovtag tov alyopiuo ovtd apketéc @opég ota 0edopéva  ekmaidevons, Oo
KataAnCovpe o€ €va dtvooua Bap®dv [Ee TN YPNON TOL OTOI0V, 1| GLVAPTNON ATOAELNS Oa

ToipveL TOAD YOUNAEG TIES oTa OedOUEVA EKTOIOELONC.

4.1.4 Ytoxaotiki) KatdBaon Suvapkov (stochastic gradient descent)

v TponyodUevn evOTNTO avapepOKOLE oV ETAVAANTTIKY dtadkacio Pdoel TG omoiag
EVNUEPOVOVUE TO. BAPT, OUOS £vo. CNUOVTIKO £pATNUA 7OV TiBeTan, €lvan «ue molo TPOTO
YIVETOL COGTA KOl ATOSOTIKA QLT 1 EVNUEPOOT»; Mia TpdTn apeAng Tpocéyyion Ba ftav va
dwtnpovpe KaBe eopd otabepd Oha Ta Papn ANV evOg, Kot vo SOKIUALOVUE SLOUPOPETIKEG
TIWEG Yo TO €vol TO Ooio pmopovue va. petafdiiovpe (o avEnon kot pio peioon), HEXPS
OTOV JMGTAOGOLVUE OTL 1] TN TNS GLVAPTNONG OTOAEWNG EAATTOVETOL Tn dtadikacio avTh

Ba énpene va emovaldPove Yo oAOKAN PO T0 dtdvucpa Poapdv. Mia tétola mpocEyyion Ou®s
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Oa MoV e€oupeTikd domavnpn amd TAELPAS LIOAOYIGTIKOV YpOvov, kabmg Bua Empene va
exteAécovpe dVo mepdopata o kdbe pepovouévo PBapog, o apBudg TOV omoiwv oTo To

ovvOeTa LOVTELD UTTOPEL VO PTAGEL TIG YIALAOEG 1) KOIL TO EKATOUUOPLOL.

Mio mo oamodotikn mpocéyyon Paciletor 610 Yeyovog OTL OAEG Ol GULVOPTNGELS TOV
xpnopomooHvtal elval Tapoymyiciueg kol eipacte o 0éon va LIOAOYICOVUE TIG HEPIKES
TOPAYADYOVS TOVS G TPOS TOVS GLVTEAESTES (PApn) TOL ditkTVLOVL. MTopOVLE, QPO Yivel aVTO
va petafdidovpe ta Bapn Tpog v avtifetn KatevBvvon amd avtiv g KAiong (Tapaymyov)

TPOKELUEVOD VO EAATTOGOVUE TNV TIUT THG cuvhptnong kootovg [32].

Me tov 6po gradient (Babuida) evvoodue v mapdywyo evog tavoot (tensor) kot omotele
™ yevikevon g €Vvolug NG TOPay®YoL HE €100000G (ONAad CLVOPTNOELS) TOAAGDY
dwotdoewv [32]. Onwg MoN avaeépnke yio cuvaptoelg piog peToPAntng, avtictouyo
pmopovue va petaffAALOVE Kol TV TN piog moAvpetafAnTig cuvlptnong, HetofdAlovtog
TG aveapmnteg HeTafANTég NG, MOV €V TMPOKEWEVD givar ta Papm, mpog v avtifet

KaTeLOVVOT AT VTNV TNG TOPAYADYOL MG TPOS TO GLYKEKPIUEVO BAPOG.

"Evog dtoueOntikdg tpomog yuoo va yivouv KaADTEPO, AVTIANTTA TO TOPOTAVE €ivol PEGH TOV
aKoAovBov oynuatog Tov TaPoVctdlel TV Aoykn avth pe T Pondeta pag cuvdptnong piog
petafintgs. Omwg mopoatnpodle 6TO GYNUM, ©GTO oNueio Tng ocvvaptnong Omov £xet
oxedoTEL M KAMoN G, €lvor apvnTikn, onAladn n cvvaptnon sivar yvnoiong edivovoa cto
onpeio avtd (EAATTOVETOL 1] TN TNG Yo AOENGN TNG OVEEAPTNTNG HETAPANTNG). ZVVETWDGS, Yid
VO EMOTTOGOLUE TNV TN NG ovvaptnong, mpémel vo. petafdiiovpe v oveEdptnm

petafint mpog v avtifemn katevBuvon g KAiong, Oniadn va v avEGOoLLE.

[Ipéner vo emonuoavOel €d®, mog N avénon N N peiwon towv Papdv dev mpémel va yiveTo
avBaipeto oAAG Pdoel evog pikpol kot mpokabopiopévov Pripatog (step 1 aAlidg learning
rate) kaOe @opd, T0 0OTO10 YPNGILOTOIEITOL GOV TOAAATAAGLOGTIKOG TOPAyovToS TG Pabpidog
(gradient) emedn n tEAELTALN, OTOTVLIMVEL TV KOUTLAOTNTO TNG GLVAPTNONG HOVO GE pio
KOVTIVY| Tteployn YOpw omd to onpueio mov peietdpue. ‘Etor Aowmdv av cvpPoricovpe pe WO 1o
apykd Siavocpa PBapov, toéte avtd mov Bo AdPovpe amd ™MV TPOTN EMAVAANYM NG

dwadikaciog W1, Oa yivetar omd ) oyéon [32] :
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W1 =WO0 — step * grad(f)(W0)

Local linear
approximation of f,
with slope a

Ewova 16. Zovaptnon piog perafintis kou 1 khion g [32]
"Exovtag pio mopaymyiciun cvvaptnon, eivar duvotd vo vToAoyloTel T0 OAMKO EAAYIOTO TG
pe avodutikd tpdmo, Bpiokovtag to onpeio dmov pundevileton n mopdymyoc . Onmg og éva
VEVPOVIKO OIKTLO HE YIMAOEG 1 KOl EKOTOUUDPLN TOPOUETPOVS KATL TETOLO EIVOL TPOKTIKA
avéQkTo. g K TOOTOV, VTl Vo LTOAOYIOTEL LOVOULAG TO €AGY10TO, VTTOAOYILETON GTOdLOKE

pe PKpEG oAAoyEG GTO SLOVUGLLA TV BopdV.

Keporauddovg onpaciog eivat 1 emAoyn og Aoyikng Tiung v to frjna (step) mpocsappoyng.
Mio moAd pwkpn Ty pmopel vo «eykAoPioey ta Papn oe €va tomkd €AdyIOTO NG
ocuvlptnong, eved pio TOAD peyaAn Ty pmopet va petofdiiet to Phpn o€ evied®dg Tuyoieg

TWEG emi TG KoumoAng [32].
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Ewoéva 17. Kotafoon dvvapikod o€ pia emeaveio 600 droctdosov (2 mopaperpor) [32]
H meprypageica teyvikn amoteAel TNV 0TOXAGTIKY KOTAPAOT] SUVOUIKOD, TNV OTOi0 LITOPOVLLE
Vo avTIANEO0VUE OTTIKA [LE TO TOPATAV® GO TOV TNV omelkovilel e pia empdvelo 600
aveapToOV TapapéTpoVv, KoBDS eival apketd dVGKOAD va TNV avTiAneBel Kavelg oe évav
YOPO UE EKOTOUUVPLO. TOPOUUETPOVG, OTMG ovuPaivel pe T VELPOVIKG dikTva TOV

YPNOLOTO0VVTOL GTNV TPAEN.

4.1.5 OmiocOwx Stadoon (Backpropagation)

Televtaio KoppudTt TNV AAVGION TNG EKTOIOEVONG TOV VELPOVIKMOV OIKTO®V OTOTEAEL O
aAyopiBpoc omicOiog diddoong N backpropagation. Xtn mpdén, kar Adyw® Tov YEYOVOTOG OTL
OTIS GLVNOEIS TEPIMTAGELS, TO VEVPOVIKA OikTva TEPAAUPAVOVY TOAAEG GULVOPTNGELS LLE
TovLoTEG (tensors), ot omoieg éxovv TV 1WBOTTA Vo £x0VV Tapdymyo Tov vroloyiletal pe
amAd tpémo, ko M kabe pio amotedel ohvOeon g GAANG, KAvovue xpromn Tov AEYOUEVOL
KavOva TNG 0ALGIO0C TPOKEIEVOL VO LTOAOYICOVE TIG {NTOVEVES TOPAYDYOLS. O Kavovag

g aAvcidag divetar amd T oyéon:
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flg@) =f"(gx) * g'(x)

H gpoppoyn tov aiyopibuov backpropagation oto vevpovikd diktva, Eekwvder pe tov
VTOAOYIOUO TIG TIUNG TN GLVAPTNONG ATMAELNG Y10 TO TEAEVTOIO EMIMESO Kot KIVEITOL TTPOG TOL
oW QTAVOVTOG TEMKA oTo opywkd emineda, €appoloviog OSdoyikd Tov Kovova Tng
aAVGId0G TPOKEIUEVOL VO VTOAOYIGTEL 1] GLVEIGPOPA TNG KAOE TAPAUETPOV GTNV GLVAPTNON

andieog [32].

duy

dw,

J!ﬂi("Jj\'r.’"ﬁlf-r![?rE]t"y 5)

aé

dwy

du,

ow,

Ewéva 18. H Aerrovpyia tov alyopiOpov backpropagationpe t ypijon tov kavova g alveidog [53].

H dwadwcacio oot angikoviletal 6To Tapamdve GYNLLo.

4.1.6 InTpata ekmaidsvong
Avti 100 KoBoplopod eveg cuykekpluEvVov TANB0VC aanoxo')v3 Yoo v ekmoidgvon evog
VELPOVIKOV S1KTVOV, gival cuvnOiopévn mpaktikn 1 emthoyn g pebodoroyiog early stopping

N omoio otapatdel TV eKmaidevon, OTAV Ol TPOCUPUOYES T®V PapdV, GTOUATAVE Vo

*Aéyovtag emoyfi evvoolpe évav KOKAO ekmoidevong Tov Sedopévev pe T xprion OAov Tov GuVOroL
ekmaidgvong pio popd. Mia emoyn amoteleiton amd pio 1 meplocdtepeg deopideg (batches) dmov wg deopida
AVOQEPETOL TO GUVOAO TMV OEYUATOV 7OV YPNGYLOTOOVVTOL Yo, €KTaidevon €mg OTov AdPel ydpa pio
EVNUEPOOT TOV TOPOUETP®V TOL HovTELov. 'ETot, emoyn| eivat ovolactikd 1 TANpNg enelepyacio Tov dedopévav
7oL cvumeptAapfavel Ty exknaidevon og Eva N TepiocoTepa batches.
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EMPEPOVY PEATIOOELG 6TO GHVOLO dedopévmv eAEyyov. Emi ¢ ovoiog avtd mov cvpPaiverl pe
1o early stopping, eivar Ott amobnkedovtal Kot EVNUEPDVOVTIOL Ol TPEXOVGES PéATIOTES
TOPALETPOL KOTA TN OLUPKELD TNG EKMOIOELONG KoL OTOV WETE OMO KOMOLES EMOVOANYELG
OTOUOTNOEL Vo Topatnpeiton Pedtioon, teppatiletol 1 eKmToidevon Kot ¥PNCUYLOTOLEITOL TO

GVUVOAO TV TEAELTAIWV BEATIOTOV TOPAUETP®V TOL TPOEKLYOLV.

H 6An dradikasio TapovctdleTol oynUatikd 6o akoAov0o dtdypapipLo:

Error

Validation set

1

1

1

] . s

: Training set
]

0 Early Number of
stopping iterations
point

Ewova 19. Awdikocio ekraidsvong pe ) pé0odo early stopping [54].
Onwg mapoatnpodpe oV €kovVa, 060 aVEAVOVTOL Ol EMOAVOANWELS TNG EKMOIOELONS, TO
HoVTéELO TTpocaproleTonr OAOEVO, KOl TEPIGGOTEPO GTA OEOOUEVO EKTOUOELONG, KOl MG €K
TOUTOV TO GPAALN TOV EAOTTMOVETOL TPOGEYYILOVTOS ACLUTTOTIKA 6TO pUndev. Aviifétmg, ota
dedopéva  gAEyyov  vmhpyel  €vo  onueio  EMOVOAYE®V  EKTOIOELONG GTO  OTOi0
elaylotomoleital, kol amd 1o onueio exeivo kot pETH, EUEAVICETOL TO (OIVOUEVO TOV
overfitting pe amotédespa va apyioet va avéavetal. H mpooeopd tov early stopping éykettoan
GTOV TPOGOOPICUO OVTOV TOV onueiov glaytotomoinong Tov cedipatos. Tavtdypova, pe ™
xpon tov, eEowovopeitar ypdvog ekmaidevong oe mepinTmon mov &iye ypnoomom el

LEYOADTEPOG aPlOUOG EMOYDV amd TOV AVAYKOO.
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Juyva, Yoo TNV 7O OTOTEAEGUOTIKY] EKTOIOEVON TOL SIKTVOL YPNCIUOTOLEITOL €MioNG O

aAyopiBpog (optimizer) Adam, o omoiog Bektictomotel TNV TeYVIKN TG Katdfacns Suvapkov.

O Adam ypnowonolel évav ocvvovaoud o6vo pebodoroyidv katdfaocng  SVVOUIKOV,
Aappavovtag vwoyn tov ekBetikd otabuiocpévo péco 6po twv KAicewv. Me tn ypnon tov
HECOV OpmV EMTVYYXAVETOL 1] TOYVTEPT CVYKMOT ToL otnV eAdytotn Tu. Eivor daitepa
YPNOLOG OTOV emyelpeiton vo do0el Abon og peydia TpofAnuata mov tepthapupdvovy peydrio

TAN00G TopAPETP®V.

4.1.7 BeATIOTOTIOMON VIEPTIAPAUETPWV

Onwg &xer avapepbel, Evag amd Toug AdYovg Yia Tovg omoiovg ta Nevpwvikd diktva Exacov
NV ONUOTIKOTNTA Tovg katd TN Oekaetiocn Tov 2000 eivar Kot To YeEYOvOg OTL 1 EKTaidELON
arortel Tov  KoBopiopd moAddv mapapétpov. ‘Eva (fmmuoa  KeeaAiaiddovg onuaciod,
TPOKEEVOD VAL VITAPEOVY TTOLOTIKE OMOTEAECATO EIVOL 1] COOTY ETAOYY] TOV TIUADV TOV
nopopétpov, po Sadikacsio mov  ovoudletor  PeATioTOmOINGON  VAEPTOUPAUETPOV M
«hyperparameter optimization». A€yovtoc VIEPTOPOUETPOVE, EVVOOVUE EKEIVEG TOV OTOI®V N
TN OEV TPOKVTTEL LEGM TNG Stodkaciog ekmaidevong aAd avtiBétmg mpénetl va Kabopiotel

EK TOV TPOTEP®V OO TOV EPEVLVITY.

O mopadoc1aKos TPOTOS Yo TV eKTéAEOT NG PeATioTomoinomg, ivor  Aeyopevn avalntnon
mAéypatog (grid search) n omoio cuvictatar og pio e€oviAntiky avalitnon tov PBEATIGTOV
TIHOV, péca amd €va emAeypévo amd Tov gpeLvVNT YOPOo vrepmapopétpov. o kdbe
GLVOLOGHO TOPAUETPOV, EKTOLOEVETOL TO HOVTEAO KOU KEVOVTIOG ypnom Miog HeTpikng,

EMAEYETOL TEAMKE 0VTOG 0 0TOT0G Bl EMPEPEL TO KAADTEPO OMOTEAEGLAL.

H mpoocéyyion avth ®otdc0, TAoKEL 0O TNV AEYOUEVT] «KOTAPO TV dtaoTtdoemvy (curse of
dimensionality). Ene1d1] o1 mapduetpot mov mpénel vo eEgtactody gival mhpa ToAAES, Kot TO
péyebog TOL YOPOL VIEPTAPAUETPOV avEAvETOL ekBeTiKd pe TV TpocHnkn emmAéov
TOPAUETPOV, TEMKAE TPOKOTTEL £val TEPAOTIO TANOOC EKTOOEHCEWY TTOV TPEMEL VAL Yivouv,

KATL TOV GUVETAYETOL KOl LEYAAEG OVAYKEG GE YPOVO KOl VITOAOYIGTIKOVS TOPOLG .

Mia oebtepn Aydtepo omoutnTiky] TEYVIKN €lval M Agyouevn tuyoio avalntmon. Ztnv
TEPIMTOON aVTN, 0 EPELVNTIG KABOPILEL OTMG KOl TPV TOV YDPO TWV VILEPTAPAUETPOV OAAL

€0 opiletan emiong ki évag oplopévog aplfpog ekmadetcewv mov Ba Adpovv ympoa, Kot Tig
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omoieg, Omuovpyeitor pe TLVYOiO TPOTO £€VOG GLVOVOCUOG VIEPTAPAUETPMV Kol TEAIKA

EMAEYETOL AVTOS TOV E0MCE TO KOAVTEPO OMOTEAEGLOTAL.

2mnv ak6AovOn ewova Tapovstalovtal GUYKPLTIKA ot dVo avTég pébodot:

Model accuracy Model accuracy

e | e
] [ =
@ . @
8 ® o o 3 ®. ®
: = = 3l °
2 O1-0—-0 © 2 ° o
[1+] [1+]
5 5 ¢
= ® O o = ® L
£ £
= =
- -
Important parameter Important parameter

(a) (b)

Ewova 20. Zoykpion Tov pedodov g avelftnong mthéypatog kot tns toyoios avalitnong [55]

Onwg mapatnpoovpe, av 1 avalntnon mA&ypatog eivor moAd apoy, dev gyyvdtor PéATioTa

AmOTEAECLLOTA, Kot Y10 VO YiVEL To Tokvn amontel eEapeTikd peydlo aplfud SoKimv.

Télog, vdpyer ko pia tpitn pébodog Peltictomoinong, n onoia amokoAeitor Bayesian (ue
xprion tov exktiunty TreeParzen 1 TPE) g omoiog m Aettovpylo cuvoyiletor g €ENg:
Anpovpyeiton €vo TOAVOKPATIKO HOVTEALD TNG AVTIKEWEVIKNG GUVAPTNONG TOL EmyElpeital
va  PeitiotomomBel, 10 oOmoio yPNCIUOMOLEITOL  TPOKEWEVOL VO, ETAEYOHV Ol  TIO

«OTOGYOUEVOL» GLVOLOUGLOL TAPAUETPDV.

Y1y akolovdn ewdva TopovstdleTol n TpocEyyion Tov Bayesian optimization cuykpttikd pe

v ovalnnon TAEYLaTog.
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Ewova 21. Zoykpion avalijtnong miéypatog ko Bayesian optimization [56].

4.2 Multi Layer Perceptron

To Multi Layer Perceptron 1 aAldc MLP eivan m mo yvooty kot Bookn didrtaén
VEVPOVIK®V OIKTU®V KOl OLCLOOTIKE amoteAel ohvOeon TV amAdv VELPOVOV TOL
TOPOVGLICTNKAY GTIC TPONYOVUEVEG EVOTNTEG G MOALUTAG aAAnAévoeta emineda. O O6pog
YPNOWOTOIEITOL YEVIKA LE SUPOPOVLEVO TPOTO Kol TOAAEG QOpEG Yyivetar ypniom Tov,
TPOKELUEVOD VO TEPTYPAPEL OTOOONTOTE TEXVNTO VEVPWOVIKO diKTLO TPHGO1UG TPOPOSOTNONC,
EVD GAAEC QOPEG YL VO TEPLYPOPOVV OPYITEKTOVIKES OIKTO®V TOV OTOTEAOVVTOL 0o

TOALOTTAGL ETTES QL VELPOV®V.
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‘Eva MLP mepiaapfdvel tovAdyiotov tpio emimeda kOpPov, éva eminedo €160d0v, £vol
Kpoppévo eminedo ki éva eminedo €£000v. Extog tv kdépPwv e €16660v o1 vmdromol

CULVIGTOVV £VOV VEVPMVO 0 OTO10G YPTCILOTOLEL iol GLVAPTNOT EvEPYOTOINoNG, GLVHOWOE LN

YPOLLHIKNG.

