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Amayopevetal 1 aviypoer], amodnkevon Kot Svoun TS mopovcag epyaciog, €€
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EBvucov Metoofrov TToAvteyveiov.
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Hepiinyn

H mapodoa ddaktopikn dotpiPr, ovorTOGoOVTOC TPMTOTUTO LOVTELD TPOPAEYNS TG
OOMKNG KOl QOTOPOATOIKNG Topaymyng, ovpuPdAier otn Oigicdvon NG OGOAIKNG Kot
(QMTOPOATIKNG TUPOYDYNG OTO CLGTAUOTO NAEKTPIKNG EVEPYELNG,.

Apyikd, Tapovstdlovial ol KaTnyopieg LOVIEA®V TPOPAEYNS TOL £yovv avamTuyDel ava
o ¥pOVIOL Yo, TNV EMTLYN Kol akpir] TpoPAeYn amd CLGTHUATO OLOAIKNG KOl POTOROATAIKNG
TOPOY®YNG OAAG Kot 01 PacIKOTEPOL TOPAYOVTEG TOV EMNPEALOLY TNV aKpifeia TS TpOPAeyNg.
[dwitepn éppaon divetal otnv avdivon tov Teyvntov Nevpovikov AKTOGV, TOV 6T TAGIC
€EEMENC TOL KAAOOV TNG UNYOVIKIG HaBnong €xovv Taifel kaboplotikd poro ot Bertioon Tng
amddooNC TV LOVTEL®DV TPOPAEYN G evépyelag amd Avavedoiuec TInyéc. Xe avtd To TAAIo0 Kot
€oTalovTog otV KoTovonon g afefatdtnTog mov TEPEXEToL o8 o dtadtkacio TpoPAeync
TOPOYWYNG EVEPYELNG, TPOTEIVETOL £€va KovoTtOpo, LPpdkd poviého Ppoyvmpdbeoung
TPOPAEYNC AIOAIKNG Topaywyns, ompllOlevo oe TeEYVIKEG MUNYOVIKNIG padnong. ‘Evog
BeAtiotomompévoc aAdydpiBuog ounvovg mpocapuoleTon kot eQopproletol oty TPOTEWVOUEVT
pebodoroyia yio TV PEATIOTOTOINGT| TV VIEPTAPAUETPMV TNG TPOTEWVOUEVG OPYITEKTOVIKNG.
To povtého eQopuoleTon O TPOYUOTIKA  OEOOMEVE  OLOAIK®YV  cvotnudtov. H
OTOTEAEGUATIKOTITO TOV LOVTEAOD OOOEIKVOETAL LEGE TNG CVYKPLONG TOV OTOTEAEGLLATMV TOV
TPOKVATOVV e TEAEVTALAG TEYVOAOYiOG LOVTEAD TOAVOTIKNG TPOPAEYNS OLOAIKNG TOPOYOYTG.

21 ovvéyeln, €oTalOVIOg OTNV TPOPAEYN TOPAY®YNG EVEPYELWNS OTO POTOPOATUIKA
GULGTNLOTO, OVOTTOGGETOL £VO TPMTOTLTO, LPPOKO Hoviéro PBpayvmpdbeoung, mOAvoTIKNG
TpoPreync, KatdAinio Yoo v wpdPreyn owrtofolrrtaiknig mapaymyns. Evoc moldmiokoc,
BeATiopévoc aAyoplOpog TOTTOV CUNVOVE KOTOTOVA®MY TPOCUPUOLETOL GTNV APYITEKTOVIKT TOV
TPOTEWVOLUEVOD HOVTEAOD, KOTOQEPVOVTOG VO, PEATIOCEL TNV OMOJ0CN TOV, ATOPEVYOVTOG
TopOAANAG va emPapbvel TO VTOAOYIOTIKO KOoTOG Tng MeBodoroyiag. EmmAiéov, évag
U ovicog ONpAapaToc-Ompenut| EVEOUOTOVETOL 6TO TEAMKO VRPOIKO HOVTELOD Y1 VO PEATIOCEL
ek véou TIG duvatodTNTEC avalTNoNG TOL TPOTEWOUEVOL HOVTEAOL Yo TN PEATIOTN duvarth
wpoPreyn. To povtého epapudletal o TPAYUATIKA SEGOUEVO PMTOROATUIKOV cuoTnudtoy. Ta
TEMKO OMOTEAEGUOTO OVOOEIKVOOVY, TOGO TNV OVATEPOTNTO TOV TPOTEWVOUEVOL HOVTEAOL
TPOPAEYNC EvovTl HOVTEA®DV TEAEVTOLOG TEXVOAOYING GTO OMOio €QPAPUOCTNKAY TO SLOBECILO
dgdopéva, 660 Kol Tr SuvaTOTNTA EQOPUOYNAS TOV HOVTEAOL GE TPUYUOTIKO TPOPANLOTOL
TPOPAEYNS POTOPOATATKNG TOPAYOYNG.

YOUTEPACUOTIKG, TO TPOTEWOUEVA HOVTEAOD €16GYOLV €V KOIVOTOUO TAIGLo
pebodoroyiwv mbavotikng Ppayurpdbeoung wpoPreync pe vPpdkég pebddovg UNyoVIKNAG
udonong, mov cupPfdilovv otn OleicdvoN TG AOAKNG Kol GQMTOPOATUIKNAG TOPOY®YNG OTO
GUGTNHOTO NAEKTPIKNG EVEPYELAG.

A€Eerc Khg101d

Avavedoeg Tnyég evépyelag, HEBodoL Unyovikng Uabnons, cuoTNUATO CLOAIKNG TUPAYWOYNS,
oLOTHHOTO TPOPAEYNC TOPAYMYNG EVEPYELNG, CLUGTHLOTO PMTOPOATUIKNG TOPAYWYNC, TEXVNTA
VELPWOVIKE diKTLO






Abstract

This PhD thesis contributes to the penetration of wind and photovoltaic power generation
in power systems, by developing original forecasting models of wind and photovoltaic
generation.

Initially, the categories of forecasting models that have been developed over the years for
the successful and accurate prediction from wind and photovoltaic generation systems are
presented, as well as the main factors that affect the accuracy of the forecasts. Particular
emphasis is placed on the analysis of Artificial Neural Networks, which in the context of the
evolution of the machine learning industry have played a decisive role in improving the
performance of renewable energy forecasting models. In this context and focusing on
understanding the uncertainty involved in an energy production forecasting process, an
innovative, hybrid model of short-term wind generation forecasting based on machine learning
techniques is proposed. An optimized swarm algorithm is adapted and applied to the proposed
methodology to optimize the hyperparameters of the proposed architecture. The effectiveness of
the model is proven by comparing the results obtained with state-of-the-art probabilistic wind
power generation prediction models.

Then, focusing on power prediction from photovoltaic systems, an innovative, hybrid
model for short-term, probabilistic forecasting is developed, suitable for photovoltaic power
forecasting. A complex, improved chicken swarm type algorithm was adapted to the
architecture of the proposed model, managing to improve its performance, while avoiding
increasing the computational cost of the methodology. In addition, a prey-predator mechanism
is integrated into the final hybrid model to further improve the search capabilities of the
proposed model for optimal predictive outcomes. The model is applied to real data of solar
parks. The final results highlight both the superiority of the proposed forecasting model over
state-of-the-art models to which the available data were applied, as well as its applicability to
real-world photovoltaic power forecasting problems.

In conclusion, the proposed models introduce an innovative framework of methodologies
that contribute to the penetration of wind and photovoltaic power generation in electric power
systems.

Keywords

Renewable energy sources, machine learning methods, wind generation systems, energy
forecasting systems, photovoltaic generation systems, artificial neural networks






IIporoyog

H mopovoa dwaxtopikn dwtpn dpyloe va exmoveital tov Oxtdpplo tov 2018 oto
Epyaompio Xvomudtov Hiextpikng Evépyelag tng XyxoAng HAextpordymv Mnyovikdv kot
Mnyavik@v Ymoloyiwotov tov EBvikod Metoofiov Tloivteyveiov, vid v emifreyn tov
Kabnynt k. Havriov Z. ['eowpyhdxn.

Ba NBela va eEKEPACH TIG EVYOPLOTIES [LOV:

. Ytov Kabnynm pov k. [avAo I'eopyiidxn, yio v Tiun Tov pov ékave avafETovtag pov
TNV EKTOVNOY QLTS TNG OWOKTOPIKNG TP KOl Yo TN GLVEYN KOl AETTOUEPY|
emifhleym kot KaBodNynon Tov 6g OAN TNV TOPELN EKTOVIONG TG EPYACTAG LLOV.

. Ytov Kabnynt pov k. Nikorloo Xatinapyvpiov, pérog g Tpehodg GUUPOVAELTIKNG
EMITPOTNG HOV, VIO TNV €uKopiot TOL HOL £dMGE VO EKTOVAGM TN OOUKTOPIKY HOV
SttpiPn, oA Kot TV KaBodnynon kot Tig GVUPBOVAEC TOL GTNV TOPEID TOV EPEVVITIKOD
pov €pyov.

. Ytov Kafnynm pov k. Nopyo Koppé, pélog g tpiuehods GUUPBOLAEVTIKNG EMITPOTNG
LoV, Yo TNV €ENLPETIKT] CLVEPYAGIO Kol Y10l TIG EVGTOYEG MOPATNPNOEIS TOV GE OAN TN
dtdpkeln EKTOVNONG TNG SOTPIPNG HOV.

. Ytov Kabnynm pov k. Anuntpro Zodvipm, yio TV €ukoipio. TOL HOL £00CE Vv
OUVEPYOOTOVUE G &va dyoyo Kot Omuovpykd mepipdAiov apoaioc extipnong,
SLUPIALOVTOG CIUOVTIKA 0TV OHOAN €EEMEN TG SIOOKTOPIKNG OV SLOTPIPNG.

. Ytov Kobnynt) k. Awvicio Peion yuo v e€aupetikny ovvepyooio mov elyoue og
EPELVNTIKO E€Mimed0, OAAG KOl Yo TNV OTOJ0YN ] CGLUUETOYNG TOL OTNV E€EETAOTIKN
EMUTPOTN TNG EVOLALESTG KOl TNG TEMKNG KPIoNG TNG O100KTOPIKNG SLOTPIPNG HOV.

. Ytoug Kabnyntéc xk. Anuntpio Ackovvn kot Anuitpio Towapnqtpo yo v amodoyn
GUUETOYNG TOVG OTNV ENTOUEAT EEETOCTIKT EMTPOTN TNG SIOUKTOPIKNG OV SLOTPIPNG.

. Ytov Prof. Dr. Francky Catthoor yio v vTOdelyHOTIK GUVEPYOGio, TOV ElYOUE GTA
TAoiclo  EKTOVIIONG NG OWOKTOPIKNAG Hov dwtpiPne, TiG 10witepo Topoywyikég
drodtkToakég kot oo {DONG GUVOVTNGEIS MOG, Kot Tnv ToAOTun Ponbeio mov pov
TPOGEPEPE G€ OAEG TIG KOWVEG LLOG ONUOCIEVGELC G€ O1E0VN EMGTNUOVIKA TEPTOOKA.

®a MBeha va gvyapiotiow v Edwkn Ymnpeoia Awyeipiong ko E@appoyng Apdoewv
otoug topeic ‘Epevvog, Teyxyvoroywmne Avdamtuéng xor Kowotopiog (EYAE ETAK) tovu
Yrovpyeiov Avantoéng yw T ¥pnUatoddTnon e SOUKTOPIKNAG HOL STplffig HEC® NG
Apdong EZITA 2014-2020: «<EPEYNQ — AHMIOYPI'Q — KAINOTOMQ B" KYKAOZ», 0
omoia cuyypnuotodothtnke and v Evponaikn Evoon ko eBvikovg mopovg péow tov E.IL
Avtayoviotikdtro, Emyeipnuatikétta & Kowotopio (EITAVEK) (kwdkog épyov: T2EAK-
00864, axpovopo €pyov: ARCHON, tithog épyov: «Koawvotopo, Xoyypovo & Avoiktod
Yoo [popreync & Eréyyov [opaywyng ®/B ko Mewctov TTapkmvy»).



[Swiitepec evyapiotieg opeilm mpog Tov dwdaktopa tov E.M.IL. «. [Tavayiowm Kopapantn
Yo TV GPLGTN GLVEPYACI TOL Elyape oTa ¥POVIO, EKTOVNOTG TNG O100KTOPIKNG SLoTPLP1g LoV,
v T fondeta Kot TIG GLUPOVAEG TOV LOV TPOGEPEPE, OALA KOl Y10 TNV EUTIOTOCVVT] TOL £0€1EE
07O TPOCONO LLOV MG GLVASEAPO KOl GLVEPYATN.

Emmiéov, 6o nBeho va evyopiotiom tov vmoynelo dowdktopa EM.IL k. Mépko
Kovoovvadn-Kvobvoev, yio v eEopetikn cuvepyacio kal ™ otpi&n Tov o€ &va e&oipetid
EMimedo ovvepyaoiag.

®a MOk va gvyopiotiom tov dwdktopa Niko E.M.IL k. Nikdhao Kovtsovkn, tov
dwaktopo E.M.II. k. Baciketo Evayyeldmovlo kor tov vroynelo dwaktopo E.M.IL «.
Xpiotopopo Mévo-Aotepviddn Yo TIG YVOOELS TOL Holpdotnkoav pali pov kot yuo Tnv
eEapeTikn ovvepyaoio mov glyope oe OAN TN O1dPKELN EKTOVIONG TNG OOUKTOPIKNG O TPl
LLoV.

Evyopiotd tovg ocvvadélpovg pov otov Topéa Asttovpyiag TnAepétpnong tov
Awyepromy EAAnvikod Awctvov Awavourg Hiextpukng Evépyelng (AEAAHE), ko. ®goddpa
Zropotidon, ka. Mapia Aghn, k. ®odwpn Mrovun kat k. Kovoetaviivo Maykavidt yio ™
oTAPIEN Kol TNV Kotavomon Toug Katd TN OdpkKelo Tng EKMOVNONG Kol GLYYPOONS TNG
SOOKTOPIKNG OV SLoTPIPNGC.

®a N0eha va evyapiotom v lodvva, Yo TNV yuyoAoykn oTtipién Kot TNV LTOUOVI TNG
o€ OAN T ObpKELD EKTOVNONG TNG OOAKTOPIKNG OV St TPPG.

To peyoADTEPO ELYOPIOT® OTNV OIKOYEVELD OV, OTOLG Yoveic pov Mapio Kot
Kovotavtivo ka1 otnv adepen pov Mapba, yio tnv vrootipién Kot TV UTIGTOGVV TOVG GE
HEVa, SIVOVTAG LoV TNV OOpaitnTn SUVOLT VO GUVEYIC® LE GTOXOTPOCTHAMGT] KUl GIyoupld TNV
EKTOVNOT| TNG SLOOKTOPIKNG O TP LoV,
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Kepaioo 1

EIXATQI'H

1.1 H onpocioc g afomoinong tov Avaveooipov Inyov Evépyewog oto
EVEPYELOKO OIKTVO

AVO amd To GNUOVTIKOTEPA TPOPANUATO TOL GUYYPOVOL KOGLOV €ival 1) GUVEXNG OALUYT
TOV KAUATIKAOV GUVONKOV TOL 00Nyl TNV VIEPHEPLLOVGT] TOL TAAVITI KOL 1] IKAVOTOINGT| TV
oLUVEYMDC QLEOVOUEVOV TOYKOGLLIOV &VeEPYEIOK®OV ovayKov. H oamoteAecpatikni ypnon tov
Avavenopwv [nyodv Evépyelag (ATIE) éxel amoderybel 6T lvan pia amd Tic AVCELG G€ 0vTd TO!
npoPAquata. Emedn ov AIIE mopéyovv po «mpdovy evOAAOKTIK) ADGT OTNV TOPOY®OYN
NAEKTPIKNG EVEPYELNG Yo SVUPATIKEG TNYEG evépyetag (dvBpakag, TeTpéALO), VTPEE O KOPLOG
oTdY0C TV gPELVNTAOV T TEAELTAid Ypdvia vo  avartoéovv pebodoroyiec Yoo Tnv
aroteleopatikn alonoinon tov AlIE.

Emedn o nAog etvon pior aveEAvTAntn nyn evépyelag, M MAMOK evépyelo etvor pio omd
TIC MO EKUETAAAEVOUEVEG KOl ONUOVTIKOTEPEG OVOVEDGIES TNYEG EvEPYEWNC. AvTioTolyd, 1
OOAIKY) €VEPYELD, YOAPT OTOV EVPEMC KATOVEUNUEVO YOPOKTNPO NG, &ivor plo omd Tig
EVKOAOTEPO EKUETOAAEVGIUES KOL GTUOVTIKOTEPES OVOVEDCUIEG TNYEG EVEPYEWNG. AOY® TNG
oLVEYOVG EPELVOG KOL TNG TPOOAOL TNG TEXVOAOYIOG, TOGO 1) OLOAIKT] EVEPYELD, MG OVOVEDCLUN
YN evépyelas, 660 Kol 1 MAKN €VEPYELD, MEGH NMAMOKOV QOTOROATIIK®V CLOTNUAT®V,
Swdpapatilovv Kpiolo poOAO OTO TOYKOGULO EVEPYEWKE GLOTAUHOTO KAOMG KOl OTIg
TOYKOGLUES 0lYOPES EVEPYELOG.

Eotwalovtag omv nlokn evépyeln og onUavIiKO HEPOG TOV GNUEPIVAV GUGTNUATOV
TOPAYMYNG EVEPYELNG, EVOEXETOL VO, TPOKOWOLV O14.popa TPOPANLOTA GYETIKA LE TOV TPOTO
OMOTNC EVOMUATMOONG TNG 0T gvePYElokd cvotiuato. H emtoBoAtaikn mapaywyn cuvdéetal
GUECO UE TNV TOCGOTNTO TNG TPOCTITTOLGOC MAIOKNG OKTIVOBOAING OTOVS PMOTOPOATAIKOVC
oLAAEKTEG. QQ0TOCO0, M MAOKN oKkTvofoAia meplopileTol amd didpopovg tapdyovieg. O TPOTOG
Tapayovtag eival o i01o¢ 0 xpovog, dedopévon OTL 1 NALOKY evépyela umopel va Anedel povo
KaTA TN ddpkela g Nuépac. Emmiéov, ) katavoun e nAMOKNG akTvoPoAiog dev umopel va
elvar opoldpopen, Oyl HOVO oe TAYKOoU0 OAAG Kou o€ Tomkd emimedo. EmumAiéov, m
QoToPoATaiK Topoywyn €£opTdTOl OO JSAPOPOVE UETEMPOAOYIKODS TOPAYOVTEG, OMW®S M
Oepuokpacio otV ATLOCEAPO KOL GTOVC (MTOPOATUIKOVC GLAAEKTEC, 1 TOYVTNTO KOl 1)
dtevbuvon Tov avépov, 1 VYPUCio Kot 1) VEQOKAALY.

Eotialovtag otnv alolikn] evépyeln G OMNUOVTIKO HEPOG TOV CNUEPWVOV GUGTNUATOV
TOPOYDYNG MNAEKTPIKNG EVEPYELNS, AOYM TNG GTOYUOTIKNG KOl TNG OWAEITOVGOC (QUGTG TOV
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OVELOL TTPOKVTTOVV TOALAPIOUN TPOPANUATE OTN AEITOVPYiO, KO TOV TPOYPOUUOTICUO TOVG
0AAG Kot 6N dtadtKacio AMYNG aropacemy.

Mo v avtiuetdnion avtdv Tov TPoPANUdToVY, €xovv avamtuydel dideopa HoviEéLa
TPOPAEYNC TOPAYWOYNG EVEPYELOS TOGO OO AOMKA 0G0 Kot amd pmTOPoATaiKE cuotipata. Tig
TeAeVTOieg dekaetieg, £xouv epeuvnbel moAvdpBueg pebodoroyieg TpOPAEYNC, TPOKEWEVOL VL
dlevkoAvvlel o €heyyog Tng ouvveyovg avénong tng Oeloduomng NG GOAKNAG Kol TAKNG
EVEPYEWNG OTO TAYKOOUWO evepyslokd ovothiuata. EmmAéov, tétoln poviélo mpoPieyng
BonBovv 6ToV TPOYPOUULATIOUO TOV CLCTNUATM®V NAEKTPIKNG EVEPYELNG KOl GTN OLATHPNOT TNG
evotabelog ko e aflomotiog Tovg, Kol TG amodotikotepng aélomoinong twv AIlE otig
ayopég mAektpikng evépyewag. Ta Ppayvmpdbecpo povtéda mpoPreyng Ppiokoviar oto
EMIKEVTPO TNG TPOCOYNG YO TOVE TEPLOCOTEPOVS EPEVVNTEC, AauPdvovtag vedyn tn onuocio
TOLG GTOV GYEOIAGHO Kol TN AEITOVPYIO TOV NUEPNCIOV OyOpdV NAEKTPIKNG EVEPYELNG KOL OTN|
dweilplon TV evepyelak®v cvotnuatov. To akpipn poviélo mpoPreyng pmopovv va
LEWDGOLV TNV GVAYKT Yo EPESPIKN TAPAY®DYT], VO LEDCOVY TO KOGTOG MAEKTPIKNG EVEPYELNG
KOl Vo Sl PaAicovY OTL TO NAEKTPIKO dikTvo Agttovpyel pe alldmoTo Kol OMOTEAEGLOTIKG
Tpémo. Me TV evoopatwon Ppayvnpdbeopimy mpofAEyemy aloAKNG Kol NAOKNG EVEPYELNG O
EPUPUOYES GE TPOYUATIKO YPOVO Y10 TNV TAPOUYWOYN NAEKTPIKNG EVEPYELNG KOl TN OLOYEIPIOT TOL
SIKTVOV, Ol JLAYEIPICTEG CLGTIUATMOV UTOPOVV VO, TPOYPOUUOTIGOVV HE PEATIOTO TPOTO TNV
Oleiocdvon TV aVOVEDSIU®V TNYOV EVEPYELNG, VO LELOCOLY TNV OVAYKN Y. GTOOLOVG
NAEKTPOTTAPAY®YNG KE PAOT) TO OPUKTH KODGLUE Y10 VO KOADWOLV TV aryun g {fTnong kot vo
BeAtidoovy TV a&lOMIGTIO KOl TNV EVOTAOELN TOV GUGTAUATOG NAEKTPIKNG EVEPYELOC.

1.2  Avtikeipevo ™G O100KTOPIKNG oo TPIfi)g

H ovveyng avamtoén kot e&EMén tov olyopibumv mpdPreyng mapayduevng 1oybog
OmoTeAEL LOVOSPOLO GTNV avAyKT KAAvY”NG TG awéavopevng dieicovong twv AIIE oto diktvo.

Ta copfotikd poviého mTpOPAEYNG TOL YPNOLOTOOVVIOL GE TPAYUATIKEG CLUVONKEC,
elval o1TIoKpaTIKA PHOVTELD TPOPAEYNS, TA OTTOTC TTPOTEIVOLV OTUEINKES EXTIUNGELS TNG eEEMENG
™G KOUmOANG mopaymyng evépyeag. [apoia avtd, tétowo poviéda TpoPfAeyng dev mapEyovv
apn TAnpogopio ¢ afePaidtntog mov eumepiéyetor otn ddikacia TpoPreyns. o va
KaAveOel M mapamdve ovAayKn, To TEAELTOiN YPOVIO. AVATTOGGOVTOL TOOVOTIKG HOVIEAQ
TPOPAeyns, Ta omoia EYovV T SLVOTOTNTO VO TPOGPEPOVY ML EVPVTEPT] EIKOVO TNG EEEMENG
TV TpoPAEYE®V TOPAYOUEVNG 10YLOC VWO HOPON OlOoTNHATOV TPOPAEyYNS, N Ko,
oLUVOLOLOUEVO LE QUTIOKPATIKG LOVTEA, VO TPOCPOEPOVV LU0 TATPT OTTIKY| TNG EKTILMOUEVNS
Topelag TNG KAUTOANG TPOPAEYNG.

Y10 mloiclo g mapovoag SOAKTOPIKNG dTPIPNG TpoTeivovion Kawvotopeg pébodot
Bpayvmpobeoune, mBavotikng mpoPreyng mapaywyng omd ooAkd Kot @@TOPOATOIKA
oLOTHHOTO PUCIOUEVEG OE TEXVIKES UNYoVIKIG LaBnonc. EmmAéov, a&lomotovvton pLeTacupeTiKol
aAyopiBuot Pedtiotomoinong mpokeévon va PeAtimbel Tepaltépm 1 axpifelo TpoPAEYNG TV
TPOTEWOUEVOV HOVTEL®YV. OVo1aoTIKOG GTOYOC TG Tapovoag S100KTOPIKNG datpiPng gival M
avamtuén HovTEAV TPOPAEYNC WKOVAOV VO ouvovdlovv LYNANG moldtnTag TPOPAEYELG
TOPAYOUEVTG 1OYVOGC, OLOTNPDVTUG TOPAAANAL XOUNAG TO VTOAOYIGTIKO KOGTOG TOV LOVIEAOUL.
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Mo cvykekpéva, oV TOPovoE SOAKTOPIKT STPIPN OVATTOCCETAL £VO KOIVOTOWO
povtého Ppayvrpdbeoung mpoPfreyng aoikng mapaywyng Pocicpévo ot pébodo LUBE
TPOKEWEVOL VO TOPEXEL OMOTEAECUATIKG Kol okpifn SoTApato TPOPAEYNS OMOAKNG
evépyewag. O alyopiBuog PSO mpotdbnke yw 1 dwdikacio Peitiotomoinong, evd o
HETACYNUOTIONOG KupaTdiov viobetifnke vy tnv ektédeon g mpoemelepyaciog TV
dedopEvmV €16650v.

Emiong, omv mopovoa Sdaktoptkn] SatpiPn] avamtdooeTon €va KovoTopo, vppoko,
TOAVOTIKO LOVTEAO TPOPAEYNG QMTOPOATAIKNG Topaywyng Pacicpévo oto povtého LSTM
TPOKEWEVOD VO, KOTOUGKELOOTOOV OMOTEAEGUOTIKG, akpifny Owotiuota wpoPreyns. H
KOVOTNTO VOOELYUATOANYIOG TOV unyavicpod Bootstrap aAld kot to mieovéktnuo tov LSTM
vo, VAAOPBAvVEL TIC dtadoyIKES €EUPTNOELS OEOTOONKAY Y10 TV KATOOKELT Ol0GTNUAT®V
mpoPreync vyning axpifelag. To povtédo ekmondedtnke Kol PeATioTomom|dnke mTEPULTEP®
péow pag Pertiopévng éxdoong (ICSO) tov aryopiBpuov CSO. H ovumepiinym tov ICSO
EMETPEYE TNV TOYLTEPT KOl aKPIPECTEPN GLYKAIGN TOL HOVTEAOL KOl, ©C €K TOVTOL, TNV
vynAdtepn  akpifela  ovvolkd.  EmumAéov, évag  unyavioudg  Onpduatog-Onpevtn
CUUTEPIAMNEONKE KOl TPOGUPUOCTNKE OTNV OPYITEKTOVIKY] TOV LOVTEAOV, TPOKEWEVOL VO
dtevkoAivvlel 1 wavotTa avalntnong tov copatdiov ICSO, va Peltiodel n npoyvooTikn
axpifeia kot vo petmbel To VTOAOYIGTIKO KOGTOG,.

1.3  Aom ¢ drdakTopLKiS draTpifng

210 Kepdhao 2, apyikd, meptypdeovtal To PBacikd YOpaKTNPIOTIKE Kot 0 pOAOG TNG
TpoOPAeyNC Tapaywync niektpikng evépyelag and AILE. Xtn cvvéysio avaivovtor ot Pacikég
pebodoroyiec mpoPreymc and AIIE kot ta facikd TOLG YOPOKTNPIGTIKE, VD TapovctdlovTol
kot ot facikol Tapdyoviec mov emmpedlovy TNV TOLOTNTO Kot TNV aSlomiotio ¢ Tpofreyng.
[MoapdAinio Sevepyeiton por extetopévn PipAoypapikny ovookomnon epyacidv 160 oTo
TAOIG10 TNG AITIOKPATIKNG OG0 Kot TNG TOOVOTIKNG TPOPAEYNS TapaymYNG EVEPYELOG TOGO amd
010AKA 0G0 Kol od PMTOPOATOIKA GUGTHILOTA.

Y10 Kepdhowo 3, apywd, ovolvovior oe peEYaALTEPO PBABOC TO YOPOKTNPIGTIKG TOV
TEYVNTOV VELPOVIKOV OIKTO®V KOBMG 0moteAodv Katd mAsioymeia ) Pdon ywoo to povtéha
UNYOVIKNG Labnomng. Ao, ovoADETOL 1| GNLOGIN TOV GLUVOPTNCEWV EVEPYOTOINONG OAAE Kot
™G EMAOYNG KOTAAANANG OVTIKEWEVIKNG CUVAPTNONG OVAAOYO UE TO €kdoTote TPOPANUA
TPOPreyng mapaymyng mov peretdrol. TEAog, yiveton o €KTEVIAG avOQOPO GTO, PETPNTIKY
a&loAdyNoNng TOGO OITIOKPATIKGOV 060 Kol TOAVOTIKOV HOVIEA®V TPOPAeyY”NS, KoBmG
SwdpapatiCovv KabBoplotikd pOAO oTNV KATAVONGN TNG TOLOTNTAG Kol TG aflomoTiog TV
OTOTELECUATOV TOV HOVTEA®V TPOPAEYTG.

Y10 Kepdiao 4 egetalovtat ot Pacikég TapaUeTPOL TOV EMOPOVY GTNV OTAI0OCT] KOl TNV
emidoon TtV Hoviélmv mpoPfieync. AvaAivetar n onuacio Tov opilovia TpodPreyng 1060 oTnV
KOTOVONON TOV €KACTOTE TPOPANUATOC TPOPAEYNS TOPAY®YNG EVEPYELDNS OGO KOl OTNV
alomoinon ¢ KOTAAANANG peBodoroyiag. EmmAiéov, oaflomowwvtag tn  Pirprioypapikn
avaoKOmNoT Tov Tpaypatoromonke oto Kepdiaio 2, egetaletan n onuocio TovV KAMUOTIKGV
cVVONKAOV OAAG Kot TOL TOTOV TV JESOUEVOV TOL EICAYOVTOL GTA LOVTEAN TPOPAEYNS, OTNV
TEMKN TOOTNTO TOV SPAALaTOS TPOPAEYNS. TELOC, TapovcidlovTat ot TEXVIKES
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Kepdiono 1:
EZATQIH

Kepdiomo 2:
TTPOBAEWH ITAPAT QTHY HAEKTPIKHY ENEPTEIAY
ATIO ATIE

Kepdiono 3:
TEXNHTANEYPONIKAAIKTYA

Kepdiomo 4:
BPAXYTIPOOEXIMH ITPOBAEWYHAIOAIKHY KAI
POTOBOATAIKHY [TAPATQI HE

Keopdioo 5:
TIIGANOTIKH ITPOBAEYH AIOAIKHY IZXYOX ME
YBPIAIKH MEOOAO MHXANIKHY MAOHYHY

Kegpdiono 6:
TIIOANOTIKH ITPOBAEYH ®QTOBOATAIKHY [EXYOX
ME YBPIAIKH MEOOAO MHXANIKHY MAOHYHY

Kepdiomo 7:
ZYMITEPAZMATA

BIBAIOT PA®IA

Yype 1.1 Aopn mopodoog dS1daKTOptKng datpipng.

BeAtiotomoinomng mov a&lomotovval yio T PEATIOTN TPOCUPHOYN TOV TOPAUETPOV TMOV
HOVTEL®V UNYOVIKAG pdbnong.

Y10 Kepdhowo 5, apyikd, avomtocoetol €va Kowotopo, Bpoyvnpobecpo, mboavotikd
povtého mpoPAeymg aolkng mopaywyns, to omoio Paciletor otn pebodoroyion LUBE,
a&lomoldvtag TN SuVaTOHTNTA TOL VA KATUoKEVELEL aglOmIoTO StOcTLOTA TPOPAEYNG ALECO LE
TNV €KTEAEGT TOL VELP®VIKOD OIKTOOV. XTO TANICI0 VTO, EVOOUOTOVETOL Evag PEATIOUEVOG
aAyopOpog PEATIOTOTOINGNG CUIVOUG COUATIOIMV, GTOXEVOVTOG OTT| BEATIGTONOINGT] TOV TIUDV
TOV  VIEPTOPAUETP®Y TOV HOVIEAOL Yoo Tnv avalntnon tov Béitictov Avcewv. H
apywonoinon Yam-Chow mpocapuoletor avarloya yuoo vo EQUPUOCTEL GTNV QPYLTEKTOVIKT TOV
VELPOVIKOD SIKTVOV, MOTE VO EMTOYVVEL TN PEATIOTONOINGT TV BOPOV KOl TOV TOADGEDY TOV
veupovikoy OktHov. T v afloddynon Tov TPOTEWVOUEVOL HOVTEAOL TPOPAEYNC, T
OTOTEAECATO TTOV  TPOKVTTOLV  GLYKpPivovtal pe To vaepovyypovo BELM poviédro,
OTTOSEIKVOOVTAG TV VITEPOYN TOL TPOTEVOLEVOL LOVTEAOL OALG Kot TN dLVOTOHTNTO EQOPUOYNS
TOV GE TPAYLLATIKA TPoPANUOTA TPOPAEYNS OOATKN G TAPAYWOYNG.
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Y10 Kepdiao 6, apyikd, avomtucoetol €vo mpmtotumo, Ppayvrpdbecpo, vPp1dKo,
TOOVOTIKO HOVTEAO TPOPAEYNC (Q®TOPOATUIKNG Tapaywyng, tTo omoio Paciletor ot
pebodoroyia tov vevpwvikov dSwktoov LSTM. Xt0 mAaicto avtd, €VOOUATOVETAL EVOg
BeAtiopévoc  aAyopiBpoc  Peitiotomoinong  CUVOUG  KOTOTOLA®V, GTOYEVOVTOC OTY|
BedtioTomoinon TOV THOV TOV TOPAPETPOV TOV HOVIEAOL Yo TNV ovalntnon Tov BEATIcTOV
Aooewv. ‘Evog emmAéov unyoviopodg Onpauatog-Onpevt| evoouatdveTonl HE OTOYO TN
O1EVKOAVVOT] TOV HOVTEAOL Vo Unv TayldeveTon o Tomikad PéAtiota. o v afloddynon tov
TPOTEWVOLEVOL LOVTELOL TPOPAEYNC, TO OMOTEAECUATO OV TPOKLATOVY GLYKPIVOVTOL LE
HOVTELQ TPOPAEYNC TEAEVTAIOG TEYVOAOYIOC, OTTOJEIKVOOVTOG TNV VAEPOYN TOV TPOTEWVOUEVOD
HOVTELOL OAAG KOl Tr duvVOTOTNTO EPUPUOYNAG TOV OE TPAYLOTIKO TPoPAnpata mpofiewng
QOTOPOATUIKNG TAPAYWYNC.

210 Kepdhao 7, apyud, yivetor pio avake@aAainon g O00KTOPIKNG StoTping. X
OULVEYELN, TOPOVCLALOVTAL TO, CUUTEPAGHLOTA Kot 1| GUUPOAT TG S1O0KTOPIKNG SATPIPNC oToV
TOUEN TNG OVATTLENG HOVTIEA®Y TPOPAEYNC UNYOVIKNG LAONGNG HE GUVOLD SEDOUEVOV OLOATKNG
KOl QOTOPBOATOIKNG TAPOy®YNG TO OTTOi0l LE TN GEPE TOLE EIval IKOVA VO, GUUBAAAOLY TPAKTIKA
KOl EVEPYA OTY| OOTNPNOT TNG EVOTADELNG TOV SIKTVOV NAEKTPIKNG EVEPYELNG Kol TN PEATIOT
a&lomoinom Tng aoAKng Kol POTOPOATAIKNG TAPAYWOYNG OTIC AYOPEG NAEKTPIKNG EVEPYELNG.

Téhog, mapovoidlovtol ot dNUOcledoelg Tov cuyypapéa K. I. Mraliovn, kabdg ko n

Biproypapio g Swbaxtopikng dwTpiprg. H doun g moapovoog Sdaxtoptknig OatpifPrg
napovctdletorl oto Zynua 1.1.
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Kepaioio 2

ITPOBAEYH ITAPATI'QI'HE HAEKTPIKHX ENEPI'EIAX
AIlIO AIIE

2.1 Ewoayoy

H apatuc oddayn, tovtilopevn pe v moykocpo ovénon g Oeppokpaciog, anoteiet
éva amd TO OMUOVTIKOTEPO, TPOoPANUaTO TNng obyypovng emoyng. H amopdkpuvon amd Tig
ovpPatés mYEC evEPYELNG, OV KATO PACT YPNOLUOTOOVV ATOBEUOTO OPLKIMV KOVGIU®OV,
amoterel Pacikn TpdkAnon TV chyypoveov GLoTNUATOV evépyeloc. Tig tedevtaieg deKaetieg, M
avantuén Ko evooudtoon Avoveaotipov [nyov Evépyelog (AIIE) oto evepyetaxod diktvo €xet
moigel Kaiplo pOAO OTNV OVTIUETOTION TOV TPOPANUATOV TNG KAWOTIKNAG OAANYG KOl GTNV
voBéton Prdoiumy Kot UMK®V Tpog To TepPdAlov peBdd®V Yo TV KAAvyM TV
EVEPYELOKDY OVOYKDV. L€ OVTIOEST e TN YPNON OPVKTI®V TOP®V, 1 EKUETAAAEVCT TOV OTOIWV
amolTel KOoT KOl CUVERMG UEYAAN meptBaiiovtikn emBdpuvon, ot AIIE a&lomotodv guotkég
TNYEG EVEPYELNG, OTMG TOV AVEUO, TO NAOKO (MG 1 TNV KivNorn ToL VEPOV, MGTE VO, TOPAYOVV
evépyela.

H otpopny otig AIIE 10 televtaio ypovia, €xet ocvpfdier onpoviikd 1660 o€
TePPAALOVTIKO OGO KOl GE AEITOVPYIKO EMIMEDO. X AP OTNV TEXVOAOYIO EKUETAAAEVGTG TOVG, Ol
EKTOUTEG aepiv ToL Oepuoknmion gival oNUOVTIKE YOUNAOTEPES GE GUYKPIOT UE TO, GCLUPATIKA
0pLKTA Kavoo, pe arotéhespo 1 ypnon tov AlIE va emepPaivel Oetikd oy avTipet®mion
TOL PALVOLEVOL TOV Beppoknmiov pe TavTdYPOVT HEIMOT TOL TOTVTMUATOC AVOpUKa KATH TV
mopoywyn evépyelag. EmimAiéov, mpoceépel tn duvatdtnto, ouveyodg EKUETAAAELONG KOOMG
Baciletor og TPAKTIKA AveEAVTANTEG TTNYEG EVEPYELNG, GE OvVTIOEON UE TA OPLKTA KOVGIUO, TO
omoia peEdvVovToL OAO Kol TEPIGGOTEPO KaTd TN ¥pnon tovc. H expetdiievon tov AIIE €yel 1o
TAEOVEKTNO OTL pmopel va yivel 1000 PEC® SOUMV UEYIA®V TOPAY®YDV evEPYELNS OGO Kot
UKPOTEPOV SOUMV EMG KO OIKIOKOD EMTEOOV. AVTN 1 duVATOTNTO, SIVEL EVOV OTOUAKPVGUEVO
KOl TOVTOYPOVO ATOKEVTIPOLEVO XOPOKTNPA oTNV Tapaywyn evépyelag and AIIE, kdvovtag v
O TPOOCITN) OTOV KOATAVOAOTI/TUPaymYd OAAG KOl TOVTOXPOVA 7O EAEYYOUEVT] amd TO
evePYELOKO diKTVO.

H expetdiievon kol n evoopdtoon tov AIIE ota evepyeslaxd SikTua G€ KPOTIKO Kot
EVPOTAiKO eminedo, £yl dpoporoyndei kot eAéyyeton and v Evponaixn ‘Evoon (EE). H tote
woyvovoo evpomaikny oonyia (RED I), n onoia eykpinke otigc 23 Ampitiov 2009, 6p1le 6T1 uéypt
7o 2020 frov vroyxpewtikd t0 20% g Katavdiwong evépyelag otnv EE va kakOrteton amd
AIIE [1]. Me Baon to RED I, kd0e xpdrog pérog tg EE, pe Pdon tTig vmodopéc xor Tig
duvartottég tov, oe ovvepyacio pe v EE, kinbnke va PBpel unyoviopovg emitevéng twv

25



KE®.2 TIPOBAEYH ITAPATQI'HE HAEKTPIKHY ENEPT'EIAX AIIO AITE

TPOCOTIKMY TOV gvepyelokmv otoymv. To RED I emPefainoe tovg €Bvikodg otd)00g TOV
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T T - T T
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PV-utility @ PV-distributed Onshorewind @ Offshore wind Hydropower Bioener gy @ Others

o — T
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KPOTOV HEA®V BETovTag

Yympoa 2.1 KaBapéc mpocsdikec mapayopevng niektpikng evépyetog and AIIE [2].

TOPUAANAL TIG PACELG KOl TIG DTOJOUES YO TNV TEPOUITEP® OVATTLEN TNG EKUETAAAEVONG TOV
AIIE vy 1t dekaetia 2020-2030. Xtic 11 Aexeufpiov tov 2018, tébnke oe 1oy0 1
avafempnuévn oonyia EE 2018/2001 tov evpmmaikod kowofoviiov ywo v mpoddnomn tng
xpnong evépyewng and AlIE, xoatd to omoio, to 32% 1tng katavdiwong evépyelag g EE Oa
npénetl va Kodvmteton and AIIE péypt to 2030 [3]. Ztig 14 TovAiov 2021, 1 evpomaiky exttponn
nwpoteivel v Tpomomompévn odnyia RED II, Bdoel tng omoiog o mpornyoduevog 6tdyog Tov
32% oe kdAoym evepyslak®dv avaykodv ond AIIE aviiBe mAéov og 40% éwg to 2030 [4]. 115 18
Maoiov 2022, petd tnv évapén e morepikng cvppaing petad Pooiog kot Ovkpaviag vopitepa
Tov 1010 ¥poévo, 1 dueon e&aptnon ¢ EE amd 10 poocikd guoikd aépio, glye oc anotéAespa, M
EE va mpoteivert v odnyia RED III ota mAaicio Tov eupomaikod gvepyeloakoy oyxediov
REPowerEU. To RED III, mpoéfiene aténom tov otdyov tov 40% o 45% péyxpt to 2030, pe
mpofAemopevn duvaukotnTo Topaywyne evépyelog omd AlIIE ota 1236 GW. Emumiéov,
delyvovtag pa coen taon mpog v @B mapaymyn, 1é0nke o oto)0¢ gyKaTdoTaong véwv OB
oy0og avo tav 320 GW péypt 1o 2025 ko wepimov 600 GW péypt to 2030, evad yapn otnv
eveM&ia g xpnong g teyvoroyiog tov OB og o1éyec KTIpimV, TPOTAONKE M EVioYLON XPNONG
TOLG, 1 OTOl0L GE PEPIKEC TEPIMTMOELS KTIplV KpiBnKe Ko vIoypemTikn [5].

Onwg eaivetar kot oto Zynua 2.1, to tedevtaio ypovia mapovoidletal paydaio advénon
™G EVOOUATOONG TTapayouevng nAektpikng evépyelog and AIIE, kupiog Aoym g adénong
aoMKov kol eomtoPoitaikav (PB) eykatactdoewv [2]. Extipdror 6tL or véeg mpoodnkeg
ovvatdtntog Tapaywyng evépyelag omd AlIE o€ maykocuio eninedo Ba avEnbovv katd mepinmov
440 GW 710 2023 pe 10 0151660E0 oevdplo va TpoPAénet 6TL umopel va ayyi&ovv kot ta S00 GW.
To 2022, to maykocHo duvapkd mapaymyng oyvog ard AlIE éptace ta 3382 GW [6], evd
extipdTon 0Tt péypt to 2024 Ba Eemepdoet ta 4500 GW [2].

26



KEo®. 2 TIPOBAEYH ITAPATQI'HE HAEKTPIKHX ENEPT'EIAX ATIO AIIE

Eivonl gpoovég 6TL n TaykOGLOL EVEPYEIONKT KOWVOTNTA €XEL OTPAPEL OTNV OAO KOl TO
QIAKT TPOg TO TEPPAAlOV 0EL0TOINGT) TOV PUOIK®OV EVEPYEIOK®OV TOPMV, divovtag 1dwitepn
EUQOoN oTNV aloAMKN Ko TRV nAwokn evépyela. To televtaio ypdvia, 1060 1M TEXVOAOYIKN
BeAtioon TV VTOJOUMOV amOoNAGTELONG NAEKTPIKNG evépyetlag amd AIIE, 660 kot 1 dayeipion
™G oVVEY®G OEAVOUEVNC EYXVONG TNG OTO EVEPYELOKE dIKTLA, £XOVV ATOTEAEGEL GTLOVTIKO
TOAO PEAETNC TNG EPEVLVNTIKNG KOWVOTNTOG.

22 O poéhoc ¢ mpoPreyng woyvog amé AIIE ota ovyypove ocuvoTipoto
NAEKTPIKIG EVEPYELOS

"Evag and tovg Pacikdtepoue TPoPANUATIGHONS TNG YPNONG TOPAYOUEVIG NAEKTPIKNG
evépyeag omd AIIE eivar n opodn €viaén tng oto cvoTiuata nAektpikng evépyewonc (XHE)
kaOdg Kot 1 edeyyouevn a&lomoinon g T060 KOTA TNV TOPpAy®Yr] 0G0 Kol TN SlVOuUn TNg.
Emmiéov, pe tn paydaio avarntuén mov €xel yvopioetl | mopoyopevn evépyela and AILE, onuepa
OmOTEAEL LU0 OVOTTOGTOGTN GUVIOTMOOCH, TV EVEPYELOKDV OYOPDV.

Eivat Aoutdv ovtovomto 0Tt 1 cuveyds avEavOouevn Topoymyn NAEKTPIKNG evépyelag omd
AIIE xot n éyyvon tng oto evepyelokd oikTvo, omoutel cuveyn Teyvikn €EEMEN aAld Ko
neboddovg dacpaiong g gvotdfelag kot TG OUaANG AEITovpyiog TOV NAEKTPIKOD SIKTLOV.
Eotidlovtag oty MMoKn Kot OloAKY eVEPYELD, Ol OTOieg AMOTEAOVV TIS PACIKOTEPES MNYEG
“mpActvNng” MAEKTPIKNG evépyelag, €lvol Katovontd yiati ivor t660 OnUoeiiels peTald twv
AIIE [7]. H nAoxn axtivoPoAio Kot 0 GVELOG OmOTELODV aveEAVTANTEG TNYEC EVEPYELNG EVD T
EKUETAAAEVGT] TOVG E€lval EVKOAATEPN KO OIKOVOMIKOTEPT) GUYKPITIKA LE TG vmorouteg AIIE
[8]. [Mapdra avtd, yivetow gbdkoro Koatavontd, OTL mapd TNV OveEAVIANTN @VON TOLG, 08V
UTopovV va gival Kot cuveymg dlabéoipes. TOGo ot mepiodol maPodIKNG 1 LEYUAVTEPTG ATVOLOG
OTNV TEPIMTOOT TNG AOAIKNG TAPAYWOYNG, OGO KOl Ol VOYXTEPIVEG MPEG 1| Ol TTEPIOOOL EAAPPLAC 1|
Bapidg cvvvepldg oty mepintwon g PB mapoaywyng, amotelody TEPUTTOGELS TOV UTOPOLV VO
eMMPedoOVY TNV amOO0GN TWV GUOTNUATOV TOPAYMYNG OOAIKNAG 1 MAOKNAG EVEPYEWNG KOl
CUVETMG TNV ATOO00T T®V MAEKTPIKOV OIKTO®V OAAL Kot TIG KaOnuepvég amo@dacel; oto
TAQIG10 TOV EVEPYELUKDY OYOP@DV.

EmbBopovtag vo exktyunboldv to omoteAéopato 0AAG KOU Ol EMIMTOCELS TNG £YYLONG
evépyeag mapayouevne omd AIIE oto diktvo, 0 €PELVNTIKOG KOOUOG €YEL €0TIACEL TO
EVOLOPEPOV TOL TO TEAELTOIN YPOVIOL GTOV GYESOGHO Kot TNV avamtuén pHebodoroyidv kavég vo
TPoPAEYOLV KoL VO, EKTIUNCOVY TNV Tapoyouevn evépyeio amd AlIE kdto amd Sidgopeg
ouvOnKeg Ko o€ TANIGIO SILPOPETIKAOV evepyElak®mV ovaykmv. Eivar da&o vo onuewwbel ot
AP OTNV TOYLTOTY TEYVOAOYIKY OvATTLEN, TOGO GE TEYVIKO emimedo OGO Kol € EmMimedo
avAmTuENG AOYIoCUIKOV, Ta. HOVTEAD TPOPAEYNG ouvvex®ds PeAtidvovtal Ziuepo, mn xpnon
pebodoroyimv mpodPreyng kpivetor amapoitntn v T PEATIOT Evtaln HOVAS®V TOpOY®OYNG
evépyewg ond AIIE oto miextpikd diktvo agov €xel amodeiybel to televtaio ypovia OTL
GUUPBAEAEL GNUOVTIKA GTNV OPYAVOGT Kol TNV €V0TADELN TOV JIKTOOL MAEKTPIKNG EVEPYELOG KO
TOV EVEPYELOKDV AYOPDV.
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2.3 Xvpfoin g o0aKTOPIKIGS SraTPIPig

Y10 TAaiclo TG Tapovoag SIOOKTOPIKNG JTPIPiC HEAETNONKAY Ol GUYYPOVES Kal Ot
tehevtoing teyvoAoyiog péBodor TPOPAeyNC OOAKNG Kol QOTOPOATAIKNG EVEPYELNG TOGO OF
OLTIOKPOTIKO 000 Kol 6€ TOOVOTIKO TAMIGI0, KOl TO OMOTEAECUATO TNG OELOAOYNONG TOV
povtédmv ¢ PipAtoypaeikig Epeuvag dnpoctedbnkay ce 600 d1ebvi] emMOTNUOVIKE TEPLOOIKA,
ot epyacieg [9] wor [10]. IMopddiinio, peretnOnke cOvolo epyocidv oto mAaiclo TNG
KOTOVONGOTNG TNG OPYLTEKTOVIKNG TOV OUPOPETIKOV HeBOd®V TPOPAeYNS TopaymyNG EVEPYELOG
oand AIIE aAld kou oto Thaiclo g depevbvnong Tov duvotot)tev eEEMENG Kal Bedtimong Tov
KAAOOL NG TPOPAEYNC 6TO PLEAAOV.

[To avaivtkd, n epyacia [11] emkevtpmOrie GTOVE ELPVEIG TPOYVOOTIKOVG TOPAYOVTEG
Y10 OITIOKPOTIKT TTPOPAEYT] OLOAKN G EVEPYELOG. XTNV HEAET [12], e£€TAGTNKAY Ol ATIOKPOTIKEG
puebodoroyieg mPOPAEYNC KOl TOPOVGLAGTNKOV Ol TOPAYOVTEG TOL OLOKPIVOLYV OUTEC TIG
puebodoroyiec. EmyeipnOnke mepartépm ovyKpion HETOED oUT®V TOV HOVIEA®V e Pdaon to
YOPOKTNPLOTIKA E16050V, TO PEYEDOC TV CUVOL®Y SESOUEVOV KoL TIG TPOILOYPAPESG TOVS KAOMDC
KOl TO TOCOOTO JEYLOTOANYIOG TOVG, TNV OVTIKEEVIKT] GLUVAPTNOT] TOL YPTCLOTOEITOL O
kéBe povrédo kot to kpunpu  a&oAoynons. H epyacia [13] emkevipdbnke otnv
TocoTIKOTOINoN TG afefotdtntag e BAon TNV VITOAOYIGTIKY VONLLOGUVT KOl GTIG SLOPOPETIKEG
TEYVIKEG MYNG OTOPACE®Y, KAOMG KOl OTNV EQUPLOYT TOVG G€ £EVmVa, HIKTLA OO TNV GTOYT)
TV Swotnudtov mpoPreyns. Efetdotmxav emiong dudpopeg pebodoroyieg KOTOOKELNG
SwotNUdtov TPOPAEYNC Kol 1| EVOOUATMON TOVC OE €PAPHOYEG EELTVOV OIKTVOV UECH
TEYVIKOV AMym¢ amoedcewv. H gpyocio [14] e&étace pecompdbeopo kol paxpompdOecuo
HOVTELD TTPOPAEYNC OVEHOL HE GTOYXO TOV GLVOAIKO oyedlooud. H epyacia [15] e&étace 1o
TPOPANUE TOV cLUPAVTOV paumag otV TPOPAEYN aOAKNG evépyslog. Xtn peAétn [16], o
poAog NG emelepyaciog dedoUEVaV TNV TPOPAEYT ALOAMKNG EVEPYELOG KOOMC KOl Ol EPAPUOYES
™G oTIC TPOPAEYELC aVELOL NTaV 0 KOPLOG 6TOY0C. XNV epyacia [17], diepguvnOnke 1 akpifela
TPOPAEYNG aVELOL GOUPOVAE HE Ol0POPETIKODS peTaPAntovg mapdyovieg. H epyocia [18]
emkevipmbnke oty toSvopnon véov vppdtkav  adyopiBuwov kot pebodoroyidv mov
YPNOLLOTOIOVV SLOPOPETIKA LOVTEAN TPOPAEYNC Y1 VO, ALENGOLVY TO OOTEAES U TPOPAEYNC OE
OomodoTIKO VIOAOYIOTIKO ¥pOvo. H peArétn [19] e&étace poviéha mpoPAeyns omToPOATOIKNG
TOPOYWYNG, €0TIALOVIOG OTN UNXAVIKY HAONOM Kol OTIC WETOELPETIKEG ueBddovg, Omov
dmotddnke 6Tl Ta VRPWOKE HovTE D TopEiyay Ta MO aKPPT TPOYVMOTIKA OTOTEAEGILOTA.
Ymv epyocio [20], n kopla eotioon NTav 1 AvacKOTNON TOV Ppayurpddecumy HoVIEA®Y
TpoPreync emToPoATaiknG Tapaywyns mov Pociloviol ce 10Topika dedopéva Kol DG M
axpifeia g mwpoPreymg efaptdtor amd TéTown Ogdopévo. H pedétn [21] ovvoviler Tig
TPOJLOYPOPES OV  OMOLTOLVTOL Yo TNV ekTéAeon oG oakpipoog mpoPreyme. Ileportépm
CUYKPWVE TOV OPIoUd TV 0plloviav mpdfreync UeToED TPOoPAEYEOY NAIKNG KOl OLOATKNG
evépyelag Kou TG emdooelg tovg. H gpyocio [22] efétace duGpopeg TEXVIKEG TOL
YPTOUYLOTOIOVVTOL Ylo. TNV TPOPAEYN MAWKNG EVEPYEWG KO TOPOVGIOCE  GNUAVTIKEG
TANPOPOPIEC OV amoTovVTOL Yo po akpipn TpoPreyn. H tepdortio eoticon oty mpofieyn
¢ emdpevng Nuépag pali pe v avéovouevn ypnon tov NWP toviotnke nepottépw. H peiétn
[23] e&étaoe OlapopeTIKEG TEXVIKEG (MTOPOATAIKNG TPOPAeyNnC Kol mPpocsdidploe dedouéva
€16000v mov Oo pmopovoav evdeyopéveg vo. PBektidoovv Ty axpifel g TPOPAEYNS,
nmpocdopiloviag v nAlokn aktwvoPolio, tn Oepuoxpacio, tnv ToxdTNTO Kol koTeLOHLVOT
avELLOV, TNV VYpPAcia, TNV KOALYT VEQEOV KoL TOV OEIKTN AEPOADUATOC (OC TIG TIO OTNLLOVTIKES
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UETAPANTEG Yo TNV TPOPAEYT POTOPOATAIKNG TApAYOYNG. TNV Epyacia [24], Lo avaoKonnon
TOV TOAVOTIKGOV HOVTEA®V TPOPAEYNC NAMOKNG EVEPYELONG KOl GOPTIOL NTAV 0 KVPLOG GTOYOG,
EVAD EMKEVIPOONKE OKOUN TEPICCOTEPO GTOV EVIOMICUO OUOOTATOV UETAED TV HOVIEA®DV
TpoPAeync NMaxng evépyelog kol optiov. H gpyacia [25] emkevipmOnke oty avadeién g
YPAONG TOL TOAVOTIKOV HOVIEA®V TPOPAEYNG QOTOPOATAIKNG TOPAY®YNS CGE GLGTHUOTO
WOYOOC, emONUOiVOVTAG TNV OVAYKY Yo TEPAUTEP®D OEOAOYNON KOl EVOOUATOCY] T®V
TOAVOTIKOV HOVTEAWV GE TPOYUATIKA TpoPAnpata tpoPreyns. H epyacia [26] mapovciaoe o
ovOoKOTNON TOV HOONUATIKOV Q®MTOROATAIKOV HOVTEA®Y KOl Lo HEAETN) TEPIMTOONG TOV
npoéPhene v amddoot evog ovykekpiuévov ®B cuotipatog. H pedétn [27] mopovcioce o
o€ Pabog avackomnon oe pebodoroyieg ayung 06OV aPopd TIg TEXVIKEG Kat TN PeATioTonoinon.
H pelétn vroypdppios mepattépm tn onpacio g npoenetepyociog tng dtodikaciog TpoPAeYng
TPOKEEVOV VO KOTAGKEVUOTEL TO KOTAAANAO LovTtélo TpdPreync avdioya e TV TepinT®Oon,
KaODG Kot TNV ovayKn TG oadtkaciog aEloAdynong Kot GUYKPLONG TOV SIUPOPETIKAOV LOVTELDV

TpoOPAreyYNG.

H ovykevipotikp upeAétn mov mpoyuatomombnke ota mAoicw TG TOPOVCOC
OWaKTopIKNG datpiPnic, emikevipmdnke oe clOyypoves peboddovg mpdPieyme evépyelog amd
AIIE. [T cvykekpipévo peretnOnke n apyltektovikn Tov pebodoroyidv kabmg kot to factcd
TOVG TAEOVEKTNUATO KoL UELOVEKTANOTO. XVuyKpivovtag dtapopetikés pedddove, aglomoidviog
OTOTEAECLATO KOW®MV UETPNTIKOV aEI0AOYNONG, OlEPELVIONKE 1 OTOTEAECUATIKOTNTA TOV
OLOLPOPETIKDV TPOGEYYICEMY TOCO GE EPELVNTIKO EMIMESO OGO KO GE TPAKTIKO.

Aivovtog EULQacoT 6TOVG TUTOVE JEOOUEVAOV E1GO30L TOL YPNCLUOTOIOVVTOL GE LOVTEAQ
TEAEVTOIOG TEYVOLOYIOG, TPOTAONKAY capelg Kot a&OmoTeS TAEIVOUNGELS Ol OTTOIEG OVOADOLY
KoL KaBodnyovv pe Baorn mpoyHatikég TPokANeelg TpOPAEYNC TOL Bal TPEMEL VAL OVTIUETOTICEL 1
UEALOVTIKT €pELVAL.

2.4 Tlpofreyn mwoapoymyng NALOKIGS KOl GLOAIKTG L6YVOG

H ypnon pebodoroyiwv mpoPreyncg omotekel €va 1oyvupd epyoieio yioo TNV OMHOAN
evooudtoon tov AIIE oto gvepyelaxod diktvo. H opodn kot otabepn Agttovpyio Tov SIKTOOL
NAEKTPIKNG EVEPYEWNG OAAGL KOL O EAEYYOC TMOV EVEPYELOKDY OYOPMOV OTOTEAOVV OTLLOVTIKG
TPOPALOTA T OTTOTDL 1) YPNOT TOV LOVTEA®Y TPOPAEYNG TAPAYMYNG EPYETAL VO OVTILETMOTIGEL
KOl VoL EMAVCEL.

Ta oOyypova poviédo mpoPieyng OB kot aiohkng mopayoyng, Pacilopeve oty
CUVEYMC OVATTUGOOUEVT] TEXVOAOYiO aAAG Kol Tnv €EEMEN TV AOYICHUKAOV, UTOPOVV L€
eEapeTikn axpifeto va extipovv Tic dvvatdtreg mopaymyng and AIIE. Katd kopro Adyo, N
Aertovpyio TV povtéAwv mpoPreyng Paciletal ot XpNoOT IGTOPIKAOV OESOUEVOV TOPAYMOYNS
evépyelog amd v (ntodpevn AILE, aAld kail ypnon 1GTOPIKAOV PETEOPOAOYIKOV OESOUEV®V.
Adyo ¢ dueong e€dptong g mopaynyne oand AIIE and kabnuepvé uoikd eawvoueva, n
eETOoN TOV HETEMPOLOYIKDOV 0£00UEVOV TOGO CE TOTIKO OGO Kol GE €LPVTEP YEMYPUPLKO
eminedo cvpuPariel onuavtikd ot Pedtioon g akpifelag Twv povtérwv TpoPreync.
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2.4.1 Mopayoyn ®B woydog

H mopoyoyn evépyswog oamd tnv mAokn oktivoPfoAic amotelel onuepa v TO
Swadedopuévn popon AIIE, eved g moykdoulo eninedo amotelel mepimov 10 1/3 ToV GLVOALKOD
dvvaptkov mopaymyng oyvog and AIIE [6]. Téco ot yvooelg move oty aflomoinon g
NAOKNG EVEPYELNG, OGO KoL 1 cuveyNS avamtuén Tov OB culiektmdv £xouv GuUPAAEL oHOVTIKA
OTO V0, YPNOIUOTOlEiTAL OAO KOt TEPIGGHTEPO Y10, TNV TOPAYDYN NAEKTPIKNG EVEPYELNG, OKOLA
KoL G€ O1KL0KO emimedo.

H mapaymyn nAwkng woydog eivor dueca eoptodpevn and 1 dabectudtnTo nAokon
emt0oG. H amodotikn déopevon tng nAokng axtivoforiog amd toug ®B cviiékteg ennpedlet
Kot TV teAkn wapayopevn OB oy, H anddoon tov @B cvotnudtov egoptdtol omd moAlovg
TAPAYOVTES, TOGO TEYVIKOVS OGO KOl LETEWPOAOYIKOVC.

Ta vyMAIg To1dTNTOC NUIAYDYILO DAKE TOV YPTCLLOTOOVVTOL EVIGYDOLV T UETOTPOTN
EVEPYELOG KAl EVIGYVOLV TNV amddocn tov OB cvotiuatoc. Emumiéov, n yovia tpéonTtmong g
nAokng aktvofoliog moiler onuoviikd poro, kabhg mn kdbetn mpocmtwon g otovg OB
OVAAEKTEC UTOpel va aLENCEL TNV TOPAYWOYN EVEPYEWNG GE GUYKPION HE TNV KEKAUEVN
npoontoon. IloAhég olOyypovec @B eyKataotdoelg daBETouV HNYOVIGHOVS EVIOMICUOD Ol
omoiol TapakoAovBodv TNV MAKN Kivnom Kot Tpocoppolovv Tn yovio TOV MALOK®OV
CLAAEKTAOV MGCTE VO akoAovDel v mopeio. Tov A0V G€ OAN TN S1ApKEWD TNG NUEPOS UE TN
BéAtiot dvvor yovia mpoOcTTOoNG, Kol €16l PeAtiotomoleitor 1 dSuvaTOTNTO TAPOY®YNS
evépyeag. A&iler va onuewwbdel 6TL M ovveyng Peitioon g amddoong twv PB cuotnudtov
ko0 Kol M dueon avaykn yw SlELPLVCT NG XPNONG TOVC GE TAYKOGHO EMIMEDO, €)El
odnynoel ot Pertioon g PLoctudTTAg TOVG GE 0IKOVOUIKO EMimedo, kKabdg yivovtal 6o Kot
O TPOGITA GTOV KATAVUAMTI, TOGO KATH TNV 0yopd TOLG OGO KOl KATA TN GUVTINPTOT| TOVC.

Kdamotot amd tovg Pactkovg HeTempoloyikoDs Tapdyoviec Tov exnpedlovy v anddoon
TV cuotnuatov OB mopaywyng etvon [28]:

o T[layxkoca opilovtio axtivoBoirio (GHI)

Amotelel T ocvvolikny MMk aktvoPoAic mov mpoomintel og pio. opilovTio
emoavele. H avdivon g pmopel vo dMCEL ONUAVTIKEG TANPOPOPIEG TOCO GE
EMOYIKO OGO Kol 6 MUEPNOL0 eMinedo yioo To DB Suvapukd pog meployng Kot
EMOUEVOG  amoTeEAEl ONUAVTIKO Topdyovia Yy tov oyeducpud tov OB
CLUGTNUATOV.

e Apeon kavovikn axtivoBoiio (DNI)

Amotelel 10 m0Gd g NMMOKNG akTivofolag Tov mpoomintel angvbeiag oe i
emedveln kdBeta oTig axtiveg Tov MAov. H katavonon kar ektipnon g
ocvumeppopdg tng DNI etvar onuavtikh ywo ) Beltictomoinon g Asttovpyiog
tov OB gykatactdoemv.
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Audyvtn opilovtia axtvoPoiria (DHI)

[Ipoéxertan Yo 10 TOGO0TO TG OKTIVOBOANG TOV OLOYEETOL GTNV ATHOCQOLPO KOl
etdvel o po opilovTio empavela omd kKabe katevbovon. H extipnon tng sivon
KaBopIoTIKY], TOCO Y10 TOV GXESIOGHO OGO Kol Y1a, TN OlEPEVVIION TNG SVVATOTNTOG
BéATiotng Tapaywyng tov @B cvetnudtov.

Beppokpacio NAOKoD GLALEKTN

H 6eppokpoacio mave otovg B cuAAiékteg pUmopel vo ETNPEACEL OE ONUOVTIKO
Babud v amddoon tove. Edv kol cuvex®dg ETSUDKETOL VO VITAPYEL TPOCTTMOON
NAKNG aKTVOBOAaG TAVE® GTOVE NALOKOVS GLAAEKTEG OLTO OEV GTLOLVEL OTL 1)
pueydAn Oeppokpacio TV ocvAlektov egivar embounty. I[opott poidlet
AVTIPATIKO, EAV KOl G PEYAADTEPEG DEPLOKPAGIEC TAPAYETAL TEPIGTOTEPO PEVLAL
AOY® TG aLENUEVIC TTOPOYWYNG OTOV (QPOPEN, TOVTOYPOVO LITAPYEL Lelwon NG
KWWNTIKOTNTAG TOVu, &VM mopatnpeitol kol ovénon g oviiotaong Tov
NUOYDYIUOV VAIKOV TOV (pNoUomolovvtal. To TeAkd omoTélecuo eivoar m
TeEMKN Tdom €£600V Vo petmveTon Otav av&avetat 1 Oeppokpacio.

Negpoxdivym

H «xdioyn g miokng oaxtvoPoriog omd ovvvepo omotelel icwg Tov
ONUOVTIKOTEPO TOPAYOVTO OV UTOPEL VO EMNPEAGEL TNV TOPAYWYT EVEPYELNG
pécw ®B cvotudtov. I'vopilovtoc v kabnuepiv) avopevopevny kivinon tov
NA0V, 1M TotoBéton twv OB cuAlektov gival ebkoAo va yivel Katd TETo10 TPOTO
®ote va PedTioTonolEitol N TPOSTIMST TG NAOKNG okTivoPBoAiag. Qotdc0o, N
TOPOVGio. GUVVEPLAG 00MYEL G GOVTOUN N HEYOADTEPTG SLAPKELNG OLOKOT TNG
TPOSTTMOONG NMMOKNG OKTVOPOALNG oTOVG NAaKoVS cVAAEKTEG. H dtakomTopevn
VT TPOGTTOON aKTVOPBOANG 0dNyel G TTMOM TG CUVOAKNG OmOO0GNG TOL
@B cvot)uatoc, aeov Katd T SidpKeln TG VEQPOKAALYNG, 1) TEMKT TAPOYOUEVN
evépyelo umopel vo kopoivetor peta&h TOv UNdeEVOC Kol TOCOGTOV TG
OVOUAGTIKNG 1oY00g Tov OB mhpkov, yopic Opmg va givar ebkoAo va exktiundei. H
CUVVEPLL G QovOpEVO dev umopel va TpoPrepbei pe akpifeta Kot 1 ektipumon
m¢ amoterel mpdkAnon yw T PeAtioon g anddoone twv ®B cvothudtomv
OALG KO TNV 0GQAAT KOL 0TOS0TIKT EVOMUATMON TOVG OTIG EVEPYELNKEG AYOPEC.

Bpoyontwon

H Bpoydémtmon (] kot 1 Y1ovOmT®on og YapnAotepec Beprokpacieg) cuvoetan
apeca pe v ®B mopoaywyn. H Bpoyn o gavdpevo, pmopel 1060 vo amoppopd
TV NAMokn oktivofoAio, 660 kol va Tn okedalel, KAvovTog 60GKOAN TNV OUOAN
Kol KaBetn mpdomtwon e otovg OB cvidéktes. EmumAéov, m vmoapén
Bpoydémtmwone tavtileton dueca pe v VTOPEN CLVVEELEG, 1 omoio o pEYOLO
Babuo exnpedlel to B dvvapuko.
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2.4.2 TMMopayoyn dloMKi|S 600G

H mapaywyn atolikng 1oy0og amotelel ) debtepn peyaivtepn nopayoyn ond AlIE oe
naykooo eninedo. Baoiletor otnv ekpetdAievon g Kivnong Tov avépov, 1 onoio Kivel Evav
OpPOLEN KOL LECH TNG YEVVITPLOG LETATPEMEL TN UNYOVIKT EVEPYELD 6€ NAEKTPIKT. Ot cOYYPOVES
OVELLOYEVVITPLEG, EMTPENOVY TNV a&lOTOINGT VAIKOV TO 07010 LEOVOVY T GUVOAIKE KOGTT Yo
TNV TOPOYOYT OLOAIKNG EVEPYELNG EVA TOVTOYPOVO BEATIGTOTOOVV T SUVATOTITA TOPOYDYNG.

Kdamotot amd tovg Pactkovg HeTempoloyikoDs Tapdyoviec Tov exnpedlovy v anddoon
TOV GLOTNUATOV OOAKNG Topay®yng ivart [29]:

e  Toaydnra avépov

H tayvmta tov avépov amotedel iowg TV KPIoUOTEPT TOPALETPO TOV UTOPEL
VO, EMNPEACEL TNV 0ATOS00N TOV GUOTNUAT®V OOAKNG Toapaywync. Ot
OVELLOYEVVITPLEG EIVOL KUTOOKEVOGUEVEG VO, £XOVV LLOL TUTTIKT EAQYIOTI TOYVTNTO
avEHOL HE TNV omoio apyilovv vo Tapdyovv 1oyd Kol [0, OVOUOGTIKN ToyVTNTO
OvVELOV KT TNV 0ol mapdyovy Tn HEYLOTN OVOUAOTIKY Tovg 1oy0. Emouévac,
edv M taydTNTo TOV AVEUOL Eivorl TOAD YaUNAN 1 TOAD VYNAR, 1 OVELOYEVVITPLO
Umopel vo Unv AEITOLPYEL OMOTEAECUOTIKG T VO OEVEPYOMOLEITOL Yol V.
aropegvyfei mBavny {nud.

e AwedBvvon avépov

H &w1evbvvon tov avépov eivor kaboplotikn yioo T yovio pe tnv omoio To
TTEPLYLO TOL dpopéa Tov oTpofilov Tng avepoyevvitplag evbuypoupifovrol pe
tov avepo. Ot avepoyevwntpleg €ivol oYedlOGUEVEC VO, TTOPAYOLV EVEPYELL
OTOTEAEGUATIKOTEPO OTOV O AVELOG TPOSTIMTEL KAOETO GTO TTEPVYLOL TOL OPOUEQL.

e ’'Evtoom topPng

O1r tpPowedeic KIVACEIS TOL OVEROL O@OPOVY GE OKAVOVIOTN Kol £VIovn
CUUTEPIPOPA TOV OVEUOV, TOGO OE EMIMESO TOYLTNTOG OCO KOl GE EMMEDO
devBovvong. Ot tupPddelg cuvBnkeg umopovv vo avéncovv Ty wieon ota
eCaptnuate tov oTpofilov Kot vo PEI®GoLY TNV amddooTn Tov cuatiuatog. H
KATOVONON Kol eKTiUNon tov TupPoelddv KWNCE®MY, OTOTEAEL OMNUAVTIKO
TOPAYOVTO Y100 TOV oYedAoUd Kol TNV aSloTIoTio TOV CLUGTNUAT®V OLOAKNG

TOPOYWOYTG.
o Tomoypagia £dGpovg

H tomoypagio Tov €dG@ovg pmopel vo, exnpedoel SNUOVTIKA TO TOTIKA LoTiPa
OVEL®V. L€ TOAAEC TEPUTTMGELS, 1) LOPPOAOYIO TOV EXAPOVE, Yio TAPASELY U GE
KOWGOEC Kol TOPAKTIEG TEPLOYEG, WUTOPEL Vo OMUIOVPYNCEL  POVOUEVO
O10Y£TEVGNG TOV CLYKEVIPMOVOUY CNUAVTIKEG PITES AVELOV KO ETLTOYVVOLY TOV
AVELO, LE OTTOTELEGLOL VO, AITOTEAOVV 10AVIKEG TOTODEGTES Y10 AOMKA TTaPKAL.
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e Atpocpoipikn mieon

H otpoceaipikn micon umopei vo ennpedost ta potifa Tov ovEHOVL CE TOTIKO
eminedo. To ovotnuato younAng mieong ovyvd odnyobv oe 1o LPOTEPOVG
OVELOLG, €V TO. GUGTNUATO LVYNANG TEONG UTOPOVY v 0dNYNGOLV GE TIO
Npepeg ocvvinkes. Emopévmg, 1 yvodon tov cuvOnkdv oTUOGEAIPIKIG TECNG O
TOTIKO €MIMESO UTOPEL VO, ODGEL GNUOVTIKEG TANPOPOPIES VIO TN CLUTEPLPOPA
TOV AVEUWOV KOl GUVETMOG TOL GLOAMKOD SUVOULKOD TNG TEPLOYXNG.

e [Tvkvomta avépov

H mokvomnrta tov avépov, n omoia emnpedaletor dpeco omd v oAAOyn NG
Oeppokpaciog, ETOPE ONUAVTIKE GTNV TayVTNTO TOV avERov. Oco peyodvtepn M
TLUKVOTNTO TOL OVELOV, TOGO ALEAVETAL KOL TO GLOAKO SLVOULKO apov avEAveTal
N TaHTNTO TOL OVELOV.

2.4.3 Mete®poroyikoi Tapdyovteg Kol 1 enidopacin Toug oty wopaymyq @B kol aroikig
16y00g

O petemporoykég ovvOnkeg mailovv Pacikd polo otnv amdO0CT TOV GLGTIUATOV
mopoywyng evépyelag amd AIIE. TIépav TtV emPEPOVG ULETEMPOAOYIKDY CLVONKOV 7OV
ovoAOONKay Topamdvm, VIAPYOLV KOl UETEMPOAOYIKOL mapdyovteg mov mailovv eficov
oNUAVTIKO pOro Tt660 oty @B 000 Kot otV aloAtkn mapaymyn. Ot Bacikdtepol amd ovTovg
TOPOVGIALOVTOL OTT) CLVEXELL:

o Oepuoxpacio tepPdrrlovtog

H Beppoxpacio mepipdAirovtog amoteiel Evag Kpioio moapdyovto Tov exnpedlet
NV Topay®yn t6co alodkng 0co kol ®B mopaywync. H avénuévn Beppoxpacia
nepPdriovtog pumopel va copfdiiel otnv avénon g Beprokpaciog Tdve 6Tovg
DB cvliékteg, €101KE 6€ GLUVOLACHO LE EVIOVOLG OVELLOVS KOL VO OOMYNOEL O
TTOoN TG 0mddoons Twv @B cLALEKTOV. AVTIGTOLYO, OTIC TEPUTTOCELS OAKNG
Topoywyns, 1 Beppokpocio weptPaAiovtog Umopel vo enNPEACEL TNV TUKVOTNTO
oV avépov. Ot yaunAég Bepuokpacieg TepBAAioviog avédvovy TV TUKVOTHTA
TOL OVEHOL LE OMOTEAEGLO VO VTAPYOVV UEYOADTEPES TAYVTNTEG KOl GPOL
KAADTEPO SVVOUIKO OLOATKNG TOPAYWOYNC.

e  Yypooia

H vypacia apopd 10 m0cd TV vopatu®dv 6tov aépa kol vmapén g umopel va
EMOPACEL GTOV TPOTMO HETAdOONC TNG MAMOKNG oktvoPoriag. EmmAéov, ot
ouvOnKeg avENUEVIG VYPAGIOG £XOVV MG OTOTELEGHO, VO LELMVETOL 1) TTUKVOTNTO
TOV 0€POL KOl GUVETMG TO OLOATKO SUVOULKO.

o Tewypapikn tomobecia Kot ETOYIKESG AANAYEC

[eproyég minciéotepa otov lonuepvo déyovtanr meptocoOTEPN KAOETN MALOKN
OKTIVOPOAIDL GUYKPITIKA LE TIG TEPLOYES KOVIA GTOVG TOAOVG, LE OMOTEAEGLLO VO
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€YOuV PEYOADTEPO NALOKO SLVOULKO GE OAT TN dldpKeELn TOL £TOVC. AvtioTotya, G€
TEPLOYEG KOvIA otov lonuepwvd, ovvaviovior acbevéotepol kol Aryotepo
otafepol Gvepol, AOYy® TG MO OUHOWOHOPONG Katavoung tng Beppokpocioc.
[TAnoélovtag otovg ToAoVG, ot dlaKvpdvoelg TG Beppokpaciog yivovtar OAo Kot
UEYOADTEPEC, LE OMOTEAEGO IOYVPOTEPOVS KOl O GTABEPOVG QVEUOVG. Xg OTL
aQOPG OTIC EMOYIKEG SLOKVUAVGELG, UTOPOLV VO EMOPACOVY GTNV ATOS0CT TOV
®B ocvomudatwv. o mopddstypa, oe meployés mov Ppiokovtor oto Popelo
NWoEaiplo, KATE TOVG KOAOKOIPVOLG MAveG M kdBetn axtivoPfoiio eivol
UEYOADTEPT UE AMOTEAEGLO VO BEATIDVEL T1 SUVATOTNTA TAPAYOUEVG EVEPYELOS
oe avtifeon HE TOVG YEWUEPWVOUG UNAVEG MOV 1 MPOCTTIMON TNG MAMOKNG
oktwvoPoliag yivetar vmd peyohdtepn yovio. Xe OTL dQOopd OTINV CLOAIKN
TOPAYMYY, 1 OCLUTEPLPOPE TOL OAVEHOL KOTE TIC EMOYIKEG GAAayEC eivar
OTUOVTIKO VO OVOADETOL, KOODG avaloya T Yeoypoaeikn 0&on aAld kol tnv
Tomoypagicc. Tov €ddgovg, umopel o1 dvepolr vo  gpeoavifovv  GNUAVTIKNA
Stokvpoven. ¢ omotéAecpa, UTOopel Vo eKTIUATOL TO OOAMKO OLVOUIKO LL0G
TEPLOYNG OE ETNOLO EMIMEDO KO £TCL VO YIVETOL KATAAANAOC GYXEOACUOG YO TN
BedtioTomoinon NG GlOAMKNG TOPAY®YNG.