I'o v eknaidevon tov MLP ypnowonoeitor n teyvikn backpropagation 6mwe meprypaonke
omv mponyoduevn evotnra. Kdabe vevpmdvag mvpodoteitar omd KAmMOW GLVAPTNOM
evePYOTOINoNG, OMMG OTEC TOV TOPOVLGLAGTNKAY GTNV AVTIGTOWYN €VOTNTA, LE O GLYVA
YPNOLOTOOVUEV To TeEAevTaio ¥pdvia Tn ovvaptnon ReLU pe ™ ypnion g omoiag

ATOPEVLYOVTUL T APOUNTIKA TPOPAN T IOV EPLPOVILOVV Ol GLYHOELDEIG GLVOPTNCELS.

H apyrtektovikny tov MLP apovsialetar 6to akdiovbo oynua.

Output
Signal

Wi ( n ]

Input First Second Output
layer Hidden Hidden layer
(Layer-1) layer layer (Laver-4)

(Layer-2) (Layer-3)

Ewkéva 22. H dopnj evog Multi Layer Perceptron [57]

XopaKTnNpIoTIKO TNG TOPATAVE OPYLITEKTOVIKNG ATOTEAEL TO YEYOVOG OTL 01 ££0001 OA®V T®V

VELPOVOV TNG E10O00V KOOHMG Kot TOV EVOLAUECOV (YVOOGTAOV KOl MG KPLPE EMITENN) EMITEIDV
71



OLVOEOVTOL UE TIG €10000VC TV VELPOV®V TOV €MOPEVOL emumédov. EE ov kot 1 cuvnng
ovopacio Tovg mg wokva (dense) enimeda. v mepintwon mov mepAapuPdvouv udvov éva

KpLEO eminedo, avapépoviol cuyva kot g vanilla neural networks [58].

[Tapatnpodpe oy KOV 22, OTL 01 VELPMVEG TAV ALTOV TNG €16000V, Aapfdvouy Kot pio
€icodo m omoio. dev efaptdron amd Ta dedouévo, yvwor ¢ bias kot 1 omoia
noAlamAacialetol emiong pe €va cuvteleotn Papovg, vToAoylopeVo Katd TN OldtKacio

ekmaidevong Omwg Kot OAOL 01 AAAOL GUVTEAECTES TV EIGOIMV.

Ta molhanmAd eninedo kaBd Kot 1 pn YPOLUUKN cuvaptnon evepyonoinong twv MLP mov ta
drokpivouv amd 10 amAd ypappkd perceptron £xovv o¢ amotéAesua to vo eivar oe Béon 10
MLP va pmopet vo Siaxpiver dedopévo tor omoior dev €lval YPOUUIKADS Sloy@piotpLaL.
Yvykekpipéva, ommg Exel amoderydel and to Bedpnuo Cybenko [59] ,éxovv v WO TO VO

UopoHV VoL TPOGOUOIHDCOVY omoladnToTe cuvaptnon (universal function approximators).

Ta MLP amotélecav e&aipetikd dnpoeiin Abon katd v dekaetio tov 80 , pe epopuroyés oe
nedio OmOC avayvoplon opiiog Kot gkovas, kabdc kat autopome petaepaocns [58], aAld
EKTOTE TOPAYKOVIGTNKOV od TIC TOAD MO OMAEG Kol TOPOUOIES GTN XPNON TOVS UNYOVES
davvopdtov vroompiéng (support vector machines). To televtoic ®OTOG0 YPOVIO. TO
EVOLLPEPOV TTPOG aVTA €Yl aval®muP®OEL dEOOUEVOV KOl TOV HEYOA®V EMTUYIDOV TOV £)EL

onuewwoet  Pabdid unyaviky pabnon.

H ypnon tov Multi Layer Perceptron map’ 6ti dgv givar moAd d100ed0uévn GTO YDPO TOV
TPOPAEYEDV YPOVOGELPDV OEOOUEVOD OTL VITAPYOVV UPYLTEKTOVIKES OAVAOPO UKDV VEVPOVIKAOV
dwtowv (RNN) mov Bewpodvtal kotoAANAOTEPES YU 0UTO TO OKOMO, &YEL €V TOVTOLG
dokiuaotel, ko pdAoto Eva MLP ypnopworomnke kot og benchmark otov diayovioud M4,

2ty akolovbn ewdvo Tapovotaletor ) pebodoroyia TpoPAeyng piag univariate ypovooepigc

pe ) xprion MLP.
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input hidden output
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e
I .
time

Ewéva 23. Xpiijon MLP yw tqv tpopreyn ypovosepdv [60].
Onwg moapatnpodue oty €KoOva, T0 OIKTLO d€yeTO MG €16000 4 TOPEABOVTIKEG TIES NG
YPOVOGELPAG, Kot divel g €000 TNV TPOPAEYN Yia TNV APEGHOS ETMOUEVT YPOVIKN Tepiodo. To
GUVOAO OE0OUEVAV Y10 TNV EKTTOLOEVOT TOV, dNUOLVPYEiTAL Amd TO GUVOAO T®V TTaPaBLP®Y 5
GLVEYOUEVOV TILAV TTOV TEPLEYOVTOL GTO. IGTOPIKH SEGOUEVA, EK TV OTOI®V 01 4 TPMTEG TIUES

anotedohv TV €icodo kat 1 5" T T 6Tto)0.

4.3 Xvveliktika Nevpwvika Alktva (Convolutional Neural Networks)

Ta cvvelMkTikd vevpovikd Olktva omotelobv pio e£ElOIKELIEVT] KATNYOPIO VELPOVIK®DV
OTOV pe okomd v emeCepyacio dedopévav mOov £YOLV YVMOTH TOTOAOYiD TUTOL
mAéypatog. [Moapadeiypoto 1610100 TOTOL dedOUEVOV aTOTELOVV Ol YPOVOCELPES, TIG OTOTES
umopoOuE vo ovTIAneBodpe cov éva HovodoldoTOTO TAEYHO TO OMOlo amoTeAeitol omd
delypoto TopUEVo GE TOKTA XPOVIKE OlooTHHOTO, KOODS Kol 01 EIKOVEG 01 0Toieg UTOPOVV va.

yivouv avTIANTTéG O¢ MAEYHOTO dVO SGTAGEMV ToL amotelovvTaL and pixels. To dvoud tovg
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VIovoel T To diKTLOL OVTA KAVOLVV YPNOoN NG MAONUOTIKNG AErTovpYiag Tov ovopaleTot
ouvEMEN, Kou M omola sivor pior e€eldkevUévn HOPON YPOUUIKOD petaoynuatiopod. Ta
OLVEMKTIKG dikTva, AOTdV, UTOPOVV VO OpPIGTOHV MG VELP®VIKA SIKTLO, TOV KAVOLV XPNom
™G oLVEMENG, avti TOV AmAOD TOAALUTANGLOGHOD TIVAK®Y, GE TOLAGYIOTOV £vol Omd Ta

eninedd toug [61].

H Begpehdong dtapopd PETOED €VOC TUKVA GLVOESEUEVOL SIKTVOV KOl €VOG GUVEMKTIKOD
dkTvov glvar 6Tl ToL TLKVA VeEvpwViKE diktva (0nwg to. MLP) pabaivovv potifa amd to
oOVOAO T®V YapakTnploTik®v eic0dov (global patterns), evd to cvvelktikd diktva givorl og
Béom va pabaivovv tomkd potifa (local patterns) [32]. Zmv mepintmon mov to dedopéva pag
amoteAobvTal amd €KOveg, Ta Tomikd ovtd potifa eviomilovtal oe pikpd mapdbupa dvo
o TACEMV. AVTIGTOLO GTNV TEPIMTTOON TOV XPOVOCEPDV, Ta Tapdbupa apopovv pio pKpn
TEPLOYN TNG YPOVOCEPAC. XNV €MOUEVN €KOVA TOPOVLCIALETOL 1 OTOUOVOGCT] TOTIK®V

potifov arnd Eva GuVEMKTIKO VELPOVIKO SIKTVO TTOV JEVEPYEL OVAYVADPLON EIKOVOG.

Ei "

Ewkévo 24. ATodopnen swovag 6€ Tomkd potifo 6mrmg axpés, voéc kim. [32]
®a pmopovoape vo modue 6Tt oG éva Pabud, to CNNS mpocopotdlovy tov TpoOTO [E TOV

omoio 0 avOpOTVOC eykEPAAOG TaSVOopEl TIC €kOveS, avoyvopiloviag OCLYKEKPLULEVOL

74



YOPOKTNPLOTIKA 1 LOTIPa 6€ OAO TO €0POG TNG EKOVOG Pdom TV omoimv kabicToToL S10KPLTH

n kéOe Khdon [42].

AVO TOAD Bacikd yopakTPIoTIKE TV €V AdY® SikTH®V gival Ta eENG:

A@btov “pdbouvv”’ éva cUYKEKPEVO TOTIKO HOTIBO, HTOPOVV VO TO OVOYVOPICOVV GE
OTOL0ONTOTE AALO ONUEID, €V OVTIOEGEL LE TO TUKVA GUVOEOEUEVO VEVPMVIKA dTKTLA
Ta ool av 10 poTifo epeaviotel oe pion GAAN 0om, mpénel va to Eavapdbovv amod
mv apyn. ['a Ttapdderypa o pio ewcova, av avoyvopicovy pio aKpn 6To Gve aplote-
PO UEPOG TNG, TOTE UTOPOVV TAEOV VO TO avayvmpilovV Kol G€ OTOI0ONTOTE AAAO O1)-
ueto e, H 1016tta avt givor ToAd onuavtiky kobmg to kabiotd wavd vo ekmot-
devovtal pe pkpoTepo apud derypdrov [32].

Eivon og 0éom va pabaivouv epapyieg potifov: ‘Etot o pia eikdva, Bo pmopodvce 1o
TPMOTO GCLVEMKTIKO €Mimed0 va pnabet va avayvopilel pikpd tomkd potifa, 0nmg sivor
Ol OKUES, £va 0e0TEPO EMimedo pmopel va pnabet o ovvheta potifa mov oynuatilovton
a6 TO ATAG TOL TPMTOV EMTESOV K.0.K. ALTH ivar Kot 1 1310TNTA TOV TOVG EMTPETEL
vo pobaivouv e amodoTikd TPOTO 0A0EVA KOl TTO GUVOETES Kol aPnPNUEVES EVVOLEG
[32].

H devtepn avty 1010t tar TopovcstdleTon GyNUOTIKA 6T akOAovdn swova, 1 omoia
Tapovcldlel Tov TPOmo HE TOV OmMoi0 €vol GLVEMKTIKO OiKTLO TPOKEWEVOL Vo
avayvopIicEL KOl VoL KOTNYOPLOTOGEL TNV €koOva piog tiypne, pabaivel 6to mpdTto
EMIMEDO TA GTOLYELDON GYNUATA TOV EULPAVICOVTOL GE AVTNV, KOTOTLY To. GLVOVALEL GTO
devtepo eminmedo mpokeévoy va avayvopilel o pépn Tov copatog (pdtwo, pot,

OTOMA) KO EV TEAEL KOTOANYEL GTNV KATNYOPLOTTOING.
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Ewéva 25. Katnyopromoinon eikovog pe CNNpe v 1epapyiki ekpaonon o0Aoéva Kot o 6OVOETOV YOPUKTIPLOTIKAOV
omé To Sradoyikd emineda Tov duktHov [42]

4.3.1 H ouvvélldn

‘Eva tomikd cvveliktikd eminedo amoteAeiton amd éva peydio aplBud @oiktpov cuvEMENC.
Kkd0e @iltpo amoterel kKo évo mpoTLTO PdAcel Tov omoiov kabopiletan av éva GLYKEKPLUEVO
tomikd potifo eppaviCetor M Oyt oto detypo. H pobnuatiky Asrtovpyio mov emitedeiton,
ovopaletar 6mmg mpoavapEpOnke cuvEMEN Kot 1 omoio GVVIGTATOL GTOV ETOVOAAUPAVOLEVO

TOALOTAOGLOGUO HETAED TOV GTOLYEI®V TIVAK®V KO TPOGHEGNC TV AMTOTEAEGUATOV.

Mo v katavénon tov TG Aettovpyel 10 GIATPO TG GLVEMENS, Tapabétovpe T0 akOAoVOO

Ao TaPASELY oL piog EKOVOS dootdoemy 4 X 3 [42].

a b c

;oo |d e f
Apyu eikova = g h i
j k1

Oewpovpe eniong Eva eiltpo 2 X 2 T0 omoio £xel TNV akdAoVON Lopen.

’ 4 —_ a ﬁ
®idtpo ovvEdéng = [y 6]
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Metd v devépyeto Tng cuVEMENG, Ba £xovpe To akOAovBo amotéleoua:

ac + b + dy + ed ba + cf + ey + 6
Zuveltyuévn eikova = [da + ef + gy + hd ea + ff + hy + i8
ga + hf + jy + k6 ha + i + ky + 16

"Eto1 1o Topddetypo 1o TAvVe aploTePE GTOLYEID TG GUVEAYUEVNG EIKOVOG, TTPOEPYETUL OO
TOV TOAOTAQGLOGHUO TOV KABE GTOXEIOL TOV PIATPOV GLUVEMENG, LE TO OVTIGTOLYO GTOLXELD
TOV TOV® OPLOTEPE TUNUOTOC TNG OPYIKNG EIKOVOC UE OU0TAGES 2 X 2 Kot Tpocheon Tmv
amotedecpdtmv. Ta vréAowma ctotyeio TPoEpyovTaLl e TV HETATOMIOT TOL 2 X 2 TUNUOTOG
™G OpYIKNG €KOVOG TO Omoio ovuveAiooetal, 00VT®G MGTE vo. An@eOBovv vroyn Kol vo
ouvelMyBovv Oleg ot 2X2 TePloy€g TS APy ekOVaS. Me avtdv Tov TPOTO 1 GUVEALYLEVN

ewova KatoAnyel va €xet dtuotdoels 3 X 2.

4.3.2 H évvola tov yepiopatog (padding)

Onwg mopatnpnioope 6to0 TPOoNYoOUEVO TAPASEYHa, 1 OlEvVEPYELD TG CLVEMENS &lxe G
AMOTELEG O, T GLPPIKVMGT TOV AP Yopaktnplotikev (feature map) dniadn g apyikng
ewovoc. H ovpplkvoon éywve katd pio povado oTig YPOUUES Kol pio Hovado OTIG GTNAEC.
Avtictoya, av 10 @idtpo Ntav peyéboug 3 x 3 Ba eiyape cvppikvoorn kotd 2 HOVASES OTIG

YPOUUES Kol 2 LOVAOES OTIC GTNAES K.0.K.

2V mepinton mov enBVUOVUE TO OTOTEAEGLO TG CLVEMENG VAL £XEL TIC 101G OLOOTACELS e
aVTEG TNG APYLIKNG EIKOVAG TOTE PTOPOVLE VO YPNOUOTOMCOVE TNV dladikaoio tov padding.
Avtr], ovviotatal otnV TPocHNKn ToL KATAAANAOL aplBUOD YPOUU®V Kol GTNAOV o kaOe
TAELPA TOL YAPTN YOPAKTNPIOTIK®V, TPOKEUEVOL Vo kKobioToTon SuvATO TO KEVIPAPIGLO TOV
eiktpov oe kabe éva amd ta otoryeion g ewovag pog [32]. H dwdwkacio mapoveialeto
OYNUOTIKA oV KAT®wOL €KOva, Omov £yovpe £€vav apykd YApTn YOPOKTNPLOTIKMOV
dwotacewv 5 X 5 ko gpappdlovpe éva @iktpo dwotdoewv 3 x 3. Xwpic tn ypnomn tov
padding, n teAikn didotaon petd ™ ovveMEN Ba ftav 3 x 3. Avtifétoc, pe T ypnon Tov
padding éyovpe T SvvatdémmrTa va dwtnprioovue T Odotacn 5 X 5 mpocbitoviog

CUUUETPIKE, TEPLUETPIKA TNG EKOVAG 2 YPOUUES Kot 000 GTNAES.
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Ewkovo 26. Aroti)pnon Tov S106TAcE®V 5 X 5 ToV YapTn 1opoKTNpIeTIK®OV pe ™ yprjon padding [32].

Ta teTpdymvo mov givor emionuacpéva pe X, ivat avtd mov tpoctédnkav e to padding.

4.3.3 H évvoiwa tov Bruatog cuvéAEnc (convolution stride)

"Evag axopa mapdyovtag mov ennpedletl Tig dtootdoels e e£600v glvar 1o Pripa cuvEMENC.
Méypt oTryung oto TopadElyato Tov ToPOoLGIAGTNKAY, 1 LETAKIVION TOL QIATPOL KaTh TO
TAATOG KOl TO VYOG TNG EIKOVOG YIVETOL LETAKIVAOVTOS TO, Katd £va otoryeio kdbe popd. H
AmO0TOCT HETAED SVO0 SLOOOYIKOV TUNUATOV TOV OTOKOTTOVIOL A0 TV EIKOVA TPOKEYWEVOD
vo. cuveAyBobv pe to @idtpo, amotelel o Ppa g cvvéMéEng [32]. Xtig mepurtdoEg OV
CLUVOVINGOUE, M TWR Tov Pruatog avtov wwovton pe 1. Eivar opwg dvvatd va

YPNOOTOUCOVLE Kot TIHES LEYOADTEPES TOV 1 OTTOC PAIVETOL GTO TOPAKATD GYTLLO.
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Ewéva 27. Zovéén pe dwaotassis gidtpov 3 X 3 ko Brjpa (stride) pe dwaotassig 2 X 2 [32].H dwaotaon g ££650v 0o
givan 2 X 2.

Ovclaotikd ypnotiponoldviag Tiun Prpatog ion pe 2, yivetoar vmoderypatoinyio Tov xéptn
YOPOKTNPOTIKOV Kotd Eva mapayovia ico pe 2. I'evikdtepo mAVIOG, Ol TEPITTMOCELS GTIC

OTOiEG YPNOIUOTOLELTOL ) TEYVIKN TOL PriLaTtog cLvEMENG sivan teplopiopéveg [32].

4.3.4 BaOuog dtactoAng (dilation rate)

Mia aképo mopaueTpog mov pmopei vo 1ebel ota cuvelkTiKa emineda, amotelel o Pabuog
dwaotoAng M dilation rate. H moapduetpog avtn, kabopilel tnv vmoapén evog dtdkevoy peTold
TOV TIUOV TOL YAPTN XOPOKTNPIOTIK®V, TOV AAUPAVOVTOL TPOKELUEVOD VO TPOKVLYEL TO TUN LA
tov, mov Bo cvvelMooeton kabe @opd pe to @idtpo. ‘Etol yu moapdderypo éva @idtpo
dwotdoswv 3 x 3 ue éva dilation rate 2, Oa «emontedey TV 1010 £KTAGT TOV XAPTN UE EVOl
@iAtpo dlaotdoemwv 5 x 5, ypnowomoidviag Opmg povo 9 mopapétpovs. OvolooTikd
viomoteitatl Aapfdavovtag éva eidtpo dtactdoemv 5 X 5 kot draypdpovtog kdbe devTepT GEPA

Kot GTHAN).
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Ewéva 28. Zovéhén 600 dwuotdocwv pe ) piion @iktpov ddstacng 3 x 3 ko dilation rate 2 ympig padding [62].
Me avtov oV TPOTO, TPOKVTTEL £V PEYUADTEPO EVPOG EMOMTEING TOL QIATPOV, LE TO 1d10

VIOAOY16TIKO KOGTOC [62].

H teyvikn avt) pmopel var yivel 10100t€pmg ¥pNoyn Yo KAmoloug TOMOVG HOVTEA®DY, OTMG
givon ta ypovikd (temporal) cvvelktikd vevpwvikd diktvo mov o GLVAVTAGOLUE 6N

GLVEXELL.

4.3.5 H Swadikacia emroyi)¢ peyiotwyv (max pooling)

Mio cvvnOiopévn TPOKTIKY, HETE TNV €QOPUOYT] €VOC GULVEMKTIKOL E€mMMESOL €lval M
gpapuoyn Tov max pooling. v mepintowon avty epapudlovue éva eminedo emAOyNG
(pooling layer), To omoio exi Tng ovoiog TaPEYEL Eva TPOTO GLUTLKVOGTG EVOG LEYAAOV XAPTN
YOPOKTINPIOTIKOV GE EVOL UIKPOTEPO «TEPIAMNTTIKO» YAPTH. YTAPYOLV 0pKETOL doUPOPETIKOL
Tpémotl Yoo vo mpaypatonombel pion tétold CLUTOKVEOGT OAAL €vag TOAD cLuVNGUEVOG
TpOTOg etvar va emAeyoHV o1 PEYIOTEG TIUEG OO OAOL TOL [N EMIKOALTTOUEVO TUNUOTO EVOG

0PN OV £YoVV pia Tpokabopiouévn daotaon, Ty, 2 X 2.
"Eva mopaderypo g dtadikaciog goivetatl akolovbmg.
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To mapaydpevo, eivar £vag eAATTOUEVOS YAPTNG XOPAKTNPICTIKOV KATH £VOV Topdyovia ico
pe 2 og kabe dbotaon. [apéyetar pe oavtd TOV TPOTO M WOTNTA TNS LN YOPIKNG aAAoimong
(location invariance), ftot, €p’ 6cov VIGPYEL pia. peYdAN T 610 UmAok mov eEeTdlovpE,
161€ T0 GHVOLO TOL UTAOK OVAYETOL GE GLTHV TNV UEYAAN TN OTOV TEMKO «TEPIANTTIKOY

x6pn [42].

4.3.6 Emumédwon (flattening)

Méypt oTIyUNG ot XEpTES YOPAKTNPICTIKOV TOV GLUVAVTNCOUE Eival 600 d1UCTACE®Y, VD GE
GAAEC TEPMTMGELS UTOPOVV VO, Eival TPV O100TdcE®V KAT. Q0TOG0, OTIC OPYLITEKTOVIKES
TOV GUVEAMKTIK®V SIKTO®V, Ol ¥GpTeg avtol, Tptv pog ddcovv v tedkn {ntoduevn €£odo,
€164 yoVTOL GE £vaL 1) KO TEPLGGATEPA TVUKVE EMimeda, Ta ool Oa mwapéyovv Eva akdo 6Tad0
eKmaidevong COUE®VO UE OVTA TOL TEPLYPAPNKov oty evotra tov Multi  Layer

Perceptrons.

INa va emitevydel avtd, ot xapTeg TPEMEL VO LETATPOTOVV GE LOVOIIACTOTOVG XAPTES, KOt TO

poAo avtd avorapPdvouy ta Aeydueva eninedo emmédwong (flattening layers).

4 4 14 ’ ’ U
4.3.7 Tavopapa TG apXLTEKTOVIKIG EVOG CUVEALKTIKOU VEUP®VIKOU SIKTUOV.

O)o o fpato Kot ot S1adtKaGIEG TOV TEPIYPAYOUE TAPOTAV®, GUVTIOETAL G il GUVOAIKY
OPYLTEKTOVIKN M OTolo GTNV TEPIMTMOOT KATIYOPLOTMOiNonG £KOVOS TOPOVCIALETOL EMONTIKA

axoAoVOmC.

flatten
convolve

Ewova 29. Katnyopromoinon koveg pe th yp161] GUVEMKTIKAOV VEVPOVIK®OV SikTOV [42]
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Onwc PAEmovE, TO eMimedo €16000V amoTEAEITAL ATO EVOV YAPTN XOPUKTNPICTIKAOV TPLDOV
dwaotdoewv (Exyovue 3 kaviia RGB piog ewxovag dootdoemv 32 x 32 pixels kot cuvendg
gvay xaptn xapokTploTikdv dtactdcewv (32 x 32 X 3). O ydptc avtdg e1cdyetor SodoyIKd
o€ 3 ocvvelMkTikd emineda, To Kabéva ek TV onoimv akoAlovbeital omd éva eminedo emAoyNg
(max pooling) mov cuprvkvOVEL TV €000 TOV GUVEMKTIKOV ETTESOV KOTA £VaV TapdyovTo,

ico ue 2.

Ax0lovbel 1 emmédwon, péow ¢ omoiag ta Pixels miéov avipetonifovral ¢ HEPOVOUEVES
TWEG Kol glo@yovtal oe TANPoG ovvdedepéva emineda (fully connected layers) mpotov
@tdoovv o6to eminedo €£000V 10 omoio Kartnyoplomotel TV ekdva pog o€ pia and tig 100

mBavég kotnyopiec.

Oa mapadécovpie Evo akOp TOPEOELY LA TNG APYLITEKTOVIKTG, TPOKELUEVOL VO YIVEL OVTIANTTO
TOC To TUPUTdve ePaprolovior oe €vo LOVOJIIOTOTO Y(MPO KOl GULVETMG KOl OTIG
TEPUITAOCEL TMOV YPOVOAOYIKOV GEPAOV TOL OMOTEAOVV TO KT €EOYNV OVIIKEILEVO NG

TOPOVCAG EPYUCIOG.

. Convolution
Input Layer
(5°1) (B4°3*1)

Flatien Layer
Max Poaoling 64*1)
—n (B4*1*1) =

~
Output Layer
Fully Connected Layar {10%1)
(10°1)

yd 14

{ x(t-1) Flattening |
a6 | | 1 | J b - |

ey | x{1-2)

(L)

®(1+1)

2(1+2)

T B % B i % o x(t-k+1) o i
Tirr |iargded) L d L | A[t+m)

Sunspot Time-5erias

Univariate time-series (1-01)

Ewova 30. MovodldaoTaTto GOVEMKTIKO VEVPOVIKG dikTLO Y10 Tpofreyn morlamhdv fnpdrov ypovoserpdg [63]
Onwg PAémovpe amd to oynpo, CnTovpevo Tov TPoPANaTog eivar 1 TPOPAEYN 5 YpOVIK®V
OTIYH®V HETE TNV TPEYOVCO YPOVIKY OTIYUT, a&l0MOdVTIOG TIS TYES TNG YPOVOGELPAS TNV

TPEXOVON YPOVIKT GTIYUN KOODG KOl TOV TEGGAPOV TPOTYOVUEVOV TILADV TNG GEPAG.

H eicodog, mov €ykettan 6 Evav YApTn YOPAKINPIOTIKOV dlooTdcew®V 5 X 1 tpopodoteitat 610
emimedo ocvvéEMENG Kou pe ypnion 64 oiltpov kol ddotaon @iltpov 3, éxovue pio ££0d0
dwotacewv (64 x 3 x 1). Avt 1 €£0d0¢g Tpoodoteitan og €vol enimedo emAOYNG HeyioTov
OTO OMOI0 «CLUTVKVAVETO G €va y®po Olnotdoemv (64 x 1 x 1), dniadq amd «débe
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ovvelMooouevo Tapdbvpo dactdoewv (3 x 1) emdéyetor n pé€ytom Tiun tov. Kotdmy €yovpe
10 eminedo flattening, an’ o6mov maipvovpe pio é£odo dwactdcemv (64 X 1) xor téhog,
TPOPOSOTOVUE AVTEG TIC LEUOVOUEVES TAEOV TIUEC O Eva TANPWE cvvdedeusvo eminedo (fully
connected layer) Aappdavovtog éva eminedo e£660v mov pag divel 5 Tég (5 vevpmveg e£000v)
Kk@Oe pio ek TV omoiwv avtictolyel oe pio and T TYWEG Tov opilovta mov BEAovpe va

TPOPAEYOLLE KOl TTOV OVTIGTOLYOVV OTIG EMCTLOGUEVES LLE TPAGIVO YPDOUO GTNV EKOVAL.

4.4 Xpovika (temporal) cvveAdikTika Siktva (TCN)

Ketvovtog v mapovcioaon Tov veupmviK®v SIKTO®V, 0@podLE GKOTUO VO, TOPOVGLAGOVLE
™V €101KN JATOEN CUVEMKTIK®V SIKTO®V TOL €Yl Kabiepwbel vo amokaAlodvTol «ypovikdy
(temporal) e€artiag Tov yeyovoTog OTL M APNON TOVS EVOEIKVLTOL GTNV UEAETN YPOVOAOYIKOV

QOVOLLEVOV (GUUTEPIAAUPOVOUEVMV TOV YPOVOGEIPAOV).

Méypt mpdopata, 600 €101 APYITEKTOVIKOV AVAOPOUIKAOV VELPOVIKOV dKTO®V, To. LSTM Kot
ta GRUS eilyav ovoyetiotel oe peydio Pabud pe v poviehomoinomn okoAovdloKmv
dedoUEVDV OTMG gival o1 Ypovooelpés. Q6TdG0, TPOGEATEG LEAETEG BE®POVY AVTOHV TOV TPOTO
OKEYNG OmaPYO®OUEVO Kot OTL TAEOV TO, GUVEMKTIKA dlktva Oa émpeme vo Bempodvtor amod
TOVG KOPLOVG LIOYNPLOVG, OTAV £YOVLE VO KAVOLUE e TETO0V £100VG dedopéva. AmodeiyOnie
oTNV TOopeid, TG TO CUVEMKTIKG OlKTLA, UTOPOVV v, £XOVV KOADTEPO OTOTEAECUATH GE
oY£0M LE TO OVOOPOUIKE, GE TOAAEC TEPUTTAGELS, AMOPEVYOVTOS TOVTOYPOVO TOAAES OO TIG
«ayidoeg» o©T1g omoieg vmomintovv ocvvnBwg To TeAevtaic. EmmAfov, n ypnon oV
GUVEMKTIKOV OIKTOOV UTOPEl Vo 0OMYNGEL GE KOADTEPT YPOVIKY] ATOS0CT|, aPoV EMTPEMEL
™mv TopoAAnionoinon otov vroloyloud tov E0dmv [64]. H mpotevouevn apyttektoviki,

ovopaletar Xpoviko Xvvelktiko Aiktvo (Temporal Convolutional Network).

4.4.1 Avtiatn ovvéAdn (Causal Convolution)

[Tpokelpévou éva cuvelkTikd emimedo va givarl attiatod, Bo mpénel kdOe otoryeio g e€ddov,
va g&aptatal poévo omd otoryeion mov Ppickovion wpwv amd avtd otnv akolovbio £16000v.
Onwg avapépaple, TPOKEUEVOL Vo SL0cPAAGTEL 0TL 1] ££000¢ Bar £xel TIg 101EG SLOOTAGELS e
mv &icodo, cuvnbwg epappolovpe v texviky tov padding, mov cvvibmg yivetor e
GUUUETPIKO TPOTTO KO GTNV OpYN KOl 6TO TEAOG TNG VIO PUEAETN YPOVOCELPES. AVTiBET™S, Yo
va emtevyfel n otatdTNTA TOV dIKTOLOL, YPeLaleTon anAds va. epapuocovpe padding povo
oTNV 0pLoTEPT] TAEVPA TG Ypovooelpdc [64]. Aedouévov Aoudv, OTL dev VIAPYEL YEMGHLO
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otV 6e&ld TAgLPd, TO TEAEVTAiO oTOKEl0 Omd TO omoio eaptdTon N ££000C TOV EMMESOVL,
elvar ko1 to TEAELTOIO OTOLKEID NG €16000V. AVTIGTOLO, TO TPOTEAELTAIO GTOLKEID NG
€£000v, OGOV TPOKVTTEL O GUVEMEN TUNIATOG TNG YPOVOCELPAS LETATOTICUEVNG KOTA Lio
TOPOUTAPNON TPOG T OPIOTEPA GE GYECT LE OLTO TOV YPNCLULOTOMONKE Yoo TO TEAEVLTOLO
otoyeio g €£6d0v, Ba eEaptdton amd otoryeio To TeEAELTAIO €K TV OMoiwV Umopel va givar

TO TPOTEAEVTALO GTOLYELD TNG E1GOO0V, K.0.K.

Av16 Topovc1dlETOL GYNUATIKA TNV aKOAOLOT g1KdVa

l J | l
/

zero-padding

input_length

Ewéva 31. Avac@diren g ortrotétnTog pe padding povo otny apietept] TAevpd TG ypovocelpag [64] .
4.4.2 ExpetdAdevon tov dilation rate

Mia ek TV emBounT®OV 1O10THTOV TOL LOVTELOL TPOPAEYNG, eivar OTL piol GLYKEKPIULEVT TIUN
™mg €€600v, Tpémel vo e€apTtdrol amd OAEG TIG TPONYOVUEVEG TILESG TIG €GOS0V (dNAON OAeg
TIG TIUEG TOV EYOVV OEIKTN LKPOTEPO 1M 160 atd avtV) [64]. Avtd pmopet va emtevydel, Otav
10 medio AMymng (receptive field), fjtor T0 chvoro TdV TG €16660L OV emMMpedlovy i
oLYKEKPIULEVN TN NG €000V, Exel p€yeBog 6co kot To pEyebog g €10000v. AT 1 W1OTNTA
amokaAeital «mANpNe KaAvyn g 1otopikotnTacy [64]. Onwg eidaue oto TPONYOOUEVA, OTIG
CUUPOTIKEG OPYITEKTOVIKEG CUVEMKTIKGOV OIKTV®V, KOs Tiun tng €£0dov, emnpedleTon amd
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TAN00¢ TI®V €16080v oo ue 1o péyebog tov @idtpov (kernel size). ‘Etol yio mapdderypa,
oTNV TOPATAVE KOV, To oTotyelo 3 g e£ddov eaptdton udévo and ta otoryeio 1, 2 ko 3
G €16000V K.0.K. X€ MEPINT®MON mov aAAnAembéTove cuvelMKkTikd emineda, To puéyebog avtd

ToV Tediov Aymg prmopet va awénbel dmwg paivetal akolovdmg.

Ewova 32. Avénon peyédovug Tov mediov Aqyng pe ypiion 800 cVVEMKTIK®OV smurédwv [64].

2V YeVIKT TEPIMTOOT, £VOL GUVEMKTIKO SIKTLO HOVOSIACTOTNG IGO0V TOV OOTEAEITOL AT
n eninedo K1 Exel péyebog mupnva ico pe K, tote 10 Medio AMyng g €€6d0v tov B diveton

and v e€iowon [64] :
r=1+nx(k—-1)

Kt emopévmg yuo va yvopilovpe méco cuVEMKTIKA enineda ypeldlOLOCTE Y10 VO ETITOYOVLLE

™V TANPN KdAvyn, Advovue Ty eElcmon ¢ Tpog N kat Oa Exove:

n=(0-1)/k-1)

H mopoandveo oyéon Opme, onuoivel Tog 0 aplBiodg TV EMMES®V TOV OTALTOVVTIOL Yo THV

PN KdAoyn, avEavetor TOAD ypiyopa Kot omonteitol £vag PeYAAOS aptBpioc TopaUETP®V
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KkaBmg emiong Kot oAV peydAog ypovog exkmaidogvong. Tn Avomn oto TpoPAnUa avtd EpyeTon vo
dwoel n ypnon tov dilation rate, avédvovtog pe ekBetikd pvOud ™V T TOL, KAOMOG
LETOKIVOOLOOTE OmtO eMinedo o€ eninedo. Eekvape emAaéyovrag Evav aképato b, o omoioc Oa
vyovetor kdbe @opd o1 dvvoun mov avilototel otov oplBud Tov EMITESOL TOL
Bprokopacte. AnAadT|, yio To Tp®dTo £ninedo Ho VY OeL 6TV UNSEVIKT dVVauT Kot Bo Eyovpe
dilation rate ico pe 1. AkohovOwg av 10 b Tov emAéyOnke givar ico pe 2, o debtepo eminedo
Oa éxel dilation rate ico pe 2 kou to Tpito enimedo 4 K.0.K, OTMG POAIVETOL GTNV 0KOAOLON
€IKOVO OmOL TaPOLGIALETOL 1| CPYLTEKTOVIKN TOL Wavenet, &vdg ypovikoy GLVEMKTIKOV
diktOov TO omoio avamtuyOnke omd TV etaupeic deep mind, oapyKd pe okKomd Vo

eELINPETNOEL TIG AVAYKEG Y10, GVVOEST POVNC.

® ¢ &6 6 ©¢ ¢ ¢ ©¢ ¢ & & 6 & & o

Output layer

QO O O @ @ O

O Hidden layer

O Hidden layer

o O
O O O O O O O O cHlathon et w1
l / / Input layer

Ewoéva 33. H apyrtektoviki] Tov wavenet 1ov dnptovpyei éva 1poviko cuvelkTiko diktvo [65].

Onwg propodue va avinebolpe and v eikdva, 1 TN ToL ETdve de€ld vevpava ££600vV,
empedletal omd 10 GOVOAO TV TIUOV TNG €16000V GOUE®OVA LE TOV UNXAVIGUO TOL
nepryphonke. Me 1 pebodoroyio avtn, TPOKEWEVOL Vo, TETOYOLUE TNV TANPN KOAvY,
yperalopaote aplud emumédwv mov avédavovtal AoyaplBuikd ce oyéon pe tov aplOud tov

dedOUEVMV Kal Ol YPOUUIKAE OTtmg Ba cuvEPBave otV A TepinT®on.

H yprion tov &v Adym diktbov (wavenet) €xet dokipuaotel otov ydpo TV mPoPAEyemv
XPOVOGEPDV, &xel amoderyfel 0Tt €xel MOAD KoAd amoteAéopoTo o€ TPOPANUOTA TOV
Tpocopoldlovy TaAvopdunon Kot eival ikavo vo «paboivery anoteAecpatikd Tic eEapTnoEelg
OV LILAPYOVV EVTOG KOl EVOLAUESHOS HIOG YPOVOGEIPAS, YOPIG Vo VITAPYEL AVAYKT Yol LEYOAO
Oyko 1otopik@Vv dedopévav. Eivor emiong amodotikd amd mAevpds vTOAOYIoTIKOD YpOHVOUL,

€0KOAO GTNV LAOTOINGN KOl VIEPTEPEL GE GYEOT LLE YPOUUIKA KOt avadpoptka povtéa [66].
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5 Iepapatikn Stadikacia

5.1 Ewoaywyn

YKOTOG NG TOopovoaG €PYAciag MTav aeevOg M JlEPELVNON TOV JVVATOTHTOV TMOV
OLVEMKTIKGOV vevpovik®v diktdmv (Convolutional Neural Networks) otov kAddo twv
TPoPAEYEDV KOl OPETEPOV 1 AELOAGYNON TOL YPOVOL EKTOIOELONG KOl TOV VTOAOYICTIKMV

TOP®V TOL ATALTOVV.

H obykpion tov emddoedv toug, £ywve o€ oyéon pe kKobiepopéveg pebodovg (MLP, Theta)
KaOdc Ko pe pebddovg mov drokpibnkav ota mAaicla Tov daywvicpod M4 (ES-RNN mov

vroPfAnonke amd tov Slawlek Smyl).

H viomoinon tov diktdwv, n mpaypatomoinon TV TEWPIUATOV 0AAL Kot 1 Onpovpyio
YPOPNUATOV ATEIKOVIONG TOV OTOTEAECUATOV €yvav UE TN xpnon ¢ yrAdocog python

Kabmg kot fpAobnkadv mov avikovv oto otkocvotnud tng (Pandas, Keras, Matplotlib «.A.x).