2.5 Mé0ooor mpoPreync mapayoyns ané AIIE

H evoopdroon g tapaymyng and AIIE oto niektpikd diktvo Tpoympdet pe poydaiovg
pvBupovg. Ot pebodoroyiec TpoOPAeYNG TOL dvvokoy Tapaywyng and AIIE éyer yiver éva
omapaitnto €PYOAEio OTNV  AVIWETOTION TOV TPOPANUATOV €VoTABEWS TOL  JIKTVOV,
0pYAVOOTNG TOV SLOSIKACIMY Kol ELEYXOV TV EVEPYELNKDYV OYOPOV.

Ta ovyypova poviéda mpdPrewng €xovv Paciotel Katd KOplo AOYO G€ HOVIEAQ 7OV
eEehiooovtar €0 Kot dekaetie. H amddoon drapopetikdv poviélmv mpdPieync mapoymyng
and AIIE é&yovv dokiuaotel o dapopetikd mpoPAnuota mopaywyns ond AIlE. Toéco 1
Ye@ypapikn Tomobecio Kol ot KAWATIKEG GLuVONKEG, OGO KOl Ol OVAYKEG KAALYNG TOL O1KTOOV
OTOTELODV TOPUUETPOVG TTOV OLOPEPOVV OO TEPLOYN OF MEPWOYN KOl omd MEPInTOON OF
nepintoon. Ta poviéha mpoPreyng ekuetalievopeva Kotd KOplo Adyo 1oToptkd dedopéva,
TOGO TOPAYOUEVIC 1GYXVOG 000 KOl HETEMPOAOYIKMOV GLVONK®V, HTOPOUV TALOV HE HEYAAN
akpifela vo exkTiunoovv v mopoyouevn woyv ond AlIE, t6c0 Ppoyvypdvie 6co Kot
LOKPOYPOVIQL.

2.5.1 Awtwokpotiki Tpopieyn

Toa outokpatikd HOVIEAN OOTEAOVY TO TIO EVPEMG  YPNOUWOTOMUEVE  LOVTELQ
TPOPLeYNg Tapay®myNe, TG0 ce 0Tl apopd t @B mapaywyn 660 Kol TNV OLOAIKT TAPOY®OYN
woyvoc. TIpoxeitor yoo poviélo to omoia divovv G TEMKO OmOTEAEGHO TNV TPOPAETOUEVT
TOPAYOUEVT] oYV O€ WHOopON Mg ypovooelpdc. Ilpoktikd, ovtd onuoiver 0Tt Yoo KGOe
TPOPAETOUEVN YPOVIKY OTIYUN, TO HOVTELO TPOPAEYNG Olvel o HOVAOLKY €KTIUNON TNG
mopoyouevng woyvoc. To ypovikd Prpe TG YpOvoceElpdg UmOopel vo TOKIAEL avAaAoyd TO
€KA0TOTE TPOPAN LA TO 0010 PEAETATOL.

Xiuepa, pe T ovveyn evoopdtoon tov AIIE oto evepyeiokd diktvo, 1 ypnon
OLTIOKPUTIKAOV HOVTEA®Y TPOPAEYNS Tapaymyng Kpivetal amapaitntn. Ava ta xpovia, Exel yivel
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peydAn mpoomddela Pertiong TG amdd00NC Kol TNG OKPIPENG TOV QLTIOKPUTIKOV HOVTEA®Y
wpoPreyns. H ocvveyng Pertioon tov AOYIGUIKOV OAAG KOL TOV TEYVIKOV IKAVOTHTOV TOV
VIOAOYIOTIKOV GUOTNUATOV, &XEl EMITPEYEL TOV GUVUTOAOYIGHO ONUOVTIKOD  aplOpod
TapayovIov mov pmopet va emnpedlovv v akpifela tov povtélwv TpoPreyns. Qotdco, e
TOV TPOTO QVTO, TO LOVTEAD TPOPAEYNS TEIVOLV VOl YIVOVTOL OO Kol TT0 TOADTAOKE KLPIG O
OTL QPOPA GTNV OPYLITEKTOVIKT] TOVG KOl GTIV DAOTOINGT TOVG, EVO UTOPEL VO amaitodV apKeETA
pueydio ypovo tpeEipatoc. Xvyva, emmAfov ypnon aAiyopibuwv Pertictomoinong eivai
omapaiTnT OOTE T ATOTEAEGUOTA VA YivovTol 660 TO duvaTdv o peaiiotikd. H mpocappoyn
TOV GUYYPOVAOV OITIOKPATIKOV HOVIEA®V TPOPAEYNC HE TETOO TPOTO MOOTE 1| OVAYKN Yo
axpifeld vo pnv LIEPKOAVTTETOL OO TNV TOAVTAOKOTNTO KOU TOVG WEYOAOLS YPOVOLG
tpelipartog, amoterel Pacikn TPOKANON oTNV TEPALTEP® EEEMEN TOVC.

2.5.1.1 Dvowkd povreda

Ta @uowd povtéda moilovv onuoviikd poro, TOGO GTNV KATAvOnor TNng g Tng
TPoOPreyng 660 KoL TNG AAANAETIOPOCTG TG HE TIG QUOIKEG dtodikaciec. Ta poviéla avtd
Bacilovial og ovykekpyéves pobNUatikég eElomaoelg mov ansikovilovv o kdmoto Pabud Tig
VILAPYOVGES PLGIKEG CLUVONKEG GE Lo TEPLOYN £TGL MOTE VO KATOAM|YOLV OTNV EKTIUNGN TNG
TOPAYOUEVIS 1GYVOG.

Ta @uowd povtéda afloloyovv TIC OTUOGQUIPIKEG GUVONKEC Kol YPNOLUOTOLOHY
TPOAYLOTIKE LETEMPOAOYIKE dedopéva Yia vo, dOnovpynoovy éva povtédo mtpofieyngs. Tétown
HOVTEALD YPNOLOTOLOVV TOTOYPAPIKA OedOUEVA, OMWC TO VWYOUETPO, TNV TPOYVTNTO TNG
EMOAVELNG, TO gUMOOIN, KoODC Kou peTe®poroyikd Oedopéva. To povtéda AplOuntikng
[popreyng Kapod (Numerical Weather Prediction — NWP) givar to tAéov tomikd Quotkd
HOVTELQ KO YPNCLLOTOLOUV TETOLN SEGOUEVO TPOKEWEVOD VA, EKTIULHOOLV, Y10 TOPASELYLO, TV
akpifn T g ToOTNTOG OVEUOL Yoo KOAOE OVEHOYEVVIATPIO, €VOG OLOAIKOV TAPKOL
TPOKEWEVOD Vo TPoPAe@OEl 1 Tapay@yn aloAKNG evEPYELOG 0G0 TO duvaTdV aKpIPEcTEPQ.

Ta povtéhoa NWP ypnotpomolodv vopoduvapukd Kot 0eppoduvopkd HovTEAD TNG
OTHLOCQOIPOGC TPOKELUEVOL va, KAvouv TpoPAdéyelg pe Pdaon TiG Kapkég ovvOnkeg yo
CUYKEKPIUEVEG CLVONKEG OPYIKNG TWNG KOl OplaK®dY cuvOnkov. Aldeopo ToykOGHLO Kol
mepLpepelokd povtéda TpoPreyng NWP éyovv avamtuybel ta televtaio ypovia [30]. Baowkd,
avtd to povtéda mpoPreyng NWP Aettovpyodv pe v emilvon moAdTAOK®V Lo UOTIKGY
povtélmv, ta onoia Pacilovtal ce dedopéva kapov (dnradn Bepuokpacia, vypacio, K.AT.).
Tétow0 povtéda amortovv moAAOVE VITOAOYICHOVE Kol eival o a&lOTIoTA Yo LOKPOTPODECEG
mpoPréyelc [31].

‘Eva omd ta kOplo LEIOVEKTNUOTO TOV QUOIKMOV HOVIEA®MV €lval 1) GLALOYN TOTIKAOV
dedopévav eddpovg Kabdg TOALEC Qopéc To £0apog Umopel vo ivol mTpaypaTikd ToAOTAOKO.
EmmAéov, N mpoyvootikn akpifelo Tov QUGIKGOV LOVTEA®DY CUVOEETAL ALEGA LE T oTadEpOTNTA
TOV KOPIKOV cLuvONKOV TG Tteployng mov gpevvatatl. Katd kopto Adyo ta QUOIKA HOVTEAQ
Baciovtoar otnv, 600 TO OSLVOTOV, YPOUUIKY] OTEKOVIOT TOV QPUCIKAOV QOVOUEV®V. g
omotélecua, Oev eival €OKOAO VO OmOTLIWOOVY Ol WM YPOUUIKEG OYECELS TOV (QUOIKOV
Qowvopévev, N anpofrenta yeyovota, OTwC cvvvepld N Ppoyxdmtwon oty mepintwon OB
TOPOYWYNG, | UEYOAN S1dpkeld Amvolag 1 TOAD duvaTol AVEUOL GTNV TEPITTM®ON TNG OLOAIKNG
TOPOYOYNG.
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2.5.1.2 Xroniouxad poviédo

Ta otatiotikd poviélo Pacifoviol oTlg OTOTIOTIKEG ocvoyetioelg peta&d TV
EMEENYNUOTIKOV UETAPANTAOV TOV YPTCLUOTOLOVVTOL KOl TOV IOTOPIKMY OEO0UEVOV TOPUYM®YNS
Kol TEPPUAAOVTIKOV cLVONK®V, OAAE Kol TOV GTOY®OV TOL HOVTEAOL TPOKEUEVOL Vi YIVOLV
axpiPeic TpoPréyerg. O otatiotikég péBodotl Pacilovton gite oe LOVTELN YPOVOCEIPOV EiTE G
povtéha teyvnmg vonuoovvng (TN), eved 1 a&lomoinon oV TAEOVEKTNUATOV SLOPOPETIKMV
pnefodoroyLDY KaTtaAnyel 6€ VPPLOKA LOVTELD.

21T0TIETIKG PovTéra Baciopéva o€ (povoceLpég

To avtomaAvdpopikd Hoviélo Kivntov pécov 6cov (ARMA) amotedel éva amd T O
dradedopéva, otatioTikd povtéda mpoPreyng [32], [33]. To ARMA cvvdvalel Su0 CLVIGTMOCEG,
TO QWTOTOALVOPOLIKO LoVTELD (AR) Ko TO LovTELD Kivntol pécov dpov (MA).

To AR mpoPArénel pehhoviikég Tég pe Paon évav ypapptkd cuvovacpd TponyoOuevmv
TopoINPNoE®V p TG 010G peTafAntig. O 0pog "avTtomoAtvopopkd” VTOdNAMVEL OTL TO LOVTELOD
TOAVOPOEL TNV TPEYOLGA TIUN TNG UETARANTAG EVOVTL TV TPOTYOOUEVAOV TIH®OV TG, To AR(p)
exopaleton wg e&nc:

Xe=c+ o1 X1+ X5+ + (prt—p + & (2.1)

omov, X; elvar n mopatnpovueVn TUN Tov eivarl emBountd va TpoPAepbel katd T YpovIKNH
oTtypn ¢, 10 ¢ givan otofepd TOv HOVTELOL, TO & anotelel Tov B0puPo 1 T0 GPAALN GTO LOVTELD
KOL T 1, 02, ..., Pp OTOTEAOVV TIG AVTOTOAIVOPOLES GUVICTAOGCES.

To MA mpoPiémer peAlovtikés TéG pe Paon évav otabucpévo pEGo 0po TV
TponyoOUEVOV 0pmV cpaipatos g. To MA(q) ekppdletor og ENG:

Xe=p+ e +016 1 +06 5+ 40464 (2.2)

omov, X; glvar n mapatnpoduevn T wov givor emBopntd vo mpoPreebel Katd TN ypoviknh
oTtypn ¢, T0 u anotelel Tov HEGO Opo TG GEPBS, TO & amoterel Tov B0puPo 1 To cPAiLL 6TO
povtéLo TNV KABe ypovikn otiyun ¢, Kou ta 6, 0s,..., O; OMOTEAOVV TIG CLVIGTMOGES KLVNTOV
puécov dpov.

To ARMA ovvévdalel tig dvvatotnteg tov AR kar tov MA. Ovolaotikd, 10 ARMA
ouvoLalel TV 10€a OTL M TPEYOLGO TIUN TNG YPOVOCEPAG emnpedleTol amd T OKEG TNG
TPONYOOUEVEG TIUEC (TO OWTOTAAVOPOULIKO HEPOG) KOl TNV EMPPON TOV TPONYOVUEVOV 0PV
CQAAUATOC (TO TUALA TOL KIVOOUEVOL HEGOL dpov) [34]. To avtomarvopoltkd atotyeio £xel
duVaTOTNTA VO KOTOYPAPEL TIG HOKPOTPODESHES TACEL Kot eEAPTHOELS OTA OEQ0UEV, EVA TO
OTOYEI0 KIVOUUEVOL HEGOV Opov AapPdvel vToyn Tov TIG Ppayvpdbecieg S0KLVUAVOELS Kot
tov 06pvPo/ocediua. To ARMA(p, q) ekppaletor og eENg:

Xe=pu+ @1 Xe 1+ QX o+ -+ @pXe_p+ &+ 0164 + 0265+ + 0,64 (2.3)

Edv 610 ARMA evtoyBet kat 1) GuVIGTAOGO TG SL0QOPIoNG MGTE VA Yivel GTAGIUN 1 GEPAL,
TOTE EI0AYETOL TO OAOKANPOUEVO OVTOTAAIVOPOIKO HOVTEAO KIvITOL HEGOL Opov (ARIMA)
[35]-[38]. To ARIMA (p, d, q) exppaletal og e&Ne:
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24K, = p+ 1A%,y + P0%Ky 4+ PpA Xy + &+ 016y + Or6 5+ + 08 2.4)

omov, A4°X; tvor 1 S1popIcEVT XPOVOsELPE TAENC d.

Evoopoatmvovtog kot GALEC GUVICTMGES GTO OVTOTOAVOPOUIKO LOVTELD, Y10 TAPAOELY LA
TIG EMOYIKEG GUVIOTAOGES (S) I oVVicT®OoEC e&myevav petafintav (X), utopodv va TpoKOYOoUV
TePpAUTEP® eMEKTACELS TOV ARIMA, 6mwg 10 SARIMA 1 to ARIMAX Y| GUVOLAGHOG, AVAAOYOL LLE
TIC VTOAOYIGLEVEC GUVICTMOEG.

YratioTikd povréra paciopéva o TN kot pnyovikiy pddnon

H yprion TN yiveton 6Ao kol mo amopoitntn to teAevtaio ypovio Yo To HOVTELD
npoPreync. H wovotnta tov poviéhowv mov Pacilovior oe TN va dwayeipiCovior peyalovg
apBpoveg dedouévav, va eviomilovv ovvBeTeg OYEoelg Kot OAANAOEEQPTNCEIS UETOED TOV
peTafAnTav oAAd Kot Ta Tapdyovv TPoPAEyeElg vYNANG akpifelag, Ta KabloTd arapaitnta yuo
NV TPOPAEYT TOPAYDYNS TOCO OO MNALNKT OGO Kol 0O OLOAIKT] EVEPYELQ.

e Movtéha pnyoviknig pddnoeng

H pnyoavikn pabnon a&romoteiton kot ypnoylomroleitor 6ty pofrleyn Topaymyng
ano AIIE péoco and pio oepd anapaitntov dwdikaciov. H katdAAnin emioyn
TOL HOVTEAOL UNYOVIKNG LABnomng Yo to ekdotote TpdPAnua rtailel kaboplotikd
poro. Kabe poviého Aettovpyel S10popeTiKd, avarioyo e Tov StaBEctpo THIo Kot
OyKo dedopévav oAl katl v embounty TpoPreyn. Kabe poviého mpofrewng
UNYOVIKNG LABNONG EXEL OLOPOPETIKA TAEOVEKTOTO KOl AOLVOIES, TO OTToia O
YPNOTNG KaAeitor va yvopilel kor vo a&lomolel og KaOe mepictact. Xtn cuvEKELd,
n mpoenelepyacia Twv dedopévev To omoion Ba ypnowomomBodv Yy
dwdkacio exmaidevong tov HOVTEAOL gival oamapaitntn, Kobmdg o TOAAEG
TEPMTMOELS To Stobéoia dedopEVA €YoV UEYAAO OYKO EVA GLYVO OmoLTeEiTOL
KaBop1o OGS KOl KAVOVIKOTOIN oY TOVC,.

Me v ohokAfpwon ¢ emelepyaciag TV OedoUEVOY €16000V, aKOAOLOEL 1
S1001KOGT0 TOPAUETPOTOINGNG TOV EMAEYUEVOD LOVTELOL GE OTL APOPA T KPUPA
OTPAOUATO, TO PAPT KO TIG TOADGELC. XT1 GUVEXELD, TO LOVTELO EKTONOEVETAL KO
KaTaANYEL oty €£000 TG TpoPAemouevng mapayouevng woyvoc. H amdkiion g
TPOPAETOUEVNC OO TNV TPAYLATIKY 1oY0 0E0AOYEITAL. XE TEPITTMOGELS TOV TO
ocpdrpatTo TpoPreync eivar peyoAvtepa amd to emiBounto, cvvnbiletoar vo
epappolovtal aiyopifuol PedtioTonoinong 6to HOVTEAO TTPOPAEYNG MOTE va
pvOuifovtorl €K VEOL 01 VIEPTAPAUETPOL TOV HOVIEAOL MOOTE VO, PEATIOVETOL M)
amddoon TOL.

Yrapyovv d1d@opot THTOL LOVTEAWMY UNYOVIKNG Ldonong:
Ta dévipa amopdcewv (decision trees) amOTEAOVV UOVTEAQ UNYOVIKNG HAONoNG
OV YPTCULOTOLOVVTOL CLYVE TNV TPOPAEYN 16YVOC AOY® TNG EPUNVEVTIKOTNTAC

TOLG KOl TNG EVKOATAG ¥pnong Tovg [39]. Alaympilovv avoadpopukd to dedopévol
He Baomn To o CNUAVTIKA YOPUKTPICTIKE TOVG Y10 VO O1)LLLOVPYNGOLV Lid, SOUN
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KOVOV@V amdQaong Tov £xel popen dévipov. Ta 6évipa amopdoemv UrTopohv va
GLALAIPOVY TOADTAOKEG GYECELG KO U1 YPOUUIKOTNTES GTA OEGOUEVOL.

Ta toyaio ddon (random forests) eivar pio, péBodog mov dnuiovpyel TOAAATAGL
OEVTPU AMOPACE®V Kol cLVOLALEL TIG TPOPAEYELS TOVE Yo VO BEATIOGEL TNV
akpifela Kou vo pewwoer v vaepmpoocappoyr [40]. A&womoidvioag TV
TOWKIAOLOPPIC TOV UEHOVOUEVMV SEVIPOV ATOPACEMV, TA TUY0I0 OACT UTOPOVV
va, cVAAGPoLV TN petafAnTotTnTo Kot thv ofefotdtnta mov oyetileton pe mnyég
evépyelag mov eopTdVIOL Amd TIG KOPIKEG GLVONKEG, OMWG N MAMOK) Kol O
dvepog [41], [42]. Mropobv va mapéyovy o 1oyvpEg Kot akpiPeis mpoPAréyelg
oLVOLALOVTOG TN YVAGCT] TOALDY OEVIP@V.

O unyovég davououdtov vrootpiéng (Support Vector Machines — SVM) eivan
EMOTTEVOUEVE  LOVTEAD €KUAONONG 7OV  YPNOLUOTOIOVVIOL Yo  EPYOCIEG
tagvounong kol moAwdpouncng oty mpoPreyn 1oyvog [43]. Ta SVM
oTOYELOLVY Vo Ppovv €va vmepeminedo mov Olaywpilel KaAdTEPO TO onuein
dedopévav o€ dlopPopeTIKEG KAGoELS 1| TpoPAémel pa cvveyn €€odo [44]-[46].
Mzopovv va  xopToypoenoovv  évo  cOVOAo Oedopévemv  oE v XDPO
YOPOKTNPIOTIKOV DYNADV Sl0CTACEOV UECH HI0G O00IKOCIOG UM YPOUUIKNG
YOPTOYPAPNONG TPOKEWEVOD VO TPOYWPTOOVY GTN YPOLLKN TOAVOpOUN O,
OTAOTOLOVTOGC £T0L o Tpayuatikd moAvmAokn Owadikacioa. Toa SVM eivan
OTOTELECUATIKA OTOV YPTOLUOTOIOVVIOL GE OEQOUEVO VYNADY SlUCTACEDY EVAD
UTOPOVV VO, XEPIGTOVV LN YPOUWKES OYECELS UECH TNG XPNONS CLVOPTHCEWDY
TUPNVOL.

e Movtéla Badrag pnyovikic padnong

Ta mo yvootd poviélo Babidg pumyovikng pHabnong mov ypr1oILOTOIoVVTINL GE
OTATIOTIKEC TpooeYyicelg lvarl ta texvntd vevpwvikd diktva (TNA). H 6An béa
tov TNA eunvedotnke oamd Tovg PlroAoyikovg vevpoveg evog avOpdOTIVOL
eykepdhov. H Aertovpyio tov vevpovikov diktowv (NA) Paciletor oty
alohdynon tov Oedopévev €160000 Tov eivol dwbéoiuo kol ot Guvern
eMavaElOAOYNON TOVG, OAAA KOl TV VE®V  EKTOOEVUEVOY  OedOUEVDV,
TPOKEEVOL Vo, EMTELYOEL Eval akPIPEC TPOYVMOOTIKO ATOTEAEGLLN, OIS AKPLBAOC
a&lohoyel 0 avOpOTIVOG eYKEPAAOG T dedopéva Tov AapPdvel. AvdAioyo pe tnv
OPYLTEKTOVIKY] TOVG, VIAPYOLV OLAPOPOL TOTOL VELPOVIKADV OIKTU®V, OTMG Y10l
mapdoetypo to vevpwvikd diktva eunpoctiog tpopoddtnone (Feed-forward
Neural Networks — FNN) [47], [48], T0. OGUVEMKTIKO VEVPOVIKA OIKTLA
(Convolutional Neural Networks — CNN) [49]-[52] kot To OvadpOpIKG
vevpovikd diktva (Recurrent Neural Networks — RNN) [53]-[57].

"Eva tomikd TNA anoteleitor omd Eva enimedo 16000V, OTOL EVOMLOTMVOVTOL TO,
oTopIKd dedouéva, éva eminedo €£0660vV, OTOL TPOKVTTOLV Ol TPOPAETOUEVEG
TIWES TG {nTodpevng UeTaPANTAG Kot €va 1] TEPIGGOTEPO KPUPE emimeda, OTOV
yivetal 1 afloldynon TV ded0UEVOV OO TO EMIMESO €GOS0V KOl TO EMIMEDO
eE6dov. Kabe otpdpo amotereitor amd veEupmVES TOL GUVOEOVTOL LLE ALTOVE TOV
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mponyovpevov otpopatos. Kdabe ovvdeon petad  vevpmvov  €xel  éva
OULYKEKPIUEVO Bapog Tov vroypappilet Tn onuocio avtig Tng oLV G Kal givorl
70 KAEWL Yo TV emitevén ¢ kaAvTEPNG duvatng akpifeloc TpoPreyns. To NA
EKTOOEVETAL TEMKA TPOKEIEVOL Vo TTapel Tig PéATioteg TMEG Papovg KGO
oLVOESNC KOl Vo ODCEL TIC KOADTEPEG OvVATEG THEG €5O600V, OMAMdT TNV
KoAOTEPT TPOPAEYN.

YBprowd povréra

Xapn omv eEEMEN TV TEXVOAOYLOV TTOV YPNCULOTOOVVTAL GTNV TPOPAEYT TOPAYWOYNG
niektpikng evépyelog and AIIE, ot vfpuducég pébodor ypnoipomolodvtor 6o Kol TEPIGGOTEPO
TPOKEWEVOD Vo emttevyBovv akpipéotepa amoteréopota Tpofreyng. Ot vPpidikéc npoceyyioelg
OTOYELOLVY  OTN YPNON TOV TAEOVEKTNUATOV TOV  CUVOLOCUEV®V  LOVTEA®V OV
YPNOLUOTO0VVTAL Yo TNV EMitevén BéATioTnC amddoong [58]-[61].

Ta cvvdvacpuéva pHoviélo Umopel va glval QLOIKA Kol GTATIOTIKG HOVTEAD, LOVTIELD Yia
SLOPOPETIKEG YPOVIKES KAMUOKES (Yl Tapddetypa, Bpoyvmpobecpa kot peconpofeso Lovtéla)
N OWQPOPETIKA OTATICTIKA HOVTEAD. XvvOvalovtoc auTEG TIC OLPOPETIKEG HEBOdOVS, TO
VPPOIKAE HOVTEAD GTOXEVOLY VO KOADWOLV £va, VPUTEPO PAGLLO TAPOPOPIBV Kol Vo Adfouvv
VITOYT) TOVG SIAPOPOLS TAPAYOVTES TOV ENNPEALOVY TO, GLCTNUATE, 1GYVOG,

2.5.2 IBavotikny pofieyn

Ta aitokpoTikd povtédla ¥PNGULOTOOVVTOL KOTE KOPOV OTNV TPOoTAOELD TNG OUOANG
évialng tov AIIE oto evepyelokd oiktvo. Ta outiokpatikd HOVTEAN, TPOGEEPOLY Lol
OTOTUTIOON TG TPOPAETOUEVTG TOPAYMYNS O HOPPN YPOVOCELPAS Yot TO (NTOVUEVO YPOVIKO
dtloTN AL

[Tapdria avtd, eivar edKoAo KOTOVONTO OTL TO OLTIOKPOTIKA LOVTEAD OEV UITopolhV Vo
&yovv amoAvtn okpifela. H mpoPrenduevn mapoyouevn oydg dev movel mopd va gival pio
extiumon. Ze avtibeon pe Tic onueElnkéG TPOPAEYELG TOV TOPEYOVTIOL GO TIG GITIOKPOTIKEG
uebodovg, n mhavotikny wPoOPAeym Oiver €va drdotnuo TPOPAEYNg OTOVL OVOUEVETOL VO
Bpioketor 1 ektipudpevn Topayouevn oybs. [poktikd, n mbavotiky TpoPAEYT|, TPOCEEPEL Y10
KGOE ¥POVIKN oTIYUn Eva LEYAAVTEPO VPOG TOAVAOV TILOV TOPAYOLEVNC EVEPYELNG.

H extipnon mg apepardtrag otnv tpoPreyn g TOpayOUEVIC 1OYVOC, EIVOL OLTH TOV
KAvel To TOAVOTIKG LOVTELD LOVOSTKA GE GUYKPLOT| LE TO OTIOKPATIKA povtéda [62]. Edv ko
YPNOT TOV AUTIOKPATIKOV HOVTEA®V €lval onpepo amapaitnn kot eaivetol 60Tt Bo givor ko yio
To, EMOUEVA, YpOVLO, T TOAVOTIKA HOVTEAD KepSilovv OAO Kol TEPIGGOTEPO TO EVOLUPEPOV GE
EPELVNTIKO emimedo kot ivor TOAD mOAvO T emdueva xpovia va copPdilovv og 1610 Pabuod
omv opaAn évtoén tov AlIE oto niektpikd SikTLO AAG KOl GTOV EAEYYXO TV EVEPYEINK®DY
ayopmV.

Toa mBovotikd povtéAo ovomTOooovVTOL VIO SVO  OPOPETIKES TPOOCEYYIoEL, TNV
TOPULUETPIKT KOL TNV UN-TIUPOUETPIKT.
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2.5.2.1 Hopouetpixd poviédo.

To Poacikd YopoKINPIOTIKO TOV TUPOUETPIKOV HOVIEA®V eivar 6Tt Pacilovior oe
npokaboplopuévec VITOBEGES OYETIKA e TV Katovou e mopayduevne oyvog [62]. H mo
Ko katavoun etvar n I'kaovstovy Katavoun, 1 omoio UTopel va meptypapel ¢ eENC:

feane = fDraro 1, 0%) 2.5

omov u elvor M TAPGUETPOG pEoNG TIUNG, 0@ givar 1 Staomopd, Kat ¢ givar N TVIKY amdKAoN.
"Eva Tumikd mheovEKTNUO anT®V TV HeBdd®V gival 0Tt elval apKeTd amléG OTNV EKTELECT] TOVG
oy1 novo 66ov apopd v encEepyacio dedopEvav ALl Kol TNV aSloAdynon tpdPieync. Mo
GAAT EVPEMG YPTCLLOTOLOVIEVT] KOTAVOUT €lvar 1 kaTavoun beta,  omoio pumopel va mpocseépet
peyodvtepn gveMéior o€ MEPIMTMGEL OV 1) KOVOVIKT KOTAVOUT OEV UTOPEL VO OTOTUTMGCEL
EMOPKAGS TA YOPOUKTNPLOTIKE TNG TAPAYOUEVNS 1Y VOG.

Qo1000, VIAPYOVY JLUPOPES TEPUITAOCEL, OMOL 1 YPNON UG TPOKABOPIOUEVNG
KOTOVOUNG TNG TOPAY®YNG €lvarl vepPoMkn 1 dev UTOPOVV Va. EPAPUOCTOVV GUYKEKPILEVEG
katavopég. Emimiéov, vmbpyovv mepmT®OE; OTOV 1) KOTOVOUN TOL GQAAUATOG TPOPAEYNS
umopel va oAlGlel avaioya pe TN ypovikn KAipaxo Ttov opifovia mpoPAeync (moAl
BpoyvmpdBeoun, Ppayvmpdbeoun, pecompdOeoun kot pokpompdbeoun). To  mopamdve
KaBoTOOV TN ¥PNON TOPUUETPIK®OY HOVIEAW®V UN KOTAAANAN Y10 TOAAEC TEPUTTOOELG
wpoPAnudtov TpoPAeyg Topay®YNS NAEKTPIKNG evépyelag and DB 1 alolikn evépyeta.

2.5.2.2  Mpuy-mopouetpird poviédo.

2TO UN-TOPAUETPIKE LOVTEAN, OEV YIVETOL €K TOV TPOTEPMV VIOOEST CLYKEKPIUEVIG
katavoung [63]. To k0OPlo MAEOVEKTNUO TV UN-TOPOUETPIKDY HOVTEA®V TPOPAeYNC elval n
eveM&ia mov Tpoopépovv atov ypnot. H katavoun tav tipnodv e£6dov vroroyileton angvbeiog
oo To 0edOUEVO TOV YPNOCIUOTOOVVTOL Q¢ OmOoTELECUN, TO CQOAROTO TPOPAEYNG TOL
TPOKOLATOVY OO AUVOUGUEVEG VITOOBEGES CLUYKEKPIUEVOV KOTAVOUMY HEIDVOVTOL OTLLOVTIKAL.
[Mapdra avtd, tétoleg pébodor sivor mo mepimAokeg KOOMOC amottovv peyoldtepo aploud
dedOUEV@OV, KODIGTOVTOG TTI0 SVGKOAT 0L LOVo TNV enelepyacio aAld kot TV a&loAdyNnon Tovg.

HoAiwvopopunon mrocostnuopiov (Quantile Regression — QR)

H molvopdunon mocootnuopiov omotedel pio TOAVTIUN TEXVIKN] OTO TAOIGIO TNG
TpoOPAeyNC 1oyvoc. X avtiBeon pe Tic Tapadootakés peBodovg TpdPreync mov Pacilovior ot
péon ty, ta QR poviéda pmopovv va GLAAGPBoLV TN UHETOPANTOTNTO TOV OESOUEVEOV
VTOAOYILOVTOG SLOPOPETIKG TOGOGTA TG TOPAY®YNG Woyvog [64]-[68]. H Pacwn wWéa g QR
glval m YpNoN TOGOGTNUOPI®V Yo VO TPOGEYYIGTEL 1] VIO OPOVG KOTAVOUY TOUVOTNTOG LG
toyoiag petafintig [69]. Ot vnd Opovg CULVOPTAGELS TOGOGTOV LOVIEAOTOLOUVIOL G
OULVOPTNOELS EMEENYNUOTIKOV HETAPANT®V, Ol omoieg ivar ovefaptntec pHeTaPAntéc mov
YPTOUYLOTOIOVVTAL OG EIG0J0G Y10l TO LOVTEAO TTPOPAEYNG.

EmmAéov, n molwdpdunon mocootnuopiov eivor €va moAOTIHO epyoieio yio TNV
avOEKTIKOTNTO Kol TNV aE0AOYNoN KIVOUVOL OTO GUGTHHATO 16YV0G. EKTIHdVTOg T T0C00TA,
yiveTan ekt 1 0EL0AGYNOT TOL KIvOHVOL IOV GYETILETOL LE aKpaio YEYOVOTO, OT®MG O10KOTEG
peopatog N e€onpetikd vynAn (QTnon, He amoTéAESO TNV KAADTEPT Opyavmon Kot BeAtimon
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TOV VTOSOUMY KoL TNG KATAVOUNG TOPMOV Y1 VO S10GPAAIGTEL 1] aSI0TIOTIO Kot 1 EVGTAOELD TOL
NAEKTPIKOD SIKTOOV.

"Eyovv avamtuybel o1dpopa poviéla Pacicuéva oty QR Onwg, Omw¢ M TOmKY
moalwvopounon mocootnuopiov (LQR), n dueon maiivdopdunon mocootnuopiov (DQR), 1o
ddoog maAvopounong mocootnuopiov (QRF) kot n molvopounon mocootnuopicov spline
(SQR).

Extipnon nrokvotnrog mopiva (KDE)

H extipnon g mokvotntag mopive sivor o Kown péBodoc o€ Un TOPOUETPIKEG
Tpoceyyioelg Tov Pondd oty extipunom tng cvvaptnong nukvotntog mldavotntog (Probability
Density Function — PDF) og toyoaiog petafAntic. Q¢ un-TapapeTpikn TPOcEYYIon, UITopEl va
EKTIUNOEL ALECO TNV TUKVOTNTO OGS TUYoi0G HeTafBANTIC ympic va ypeldleton vo vmoBéoel ek
TOV TPOTEPMOV O CLYKEKPIUEVT] Katavopun. H Pactkn Asttovpyia tng pebodov KDE eivon ott,
o€ Kb onueio dedopévav pog pnetaPfAnte, torobeteitan o GUVEPTNOT TVPVO TPOKELUEVOL
va, avadetyBel n copPoAn Kot 1 onuacio g oty mbavoroyikn mokvotnta [70]. 1 cuvéyela,
T0 GOPOICHO TOV CLUVOPTAGEMY TOL TVUPNVO GE W10 OUOAT] KOUTOAN ETITPEMEL TNV TEAIKN
EKTIUNOMN TS TUKVOTNTOG TOL TLPTVOL.

O exTiun g TUKVOTNTOG TVUPTVA TEPLYPAPETAL MG

fu) =%ZK(x;xi) (2.6)
i—1

omov, K &ival n cvvaptnon mopnva, A givan 1 Tapdpetpog eEopdAivveng (TapapeTpog EbPOVG
Lovne), n elvarl o apBpdc TV onueimv Tov delyHATO Kol TO X; AVTITPOCM®REVEL TO oNLEio Tov
delypoTog 6to omoio Tomobeteital 1 GuVAPTNOTN TVPNVA.

H xotddAnin emhoyn g kabe ocvviptnong mupnve oAAd Kol TOV TOPOUETPOV
eEopdivvong mailovv kabopiotikd poro ot PEATIoT povieromoinon tov KDE aAld kot oty
telkn aflomiotio Tov [71], [72].

M£00o601 ovvorov (Ensemble)

O1 péBodot ouvorov, cLVIVALOVY TOAAATAG HOVTEAD KOl YPNCLOTOLOVVTOL EVPEWNS GTNV
mOovoTIK TTPOPAEYT, TOGO NG COAKNG 6co kot g DB mopaywyng. Avtég ov pébodot
0ELOTOL00V TOV GLUVOLACUO TOALATADY HOVTEA®V TPOPAEYNC YO VO LETPLACOVY TIG EYYEVELG
afefardtnTeg Ko molvmAokdtnTeG TOL oYeTiCovVTal e TIg (nTtovueveg petaPAntéc [73].