Ta Pacwd Prpote ™ mePopatikng Swdikaciog mov akoiovdndnke mopovcidlovral

OULVOTTIKA:

» Ilepypopn kor avédvon twv dedousvov. LIV €vOTNTO 0T TOpovslalovue Ta
dedopéva. mov  ypnowomomOnkav, to omoia afloloyovvion Pdoer 8 kOpLV
xopokINPoTikav. Eeapupocape ™ pébodo tng avdivong e KOPLEG GLVICTMOOCES
TPOKELEVOD VO ELATTAOGOVILE TOV YDPO TOV SOGTAGE®V GE 2 Kot Vo, S1EVKOAVVOEL 1)
OTLTIKN OVOTTOPAGTOCT] TOVG.

» Ilpoerelepyaoio twv dedouévav: 10 6TAS10 0VTO, TO GOVOAO deSOUEVOV EKTAIOEVLONC
LETACYNUOTIOTNKE GE LOPPT| KATAAANAT Yo va elo0yOel oTa diKTLO TPOG EXKTTAdEVOT).

> Anuiovpyio twv oovelkTiK®V JIKTO®V: XTO GTAO0 a0TO £yvay ot Bootkég emAoYEG
™G OOUNG Kol TNG EKTMAIOELOTG TOV OIKTVMOV Kot ONUOVPYNONKE TPOYPAUUATICTIKA
éva framework mpokeévov va pmopodv vo, dieEdyovtal pe avToUaTOTOMUéEVO TPOTO
TOALOTTAG TEPANOTA.

Opiotnke emiong €vag YDOPOS VREPTOPAUETP®V (ONAdN TOPAUETPOL TV OTOlWV Ol
TIEG dev petafailovion Katd tnv pdadnom), tov onoiov o PEATIOTOG KOOOPIGHOG
Swdpopotifer onuovtikd poro otnv teMkn oakpifeld tov poviédwmv. Me yprion

ovykekpluévng uebodoroyiag (Bayesian optimization) é£ywve emaviinyn  ToV
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TEPOUATOV UE OLOPOPETIKES TIUEG TOPAUETPOV, TPOKEYEVOL VO TPOGIIOPIGTOVY Ol
TIWEG IOV EMPEPOVV TO, BEATIOTO ATOTEAECULATOL.

» Emiloyn uétpwv altoddynons: 10 GTAo0 0vtd, TOPAAANAO LE TNV EKTAIOELON TOV
diktdwv, £ywve kou n agloddynon toug pe v emeybeioa petpikny (SMAPE), evod
TAVTOYPOVA KATAYPAPNKE Kol 0 ¥POVOC EKTOIOEVLGNG TOVG.

» Emiloyn ueboowv avapopag: 1o 6tddlo avtd emaéyovtol ot pébodot pe tig onoieg Oa
oLYKkpOEl TO HOVTEAO MOG Kol GLYKEKPEVO pia koblepopévn otatiotikn péBodog
Theta, 1 vikizpio. péBodoc Tov dyoviopod M4 (ES-RNN tov Slawlek Smyl?), kabéc
kot évo. Multi-Layer Perceptron mov ekmoidedTnke €01K0 Yoo TIG OVAYKES TNG

TOPOVCAG EPYUCING.

5.2 Meprypapn kat avaAven Tov 6uvoAov Sedouévwv

To ovvoro dedopévov perétng g OmA®poTIKnG omoteheiton and Tig 23.000 etnoieg
xPOvocEPES Tov dyoviopod M4. To péyebog tov celpdv mowiddel pe pepikéc va Exouvv
Myotepeg amd 20 moapatnpnoels, evad kdmoteg dAlec vmepPaivouv tig 400. O opilovrog
TPOPAEYNC (KoL GUVETMS TO GUVOAO EAEYYOV) OMMG TpoavapépOnke amoteleitor omd 6

TOPUTNPNCELS.

Ov oepég, €yovv avarvBel pe Paon 10 Paocwkd yopokplotikd (mov agopodv TV
EMOYKOTNTA, TNV TAGOM, TN GLYVOTNTO, TNV OVTOGVLGYETION K.AT.) Kol amoddnkay Tég og

kaBepio yio To YopoKTNPLoTIKE aVTd, TV 0ToimV aKoAOLOET Lo GLVOTTTIKY AVaPOPA.:

e Evrtporia edopotog 1| Spectral Entropy (Rlevel)

e 'Evtaon taong 1 Strength of Trend (Tlevel)

¢ ’'Evtoon emoywotnrag 1 Strength of seasonality (Slevel)

e Xuyvomnta 1 Frequency (Frequency)

e Avtoovoyétion npmtng téénc Ny First order auto correlation(Alevel)

e Béltiotn mapduetpog Adupda tov petooynuoticpod BoxCox 1 Optimal lambda
parameter of BoxCox transformation (Blevel)

e Aocvpuetpio 1) skewness (SKlevel)

e Kvuptomra 1 kurtosis (Kulevel)

* H péfodoc avth eivon vPpidikn, Kot cuvELALEL avadpopikd VELPOVIKG dikToa, pe TV pébodo g ekBeTikic
eCopdivvong.
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e Teraesvirta 10T vELPOVIK®OV SIKTOOV TEPL Un ypoppukodtntag 1 Teraesvirta neural
network test for non-linearity (Nllevel)

e [lapduetpog wAaopotikng oSwupopomoinong 7 Fractional differencing parameter
(SSlevel)

Y11g emoleg ypovooelpés, ta yopoktnpotikd Slevel kor Frequency (Emoywdtmra kot
Youyvotnto) eivol otafepd Kol GUVETMG OEV YPNCLOTOMONKOY 6Ta TAAICLY TG TOPOVCHG

HEAETNG.

[Tpokelpévou va ELOTTOGOVUE TIG SUCTAGELS KOl G €K TOVTOL VaL O1ELKOALVOEL 1 LEAETN Ko
aVOAVON TOV OTOTEAECUATOV, EPOPUOCTNKE OVAALON GE KUPIEG GLVIGTAGES, Kl £TGL T 8
YOPOKTNPLGTIKA TOV amopévouy avaynkav cg dvo Pacikéc cuviotmoeg (PC1 kar PC2). 'Etot
dtvetor M SLVATOTNTO VO AMEKOVICOVUE TIS YPOVOGEIPES GTO EMIMEDD, OMMG PAIVETAL GTO

aKoAovBo drdrypapLpLo.

PCAZ

-7

-4

-5

Awaypappo 1. Avaymyn Tov 8 BucKOV upaKTPIETIKOV 68 YOPO 2 dL06TACEOY, ue avdivon PCA

Me avty ™ Swdikacio, ovcslaoctikd opiloviar d00 YPapKEG GYEGES TOV GLUVOEOLY Ta 8

Baoikd yopaKINPIoTIKA e TIG KUPIEG CUVIGTMGES, WG AKOAOVOMG:
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PC1 = 0.448 - Rlevel — 0.462 - Tlevel — 0.340 - Alevel — 0.097 - Blevel + 0.301
- Sklevel + 0.388 - Kulevel + 0.073 - Nllevel — 0.464 - SSlevel (1)

PC2 = —0.001 - Rlevel + 0.264 - Tlevel + 0.353 - Alevel — 0.414 - Blevel + 0.563
- Sklevel + 0.433 - Kulevel — 0.261 - Nllevel — 0.249 - SSlevel (2)

Kotomv, xor mpokepévovr va omoktnBel pion omtikn avtiinym Tov Topomive GYECEWV,
dnuovpyndnke o yapmg Bepuotntag (heatmap), mov ontikomotel o Pabrd cvoyETiong Tov

KOOEVOC €K TOV 8 YOPAKTNPIOTIKAV, LE TIG OVO KUPLEC GUVICTMGEC.

E‘ . ] kL 0073
3 0045 039 .

0.0011 026

pCA2

- 04

|
Rlevel Tevel Alevel EBlewel Sklevel Kulevel Nilevel S5level

Awaypappa 2. Xaptng 0eppuotntog TV Kupiov 6uvicTOeAV 6€ 6xEc1 pe To 8 fucukd yapaKTNpPLoTIKAG.
Onwg eatvetor otov xaptn, N 1" khpra cuvictdoo eEaptdtar Eviova pe avaloyiky oyson omd
ta yapoktplotika Rlevel kot Kulevel kot avtiotpopwg avdroyo arnd ta Tlevel, Alevel kot
SSlevel. Avtictora n 2" kbplo cvvictdoa, e&aptdton ue avoroyikf oxéon omd to Sklevel
ko Kulevel kot o pikpdtepo Pabud omd ta Alevel, Tlevel kar SSlevel. Avtiotpogpmg

avaloyn oyéon vrapyet pe to Blevel kot o€ pikpdtepo Paduod pe to Nllevel.

5.3 Mpoemeéepyaoia Sebouévwv

Q¢ YvooTOV TO VELPOVIKE dTKTVLA £V OVTIOEGEL LE TIG OTATIOTIKEG LeBOSOVE 01 0Toieg UmopoHV

Vo OGOV TPOPAEYELS Yo HETAPANTA UNKN YPOVOCEP®OV, TPENEL Vo AGBoVV 6TO €mImEdO
90



€10000V TOVG £va 6Talepd aplBud Tapatnpnoewyv. Etot Aowmdv, mpokepévou va onpovpynet
KOTGAANAO oVVOAO ekmaidevons, To opywkd dataset ywpiotnke o «wapdBvpay
napatnpioe®yv To omoia &lyav €va otabfepd aplBud mapoatmproemv €10600v Kol 6

TapatnpRoels e£0d0v.

Mo mapddetypo, oe TEPIMTOON TOL 1 OPYITEKTOVIKN €VOG OIKTOLOV &ival TETOWN, OOTE Vo
Aappdvet 18 Tipéc €mg €i60d0 Kat pe ™ ¥p1on avtdv va tpoPArénetat o {ntovpevog opilovtag
TV 6 Tapatnpioewy, elvar avaykaio n vapEn evog mapabvpov 18 + 6 = 24 napatnpricewmv.
Edv 010 apycd cvvoro dedopévov vapyet pio ypovooelpd pe 200 Tapatnpioels, HmopoOue
o’ LTV Vo Kotaokevdcovpe cvvolkd 200 - 24 + 1 = 177 mopdBupa, pnkovg 24
nopaTnpioe®v, Aapupdvovtag dtadoykd oc Ttapdbvpa Tig Ttapatnpnoel; 1 - 24,2 - 25 k.o0.x.
Me 10V TpOTO OUTO EMTUYYAVETOL M OTAOEPOTNTO TOV TOPATNPNCEDV E16O00V, CALY
TaVTOYpova Exovpe Kot pio altoonpeiom adénon tov cuvOlov dedOUEVOV EKTAIOEVONG, TO
omoio otV mepintorn TV 18 mapatnpicoewv £1codov, avépyxetar o 235.000 delypota

(samples).

Endpevo Prpa g mpoemelepyasioc Ntav M Kovovikomoinon tov dedopévav, dnAadn 1M
avayoyn ohov tov Tiev oty kiipaka 0 - 1. o v Kavovikomoinomn piog onowconmote

TIUNG LLOG XPOVOGELPAS YPTCLULOTOMONKE 0 TOTOG:

x; — min(x;y)

Z= max(x;,) — min(x;,)

Omov z; M KovoviKOmOMUEVY] TN, X; M OpYWKN T kot to max(x;,) kKot min(x;,)
avVaQEPOVTOL GTN HEYIOTN KOl EAQYIOTN TN NG €160d0V. O AOY0g 7OV YPNOLUOTOI0VVTOL
OVTEG KO OYL TO GUVOAO T®V TIUOV TOL Tapabipov, gival o €Ng: Me tov TpoOTO 0WTO, TNV
nepinTwon mov kdmola omd TG 6 TéG eAEYYov, vrepPaivel TV pEYIoTN M LROAEimETAL TG
EAIYIOTNG TIUNG TNG €16000V, TOTE 1| KOVOVIKOTOINo™ ¢ TG avtig Bo ddoel pio Tiun
pueyoAvtepn tov 1 M pikpotepn tov 0 aviictoyo. e mEPITT®ON TOL 1) KOVOVIKOTOINGT
YWOToV AapPBAavovtog oG HEYIOTN Kot EAGYIOTN T TV UEYIGTN TN Tov Tapadvpov, tote
OAeg o1 Kavovikomompéveg TnéS Ba Bpiokovtav avdapecsa oto 0 ko oto 1. Ze avty v
TePIMTOON OUW®S, TO EKTOOELUEVO TTAEOV OiKTLO, dgv Ba elye ™ dvvaTdOTNTA Vo TPOPAEYEL
TIUEG EKTOG TOV €XPOVLE TV SVO OKPOIMV TILADV TOV TaPaBVPOV, TPAYLO TOV EMTVYXAVETOL LE

TOV TPOTO O OTOI0G TEPLYPAPNKE.
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Yav éva terevtaio Prpa mpoenesepyaciag, apalpédniay OAEG o1 YPOVOGEPEG TOV ElYAV TIUEG
pikpotepeg Tov 10, KabdS Kot OAES 01 GTACUES XPOVOGELPES 0L omoieg Ogv glvar dSuvaTdv va
KOVOVIKOTTOmOovv, a@ol 1 péylotn kat 1 eAdylotn T Toug givol ioeg Kot o mpoékvmte

dwaipeon pe to unodév.

TéNog avapépovpie, TG 01 TIHEG £0O0V OV TPOEKLY OV OO TO FIKTVO, TOV EKTALOEVTNKAV,
aKoAOVOOVGOV TNV CLYKEKPIUEVT] KOVOVIKOTOINGT Kot Yia vo. Bpebel n tedikn mpoPfAenduevn
TIUN, EQAPUOCGTNKE N OvTIOTPOPN OladtKacio (ONAdN O VIOAOYIGUOVS TOV X; EXOVTAG MG

dedopévVo 10 Z;.
5.4 Anuovpyia cvvediktikwv Siktowv (CNN)

5.4.1 TeXVIK1] TEPUATIOUOV EKTIALSEVOTNC KL BEATLOTOTIOTHGC.

[Tpokeévou vo amo@vyovpe to pawvopevo tov overfitting, kot va e&otcovoundei ypdvog kot
VIOAOYIOTIKOL TTOPOL, €MAEXONKE Yoo TIC avAyKeg NG ekmaidevong N pebodoroyio early
stopping, 6nmg VT TEPLYPAPTKE GE TPOTYOVUEVT EVOTNTA, EVD Y10, TV BEATIOTONOINGT TOL
aAyopiBpov kotafacng dvvopikov, ypnowomombnke o Peitioromomthc adam, mov Onmg
eldape oto avtioToyo KePAANL0 YpNoLomolel Tovg ekBeTIKE GTAOUIGUEVOLG HEGOVG OPOLG
YL VO ETTUYEL TOYVTEPT CLYKMOT TOL aAyopiBpov katdfaong dvvoptkold kol eivar ToAD

YPNOLOG G TpoPAnpaTa pe Heyddlo aplOpud mapapuéTpwy.

5.4.2 Ekmaidevon moAdlamAwv povtéAwv (ensembling) kat Siapeoeg (median)
TpoBAEYPELC.
Eivar yvootd 011 1 ekmaidevon tov veupoviK®OV SKTH®V KoOdg Kol ol €MOOGEIS TOLG
J€movtal amd PEYAAN OTOXACTIKOTNTA, Kol 68 KAOE dradikacio ekmaidevong, ta telkd Bapn
7oV B TPOKHYOLV UTOPEL VoL ETVOL SLOPOPETIKA A0 Lot AAAT LE 1O1EG TILES VITEPTIOPAUETPWV.
[Tpoxeévovr va gloyiotomonBel avt) 1 toyoudtTo Ko vo evioyvbel 1 akpifela g
TpoOPAeYNC, KOTA TNV Seaymyn TV TEWPAUATOV, o1 TPOPAEYELS deV TTPOEKLYOV amd Eva
povodikd poviého. AvtiBétwg, évo otabepd mAnboc (10) povtélwv, eKTOdevTNKOY HE TIG
i0leg mopopéTpovc. Xov TEMKN TpOPAeym, ypnowomombnkav ot didueceg (median)
TPoPAEYELC TV HOVTEA®VY avtdv. Onwg Tapoatnpnonke, n nEBodog avtn emeépel peyarvtepn

akpifela oe oyéon pe avtr) Tov BEATIGTOL TOV HEHOVOUEVOV LOVIEADV.
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5.4.3 BeATLOTOTOO) VTIEPTIAPANUETPWV

INo v extédeon g dwadikaoiag Pedtiotomoinong, ypnoporodnke n python Bipriodnkn
hyperopt n omoia Tpoo@épel ) dvvatdTTa Yo Toyaio. ovalntnon, ektuntég Tree Parzen
(TPE) xabd¢ kot mpocappolouevor (Adaptive) extiuntéc Tree Parzen. H BifAiodnkn mapéyet
plo ocvvaptnomn, 1 omoio OEYETOL G OpioUATA TNV GLVAPTNOY, TNG ONOlOG TNV TIUN
EMIIDKOVLLE VO EAAYLGTOTOGOVLE, £va Ae&iko (dictionary) tng python, to onoio mepiéyet tov
YOPO TOV VIEPTUPAUETP®V, TOV OAYOPIOHO Tov emALyetol koOME Ko Tov aplOud Tov

EMOVOANYEWDV TOV TEPAUATOC.

Eniléybnke o yopog mapopétpmv mov amewkovileton otovg mivakeg 1, 2 ko devepyndnkov
100 dwdikacieg exmaidoevone, kdbe pio amd T omoieg mephaupave 10 poviéha pe tig idieg

TAPAETPOVG Kot VToAoYIsd Tov SMAPE tov dibpecov Tindv tov tpoPAéyewy.

Ovopaocia Tapa- , . , ,

uétpov Ileprypagn Xwpog TiHwv BeAtion

Filters ApOuog pidtpwv [16, 32, 64, 128] 16

Kernel_size MéyeBog upnva [3, 5] 3

ApBuo6G vevpwvwy
Dense_neurons OTO «TTUKVQ ETTLTTE- [30, 40, 50, 60] 50
So»

Activation 2vvapTion evepyo- ReLU ReLU
Toinong

Strides Brina GU\,}SNETIQ e 1 1

TéSov

Dilation_rate Babuog SEamO)\ng [1,2] 2
EMIMESOV

padding Itpamnywkn padding | [same, valid, causal] valid

Conv_layers_num HM? 0§ oUVE Auct- [1,2,3] 3

KWV ETUTES WV

Dense_layers_num MAnog <<3TUKV°)V)) [1,2] 1

EMMESWV

[Tivokag 1. X®pog TapapéTpmv apyITEKTOVIKNG, TPATNG GEIPAS TEPARATOV.
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Ovopacia , , ,
TAPAPETPOV Ileprypaen Xwpog Tpwv BeAtiotn
Bs Méyebog eopidag (batch) [32, 64,128, 256, 512] 512
Learning_rate | PuOudg uetaBoAns Bapwv [0.0005, 0.001, 0.005] 0.005
Loss_f ZUVAPTNON ATIWAELXG mae mae
Test_size [TocooTtd cLVOAOL EAEYXOL
0TO 0UVOAO TwV SeSopE- 0.2 0.2
VV.

n_inputs ] ]

_np [TA100g Tra(,)arnpnoswv [12, 15, 18, 21, 24] 18

€l00d0v

[Mivoxog 2. X®@pog TapapéTpOV EKTAIBOEVGNG, TPOTNG GEPAS TEIPANATOV.
H dwdwaocio ekmaidevong xor PeATiotonoinong tov vaepmopopéTpov, mopovctaletal

oynpoatikd oto aokdAovfo BPMN dudypaypipa.
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Awaypoppa 3. Zynpotiky avorapaceToc TG TEPUNROTIKIG OL0dIKOCIuG.
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5.4.4 Teyvoloyieg vAomoinomng.