Ot pébodor ovvorov  AeltovpyolV  EKTONOEVOVTAG Kol  GLVOLALOVTOG TOAAATAN
HEHOVOUEVO HOVTEAD TPOPAEYNC, TO omoilon Umopel va glval SlOPOPETIKOD TOTOL 1 Vo
YPNOLOTOIOVV JAPOPETIKOVS AAYOPIOLOVE Kot SUVATOTNTESG EICAYMOYNG. XVuvOLalovTog avTtd To
SlapopeTikd pLovTéLa, ot pEB0dOL GLUVOAOL GTOYELOVY GTNV KATOYPAPT OLUPOPETIKMV TTUYDV
NG VLTOKEINEVNG Olovopng  OEdOUEV@Y, UEWMVOVTOG TOV  Kivduvo  pepoAnyiog Kot
VIEPTPOCAPLOYNG TOV povTérov [74], [75].
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M£0000¢ ektipnong kot Kot ave opiov (Lower Upper Bound Estimation — LUBE)

H pébodog LUBE Paciletar ot ypnon texvntig VONMUOGOVNG, Yo TOPAdEtypo €va
VELPOVIKO OiKTLO, TO omoio divel VO dapopeTikég €£600VC. Avtég ot €Eodol umopovdv va
ypnowomronovv omevbeiog v TV KoTookev daotnudtov mTpofreyng vroroyilovtag to
KAT® Kot T0 Ave Opto Tov dotiuatog tpoPrewng [76]. ‘Eva and to xopla TAeoveKTHUOTA
oVTNG TG HEBBAOL Elval 1 ALEST KOTAGKELT TOL doTNATOG TPOPAEYMC. Evd dAheg pnébodot
vroAoyifovv cuvnbmg To didotnpa tpoPieyng (Prediction Interval — PI) petd tnv ektipnon tov
npoPréyemv onueiov, n pébodog LUBE amhomolel avt t dodikacio koTooKeLAlovtag
amevbeiog to Pl og éva Prpa [77]. Qg amotéheoua, 1 OAn dadikacio yivetal amlodotepn Kot
TOYOTEPN, LELOVOVTOG £TGL TO VITOAOYIOTIKO KOGTOG.

M<£00oo0c Bootstrap

H Aerrovpyia g peboddov bootstrap Paciletor otn dnpiovpyio (oG SEIYUATOANTTIKNAG
KOTOVOUNG TOV UETAPANTOV HECH TNG ETOVOIEIYHATOAMYING TOV apyiK®v dedopévav [78].
Eivar 1dwitepa yproun o€ TEPMITMOCES TEPLOPIGUEVOV OEOOUEVOV 1 «Un  KoBopmdvy
dedopévav. Ymapyovv didpopec mapariayés g pebodov bootstrap, dmwg n Bootstrap tumikdv
katolointwv, 1 bootstrap dyplev kataioimwv Kot 1 Bootstrap {evydv.

H pébodog Bootstrap mepiapfdvel T onpovpyio TOAAATA®Y GUVOL®V OESOUEVEOV
emavadetypatoAnyiog (detypoata ekkivnong) amd ta apyikd dedouéva e aviikatdotaor. Kabe
detypo exkivnong €xet to 1010 péyebog pe 1o apykd chHVOLO dEGOUEVOV, OALA UTOPETL VO TEPIEYEL
OmAEG TopaTNPNoElg. AVTA To OElYUOTA XPTCILOTOIOVVTIOL OTT] GUVEXELD Y10 EMOVEIAUUEVT]
EKTTAIOEVOT] KOl OOKIUY LOVTEA®V TTPOPAEYNC, EMTPETOVTOC TNV EKTIUNGON TOV JOCTNUATOV
TpoOPAeync Kot TNV aEloAdynon g afefardtnrog TV TpofAiyemy.

To ovolaoTikOTEPO TAEOVEKTN LA TNG LeBOOOV bootstrap ivan 1 akpifela KATAGKELVNC TV
dwomudtov Tpofreync. Iapdra avtd, avtn 1 akpifelo £xel VYNAO VTOAOYIOTIKO KOGTOC,
ka0d¢ T TapadocloKd ypnoionotovpueve NN 6gv Umopovv vo, vIepPOUV TOVG LITAPYOVTES
TEYVOAOYIKOVG TEPLOPIOUOVE TPOKELLEVOL Va. Yivel 1] dtadtkacio ToydTePN.

Iepapyuci mpoPfheyn

AOY®D NG aVENUEVIG OVAYKNG Y10, GUVOYN KOl GUVETELN T®V UOVTEA®V TPOPAEYNS, Ta
tehevToia ¥povia Exovv avamtuydel epapykd poviéha mpoPfreyns. Ot mpoPréyelg Olmv Tmv
emmédmv  pog  epopylog ovvoyilovrar pali. EmmAéov, or meplopiopol ovvoyng mov
YPNOLLOTOIOVVTOL GTO TPOYVOOTIKA HOVTELD, PBEATIOVOLY TEPALTEPM TNV OTOO0GT OA®V TV
emmédwv G epapyiag [79].

Mnyevua padnon

Ot peBodoroyieg pnyovikng pdonong amoteAovv 1oxvPovs aAyOpIOLOLE EKTOIOELGOTG TOV
Bacilovton otV TEXYNTH VONUOGUVY, OTTMG GTN YPNOT VELPOVIK®V SIKTO®V. AV Kol TEivouy val
elvar e&oupeticd ToAvTAOKESG, TETOEG PebBodoroyieg Exovv ypnoiponombel evpémg ta TeEALTAIN
YPOVIO, TPOKEUEVOD Vo PeATI®BEL 1 amOS00T TV CUUPATIKOV LOVTEA®V, OEOOUEVNG TNG VYNANG
akpipelag Kot Tov cuVNBOE YOUNAOD VTOAOYIGTIKOV KOGTOLG [80]-[85].
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2.6 EZ&MmEn pelhovrikng épevvas Kol €otioon TG mpofreyng aolkng Kou
OOTOPOLTAIKIG EVEPYELOG

Koazd ) BipAoypapikn avackomnon Tov cuyypovey nefddmv mpofreync, peletnonke n
duvatotnta avamtuéng ko e£EMENG TOLg OAAG KOl Ol TPOTOL WEIMONG TOV GOUAUATOV
TPOPAEYNC.

2.6.1 Beltistomoinon g axpiferog vrapyovrmv poviélav apopreyng

Xapn oty e£EMEN NG TEXVOAOYING, TO GVYYPOVA HOVTEAN TPOPAEYNS Exovv avamTuyDel
TEPOITEP® TO, TEAELTOLO XPOVID KOl £YOVV KOTUPEPEL VO, LEIOGOVY GMUAVTIKA TO TPOYVMOOTIKO
oQAaAL0 TNG dtadtkaciag TPOPAeYNC. 26TOGO, AmTaITOOVTAL TOAAEG TTUYES Y10, TOV TPOCOIOPIGLO
eVOG KOAQ KOTOOKELOGHEVOL HOVIEAOL TpoPreyns. ITo ovykexkpiuéva, mn okpifela, 1M
OTTOTELECUATIKOTNTO, 1 VEMEID KOl TO VTOAOYIGTIKO KOGTOG Eival PacIKE YopaKTNPIOTIKE TOL
kaBopifouv éva katdAAnAio poviého mpoPreync. TloAdég popéc, amatteitor (o avtiotdduion
HETOED TNG OKPIPELNg Kot TV GAADV TTUYMV TPOKEEVOL Va. TapayBovy axptBr povtéha. Xapn
GTNV TEYVNTH VONLOCGUVT Kot To LovTéAa Babidc pnabnong, tétotov gidovg cupPifacpol pmopotdv
va omo@evyBovv o€ peydio Paduo.

H meportépo Peltioon g akpifelog tov vaoapyoviov Hoviélmy ivol {oTiknAg onuaciog
[86]-[88]. Xdpn oto perpnTikd aEloAdynong, €ivar duvarti UL UETPNOLUN  CUYKPLON
OLOLPOPETIKAOV HOVTEA®V TPOPAEYNC Kot £TCL N TEPAUTEP® UEIDOT TOV GPAALOTOC TPOPAEYNS
TOV HOVIEA®V 7OV OIvouv YEPOTEPO OmMOTEAEGHOTO pmopel va  emitevyfel gukoAdTEpPQ
€0TIALOVTOC TEPIGCOTEPO GE GLYKEKPIUEVEG AVGELC.

Ta povtéha mov PBacilovior oe vevpwvikd diktva €xovv mpotabel, OA0 KAl TEPIGGATEPO,
HE T xpovio, BEATIOVOVTOC TO GPUALN TPOPAEYNS TV cupfotikdv poviédmv. EmmAéov, ta
ovyypovo vPpwwd povtéAa Oa pmopovoav v omoderBodV O OTOTELECUATIKO OTNV
OVTUUETOTION TOV OUKVUAVOEDY TOV OedOUEVOV KOOMS Kot Vo BEATIOGOVV TEPUITEP®D TNV
onddoon TV pepovopivov poviélov [89]. EmmAéov, n evooudtmon vémv aiyopiBuwmv
BeAtiotomoinong kabmg Kot mepatépw avdivon dedopévav kor n mpoeneepyacio toug Ba
umopohoov vo PBEATIOGOLV OaKOpHO TEPIOCOTEPO TNV aKpifeid TPOPAEYNG TOV HOVIEA®Y

wpoPreyng [90], [91].

®a pénet emiong va onuelmbel 6tTL | akpifela g TpoPAeyYN Ba propovoe va Pertiwbel
Kol va emikupmbel emmAéov, Oyl UOVO UECH TNG OVAALONG OEOOUEVMV KOl TNG OVOATTUENG
AoylopiKoD, oA Kol pEow NG PEATIOONG TV VAIKOV TG Tapaymyng evépyelag omd AIIE. Ta
TeEAEVTOIO YPOVIL, KAVOTOUO EEQPTIHOTO EXOVV CLUTEPIANPOEl OTIC P®TOPOATOIKES HOVAdES
OAMG KOU OTIS OVEHOYEVVIATPLEG, TPOKEWEVOL Vo PeAtimBel 1 dwwdikacio Kotaypoaeng
dedopévav. Tétowa e€aptipata TepAapfavovy eonva Katavepnuéva 6pyava mopaKolovdnong
Oeppokpaciog Kol TaydTNTOG CVELOL 7OV EMTPEMOLY TNV ML TOTOV «GVAANYM» TOTIKAOV
OEOOUEV@V. XVVOOEVOUEVEG OO OVINYMVIOTIKO KOOTOG, TETOEG KalvoTopieg Oo mpémer va
ouUTEPIANEOOVY Kot va avamtuyfodv peAloviikd, kabdg 0o pmopodcoy va dlEvKOADVOLY TN
@aon mpoemelepyaciag TV OEOOUEVOV Kol £TCL VO KATOGTHCOLY 11 oladlkacio TpoPAieyng
Myodtepo mepimhoxn.
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2.6.2 IIiBavotikn pofreyn ko alomoinect) ™G 6€ Tpofipuote AMyng omo@acemy

Ta mo wpdoeata ¥povia, 1 avarntuén mbavotikedv pebodoroyidv tpoPieyng Ppioketon
O0TO EMIKEVIPO TNG TPOCOYNG TOAAMDV EPELVNTMV, TPOKEWEVOL VO KOTOVONGOUV Kol Vo
avaADooLY TV afefotdTnTa TOL LVIAPYEL OTH OladIKaGio TG TPOPAEYNS. Xe avtiBeon pe Tig
ONUEWKEG TPOPALYELG, Ol TOOVOTIKEG TPOPAEYELS TPOCOEPOLY Uid VPVTEPT GTOYT TOL
TOOVOD amoTEAEGHOTOC oG TPOPAEYN G LE TN Hopen evOg dtootipatog. H mpdopatn avamtuén
TOAVOTIKOV  HovTéAmv  TpoOPreyng €xet Ocier 011 oto  péAAov, 6Ba  umopovoav v
SLOPOUATIGOVY SNUOVTIKO pOAO € TPOPAALOTA ANYNG ATOQAGE®Y OTIC 0yOPEC MAEKTPIKNG
evépyelog kaBmg Kot oTn AEITOVPYIN TOV GLOTNUATOV NAEKTPIKNG EvEpyelas. 26TOG0, TpdTTOL
OTOTELECUATIKNG YPNOoNG TANPoeopldv afefaidtntag oe mpoPfAnpate Ayng amopdcemy Kot
oyedooD, KaBMG Kol TPOTOG TPOGUPLOYNS TOV TPOPANUATOV ANYNG ATOQACE®Y Y10 TNV
OTOTEAECHATIKY YPNON TV TAEOVEKTNUATOV TV TOAvOTIKOV TpoPAéyewv Bo mpémel va
depguvnBovV TEPATEP® GTO PEAAOV.

2.6.3 Xopoypovikd povréha Tpofieyng

Ta ywpoypovikd poviéla mpoPreyng &xovv avoamtvybel To TeAevtaio ypdvio Ko
eotialovv omv a&lomoinon SPOPETIKMOV LN TOMIKMOV TANPOPoptdv Kot dedouévev. H
avAmTLEN NG TAEOVOTNTOG TOV HOVTIEA®V TPOPAEYNC To. TPONYOOUEVO YpoOvid oTnpiloTay
Kuplog o€ Oedopéva OmO UHEPOVOUEVO OOMKG 1 @®TOROATAIKG TAPKO, TPOKEWUEVOL VO
amoderyBel n akpifeld Tovg. AapPdvovtag vtoyn OTL SLUPOPETIKEG UOAKES 1| PMTOPOATUIKES
HoVAdeg KataoKeVALovTol G€ SLOPOPETIKES YEOYPUPIKES TEPLOYES, TTIO KOVTIA 1] IO LOKPLE TO
éva amd TO GAAO, OEdOUEVO, a0 OLOPOPETIKEC HOVAdEG €xel amodeybel OTL PeAtidvouv
TEPUITEP® TNV OKPiPela TV LOVTEA®DV TPOPAeYNS. Agdopévou 6Tt Eva povtédo Tpofieyng Ba
umopovoe vo. ovomTUYOel Yl VO IKOVOTOWOEL TIG OVAYKEG €VOG ONUOVTIKOL GLVOAOL
OedoUEVAV, YPNOUYLOTOLMVTOS GUVOAN, OEOOUEVMV TOL eKPPALOVYV SLUPOPETIKA 1GTOPIKA 1
petemporoywkd oOedopéva, o pmopovce Oy UOVO v PedTidost TV akpifeln Kol TV
OTOTELECUOATIKOTITOL TOV €V AOY® HOVTEAOV, OAAG KOl VO TOPEYEL TTO PEUAICTIKA TPOYVMOSTIKA
OmOTEAECLLATOL.

2.6.4 AmodoTikn ypiion Kot afomoinon Tov nedédwv Padidc padnong

H meioymoio tov povtéAwov npofrieyng mepthapPavel Ty TEXVNT VONUOGOUVN ®G HEPOG
g enelepyaciog Tov dedopévav €16000v. Ta amAd vevpwvikd diktuva Egovv ypnoipormombei oe
TOALEG TEPIMTDOCEIS OC WEPOG TNG EMEEEPYNSING KOL TNG TPOENEEEPYATING TV OEIOUEVOV
TPOKEEVOL Vo TTapEyovy o akpiPr| amoteréopata. [Ipdocopata, £xovv mpotabei mo cHvOeTeg
pebodoroyieg Pabiag pdbnong mpokepévonv vo Pertimbel 1 axpifeia T@v 1M1 LVIAPYOVOOV
pebodoroyimv kabmg kot ta Tapdvta véa poviéda Babidg pdbnong yio mbavotikég mpoPfAdyelg
evépyeag. Kvplog yia tov topéa ¢ mbavotikng mpdPreync evépyslag mov mTpdseaTol
dtepevvdTor OA0 Kol TEPIGGOTEPO, VTAPYEL OKOUA 1) SLVOATOTNTO TEPAULTEP® OVATTLENG TNG
aKpifelag T€T010V HOVTEA®V HECH TNG PEATIOONC TOL EMITESOV EVKPIVELNG KO EUTIGTOGVVIG.

Emmiéov, m oamlomoinon tov &v Adyw poviélwv, kobmg kol m PeAtioon Tov
VITOAOYIGTIKOV TOVG KOGTOVG Ba Pémel emiong va eival TO XIKEVTPO Yol LEAAOVTIKY €pgvval.
Agdopévov 6TL 1| TpdPreym afeforotntag Oa propovce va amoderydel eEApETIKA YPNOLUN OGOV
agopd To  mpoPAnuate ANYNG OTOPACE®V, T OVIWUETOMION TPOPANUAT®V  LYNAOD
VTOAOYIGTIKOD KOGTOVG GE TPAYLOTIKO ¥pOVO Kol ol kadnuepivég epapproyég Oa mpémel emiong
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va avortuyfovv meportépm. [Mapd v moAvmlokdtNTd TNC, N Pabid pabnon eaivetor va yivetol
OAO KOlL TO OMOTEAECUOTIKY KoODC ol mpotewvoueveg pebodoroyieg mpoywpovv Kot
gEediooovianr ovveydc. ITBava vPpdwd povtédo kot peBodoroyieg Oa pmopovoav va
amoderyBovv 0Tl BEATIOVOLVY TNV AMOTEAECUATIKNY ¥pron TS Padidg nabnong, péow g Kowng
YPAONG T®V VYNMADOV SuVATOTATOV EMEEEPYNTING TNG EVD TOVTOYPOVO aVTIUETOTIL oV ThavE
VYNAGL VTOAOYIOTIKG KOOT).

2.6.5 Beltimon TG ETA0YIG KOL AVIAVGTS TMOV 0EO0UEVMV 16000V

Me ™ cuveyn avantuén tov pebodoroyimv mTpdPieymg mapaywyng ond AIIE, yivetor 6Ao
KOL TTO €PIKTO TO LOVTEAQ GLTA VA, YPNCIUOTOLOVVTAL Yo TPOPAHOTH ARYNG omopdoewy. [To
axpifn povtéda Ba pmopovcav Vo SdPOUATICOVY CTUOVTIKO POAO GTNV OTOTEAECUATIKN
YPNOT TOVG GTIC ayopEG NAEKTPIKNG evépyelac. H emthoyn dedopévmv 16600V Kat 1) KOvoTOHOG
avamtuén pebodoroyidv mpoemeEepyosiog Bo pmopovoav va Pertidcovv v axkpifela tov
vropxoviov poviélwv. H amlomoinon g dwdikaciog ovOiAlvong Kol EVOOUAT®OONG TV
dedopévav 10600V Kabmg Kot 1 a&loAdynorn Tov BopiBov Kol T®V GEUANAT®V TOV TapayovTol
omd SPOPETIKEG HETAPANTEG €16000V, Ba UTOPOVGE VO TPOGPEPEL KOADTEPO, TPOYVOCTIKA
omoteAéopato. ¢ omoTéEAECUN, EKTOC Amd TV avamTuén povtéAwv TpoPieyns, Bo mpémel va
depeguvnBel mepartépm 1 onpoacio TG EyKvupng eMAOYNG 0ESOUEVOV, TNG OMOTEAEGLOTIKNAG
avaAvong kot eneEepyaciog Toug.

2.6.6 Movtého eKTipnong ve@okaioyng 611 ¢OTORoATaiKY] Tapay®yn

[Ipoécpata, ydpn otnv avdmtuén g TeXvoroyiog Kol TV HOVIEA®V TpoPAeyns, M
vepokdivyn eEetdletor ko epapudletal o oedouévo 10000V og poviéda TpoPreyng OB
Topoy®wyns. Atdgopor alyopiBuotl £xovv wpotabel yio v Ta&vounon g VEQPOKAALYNG Kot
&yovv ypnotpomoinfel amoteAeouaTikd TpoKkeEVoL va Pehtimbel 1 akpifea g TpoPAreync.
EmmAéov, yapn omv €Qoaproy | GLUOKELMV AMEKOVIONG OVPAVOD, EYEL ONUEIWOEl ONUOVTIKN
TPOOOOG GTNV EKTIUNOT] TNG SKVUOVONG TNG NAOKNG aKTVOPOAMOG GTNV EMPAVELD KOTA TN
OLIPKELD GUVVEPLUGUEVAOV KOIPIKOV cuVONK®V. Q6T000, VEOL 0AYOPIOLOL, KATAGKEVUCUEVOL Yia
TOV VTOAOYIGUO KOl TNV TOGOTIKOTOINGT TS GUVVEPLIC Bo umopovoay va, avartuyBodv 6To
puérdov [92], [93]. EmmAéov, o 1pomog e Tov omoio kdbe TOTOG LopPNG GUVVEP®V emnpedleL To
povtéla TpoPieyng Bo mpémel emiong va evOlapEPEL LEAAOVTIKY €pevva. Aaufdvovtag vaoyn
TNV TEPACTLO. TLYOLATNTO TOV GOVVEQ®V, TOPAYOVIEG OTMG 1 TaXVTNTO Kivnong Tovg, 1 Hopen|
KOl TO TTAY0G TOVG £XOVV CMLOVTIKO OVTIKTLUO 6TV aKpifela tng TpoPAeyng.

2.6.7 EveMéio Ko TPOGUPROGTIKOTITA TOV HOVTEAMY TPOPAEYNS

H mleloynoio tov poviéhov mpoPrieync, mépav Tng owdkaciog ovAamtuéng Kot
EKTTAUIOEVONG TOVG, EMIKEVIPMOVETOL GTNV EKTIUNGT TOV GOAANOTOC TPOPAeyNg pHe Pdorn éva
GUYKEKPIUEVO GUVOLO OEQOUEVMV TTOV APOPE EVa GUYKEKPLIEVO TPOPANLa [94]. Agv givon Alyeg
0l TEPIMTMOGEL TOV TO HOVTEAD TPOPAEYNG TOV GVOTTUGGOVTOL €Vl SLOHOPPOUEVE YO, VO
TOPEYOVY TPOYVAOOTIKG OTOTEAECUATO Y10, CUYKEKPIUEVEG TEPLOYEG OTIC OTMOIEC €YOVV KOAN
00000, VOTEPA KOl OO TNV PEATIGTONOINGT] TOV VIEPTAPUUETP®V TOVG. 0TOG0, omhvia
dokipdlovion o AAAeC mEPLOYES, €1TE LE TAPOUOLES €1TE SLOPOPETIKES KAUOTIKEG GLVOTKEC.
EmmAéov, Adyw mepropiopévng mpdofocnc o€ Oedopéva, O OPOPES TEPUTTOCELG
YPTOYLOTOIOVVTOL ETMOAVEIMUUEVO CULYKEKPIUEVE  OgdopEVO,  avolytng mpocPacnc. Tétotot
TEPLOPIOUOL TPETEL VO EEMEPAGTOVY KO 1] AVAYKT avATTUENG LOVTEL®V TPOPAEYN S OV Vva. givat
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OTTOTELECUOTIKA TAPd TO O£dOUEVO €10000V KOL TIG KAWMOTIKEG ovvOnKeg, kabdg kol Tnv
a&10AGYNON TOVG GE SLOPOPETIKEG TTEPLOYES TPEMEL VO, epevvn el mepartépw. EmmAéov, mpémetl va
onuelwbet 6t n petafAntdtTo TG Topaywmyng evépyelog sivon peilovog onuaciog yw tnv
extipnon g wkavotrag tpofieync. H kaddtepn epunveia v TANpoQopLdv Tov TapEYovTol
amd tétoln dedopéva petafintomrog Bo pmopovce vo PEATIOCEL OKOUO TEPIOGOTEPO TNV
TPOCOPHOCTIKOTNTA Kot TNV EVEMEIN TV LOVTEA®V TPOPAEYNC GE SL0POPETIKES GLUVOTKEG.

2.6.8 Ilpoctacio dcoopuévav

Adyom ¢ Tayeiag Kot cuveyovg Bedtiong Kot avanTuéng Tov pebodoroyidv mpdpieymc,
N amoOKTNoN Oed0UEVOV KOl O GUYKEKPLUEVO OeOOUEVOV VYNANG okpifelog éxel yivel pua
HeydAn mpokAnor. QoT1060, VO 1) OTOKTNOT OESOUEVAOV MTAV TO KUPIO TPOPANUG KoL 1] KOPLoL
€otioon ta teAevTaio ypdvia, To amdPPNTO TV dcdouEvav Exel mapapueindel apketd. O 6pog
«OmOPPNTO  OEOOLEVMVY  OVOQEPETAL OTNV TPOCTACIH  gvoicOnTeV KOl  EUTICTEVTIKOV
TANPOPOPIOV NG Oladikaciog TpoPreyng. Avtég ol TAnpogopieg pmopel vo meptiapfdavoovy
TPOCOTIKA 1] OIKOVOUIKA OEOOUEVO TOL UmOpel va exnpedcovy T dadikacio mpofreync. Qg
OTOTEAECHLO, GTO CUYYPOVO EVEPYELOKE GUGTNHATO, 1| EVIGYVLON TNG ACPAAELNG KOL 1) EMITELEN
TOL OOPPNTOL TMV JEdOUEVOV YiveTar pia onuavtikn tpokAnon [95]. Ta kowd mpofAnuota
TPOCTUGIOG AmoppnTOL OedOUEVOV Pmopel va TeplAapupdvovy v kown ypnon o0edouévav
petalld opyaviopmv, TN OWTNPNon OEdOUEVOV OTO. HOVTEAN TPOPAEYNG, TIC TAPUPLAcELg
dedopévav Kot Tig embéoelg otov KuPepvoymdpo [96] kabdg katl Tn U SLUUOPPOOT HE TOLG
VEIGTAUEVOVE VOOV Ttepl TpooTaciog dedopuévay. Q¢ ek TOOUTOV, 1| TPOGTAUGIO TOV ATOPPTTOV
TV dedoUEVaV Ba TTpémel v AapuBaveTotl vwoYN Katd TV ovATTLEN Kol TNV KOTOGKELT VEMV
HOVTEL®V TTPOPAEYTG OTO PEALOV.
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KepdAoio 3

TEXNHTA NEYPQNIKA AIKTYA

3.1 Ewoayoy

Ta texyntd vevpmvikd diKTuo amOTEAOVY CHUEPO TN dNUOPIAEGTEPT PACOT TV HOVTEAWV
TpoOPAeyNC, T000 YEVIKE, 0G0 Kt €101KA otV TPoPAeyn mapoaywyng and AIIE. H Aoy wicw
ato T SOl TV TEYVITOV VEVPOVIK®V SIKTV®V PpiokeTal otn Broroyia [97].

Ta TNA apywd opictnkov ©¢ pHo. Tpoomdfeln podnuatikig HOVTEAOTOINoTG Kot
TPOGOUOIMOoNG TS TOAOTAOKNG Asttovpyiag Tov avBpdmvov eykepdaiov. H guoikn dounq tov
eYKePAAOL emTPEMEL APEVOS TNV TOUPAAANAN emelepyacion moKiAwv Kot peydAov dykov
OEQOUEVOV KOL OPETEPOL TN OLVOTOTNTO GLVEXOVG EKTAIOEVOTG KOl LAONOTG OAANAETIOPOVTOG
ue 1o mepPdidov, Aappdvovtag vroyn moivapdua epediocpata. To TopaTAVED YOPOKTNPICOTIKA,
dtvouv ™ dvvatdtnto cvveyohg TPOSAPLOYNG Kal eEEMENG TG AEtTovpYiog TOV €YKEPAAOV,
EMTPEMOVTOG TAYVTATEG dlePYaoieg Kot cuveyn PeAtimon Twv SuVUTOTHT®Y TOV.

Avrtiotoyo, ta TEXYNTE VELPOVIKE OiKTLO OVOTTOYONKOV pHE TETOLO TPOTO MGTE V.
HLOVVTOL TI TOPUTAVE® 1010TNTEG TOV PBLOAOYIKOV SIKTVOV VELPOVAOV TOV gYKEPAOAovL [I8].
Baowkd douikd otoreio twov TNA amotelel o vevpmvag, o omoiog Aapfdvel To mANBo¢ Twv
epebiopdtov amd dAlovg KOuPove Kot ot cvvEyeln voAoyilel pia €080, CLUVOPTNCEL TOV
dedopévav €16000V Tov TpociapPdaverl [99]. To pabnuotikd poviédo €vOg TLTKOD VELPDV
evog TNA paiveron oto Zyfua 3.1.

Kda0e vevpivag 6éxeton dedopéva 16600V, gite amd GALOVS VELPDVES (X1, X2, ..., Xm), EITE
oand eEwteptkonc mapdyovieg (mOAwon b) kot mapdyel v €£0do y. To 6OVOAD TV VELPDV®OY
00 TNA oAAnAemidpovv PeTa&h Tovg cuVOedEVOL PE TIG cuvayels. O Babuog kot 1 onuocio
™G oAANAemidpaong petald evog (ebyovg vevpmvov Oapépel kKo kobopiletor omd o
ouvanTikd Bapn (wi, wa, ..., Wn).

Kaboc 10 vevpovikd diktvo ekmordevetal kot yivetor OAlo kot “eEumvotepo”, To
ouvOmTIKG Bapn HETOPAAAOVTOL CUVEX®DC, KAVOVTOG TOVG OEGUOVG HETAED TMV VELPOV®OV
woyLpotepovg N o advvapovg [100]. H mapamdve dtodikacia, avadelikvigl TOGO 1GYVPOS gival
0 0ecpdg petalh evog Le0YOUE VELPOVOV Kl GUVETMC T OGN TOV dEG0UEVOV E1GO00V GTNV
exmaidevon tov TNA. Ta cuvortikd Bapn ent T ovoiag petaepalovy T yvdon mov Aappavet
10 TNA oand 10 mepiPdirov, dNAodN amd T €1GAYOUEVO GE ALTO dedopéva Kot Tovilovuv n
duvatotnta tov TNA va tpocappoloviol 6To €KGoToTe TPOPANUA.
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TToAwon
b
( x1
" /) —
Eicodot < - "E&od0g
Zuvaptnon y
Kéupog EVEPYOTOINOTG
&Bpotong
'x)l
\ ZovanTikd
Papn
Yype 3.1 ATotHnwmoT TUIKOL VELPOVA TEXVITOD VEVPOVIKOD SIKTVOV
H osvvolikn €ic0d0g Tov vevpmva tov Zynuotog 3.1 givo:
Z= WiXq +WyXy + o+ WXy, + b 3.1
H ££000¢ Tov vevpmva tov Zynuotog 3.1 vroroyileton oc e€Ng:
y= f(2) (3.2)

H é£0d0¢ y mapdyeton epopuolovtog To 4Opoiopa TG GUVOAIKNG 16000V GTN GUVEPTNON
gvepyomoinong f. Oewpdviag v TOA0ON ©¢ oTtabepd, 1 omoia 0modidEl GTOV VELPMOVE TNV
eveMéio vy vo Bpebel n PBértion dvvary TPoodyyior, N TEMKN £€E000G TOL VELPMOVO
amekovileton KahdTepa pe TNV Tapakdtom oyéon [101]:

y=f (Z(wixi * b)) (33)
i=1

3.2 APYLTEKTOVIKI] TEYVI|TOV VEVPOVIKOV SIKTOVMV

H apyttextovikny tov TNA pnopei va mowciiel omd moAhd omdn uéypt moAv ovvhetn. O
vevpaveg Tov TNA givar opyavopévol og enineda | otpopota [102]. To otpdua 166500 Kot
T0 oTp®U0 €£GO0V amOTEAOVV SOk oToryeio TG apyltekTovikng Twv TNA, evd 10 evOLaUECO
KpLQO M KPP oTpdpaTo Kafopilovy TNV TOALTAOKOTNTA TOL VELPOVIKOD SIKTVOV.
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Yympa 3.2 Tomud moiveninedo Perceptron.

Yrpopa e166dov (Input Layer)

To otpodua 10600V amotereitar amd OAeC TIC LETAPANTEG Ol omoie e1GdyovTan
o010 TNA. Kdabe petafinti eic600v avtictoyel o évav vevpmva. Ot vevpmveg
TOV OTPAOUATOG 16000V GLVOEovTOl amevbeiog €ite He TOVG VELPAOVEG TOV
EMOUEVOL KPLEOV GTPAOUOTOC, £ite (oTavidTEPA) AMEVOEING [LE TOVG VELPDOVES TOV
oTPp®UTOG EGO0L.

Kpvod otpopara (Hidden Layers)

O apBudg TV KPLEAOV CTPOUATOV UTOPEL VO TOIKIAEL, ovAAoyo HE TIC
OTOLTACEL TOL TPOPAIUOTOS KOl TNV €NeEEPYAOTIKY] TOALTAOKOTNTO TV
dedopévav €1e00ov. Ot veupdveg €vOG KPLEOD GTPMOUATOS GLUVOEOVTOL [E
SLAPOPOVE TPOTOVS LLE TOVG VEVPMVEG TOV EMOUEVOL KPLPOV GTPMUOTOC, 1 HE
TOVLG vVELVPOVEG TOV oTpmduatog e£6dov [103]. H eicayduevn minpogopio 6Tovg
VELPAOVEC €VOC KPLPOD OTPOUOTOS UTopel vo mpoépyetal amevbeioc amd To
OTPAOUO 16000V €iTE Ao TNV EEAYOUEVT TAPOPOPIN, TOL TPOTYOVLEVOD KPLOOD
GTPMUOTOG.

Xrpopo €£66ov (Output Layer)

Amo 10 otpdpo €650V diEpyeTal To davucua ££600V Tov cuvoAlkoh TNA. O
aplOpdg TOV VELPOVOV TOL OTPOUOTOC €EO600L 1600TAL pE TIG (NTOVUEVEG
petafintég e€66ov amd 10 TNA. H eiooydpevn mAnpogopio 610 oTpdua 600V
umopel va Tpoépyetar gite amevBeiag omd T0 GTPOLO EIGOJ0V, E1TE QO TNV TEMKN
emeepyalopevn €£000 amd To TEAEVTOIO KPLPO GTPDLL.
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Ta TNA, Pdoel ™G apYITEKTOVIKNAG TOVG, UTOpPOLV va, dtokplBodv oe dvo Paoikég
Katnyopieg, Ta dikTva EUTPOGOLOG TPOPOSATNONG Kot TO avadpopukd dictva, [28].

Lrpopa
Ewodov

Kpvoo Ztpopa

Yype 3.3 ATAOTOUEVT] GYNUATIKY OTEIKOVIGT] 0VOIPOUIKOD VELPOVIKOD OLKTVOV.

3.2.1  TeyvmTa vevpmvikd dikTva epmpocOog Tpo@odoTnong evog emédov (Single-Layer
Perceptron)

Amotehoov v mo amd popery TNA. Ta diktvo eunpocbiag Tpopodotnong
YopoKTNPifovtal amd Tr LOVOSPOUN TTopEia TG TANPOPOPING, OO TO GTPMO EIGOO0V TPOG TA.
KPLQE GTPOUATO KATOANYOVTOS GTO GTPOU €E0d0V.

[To ovykekpyéva, ovTd 10 €100¢ VELPOVIKAOV SIKTV®V givar 1 mo omAn popen TNA.
Amoteheital povo omd TO OTPOUN €1GO30V Kol To eminedo €£6S0v, pe TV TANpPogopio vo
€10 YETOL 0O TO GTPMUO EIGOOOV KoL UETAPEPETOL TPOG TO oTpdUa ££600v [104]. Xto oTpdUA
€10000V emitereital UOVO M HETAQPOPE TNG TANPOQOPING TPOG TO OTPOMO ££000V, YWPIg va
yivetatl omolovdnmoTe €idovg emeepyacial.

3.2.2 Molvemineda teXvNTA vevpmvikd diktoa (Multi-Layer Perceptron)

Ta molverinedo TNA gunpochiag Tpo@odoTnong elval Ta To GVYVE XPTNCLOTOIOVUEVA
TNA eunpoctiag tpoeodotnong Onwc amoTumdveTol Kot 6t0 XZynue 3.2, 1 OLCICTIKY
dlpopd pe Ta avtictolya Oiktva eUmPOGHC TPOPOdOTNONG €VOG emutédov eivar M ypnon
KpLEOV otpoudtov. H ypion 6A0 Kol mMEPIGGOTEPOV KPLPDOV OCTPOUATOV ovEdvel TnV
moAvmhokotnTa Tov TNA, BEATIOVOVTOC WGTOCO TNV SUVOLIKT KOl TNV VITOAOYIGTIKY TOV 1OV
[105]. H ypnon xpvowv otpopdtov emttpénet oto TNA va avtamokpivovtol oTic avayKeg
oVVOET®V TPOPANUATOV TOV TPOYUATIKOD KOGLLOV.

H mapopetpomoinon autdv TV VEVPOVIKOV SIKTO®V OLGLOCTIKA O(POPE GTNV ETIAOYN
oV aplBpod TOV KPUPOV GTPOUITOV 0AAL Kol TOV apldpold TOV VELPMVAOV Tov £xel Kibe
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oTPpOU. ZTO oTpOMe €000V epapuroleTar GUVHOME SLOPOPETIKY GUVAPTNOY EVEPYOTOINGNG
O7tO QLTI TOV YPNCIUOTOLEITOL GTA KPVPE CTPOUATO, OvaAoyo To TPOPANUE TOV YpetdleTon va
avTIHETOTIoEL 0 YpNoTNC. O1 VELPDOVEG EVOC GTPMUATOG GLVOEOVTAL LE OAOVG TOVG VEVPDVEC TOV
EMOUEVOV CTPOLATOS, YOPIG SL®MG VoL GUVOEOVTAL LLE TOVG VEVPADVES EVTOC TOV 110V GTPMUATOG.

3.2.3 AvodpopiKa VEVPOVIKE diKTVO.

H 6o xon o ouyvi ypfon tov TNA cg mo moAvmioka TpofAnuata, £(EL 0dNYHGEL GTNV
emmAéov aEoAdyNnon TV anoitnoewv Twv TNA amd Tov ¥pfoTn Kol TOV EVIOMIGUO TOV
nepBopiov eEEMENG TOVG OO TOVG YPNOTES. XTa, dIKTLO EUTPOGOLOG TPOPOSOTNONG, OL G001
TOV VEVPOV®V gival aveEaptnTteg PHETOED TOLG KOl 1| TANPOPOPIL LETAPEPETAL LOVOSPOLE OO
OTO GTPMUA EIGOO0VL UEYPL KOL TO OTPDUN EEOSO0V.

H moivmlokdtto twv TpoPANUATOV TOV TPAYHOTIKOD KOGHOL ®WGTOGO Oev Aettovpyel
hvto povoopopo. Ta avadpoutkd VEuPpmVIKAE SIKTLO ETLTPETOVY T LETAPOPA TG TANPOPOPiaG
1660 PeTAED TOV VELPOVAOV TOV 110V GTPMOUOTOC, OGO KOl TPOG TPOTYOLLEVA oTpdpato [106].
Ymv ovoia, 0 0pog “avadpopKd VEVP®VIKO OIKTLO”, TPOKVTTEL AmO TN SVVATOTNTO TOL
TPOGPEPEL 1] APYLTEKTOVIKT] OVTAOV TOV SIKTVWOV VO EKTEAODV TNV 1010 epyacial, Yo kb otoryeio
piag aAiniovyiag, e 1o amotélecua va eEapTdtal amd ToVE TPOTYOVUEVOLS VITOAOYIGHOVS TOV
&yovv mpaypatomombel. Anpovpyeitar onAadn, n Evvola g VIUPENS “UvAUNGS” TANPOPOPIDY
o€ QTOV TOL TVTOL TO dikTLA. M1 OTAOTOMNUEV AEIKOVIOT] TG AELTOVPYIOG TOL OVOUOPOULKOD
TNA ¢aivetal oto Zynua 3.3.