Onwg ovagépope Kot TPONYOLUEVOS, TPOKEWEVOD VO SOUNGOVUE TO, HOVTEAD KOl VO
die€ayovue ta mepduata, ypnowomombnke n yloooo Python kot 1o owoovoThpa

TEYVOLOYLDV NG,

H Python eivatr yYAd®ooo Tpoypappoticpod yevikoh 6komo, 1) 0Toio ¥pNoOTOIEITAL EVPEMS
Kol 6€ GAAOVG TOLEIG, OTMG 0 YEVIKOG TPOYPOUUATIGHOG, 1 dnpiovpyia desktop spoppoydv,
To YEOYPOQIKA TANpogoplakd cvotiuota (GIS), ot gpapupoyés dadiktoov (pe Kvplapyo

frameworks ta Django xou flask), n ene€epyacio puoikng YAdcoog, n unyavikn pabnon «.o.

‘Exetr oyedwootel mpokepévon va givon evkola emektdowun (ue modules) kot emdibkel pio
amA0VGTEPT GUVTOEN KO YPOUUOTIKY, EVAO TOVTOXPOVO TPOGPEPEL GTOV TPOYPUULATIOTH] TNV
emioyn ™G peBodoroylag ovyypaerg kmowka. Meydho mieovéktnua g elvar 0Tt
vrootpilel TAPOS TO TOPAOELYUO TOV OVTIKEILEVOSTPAPOVS KOONDS Kol TOL JOUNUEVOL
TPOYPULUUATIGHOV, EVD EYXEL DTOGTNPIEN KOl Y1OL CLVOPTNGLOKO TPOYPUUUOTICUO TOPOLOLG

Hop@ng pe ™ Lisp.

H yxpnon g otov topéa g Pabidg punyovikng nanong €xet ektolevbel, Adyw g vVmoapéng
Bprobnkav omog eivar ot TensorFlow, Keras, Pytorch kot Scikit-learn. Qg ek tovtov,
emA&yOnke poll pe 1o OKOGHOTNUG TEYVOAOYU®DV TNG, YO TNV EKTOVNON TNG TOPOVCOG

OUTA®UOTIKNG.

H TensorFlow eivar dwpedv kot avoytod kmdwka PBiPrAobnkn yio xpfion otn Unyevikn
péonon kot v tEXVITH vonpoosuvr. Mmopel va ypnoyoronBel yio pio mAglddo epyaciov,
Oumg eotwalel €0KOTEPAL otV ekmaidevon kot eEoywyn ocvunepacudtov ond Padid
vevpovika diktva (deep neural networks). Avantoynke amd v oudda Google Brain yuo
E0MTEPIKN ¥pNon oto mAaicla g Google oty £pguva Kol TV Tapaymyn Kol Umopel vo
ypnoonomel and YAOGGES TPOYPOUUATIGHOD, OTMG givol ot Python, Javascript, C++ kot

Java.

To Keras avtiotoyo, eivar pia Pifiodnkn avorytod kddika, 1 omoion mopéyel pwio Python
demapn yio texvntd vevpwvikd diktva (ANN). Asttovpyel mg demapn yio v Piiodnkn
Tensorflow. 'Eyxel oyediootel yuoo voo mapéyet tn duvatoTnTo YPIYOpOoL TEPAUATIGHOD HE

Babiég apyrtektovikés vevpovikov Siktvmv (deep neural networks) koi eotidler oty
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euukOTTA TPOG TOV YpNoTn, TNV modular apyttextoviky kot tv enektacipnotnto. O Bootkog

™mc dnuovpyodg ovopaleton Francois Chollet o omoiog eivan unyavikog otny google.

To Keras mepiiapfdvel TOAAEG VAOTOMGELS TV OOUIKAOV GUGTOTIKOV TV cuvnBEoTepmV
VEVPOVIK®OV OIKTO®V, Om®G &€ivol To EMIMESN, Ol GLVOPTNOEIS EVEPYOTMOINONG Kol Ot
Beltiotomomtég (optimizers). Extog tov cuvnOiopévov veupmviKav SIKTO®V, TPOCOEPEL

vrootPIEN Yo ovvelktikd diktva (CNN) ko avatpopodotodpeva (RNN).

5.5 Acixteg aéloAoynong.

Mo v odykplon tov onuelokov TpoPréyemv, aglomombnke o deiktng ocedipatog SMAPE.

H emoyn tov ev Adym deikn éywve yia toug €€ng Adyovg:

e FEivar avedptntog g KMPOKOG TG EKAGTOTE YPOVOGEIPAS Kol EMTPETEL TN GVYKPLION
HeTall xpovoGEPAOV LE SOPOPETIKO HEGO EMIMEDO

o Agv AopPdvet anpocdidpiotes tipég onwg to MAPE

e Eivaw ppaypévoc peta&d tav opiov [0%, 200%]

Tavtdypova, eneldr] {NTovUEVO €KTOG O TN HEAETN TNG TOOTNTAG TOV TPOPAEYEWDV NTOV KoL
10 va aglohoynBodv to poviéha ¢ mpog to {ATNHO TOL VTOAOYIGTIKOV YPOVOL KOl TOV
EVEPYELOKOV OTOTLUTMOUOATOS TOVS, LETPNONKE 0 ¥POVOG EKTAIOEVONG TOV HOVIEAWV GE AETMTA

(min).

5.6 Emidoyn ueBodwv avagopag (benchmarks)

EmniéyOniav tpelg péboodot mov ypnoporomdnkayv mg péBodot avapopdc, yuo va eEaxpPwbet
av ev TEAEL TA GLVEMKTIKA diKkTva gival g BEom va mapdyovv KaAbtepeg TPOPAEYELS GE GYEON

LE OVOYVOPIGHEVES KO TOYIOUEVES LeBdOoVC.

e Multi-Layer Perceptron. Tnv mo avoyvopiopévn apyIteKToVIKT VEVP®VIKOD S1KTHOV
AmOTEAOVV TO. YVOOTO o€ Oc0vg £xovv pio emapn pe tov touéa, Multi-Layer
Perceptrons (MLP). Exnoudebtnke Aowmdv £va této10 8iktvo, deyOUevo g chHVOAO
ekmaidevong 10 6GHVOAO TTov dnpovpyndnke pécm tov otadiov g mpoenelepyaciog.
To diktvo mepdpPoave éva eninedo pe 18 vevpmveg 166000, Tpia KpLEA emineda pe
27 vevpwveg 1o koBéva, kobOC kKo €va emimedo €£000vV pE 6 VELPAOVEC TOV
avTioToryovV otov {ntovuevo opilovta mpdPAeyNg.
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Theta. H pébodog Theta eivar pio ovayvopiopévn Kot ®pun otatiotiky péodog
mpoPreync mov PacileTan otV amocsvvOeon TG apykng ypovocelpds. Kabiepmbnke
Kol €yve YVOOTH HETE amd TIC eS0IpETIKEG EMOOGES TOV TMETVYE OTA TAOIGLOL TOV
dwyoviopob M3.

ES-RNN. Ztov dwyoviopd M4 Swyoviotmkov moAAEC oudoeg pe TOKIAAEG
pebodoroyleg (oTOTIOTIKEG KOl PNYaviKng pdOnong). Qotdéco v EkmAnén Ttov
dayoviopod amotéhece M pébodoc mov vméPariie o Slawlek Smyl, 0 omoioc
onuovpynoe pia mwpaypoatikd vPpowkn puébodo otnv omoio pe T Ypnon &vog
avadpoptkod vevpwvikod diktoov (RNN) Beltiotonotovvral ot mapdpetpotl ekOETIKNG
eEopdluvong yuo v TpoPAeyn g YPovooelpds. £2g ek ToVTOV, dEV NTAV SLVAUTOV Vi
un coumeptinedel otig neBdd0Vg 0EOAGYNONG TS IMAGUOTIKNG, 0oV TO {NTOvIEVO
Nrav ot néBodot mov dokHALovUE VO «aVaUETPNOOUVY LE TOVG TO GKANPOVG OPOLG

AVTOYOVIGHOD.
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6 MszA£Tn KAl AVAAVOT) TWV ATTOTEAEGUATWV.

210 KEPAAOLO aVTO, LEAETNONKAY TO ATOTEAEGLLOTO, TNG TEIPAUATIKNG O1UOIKAGTOG 0O TOAAES

OLUPOPETIKES YWVIEG.

Apywcd ovykpivetar 1o SMAPE tov BéLTioTou poviéhov pe autd tov pnefddmv avagopds Kot
dwmotdveTon 6Tl veptepel Evavtt OAmv. Katomy, kot dedopuévng g TuyotdTNTOS TOL Elvat
EYYEVIG OTO. VELPOVIKA dikTva, AOY® NG Tuyaiag apykomoinone Tov Popdv TOLG,
EMYEPOVLLE VO OLOMIGTMOGOVUE, OV 1| PEATIOON OV EMEPEPE TO LOVTIEAO LOG OE GYECN UE TIG
nebddovg avagopdc, Bpicketol 1§ Oyl oTo OpL TOV GTATIOTIKOV AdBovg. Emtionc diepevvnionke
10 7o10 &€ival 1o Béltioto mANBog povtéhmv mov cvppetéyovy oto ensembling 6cov agopd

™V akpifeto.

Yg emOUeEVO GTAOI0 OLEPELVATOL TO KATH OGOV Ol BUGIKES VIEPTOPAUETPOL APYLTEKTOVIKNG
Kot ekmaidgvong emdpovv oty akpifela Tov poviédov. Avtd yivetal petafdArovtog ava pio
TIG TOPAUETPOVS Kat eEetdlovtog TV emidpacn mov €yel avty 1N HeETaPoAn oty akpifela.
Atgpgvvatar kot 0 ypdvog EKTAIOEVONG TOV HOVIEAMY TPOKEYWEVOD VO EVIOTIGTOVV TO, 7O
akpiPn, oAAGd kot avTd 7oL TOaPOLSLAlovy TNV PEATIOTN GULUTEPLPOPA OO TAEVPAS

EVEPYELOKOD ATOTLTTMLOTOG,

Koatémyv, wor mpoxeyévov va amoktndel o oaicOnon tov 1poémOv pe tov omoio To
ouvelMkTikd diktva  poboivovy KOl OMOTUTAOVOLV  GTNV  EC0MTEPIKN TOVS o  To
YOPOKTNPIOTIKE TOV YPOVOGEP®OV, YIVETOL OYPOUUATIKY] OTEKOVION TOV EVOLIUECHOV

€EO60MV TOVE TOL APOPOVV TO TPMTO GLVEAKTIKO EMIMEDO KOl YOAALOVTOL TOL EVPTLLOLTAL.

Axolob0mg, KAvovTag ¥pMoT TG OVAALGNG KUPLWV GLVIGTOGOV TOV EYIVE YO TO GUVOAO
JE0OUEVOV GTO TPONYOVUEVO KEQAAOLO, YMPIOTNKOV Ol ¥POovocelpég o€ cvatadeg (clusters)
oTOV VEO YDPO V0 O100TAGE®MV Kol amOTIH®VTOL GLYKPLTIKG ot emddcel Tov CNN kot tv

ALV uebdd®V avapopas yio kébe cluster.

TéNog pe ypnon omANG YPOLUIKNG TOAIVOPOUNONG, ETLXEPNONKE VO GUGYETIOTEL TO COAALA
(SMAPE) pe ta 8 Baotkd yopaKTnploTiKO TMV YPOVOGEP®V Kot SNUIOVPYNONKE piot YPOULUIKY
oX£0N MOV TO. GLUVOEEL, VM €EETAGTNKE e O1APOPO GTATIOTIKA UETPO KOTA TOGOV TEMKE

VILAPYEL CNUAVTIKT GLVOYETION HETAED TNG €aPTNIEVNG KO TOV OVEEAPTNTOV LETAPANTOV.
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6.1 Emidoyn PEATIOTOU UHOVTEAOV Kal OUYKpLol) &EMISOCEwV UE
uebodovg avapopdac.

Xmv evotTo 0T, TOPOLGLALOVUE TO HOVIEAD TOoL emALYONke oamd TV ddikacio

BelTioTonoinoNC VIEPTAPAUETPOV, GVYKPLTIKG e TIC emheyuéveg uebddovg benchmarking.

Onwg avaeépetol Kot oTov Tivaka e TG PEATIOTEG VIEPTAPAUETPOVE, TO TEAMKO HOVTELOD (GTO
onoio epe&ng Oa yivetor avagopd wg CNN), mepilapfaver 3 cvvelktikd emimeda pe 16
eidtpa kot péyebog mupnva 3, kabmg kot 1 wokvd eninedo pe S0 vevpmveg. Aev epapUOCTNKE
n texvikn tov padding (emioyn valid) evéd ypnopomomOnke Pabudg dtauctoing 2. To mAn0og
TopaTNPNoE®V 10600V oL déyeTan ivor 18 Ko €xel emimedo €£660V pe 6 VELPDOVES OV

avTIoTOLY0VV 6TOoV opilovia 6 €TV TPOPAEYNG.

Ocov agopd TIg TopaUéTpovs ekmaidevong tov, ypnotomomdnke péyebog deonidag 512,

pLOuds pabnong 0.005 kot T0G06TO TOL GLVOLOL EAEYYOV €Ml TOL GLVOAKOV {60 pe 20%.

MéBobdog | SMAPE | BeAtiwon %
CNN 13.055 -
MLP 13.087 0.245
THETA 14.593 10.539
ES-RNN 13.175 0.911

IMivoxog 3. Xoykpion tov CNN pe 1ig pedodovg avagopag

Ytov mivako 3 mwopovctalovtol ot €MOOCEIS TOV HOVIEAOL o€ oyéon pe Tig nebodovg
avagopdg mov emAéyOnkav. Iapammpovpe 6Tt to CNN eppdvice pio moAd peydin Beitioon
oe oyéon pe ) puébodo Theta, g tééewg tov 10.5%, kar 0.9% oe oyxéon pe T VIKATPLA
uébodo tov daymviopod M4 (ESRNN). Téhog pikpotepn aldd vrapkrr Beitioon (0.245%)
epneaviletoar og mpog v néboodo MLP.

6.2 XTATIOTIKY) QvaAvon KaL SIaoTHUATA EUTTLETOTVVIC

Eme1on omwg npoavapépbnke ta veupmvikd diktoa, akoua kot pe  xpnomn ensembling mov
gywve, Oémovtol amd HEYAAN TUXOOTNTA, YIVETOL EUEOVEG OTL oV EMOVEKTOOELTEL 1 1O
dlataln Tov TAPOLGIACHLE GTNV TPOTYOVUEVT EVOTNTA, 0V o Adovpe TO 1010 ATOTEAEGLAL.
AvT6 OV WGTOGO pag eVALOPEPEL Vo OlepevvnBel, elval kKatd mocov 1 Pertioon mov empépet
oe oxéon pe TG MHeBOdOLG avagopds eivol otatioTikd onuaviiky. Ilpoxeévov va

depeguvnBel avtd, dnuovpyndnke €va detypo 50 emoavoANyemv TNG EKTAIOELONG TOV
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HOVTELOL, ONAOOT KAVOVTAG YPNON TOV PEATICTOV TOPAUETPOV TOL TPOCOIOPIGTNKAY,
exmadevkay 50 @opég amnd 10 povréda ko vmoAoyiotmke 10 SMAPE tov didpecwov
npoPAéyemv toug. Katdémv mpocsdiopictnkav ta oTatioTikd otoryeio Tov detypatoc. H péon
Ty rav X = 13.068 evd o1 péytoteg Ko ehdytoteg Tipég nrov ovtictoyyo: Min = 13.0283

Kat Max = 13.1177.
H tomucn andxkiion rav s = 0.01565 kot to Tomikd cpdipa sz = 0.002216,

'OMw¢ TPOKVTTEL ATIO TNV TTAPATIAVW aVAAVOT], T0 95% SldoTnua EUmIoTOoVVNG YLO TOV
Héco 0po NG Katavoung, Bploketatr petadd twv opiwv 13.064 xar 13.072 Omwg

@aVETAL TNV aKOAOLOT oYEoM.
959%,1.960 - s; = 13.068 + 0.004 (+0.03%)

‘EToL Aowmov to avw 0plo Tou Staotnpatog mpokVTTeL 13.072 Kol TapaTnPovpE, OTL 1)
nuebodog, ya Sidommpa epmiotoovvng 95% epgavidel Bedtiwon kat wg mpog TG 3

uebodovg avagopag’.

6.3 BéATLoTO A1)00C EKTIALSEVOUEVWY HOVTEAWY (ensembling)

Katomw, emiyelpndnke va eetaotel, katd moOcov To TANOOG TwV UOVTEAWV TOU
ekmadevovtal Kol Twv omoilwv Aapfavetar n Siaueon mpofAieyn (ensembling),
emnpealel v akpifela twv mpoBAéPewv. Ta To okomd aUTO, SetNyOnkav emimALov
EKTILSEVOELG UE TIG (BleG TopopéTpovg, ot omoieg ekmodevtnkay 20, 30, 40 ot 50
HOVTEAD aVTIOTOL(O, KOl LTOAOYIOTNKE M OKPiPE TV SIAUECOV TPOPAEYEDY TOVG OTMG

eoaivetal otov akoiovho mivaka.

°H Tk amoKAoT TOV SEIYIaToC TV SiveTal amd Tn oyéon:

®To tumcd opdipa mov divetar omd T oxéon:

N
Sx = 7=
" Ooov apopd v pébodo Theta emedn to omoTeEAEOHOTA TNG Eival VIETEPUIVIGTIKG, €ipoote Giyovpor OTL 0
HEGOG OpOg NG KaTavOUng €ivar awtdg mov mpocdiopiletar and to SMAPE. Avtbétmg yuo Ti¢ dAleg dvo
peBddovg To deyopacTe o vIodeon 6Tt yvmpilovpe Tov HEGo 6po Tov TANOLGLOV, KOOMG dEV NTAV EPIKTO VO
emavainedei o meipapo Kot va dnpovpynbovv deiypata yo Tig Vo avTég HeBdO0VG.
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MARBoG povtéAwv IpaApa ( SMAPE) Xpovog (min)
10 (pnéon T delyparog) 13.068 125
20 13.060 25.8
30 13.044 37.5
40 13.051 48.8
50 13.056 58.5

Mivakag 4. SMAPE pe Bdon Tov aplOpd Twv eEKTaSeupévwy povtéAmv (xprion Stdpeocwv tpoBréPewv)
Onwg mpoxdmtel and Tov mMivaka, 1 akpifelo PeAtidvetarl (EAATTOCT COAAUATOC) HEYXPL KO
v TN TV 30 HoVTEA®YV, Kol KATOTLY ETOEVOVETOL Yo T1G TIEG TV 40 Kot 50 poviéhmv.
Qg ek TovTOV, Y10 T €MOpUEVH BewpnOnke 6Tt 0 apBpdc 30 sivor o BEATIOTOG Kot o1 OTOLES
eMMALOV eKTOUdEVGELS Eyvav Pe Tov apBud avtd. H axpifeia 13.044 mov emitedybnke,

Oewpeitar mAéov avt o¢ akpifeta tov CNN.

[a Adyovg vmoloyiotikov ypdvov, dev emavaAnednke m  dwdikacio TPocoloptoLov
OTOTIOTIKNG ONUOVIIKOTNTOG TOV TPONYOVUEVOL KEPOANIOV, MCTOCO lval HOAAOV EUPAVES
Kot arotelel aionon Tov peretntn, 0Tl N OTOGTACN AGPAAEiNg amd T VTOLoITES eGSOV

avéavel oe oyxéon pe to ensembling tov 10 povtéhov.

6.4 Emidpacn Twv Pacikov TNaApauéTpwv oTnv akpifsia Tov
Hovtéiov.

Ymv evotnto. outh, €v ovTifEcEL HE OLTNV TNG TEPAUATIKNG Oadtkaciag Omov £ywve
avolnnon o©10 Yopo TV mapaustpev  pe T Ponbewo.  Bayesian  optimization,
npoypatoromdnke ovalntmon, petofdiroviag kabe @opd pio, omd TG TAPAUETPOVG
OPYLITEKTOVIKNG 1 EKTTAiOELONG, Ko EEETALOVTOG TNV EMIOPACT OV €lye M CGAAXYN OLTH GTNV
akpifela. Ta amoteréopata mapovslaloviar avoALTIKE oTovg okOAovOBOoLG mivokeg Kot

Sy pALLLOTOL.
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6.4.1 Iapatnpnocis Ll6680v

Napatnpnoselg eloodou | Alapkela | ZdaApa
(n_inputs) (min) (sMAPE)

15 26.12 13.173

18° 39.92 13.044

24 20.37 13.078

30 18.17 13.133

ITivokog 5. AmoteAéopnaTo TEPUIPNGTOV PE PETAPOIM] TOV TO.PUTNPNGEOY ELGOIOV

To amoteléopato omd TN petafoArn TV mapatnpnoewv 10600V delyvouv OTL M axpifela

TPOPLeYNG PEATIOVETOL OGO KIVOOUAGTE TPOG TIS 18 mapatnpnoelg (apytkn emAoyn) émov Kot

gyovpe TV KOAOTEPT €midoom Kot emOsvmveTal 660 ALEAVOLUE TOV aplBUd TG €GOS0V

népav tov 18 mapammpnocov. [pénet va emonuoviel €dd, 6tTL 1 adénon N ehdttoon TV

TapATNPNCE®V €10000V €mdPA Kot 6to HEYeBog tov GLVOAOL ekmaidevong, Aol OGO

TMEPIOCOTEPEC TOPATNPNGCELS ypelaletal 10 mapabvpo €16600V, TOcO AydTEPO Elval TO

Tapabvpa TOV PIToPoHV Vo dNoVPYNBoHY oo Ta apyikd dedopéva.

13.20

13.1726

13.15 4

13.10 4

13.05 A 13.0441

sMAPE (median 30 models)

13.00 1

12.95 -

13.0783

n_inputs

Awaypoppa 4. Papdodypappa tov SMAPE o¢ mpog Tig mapatnpicseis £16660v (drapecog 30 povréiov)

A&loonueiot givar €00 1 TapoTpNoN, OTL LE TN ¥pNon 24 TapatnpNoE®Y IGO0V VTl Yo

18, &yovpe eldrtoon g axpifelag g tadEews tov 0.26% (amd

eMATTOOT TOV XPOVOVL gkmaidevong oto 50% mepimov.

13.044 o¢ 13.078), pe

8H Tipn g vIEpTapapETPOL TOL TPOGBLOpicTIKE 6TO 6TASI0 Tov Bayesian optimization.
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6.4.2 péye0o¢ deonidag (batch size)

MéyeBog deopidag | Awdpkeia | Akpipela
(batch size) (min) (sMAPE)

64 67.03 13.078

128 72.7 13.039

256 55.92 13.05

512° 39.92 13.044

1024 41.8 13.048

2048 58.3 13.050

MMivakag 6. Aroteléopatao TEPAPNATOV pg petaforr] Tov peyédovg deopidog
[Mopatmpodpe mwg 1 Pédtiom emidoon emredybnke yu péyebog deopidog ico pe 128
(BeAtioon amo 13.044 ce 13.039) 0wot660 vt N €MAOYN NTAV KO OPKETA TTO YpovoPopa

0G0V apopd TV ekmaidevon pe avénon kot 28% tov ¥podvoL TNG.

13.10

13.08 1 13.0775

13.06 1

13.0507

13.0502 13.0483

13.0395

,_.
w
o
i

sMAPE (median 30 models)
~
n}
o
N}

,_.
w
o
o

12.98 1

12.96 A

bs

Avaypappa 5. Papdéypappa tov SMAPE og mpog To péyefog deopidag (Srapscog 30 povréiov)
Avrtifeta, 10 péyebog deopidag 64 emépepe yepotepo amotérecua (0.26% oamd 13.044 o¢
13.078) pe tavtdypovn adénomn tov yxpovov ekmaidevong katd 20% mepimov. Amd TO
pafodypappo TapaTnPOVUE EMIONG TMG OEV LITAPYEL KATOLN ELPAVIS TAGT TNG akpifelag o
oyxéon pe v avénon N peiwon tov peyéboug deopivdag, pe eaipeon v tun 64 1 omoia siye

EULPAVAGS YEPATEPT] EMLOOGT OO TIC VITOAOITES, TOPATNPOVUE WKPES AVEOUEIDTELS.

°H Ty TG LIEPTapPARETPOL TTOL TPOGBLOPIGTIKE 6TO 6TAdL0 Tov Bayesian optimization.
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6.4.3 PuOuog pabnong (learning rate)

PUOMOG pabnong | Awdpkela | ZdaApa
(learning rate) (min) (sMAPE)
0.001 57.55 13.049
0.005"° 39.92 13.044
0.01 31.48 13.036

Mivakag 7. Amotehéopatao melpopndtov pe petofoin Tov puOpov padnong
H atvénon tov pvBuod pabnong oto 0.01 odnynoe oe Peitioon ¢ akpifelog mpoPreyng
(0.06% amo6 13.044 o¢ 13.036), ko givar Kot TOAD oNUAvVTIKO TO YEYOVOS OTL 1] EMAOYT LT

anoitnoe Kot Katd 22% Arydtepo ypodvo eKToidEVoNG.

13.10

13.08 4

13.06 1

13.0491
13.0441

13.04 4

13.02 4

sMAPE (median 30 models)

13.00 4

12.98 1

12.96

0.005
learning_rate

Awaypappe 6. Papdoypappa tov SMAPE og mpog tov puOpé padnong (drapesoc 30 povréhov)
Y10 Sudypappo mapotnpodue 6t pe v avénon tov learning rate BeAtidveton 1 akpifeia
TPOPAEYNG KOl TOVTOYPOVA EAATTOVETOL O YPpOvVoc ekmaidevong. H mopatipnon ovty
ONUOTOOOTEL KATA TN YVAOUN TOV HEAETNTY, TNV avAyKn va depeuvnBodv aKOpo LeyaADTEPES
Tég tov learning rate (.. 0.02 - 0.05) ot omoiec Bo pwopovGAV VO EUPAVIGOVY TEPULTEP®

BeAtimon ¢ akpifetog /Kot ELATT®OoT TOL YPOVOV.

H tipur e vepropapétpov mov Tpocdopictnke 6To 6Téd10 ToL Bayesian optimization.
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6.4.4 I0600TO GLUVOAOVL £A€y)oU (test size)

Z0volo eAéyxou | AldpKela Ipaipa
(test size) (min) (sMAPE)
0.1 51.53 13.073
0.2" 39.92 13.044
0.3 42.15 13.039

ivakag 8. Arotehéopnato TEPINGTOV PE PETEPOAN TOV TOGOGTOV TOV GVVOLOV EAEYYOV

H avénon tov mococtol mov kotarapupdvel To ohvoro eréyyov oe 0.3 odnynoe oe Peiticvon

g axpiferog TpoPreymg (0.038% amd 13.044 o 13.039) pe pio pukpr avénon tov ypoévou

ekmaidevong g tEemg tov 5%. AvtiBétog n pelwon tov oe 10% eni tov GuVOLOL TEOV

JedOUEVMVY, 0ONYNCE GE CNUOVTIKY TTOGCT TG aKpifelag mpdPreyng pe tavtdypovn avEnon

TOV XPOVOL gkmaidevong kot 29%.

13.10

13.08 A

13.0731

13.06 1

13.04 4

13.02 4

sMAPE (median 30 models)

,_.
w
o
o

12.98 1

12.96 A

0.1

13.0441

0.2
test_size

13.0391

0.3

Awaypoppa 7. Papodypappa tov SMAPE o¢ npog To 1060670 ToV 6uvoLoV £LEYYOV (d1dpecog 30 povtérmv)

Ki €00 6mmg ko pe v mepintwon tov learning rate, to didypoppo divel v aicOnon

avénong g axpifelag pe TV TALTOXPOVN AVENGCT] TOL TOCOCTOV. XLVERMS 0o glye

EVOLOPEPOV O TEPAUATIONOG PE akopa peyordtepeg Tiuég (m.y. 0.35, 0.4).

"H tipr te vepropapétpov mov Tposdiopictnke 6To 6Téd10 Tov Bayesian optimization.

106



6.4.5 ApOuog @Atpwv

Ap. diktpwv (filters) | Awdpkela (min) | ZdaApa (SMAPE)

4 22.03 13.07
8 25.07 13.061
12 32.35 13.046
16 39.92 13.044
32 61.35 13.047

Mivaxkag 9. Arotehéopnoto TEPORGTOV PE peTofoin Tov aprOpov QilTpwv
Kopio and tig peroforés otov apud oiltpov dev enépepe Pedtimon oty akpifela g
TpoOPreyns, ®wotdcso elvar afloonueimto 10 YEYOVOS OTL 1 €AdTTOON TV QGIATpOV g 12,
00N yNoE Kot 6€ EAATTOON TOL ¥POVOL ekmaidevong katd 20% £xovtag o Tipumuo pio ToAy

pkpn eddttowon g akpipetag kotd 0.015% (amo 13.0441 og 13.0466).

13.10

13.08 A

13.0702

13.0617
13.06 1

13.0471
13.0467 13.0441

,_.
w
o
i

sMAPE (median 30 models)
~
n}
o
N}

,_.
w
o
o

12.98 1

12.96 A

filters

Avaypappa 8. Papdéypappa tov SMAPE og mpog Tov apifps ¢iitpov (Sianccog 30 povréiov)
210 Sudypappo TopaTNPoLRE TG N akpifela mwapovoidlel Pertioon 060 KivoOpOoTE OO
aplotepd ko 0e&d, mpog v Tun 16. Evolagépov mapovoidlel n perétn g meproyng twv 10
— 20 ¢iktpov (Nrodn pia mepoyn exkotépwbev TV 16, dmov evdoeyopévmg va ELEAVIGTEL

BeAtiopévn akpifela pe TopdHo1ovg 1 Kot KOADTEPOLG YPOVOVC).

2H tip te vepropapétpov mov pocdiopictnke 6to 6Téd10 Tov Bayesian optimization.
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6.4.6 ApLOLOG VEVPWV®V «TTUKVOU» eTILTIESOV (dense neurons)

Nevpwveg mukvou erunédov | Awdapkeia (min) | Zdaipa (sSMAPE)

25 43.13 13.043
30 38.57 13.054
40 41.07 13.046
50" 39.92 13.044
60 43.2 13.068

MMivoxag 10. ATotehéopato TEPARATOV PE PETOLOAY TOV VEVPAOVEOV TUKVOV EMTEGOV

H ghdttoon tov vevpdveov mokvoy emmédov Kotd 10 ey (25 and 50) odnynce oe pia
avemaicOn Peitiomon g oxpifelog xord 0.0003 pe pio pkpn odénon tov YPOVOL

exkmaidgvongG.

13.10

13.08 4
13.0688

13.06 1
13.0543

13.0438 130464 13.0441

13.04 4

13.02 4

sMAPE (median 30 models)

=
W
=}
o

12.98 1

12.96 A

dense_neurons

Awaypappo 9. Papdoypappa tov SMAPE @¢ pog Tov aplOpno veup®dvev Tokvoy enurédov (d1apecog 30 povrélov)
Amo 10 Suypapo. GUUTEPAIVOLUE TG 1 HETAPOAN NG okpifelag oe cuvapTnon He TOV
aplOpo TOV VELPOVAOV 0gV ERPaVILEL KATOW GUYKEKPIUEVT) TAGT, OAAG avTiBeTa sppavilovral

avéopelmoelg e PEATIOT ®oT060 TEpLoyn Toug 40-50 vevpdvec.

BH tipr e vrepropapétpov mov tposdiopictnke 6to 6Téd10 Tov Bayesian optimization.
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6.4.7 ApOuog cuvediktikwv emmnédwv (convolutional layers).

Ap. CUVEAIKTIKWV | AldpKELQ Ipaipa
EMUMESWV (min) (sMAPE)

1 15.37 13.059

27.67 13.062

3" 39.92 13.044

4 47.02 13.057

Mivakag 11. Arotehéopoto TEPIRATOV PHE PETOPOA TOV CPLOROD GUVEMKTIKDV EMTESOV.

H petaforn tov apBpod tov cvveliktikdv emmédmv (convolutional layers) dev eméopepe

Kkamota Peltioon oty akpifela, ®oTOGO, 1 ¥PNON HOVO £VOG EMTESOV omaitnoe oyedov S0%

MydtepO 1poOVo ekmaidevong, evod 1 (nud oty axpipeia nrav 0.1% (omd 13.044 o 13.059).

13.10

13.08 4

13.06 13.0585

13.04 4

13.02 4

sMAPE (median 30 models)

,_.
w
=)
o

12.98 1

12.96

13.0622

2

13.0567

13.0441

3

conv_layers_num

Awaypoppa 10. Papdéypappe tov SMAPE ¢ mpog Tov aptOpé cuveMKTIKAOV enutédov (d1apesog 30 povréiov)

270 SU0yPOpLLO TOPATNPOVUE OTL OEV VTTAPYEL KOO0 YVNGIOE LOVOTOVY GYE0T TOL aplipov

g axpifelog pe tov apBpd CLVEMKTIKGOV EMTESMV, EVO eLPAvICovTal Kt €00 QVEOUEIDCELS,

pe BEATIOT TN OVTH TOV TPLOV EMTEI®V, OULMOG 1| TOPAUETPOG avtr Ba Enpene va eetaotel

Kol oe oyxéon pe tov oplBud tev @iltpov ot KGBe emimedo, to omoio o€ €VOEYOUEV

UEALOVTIKY] TTEPAPATIKY dtadtkacio Bo propodoay va d1opopomotovvTol o€ kb eminedo Kot

vo peretnBei Kat’ ovtd TOV TPOTO 1 EMLOPACT] TOVG.

YH tipn te vepropapétpov mov mposdiopictnke oto 6Téd10 Tov Bayesian optimization.
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6.4.8 AplOuog mukvwyv emnedwv (dense layers)

AplOUOG MUKV eTuné- | Alapkela | ZdhaApa
Swv (dense layers) (min) (sMAPE)
1" 39.92 13.044
2 39.37 13.038
4 46.88 13.056

Mivakag 12. Atotehéopoto TEPORATOV pBE PETOLOAN TOV UPLOROD TUKVAV EMTESMV.
Ta dVvo mukva enimedo, métvyav KoAvtepn emidoon katd 0.046% (and 13.044 oe 13.038)
EYOVTOG TOPOLOL0 XPOVO EKTOLOEVOMNG, €vd M Ypnon 4 emmédwv eAdTToe TV akpifela

av&avovtag Tov xpovo ekmaidevong katd 17% mepimov.

13.10

13.08 A

13.06 1

13.0441

13.04 4 13.8375

13.02 4

13.00 A

sMAPE (median 30 models)

12.98 1

12.96 A

2
dense_layers_num

Awaypappa 11. Papddypappe tov SMAPE mg mpog Tov aprOpd mukvev emmrédmv (drdpecog 30 povrérmv)

Amo 10 yeyovog OTL M avénomn Ttov mukvav emmédov and 1 oe 2 dev emépepe avénon tov
YPOVOL EKTTOUOELONG, UTOPOVUE VO, VTIANEOODLE TNV TOALTAOKOTNTO KO TIV GUVETOYOUEVN
SLOKOAIDL GTNV KOTOVONOT TNG E0MTEPIKNG OOUNG TOV VELPOVIK®V SIKTO®V. Oa mepipeve
Kavelg, 0e00UEVNG TNG VTTaPENG OPKETA TEPIGGOTEPMOV TAPAUUETPOV EKTAIOEVONG TOL EMEPEPE
10 éva emmAfov emimedo, Vo OomouTeEiTOl PEYOAVTEPOC YPOVOS EKTAIOELONS, ®OTOGO
amoutnOnke oplakd ArydTepPOg YPpOVOG Kol LaAloTa pe Bertiooon g akpifeloc, KATL Tov Kot
mico mboavotnta oeeileTton 6TO0 YEYovog OTL Ta 000 TUKVE  emimEdd UTOPEGOV VO

ATOTLIIOOOVY e KAADTEPO TPOMO Kdamowo yapaktnplotikd (features) tng ypovooeipds, pe

BH tipr e vrepropapétpov mov tposdiopictnke oto 6Téd10 Tov Bayesian optimization.
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anoTéLEG O VO Eival o€ BEoM Vo OAOKANPMGOVY TNV eKTaidevon o€ Alyotepeg emoyEg (epochs)
o€ OYEON LLE TNV OPYLTEKTOVIKT] TOV €VOG EMTEOOV Kot pe avTtd Tov TpOTOo Vo, ovTiotaduileton

a0 YPOVIKNG TAELPAG O HEYAAVTEPOG APLOUOS TOPAUETPOV.

6.4.9 BaOnog diactoing (dilation rate)

BaOuog dtaoctoAng |  Awdpkeia Idpaipa
(dilation rate) (min) (sMAPE)

1 38.42 13.047

2% 39.92 13.044

3 39.65 13.049

MMivakag 13. Arotehéoporto tepopdtov pe petopfoin tov fadpod drectoiic.
H petaforn tov Pabpod O10ctoAng emépepe mopdUOld OTOTEAEGUOTO OGOV APOPd TNV

axpifeto aALE Kot OGOV apopd TO YPOVO EKTAIOELONC.

13.10

13.08 A

13.06 1
13.0494

13.0472
13.0441

13.04 4

13.02 4

sMAPE (median 30 models)
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w
o
o

12.98 1

12.96 A

1 2 3
dilation_rate

Awaypoppa 12. Papddypappe tov SMAPE og mpog Tov faOpod draotoiis (drapecog 30 povréiwv)
Y10 dbypoppo 11 mapoatmpodpe mmwg n cvvdptnon g okpifelag oe oxéon pe 1o Ypodvo
eppavilel ™ PBéATiIoT TN (EAGYIOTO) Yoo TV TN 2, eVO eKatépmBev TG epeavileTon pia
wikpn emdeivoon. H ypnon tov dilation rate nailetr évov 1d1aitepo poOAO GTNV QPYLTEKTOVIKY
tov temporal convolutional networks, oto omoia 1 Ty Tov avédveton ekBetikd avapeoa oo
emineda, mpokeévov tehMkd 1 €€0dog va e€aptdtal omd TO GUVOAO TMOV TOPUTNPNCEMV

€10000V, OT®G avapEpOnke oe TPoNyoHUEVO KEPAANLO.

°H tipur e vepropapétpov mov Tpocdiopictnke 6To 6Téd10 Tov Bayesian optimization.
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Méow ™™ mopamive OldIKacioS, TPOEKLYOV OPYITEKTOVIKEC MOV EMEPEPAV  UIKPEG
BeAtidoelg oe oyéon pe 10 PEATIOTO HOVTEAO TTOV TPOGOIOPIGTNKE GTO TEPAUOTIKO GTAALO.
Mo 11 avaykeg tov endpevov evotitev &ywve ypnon g PBEATIOTG amd ovTéG TIg
APYITEKTOVIKEG, 1) oToia emttuyydveton ue v aAloyn tov learning rate omd 0.005 o€ 0.01, ko
n omnoia, &iye Pertioon tov SMAPE oand 13.044 oe 13.036, evd tavtdypova o ypoOvog
exkmaidevong erattdbnke and 40 Aentd nepinov og 31.5 Aentd, cuvovalovtag £TG1 TO TEPTVOV

LETE TOV OQEMULOV.