3.3 XuvapTthosig evepyonoinong

Ov ovvaptioelg evepyomoinong amotelovv Pooikd Odopkd ototyeio tv TNA,
TPOGOIOOVTIAC TOVG TNV ATOPUITNTN U1 YPOLUUKOTNTA MGTE Vo, YIVETOL EQIKTN 1] VAOTOINGT Kol
OVTIUETOTION TOAVTAOK®V TPOoPANUdT@V Tov Tpaypotikod koésuov [107]. Ot vevpmveg Tov
TNA AoapBdvovv cuveydg epebiopota Ko TAnpogopiec Tic omoieg KaAobvtal vo eneEepyactodv
KOl VO LETAPEPOLV TO, ATTOTEAEGLLOTOL TG EMEEEPYOGIOG GTOVE ETOUEVOVS VEVPMVEG.

Kabe vevpavag oe éva TNA epoppolel o cuvaptnon evepyomoinong 6to oTadUiocpuévo
G0polopa TV €1G00®V TOL YO0 VO EICOYAYEL UM YPOUUIKOTNTO Kol VO CLAAGPEL TOAVTAOKN
potifa ota 0edopéEVA. TN GUVEYELX, 1] CUVAPTNOT EVEPYOTOINGNG TPUKTIKA ETIAEYEL TOV Pabpo
™G TANPOEOpiag mov Bo mePEcel 0TOV EMOUEVO VELP®VA, PLOLLOVTOG TNV TOALTAOKOTNTO TG
TANPOPOPIaG OAAG Kol TO EDPOC TNG.

H emiloyn g cuvdptnong evepyomoinong mailel ovolooTiKd pOAO OTN AEITOLPYID TOV
SIKTOOVL, POV AVAAOYO TO TPOPANLA, 1 KATAAANAN cLVAPTNON UTOPEl Vo GUUPAALEL oNUAVTIKG
o1 Peltimon g amddoonS Tov SIKTOOL. YTAPYOUV S1AQOPES GLVUPTNOELS EVEPYOTOINGTG TOV
YPTOYLOTOIOVVTUL OTO VELPOVIKA OIKTLA WE TIG MO EVPEMG YVOOTEG Vo €ivol 1 cuvapTnon
dopbopévne ypapukng povadag (Rectified Linear Unit — ReLU), m otypogidng kot m
ocuvdptnon vrepPorkig epamtopévng (tanh). Ol TOPATAV® GLVOPTAGCELS ATOTVTOVOVINL GTO
Zymua 3.4, kar opiCovton g e€Ng:

(3.4)

fsigmoid(z) = 1+e2
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frerv(2) = max(0,z) (3.5)
eZ — o7
frann(2) = T rez (3.6)

H oiypogidng ovvdpmmon ovumiéler tig Tpég €ico6oov oty mepoyn [0, 1] xon
YPNOWOTOLEITAL GLUYVA GTO €mimedo €£0d0v Yo TpoPfAnuata dvadikng ta&vounong [108]. H
ovvaptnorn vrepPolikng epomtopévng (tanh) eivolr mopdpol pe TN OyHogwdn], OAAG
avtiototyilel Tig Tipég oty mepoyn [—1, 1], kabiotdvrog v Undevikn o610 KEVIPO Kot
KATAAANAN Y10 Kpued emimeda [109]. H ReLU vioBeteiton evpéme, BETovTag apvntikég THEC 6TO
0, T0 omoio PonBd otnv katomoAéunorn tov mpoPAuaTog ¢ e€apdviong ¢ KAiong Kot
TPOCPEPEL VTOAOYIOTIKY omddoon [110].

H emioyn g katdAAnAng cvvdptnong evepyomoinone egoaptdrtal and to €KAGTOTE
TPOPANUO OALG KOl TO YOPAKTNPLOTIKA TV dedopévey. o ta Pabid vevpovikd diktva, M
ReLU kot o1 TapaAlayég TG Guyva TPOTIUMVTOL AGY® TNG OTOTEAEGLOTIKOTNTAG TOVG KOTA TNV
dwdtkacio ekmaidevong Tov diktvov. Ot sigmoid kot tanh cuvaptioelg fpickovy ypnoudTnTA
670 oTpOUa €E600V Y10 Epyasieg TaEVOUNONG SLASIKMY 1] Kot TOAAATADY KAAcewv. H emthoyn
umopet eniong va e€etdoct TpokAnoelg OTmg e€apavilopeves KAMGELS 1| vEKPOUS VELPDOVEG.

o —— > /,--"'__ T
/ i _.-"I

a5 rd oo

P N
-~ -0.5

() (B)

{v)

Yyqpe 3.4 Zvvapthioelg evepyomoinomng, (o) otypoewng ovvaptnon, (B) ovvaptnon
VIEPPOAIKNG EQOTTOUEVNG, (Y) cvvdptnon RelLU.
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3.4 Exnaidcvon TE(VNTAOV VEVPOVIKAV OIKTVOV

H Swdwooio exmaidevong evoc TNA givol ovt TOv TOVL EMTPENEL VO OVOTTOGGEL TNV
wKovoTTa Vo evtomilel oyéoelg kot HoTifo HeTald TV JES0UEVEOV TOV TOL TPOPOSOTOLVTAL
wote vo pmopel otn ouvéxeln vao ekteAel mOAOTAOKES Aettovpyieg, Omwg M mpoOPreyn M M
ta&vounon. Q¢ ekmaidevon Tov VELP®VIKOL JSlkTVoL Umopel va BewpnBel 1 Swadikacio
oLVEYOVG KOl ETAVOLOUBOVOUEVIC TPOPODOTIONG TOV UE VO GOVOAO JESOUEVAOV E1GOS0V Kot M
TOPOUETPOTOINOT] TOV POPDOV KOL TOV TOADCED®V MOTE KAOE vevpdvag va divel T PEATIOTN TN
eE6dov. Ta dedopéva oL YPNGILOTOOVVTOL Yo TN OOIKAGIN EKTOIOEVONG AMOTEAODV TO
GUVOAO EKTOIOELGTG KOl OITOTEAOVV TOGOGTO TOU GUVOALKOD OYKOL TV dedoUEVOV. Y TApYOoVY
dV0 PEDOOOL EKTAIOELONC TOV TEXVNTAOV VEVPOVIKDV JIKTOMV, 1] EXTNPOVLEVT EKTOIOELGT) KOL 1|
un emtnpovpevn exmaidevon [111].

3.4.1 Emtnpoduevn ekmaidocvon

H emitnpovpevn exkmaidevon mpokvmtel omd TV el0aywyn amd Tov xpnon evog GuvoroL
dedoUéV@V 100000 OAAG kol TV embBountodv Tuav g£60ov. Ot Tég €£600v Tov Tpo-
gloqyovtol omoTeELOOV TOVG “OTOYOLS” TOV VELPOVIKOV OIKTOOL TIC OTNOIEG TPEMEL Vol
npoceyyilovv ot TpoPAréyelg Ttov TNA dote va eivat omodoTiko.

Apyikd, ta Bapn Kot ot TOADGCELS 0PYIKOTOLOVVTOL EITE LE TVYOIO TPOTO €lTE LE KATOLN
uébodo apykomoinong mov opiletar amd Tov ¥pnotn. Ztn ovvéyeln, to TNA tpopodoteital
oLVEXMDG KO KOTE ETOVAANYT] LE TO GOVOAO TV SEDOUEVOV EKTOUOEVONG, TOPUUETPOTOLDVTOG
o€ KAOe emavaAnym ta fApn Kol TIG TOAMOELS Katd TETO0 TPOTO MOTE, Yio Kabe dedopévo
€10000v va, wpooeyyiletal emapkdc M emBount ££000¢. XTOYOG TNG OVOTPOCUPLOYNS TOV
Boapadv Kot TV moA®cEOV gival 1 660 To duvatov BEATIOT pPeimo TG omdKAIoNg PETOED TV
TPAYUOTIKOV Kol TV TpoPfiemopevov e£60wv. Otav 1 amdkion avth £xel PTACEL GE o
embount) Sweopd, ot TWESG TV PopdV KOl TOV TOADCEMV OTABEPOTOOVLVTOL KO
OAOKANPMVETOL 1] O100IKAGIN TNG EKTAIOELONC.

Metd t Bértiot obykAion Tov Bopdv Kol TOV TOADCE®VY, TPOEOd0TOVVTOL 6T0 TNA
emmAéov dedopéva wote va efetootel kot va agloroynel 1 anddoon tov Kol oe dedopéva
TEPAV QVTMOV TOV YPNCLOTOONKaY Yoo TV ekmaidevon Tov. To véo chvolo Tmv dedouévav
amotelel 10 obhvoro allordynong [98]. Zuyvd, n ddwkacio ekmaidevong cvveyilel vo tpéyet
TOPIAANAL e To oTado NG a&lohdynong, emrpénoviag 6to TNA vo Tpoympdel 6€ ERTAEOV
TOPOUETPOTTOINOT], PEATIOVOVTOG TNV TPOCUPUOCTIKOTNTO KOl TNV ATOS0GT TOL HOVTEAOVL, ALY
aLEAVOVTAG TOVTOYPOVA TOV XPOvo TPEEILOTOC TOL LOVTELOL TPOPAEYNC.

H mieoynoeio tov TNA Bacilovior oty emtnpovuevn ekmaidevon, 1060 xapn oty
OTOTELECUOTIKOTNTO KoL TNV aKPIPELS TG, OG0 Kol GTOV ELEYYO TOV TPOCPHEPOLY GTOV XPNOTH.

3.4.2 Mn gmnpovuevy ekraidgvon

2 un exunpovpevn eknaidevon, 6to TNA tpo@odoteitol OTOKAEIGTIKA [LE TA OEOOUEVOL
€10000v, mopoAeitoviag TG emBuUNTEG TIUEG €£000VL. LTV MEPIMTOON OVTY, TO VELPMOVIKO
dikTvo KkoAeitol péco amd TN Owdkacio Tng ekmaidevong Tov va odnynbel oe dukd TOL
ocvumepdopata yo TNy wovikn é£odo. Afloloymvtog ta dedopéva 16000V, To TNA evtomilet
potifa 1 otaTIoTIKEG cLoYETIoES PeTAd TV dedouévav date va odnyndel otn BérTio, Yo
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exeivo, mpoPreyn. H uoévn ovclootikn mopéufacn mov umopel vo €xel o ¥pnote, ivol oy
OPYLTEKTOVIKT TOL VEVPMVIKOD SIKTVOV, 1 LEG® KATOI®V KOvOvmv uddneng, to omoio umwopodv
va, kaBodnynoovv cg éva Pabuod tov tpdmo Acttovpyiag Kot ekpdOnong tov TNA [98].

H pn emunpodpuevn ekmaidevon, votepel e amnddoon kot akpifelo g emttnpoOUEVC
eKTaidEVoTG, MOTOGO gival TayvTeEPN 0mtd exeivn. Kotd khplo Adyo yproylomoteitan yio va yivet
KGO0 OpYIKT KATYOPloToinoT tev dedopuévav eleodov [112].

3.5 Avtikeipeviki covapTion

H oaviikepeviky oovdpmnon, cuyvl ovagepOUeVT] Kol MG GLVAPTNON OMMOAENS M
ouvdptnomn KOoTovg, Tailel OepeAiddon poAo oty ekmaidevon kol TN PeltioTomoinon TV
VEVPOVIKGOV OIKTO®V. XPNOUEDEL ®G KPIGIHO GLOTOTIKO NG Oldikaciog padnong Tov
VELPOVIKOD SIKTOOV, TOGOTIKOTOIMVTAG TNV EMIO00T] TOL LOVTEAOL TPOPAEYNG OGOV apOopd TG
TPOPAEYEIC TOL GE GUYKPLON HE TIC TPOYUOTIKEG TWWEG NG (nrtoduevng petofintis. H
OVTIKEWLEVIKT] GUVAPTNOT OLGLUGTIKA TocoTiKoTolel 10 "kdoTog" mov oyetiletan pe to TpéYov
obVoLo TapapéTp®v Tov TNA. X10%0¢ TOL JIKTOHOL KATA TN SIUPKELN TNG EKTAIOELONC Elval Vo
EAMOYIOTOTOMOEL OVTO TO KOGTOG, PEATI®OVOVTOC £TCL TNV KAVOTNTA TOL Vo KAvel axpiPeic

TpoPAEYELC.

H avtikeypevikn ovvdptnon eivar cuviBog o pobnpoatiky ékepact mov AapPAavel g
€10000 TIC TPOPAEYEIG TOL HOVTEAOD KO TIG OVTICTOYEC TPOYUATIKES TIWES. YToAoyilel tnv
ACVUE®MVIO HETAED OVTOV TOV TPOPAEYEMV KOl TOV TPAYUOTIKOV TILMV, TAPEXOVTOS L0l EVICIN
KMUOK®TH T TOV OVTITPOo®NTEDEL TOV Babud GAALATOC THG TPOPAEYTC.

Koatd 1t Sdpkelon ¢ exmaidevtikng oladikaciag, to TNA ypnowpomolel texvikéc
BedtioTomoinong, MOTE VO TPOCUPUOCEL TIG ECMOTEPIKEG TOV TAPUUETPOVS (CLVOTTIKA PAapm Kot
TOAMOELG) YO VO EAGYIOTOMONGCEL TNV T TNG OVTIKEWWEVIKNG OLVApPTNOoNG. Avti 1
EMOVOANTTIKY] Oladtkacio meptlopuBdvel Tov LIOAOYIOUO NG KAIONG TNG OVTIKEWEVIKNG
oLUVEPTNONG GE OYECT UE TIG TOPUUETPOVS TOV LOVTEAOVL, 1] OTTOl0, VTOJEIKVOEL TNV KaTeEnBuvo
Kol To péyefog TNG OMOUTOVUEVIG TOPUUETPOTOINONG Ylo. TN MEIMON TOL CEAAUOTOC. XTn
OULVEXELD, TO HOVIEAO EVNUEPAOVEL TIG TOPOUETPOVG TOV TPOG OVTH TNV katevlvvon,
TPOYOPDOVTOS OTASIOKE TPOC Ll KATACTAON OTOL 1) OVTIKEWEVIKY GLVAPTNON QTAVEL LU
e ot Svvatny T, Avtd etvar 10 onueio oto omoio ot mPoPALYEC TOL SIKTVOL
evBuypappifovtal 660 To SuvaTOV TEPIGGOTEPO LE TIG TPOYHOTIKEG TIUEG.

3.6 MeTpnTikd aflordynong poviélov tpopfieyng

H a&ohdynon tov poviédwov Tpofreyng omoTeLel £V GNUAVTIKO GTASI0 TNG EMITLYOVG
extipnong g mapaywync niektpikng evépyelag and AIIE. H cuveyng avénon g évtaéng téco
OAKNG, 660 kKot @B mapayouevng evépyelag oto MAEKTPIKO diktvo emiPdiier v OA0 Kot
axpipéotepn mpoPreyn tovg. To ovclooTikd omotélecua TG akpiods TpoPreyng eivor m
opoAotepn Svvotn evooudtwon tov AlIE oto evepyelokd oiktvo HEC® TOL PEATIGTOL
TPOYPOULUATICHOD KOl EAEYYOVL.
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Onwg meprypdonke oto Kepdhowo 2, vadpyovv morvapiBueg pébodor mpofreyng
mopoywyng ®B kot aoiikng evépyelog. H a&loddynon tov poviéA@v Kot 1 eKTIUNGCT TOV
oc@aApaToc TPOPAeyng elvarl amapaitntn dote va £acPaMoTEl 1 IKOVOTNTO TOV HOVIEA®Y
mpoPreync va extpwodv oe emapkn Pabud v mapoyopevn woyw [28]. H a&loddynon
EMTLYYAVETOL HEC® TNG YPNONG OAPOPOV UETPNTIKOV GOYKPIONG TOL  a&loAoyobv Tig
TPOPAETOUEVEG TYEG 10YVOG GE GYECT UE TIG TPUYUATIKES TIHES 10Y00G. MECm TNng ¥pnong twv
HETPNTIKAOV aELoAdYNOoNG, YIVETOL EPIKT 1] GUYKPLOT TOV OLPOPETIKMV HOVTEA®V TPOPAEYNS
OV UTOPOVV VO EPOPUOCTOVV GE £VO CLYKEKPEVO TTPOPANUO Kot 1 €m0y TG PEATIOTNG
pebodoroyiog. Emumhéov, emtpémel v katovonon Tov TPOTOV AETOLPYING TOV HOVTEA®Y
TPOPLeYNg oe Sl0pPOPETIKG TPOPANUATO, JIOPOPETIKA O100EGIL0 OESOUEV, KO SLOPOPETIKEG
petewporoyikéc ovvOnkes. Téloc, ko fomg kot onuovtikoteprn, eivar 1 cpPoAn g
Swdwkaociog a&oAdynong twv UHoviédmv mpoPAeync otov eviomicpd mbavadv onpeiov
Bedtiowong tovc. Katd tn ouykpion T@v HOVIEA®Y, UTopolV Vo eKTIUNO0VV To TAEOVEKTHLOTO
KOL TO. [LELOVEKTNLOTA TV JAPOPETIKOV HEBOSOAOYIDV KOl GUVETMG VO EVIOTIGTOVV TOAVEC
duvatdTNTEG PEATIOTOMOINONG T®V LOVTEAWV TPOPAEYTG.

Onwg yiveton e0KoAa Katavonto, 1 GLUPOAN TG 0EOAOYNONG TV LOVTEA®Y TPOPAEYNC
elvar peifovog onuociog yio v opoAn kot ereyyopevn evoopdatoorn tov AIIE oto diktvo
niektpikng evépyelag. H Pedtioon g adlomiotiog Tov HoviéA@v TpoPAeyng Tapaywyng amo
AIIE givar onpavtiki tO60 6TV oUTloKpatikn TpoPAeyn 660 Kot oty mlavotikn. Onmg sivon
OvVOUEVOLEVO, M OITIOKPOTIK] TPOPAeyn ypnowomolel petpntikd aftoldynong to omoio
EKTILOVV TN GOYKAIGT (1 amdkAion) TG TPoPAEmOUEVNG TIUNG omtd TV Ttpayuatiky. [Tapdia
avtd, n ofefordtra g TPOPAeyng dev glvar dvvatov vo amotumwbel pe T ypnon Twv
UETPNTIKAOV onTokpaTikng mpoPfrieyns. Ta petpntikd mboavoTiking mpoPieyns, Katd €vo mo
TEPIMAOKO TPOTO QMO TO. OLTIOKPATIKG PETPNTIKA, a&loAoyodv v TpoPreyn 1660 PAcel TG
TOOTNTAG TNG TPOPAEYNC OGO Kot 0o TN OKOTLA TNG gvkpivelog kan tng adlomotiog tovg. Katd
avTd TOV TPOTO, 1 WOOVOTIKN TPOPAEYN UTOPEl VO TOPEYEL UK O TANPN EKOVA Ylo. TNV
eMIdO0N KAl TNV amOS00T] TV HOVIEA®MV TOAVOTIKNG TPOPAEYN S KOADTTOVTOG KOl TNV TAELPA
™m¢ ofefardTNTag TOV TPOPAETOUEVOV TILDV.

3.6.1 AwmokpaTikd peTpnTikd aSlorhoynong

Ta aitiokpatikd petpntikd agloloynong Pacifovtor oto va avadeiEovv apOuntikd 1M
TOGOOTION TN OPOPA HETAED TPAYLOTIKOV Kol TPOPAETOUEVOV TIL®V TOPAYOLEVNC 10YDOC.
Koatéd tov tpdémo ovtd, TOCOTIKOTOEITOL TO CQAAUN TPOPAEYNG HETAED TPAYUATIKOV Kol
TPOPAETOUEVOV TIUDV, EMTPENOVTOG £TCL TNV EKTIUNGCT TNG OTOI0CNG TOV EKAGTOTE POVTEAOV
TPOPAEYNS OAAG KaL TN GUYKPLOT] TOL UE GAAC LOVTEALL.

e Mepoinvyia (Bias)

H peponyia avtimpocmnedel o (otikn mroyn ¢ agloldoynong g
OTOO00NG TOL HOVTELOL TTPOPAEYNS. YTOONAMVEL TO GCUCTNUOTIKE GOAAUATO T
TIC OLVEMElC AmMOKAICEC HETOED TV TPoPAEYe®mV €VOG HOVTEAOL Kol T®V
TPOAYLOTIKOV TIUOV. ZTNV ovcia, to o@dipo pepoinyiog yoapaktnpiler mdéco
KOAG €va VELPWVIKO OIKTLO YeEVIKELETOL o€ VEO OedouEVO. v yewpileTan
CLCTNUOTIKO GPAANOTO OTIC TTPoPAéyel; Tov. OvolooTIKG, T EKTIUNoTM TNg
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pepoAnyiog dciyvel edv éva povtélo mpdPrewng ektelel vo-tpdPreyn N vrep-
TpoPreyn Tov anoteiespdtov. H pepoinyio pmopet va extiundel og eéng:

N
1
Bias = = @i~ ) (37)
i=1

omov N gtvor To GOVOAO TV TOPATNPNCEWDVY, ¥i EIVOL 1] TPAYHOTIKN TN Yo TV
lostq TOPOTNPNON KOl ¥; €ivar 1 TPOPAETOUEVN TIUN YO TNV oo TAPOTPNOMN.
Mndevikn Ty ¢ pepoAinyiag, deiyvel 0Tl 10 povtélo mpdPieync eivor Kotd
nécso opo axpiPéc. H Oetikn pepoinyio delyver 61t 10 poviélo Tpofheyng Kavel
VTEPEKTIUNOT] TOL OMOTEAEGLOTOC, EV 1| OPVNTIKN UEPOANYIN Ogiyvel OTL TO
HOVTELO VITOEKTILA TO UTMOTEAEGLOL.

H pepolnyio cuvdéetor e v VTOTPOCHPLOYH, MU GUVONKN OmoL TO
povtélo elval mOAD amAoikd Yo vo KaToypdyel To vRokeipeva potifo oto
dedopéva. H vynAn peponyio vwodnAdvel 0Tt To HOVTEAO TElVEL VO KAVEL
CLOTNHOTIKA AGOT amoxkiivovtog oTafepd amd TIG TPAYUOTIKEG TULEG.

H a&oldynon kol o PHeTplacpoc e pepoinyiag sival éva kpioyio Prpo
yio TV avdmtuén kot ™ Bertioon Tov povtédov. Ot teyvikég yio v a&loAdynon
™G HePOANYiog mePAapUPBAvouy Tn GOYKPIoT] TOL HEGOL OPOL TV TPOPAEYE®DY
TOV HOVTEAOL UE TOV UEGO OpO T®V TPUYUATIKOV dedopévov. H pepoinyia
umopel vo.  OVTIHETOMIOTEL pHe Odpopa HEGA, ONMOC 1 TPOCUPUOYH TNG
OPYLITEKTOVIKNG TOL HOVIEAOV, 1| EVIGYLOT TNG TOWKIAOLOPPIOG TV OEOOUEVDV
EKTTAIOEVOTG KOL 1] EVOOUATMOT TEXVIKMV d10pOmong uepoinyiog.

Méoo améivto 6cQaipa

To péco amdivto opdiua (Mean Absolute Error — MAE) amotelei to wo cuyvo
HETPNTIKO 0EOAOYNONG OTNV  oToKpaTiky TTpoPAeyTn. Ymohoyiler tnv péonm
omdluT) T NG OWpopdg MHetald TG mpoPAremduevng TG amd TNV
TPOYLLOTIKY] TN Y10 TO GUVOAO TV TV [113]. Yroloyileton amd t oyéon:

N
1
MAE = £ '[9 = ¥ (3.8)
i=1

Onoc etvar mpopaveg, 66o pikpotepn eivor 1 i tov MAE, 1660 mo
akpPn¢ etvan Ko 1 TPOPAEYT, apod avtd onuaivel 0Tt ol TIES TPOPAEYTS ivar
o Kovtd ot mpaypoatikés Tipés. To MAE  omotedel éva gvpémg
YPTOYOTOIOVEVO UETPNTIKO a&lodoynone, kabdg Tpoopépel €ukoAio. otV
KOTOVONGoT Kol TNV €PUNVEIR, €V® O LTOAOYIOUOG TOL €ivar iaitepa omAdG.
A&iler mapora avtd vo onueiwbel 6T ivon gvaicOnto o axpaieg Tipés, eEontiog
TOV 0TolmV GLYVA UTopel va UV Sivel “avIIKEeVIKA” amoTEAEGLATA.
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Méoo am6AvTO TOGOGTLAIO0 COAANT,

Baoilépevo oto péco oamdivto ciipa, T0 HECO OMOAVTO TOGOOCTINNO
o@aiuo (Mean Absolute Percentage Error — MAPE) givor éva e€icov gvpémg
YPTOYLOTOIOVUEVO HETPIKO aELOAOYNONG TO 0Toio VIOAOYILEL TV HéoT amOAVTN
TOGOGTLON O10LPOPA LETOED TNG TPOPAETOUEVNG TYUNG OO TNV TPAYLOTIKY TN
v o 6VvoAo TV TV [113]. To MAPE vroloyiletar amd ) oyéon:

N
159, — y;
MAPE = — E Bi=yil 000 (3.9)
N o

Onwg kot otnv mepintoon tov MAE, 1 660 yapnAdtepn tiunq oo MAPE
VLOONADVEL KOl pLeyaAlvTepT axpifeia Tov povtédov mpdPreync. [lapdia avtd, N
ypnon tov MAPE pupmopel va €xel onuovtikobg meploplopols, kvpiwg oe
TEPMTMGELG TOV Ol TPOYUOTIKEG TIUEG Elvar UNOEVIKES, OTMOC Yol TOPASEIYIA 1|
undevikn mapayyn oamd Vv NAoK evépyslo Tig voytepvég wpec. To MAPE
elvarl 1dwitepa ypnopo otnv afloAdynon TEPMTOCEMY TOV 1 KAPOKO TV
dedopévav moikilet.

Méoo TeTpay®VIKO 6Qaipa

AMo  éva  gupéwg  YPNOUYOTOOVUEVO  HETPNTIKO  a&loAdynong
QLTIOKPATIKNG TPOPAEYNS elvar To péco teTpaymvikd opdiue (Mean Squared
Error — MSE). To MSE vroloyilel T péon tetpaywviky otapopd petald tov
TPOPAETOUEVOV TIUDV KOL TOV TPAYLATIKOV TV [114].

N
1
MSE = 2 (i = )’ (3.10)
i=1

H yprion tov MSE eivar moAd onuoavtikny aeol Tiumpel o, peyodvtepa
oQAApOTO O Popld, 0EOD Ol TETPOUYWOVIKES OLUPOPEG ALEAVOVTAL LT YPOLLULKA
pe 1o péyeboc tov oEAApatoc. Ilapoio avtd, akpaieg TYWEG 6TO CUVOAO
oedopévav pmopel va emnpedoovy dvocovdroya to MSE, kobiotdvtog Tto
EVOEYOUEVMG VYNAOTEPO OO TO OVOUEVOUEVO. XVVET®MC, O VTOAOYICUOS TOL
umopel va unv givanr axkpifnig kot 1 ovvoAlkn afloAdynon vo omottel ypnon
EMUMAEOV LETPTIKAOV.

Méoo teTpaymviké c@dipa pifog

To péco tetpaymvikd opdipa piCag (Root Mean Squared Error — RMSE)
elvarl puo BepeMmong PETPM oM TG CTATICTIKNG KOl TNG UNYXOVIKNAG Labnong, mov
YPNOLOTOLEITOL GUYVA Yo TN UETPNOT TG ATOI00NE T®V HOVIEA®V TPOPAEYNG,
€10IKA 6 OTL 0popd o€ TpoPfAnuata modwvdpounong. To RMSE ypnoipevetl mg
évag 1oyvpog deiktng Tov TOco oTEVE evBuypappilovTol ot TPOPAETOUEVEG TILEG
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UE TI TPUYUATIKEG TOPATNPNCELS UETPOVTOAG TV TETPOYOVIKT pila Tov pECOV
OpOL TOV TETPAYOVIKOV dSlopop®mv HeTald Twv dvo [114]. Avtd amotelel kot
OVLGLOCTIKO YOPUKTNPIOTIKO TOV €V AOY® LETPNTIKOV, OPOV ETIKEVIPOVETUL GTO
peydaio opdipata. To RMSE vroloyiletan amd ) oyéon:

N
1
RMSE = |2 (9 = y1)? (3.11)
i=1

H oyéon 1o RMSE eglvar oyetikd omh] Kot €0KOAO KOTOVONTH,
KoO1oTOVTAG TO Lo oot HETPMON Yo TV afloAdynon g okpifelog g
wpoPreyns. ‘Eva pikpotepo RMSE cuvendyetor koA0TEPN TPOGOPUOYY TOVL
HovTéAOL ot dedoLEVA. AVTO GUVETAYETOL OTL Ol TPOPAEWELS TOV LOVTEAOL givol
O KOVTA OTIC TPAYLATIKEG TAPUTNPNOELS. X€ £VOL 100VIKO GEVAPLO, EVa UNOEVIKO
RMSE 0a onpoive téhela epapuoyn Hoviélov, 6mov kabe mpofreyn topralet
axpifog pe to moapatnpovueva dedopéva. A&ilel wotdco vo, onuelmdel 6Tl T0
RMSE pmopel va eivar evaicbnto oe axpaieg Tipég kar 1 a&loldynon tov
TOVTOYPOVO e GAAO LEeTPNTIKA Oo £01ve Lo O OAOKANP®UEVT EIKOVA YO TV
a&lomotio Kot TNV ardd00T) TOV LOVTEAOV.

3.6.2 IIBavotika peTpnTiKd agrordéynong

Ta petpntikd a&loAdynong mibovotikng mpoPreymne eotidlovv oty a&loAdynon g
0ELOTOTIOG KOl TNG EVKPIVELNS TV JOoTNUATOV TPOPAEYNC N TOV TOGOCTINIOV TPOPAEYE®DY
™mg TpoPreymG.

e AfwomoTio

H o&ordynon e oaomotiag (reliability) eotidler oto €dv ot
nwpoPArenopeveg TOAVOTNTEG N TO, SLOCTALOTO TPOPAEYNC AVIITPOGOTELOVY LE
axpifela to mpaypotikd omoteléopata. Me dAlo Adya, afloloyel edv m
wpoPreyn sivar koAd Pabpovounuévn ko agdmiot [115]. Ooco kaAvtepn
Babuovéunon e TpoPreyns, 10660 KaALTEPOS eivarl Kot o Pabuoc alomotiog
™me.

o Evkpivewg

H evkpivewa (sharpness) avaeépetal oy 1KavOTNTO TOV HOVIEAOL VO
ATOTUTI®VEL UE oKpifela TNV eyyevn afefardtra oty mapaywyn evépyelag. Ta
TOOVOTIKA HOVTEAD TOPAYOLV KOTOVOUEC TOOVOTNTOV Kol 1 EVKPIVELD
OTOTLUTMOVEL OGO KOAQ OVTEC Ol KOTAVOUEC TOPLAlOLV HE TO TPOYLOTIKA
omoteAéopato [115]. ‘Oco peyahdtepn n evkpiveln Tov mpoPréyemv, TOGO
otevoTepa.  glval T SlwoTAHOTO  TPOPAEYNC. AVTO  VTOdNAGVEL OTL Ol
wpoPAremopeveg TWES dev epeavifouy peYdAn S100mOpa Kol EMOUEVMOG Ol TIUEG
OVTEC TAPOLGLALOVY CUAVTIKY aKpifeta.
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MOavotnta Kaivyng Avastiipatog pdPreyng

H mBavémra wdioyne Swotiuotoc mpoPfreyng (Prediction Interval
Coverage Probability — PICP) eivor g kpiowun oTatiotikny pETPNON OTNV
TPOYVOGCTIKY HOVTEAOTTOINGT Kot TPOPAeyT. O Tp@Tap)ikog 6Komdg TOL gival va
petpnoet v aélomiotio Ko v afefaidtnta mov oyetilovral e to S10oTHHATO
npoPreync. Ta dwaotpato TpdPAeync ival amapaitnto X0 TPOGPEPOLY LIl
oelpd TWOV &vidg TV omoiwv &ivor mlave vo eumintovv  HEAAOVTIKEG
TOPOTNPNOEIS 1| OTOTEAEGLOTA, TOPEYOVTOS L0 O OAOKANPOUEVT] TPOOTTIKY|
omd T1g exTunoelg evog onueiov [116].

n
_ 1 ce =1, yr €L, U]
PICP = E; c {ct 4 (3.12)

oOmov n to TANBOC TV dedoUEVMY, Vi N TPOYUOTIKY Tun €£6dov, L; ko U; 10
KAT® Kol Gve Oplo Tov dtooThuaTtog TPOPAeyng Yo to dedouévo i. To PICP
eKQPALel T0 mOGOOTO TV dedoUEVOV Tov Ppiokoviol €vIOC TOL AVTIGTOL(OL
dwotipatog mpdPreync. o va givor a&lomota o dtaotioata TpoPreyns, Ba
npénet to PICP vo elvor peyodvtepo 1 {00 TOL OVOHOGTIKOD EMMEOOL
EUMIGTOOHVNG. XTNV 100VIKT TEPITTOOT TOL OAn To dedopéva PpiokovTal eviog
TV dlaoTnUdTeVv TpoPieyng tovg, to PICP 1covton pe 1.

Kavovikomompuévny Kaioyn Avaestiipatog Hpépfieyng

H xovovikomompévn kdivyn tov dwotiuotog mpoPreyng (Prediction
Interval Nominal Coverage — PINC) &ivatl éva onpovtikd otatiotikd HETPo mov
xpnoonoteitoar vy v agodoynon g akpifeag kol g aflomortiog TV
dwonudtov mpoPreyng oto mhaicto g wpoPreymc. Iloapéyer molvTipeg
TANpoPoOpiec  OYETIKA pHeE TNV amdd00T  €vOG  UOVTEAOL  mPOPAeyNC
TOGOTIKOTOLMVTOG TOCO KoL evBvypappilovtal To dtaotiota TPOPAEYNC LE TO
TPOYUOTIKG OTOTEAEC AT,

PINC =100 (1 — )% (3.13)

omov (1-a) exepdlel TNV OVOROACTIKY TOOVOTNTO KAALYNG TOV JOCTNUATOV
wpoPreyns. Oco mo kovtd givar to PICP oto PINC 1660 7o a&iomicto givar to
PL

To PINC eivon pior kovovikomompévn €kd6oomn e mhovotntag KAALYNG
tov Swotpatog mpoPreyng (PICP), m omola eivor poe pétpnon mov
YPMOOTOEITAL Y100 TNV 0EI0AGYNOT] TOV TOGOGTOV TMV POPMOV TOL £VA SIACTNIA
TPOPAEYNG TEPIEYXEL TNV TPOYUOTIKY T UG HEAAOVTIKNG TTapatipnong [117].
Evo 10 PICP givon éva amdivto pétpo, to PINC AapBdvel vmoyn 1o mhdtog tov
StotpdTeVv TPOPAEYNS Kot Tpocapproletal yio avtd. AVTH 1 TPOGAPUOYY| Eivae
wloitepa ypNOUN KAt TN OVYKPIoN HOVIEAW®V e O00TAUATO TPOPAEYNC
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SPOPETIKOD TAATOVG 1 KOTd TNV aflodloynon g enidpacng e Paduovounong
TOV O10GTHLOTOC TPOPAEYTC.

Kavovikomompuévo Mécoo IThdtog Avaotipartog Ipofreyng

To «kovoviKOomomuéVo HEGO TAGTOC TOL  OlOCTHUATOS  TPOPAEYNS
(Prediction Interval Normalized Average Width — PINAW) givan pio onpavtiky
UETPNOT OTNV TPOYVMOOTIKN LOVIEAOTOINGT Kol TPOPAEYT, TOL TPOCPEPEL Lo
oAoKANpouEVN a&loAdynomn tng aflomioTiog Kol g akpifelag Tov S1uoTUATOY
wpoPreyns. Ta dwaotiuata TpdPreyng etvan (OTIKNG onuociog TN Tapéyovv
pio GEPE TIADV €VTOG TV OTOIwV 01 LEAAOVTIKES TapATPNOELS Elvar Thovo va
gumintovy, avayvopilovtog v eyyevh afepaidtnta oty mpoPieyn [118]. To
PINAW Bektiddvel v katavonon yuo avtd to S1oeTiroate AauBavovtog vaoyn
1060 TO0 PECO TAGTOG TOVG OGO KOl TO OO KOAG gvbBuypappilovtor pe v
VIOKEILEVT] KOTAVOUT OECOUEVMV.

n
1
PINAW = m;(Ut L) (3.14)

omov R 10 €Vpog Tv dedouévav eE6dov. To PINAW exppalel to gupoc twv
dwomudtov mpoPreync. Oco avédvetor 1o €0pog, avéavetor ko to PICP,
®OTOGO UEIMVETAL 1) GTOVOULOTNTO TNG TANPOPOPING TOV PEPOVV TO SIUCTHUATO

TpoPAeYNC.

Koavovikomompuévy PiCa Méong Tylg Terpayovov Tov Evpoug
Awotnparov Hpépreyng

Av kot 10 PINAW ekopdler KovomomTikd TO UEGO €VPOC TMV
StoTUdTOV TPOPAEYNC, VITAPYOLY HETPNTIKA EDPOVE TOV ATOSIdOVY KAADTEPO
KOTO TNV EKMOIOEVOT TOL TEYVNTOL VEVP®VIKOV d1kTOOL. 'Eva 11010 petpntikd
elvar 1 Kavovikomonuévn pila tng HEONG TG TOV TETPAYOVOL TOL E0POVE TOV
dwomudtov mpdPreyng (Prediction Interval Normalized Root mean square
Width — PINRW) mov opileton w¢ e€ng [118]:

N
1 LUy — Lp)?
pINRW = L [Ze=aUe = L)® (3.15)
R N;
To PINRW dev eivar gvBémg avdAoyo Tov HEGOV E0POVE TV S1OCTUATOV
TpoPreync, 6mwg sivar o PINAW, aAld €xel v d1dtto v «peyebioveyy ta
UEYOADTEPO SLOGTNLOTO TPOPAEYN G KOTE TOV VTOAOYIGLLO TOL EDPOVLE TOVC.
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Yoveyng Badporoynuévn Kataraén IMbavotyrog

H ovveyng Pabuoroynuévn katdtaén mbovotnrag (Continuous Ranked
Probability Score — CRPS) &ivar pio ototiotikn HETPNoT Tov ¥PNCIUOTOLEITOL
v v a&loddynon g axpifelag tov mhovoTik®v TpoPfAEyemy, 1d10iTepU GTOV
TOHEN TNG UETEMPOAOYIOG KOl TNG VOPOAOYING, AL Kol 6€ AAAOLG TOMELS OT®G
T0, owovopukd kot to abAntikd. To CRPS a&iohoyel mdco kord tarpralet éva
TPOYVOOTIKO HOVTEAO 1 Mo, TPOPAETOUEV KOTOvVOU TOOVOTATOV HE TO
mapotnpovpeve arnoteAéopato [115]. Eivol dwitepa xpioipo otig mBovoTikég
TpoPAEYELS, OTTOL 1 TPOPAEYT TTapEYEL OYL LOVO L0 OTLLELOKT EKTIUNOT OAAGL pLioL
TANPN KoTavoun TBovOTHTOV o€ TOUVA OTOTEAEGILATO.

O vnohoyioudg tov CRPS mepilapfdvel ™ obykpion Tng cuvaptnong
afpototikng katovoune (Cumulative Distribution Function — CDF) 1rng
npoPrendpuevne katovoung mbavotitwv pe to CDF tov mapotnpoduevov
anotedecpdtov. To CDF 1tng mpoPAemdpevns Katovoung avIUTPOSMTEVEL TIG
TPOoPALeTOUEVEG TIOOVOTNTEG TOV LOVTELOVL Y10 OLPOPETIKA ATOTEAEGLOTO, EVED
10 CDF tov mopatnpodpeveov 0e00UEVOV OVTITPOCGMOTEVEL TNV TPOYUATIKY
Katavoun TV amoterecpdtov. To CRPS gival 1o oAokAnpoua g dtopopdc 6to
TeTpdyvo peTald avtmv Tov 0vo CDF, to omolo mocotikomolel v amdKAlon
peta&d g TpoPAemdpevNg Kot NG Tapatnpovpevng katavoung [115]. To CRPS

vroAoyileTol g €Ng:
1 Nt‘ + oo
CRPS = ﬁz f {Fi(z,) — l(z; = y)}Y?dz (3.16)
t t=1 -o0

OOV 1| TPOYVMOOTIKY KOTAVOUN TPOPAEYNS F; CUYKPIVETOL e TNV TOPATHPNON Vs
kot ! tvou 1 cuvdptnon povadiaiov Pripatog.

Kpuripro ITAdrovg Kaivyng

To xpuipo wAdtovg kdAvyng (Coverage Width Criterion — CWC)
omotedel éva PeTpNTIKO MOOVOTIKNG TPOPAeyMg To omoio cuvumoAoyilel v
KEALY™M Kot TV EVKPIVELD TOV SLACTALATOS TPOPAEYNC, OAAA Ol TO CYNLUA TNG
Kkatavopung tovg [76]. To CWC vroloyiletat og e&ng:

N¢
1 N
CWE = 2 (U = L) + ye " WeE ) (3.17)
t t=1

omov y wovtal pe 1 dtav 1 péon kdivyn tov PI elvon pikpotepn amd 10
OVOLLOOTIKO EMIMEDO EUTICTOCVVNG. SLOPOPETIKA TO ¥ toovTot pe 0.
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3.7 Mopdaoerypo peréTng 0m0TEAEGUATOV VEPLOIKOV povtéAmy pe facn TNA

v evotnta ovt) mopovotdletal 1 AEITOLPYiag KOl 1 amOS0GT dVO SLOPOPETIKAOV
VPPIOIKAOV HLOVTEL®V POCICUEVMOV GE VELPOVIKA OTKTLO, KOl GUYKEKPIUEVE TO VEVPOVIKO STKTLO
LSTM, kot otatiotikég pefddovg Kot suykekpipéva ) pébodo ARIMA [119].

H ypnon kot vBpdik®dv poviéAwv emtpénel Ty aElomoinon Tov TAEOVEKTNUAT®V TNG
kd0e pebodov, e otodyo TV PeAtioon g amddoong Tov TeElkoy povtédov. o cuykekpluéva,
o vPPdK” TpocEyyion e ypnon tov poviédmv LSTM koar ARIMA pmopel va a&tomomost to
TAEOVEKTNLOTO TOGO TWV YPUUUIKOV OGO KOL TOV L] YPOLULUK®V TPOGEYYIGE®V, TaPEYOVTOS Lo
7o woyvpn kot afdmotn Abon TPoOPAEYNG o dAPOPETIKES KalpkéG cuvOnkes. Ta poviéla
ARIMA eivar katdAinda yoo TNV GOAANYN YPOUUK®V Tdoewv, emoywotntag (diaitepa
YPAOoWo OTav TPOKELTOL Yo, d€dOUEVA OV Tapovcidlovy emoavoiapfovouevo, potifo oe
GUYKEKPIUEVO YPOVIKA OLOCTLOTA) KOl UTOGVOYETIONG GE OEOOUEVO YPOVOGEPDV, EVM TO
LSTM pumopel va cvuAlaPel ta pn ypopupkd kot moAvmioxko potifa. Kotaypdeoviag t6G0
YPOULIKEG TAGELG OGO Kol TOADTAOKO, U1 YPOUUKA potifa, £va TéTolo LPPLdKd HoVTELO UmopEl
vo. BEATIOOEL TNV OTOS00T TPOPAEYNS KOl VO TPOSAPUOGTEL OTNV €yyeVi] UETAPANTOTNTA TG
mapaymyng evépyetag OB.

H pelémm eotdlert oty avamtuén 6vo d1apopeTik®dv vPpdkov mpoceyyicenv OB
TPOPAeYN oL v cuvdLaLovy Tig 1d1eg pebodoroyieg TPOPAEYNC, ¥PNCLOTO0HV SLOPOPETIKN
OPYLTEKTOVIKY Y10 VO, TAPEYOLV TO, TPOYVMOTIKA amoteAéopota. [Hapdiinia, ta dvo poviéla
BeAtioTomolovvion TOVTOYPOVO MOTE va TapEyovv akpiPeic mpoPAdyels, evd moapdAAnAa
€0T1aloLvV 011 S1aTHPNON YAUNANS TOAVTAOKOTITOG KOl VITOAOYIOTIKOD KOGTOVC.

3.7.1 YBpuoun tpocéyyion 1

H mp@tn pnébodog apopd tnv e&aywyn tov npofréyeny amd kdbe LovTELO EeYmPIoTA Kot
OTNV GLVEYELD TNV dNUIOVLPYia TPOPAEYEDV MG OMOTEAEGHA TOL HEGOV OPOL TV TPOPAEYE®DY
TV 000 HOVTEA®V.

Ta vBpdKd poviéla OV YPNGIUOTOI0HV HEGEG TPOPAEYEIG UTOPOVV VO LELDCOVY TOV
OVTIKTUTO TOV GOOAUATOV OO OTOIOONTOTE UEUOVAOUEVO LOVTELD, KOOIGTOVTOG TO LPP1dKd
povtého mo avBektikd., Emumiéov, té€toov €ldovg LPPOIKEA pHOVTELD TOPEYOLV  GLUYVA
akpipéotepeg mPOPAEYELC QPOD UTOPOVY VO, KATAYPAPOVY EVO EVPVTEPO PAGHLO TPOTOHT®V KO
eCaptnoenv ota dedopéva. Téhog, e ypnom tov péEcov dpov TV TpoPréyemy, peTpldletal o
KIvOLUVOC VIEPTPOGAPUOYNG TOL UTOPEL VO, TPOKVYEL GE PUEPOVOUEVO LOVTEAQL.

H exnaidevon tov 800 poviéhmv yivetar aveEdptmmra. Metd v OAOKANP®OON TV
oTAdIOV NG EKTAidELONG Kot TNG TPOPAEYNS, vToloyiletal 0 LEGOG OPOG TV TPOPAEYE®Y Omd
10 povtého ARIMA kot to LSTM yia k40g ypovikd Prina otov opilovta mpofreync. H e€éMén
NG OPYLTEKTOVIKTG TOV LPPOIKOD HOVTELOL TTapovotdleTol oto Zyniua 3.5(a).
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AnoteAéopata
ARIMA

ARIMA >

A4

Asdopéva
£10650L

TeAkég
NPOBAEYEQ

AnoteAéopara
LSTM

LSTM

A4
A4

(a)

Asdouéva
10650V

I

ARIMA

Xprion anoteAsouatwy
ARIMA w¢ eicodo oto LSTM

LSTM " Tehkég
npoBAEYPEL

8)

Zympa 3.5 ZynUoTiK) oTEOVIoN TG OPYITEKTOVIKNG: (o) Tov VPP1dkol povtédov pe eEaymyn
péong tiung mpoPréyenv kot (B) tov vPPOIKoy poviédov pe ypnon mpoPfréyemv ARIMA g
€lcodo Tov LSTM.

3.7.2  YPpuowi| tpocéyyion 2

H 6g0tepn mpocéyyion Paciletar ot pabnon otofoyuévav cuvormv Tov Topovctdlet
TPONYUEVT TEXVIKN ekudOnong ovvorlov, 1 omoia. cuvovdlel T TPOPAEYEIC TOAAUTADV
Baoctkdv HOVTEA@V Yl Vo OMUIOVPYNOCEL £€vo UETA-HOVTEAD 7OV TapEXel mo  akpiPeig
TPOoPAEYEIC. ZTN GLYKEKPUEVN TTEPITTOOT, 1| Srodikacio TpoPreyng epaproleTol apykd Ue To
povtého ARIMA. Xt ovuvéyewn, To TPOYVOOTIKE omoteAéopato tov povtéaov ARIMA
YPNOLOTOIOVVTOL (OC OEOOUEVO €GOS0V Yl TIG Ol0dIKOGTieg eKTAIdELONG Kol OOKIUNG TOL
povtélov LSTM.

‘Eva omd ta KOplo. TAEOVEKTHUOTO OUTNG TNG MOPPNG LPPdkoy poviélov eivol m
BeAtiopévn okpifela wpoPreyne tov. Ta poviéha ARIMA eivor omoteAecpoatikd otnv
KOTOYPAQ YPOUUIKOV TACEMV KOl €noykoOTnTaS, evéd T0 LSTM vmepéyst omnv kotaypoen
ovvbetv, U YPOUWK®V HOTIB®V ©T0 GUVOAO dedopévev €160d0v. Xvvovalovtag To
TAEOVEKTNLATO, KOL T®V 000 HOVTEA®V, UTopovV va yivouv axpipéotepeg npoPfréyels. EmmAitoy,
TO TPOTEWOUEVO HOVTEAO TAPOLGLALEL HEYAAN TPOGOPUOGTIKOTNTO AouBdvovtag vmoyn To
mopeyouevo obvvolo odedopévev. Ta dedopéva  ypovooelp®dv umopel va  mwapovcsidlovv
SLOPOPETIKE YAPUKTNPIOTIKA e TNV TTapodo tov ¥povov. Ta poviéda ARIMA pmopel va éxouvv
KOoAN amodoon o€ pia mepiodo, evad ta LSTM umopel va £xovv kaAvtepn amddoon G pio GAAT.
Ta vBp1dwd poviéda ivar oe Béon va mposapudlovial e HETARUAAOUEVA TPOTLTTA OEGOUEVEOV
YPNOOTOIDVTAG TIG 1OIOTNTES TOL KATAAANAOL HOVTELOL G KAOE mepinTmon.
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Correlation Heatmap
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Yynqpo 3.6 Ilivaxag ovoyétione vy mpoPreyn OB evépystog (moapddetypo MAOAOLGTNG
NUéPaC).

H avéBeon katdAniov TiHdV oTIS VIEPTUPAUETPOVS Tailel onuavTikO pOAO oIV
a&omotn Aettovpyio TV VPPOKOV poviédmv. [a to ARIMA, avtd meprrapfavel Tnv emloyn
™G taéng (p, d, q), eved yia to LSTM, mepihapfaver tnv apyrtektovikn (aplfpuog otpopdtoy Kot
povadwv) kot tov puiud pudbnonc. H e£€MEN g opylTEKTOVIKNG TOV LPPLOIKOD HOVTEAOV
mopovotdletar oto Zynua 3.5(B).

3.7.3 Amoteiéopato

Ta mpotewopeva Ppoyvmrpobecuo vPpdkd poviého mwpoPreyng OB evépyeiag
a&loAoyouvTol € TPAYHOTIKO oUVOAO dedopévov amd OB mapko ioyvog 1550,78 kW mov
Bpioketon otnv EALGOa. To ocvvolo dedopévev meptapPavel petemporoyikd dedopéva,
ooumepthapuPavouévng tng KeKAMEVNG kol oplovTiog oktvoPfoAiag, tng Oeppoxpaciog
mepPdAlovtog, g OBepuokpaciag g @B povadag, v toydtnTa Kol TV KatevBuven tov
OVELLOV KO TN OYETIKN VYpaocic, KaBdg Kol 10Toptkd dedopéva g mapoyouevng OB 1oyvoc.
Yrapyovv dtabéoia 1otoptkd dedopéva 000 eTdV Tov ypovoroyodvtal amd v 1M Iavovapiov
2020 éwg v 31" AexepPpiov 2021, pe ypovikd Piua evog Aemtod. O opilovrog TpoPreyng
opiletan o€ pia nuépa, evad n avdivon TpoPreyng datnpeital 6To £va AETTO.

H a&loAdynon tov 600 TPoTEWVOUEVOV VPPIOIKOV HOVIEA®V £YIVE HECH GUYKPIONG TOV
SOAALATOV TPOPAEYNG TOVG pe Ta cOyypova Loviéha LSTM kot ARIMA otnv amAn Tovg dopun.
Ot ovykpioelg PBacilovtor 610 PHEGO AMOAVTO TOCOGTIOI0 GOPAALN KOl GTO KOVOVIKOTOUNIEVO
péco tetpaywvikd opdipa pitag (NnRMSE) mov meprypdpovion otig e€icmoeig (3.9) ko (3.11),
avticToya.
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Mivaxag 3.1 Avdivon enoyikotnTog Kot akpipfeio Tpofrewng pe Baon Tic KaOnuepveg
SLOKVUAVGELS TOV KapoD Yio LETPNTIKO opdAipatog MAPE.

MAPE (%)

Emoyn Hpépa | LSTM | ARIMA | Yppuowé 1 Ypprowo 2
S 5,43 5,78 5,45 5,31
Xeymvag LC 3,15 4,67 3,29 3,04
HC 2,94 3,98 3,01 2,69
S 4,12 4,55 4,17 3,91
Avoidn LC 6,34 7,03 6,46 5,95
HC 4,03 5,76 4,14 3,86
S 1,60 2,61 1,61 1,50
Koloxaipt LC 5,24 6,87 5,55 4,73
HC 5,01 6,88 5,89 4,62
S 7,01 7,13 7,02 6,58
OOwvoOT®PO LC 2,03 2,01 2,05 1,97
HC 4,43 6,01 5,34 4,12

Mivaxag 3.2 TMocootwio avaivon Peitioong tov petpntikov odipatog MAPE pe fdon to
VPPOIKO HOVTEAD 2, OC TTPOG TO VTOAOUTE LOVTEAD GUYKPIONG, HE Paom Tig kabnuepivég
SLOKVLLAVGELS TOV Kapo.

MAPE (%)
Emoyn Hpépo | LSTM | ARIMA YpBprowo 1

S 2% 9% 3%

Xepmvog LC 4% 54% 8%
HC 9% 48% 12%

S 5% 16% 7%

Avoidn LC 7% 18% 9%

HC 4% 49% 7%

S 7% 74% 7%
KaAoxaipt LC 11% 45% 17%
HC 8% 49% 27%

S 7% 8% 7%

DOwonmpo LC 3% 2% 4%
HC 8% 46% 30%
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Mivaxag 3.3 [Mocootwio avaivon Peitioong tov petpntikov odipatog MAPE pe fdon to
VPPOIKO povtédo 1, ®¢ TPog To VTOAOWTE, LOVTEAD GUYKPIONG, HE Paom Tig kabnuepivég
SLOKVLLAVGELS TOV Kapo.

MAPE (%)
Emoyi Hpépa | LSTM | ARIMA | YBprowko 2

S 0% 6% -3%

Xepmvog LC -4% 42% -8%
HC 2% 32% -11%

S -1% 9% -6%

Avoidn LC -2% 9% -8%

HC -3% 39% -71%

S -1% 62% -7%
Koiokaipt LC -6% 24% -15%
HC -15% 17% -22%

S 0% 2% -6%

DOwonmpo LC -1% 2% -4%
HC -17% 13% -23%

Mivaxag 3.4 Avdivon enoyikotnTog Kot akpifeio TpoPrewng pe Baon Tic KabOnuepveg
SLOKVLLAVGELS TOV KatpoD Y10, TO LeTpNTiKd o@aAipatoc nRMSE.

nRMSE (%)

Emoyn Hpépa | LSTM ARIMA | YPpwowko1 | YPprowko 2
S 5,49 6,25 5,55 5,43
Xewpaovog LC 2,87 4,53 2,85 2,45
HC 2,87 3,98 3,03 2,56
S 4,01 4,98 4,23 3,69
Avoidn LC 5,65 6,78 5,79 5,56
HC 4,56 5,25 4,35 4,23
S 2,21 3,77 3,01 2,12
KaAoxaipt LC 4,62 6,44 4,43 4,31
HC 4,02 6,78 5,33 3,96
S 7,00 9,98 7,56 6,04
DdOwoTmpO LC 2,34 2,32 2,24 2,00
HC 4,03 4,33 4,24 3,68
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Mivaxag 3.5 [Mocootwnio avaivon Pertioong Tov petpnticod opdipatog nRMSE pe Baon to
VPPOIKO HOVTEAD 2, OC TTPOG TO VTOAOWTE, LOVTEAD GUYKPIONG, HE Paom Tig kabnuepivég
SLOKVLLAVGELS TOV Kapo.

nRMSE (%)
Emoym Hpépa LSTM ARIMA YpBprowo 1
S 1% 15% 2%
Xemvog LC 17% 85% 16%
HC 12% 55% 18%
S 9% 35% 15%
Avoidn LC 2% 22% 4%
HC 8% 24% 3%
S 4% 78% 42%
Kolokaipt LC 7% 49% 3%
HC 2% 71% 35%
S 16% 65% 25%
dOhwonmpo LC 17% 16% 12%
HC 10% 18% 15%

Mivaxag 3.6 TTocootiaio avdivon feltinong Tov petpnTikod opdipatog nRMSE pe Bdon to
VPPOIKS povTéro 1, g mTPog Ta LITOAOITA LOVTEAN GVYKPLONC, e PAOT TIG KOO LEPIVEG
SLOKVLLAVGELS TOV Kapo.

nRMSE (%)
Emoymn Hpuépa LSTM ARIMA | YPprowko 2
S -1% 13% -2%
Xemvog LC 1% 59% -14%
HC -5% 31% -16%
S -5% 18% -13%
Avoién LC 2% 17% -4%
HC 5% 21% -3%
S -27% 25% -30%
Kohokaipt LC 4% 45% -3%
HC -25% 27% -26%
S -7% 32% -20%
DdOwoTmpo LC 4% 4% -11%
HC -5% 2% -13%
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H omotehecpotikoétto T@v oV0 VPpdK®V mpoceyyicewv eEetdleTon omd EMOYIKN
TPOOTTIKY KOl AAUPAVOVTAG LITOYN TIC OLOPOPETIKEG KOOMUEPIVEG KaplkéG cLVOTKES. Ba TpEmel
vo, onuemdel oe avtd 10 onuelo, OTL Yy vo elvar axpifrg po. dwadikacio mpoPAeymg
QoToPoATiKMV, Tpémel va  mepthouPdvovtolr  cvykekpluéva  dedopéva ot dtodikaciol
exmaidevong. Aappdvovtag vmoyn v evaictnoio tov poviédwv mpoPieyng OB oty
eupdvion M v EMkewyn nAkod @OTOG, cLYKEKpyEva degdopéva Telvouv vo ival o
ONUAVTIKA Yoo T Peitiooon g axpifelog Kot TG AMOTEAEGUATIKOTNTOC TV OVOTTUYUEVOV
puebodoroyinv mpoPreyns. To Zynua 3.6 mapovctdlel OAec TG O10OEGIES TOPAUETPOVS TTOV
emnpedlovv v mapaywyn woyvog @B e ™ popen evog mivakao BEpPOTNTOC, Y10 TO TAPAOETYLLA
oG nuépag pe nAopavela. O cvvtereotrg Pearson avamapiotatol og kabe mAaicto. Oco avtog
0 ovvteleothg TAnclaletl o 1 o amdivtn Ty M eivan icog og amdAivtn T e 1, onuaivet 6Tt
ol dVo mocdTNTEC, KABETEC Ko OPLLOVTIEC, TTOV OAVTIOTOLYOUV GE OVTO TO TANIGLO €Youv Lol
«oyvupn» oxéorn HETOED Tovg, emouévmg 1 eEEMEN Tov €vog emnpedlel og peydlo Padbud to
GAlo.

Toa oamoteléopata mpoPreyng ywoo ta petpntikd oedipotoc MAPE kot nRMSE
napovcidlovion otov Ilivaka 3.1 ko 3.4, avtiotorya. H avélvon tov IIivakov 3.1 ko 3.4,
mopovctdlel amoteléouata Yo Kabe emoyn Tov £T0VG, Y10 NAOAOVOTEG NUEPES (S), NUEPES LE
ehaopd cuvvepld (LC) ko nuépeg pe éviovn cvvvepid (HC). Avtiotorya, ot [Mivaxeg 3.2 ko
3.3 mapovcidlovv TV mocooTtinio avaivon Peitioone Tov petpntikod cedipoatoc MAPE pe
Baon 1o VPP1KO povtédo 2 kot VEPOKd povtédo 1, eved ot Iivakeg 3.5 ko 3.6 mapovoidlovv
NV TocooToia aviivon Pertioong tov petpntikov opdipatog nRMSE pe Bdon 1o vPpidko
HOVTELO 2 Kot TO VPO povtéro 1.

ApKETE CLUTEPAGLATA UTOPOVV VO TPOKHWYOLV amd Tovg mivakeg 3.1 — 3.6, Aappdvovtog
VIOYN TN CLUTEPLPOPA TV OVO LPPLIIKOV TPOGEYYICEWV GTO SOBECIHO GVVOAD OEOOUEVDV
kaOdg kor TV amoteAecpoTikoTTe  TPOPAEYNg  AapuPdvoviag vmoym TG MUEPTOLES
drakvpdveelg Tov kapov. Eivar Tpogoavég 6Tt 1o vppidikd povtédo 2 umopei vo Eemepacel T0G0
70 VPPOWK6 poviého 1 6co ko ta Pacikd poviédo LSTM kot ARIMA. Ta mapoamdve eivon
ovOUEVOLEVO AQUBAVOVTOG LIOYN TNV OPYLTEKTOVIKY] TV dVo VPpdK®dV Ttpoceyyicemv. To
VPP1OIKO poviédo 1 emmpedleton o pueydro Pabud amd v TOPOUETPOTOINCT] TOV UOVTEA®DY
LSTM kot ARMA «0f®d¢ kot omd Trnv OmOTEAECUATIKOTNTO KOl TOV OV0 HOVIEA®V
EQOPLOGLEVA GE £VOL GLYKEKPLLEVO 6UVOAD dedopévav. Daivetal 6T To poviého LSTM pmopel
va, Eemepdoel to poviého ARIMA og Olec Tig mepumtwoels. Emopéveog, o pésog 6pog tmv
OTOTELECUATOV TOV dVO HOVTEA®V Ogv UTOpEl Vo PEATIDCEL TEPUITEP® TO OMOTEAEGLOTO TOV
vPp1dkoy povtédov 1 oe ocvykpion pe 1o poviého LSTM. Xvykekpyéva, otnv Tepinton
NAOAOLGTOV NUEP®VY, OOV Ta GEAALaTO TPOPAeYNC TV poviéhwv LSTM kat ARIMA sivan
Kovtd, To VRPLOKO povtéro 1 pmopel va mapéyetl mapduotog akpipelag anoteréopara. 261600,
OTNV TEPIMTOON GLVVEPIOCUEVOY MUEP®Y, Omov To poviého LSTM mapéyer onpovrtikd
KoAOTEPO omoTEAEopaTO 0td To HoviEdo ARIMA, 1o vBpdwd povtého 1 pmopel va Eemepdoet
70 povtéAo ARIMA aAld dev umopet va Egmepdiost to poviédo LSTM.

A6 TV AAAN, 1 APYLTEKTOVIKT] TOL HOVTEAOL VPPLOWKOD HovtéAov 2, eEnyel Tnv vtepoyn
TOV o€ oY€on Ue To GAAa povtéda. H epappoyn tov poviéhov ARIMA mpmta Kot 6T GUVEYELL
N XPNON TOV TPOPAETOUEVOV TIUDV TOL ®C d£d0UEVE ElGYDYNG 0TO Hovtélo LSTM emitpénet
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Yympa 3.7 Toapdderypo Tpoylatikadv Kot TpofAeToievemy Kapumulov tapaynyng @B evépyelog
via (o) vBPLOWd povtéro 1 kot (B) vPp1dwod povtéro 2.

v omocvvleon NG TOAVTAOKOTNTAG TOV HOVIEAOL KOTOYPAMPOVTOG KOL OPOPOVTOS
OTOTELECUOTIKA TIG YPOUUIKES TACELS Kot TNV emoykotnta pe 1o ARIMA, amlonoidvtag v
gpyooio yio to poviého LSTM. Avtd odnyel oe PBertiopévn akpifela poviélov, kabmng to
omoteAéopato and 10 TP®MTO 6TAdo TPOPAeyYNg Tov ARIMA povtélov mepi€yovv Aydtepeg
TaoElg Kol ETOYIKOTNTA, emTpEmovtag 610 LSTM va emkevipmbel oe pun ypoupikd potifa, e
OTOTELECUO TEPLOCOTEPEG AEMTOUEPELES Kol akpiPéatepeg TpoPAréyels. H mpoenelepyasio amd
™ péBodo ARIMA Bonba otn diayeipton g 1N GTOCIUOTNTOS, KAHIGTOVTIOG T ATOTEAEGLLOTOL
O GTAGLO KOl KOTAAANAQ Yo povtedomoinon amd to LSTM.

Avm N TPocEyyion eVioyDEL EMIONG TNV EPUNVEVTIKOTNTO TOV LOVTEAOD OTOCLVOETOVTOG
EexdBopOL TO YPOUUIKA KO U1 YPOUULKG GTOLYEI, TOPEXOVTOG TANPOPOPIES Y10 TO TL “EY00E” TO
ARIMA «ot emrpénovtag oto LSTM va avtipetonicst ovtég 11g nmtuyéc. H ekmaidevon tov
LSTM amhomotel T dtadikacio ekmaidsvong kol Pmopel vo 001 yNoeEl o€ ToyOTEPT CUYKALOT
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Yype 3.8 Méoeg tipég MAPE yia ta cuykpitikd povtéia yia ke punvo tov £€Toug.

AMOYO pelopévng molvmlokdmrog tov dgdopévav. H gveléia ko 1 otifapdtra tov
VPPLOUKOD HOVTIEAOVD, TOV EMTPEMOVY VA TPOGUPLOLETAL GE J1APOPEG KAPIKEG GLUVONKES Kot
potifo dedopévav, BeATidvovTag T YeVikevon oe véa dedopéva aElomoldVTAG TOGO YPOUUIKY
000 kot pun ypoppkd potifo. Emmdéov, to ARIMA pmopel vo Aertovpyncel og @idtpo
Bopvpov, apnvovtog o LSTM v poviehomolel GNUOVTIKG 1N YPOUUKA GTOXEIL GTo apyIKa
OmOTEAECLLATOL.

Ta mopandve emPefordvovior 1660 amd tovg IMivakeg 3.2 kot 3.3 660 Ko amd TOLG
[Mivakeg 3.5 o 3.6. Ot ITivakeg 3.3 kou 3.5 kdvovv EekdBapn ) PeAtioon wov Tapovcialet To
VPP1OIKO poviédo 2 og 0Tl apopd 6to MAPE ka1 to nRMSE avtictoyo, kupiog g mpog 10
povtédo ARIMA kot katd eméktaon og mpog To vPpdkd poviédo 1. Avtiotorya, ot [Mivakeg
3.4 ka1 3.6 eoavepdvovv T SuoKoAln oV TaPovoldlet To VPPOKS poviélo 1 og 6TL apopd 6To
MAPE kot to nRMSE avtictoya, va tAncidost v anddoon tov LSTM povtélov kot £To1 va
KOTOQEPEL VO OmOdMGEL ££i00V KOAA pe TO VPPLOKO povTélo 2.

Aappdavovtag vroyn ta aroteréopata tov MAPE, to upidco poviého 2, e cuykpion
ue to povtého LSTM, pmopet va Bertidoet ta péoa amoteréopata katd 4,92% yio nAOAOLOTEG
nuépec, 5,58% yio nuépeg pe ehappid cuvvepld Kot 6,88% yio NUEPES LE EVTOVT GUVVEQLA, EVD
o€ ovykpion pe to povtého ARIMA, givan og 6éom va Peltidoet Ta HEGH ATOTEAEGOTA KOTE
18,11% yw nAdrovoteg nuépes, 20,85% yio nuépeg pe ehagpd cvvveprd kou 32,42% vy
nuépeg pe éviovn ovvvepld. To mapamdve amotedécpoata emPefoardvovy TV VIEPOYN TOL
VPPIOIKOY HOVTELOL 2 G GUYKPION UE To GAAC HOVTEAQ, TNV aduvapio Tov poviéhov ARIMA
vo TapEYEL ATOTELEGHOTA TOPOUOL e TO pHoviélo LSTM,
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Mivaxag 3.7 Avdivon emoyikotntog kou axpifelag mpoPieync pe Paon tig xabnuepivég
SLOKVLLAVGELS TOV KatpoD Yo uetpntikd cpdAipatoc MAPE.

Moviého Xpovog Xpovikn XpOvog EKTELEOT|G Xpovikn
gkmaidgvong (s) emBdpovon (%) (us) emPBdpovon (%)
LST™M 38,27 -16,46 62,13 36,07
ARIMA 32,86 0,00 45,66 0,00
YBp1dwko 1 40,61 -23,58 62,85 37,64
YBp1dwoé 2 47,92 -45,83 65,44 43,32

KaBmOG Kol TNV wKovoTNTA TOLv UOVTEAOL VPPOIKOL HOVTEAOL 2 Vo TopEYEL To aKkpiPn
OTOTEAECHATO O TEPUITAOCELS E EAAPPIA Kot Papld cuvveplaoUEVEG NUEPES OOV 1| akpifeia
g mpdyveong umopel va givor mo ovokoAn. To amotedéopata nRMSE ywo 10 vPpdwo
povtélo 2 deiyvouv mapopoto Bedtioon pe ™ pétpnon oedipotoc MAPE, 6nov, oe cbykpion
pe to povtédo LSTM, propet va Beltidoet ta péoa anoteréspato Katd 6,71% yio nAtdAovoteg
nuépes, 9,37% yia nuépeg pe ehappid cuvveEld Kot 7,05% yia £vioveg cuVVEPLOCULEVEG UEPEG,
eved o€ ovykplon pe 1o povrédo ARIMA, pmopel vo PeATidoel Ta HEGO OTOTEAEGLOTO KOTA
30,57% 7y nAdhovoteg nuépes, 27,69% yio nuépeg pe erappid cuvvepld kou 27,93% vy
NUEPES LE EVTOVT CLUVVEQLAL.

To Zynua 3.7 mapovotalel éva mopddetypo Tmv KOUTLVADV Topaynyne @B tov dvo
VPPOKAOV HOVTEA®V GE CUYKPLON HE TNV KOUTOAN TPAYHOTIKNG oyvoc. H oamewkdvion tov
TPOPAETOUEVOV KAUTVADY OPKEL Yl0. VO TPOKOWYEL TO GLUTEPAGHE OTL KOl T dVO VEPLOKA
povtéla etvar og Béon va mapéyovv akpipn amoteAéopota TPOPAEYNS Kot gival oe Béon va
OKOAOVBOVV TIG SIAKVUAVGELS TNG KAUTOANG 16Y00G, AITOPEVYOVTAG TEPITTMGELS OKPOIOV TILMV.

Mo mepartépo avédAvon TOV OTOTEAECUATOV KOl KOTOVONGON TNG GUUTEPLPOPAS TV
OVOTTUYUEVOV VPPIOIKOV HOVIEA®V OO €MOYLOKT TPOOTTIKY, TO Xynua 3.8 mapovoidlel Tig
néoeg Tnéc MAPE yia kéBe pva tov €toug. Amd 10 Zynua 3.8 mpokOnTel OTL 68 TEPMTMOELS
Kalokapveov pnvev, ta poviéha LSTM kot vBpiotkd poviélo 2 moapéyovv amoteAéopoto
TOPOUOLOG AKPIPELNG, ETOUEVOS 1) EQPOPLOYT VPPIOIKNG OPYLITEKTOVIKNG OEV EivVOL VTTOYPEDTIKT.
Q61660, GE MEPMTMOGELS PHVOTOPIVAOV Kol aVOIELATIK®OV UNV®V, OTTOL 1) TEPITTMOT SESOUEVDV
€10000V TOPOVCIELEl HeyOADTEPT OLOKVUAVOT), TO VPPOIKO HOVTEAO 2 UTOPEL VO OmOdMGCEL
kaAvtepa. EmmAéov, to povtého ARIMA epeavilel TpoyvooTikd omoteAEoUAT, OOV TO
MAPE pmopei va givor vymidtepo amd 10% kot cuvendg va emxnpedost v anddocn Tov
VPP1dIKOy povtédov 1.

O péococ ypdvog ekmaidevons Kot o ¥povog ekTéleons Kabevdg oamd To GLYKPLTIKA
povtéda mopovotdlovtar otov Ilivaka 3.7. Ta cuykpitikd povtéda avortoydnkay oty Python
Kot ekteAéotniav oe emttponéllo vmoroyioty pue CPU AMD Ryzen 5 3600X (3,80 GHz, 6
mopnveg) kal 16 GB pvriung RAM. Mmopel va gavel 0T1, Topd TV €QOpUOYN LS VPPLIKNG
OPYITEKTOVIKNG, Kol To 000 vPpdikd poviéda 1 kol 2 mapovotdlovv yaunmAovc ypoévovg
EKTOIOEVLONG KoLl EKTELEONC, EMTVYYAVOVTOC VYNAN oKpifela datnpdvTag TapdAANA YOUNAO
VTOAOYIGTIKO KOGTOG,.
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SUUTEPACLOTIKG, TO GUYKPITIKA OTOTEAEGHOTA OglyvouV OTL TO LPPLOKO HOVTELD 2 givar
o€ Béon va Eemepdoel Tic vTolowneg wpooeyyiocelg. To poviého ARIMA dev eivar og Béom va
TOPEYEL OMOTEAECILATO TAPOLOLOG 1) KaADTEPNC akpifetog amd o poviého LSTM kot emopévac,
70 VPPLOKO povtédo 1 dev umopel va Eemepdost to povtého LSTM. To vPpdkd poviéro 2
umopel vo Bedtidcel to opdipo TpoPreyng katd évo péco MAPE 5,79% kot péoco nRMSE
7,71% o€ oOykpion pe to povtédo LSTM kan péco MAPE 23,79% kot péso nRMSE 28,73% oe
ovykplon pe to poviéro ARIMA.
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Keparoio 4

BPAXYITPOOEXMH ITPOBAEYH AIOAIKHYX KAI
OPOTOBOATAIKHE TAPAI'QIHE

4.1 Ewoayoym

H amddoon g mpoPreync mapayOpevng 16Y00¢ TOGO amd GUGTHIOTA OOATKNG OGO KOt
GLOTNOTO POTOPOATOIKNG TOpay®YNG ennpedleTon and didpopeg mapapétpous. ['a vo otn et
owotd &va TPOPANUa TPOPAEYNC POTOPOATUIKNC TapAyWYNS, amapaitnTn TPodmdbeon ivar M
KOTOVONOT TOV OVOYK®V TOV TPOPALOTOG KOt 1) KATAAANAT EMAOYTH TOL HOVTELOL TPOPAeyNC.

O opilovtag mpoPreync mov eotialel kabe mpoPAnua mailer kabopiotikd poAO GTNV
KOTOAANAN €MAOYN TOL HOVTEAOL TPOPAEYNG Kol TNV KOTOVONON TOV TOPAUETPOV TNG
apyrtektovikng tov. O opilovtog mpoPreync umopel vo TOIKIAEL 0O PEPIKA SEVTEPOLENTO, EMG
Babog etv.

H xatavénon tov cuvinkov tov mtpoPfAnpatog tpofreyns, TG0 amd AToyn TOIOTNTOG
Kol TOTOL OE0OUEVAV, KLPIOG OTNV TEPITTOON TOV OIOAIK®Y CLCTNUATOV, OGO Kol TMV
KMUOTIKOV cLVONK®OV 0TV TEPITTOON TOV @MOTOPOATUIKOV CLGTNUATOV UTOPEl Vo PEATIOGEL
TEPAULTEP® TNV KATAVON O™ TOL TPoPANpatog TpdPreync. TEtolec mAnpogopieg Exel dlamotwOel
OTL UTOPOVV VO PEATIOCOVV GNUAVTIKA TO GQAALN TPOPAEYNS, Ve TapPUAANAL cLUPBAALOLY
ONUOVTIKG OTNV  EANYIOTOTOINGT TOL VTOAOYIGTIKOD KOGTOVUG PEATIOTOMOIOVIONG TNV
OPYLTEKTOVIKT TOV LOVTEA®V.

H Beltictonoinon tov TOpapéTpOV TOV TEYVIKOV UNYaviKAg KdOnong omoteiel éva
TPAYHOTIKO TPOPANUO. Zuyvd, To poviéda mov Paciloviol og TexVIKEG Unyovikng pdaonong
teivouv va elval apketd mepimhoka, TOG0 G€ OTL aopd TNy Tpoenebepyacia TV dedouévmv
€10000V 000 Kol TNV VLAomoinorn Kot ektéiecn tovg. H xatdAAnin emidoyn alyopiBuov
BeAtiotomoinong oAAG Kol 1| TPOCUPLOY TOV GTNV OPYLITEKTOVIKT TOVL EMAEYUEVOL LOVTELOV
OTOTEAEL LDl OO TIC OTUOVTIKOTEPES TPOKANGELG TNG EEEMENG TV HOVTEL®V TPOPAEYNC, KOODC
oV Kol 6TOYEVOVY Ot PeEATIOoN TOV TOPAUETPOV TOV HOVIEAOV, GUYVA UTOPEL VO EXOVV ©G
OTOTEAEGHLA TV EMPAPVVOT] TOL VITOAOYIOTIKOD KOGTOVC.