6.4.10 ATIELKOVLOT) EVSLANEC®WV £E0S8WV TWV GUVEALKTIK®V EMMTES WV

Y pila mpoomabeto vo Katavondel KoAdTepa 0 TPOTOG UAONONG TV GUVEAKTIK®OV EMTEI®V,
Kol 0 TPOTOG LE TOV OTOI0 OMOTLIMVOLY PACIKEC £VVOLEC TV YPOVOGEPDV, OTMC £lval M
Taomn, M EMOYIKOTNTA, T KUKAIKOTNTO KOU 1) TOYOOTNTO, EMAEXOMNKOV GLYKEKPIUEVES
YPOVOGEPEG TOL EUEOVICOVY €VIOVO TO TOPATAVED YOPOKTINPLOTIKE, Kol TopacTankav
YPAPIKA 01 ££0501 TV PIATPOV TOVG, OGOV APOPE TO TPMTO GLVEMKTIKO eminedo. To povtédo
OV YPNOOTOONKE NTAV AVTO TOV TPOEKLYE OO TO GTASIO TNG TEPOUATIKNG Stadikaciag,
Katomy OAwv TV otadiov Peitiotonoinong. Ta amotedéopoto @oivoviol 6To ToPUKATO

Ly PALLLLOTAL.

Onwg avaeépnke 610 KEPAAOLO TNG TEWPOUATIKNG Oladkaciog, 1 PEATIOTN apYITEKTOVIKY|
nepieiye 16 @iktpa. Qotdco amd v peAétn tov €£00mMV TOL TPAOTOL EMTEOOV, EVOG
oNUaVTIKOG aplBuog eiltpov eixe undevikn £€£060, evd kdmota dAlo dev epeavilov KAmTOo
potifo tétoto wote va BewpnBel orodmUN 1 arotdmwon Tovs. 'Etot o pedetnmc katénée o 3
QIATPa, TNV ££000 TOV OTOLMV ATOTITMOCE YPAPIKE, TPOKEWEVOD O OVAYVAGTNG VO OTOKTNGEL

pio aicOnon tov Tt cupPaivel 6To ECOTEPIKO EVOG GUVEMKTIKOD SIKTVOV.

layer 0 output

0.8 1

0.6 1

0.4 1

0.2

0.0 q

0.0 25 5.0 7.5 10.0 12.5 15.0 17.5

Awaypappa 13. Areikovion €60V TPAOTOV EMUTEGOV GE YPOVOGELPE IE TAGT, YWPIS EMOYIKOTNTA 1] TVYOLOTNTA.
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ATO ™ PEAETN TOL TPAOTOV SYPAUUOTOS OOV VILAPYEL EVIOVO TO PUIVOUEVO TNG TACNG OE
OA0 TO €DPOG TNG YPOVOGELPAC, TAPATNPOVUE OTL TO €va amd To. GIATpa (TPAGIVO YPDOUX)
dlnpel ™ HOPON TNG OPYIKNG YPOVOCEPHS (éviovn ypappr]), ®CTOCO QOIVETOL 71O
eEopoALIEV KOl O YOUNAOTEPO EMimMEdD TILDOV G€ oyéon pe avtyv. Eva dedtepo @idtpo
(TOPTOKOAL YPOLLUT) OTOTUTTAOVEL T1 LOPPT TNG OE Uiol LUKPT TEPLOYN TPOG TO TEAOG, EVM GTO.
apykd otddia n Tun tov &yl undeviotel. Tnv mo adloonueio cvopmeptpopd epgaviCel To
@iATpO OV amekovileTal pe KOKKIVY YPOUUR, TO 0moio gaivetal 0Tt ota onpeio ota onoio
oAAGCel M KAlon NG apy KNG YPovooeEpds, aALAlel Kol avtd KAiom, pe oavtiBetn Opwmg

KatevBvveon and avT ™S OPYIKNG.

layer 0 output

0.8 1

0.6 q

0.4 q

0.2 1

0.0

T T T T T T T T
0.0 25 5.0 75 10.0 125 15.0 17.5

Awypappo 14. Angikévion €£60mV TPOTOL EMTEOOV OE YPOVOCELPD. , pE Alay] LoTifov (06 6TAGINOTNTA OTOKTAEL
ThoM)

210 0ehTEPO Odrypappa, ametkovileTar ypovocelpd (UTAE EVTOVO YPOL) 1 OToio 6T WESN
™G epeaviCel aAlayn potifov dnAadn amd oTAGIUN AmOoKTA o Evtovn ovodikn tdon. Kot
OTNV TEPITTOON OVTY|, TOPATNPOVUE Eva GIATPO TTOV dtotnpel T LopeN| TG, o EEOUOAVUEVO
Kol o€ Mo yopnAd enimedo Tymv. To devTEPO OIATPO €MioNG OMMG KOl GTO TPONYOVUEVO
OUIYPOLLLLO, OTOTLUTAOVEL TN HOPPY| TNG YPOVOCEPAEG GE aKOUd To €EOUAAVUEVT LOPPT KoL
YOUNAG emtineda, oe Pabud otov omoio o€ Eva PeYdAO TUNLOL TOV VoL EXEL UNOEVIOTEL EVIEANDG M
enidopaon tov. Téhog to @iltpo MOV amewkoviletonr pe TNV KOKKIVI YPOUUN, Ototnpel v
010TTa va gpeaviCel khoelg avtifeteg amd avTéC TE XPOVOCELPAS, 6T oNueiol OOV AT

peTafaAAETOL.
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layer 0 output

0.8

0.6 q

0.4 4
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0.0 25 5.0 75 10.0 125 15.0 17.5

Awdypappa 15. Aneikévion €£600V TPOTOL EMTEIOV OE YPOVOCGELPH NE KUKAKOTNTA.
210 Tpito Sdypappa, n XPovoceEPd eReovilel 600 KOKAOLG HaKPAg dtdpKelag o Kabévag ek
Tov omoiwv yapaktnpiletor omd pio mepiodo avodkng tdong akoAovBoduevng ond pio
nepiodo kabodwmne. Ta yopaktplotikd TV TpLdV eilTpmv mov ansikovilovtotl Tapopuévouy
idw. To @iktpo pe v TOpTOKOAL Ypapp| €xel U UNOEVIKEG TIHEG UOVO GTO TUNHO OOV M
APYIKY YPOVOCEPH eUPaVIleEl TOV dEVTEPO KVKAO NG, EVA OTIS VTOAOITEC TEPLOYES EXEL

UNOEVIKT emidpao).

layer 0 output

0.8

0.6 q

0.4 4

0.2 9

0.0 1

T T T T T T T T
0.0 25 5.0 75 10.0 125 15.0 17.5

Awaypappo 16. Areikovion €£660V TPOTOV EMTEGOV GE YPOVOGELPE ILE TTOTIKI TAGT] KUl KUKMKOTNTA

H ypovocepd tov dwaypdppatoc 14 mopovctdlel pio TTOTIKA TG Kol KATOW KUKAMKOTNTO
(draotpato e TTMoN akoAovBovpeva and avodikd dtuotiprata). To tpdotvo Gidtpo kot oe
LTIV TNV TEPITTOGT OTOSIOEL TN LOPPN TNG XPOVOGEPAS, 08 EEOUAAVUEVT] LOPPT| KOL GE TTLO
YOUNAG emimedo TIUDOV, EVD TO TOPTOKOAL €ivol OTO TEPICCOTEPA TUNUATO TOV HUNOEVIKO,

aKoAovO®VTOg POVO G€ dVO oNUEiol TNV LOPPN TNG XPOVOCELPAG.
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Awypappe 17. Aneikévion €£60mV TPOTOL EMTEOOV GE YPOVOCELPE, UE TVYOLOTNTA YW PIg TaON.
H ypovooeipd tov televtaiov dtaypapupatog yopaktpiletor omd peydrec S10KVUAVOELS Kot
ToyodTTO, KATL TOL Topoatnpeitar kol oto Swypdupata tov @iktpov. Ta eiltpa tov
SyPAULOTOS EREOVICOVY TOPOUOLD. GUUTEPLPOPE LE TIC TPONYOVUEVES TEPIMTOGELS KOl
a&loonpeimt givor n popen tov EIATPOL OV amEIKOVILETOL e KOKKIVI VPN, TO omoio Ha
UTTOPOVGE VO TEL KOVELG TG amoTeEAEl «EIOMAO» TNG APYIKNG YPOVOGEPAS GTA TEPLGGOTEP

onpeio.

Mia yevikn mopatipnon omd Tn HEAETN TOV TOPATAVE TEPIMTOGE®V, givol OTL €vag
ONUOVTIKOS apBdg GidTpmV dev aglomomOnke amd to HoVTELOD, Elyov UNdOEVIKN ETIdpaoT] Kot
®G €K TOVTOL Ogv amelkoviotnkav Kot ota dwypdupata. H mapoatipnon oavt eixe og
OOTEAECHO. KOL TNV OOKIUN TOV OPYIIEKTOVIKOV HE WKPOTEPO aplBud oiktpov mov
TOPOVGLACTNKE GTNV TTporyovpevn evotnrta. H apyrtektovikn pe 12 giktpa 6nmg eidape, iye
oYEOOV EQPAUIAAL OMOTEAEGHATO e VTRV TV 16 QilTtpwVv, evd giye onUAvVTIK) EAATTOON

GTOV YPOVO EKTOIOEVOTG.

Qo61660, TO TOPATAVEO OLLYPALLATO OVOPEPOVTOL OTIS €£600VG TOV TPMOTOL OO T TPia,
CUVEMKTIKG EMTESQ TOV AMOTEAEGOAV TNV PEATIOTN OPYLTEKTOVIKTY. TNV OPYLTEKTOVIKT OLTH),
O\ Ta eminmeda amoTeAOVVTAY Al ToV 1010 apBud eiktpov. Ta evpuaTa TG EVOTNTAS OVTNG
O umopovcav vo. onUaivouy OTL EVOEYOUEVMC Lol aPITEKTOVIKT He Aydtepa GiATpa HOVO
0TO TPATO EMIMESO QALY O1ALTHPNGT TOVG GTO LITOAOUTA, B PToPoVGE Vo EMPEPEL BEATIOUEVQ,

N ToPOUOLN ATOTEAEGLLOTO LLE PIKPOTEPO YPOVO EKTTAIOEVOTG.
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6.5 Xvoyxétion TOU OQEAAUATOC TwWV TPOBAEYPswV uE  TA
XAPAKTNPLOTIKAE TG XPOVOCGEIPAC

2V evoTNTO 0VTH, £YVE OVOAVGOT YPOUUIKNG TOAVOPOUNGNG, TPOKEUEVOL VO, SLOTIoTMOEL
KATA TOGOV LIAPYEL GLOYETION TV EMOOce®Y Tov CNN e o 8 Bacikd yopaKTNPIGTIKE TV
YPOVOsEPOV. Me T dtadikacio oy, TPocsdlopilovTal Kol 0l GUVIEAECTEC TOV GLGYETILOVY
mv  e€apmuévn  petafinmy (SMAPE) pe tic aveEdpmreg  (twég tov  Pooikdv

YOPOKTNPLOTIKDOV).

To cvumépacpo mov TpokvTTEL lvan OTL vLapPyEL pio acBevig cvoyETion petatd TOV TIUAV
TV 8 YopuKTPoTIKOVY Kat e enidoong tov CNN Swktvov pe tipf R? ion pe 0.138. H tyun
tov F-STATISTIC yio v maAwvdpounon eivan 461.1, kot 1 avtiotoryn Ty tov p-value mov
npoodopiletan eivar <0.001. Adym tov Ot M terevtaio givor pikpotepn tov 0.05
ocvumepaivovpe, 6Tt TovAdylotov pio amd Tig 8 efaptnuéveg petafintég sivol onuavTikd

ocvoyetiopévn pe to SMAPE.

XapaKTnPLOTIKO Zuvteleotng (coefficient) P>|t|
Rlevel -10.015 <0.001
Tlevel -37.334 <0.001
Alevel -13.974 <0.001
Blevel -3.936 <0.001
Sklevel 7.116 <0.001
Kulevel 0.198 0.331
Nllevel 0.445 0.217
SSlevel 32.050 <0.001
Const 29.936 <0.001

[Mivaxog 14. AToteLéSPROTO YPOURPIKIG TAAVOPOUN GG VIO T1) CVGYETION TS ETIO0GNS TOV GUVEMKTIKAV HIKTVMV IE
10. 8 facika (opuKTNPIETIKA.

Ytov mwivaxa 14, paivovtol ot cuvteeoTég B TNG YPOUUKNAG TOAVOPOUNOTG Yia TO Kabéva and
TO YOPOKTNPLOTIKA, KOOMG Kot n Ty P > |t] n omoia yio k60e pepovopuévn petafinty, pog
VTOONAMVEL OV VIAPYEL CTUAVTIKT] GUOYETION UE TNV EAPTNUEVT. TNV TEPIMTOON HOG, OAEG
ot petofantég extog tov Nllevel kar Kulevel £yovv oto medio owtd tipn < 0.05 mov onuaivet
ot vmdpyet N {nroduevn onuavtikdtnTa 611N GLoYETIoN. OGov aPopd ToV TPOTO pe TOV 0Toio
emnpealovy ot petafAntéc v akpifeta, etvor TPoEAvES OTL EMOIDOKOVUE TNV EAATTOGN TNG

e€aptnuévng HetafAnNTg. Zuvenmg N adENom ™G TIUNAG TOV YOPUKTNPIGTIKMOY OV E£XOVV
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apyNTIKO GLVTEAESTY|, 00MYel oe PeAtimon tng akpifelac, evd avTioTOlKO OVTMOV TOV £YOLV

OeTiKd GLVTELESTN O€ EAATTMON TNG.

[Mopatnpodpe WG TOVG UEYOADTEPOVG OPVNTIKOVS GUVTEAEGTEG £YOLV TO YOPUKTNPIOTIKA
Tlevel xou Alevel pe -37.334 xoi -13.974 avtiotoyo, evd tOLG peYAADTEPOLS BETIKODC
ovvtehleotég £yovv to Sslevel ko Sklevel pe 32.050 kot 7.116 avtictowyo. Ipoktikd ovtd
onpaivel mowg 1o CNN diktvo TpofAémel KaAbTepa TIG YPOVOCELPEG OV Yopaktnpiloviot amd
£VToVN TAOT KOl 1GYVPY OLTOGVOYETION TPOTNG TAENG, EVM 1 amOO0CN TOV EAATTOVETOL UE
mv Omapén acvpuetpiog (sSkewness) kabmg kot yioo peydAeg TIWES TOL YAPOUKTNPIOTIKOD

SSlevel (Fractional differencing parameter).

6.6 Xvotadomoinon Twv ypovooeipwv (clustering) kar ovykpion
EMLEOCEWY TWV UEOOSWV AVaPOpPacs ava cuoTada.

g TPONYOVUEVT] EVOTNTA TOPOVGIAGTNKE 1] OVOAVGT) TOV GLVOAOL TV JEDOUEVOV GE KUPLES
OUVIGTMOEC. TNV EVOTNTO 0T O XPOVoceEpES daympilovial oe cvotddeg (clusters) otov
YDOPO TV 500 S106TACEMV TOL 0pifovV 01 dVO CVTEG cuVIcT®GES. Katdmy yivetal cuykpitikn
avdivon tov emddsewv Tov CNN kabmg Kot Twv pnebddmv avapopdg yio Kabepio amd ovTés.
Me 1oV Tpdmo avTd, HTOPOVLLE VO ATOKTNGOVE TANPOPOPIO GYETIKA LE TO O 1) TOLES OO

T1G peBBdoVG eppavilovv kaAvTepT axpifela kol og o0 100G YPOVOGEIPDOV.

[Ipoxeyévov, va katainéovpe 6 660 t0 dVVATOV 160TANOELS GLGTAOES, TO €MIMEdO TV
KUPIOV CUVIGTOGOV YOPIGTNKE GE TETAPTNUOPLY, TOL £V OG opyN TOV AEOVOV TIG SIANECES

TILEG TOV YPOVOGELPOV OGOV 0POPA TIG KOPLEG GUVIGTMCEG.
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Avaypoppo 18. Aloyopiopds Tov xpovosspdv o€ cvotddsg (clusters)

H dudpecog g mpdng ocvvictwcog givor -0.430 eved g devtepng -0.074 mepinov. Xto
onueio avtd opiletar €va vontd cvotnuo KABeTmV aEOVeV, Tov ympilovv TIC Y¥POVOGEIPES

onmg Qaivetal oo didypappa (scatterplot).

Endpevo Pripa ntav n cuykpitiky] avadAvon Tov EmO0CEMV TOV GUVEMKTIKOV OIKTO®V, LE TO
MLP benchmark mov dnpovpynbnke yia tig avaykeg thg mopovoag peAétng, pe v uébodo
ES-RNN, 1 omoia xatetdyn mpdtn otov daywviopd M4, kar tnv uébodo Theta n onoia eivor
plo kobiepopévn otatiotikn péBodog mpoPreymng pe dlaitepa KOAEG EMOOCELS GTOV
dwyoviopd M3. Zvykekpipéva vroroyiotnke 1o SMAPE ¢ kébe piog and 11g 4 pebodoovg,

v kéOe teTaptuopo. Ta anoteléopota @aivoviol GToV TOPAKAT® TIVOK:

Tetaptnuépo | CNN | MLP | THETA | ESRNN
1 18.007 | 18.148 | 20.122 | 18.196
2 15.970 | 16.005 | 17.221 | 16.213
3 8.922 | 8.924 | 9.725 | 9.005
4 9.183 | 9.207 | 11.257 | 9.227

ITivakog 15. SMAPE tov pgdédmv ava tetaptnroplo
Zntobuevo Tov d®PIoUOV aLToV, givar vo evtomiotel, av 1 uEB0OOC TV GLVEMKTIKGOV
OIKTO®V, ERPOVICEL KOADTEPESG 1 YEPOTEPEG EMOOGELS OE OYEOT UE TIG LITOAOUTEG HeBdOOVG oE

OLYKEKPILEVES KOTIYOPIEG YPOVOGEIPDV.

To mp®dto cvumépacua amd ™ peAétn tov mivako eivor 0Tt Ko ot 4 pébodor epeaviCovv

OPOPETIKEG  EMOOCELS  OVEL  TETOPTNUOPLO.  ZVYKEKPIUEVO, Ol  KOAVTEPEG EMOOGELS
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eppavifovrar ota teTaptNUoOpte 3 Kot 4, ONUAVTIKO XEWPOTEPES EMIOOCEL; CUVAVIAUE OTO
TETAPTNUOPLO 2, Kot akoOpa yepdTepeg oto teTapTnuopto 1, 6mov 10 SMAPE tov CNN £yxet

dumAdota TIUN 6€ oxEon e QTN TV TeETapTHopinv 3 Kot 4.

[Ipoxvmtel emiong, OTL TO GLVEMKTIKA OIKTLO VREPTEPOLV GE GYECT UE TIS LIOAOITEG
puebooovg oe Oha T TETOPTNUOPLE. MAMoTa, 6e OA Ta TETAPTNUOPLO, OlaTnpEiTol Ko 1 idwa
KatdtoEn 6cov apopd Tig emdOcelg TV neBddwv. Anhadn mpdto Epyetor 1o CNN, dedtepo

10 MLP, tpitn n nébodoc ESRNN ko tedevtaio n uébodog Theta.

Téhog Omuovpynoape tov axdilovbo mivaka, mov delyvel v mocootioio PeAtioon mov

enpavicet to CNN o oyéon pe Tic GAAES Tpelg nedddoug avé TeToptnuoplo’ .

Tetaptnuopio | CNN-MLP | CNN-THETA | CNN-ESRNN
1 0.78% 10.51% 1.04%
2 0.22% 7.26% 1.50%
3 0.02% 8.26% 0.92%
4 0.26% 18.42% 0.48%

[Mivaxag 16. [ocosTioia Pertioon Tov SMAPE a6 to CNN mg wpog Tig pedodovg avapopdgs.