4.2 XopPoiq g SrdaxTopikic oraTpiPi)g

210 TAaico TG TOPOoVcaS SIOUKTOPIKNG daTplPng, depeuvidnke N cuumeplpopd TwV
HOVTEL®V TPOPAEYNG G TPOG TO OMOTEAECUO TNG TPOYVAOGCTIKNG Oladikaciog, Aappdvovtag
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VIOYT E0IKE TIG KAUATIKEG GUVONKEG TOL TPOEPYOVTAL OO TN YEOYPOPIKN TOvg BEom Ko Tal
amoteléopata dnpoctevdniay ce d1eBvEg emotnovVIKO TEPL0dKO, oTNV gpyacia [120].

I[Tio ovykexkpyéva, 1 ovykekpuévn épevva [120] eotiace omv alloddynon véwv
VIEPOVYYPOVAYV, €EAIPETIKA Bpayvmpobecuwv kol Ppayvnpdbecumv, HoviéAwv mpdPieync
nAokng evépyeag. EmmAéov, ol epyaciec mov pelemOnkav, ta&voundnkav katdAinioa omd
KMUOTIKY Gmoyn. XTn ouyKekpuyévr PEAETT, €yive mpoomdbeia vo amopevydel va avaivBovv
CUYKEKPIUEVO Ol OaPOPETIKEC LeBodoroyieg TpOPAEYNS, OALA va Tapéyel TANpoPopies Kot
CUUTEPACHOTO GYETIKO UE TNV EMOPOOT TOV OLUPOPETIKMOV KAWATIKOV GLVONKOV oTnV
axpifeia tng TpoPreyng.

Ta oOyypova poviélo mTpoPreyng nAKNG evépyelog, Teivouv To. TEAELTAIN YPOVID. Va
a&lomolovy TV TeYVOAOYio G€ OTL APOPA GTNV OVAALGT TOL OVLPOVOD amd TN HEPL TNG
VEPOKAALYNG LE YPNOT S0PLPOPIKDOV EIKOVOV OAAL KOl GUCKELMOV ATEIKOVIONC ovpavoD. 1o
OUYKEKPIUEVE, M YPNOT OOPLPOPIKMOV EIKOVOV OMOITEL TNV OVOYVOPION GCLYKEKPIUEVOV
oTafEPOV YAPOUKTNPICTIKOV TOV GUVVEQP®V. EmA&éyovtal aviyvevtég eviog TV EIKOVMOV TOL
vrofaAAovTol 6€ ETEEEPYNGIN, TOV OVTIGTOLYOVV GE YOUPUKTNPIOTIKA VEPT] TTOL LITOPOVY EVKOAN
va, gvromotovv. Ta ovvoywywd obvvepa, to omoio yoapaxtnpilovior omd youniéc
Oeppokpaciec, peydAeg TAPALOPPDCELS VEPOV KOl UETACYNUATICUOVG TOV TPOKAAOVVTOL Old
NV Kivnomn Tov vEeovg Kabmg kol amd TV Kivior ToV VEPOLG AOY® TNG TOYVTNTOS TOV OVELOL
glval yvnbéteg mov avaAvovtal cuviBe amd dopveopikéc ewkdves. H ocuvémelo avtdv tov
YOPUKTNPIOTIKOV AVAAVETAL GE OAN TN GAon NG mpoenelepyaciag. o TV AmOTEAEGHATIKY
TOPOKOAOVON OGN CLTOV TOV AVIYVELTAOV, YPTCLLOTOLOVVTOL OAYOPIOLOL AVTIGTOT(IOTG TPOTHNTMOV
Yo TNV EKTIUNOT TNG MEAAOVTIKNG B€ong KaBe 1yvnAdtn amd dedopéveg ewoveg [121].

Aopveopikég ewcoveg kot dedopéva akTvoBoMag mTov TPoEpyovIal amd SopLEOPOVE
YPNOLOTOIOVVTOL GLYVA G€ HOVTELD TPOPAeEYMS Q®MTOPOATOIKNG Tapoywyns, €WKE o€
aplOuNTIKd LOVTELD KapoD. 26T000, AOY®D COOALAT®OV 6TO ONTIKO BAO0C TOV AepOADIATOG Kot
OTO TPOPANLOTO OVIXVELCNG VEPOLS, TO. SEDOUEVO OO dOPVPOPIKES EIKOVEC UTOPEL Vo EYOVV
afefordotnTa Kol cuyvA delyvovy CLGTNUOTIKN TpoKatdAnyn. EmmAéov, 1 avdAivon toug givor
ouvn B¢ otV eUPédeta TV YIMOUETPOV, 1| OTtolol EIvVOL OPKETE TEPLOPIGUEVT KLl MG EK TOVTOV
dev givon KaTdAANAa Yo ToAD Bpayurpdbeoueg mpoPréyelc.

O emiyeleg CUOKEVEG ATEIKOVIOTG OVPAVOD TPOCPEPOLY DYTAN YWOPOXPOVIKT] ovaAvon.
Avtd épyetar oe avtiBeon pe TIC dOPLPOPIKEC EIKOVES. UG OmMOTEAECHA, TETOLEG EIKOVEG sivan
KOATAAANAES Yoo TOAD PBpayvmpdbeopec kat Ppayvnpobeopeg pebodoroyieg mpdPfreyne O6mov
amorteiton vymAn avdAivon. Ewdwd yio evoompaieg mpoPrEWels, TPOTIUDVTOL O ETYEIEG EIKOVEG
oVpavoD, avTi Yo TIC SOPLVPOPIKES EIKOVEG Kol TO HOVTEAD aplBUNTIKAG TPOPAEYNS KOPOL.
EmmAéov, M vynAn yopoypovikni Tovg OovOALOT TPOCEEPEL TN SUVATOTNTO EVTOMIGHOV
SVUPBEVTOV PAUTOC TTOL 01 SOPLPOPIKES EIKOVEG OEV Elvar o€ BEON VA, EKTIMGOLV.

Oa mpénel vo onuewwbdel O6TL 1 emiygld amEWOVION, UEC® OEIKTMOV KAALYNG VEPOULG,
SVUGATOV KIVNong VEPOUG Kot TAEIVOUNGEMY GUVVEQP®Y, GLUYVE CTEPEITOL YOPIKNG KAALYNG
Kol emouéveg meplopiletal otn ¥PNoN Y0 GLYKEKPILEVES EPUPLOYEG TTPOPAeyNG Tomobeaiag
[122].
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O KMpotikég ouvinieg mailovv Kabopiotikd polo oty Tapaymyn evépyelag omd AIIE.
H petapintomra kot n anpoPrentn gvon Tov kapod kabioToby TNV Tapoywyn EVEPYELNS AT
VTG TIG TTNYES EVAAWTN 08 €EMTEPIKOVE TOPAYOVTES TTOV LITOPOVV VO EXNPEACOVY CUAVTIKY
mv omddoon toug. H katavomon oavuthig g HeTaPANTOTNTAG OAAG KOl 1) GUVOEST T®V
UETEMPOAOYIKDOV OEOOUEVAOV UE TNV E€MIO00T KOl OmTOO00T TOV EPUPHOCUEVOV HOVTEA®Y
wpoPreyng, mailovv kabopiotikd polo otnv avamtuén kol Peitioon tov pebodoroyimv

TpoPAeYNC.

Me v TOAVTAOKOTNTA TV HOVTEA®V TPOPAeyNC va avEdvetal cuveym®g AOY® TG
oLVEYOVG OVATTLENG TOV OTUITHCE®V KOl TOV OLVOTOTHT®OV T®V HOVIEA®V TPOPAEYNS, 1
EMTAYLVOYN TOV OlOOIKACIOV KOl 1) EAOYICTOTOINGCT TOL VTOAOYIGTIKOD KOGTOVG YivovTtol
napapeTpot peilovog onuaciog yo tnv dwadikacio g mpdPieymc. H spappoyn cvykekpluévav
povtéhmv mpOPAEYNC CE TMEPUITOCEIS OEOOUEVOV OO JLOPOPETIKEG TEPLOYES UEV, OAAN
TOPOUOI®V  LETEMPOAOYIKOV cLvONKdV, umopel vo GUUPAAAEL ONUOVTIIKG GTO TOPOTAVE®
wpoPAnua. H xatavonon g enidpacng TV HETEMPOAOYIK®Y deS0UEVOV, OALA Kot 1] ETLOPOOT
TOVG GE CUYKEKPUEVO TOMO LOVTEAWV TTPOPAEYNG UTOPEL VO EMTPEYEL TNV ATOPLYN XPNONG
OKATAAANA®V HOVTEL®DV TPOPAEYNS, OAAG KoL TNV KATAAANAN Tpoenelepyacia Twv dedouévav
€16000V.

4.3 Opilovrag mpopreyng

H ovveyng Odieiodvuon g MMOKNAG EVEPYELNG OTO EVEPYEWNKO GUOTAUOATH EXEL
onuovpynoel onuoavtikd mpoPfAnuata dcov aeopd tnv evotdbela kot Ttov Eieyyo tov. Ot
puebodoroyieg mpoOPAEYNG Exovv ypnoipomombel vPEMC YL TV AVIIUETOTION CLTOV TOV
mpoPAnudtov kot TN PEATICTONOINGT TNG AEITOLPYIOG TOV OYOPOV EVEPYEWG KOL TMOV
CLOTNUATOV NAEKTPIKNG evépyelng. A&ilel va onueimBel 0Tt TPoKLITOVY SlOPOPETIKOL THTTOL
npofAnuatov, avdroya pe tov opilovta mpoPreymg towv poviélwv. Tétow mpofAinuoto
TowiAlovv amd T PEATIOTONOINGN TOV OyopdV MAEKTIPIKNAG EVEPYELNG, TN Ola)elplon TV
CUGTNUATOV NAEKTPIKNG EVEPYELNG, TOV KOOMUEPIVO TPOYPOUUATIONO, TNV EVEPYEWNKT ayOpd
KOl TOV TPOYPOULUATIGUO GUVTHPTONC.

YnepppayvrpoOcopn mpopieyn

H vrepBpayvnpdbeoun mpdPreym ypnoylonolel wotopikd dedopéva, evEPYELOG Yio TNV
EKTIUNOTN TOV TPOYVOCTIKOV TI®V eVEPYELNG e opilovTa mTpoPreyng mov KupaiveTor Guviimg
amo Aiyo Aentd €og pia opa [123]. H Bertimon tng axpifelag tov e&opetikd Bpayvmpdbecuwmy
povtélmv TpoéPreync Ba pmopohoe va SLOdPALATIGEL OTOPACIOTIKO pOAO OTN ActTovpyio Kot
TOV GYESIGUO TOV CLGTNUATOV NAEKTPIKNG EVEPYELNC, OedOUEVOL OTL B LITOPOVCE VoL LLELDCEL
T0 ATOOEUNATIKO KOGTOG KOl VO BEATIDGEL TEPOUTEPM T1) OOUT TOV NAEKTPLKOD dikTvoL [ 124].

Bpayvrnpo0sopn tpofieyn

H Bpayvrpobeoun npdPfreyn ctoyedel 6TV TOPOVCINCT) TPOYVOSTIKAOV OTOTEAEGUATOV
OV APOPOVV TNV KAOMUEPIV ayopd NAEKTPIKNG EVEPYELNG Kol TN OLaXEIPLOT TOL GLGTNHHOTOC.
O opilovtog TpoPreyng Kopaivetoar cuvnbmg amd pio opa Eog 48 mpeg [125].
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Mivaxag 4.1 Tevikdg TOTOG 0£00UEVOV TOV YPTCLUOTOIEITOL GTNV TPOPAEYT GLOMKNG
Topoywyns, Pacet g Piproypapikig avaokonnong tov Kepaiaiov 2.

I'eviko6g TOTOG 0€dOPUEVEOVY MeleTnpéveg epyocisg
Iotopikd dedopéva, aoMKNG [66]-[68], [71], [72], [74], [75], [77],
Tapay®YNg [79]-[85]
Metemporoyikd dedopéva [66], [80]-[82]
NWP [77], [83], [84]

Meoorp60sopn Tpépfreyn

H peconpdbeoun mpoPreyn otoyevel ot PEATIOT AELTOLPYID KOl TPOYPUUUATIGUO TOV
CLOTNUATOV MAEKTPIKNG evépyelag. O pecompdbecpog opilovtoc mpofréyewv kvpaivetol
ocuvnbmg amd 48 mpeg Emg pia efdoudda [125].

Moxponp60copun tpofieyn

Ot pokpompdBespiec TpoPAéyelg amockomohy Kupime GTOV GYESOCUO TMV GUOTNUATOV
NAEKTPIKNG EVEPYEWNG KOL OTNV EMEKTOON TNG TOPAYOYIKNG KOVOTNTOC, KAODG Kol oTOV
TPOYPOUUATIONO ouvTipnong kot  kotookevng [126]. O pokpompdbecpoc  opilovrag
nwpoPréyemv exteiveTan cuvnBwg o éva 1 meptocoTepa £t [123].

4.4 OeopnTiko vaoPfadpo
4.4.1 BpayvrpoOcoun TpoPreyn cVGTNUATOV GLOAIKIG TOPAYOYNG

4.4.1.1 Klipankés ovovOnkeg

Ocov agopd tnv akpifelo Tov HOVTEADV TPOPAEYNG QOAIKNG EVEPYELNG, 1| ETIAOYT TOV
KaToAANAov dedopévov €10000v gival (oTIKNG onuoaciog. Ald@opeTikol TOTOL dedOUEVMV
€10600v Aappdvovtal vToyn Yo TOAVOTIKE PLovVTEAN TPOPAEYNC OLOAIKNG EVEPYELXG.

Iotopikd dedopéva g TOXOTNTOC TOL OVEHOV 1 TNG OIOMKNG EVEPYELNS €YOLV
xpMoonondel T0GO G€ ATIOKPATIKG OGO Kol o€ THAVOTIKG povTéda TPOPAEYNG. AAAOL TOTTOL
ONUOVTIK®V 0edopévmv Tov @aivetal va PBektidvouv TV akpifelo TOAADY TPOTEWVOUEVOV
HOVTEA®V €lval To LETEMPOAOYIKA OEOOUEVO OO TO LOALKA TAPKA 1 TIG OMKES TEPLOYES TOV
gpeuvavtal kabmg Kol To uokd poviéha NWP mov HovieAomolovviol amd TPONYUEVES
pebodoroyiec.

Onwg yiveton evkola xotovontd amd tov Ilivaxa 4.1, To 10TOPIKA dEGOUEVA OLOATKNG
TapaymYNg eaivetol vo moilovv Tov onUOvVTIKOTEPO POAO o1 PeAtimon Tov GEAALATOV
TPOPAEYNC TOV HOVTEA®Y TPOPAEYNG OMOMKNG Tapay®yNS. Avtd €lval apKeETH OVOUEVOUEVO
0AAG Kol Aoyuco. H katovonon tng cupmepiopopdc TV ovER®MV ava TEPLOYN EPELVAG EIVOL TOAD
ONUOVTIKT, TOGO Yoo TN PeAtioon tov poviédmv Tpofieyng, 000 Kot Yo Tnv 10 v
EYKATAOTOON TOV COAKOV TAPK®V. XZuYvA, To HLOVIEAD LNYOVIKAG pabnong sivarl wovd vo
evtomiCouv poTifo Ko TTPOTLTA GUUTEPLPOPAS TOL GVEROL HE TNV oOENGN TOL OYKOL TOV
OLUVOLOL TOV OEOOUEVAOV EKTAIOEVOTG, GLYVA Yo OlAPKEWD €TMV. AvTd KAvel KOOOPIOTIKNG
ONUOGIOG, TNV XPNOT LETEMPOLOYIKMY OEGOUEVMY TOV QLPOPOVY KLPIWE GTNV TOYLTNTO KOL T1)
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Kdéppen-Geiger climate classification map (1991-2020)

. Af N BWh BSk N Csc I Cwc I Cfc I Dsc s Dwb Dfa N Dfd
N Am BWk Csa Cwa Cfa I Dsa W Dsd B Dwc W Dfb ET
. Aw BSh Csb e Cwb Cfb Bl Dsb Dwa N Dwd Em Dfc I EF

Source: Beck et al. (2023): High-resolution (1 km) Koppen-Geiger maps for 1901-2099 based on constrained CMIP6 projections, Scientific Data 10:724, doi:10.1038/s41597-023-02549-6.

Iyqpa 4.1 Toykooeg khapaticég {ovng Baoet g ta&ivounong Koppen—Geiger.

d1evuveon Tov avEROV, OAAGL KAl GTN (PTOT) IGTOPIKAOV YPOVOGELPDV TOPOYDYNG OLOAIKNG
EVEPYELOGC.

4.4.2 BpayonpdoOsopn tpofireyn cvotnpdToV QOTOPLOATAIKNAS TOPAYOYNS

4.4.2.1 Klyorikés ovvOikeg

O petemporoyikég cvvinkeg mailovv GMUOVTIKO POAO GTNV EKTIUNGCT TOL CEUALOTOC
TPOPAeEYNS TV HOVTEL®V Q®TOPROATAIKNG TpoPAeyng. H vepoxdivyr, n toydnto Kol 1M
dtevbuvon tov avépov, n PpoxdmTtmon N N Bepurokpacio mepPaAlovtog eivar 6Aol KALOTIKOL
Tapdyovteg mov mToKiAAovy avaAoya pe Tnv Tomobeaia.

Ye yOPEG MO KOVTIEL GTOV IGNUEPVO TNG YNG TOPOINPOOVTUL LVYNAOTEPES Bepplokpacies,
EVA O€ YMOPEG O KOVTA 6TOVG TOAOLG, 1) Beprokpacio pmopel va petmbel axoun kat kéto omd 0
°C. Xg TpomiKd KAHOTO, GUVOVTOVTIOL LEYOADTEPOL GYKOL BPOYONTOGE®V, VD o8 ENpa KATpOT
o1 BpoyonTOCEIS KABMG Kot 1) ToOTNTO TOV AVEROL evOEyeTaL va. meplopifovial g eEUPETIKA
YOUNAG ETITES L.

Y10 Zyqua 4.1, mapovstaleTar o Ta&vounon tov KMpoTikav (oveov g Ing [127] pe
Baon 1o cvotnua Koppen-Geiger. Eivar @avepd 0TL vdpyovv opketég KAATIKEG TAEWVOUNCELG
Ko VTOTAEWOUNGELG Le Bdomn TN BEom Kal TIG HETEMPOAOYIKEG GUVOTKEG.

To cbompa Kdppen-Geiger, and ) Bdon tov, dev mpoopiletar yia Tov kabopiopd tmv
ouvOnK®V 6Ta TAAIoW TOV POTOPOATUIKOV cuoTnUdTOV. AvTifeTa, TPOTAONKE TPOKEUEVOD Vi
TOPOVGLUCTOVY 01 KAUOTOAOYIKEG cLVONKEG OT®MG PldvovTol omd TOvS avOpOTOLG Kot dAAY
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{ovtova TAdouato 6€ OA0 TOV KOOUO HEC® Pabidg £peuvag TV KAUOTIKOV GLUVONKOV TV
dpopwv tomobesiwv. Tlapdia avtd, OvIoG £va EVPEMG AVAYVOPIOUEVO KAUOTIKO HOVTELO,
oA Ko Ady® ¢ Pabidg avaAveng TV LETEMPOAOYIKMY GUVONK®V, WTOPEL VO, ATOTEAEGEL 10!
a&oroyn Pdon vy TV KOTOVONGo! TOV HETEMPOAOYIKMOV cLuvONK®V, dote vo mpotabel o
KMUOTIKY Ta&vouNnon EMKEVIPOUEVT] 6T OTOROATAIKA cuothpata [128].

Q¢ amotédeopa, AoUPAvovTog vIOYN TN CNUAGIN TNG KAMUOTIKNG TTUYNG 0T dlodKacia
me  mpoPreyne OB mopaywyng, ot kAatikég  vmotoaSivounoeslg Koppen-Geiger
opadomomOnkay, yopiotnkov Kot cuvdvdotnkav €k véov oTlg kKMpotikée (dvec mov
mapovstalovtol Tapakdto [128]:

o) lonuepwn Covn: avt) n (ovn meplopiletol og ocvykekpyéveg {dveg yOopm omd TovV
onuepwvd ¢ I'mg. Avtq n Covn AapPdvel to vymidtepo emimedo MAaKNG axtivofoliog,
dedopévou Ot 1 empdveln sivon KEOeTn oTO0 €1EPYOUEVO NAOKO QMG AVLTEG Ol TTEPLOYES
yopoktnpilovtal and vynid eminedo vypaciog kot vynAég, otabepég Oepuokpacieg 6ho Tov
xpovo. H PBpoyn eivan éva oyeddv xabnuepvd eorvopevo. Qotdco, Umopel vo vIapy oLV
dlakpitég mepiodot Enpaciog.

e  Yypn vmoionuepwvy Covrn, mov yapoktnpiletor amd vymAd emimedo vypoociog Kot
TOKTIKEG PPOYOTTOCELS.

e Enpn vrmoionpepvi Lovn, mov yapaktpiletal amd Enpéc cuvOnkec.

B) Tpomwkn (dvn: avty M COVN ovVOEEPETOL O TEPLOYEG KOVTA GTOV 1ompuepvo g I'mg.
AvTtéc o1 meployég givar ot Oepuodtepeg, dedopuévou OTL 1| ALK oKTIVOPOATN QTAVEL GTO £00.POG
oYedOV KABeTa e OAN TN SLApKELN TOV £TOVC Kol £TCL 001 Yel 6€ LYNAG enimeda E10EPYOUEVS
NAKNG axtvoPorioc. To akpaio KAMUOTIKE @oivOpEVa vl GUYVOTEPO GE AVTEG TIC TEPLOYEC.

v) Yrmotpomkn {dvn: Katd TN ddpKelo TOL KOAOKOPLoD, QLTEG Ol TEPLOYEG AapPdvouv
VYNAG eminedo axtivoPoliog €meldn 1 Yovia Tov AoL givar oxedov kabetn mpog ™ M. Qg
OmoTéEAECHA, TO EMimeda vypaciag givor younAd, to emimeda aktvoPoAiag avEdvoviol Kot To
OTPMUO VEQOKAALYNG elval Aemtd. Avtifeta, kotd TN O8pKEI TOV YEWWDVO, TO EMITESN
aKTvoPBoAlag pmopovv vo, PEWOOOV oNUOVTIKG, He amoTélecua younAés Beppokpacieg Kot
VYNAG emineda VYPUGIOG.

0) Evkpatn {dvn: og oOyKpilon Ue TIG TPOMIKEG Ko LITOTPOMIKES LmdVeS, o1 Beppokpacieg
elvar yaunAotepeg Kot mo otabepés, Kabdg 1 Aok axtivofoiic PTAVEL 6TV EMPAVELL TNG
I'mg pe wikpoTepn yovio Kot 1o eninedo axtvoPoiiog Tov A0V €ivol GNUAVTIKA YOUNAOTEPO
oo TIc KMUaTIKEG (MVeC To KOvTd oTov onuepwvo g I'mc. Ta akpoio kAMpotikd eovopeva
glval Mydtepo ouyva Kol Ol BPoyYOnTOCEIS KOTOVELOVTIOL TOKTIKA G GUYKEKPLUEVES EMOYEG.
Q610600, AOY® TOV YEYOVOTOC OTL 1| €0KpaTH LDV KAADTTEL TEPACTIEG EKTACELC GE OLUPOPETIKEG
YDPEG KOl OLOUPOPETIKEG NAEIPOVS, UTOPOVV VO OVTILETOTIGTOVV OLOPOPETIKES VITOKATIYOPIES
ToV KApoTog ¢ ebkpatng {dvNng, amd HEPIKMOG Ppoyepés £mg oyeTIKd ENpEC.

e Yypn vmogvkpatn {mvrn, mov yopaxtnpiletor kupimg amd PPoyonT®CELS KoL YEVIKA
VYPEG LETEMPOLOYIKEG GLVONKEC,
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Mivaxag 4.2 Tevikdg TOTOG 0EG0UEVOV TOV YPTCLUOTOLEITOL GTNV TPOPAEYN POTOPOATUIKNG
Topoywyns, Pacet g Piproypapikig avaokonnong tov Kepaiaiov 2.

I'eviko6g TOTOG 0€dOPUEVEOVY Meretnpéveg epyacieg
Iotopikd kat petemporoyikd [32], [33], [36]-[38], [42], [44], [45],
dedopéva [47], [48], [49], [52]-[55], [58]-[61], [65]
NWP [41], [46], [50], [51], [56], [57], [64]

Mivaxag 4.3 Avélvon TOT®V ed0UEV®Y TOL TEPIEXOVTOL GTNV TPOPAEYT] POTOROATATKNG
Tapaymyns, Bacet g Piproypapikng avackonnong tov Kepaiaiov 2.

TYmwog dedopévemv Meletnpéveg gpyacisg
HAwon axtivoBoiio [41], [42], [44], [47], [49], [50], [52],
[54], [57]-[59]

ToydTnTa avépov [42], [48], [50], [51], [56], [57], [59],
[60], [64]

Ogppoxpacio TepParlovtoc [42], [47], [50], [52], [54], [56]-[59]
AevBvvon avépov [42], [58], [64]
Iotopid Sedopéva 1600¢ [41], [44], [49], [59], [60]
Tyeticn vypocio [42], [54], [56]-[59], [64]
Negpokdhoyn [49], [54], [56], [57]
Bpoydntmon [42], [49], [50], [64]

e Enpn vmoegbkpatn {ovn, mov yopaktnpiletor kuping amd Enpéc cvuvinkeg e ondvia
TOPOVGiO BPOYOTTOCE®V.

Yronohkn Covn: ovt) 1 {ovn ovaQEPETOL GE TEPLOXEG ME UEYAAOVG OF SAPKELD Kot
TOAD KPVOLG YEWMDVEG KoL kadokaipia yaunAng Beppokpaciog. Ot yoypol Gvepol amd avti
Lovn emmpedlovv ovviBmg to KMo Tov mepoydv edkpatng (ovng Kotd T OldpKeELD TOV
YEWDVOL.

Mol {ovn: o1 eployég otig mohkég {aveg Aapupavouv ta Aryotepa eminedo £VIoong
NAlokng oktvoPforiag oe 6AN TN didpkela Tov £Tovg. H didpieia e nuépog mokidAel og oVTEG
TIc meproyéc. Xapaktnpiletatl and eEonpetikd yopnAés Bepprokpacicg Kot 1o EMIMEO TNG NALIKNG
aktvoPoliag etvat To yopnAdtepo duvatd AdY® TG JUKPNS YOVIONS TOL TO PMC TOV NALOL PTAVEL
otV gmeavee, e I'ng.

4.4.2.2 Tomog dedouévawv

Mo onuovtik] mopdpetpoc mov emmpedlel v okpifelo tov poviélmv mTpoPieyng
NALOKNG EVEPYELOG €lvat 1) EMAOYT TOV KATAAANAWY d€d0UEVOV E1GO00V.
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Yype 4.2 Evponaiog xaptng dpecsns Kovovikng oktivofoiiog.

Awogopetikd  poviéda  mpdPreymg  eotoPoitaiknig mapaywyng egetdlovv Kot
epopudlovial og SPOPETIKOVG TOTOVG dedopévmv glcodov. O Ilivakag 4.2 mapovoidlel Tov
TOTTO TV PETOPANTOV €10600V TOL EMAEYONKAV Gg KdOe pio omd TG epyacieg mov eEeTtdoTniay
OGOV aPOPE. TO, IOTOPIKA KO LETEMPOAOYIKE dedopéva aAld kot T xpnon NWP,

Amo TN QUOT TOVE, To HOVTELD TPOPAEYNC POTOPOATUIKNG TTapaywyNS £E0PTMOVTOL O
peydAo Pabud amd Tic LETEMPOAOYIKEC Ko KALUATIKEG cuvOnKkes. Iotopikd dedopéva nALOKNg
EVEPYELOG KO LETEMPOAOYIKA dedopéva Exovv ypnotponombel oty tpopreyn ®B mopaymync.
Onwg eaivetor mo avaivtikd otov [ivaka 4.3 petewporoyikd dedopéva, 6T®S 1 T OTNTA TOV
avépov, 1 Beppokpacio kot 1 nAtakn axtivofolio deiyvouv va eival amopoitnTa Yol pio okpipn
npoPrleym eoToPoAtaikng Tapaywyns. Ta tehevtaia ypdvia Exovv Tpotabel poviéla Paciouéva
OTIG EWKOVEG oVPAvVOD, Aapfdvovtag vIoymn Tig cvvinkeg vepokdivyne. H avémrtuén tétoimv
povtédov, Pondnce va ovumepiAneOel M VEPOKAAVLYN ©C ONUOVTIKY TOPAUETPOS OTN
oladikacio TpdPreync kat va Bertindel mepattépm n axpifeio TpOPAEYNS TOV LOVTEAW®V.

Ot ITivakeg 4.2 kou 4.3, avadeikvoouy T onuacio NG KATAAANANG ETAOYNG dEdOUEVOV
Yo pol emttoyn Kot okpipn potofoltaiky tpdPreyn woyboc. H onpacio tov HeTe®poAoyIKMV
OEOOUEVOV €VAVTL OKOUO KOl TMV 10TOPIKAOV JEOOUEVAOV TTOPAY®OYNG 10Y00G givar EgkdaBap.
Yvuykekpyéva, dedopéva OTmg 1 NAlakn aktivoPfoiia, n Oepuokpacio TepPAALOVTOC, 0AAY Kot
N TaxOHTNTO TOL OVEHOL eaiveTal va Tailovv kabopiotikd poAo.

4.4.3 XvoyéTion OVVOUIKOD TOPAYOYTG EVEPYELNG KOL HETEMPOAOYIK®OV GUVOINK®OV

H onuepvég amaitnoelg yio KAALYT EVEPYEINKMY OVAYKMV GE TOYKOOUIO EMITESO OAAG
K01 1] KOTOVONGT) TNG 0mOKPIoNG TOV LOVIEA®V TPOPAEYNG GE SPOPETIKA GUVOAX OESOUEVMV
OmOTEAODV ONUOVTIKN TPOKANGN TNG GOYYPOVNG eVEpPYELaKNG KotvotnTas. 1Tio cuykekpipéva, o
MEPUTTAOGELS TEPLOYDV e VYNASO duvapkd Tapaywyng evépyetog omd AITE, n fértio €yyvon
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Tympa 4.3 Evpomaikog yaptng mopayOolevng NAOKNG EVEPYELOGC.

NG CLUVEYXMSG CLEAVOUEVNG TOPAYOUEVNG EVEPYELNG, UTOPElL Vo omoTeel Oyl UOVO TPOKANOT
OAAG Ko TPOPAN UL

Ot KMPOTIKEG GLVOTKEC TOV VTTAPYOVY € KADE TEPLOYT UTOPOVV VO, EMNPEAGOLY TOGO TIG
VILAPYOVGES KMUOTIKEG cLVONKEG 0G0 KoL TN oTabepdtnTa 1 pETafAnToTnTd Tove. Eival gvkola
KOTOVONTO OTL G€ MEPLOYES Ue oTafepEG KAMUOTIKEG GUVONKEC 1| LETEMPOAOYIKEG GUVOTKEG TOL
eneovifovv mTEPLOAKOTNTA KOl UTOPOVV €VKOAO VO EKTIUNOOVV, amAhd povtéda TpoOPAeynNg
UTOPOVV VO EPOPLOCGTOVV Kol Vo €ivol 0pKeTE omodoTikd. 261000, GE MEPIMTMGELS VYNANG
UETOPANTOTNTOC KAMUPATIKOV GUVONKOV, OvTioTolyo, Kouptkd pHotifo oAAG kol avouevOpevo
TPOQIA TapayOUEVNC €VEPYELNG €lvarl OVOKOAO va ekTyunBolv. Xe TETOlEG TEPIMTAOCELS, TO
povtéla TPOPAeyNc glvarl KpiGIHO Vo UTOPOVV Vo AGBovV LITOWYN TOLG TOAAEG TOPAUETPOVG
OAAGL KO VO YPNGLULOTOOVY HEYAAO OYKO 1OTOPIKMY OEG0UEVOV. AVTO €YEL (OC OMOTEAEGLO VO
oLEAVETAL 1| TOAVTAOKOTITO TOV OTOLTOOUEVOV LoVTEL®V TTpOPAeyns. H Katavomon Aowmdv tov
TPOTOL AELTOVPYIAG TOLG GE GOVOAL OEGOUEVMV TOV AVTIKATOTTPILOVY TOPOHOIES KAUATIKES KO
LETEMPOAOYIKEG CLVONKESG, UTOPEL VO PEIMOEL GNUAVTIKG TOVG YPOVOVG KOTAGKEVNG UOVTEA®Y
TPOPAEYMC KATAAANANG aPYITEKTOVIKNG OALA KoL VO BeEATINOEL TaL 0TAd0 TpoEmesepyaciog TwV
000UEVOV E16050V KAl TNG EKTAIOELONG TOV LOVTEAW®V TPOPAEYTG.

To Zyfua 4.2 Tapovctdlel Tov xaptn g dpeons Kavovikng axtivopoiing (Direct Normal
Irradiance - DNI) yw to mapddetypa g Evponng. H dupeon kavovikn aktivofoiio avagépetan
OTNV TOCOTNTA TNG MAOKNG OKTVOPBoAiog ov AduPBAvVETOL OvA HOVASO EMLPAVELNS MIOG
EMPAVELNG OE CUVEYDG KATOKOPLEO TPOmo omd tov NAo. To Zynua 4.3 mapovcidlel Tig
duvaToTNTEG POTOPOATAIKNG TTapAY®OYNG TOV Ywpodv TG Evpodnng. Mmopel vo @avel amd ta
Yyquota 4.2 kot 4.3 0T T mimEdA TNG AUEONG KOVOVIKNG OKTIVOPBOAlnG glval cuvenn pe TV
TOCOTNTA KOL TNV duvVaTOTNTO TNG TOPAYOYNS GOTOROATAIKNG evépyelac. Avtd To oTotyeia
TOPEYOVY L AETTOWEPT EIKOVO TNG KATAVOUNG TNG NMMaKNG aktivoBoiiag otnv Evpodnn kot

81



KE®. 4 BPAXYIIPO®EZIMH ITPOBAEYH AIOAIKHE KAI ®QTOBOATAIKHE ITAPAT'QIHE

€T01 O1eVKPWVILOVY TIG TO VTOGYOUEVEG TEPLOYEG YO TNV TOPAY®YN MAOKNG evépyelog. €2g
OTOTELECLO, YPEALOVTOL TTIO TTPONYHEVE HOVTEAD TTPOPAEYNG PMTOROATUIKNG TOPAY®YNG OF
TéT01EG MEPLOYEC Kot €lval o mOOvO o1 €pevvec Vo, EMIKEVTP®BOHY o€ GUVOAN OedOUEVDV
CUYKEKPIUEV®V TOTODETIDV.

Ao ta Zynuota 4.2 kot 4.3, TpokOTTEL OTL 1] TAEIOVOTNTO TOV YOPDOV TOV XPEalovTal Ta.
o okpPpn poviéha mPOPAeym eivor yopeg NG KEVIPIKNG Kou voTwog Evpomng mov
apovctdlovv To VYNAOTEPA ENITESN OKTIVOPOATNG. AVTEC OL YDPES £YOVLV VYNAOTEPO SVVOLKO
TAPAYMYNG POTOROATAIKNG EVEPYELNC. AVTO GUVIEETAL LIE TIG KAMUOTIKEG TOVC cuvOnKes. AdYw
g aeboviog g NAokng oktivofoliog oe tétown KA{poTa, 0VTEG Ol Ydpeg cuveyilovv va
EVOOUATOVOLV TNV NALOKT EVEPYELD OO Kol TEPIOGOTEPO GTO. GUCTNHUATO 1OYVOS TovG. [Ipémet
vo, onuelmBel O6tL o1 otabepéc HETEMPOAOYIKEG ouLVONKEG €uVOOUV TNV Amdd00N TOV
eotoPoAtaikdv. H cvveyng mpoécmtwon tov MAoakod ¢mtdg, o KabBapdg ovpavdc kol ot
ouvOnkeg Kovovikng Beppoxpaciog Bo pmopovoov va PBeATioTOmOm)cOVY TNV OMAS00T TOV
POTOPOATUIKOV.

Qc1000, TOPA TO YEYOVOC OTL TO SLVOUIKO TTAPAYOHEVNG POTOPROATAIKNG EVEPYELNS OE
OVTEC TIG TEPLOYES Elvol ONUOVTIKE VYNAO, Ol KAUATIKEG CLVONKEG TOPAUEVOVV OPKETH
anpocoloplotes. [Iépav tng meptddov TOV KoAOKAPOD, OOV YopoakTnpiletor amd VYNAEG
Oeppokpaciec Kol cuvey MAOQAVELD, T| GUUTEPLPOPE TMV UETEMPOAOYIKOV CLVONKOV Ogv
umopet evkoAa va ektiun e, Oempmdvtog Kamola emoykd potifa. Edikd ta tedevtaio ypovia, ot
YEWEPVOl unveg eivar ToAd d0okoho va extiunBodv. Zuyvd mapatnpeital TopaTaoT TV TOAD
OepumV KOAOKOPLOVY, LUE OTOVGIo BPOYOTTOCEMY 1| GUVVEPLAG, EVA VTAPYOLV Kol TEPI0DOL TOL
TOPOTNPOVVIOL GUVEYEIG KoL EVTOVES PBPOYOTTOCELS KOl TEPIOJOL UAKPAG CLUVVEQPLAS. 26TOGO,
OKOUO KOt TIG TEPLOSOVE TOV KAAOKOLPLOD, OTTOV 1 TPOCTTMOT TG aKTIVOPoAMag ivat oyeTikd
otafepn Kal GuVEYNG, Ol TOAD VYNAEC Beplokpacieg UTOpPOOV Vo EMNPEAGOLY OPVNTIKG TNV
anodoon tov ®B mavek, vrofabuilovtoc Tic duvatdtnreg mapayouevng evépyeloc. OAia ta
TOPOTAV®, EIVOL KOTOVONTO TMG GTO TAAICLY TNG JAdIKOGING TPOPAEYNG TAPAYWOYNG EVEPYELG,
omortobv  €EEMEN TV VIOPYOLO®Y HEBOSOAOYIDV KOl KOTE EMEKTOON 7O TOAVTAOKO
oLoTHHOTO TPOPAEYTC.