Onwg elxe emonuavoet kot amd ™ pedétn tov wponyovpevov mivaka to CNN mapovsialet
Beitioon og Ola o TETOPTNUOPLE KO ©OC TTPOG OAeG TS pebBddovg. Qg mpog to MLP mov
OOTEAEL KO TNV 7O KOVTIVI] TOL HEBOSO avapopiKd LE TIG EMOOGELS, 1| LeYOADTEPT PerTicoom
™mg ta&emc tov 0.777% eppavileror 610 TPAOTO TETAPTNUOPLO, VM CGYXEOOV OUEANTEQ
BeAtimon (0.022%) oto tpito teTapnuoptlo. Q¢ mpog v péBodo THETA o1 Bertiwoelg elvat
a&16Aoyeg o€ OO TO TETOPTNUOPLA, LE TNV UEYOADTEPT] VO CUELOVETAL GTO TETOPTNUOPLO 4
¢ théemg 18.424% won ) pkpotepn oto tetaptnuoplo 2 (7.264%). Téhog, wg mpog
uébodo ESRNN 1 peyaivtepn PBeAtioon (1.499%) emtvyydvetal oto tetaptnuopto 1 kot
HiKpOTEPT 010 TETOPTNUOPLO 4 pe 0.477%.

SMAPEBench—SMAPECNN | 100%
SMAPEgench '

pipotepo SMAPE dniadn kaddtepr okpifeta, T0 10600Td TTaipvel OeTikég TIHEG evD og avtifetn mepinTwon
apVNTIKEG.

17 r ’ , ’ /. r , I3
Hmocootiaio Bedtioon vroAoyiletot pe Baomn tov TOTO Etot 6tav 1o CNN £yet
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7 Iuvumepacpata - MeEAAOVTIKT) £pEVva

Xmv  mopovco  SWAMUOTIKY  epyacia, peAeTOnkoav Kot vAomomOnkov  mOlKiAAeg
OPYITEKTOVIKEG GUVEMKTIKOV VEVPOVIKOV OIKTO®V, o€ o mpoondadeio vo mpoPiepBovv
Bértiota o dedopéva Tov dayoviopod M4, Xvykekpiuévo omd T0 GUVOAO TOV OESOUEVMV
TOV SYOVIGHOD 0VTOV, XPNOLLOTOMONKAY Ol ETNCIEG YPOVOCEIPEG KOL £YIVAV CTUELNKEG
npoPAréyelc. Ta amoteléopota cuykpinkav pe évo MLP mov vAomomOnke eni tovtov, kabmg
Kot pe ) vikfiepo, péhodo tov daywviopod ES-RNN (uébodog Smyl),kon tqv pébodo Theta

nov amotelel pia Kabiepwpévn otatiotikny pébodo TpoPreymc.

Méoa and oelpéc mepapdTov Tov iyov ¢ oKomd TV PEATIGTOTOINOT TOV VIEPTAPAUETPMOV
NG OPYLTEKTOVIKNG, TPOGOOPIoTNKE Lio TEPLOYN TOVS, GTNV OMOi0, TO GUVEAIKTIKO OiKTLO

dtvel amoteréopata acntd Pertiopéva oe oxéon pe Tig vrdAouteg pebdOdOVG.
Ta Bacikd coprepdopato amd TNy OAn dadikacio propodv va GuvoylsTovV oTo €ENG:

e H ypnon tov cuveMKTIK®OV SIKTOV®OV GTOV TOpEd TV TPOPAEYE®Y, Oev €xEl apKETO
YPOVIKO OAoTNUO. TOV €YEL OPYICEL VO EPEVVATAL, EVD TO TAPOIOGIOKO TPOVOULUKO
edio TV SIKTO®V oWTOV €ival 1 avoyvoplon €iKovoac. Me v mapovco Epevva,
AOJEIKVOETAL OTL T OIKTLO AVTE, Ol ATADG EMPLOVOVY, AALL £OVV Kol KOADTEPQ
OmOTEAECUATO  OTIS TPOPAEYELS YPOVOAOYIKOV GEWPADV GE OYECN HE TOL TLO
napadootakd feed forward diktva 6mwe givar oo MLP.

e H omtikn avamopdotacn mov £ywve oTIG €vOldueceg €E000VG TOV GLVEMKTIKAOV
EMITEI®V KATOOEIKVVEL EVOL AKOLO TAEOVEKTN IO, OTO TN XPTOT TOVS, TO OTOT0 £YKELTOL
010 Ot gtvon TAéov dvvatd va omtikomronBel o TpOTOC e Tov 0moio avTIAapUPavovTon
™V €Vvold NG XPOovoceElpdg Kot va amoktn el pia aichnon tov tpémov pudonong toug.
Avtifeta, ota MLP, givor and modd dVvokolo €m¢ kol 0dVVATO Vo EVTOMIGEL O
HEAETNTNG HOTIPOL OTNV ECMTEPIKT SOUTN TOVG, YEYOVOS TOV TO. KAO1oTA Hovpo KOVTLE
Kol dLoYePaivel TIg TPpooTabeleg PEATIOTOTOINGNC TWV ETOOCEDY TOVG.

e Ot apyITEKTOVIKEG TTOV EMEPEPAY TO KAADTEPO, ATMOTEAEGUATO OEV NTAV KAT  avVAyKNV
KOL QUTEG TOV OTOLTOVCAY TOV UEYOAVTEPO YPOVO EKTAIOELONG. AVTIOETMG, GE TOALEG
TEPIMTMOGELS KO WOOHTEPU GTNV TPAOTN PACT] TOV TEPAUATOV, EVIOTIOTNKE Pio apvn-

TIKY] GLGYETION TOL ¥POVOL ekTaidgvoNg Le TNV akpifela Tov TpoPAéyemy.
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Metd tov Tpocdlopioprd TV PEATICTOV TOPAUETP®OV HECH TNG TEPOUATIKNAG O10d1Ka-
oloc, akoAovOnoe éva 6e0TEPO GTASIO GTO OTOI0 Ol TAPAUETPOL PETAPAALOVTAY KOTA
pio k6Oe eopd. Xto 6TAO10 AVTO dEV EVIOMIGTNKAV UEYAAES OLOKVUAVGELG OTNV aKpi-
Bewa TV TpoPAéyemv, KATL TOV Lo 0ONYEL OTO GUUTEPUGHLO OTL TO EKTOOEVIEVO LO-
VTELO elval apkeTd VoTAOEC OGOV APOPE LUKPEG OAAAYEG OTIG TILES TMV TOPAUETPOV.
Ta dedopéva ekmaidgvong, dtywpiotnkav oe 4 teTapTnUoOpa pe Bdorn Tig d0o KOpLeg
CUVICTMOGCEG TTOV TTPOEKLYAV amtd TNV ovtiotoyyn avdivon. H péboddg tov cuvelikti-
KOV OIKTOOV eppavice Bertioon oty akpifela TpdPreymg kot ota 4 TETAPTNUOPLU GE
oyxéon pe Tig volownes 3 peboddovs avapopds. Avtd onuaivel 6Tt yopaktpiletor amod
pio ev YEVEL TOOTIKOTEPT TPOGEYYIOT MG TPOG TNV Labnon-tpdPreyn kot 1 Pertioon
dev €€0pTATOL OO KATOL0 GUYKEKPLLEVO YOPOKTNPIOTIKO TNG YPOVOGELPAC.

To mopandve cuunépaca, oe cLVOLACUO LE TO YEYOVOS OTL Ol YPOVOCELPEG TOV Ola-
YOVIGHOV deV &lvar £EEIOIKEVUEVEG OAAG avTAOLVTOL OtO TOAAOVS TOUEIS TOV EMYEL-
pNHoTKod KOGV KaoTd KATA TN YVOUN TOV HEAETNTN TA NON EKTOOELUEVO LOVTE-
Ao pio a&lomotn Avon tpofreyng kat yio ad hoc ypovooeipés mov pmopei va Eyel o-

VAYKT 0 0OTO10GONTOTE EVILUPEPOUEVOS (EMYEIpNON, aKAINUATKO 1dpV A, 1O1DTNG).

H gpyocio avt Bo pmopovoe vo amoteAécel to Evavcopa yia pio oepd PEATIOCE®V Kot

EMEKTACEMV €K TOV OTOIMV 01 KLPLOTEPES efvat o1 e&NG:

Exnaidevon poviéAwv pe avtiotolyeg apylteKTOVIKEG Kol Y10 To DVTOAOITO €101 YPOVO-
CEPOV TOL dy®VIGHoL (Tprunviaieg efdopadiaics, etnoleg K.Am). Ady®m Tov YEYOVOo-
T0G OTL 01 GEPES AVTES EPLPOVICOVY KOt TO GTOKELO TG EMOYIKOTNTAG TOV OEV EUPAVi-
Cetan oTIg £TNO1EG, AVAUEVOVUE AKOLO KOADTEPES EMOOGELC.

Exmaidevon povtéAwv yio v mopaymyn TloavoTik®v tpofAEyemy.

Evioyvon 1ov apyltektovik®v pe emmA&ov yvmoT|. ZVYKEKPULEVO TPOTEVETAL 1] TPO-
(OJOTNOT TOV TUKVAV EMTEIMV TOV £TOVTIOL TOV GUVEMKTIKAV, [LE oTotyEln OmMG &i-
Vol 0l TIHEG TOV KUPLOV YOPOKTNPICTIKMOV TV YPOVOGEPOV TOV £YOVV TPOGOIOPLOTEL
KO EVOEYOUEVODC LE TIG TPOPAEYELS GAlwV peBddwv (m.y Theta). Ymbpyel ek puépovg
TOV pHeAETNTN M aicOnon kot 1 aiclodoéio OTL avTéG o1 TapepPacels Ha propovcay va

EMPEPOVV ONUAVTIKN PeATioon oty axpifelo TV TpoPfAéyemv.
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Awdidetan omd ToAhoOG €181kovg Tov Ydpov (m.y. Andrew Ng) n dmoym, 0Tl TO0 €MOUEVO
otddo ™G e&éMEng oty unyavikn padnon, Ppioketor oto Aeyodpevo Machine learning
engineering for production (MLOpS). O topéag antodg avapépeTat 6To EPYUAELN, OTIC TEYVIKEG
KOl OTNV TPOKTIKN EUTEPIO, TOV UTOPOLV VO UETOUOPPOGOVV TNV OBE®PNTIKY YVOON NG
UNYXOVIKNG LABnomg oe éva epyaieio ETOO TPOG TOPAYWYIKT TAEOV xpnon. Mia Bepelmong
JpOPA TOV LILAPYEL GTOV TOUEN AVTO GE GYECT LE TNV TOPUSOCIOKN UNYaviky pdonon, ivat
0Tl T0. GLOTHHOTO OV PpioKoviol 6€ TAPOyWYIKY Asttovpyia opeilovv va dwoyelpilovtan
dvvapikd dedopéva, to omoia eEeAicoovion pe epevipelg puiuovs. Tavtdypova, Eva cOGTNHO
TapaAyOYIKNG Asrtovpyiog opeihel va Agttovpyel aveAMI®G e TO IKPOTEPO OLVOTO KOGTOG
Kot €govtog Ty péEyet duvar omddoot. O unyovikdg mov Ba acyoindel pe tov topéa avtod,
opeidetl va d1a0étel TNV EOPETPA TOV OYL LOVO TN BE®PNTIKY YVOOT TNG UNYAVIKNG Labnong,
oAAG kol epmelpion 6Tl oVYYpoveg UeBOOOVG AVATTLENG AOYIGHIKOD TPOKEWEVOL VL

avTOToKPlEl GTIG AMOTNOELC.

210 mAaiclo TOV TOPATAVE, KOl TPOKEWEVOD TO, OTOTEAECUOTO TNG TAPOVCAS EPYOCIOS VOl
TOYOLV XPNONG AO ELPVTEPO KOO, pio 10€0 TOL PEAETNTA €lvar I dnpovpyio S1OIKTLOKNG
EQOPUOYNG, dounuévng pe ovyypoveg apyrtektovikés (Service Oriented Architecture 0
Microservices) kot teyvoloyieg avamtuéng (., React yw to frontend xoppdrt ko Django 1
napepeepeic python teyvoroyieg yio to backend) n onoia Oa kabiotd Tpocfacipa to amdToka

™E Tapovcag Epgvvog oto online kowo.

e pio Tétota pappoyn Bo LTopovcE 0 EVOLLPEPOUEVOC, LECH YPOPLKOD TEPPAAAOVTOG ALY
KOl LEC® TPOYPOUNOTIGTIKNG dtemapng (restful api) va siodyet Tig Tywég piog N nepiocotépmv
YPOVOGEPADV, KAODG Kot KATOEG EMA0YES (0TS TO OV 1 XPOVOCEPA Elval £TNC10 K.AT.) KO
va Aappavetl Tic TpoPAEYELS TV O VIOPYXOVTOV LOVTEA®MVY. Xe puio AKOWO TLO TPOYWPTLEVT
eKd0YM TG EPAPLOYNG, O ¥PNOTNG Ba LTopovoe va eKTadEVEL TO d1KO TOV HOVTEAD, opilovTag
HEC® TOV YKoV TEPPAALOVTOG 1 TOV api, TI VIEPTAPAUETPOVG TNG TPOTIUNONG TOV Kot 1)
eQapuoyn va devepyel v eknaidevon oto backend xoppdtt e, To mapayouevo povtéro Ha
elvarl 0100€010 GTOV ¥PNOTN YO VO TO YPNOOTOMGEL Katd to dokovv. Ot emAoyég eivon
TPOYUATIKE oTeAeimTeG, Kot B0 UmMOpPOVGHV VO CUUTEPIAGPOVY OKOUM KOl TNV TOPOYN

GLVOLOL dedopévav ekmaidevong amd Tov 1010 TO XPNoTN.
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O pekemmg motevel OTL pio T€Tol EQOPUOYN, B0 TPOGEAKVE TO EVOLUPEPOV OPKETDV
gpeLVNTAOV ot omoiot Ba €yovv T dvvatdTTa 0ELOTOINONG TG YVOONS KOl EUTELPIOG TOV
amoKTHONKE Omd TNV TAPOLGA EPYNGin 0T TAAICLO TOV SIKMV TOLG EPELVMV, Kat yloti Oy, TO
EVOLOPEPOV EMYEPNCEDV Kol WO1MTOV Tov Bor 0EA0VLV VoL EKTOVIIGOLV 1] KOl VO GLYKPIVOLV

TPOoPAEYELC GTOV TOUEN EVOLAPEPOVTOS TOVG.

Kieivovtog, piog kot eivor kot dtoutépmg emikopo AOY® TNG €VEPYEWNKNG Kpiong mov
Buovoupe, Bo KAvovpe pio GUVTOUN aVOPOPE GTO EVEPYELNKO omoTumtmpo. (carbon footprint)
™G UNYOVIKNG pdBnone ko yoo 10 mowo €ivar n Béom g mopovoog epyaciog otV
npoPAnuatikny mov dnuovpyet to Cnua awtd. Ta tedevtaia xpovia 1 unyavikn pndonon €xet
anoktoel eE€yovoa Béon otov ydpo tv TIIE kot to yeyovog avtd, 0dNynce o avnovyies
mov oyetiovtal Pe To OAOEVA OVEAVOLEVA KOGTN TOV APOPOVV TNV VTOAOYIGTIKY| 10YD TOV
amorteital, KaOdS Kot T eKmopnés aepimv Beproknmiov mov oyetiCoviot pe avtv. Yrdapyovv
amoc1000&eC amdyelg Tov Bewpovv OTL 01 AvAyKeS Yo Katavaiwon evépyelag Ba cuveyicovv
va avédvovtal ekOeTIKA og onpeio ®ote TALOV 1 uNyavikn padnon vo kotaotel un fooun,
OAAG VTapyovv Kol Ol oucldd0Eec mov Oewpolv OTL pHE TIC KOTAAANAEG TPOKTIKEG M
Kotovdimon Oo otabepomombel tehkd oe évo onueio (plateau). Ot mpaxTIKEG OVTEG

ovvoyiCovta otig e€ng [67]:

e  Em\oy1 Mo 0mod0TIKOV aPYLTEKTOVIK®Y, OIS T apatd povtéda (sparse models), ta
omoio. umopovv vo. BEATIOGOLY TV TOOTNTO TOV ATOTEAECUATOV VO TOPAAANAQ €-
AOTTOVOLV TIC VTOAOYIOTIKEG avayKeg Kotd 3 ¢ 10 popéc.

o Katdhinin emioyn hardware. Xpnoipomoudviag cuetnpoTe Kot enegepyastés mov
&xovv BedtioronomOel ylo TV EKTaid€LON HOVTEA®V UNYOVIKNG LaOnong, o€ avtifeon
HE TOVG EMEEEPYAOTEG YEVIKOV GKOTOV, Ol OVAYKEC G EVEPYELD UTOPOLV VO, EAUTTM-
Bobv amd 2 £¢ 5 popéc.

e Xpnon tov vroloyiotikod véeoug (cloud). Ot vroloyiopoi oto cloud avti yio tomukd,
data centers glattdvovV Tig EvEPYELOKES OmaUTNOEL KOTA 1 EmG 4 popés.

o  Xopwn Bertiotomoinon. Xto VTOAOYIOTIKO VEPOG EMTPENETAL GLVNOWE GTOVS YPNOTEG
Vo EMAEYOLV TNV TOT0OEGIO TOL ¥PNOLUOTTOLEL TNV «KABaPOTEPN» EVEPYELD, EAATTMOVO-

VT0G £T01 TO amoTOHTOHA ToV dvOpaka katd 5 éo¢ 10 popéc.
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O téooeplg OWTEC TMPOKTIKEG, UTOPOLV GULVOLOOTIKA VO, EANTTMOOVV TNV OTOLTOVUEVN

evépyela péxpt ko 100 popég ko t1g exkmounég avOpaka katd 1000 popéc.

2mv mapodoo STA®pATKY, 1 onoio Bempodue 6Tl amewkovilel oe éva Pabud tm cvyypovn
«OALGIOO. TTOPOYOYNS» TNG UNYOVIKNG HABNnong o€ HiKpoypagio, £ywve OVTIANTTO Ko
amodeiydnke kol otV TPaén, mog éva mo elaepd Kot amodotikd poviédo (CNN) umopei va
ATOPEPEL KAADTEPO, AMOTEAECUATO OAAG Kol PEATIOUEVT) EVEPYELOKT GUUTEPLPOPE GE GYEOT

ue éva Papv povtédo 6mmg etvar 1o MLP.

Qo1660, 1 Pacikn KatoviAmon evépyslog otV mapovoo epyacia, dev mponAde omd v
ekmaidevon tov TeEAMKOD HOoVTEAOL Kabavwtov, oAAd amd v Segaywyn oAemdAANAov
TEPOUATOV TPOKEUEVOD VO TPOGOOPIoTOVV ot BEATIOTEG LIepmapdpeTpol. O peAETNTAG
Oewpel mog t0 YEYovdg avtd, o€ cLVOLOGUO HE TO OTL TOAAOL €peLVNTEG GTOV TTAOVITN
avaykaloviol Vo «emavePevpiokovy tov Tpoyxd» (1Tol Vo eKTodebovy Kot vo doKIalovv
LOVTEAQ OV £YOVV MON EKTOLOEVTEL MO GLUVOOEAPOVS TOVC), OMOTEAEL Kol éva amd Ta
ONUOVTIKOTEPO TPOPANUATO TOV TPEMEL VO OVTILETOTIGTOVY TPOKEUEVOL Vo, emLTevyDel 1
moALTOON TN evepyslokn Prwootta. Me v vy Ko eAmido TG TO TEWPAUATO TOV
devepyndnkav oty mapovca epyacia, Bo arotedécovv pio pikpn £€6T® KaBOONYNCT GTOVG
GLVOOEAPOVS OV Bl EKTOVIIGOLV TTAPEUPEPT] EPEVLVA GTO TOGO GLVOPTACTIKO AVTO TEdT0, TNV

evamobétel oty dabeon Kol TNV KPLTIKY] TOLG OKEYM.
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