4.5 BelTi0TOTOINGY TEYVIKAOV PNYOVIKIG NaON oG

Ot aAyopiBuol Pertictomoinong dtodpapotilovy Kevipikd poOAO oTo HOVTEAN TPOPAEWTG
OYVOG EVIGYVOVTOG TNV OKPIPELD, TNV ATOTEAEGUATIKOTNTO Kol TNV 0§l0TIoTio Tovg. AVTd Ta
povtélo  amoTELOVV  omopoitnte  €pyoAcic. oTOvV  gvepyslokd Topéa, Ponboviag otnv
OTTOTEAEGHATIKY OOXEIPION TNG TOPAYMOYNG, UETOPOPES Kot Olavoung NAEKTPIKnG evépyetag. H
onuacio Tov aiyopiBuwnv Peltiotomoinong oe ovtd to. povtélo pmopel va yivel katovont
UEGO a0 TOAAEG POCTKES TTVUYEC.

Ov olyopiBuotr PeAtiotomoinong emtpémovv ota HOVTEA TPOPAEYNG 1oyvog Vo
yepilovion v eyyeviy molvmAokdtnto Kol afefordtnro T@V evepyslok®v cvotnudrtov. H
{qtnon ka1 n Tpooeopd evépyelog emnpealoviol and TOAAEG UETOPANTEG, OTMMOC Ol KOUPLKEG
OULVONKEG, Ol OIKOVOMIKOL TTOPAYOVTEC KOl 1) GUUTEPLPOPE TOV KOTAVOADTOV, KOOIGTOVTOG
dvokoheg TiG okpPeic mpoPAdyelc. Ot odydpiBupor  Pertiotomoinong, Ponbodv ot
BeAtiotomoinon TV TOPARETPOV TOL HOVIEAOL YO TNV EAQYIOTOMOINGCT TGOV CEUAUAT®V
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wpoPreyns. Tlpocapudlovy ETMOVOANTTIKA TIC E€GOYOYEG TOV UOVTEAOL UE PACT 10TOPIKA
dEJOUEVE KO TTANPOPOPIES GE TPAYHUTIKO YPOVO, LUE OTOTEAEGUA O OKPIPEIC TPOPAEYELG.

EmmAéov, d1evkoAbVOUV TV EVOOUATOOT OOPOPETIKMOV TNYDV OedOUEVOV 0 LOVTELQ
npoPreync. H mpoPfreyn 1oydog amaitei v agopoimon dedouévav amd otipopes TNYES,
CUUTEPTLOUPOAVOUEVOV TOV HETEMPOLOYIKMDY OEGOUEVOV, TOV 1IGTOPIKOV TPOTOHTOV TOPUYDYNG
KOl KOATOVOA®ONG, TOV TUOV NG oyopds Kol TOV TEPOPICU®Y VTodouns. Ot alyopidpot
BeAtiotomoinong Ponbodv otV €TLOY TOV GYETIKOV O€00UEVAOV, GTOV EVIOTIGUO TPOTUTMV
Kol 01N PeATIoTOmoINo T®V TUPOUETPOV TOL HOVTEAOL YloL TNV E€MiTELEN TG KOAOTEPNG
duvartng akpifelog TpoPreyng. Me TNV amoTEAEGLOTIKY HOYAEVOT) TOV SLBECIU®OV dEdOUEVOV,
avtoil ov aAyopiBuotl evioydovv v a&lomotio TOV TPOPAEYE®MY 1GYVOC, EMTPEMOVTAG OTIG
EMYEIPNOELS KOWNG OQEAELNG KOl OTOVE QOPElg EKPETAALEVONG TOL SIKTVOV Vo AapPdvouv
TEKUNPLOUEVES OTOPACELS.

O adyopiBuot Bertiotonoinong enttpémovy T PEATIGTONOINGT] TG KATAVOUNG TOP®V KOl
TOV TPOYPOUULOTIGHOD G€ GuGTHHATA 10YV0G. H mapaymyn kot dtavopun evépyelag mepriapfavel
TOAVTAOKEG OLOOIKAGIES e TOAAATAOVG TTEPLOPLGLOVS KOl GTOYOVC, OTMC 1 EAAYLOTOTOINGT| TOV
KOGTOLG, 1 LEYIOTOTOINGN TNG 0mdO00NG Kot 1] SLICPAALCT) TNG EVOTABELNG TOL GLGTNATOG. Ot
alyopOpol Bertiotonoinong Ponbodv otnv gdpeom g PEATIOTNG 100PPOTOG UETAED OUTOV
TOV OVTIKPOLOUEV®V GTOX®OV, TPOSdlopilovTag TNV MO OTOTEAEGUOTIKY XPNoT TOV TOPOV,
npoypappatifovtag dpacTnploTNTEG GLVTHPNONG Kol OloyEiplonG CLGTNUATOV ATOBNKEVOTNG
evépyelag. Beltiotomoiwvtag v Kotavopn mopwv, ovtol ot aiydpiBuol Peitidvovv 1
GULVOAIKT] 0TSO0 TOV GUOTNUATOV 16YVOG KL LELMVOLV TO AEITOVPYIKO KOGTOG,

Téhog, eotidlovtag oty Tapovco S18akTopikn dtaTpiPr], ot adydpifuol fertiotonoinong
VTOGTNPILOVV TNV EVOOUATOON AVOVEDGIU®V TNYOV EVEPYELNG GE LOVTEAD TPOPAEYNC 1GYVOG.
H ovEavopevn 01€ic0voT OVOVEDCSIHU®MY TNYOV EVEPYEWNC, OTMG 1 MAWKN KOl 1) OLOALKN
evépyeln, e10ayel Tpoabeteg TPokANcelg AOY® TG SIIAEITOLGAS VGG TOVS Kot TNg EEAPTNONG
TOVg amd TIG Kapikég cuvinkeg. Ot adyopifuot Bedtictomoinong fonboldv otn Pertictonoinon
NG EVOOUATMONG OVOVEDGIL®OV TNYDV EVEPYELNS OTO O1KTLO, TPOPAETOVTAC TNV TOPAYMYN
ToVG He axpifela, PEATIOTOMOIDOVTAG TV AMOGTOAN TOVS Kol GLVTOVILOVTOG TN AELTOLPYiD TOVG
Ue GLUPATIKE GLGTAUOTA TOPAYOYNG KOl ATOOKELGNG EVEPYELOC.

4.5.1 AlyéprOpog mpog Ta TiG® 0146061 TOV GOAALRATOS

O mo dwdedouévog aryoplBpog Peitiotomoinong ywoo TV eKTAiOELON  TEXVNTAOV
VELVPOVIKDOV OIKTOWOV EUTPOCOLOG TPOPOSOTNONG €ivat 0 aAYOPIOLOC TS TPOG TO TG® S1dd0oN g
Tov opdipartog (back-propagation algorithm) [129].

H oavampocoppoyn tov Popodv kot tov moidcewv Pociletor oty pébodo
BeAtiotomoinong «ueimon ¢ KAiong» (gradient descent) m omoio. geapuoletar oV
OVTIKEWLEVIKT GUVAPTNON Tov €xel emdeyel yia 1o exdotote mpoPAnua [130]. Ta Bapn ko ot
TOAMGELG peTafdrlovion og KAOe eTaviAnyT cOPPOVE e TiG elomoelg (4.1) kot (4.2):

Awpj k(M +1) = Ir- 8y - ypj + M Awyj g (1) 4.1
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Wpjgk(M+ 1) = Ir-8g - ypj + m- Awy; g (1) 4.2)

Omov 1 0 aplBUOg TNG TPEYOVCAG ETAVIANYNG, Wi M TWH TOL PAPOVS TOL GUVOEEL TOV
VELPAOVA p TOV GTPOUATOS j LE TOV VEVPOVO ¢ TOV GTPMUOTOG K, Jyz M TN TOV GUVTEAEGTN J
Y10 TOV VEDPOVO ¢ TOV GTPAOUATOS K, ypj 1 £€£000C TOV VELPAOVE p TOL GTPOUATOG j, [ 0 puOUOG
udOnong Kot m 1 opuy.

Mo tov vToloyiopd Tov GUVTEAESTH O YiveTdl XPnoT TOv Yevikevuévov kavova d. O
YEVIKELUEVOG Kavovag 0 mepthapPdvel 600 @doelg [131]. Apykd, kdbe eicodog x mpombeital
«TPOG TO. UTPOCTA», MOTE VO, VITOAOYLGTOVV 01 ££0001 TV VELPOV®V GTO GTPAOY e£0d0v. XN
ocuvéyewn, ot €Eodol avtég ovykpivovtor pe Tic emBountéc €£6d0ovg kot vmoioyiletor M
OVTIKEYEVIKT] CUVAPTNON TOV £YEL EMAEYEL. TN CLVEXELD, TO GPAALO TOV TPOKVTTEL OO TOV
VTOAOYIGUO TNG OVTIKEWEVIKNG GUVAPTNONG, UETASIOETAL TPOG TO TIG®, YIVETOL O VITOAOYIGUOG
T0L 0 Yo KEBe vevpdvVa TOL TEXVNTOD VELPWOVIKOD OIKTVOV KOl GTN OLVEYELW YIvETOL T
OVOTTPOCAPLOYR TGOV BOpDdY Kol TOV TOADCEWDV.

O cvvteheotg J voloyileTon pe dlopopeTikd TPOTO avaroya T Béom tov Bapovg mov
TPENEL Vo avampooaplootel. Edv to Bapoc agopd T cOVIEST] VELPDVA KPLPOL CTPOUATOS HE
VELPDOVO TOV GTPAOUATOC E£000V, O GUVTEAESTNG d LIOAOYILeTaL G EENG:

. of°
6 = (Yq - Yq)g_zq (4.3)

0mov 87 0 GLVIEAESTIG 6 TOL VELPOVA ¢ TOV GTPMOUATOG £E000V, F; N embuunt ££050G TOV
VELPOVA ¢ TOV GTPAOUATOS £EO00V, I, N TAPOUYOUEVT] £E000C TOL VELPMVA ¢ TOV GTPAOUATOS
€£000v, /7 1 GUVAPTNON EVEPYOTOINOTG TOV GTPMUATOS E£600V KL Z, 1) €(6000G TOV VELPOVA ¢
TOL OTPOUATOG €E600V. e TEPIMTOON VELPOVAOV TTOV OEV OVIKOLV GTO GTPMUA €£G00V Ogv
vrdpyel emBounty €£000¢, emMOUEVOG €AV TO PBAPOC agopd Tr GOVOESN HETOED VELPOV®V
KPUQ®OV GTPOUATOV 1] VELPOVO TOV GTPOUOTOC €030V LE VELPMOVO KPUGOD GTPOUOTOS, O
OLVTEAEGTNG d VToAoYileTon g eENG:

Soe = — Z 5 Watep; (4.4)

OTOV Jdjz 0 GUVTEAEGTNG d TOV VELPAOVA ¢ TOL GTPMUOTOG k, /# 11 GLVAPTNOT EVEPYOTOINGNG TOV
OTPOUOTOSG k, Z M €1G000G TOL VELPOVO ¢ TOV GTPOUATOS k, N, TO TANOOC TOV VELPOV®V TOL
OTPOUATOG J, 64 0 GUVTEAECTNG J TOV VELPAOVO p TOV OTPMUNTOS J, Wyt TO PAPOG TOV GUVOEEL
TOV VELPMVO ¢ TOL GTPOUOTOC k LLE TOV VELPAOVA p TOV GTPOUATOC j. TéAog, 0 puBude pdbnong
Ir ko opur) m AapPavoovv tipég peta&d tov 0.01 kot tov 1.

O odyopBpog g Tpog Ta Tow S1adoong Tov cPdAuatog e ™ pébodo PertioTonoinong

«ueimon g KAiong» Ady® Tng amAdTNTag GT XPNOT TOV 0AAY KO TNE TOYVTNTAS TOV, OTOTEAET
Tov o dadedopévo aryopBpo Bertiotomoinong pe TAndmpa epapuoydv. H avampocappoyn
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TOV BopdV Kol TOV TOADGEDV G KAOE ETAVIAN YT YIVETAL [LE TETOLO TPOTO MGTE VO 0ONYEL 0TI
pelmon g mopay®@yov Tng HEONG TIUNAG TOV UETPNTIKOD GOAAUATOG, MGTE VO TEIVEL TPOG TO
UNo&v Kat Gpa 6e KOO0 EAAYLOTO, TOTIKO 1| OAKO. To PEYOAVTEPO LELOVEKTNA TOVL givar 1
€VKOAIDL He TNV omoio umopel va, mayldevtel o€ KAmolo Tomikd PEATIOTO, €0Kd OTOV TO
TPOPANUa Tapovotdlel peydAn molvaiokotnta [132].

4.5.2 MeragvpeTikoi arlyopiOpon

Otav 1 OVTIKEWEVIKT oLVAPTNON €lvol Un mopayoyioyn, ot kAacikol aAyopiOuot
BeAtiotomoinong mov Paciloviar ot puébodo PeAtiotomoinomng «ueiwon g KAiongy, O0Twe o
aAyOpOHOg NG TTPOG TO To® O61A600MG TOV CPUANNTOG, gival akatdAAiniot. Ot oToyooTIKOL
aAyopOpol fertiotonoinong amd TNV GAATN, ol omoiol dlokpivovtol 6€ dVO KOTNYOPIES, TOVG
EVPETIKOVC KOl TOLG UETAEVPETIKOVS AAYOPIBOVGE, OEV KAVOLY ¥p1ioT TOPAYDYOV KOl ETOUEVMS
elvar 1avikot yo tétoto poPAnuate [133].

O evpetikoi adyopBpotl Paciovior otnv pébodo g doxkng kol oeaipotoc. Kavoovv
eMdoteg £¢ kKaBoAov vobéaelc Yo To TPOPANpa mov TpodKketan va Pertiotonombel. [lapoio
OV UTOPOHV VAL OMGOLYV TOLOTIKEG ADGELS GE EDAOYA YPOVIKA SLOUCTHLLOTA, OEV LIAPYEL EYYONON
OTL 01 Avoelg ovtéc Ba eivon BéELTIoTEC, KOBMDC dev givar duvatdv va eEepevuvnbel 1o medio TV
010 obLVOAO Tov. Ot gupetikoi adyoplBpol ypnoomolovvtonl Otav dev givol avaykaio va
Bpebovv o1 Béltioteg Avoelg, aAAd Kamoleg ADoglg mov vmoAoyilovial ypryopo koi givol
EMOPKAOC TorotkéC [133].

Ot petogvpetikol aAyopOuol pe TN oelpd Tovg amoTtelovV eEEMEN TV EVPETIKAOV
alyopiBuwv. H pébodog avalnmmong evog PEATIOTOL givol TOPOUOLN LE OVTH TOV EVPETIKOV
aAyopiBpwv. Qotdc0, avtibeta e TOVg EVPETIKOVE OAYOPIOLOVS, Ol HETAELPETIKOL aAYOp1OOL
eUmAEKOLV HeBOOOVG TLYOOTOINONG MGTE VO, ATOPEVYETAL 1| TAYIOELOT o€ TOMIKA PBEATIOTA,
oA Ko peBddovg Tomkng avalntnong dote vo eEacealiletol oe 660 T0 dLVATO PEYAADTEPO
Babuo n evpeon pag PErTioTng Avong. 'Etot, ot petogvpetikol akyopiBuot givar katdAAnAot yio
wpoPAnuata kaboAkng Pertictonoinong [133].

4.5.2.1 Elelixtixoi AAyopiBuor

O Broroywkog egehxtikdg aryopibuog (Evolutionary Algorithm — EA) pmopet va opiotel
®G p1o 6TOYOOTIKN HEB0dOG avalNTnong Tov TPocopolmVEL Tig dtodikaciec ProAoykng e&EMEng
N TNV KOWMOVIKT] GUUTEPLPOPE TOV €MV, TEPO amd To. GAAa €idn péow g pabnong, g
TPOGOPUOYNG Kol TG eEEMENG. Ymhpyouv téacepilc KOpleg péEBodol eEeMkTik®my ahyopiBuwmv,
CUUTEPIAOUPAVOLEV®DY TOV YEVETIKOD OAYOPIOHOL, TOL €EEAIKTIKOD TPOYPOUUATIONOD, TOV
YEVETIKOV TPOYPUUUATICUOD KOl TNG S1aPOopIKNG eEEAMENG, TOV UTOpoLV Va ypnoiponombodyv oe
TPOPANUATA TPOPAEYNC TAPAYWOYNG EVEPYELNS.

I'evetikog AlyoprOpog (Genetic Algorithm — GA)

O yevetikdg adyopBpoc eivor évag adyoplBpog mov Paciletor ot povteAomoinon g
dwdkaciog Proroywkng e&éMéng ywo v emihvon mpoPAnudtev  PeAtictomoinong Kot
avalnmong [134]. To GA omewovifer mOAAL ypopocopato, kabéva omd T0 omoia
OVTUTPOGMOTEVEL Lot ADGT 1 LU0l EQIKTY] AV GE€ EVO GUYKEKPIUEVO TPOBATLLOL
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E&ehktkég [poypappatiopnos (Evolutionary Programming — EP)

O eeMKTIKOG TPOYPOUUATIONOG Etval Eva HOVTELD Pnyavikng eEEMENG TEMEPUCUEVNS
KOTAGTAOTNG. X€ OTO TO HOVTELOD, 1] KOTAGTOON TG UNYOVIG LETAYA®TTILETOL COLPOVA E TOV
vopo dSwovopng manpogopiog [135]. Me v eiooywyn evdg tedeotny HETAAMAENG KAVOVIKNG
katavopng, to EP kafictator wavd va avtipetomicst mwpofAnpata  Pektiotomoinong
mpaypotikev ovvOnkov. To EP éxer yiver évag gvpémg ypnoipomoroduevog adyopiBuog
BeAtiotomoinong Kot TAEOV £XEL EQUPLOCTEL € TOAAG TPAKTIKA TPOPATLOTOL.

I'evetkog Hpoypappatiopnos (Genetic Programming — GP)

O vyevetkdg mpoypoupatiopnds omotedel o efehiktikn péBodo vmoAoylopoD OV
wpoépyetorl omd tn Oewpia g e&éMEng tov Aopfivov. Xe avtifeon pe TOVG YEVETIKOUG
oAyoplBuovg otovg omoiovg KAOBE ATOUO OVTITPOGOTEVEL £VO KOUUATL KMOIKOTOINomg
ypopooopatos, oto GP, 10 dtouo vVRTOOMADVEL TPOYPAULOTO  VTOAOYIGTYH, TOL
OVTUTPOCHOTELOVTOL OO o SOUR SEVIPOL GTN LVIUT TOV VTOAOYIOTH. EEKIVOVTAG E YIMASES
TUYOio ONUIOLPYNUEVA TPOYPAUUATE DTOAOYIOTAOV, £VOG TANOVGLOG TPOYPUUUATOV EEEAIGOETL
TPOOSEVTIKA GE TOAAEG YEVIEG,.

Awgopikiy EEEMEN (Differential Evolution — DE)

O oAyopilBupoc dapopikng e&éMéng eivor o €EEAMKTIKN TEXVOAOYID VTOAOYIGTGV.
[Mopopowo pe tovg dAlovg eehktikovg aAyopiBuovg, m Sagopikn eEEMEN amotelel €va
OTOYOOTIKO LOVTELO TOL TPOGOUOLOVEL TN Proroyikn €£EMEN, eMITPEMOVTAG OTO GTOMO VO
dwtnpnbovv péow emavorapPoavopevov emavoAnyenv [136]. O akydpiBuog Otapopikig
e€EMENG peldVEL TNV TOALTAOKOTNTO TNG YEVETIKNAG YEPAYDYNONG  (PNCULOTOIDOVTIOG
TPAYUOTIKY  K@dkomoinor, Asitovpyieg HeETOAAMENG mov Pacilovtolr o€ Sapopikd Kot
OVTOYOVIOTIKEG OTPOTIYIKEG EMPBimong évag Tpog Evav.

4.5.2.2 AlyopiBuor Pooiouévor oty ook

‘Evag aAyopiBpoc Pektictomoinong mov Paciletor ot Quown ival €vag ayuyog
OAYOPIOLOG HETOEVPETIKMOV UNYOVIGU®Y, TOV OvAmTOXONKE GUUPOVO UE TIC PLOIKEG 1O1OTITEG
OPIOUEV®V PUGIKMOV CUUTEPLPOPOV 1| PLGIKMV vOouwv. Ot To dnuoPiieic akydpiBuot gival o
oaAyopiBuog Paputikng avalntnong, 1 TPOGOUOIMUEVT) OVOTTNGT, O OAYOPIOUOG TMUTOVOL
CLVNIITOVOV KOl 0 aAYOPIBUOG Y00TIKNG PEATIOTOTTOINOTG.

AkyoprOpog Bapotikig avelnnnong (Gravitational Search Algorithm — GSA)

H opyn tov aiyopiBpov Bapvtikng avalnmmong eivar o vopog g Papdtntog kot o
denTEPOC vopoc tov Nevtwva, o omoiog Ppiokel T PéATioTn Abon petakvovtag T B€éon Ttov
ocopoTdiov otov yopo avaltnong [137]. Ta copatiow Kivouvtal 6ToV YOO COUPOVO LE TIG
Bapodvoelg peta&d tovg. Otav éva amd to copotidn Kiveitanr otn Péltiotn 0éon, Ppioketon n
BéATiotn Avon.

Ipocoporwpévy avéntnong (Simulated Annealing — SA)

Ot aAy6p1Blol TPOGOUOIMUEVIC OVOTTNONG UTOPOUV Vo AGBOVV o Kotd mPocEyyion
Abom og mpofAnquate Bertiotonoinong pe Paon tnv Wéa tov Movte Kdapio [138]. Znv tuyaio
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avalnInon oTov YOPo AVONG, N KoAVTEPN ADOT YIVETOL ATOOEKT] COUG®VA LE [0, OPICUEVT]
ThovoTnTa.

AlyoprOpog nuitévov cvviuitovov (Sine Cosine Algorithm — SCA)

H éa tov aiydpiBpov nputéovon Guvnuitovoy TpoEpyetal amd 10 LobnUatikd Hoviého
NG GUVNUITOVOELOOVS GULVAPTNOTG, 7OV ONOTEAEL £vav GYETIKA oOyxpovo aAyopiduo
BeAtiotomoinong [139]. Eumvevouévog omd Tig oLVOPTAGES MMTOVOL KOl GLVNUITOVOL, O
aAyop1Bpog Tpocopolmvel Tpog tao. EEm 1 mpog ™ PEATIOTN KoTeEvBUVOT KOUATOG AHoNG Kot
ONuovpyel TOAATAES apykég TuYaieg vToYNPleg Avoelc. Emumiéov, o alydpiBog evompotdvel
OPIOUEVEC TUYOIES HETOPANTEG KO TPOCUPLOCTIKEG HETOPANTEG Yio v, ToViceL TV eEgpedvnon
KOLL T (P01 TOL YDPOL avalNTong oe didpopa TpoPAruata BEATioTONOINONG.

AlyoprOpog yootikig pertictomoinong (Chaotic Optimization Algorithm — COA)

To ydog sivar éva yeviKd P YPOUUKO QOIVOLEVO, TOL OTOIOVL 1 CLUTEPLPOPA eivar
TOAOTAOKN OAAG €xel eyyev] kavovikotnTa. Evo OgpeAMdoeg YopoKTNpIoTIKO TOV YOOTIKOV
CLOTNUATOV elval OTL HIKPEG SIOKVUAVOELS OTIG TOPOUETPOLS UTOPOLV VO 0dNYHGOLV GE
OlLPOPEG OTN UEAAOVTIKY] CLUTTEPLPOPU, OT®G otafepd onpeio, TEPLONKEG TAAUVIMOOCELS KOl
OLUKAUODOELG.

4.5.2.3  AvBpamivor alyopibuot

Ot aiyopiBuor mov Pooifovior otov avOpdOTVO TOpAyovio TPOEPYOVTAL OTd TNV
TPOGOLOIMOT OPIGUEVOY GUUTEPIPOPDOV GE AVOPOTIVEG GULUTEPIPOPES, YO TOUPAOELYLX, O
oAyoplBpog SdaoKaAiog Kot HEONoNG TOL EUMVEETOL OO EKTMOUIOEVTIKEG OPOUCTNPLOTNTES
d0oKAAOL Kot HaONTH, 01 TOMTIGHIKOL aAyOpIOoL TOL gival EUTVEVCUEVOL Ol TV avOpOTIVY
Kow®violoyio kot ot oiyopiBpot avalitnong opuoviog mTov £YovvV EUTVELCSTEL OTO TOLG
LOVGIKOVE TOL TPOSApHOLovY TOV TOVO TOV LOVGTIKOD 0pYEavov.

AlyoprOpog orwdaockariog kot pdOnong (Teaching and Learning Algorithm — TLA)

O olyopiBpog owaokaiiog kot pabnong sivor évag véog aAdyopiBuog vompoovvrg
OUNVOVG TTOV TPOGOUOLMVEL T SOOKTIKN S1001KaGI0 TOV EKTUOELTIKMOV KOl TN HoONncloK
dwdkacio Tov pantdv kot otoyedel otn Peitioon ¢ Lonclokng amddoong TV pobntdv
HEC® NG «O1dacKOMaC) Kol TN «UdBnonoy petadd twv pobntav [140].

HoMticTikog ahyéprOpog (Cultural Algorithm — CA)

O moMtioTikdg alyopiBuog etvar €vag odyopilBpog PeAtiotomoinong  e€ehkTikon
UNYOVIGHOD d00 emMmEOMV. ATOKTA KOl EVOMUATMOVEL TN YVAOON NG €NiAvoNG TPoPANUdT®OV
HEC® EVOG YDPOL TTEMOIINCEDV aveEAPTNTOL aO TOV TANBVOUIOKS YMDPO, TOV EMTPENEL TNV
TayvTNTa €EEMENG TOL TANBVGUOV va vtepPel TV TaydTNTA EEEMENG Pact{OpEVT] ATOKAEITTIKA
o€ froroyikd yovidia.

Avalitnon appoviog (Harmony Search — HS)

H avalnmon oppoviag eivar évog alyopiBuog kabolkne avalntnong, o omoiog €xet
epappootel oe moAAG mpoPAiuoto Pertiotomoinong [141]. Topeove pe TV apyn Tov
aAyopiBpov, ot povcikoi mpocsapuolovv Tovg TOVOLS KAOE OpYGVOL GTO GLYKPOTNUQ
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EMOVEIAUUEVE, AVAAOYO UE TN UV TOVG KOL TEAIKA EMITUYYOVETOL 0L TEAEW KOTAGTOON
apuoviog.

Beltietomoinon opadikic avalntnong (Group Search Optimization — GSO)

H éumvevon tg uebddov Peltiotomoinong opadikng avalnmong mpoépyetal omd
ocuumeppopd {mwv katd TV avalntnon tpoeng [142]. Ta puédn g opddog yopilovial oe Tpelg
KOTNYOpies: Topaymyols, TOpAcLTo Kol Sl0oKOPTICUEVE PEAT. T KAOe emavainym, To HEAN pe
TIC KaAVTEPEC BECELG stvan Tapaywyol kot dtatnpovv T BEGelg TOVG apeTdPfANTES, Evd Ta GAAM
HEAN emAéyovTal Tuyaia MG Tapdolta N OleKopTIGHEVE HEAN. Ta mopdoito Kivovvtol mTpog
TOVG TOPUY®YOVC GE L0, OPIGUEVT] OTOCTOOT KOl TO SUCKOPTICUEVO MEAN KAVOLV TUYOIOLS
TEPUTATOVC.

4.5.2.4  AlyopiBuor vonuocdvyg ounvoog

Q¢ avodvopevn €EEMKTIKY VIOAOYIOTIKY TEYVIKY, O OAYOPIOUOC VONUooHVNG GUIVOUG
YPTCUYLOTOLELTAL Y10 TNV TPOCOUOIMGT) TG CLAAOYIKNG CLUTEPLPOPAS TV (DOV GTNV KOVOVIKY|
@VoT. AV K0l 0DTOL Ol TOPAYOVTEG EIVOL GYETIKA OTTAOL Kol £Y0VV TEPLOPIGUEVES OVVOTOTNTEG,
UTOPOVV Vo, AGBOVVY TIC mapOiTTES EPYACIEC LEGM TNG CLVEPYATIKNG OAANAETIOpOONG.

Beltietomoinong opijvoug copatdiev (Particle Swarm Optimization — PSO)

H BeAtiotonoinon ouivovs copatidiov givol EUTVEVCGUEVN OO OTOTEAECUATO EPEVVOG
teyvnme (ong, HE TPOCOUOIMOTN TNng GLUTEPLPOPES oavalntnong Tpoeng mAnbvoudv ot
dwdwkacio e petavaoctevong tovg [143]. OAot o1 opyavicpol ot @Uomn £(0VV GUYKEKPIUEVES
GUUTEPLPOPEC GUIVOVG KOl EVAG 0md TOVE KVPLOLG EPEVLVTIKOVS TOUELS TG TEYVNTNG Cmng elval
n depgvvnon ¢ PloAoyikng @HoNg NG OHOSIKNG CLUTEPLPOPAG Kol 1) OIKOOOUNCN O Evol
VTOAOYIGTIKO povtéro. Ztov PSO, n Avon kdbe Pertiotonoinong ovopdletal «couatioto». e
KkéBe copatidlo dlvetor pviun yio va Bopdton v koAvtepn tomobecia ywoo ovalntnon. H
npoenelepyacio 0E0OUEVOV KOl 1] ETIAOYN TAPAUETPOV EIGAYOYNG LITOPOLV VO BEATIOGOLY TNV
axpifeia TpoPreymc.

AkyoprOpog pertiotomoinong paiovev (Whale Optimization Algorithm — WOA)

O alyopBuog BeATioTONOINONC EOANIVAV UIHEITOL TNV KUVNYETIK GULUTEPLPOPE TV
QOACVAV GTNV OToio YPNOLUOTOLEITOL 1) CTPATNYIKY «OLYTLOV GTEIPOEOOVE PLCOAISAC) Kot
GLAAOUPAVEL TNV TPOPN UEG® TNG CLGTOANG Kot TNG TEPPAALOVGOG EVUEPMONG CTEIPOELOOVG
0éong ko g TEYVIKNG TuYaiov Kuvryws [144]. O aAdyopiBuog €xel amhn doun pe Alyeg
TOPAUETPOVS TPOGAPLOYTG.

AlyoprOpog voytepidog (Bat Algorithm — BA)

O aAyopiBuog voytepidog, amoTelel Evay PETAELPETIKO aAyOpBuo avalnTtnong Kot ivol
o amoteleopatikny péBodog yuoo v ovalnmmon olkd PBéAtictmv Avoewv [145]. Avtog o
OAYOPIOLOG YPNOOTOIEL [0l EMOVOANTTIKY TEYVIKY PeATiotomoinong, kotd Ty omoio
OPYIKOTOLOUVTAL TUYAIEG ADCELS KOl 0T GLVEYXELD emTVYYAveTol 11 BEATIOT ADon UECH TNG
EMOVAANYNG. Anpovpyel TOMIKEG VEEG ADGELS HECH TVYOL0G TTHOTMG YOP® amd T PEATIGTN Ao,
1 omoia EVIGYVEL TNV TOTIKT avalTnon.
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BehtioTtomoinon ykpifov Avkov (Grey Wolf Optimizer —- GWO)

H PeAitiotonoinon ykpifov Adkov eivor évag oadyopiBpoc mov mponibe amd tnv
TPOGOLOIMOT TOL 1EPUPYIKOD LUNYOVIGHOD KOl TNG KLUVNYETIKNG GLUTEPLPOPES Tov YKpilov
AbKOL Ko TpayUaToTolEl T PeATIoTOmOiNoT TOV GKOTOV avalnTnong HECW TG JludtKaciog
TOPOKOAOVONONG, TEPIKVKAMANG, KLUV Y0V Kol enifeong tov Abkwv [146].

AdyoprOpog moyoraprioog (Firefly Algorithm — FA)

O arydp1Op0g TUYOLAUTIOOC LULELTOL T CLUUTEPLPOPA TNG TVYOAUUTIONG TTOV TpepOTailet
[147]. O x0Oplog okomdc pwog muyoloumidoc mov tpepomailel €ivol va TpooeAkvel dALE
moyoloumideg. O alyopBpog vobétel 6TL o Tuyolounida, ave&dptnto amd to POAO TS, Oa
éhketan omd GAdeg Tuyoloumtidec avaioya pe TNV vYNAOTEPN E®TEWOTNTA Tovg. H potevotnta
oyetileron pe ) Aettovpyio otdyOL.
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Kepaioio 5

IHNIOANOTIKH ITPOBAEYH AIOAIKHYX IXXYOX ME
YBPIAIKH ME®OAO MHXANIKHX MAOHXHX

5.1 Ewoayoy

H oAk evépyelo avTimpoommedel €vov OO TOLG OMUOVTIKOTEPOVS OVOVEDGILOVG
TOPOLS Y10l TNV TOPOYDYT OMKNG EVEPYELOG XAPT] OTOV EVPEWMS KOTOVEUNUEVO YOPUKTIPA TNG.
Ao TV AAAN, M avAyKN omoTEAECUOTIKNAG 0&lOToiNoNe NG OWOMKNG EVEPYELNG EXEL
onuovpynoet ddpopa TpoPfAruata Asttovpyiag Kot oyxedlacrov, Adym TG GTOXUOTIKNAG QUGG
o0V avépov. Onmg meprypdonke kot 6to Kepdiaio 2, didpopeg pebBodoroyieg emicevipovovtan
OTNV OTOTEAEGLOTIKY OUTIOKPATIKY Kot TlavoTikn Tpofieyn. H xoatavonon e afefatdotntog
OTO HOVTEAD TTPOPAEYNG KO TNG EPOPUOYNG TG O€ TPOPALaT TG TpayUaTiknG Cmng yivetol
éva, OAO KOl O ONUOVTIKO avTIKEIEVO TG oOyypovng épeuvag. AdY®m NG av&ovouevng
OlElCOLONG TNG QOMKNG EVEPYELNG OTO. GLOTNUOTO MAEKTPIKNG EVEPYELNG, TO OITIOKPOTIKA
HOVTELDL OV UTOPOVOV TAVTO VO YPNCIHOTOINO00V AmOTEAEGUOTIKG Y10, TPOPAUOTO TNg
apaypatiknig (ong Kabdg Kot v epyacieg AMyng aroedcemy. Ta mo cuopfotikd ThavoTikd
povtéda TpoPreyng eetdlovv o TOPUUETPIKN TPOCEYYIOT], OTOV 1 TPOYVOGCTIKN GUVAPTNO)
TLUKVOTNTOG TBOVOTNTOG aKoAoLOEL pio cuyKkekplUévn KoTavoun. Qotoc0, o Tétolo vdbeon
HL0G GUYKEKPIUEVIC KOTAVOUNG eV gival TavTa AOYIKN yiol TPoPANUAT TG TPOYUATIKNG (oG
KOl ®G €K TOVUTOL 1| TOPUUETPIKN] TPOGEYYIoN Oev €ival 100VIKY Yo TNV OVIUETMTION
mpofAnuatov AMMyng aropdoewv. H nebodoroyia LUBE amotelel éva kAaoo1kd Topdostypo pn
TOPOUETPIKNG TPOGEYYIONG TOL OTOQPEVYEL Tr YPNOT TPOKAOOPIGUEVEOV KOTOVOU®DY TV
dedopévov. H Peitiotomoinon twv cOYypovedv HOVTEA®V TPOPAEYNC OmOTEAEL oNUAVTIKO
onueio evolPEPOVTOG, KOBME 0 KATAAANAOG CUVOLAGHOC TEXVIK®V LMYOVIKNG Uddnong e
TOAVTAOKOVG aAYOpOpovg PBertioTonoinong wropel va odnynoel oe afloonueint Peitioon
TOV GOAAUATOG TPOPAEYNG, AMOPEVYOVTAG TOPAAANAG TNV EMPAPLVON TOV VTOAOYIGTIKOD
k6otoug. Ot obvyypovol odyopibpot Pertiotomoinong tomov opnvovg eivar coe Béom va
dtevpvivouy TIG duvatoTNTeg avalnTnong Tov HovTEA®mv TpoPAeync, ®oTOC0, 1 KATAAANAN
EVOOUATOON TOLG 0T LovTéAa TPOPAeyN g Umopel vo amoTeLobV ONUAVTIKY TPOKANGoN AOY®
NG TOAVTAOKOTNTAG TOVG.

Mo va kaAveBovdv o1 TEPIOPIGHOL TOV TAPOVOIAGTIKOY TOPATAV®, TO TAPOV KEPAANLO
eptypdpel TN Olepedhvnon e SuvatoTNTAG KOTOCKELNG OoTNUATOV TPOPAEYNC LYNMANG
akpifelag e ¢ avaATTLENG EVOG KAUVOTOUOL HOVTEAOL TPOPAEYNC OMOAKNG TAPAYWYNS GE
éva mbavotikd miaiclo, v évav PBpayvrpdbecpo opilovia mpoPreync. Eotidlovrag otnv
amAOToiNon NG Ol0dIKACIOG KOTOOKEVNG OloTNUATOV TPOPAEYNC Y®pPic TAVTOYpOVE VO
vrdpyel votépnon oty mowotnta TS TPOPAeymc, N uebodoroyic LUBE, wg Pdon tov
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TPOTEWVOUEVOD UOVTEAOL amotelel pa wpoovn emhoyn. [ 1 Beitimon tng dvvatdtnTag
avalpmong tov povtédov LUBE  wpoteivetar won  epoapudleton €vag  UETOEVPETIKOC,
BeAtiopévoc aryopBpog PeAtiotomoinong. EmumAéov, yioo tqv amiomoinon ¢ Oladikaciog
npoenelepyaciog dedOUEVOV TOV TPOTEIVOLEVOL LOVTEAOD, V10OETEITOL £VOC LETACYNUATICLOG
KOUHOTIOI®V Y10l TNV amoGUVOEST] TOV OPYIKDV TPMTOYEVAOV OES0UEVOV.

H oa&oldynon tov mpotewvouevov vPpducod povtédov  kabopiletor oamd v
elayrotonoinon e ovvaptnong koécstovg tov Kpumpiov ITAdtovg Kaivyng (CWC), n omoia
Tavtoxpova PeAtiotonotel TNV gukpivela kol T Pabuovounon Tmv mopayoUevev SoeTIAT®Y
wpoPreyns. Ta mapeyOUEVE OTOTEAEGUOTO OVOADOVTOL A0 ETOYOKT dmoyT). To mpotevouevo
HOVTELO TTPOPAEYTG OLOAIKNG 10YVOG KATAPEPVEL:

1. Na mpoteivel éva Kavotopo mhavotikd povtédo Bpayvmpdecung mpoPreyng
OOAMKNG Tapoywyns Paciopévo ot pebodoroyiocn LUBE yw v kotackeun
SloTNUATOV TPOPAEYNC VYNANG aKPIPELNG, EKUETOAAEVOUEVO TNV TKAVOTNTA TNG
va onovpyel oamevbelag dSwotnuate wPOPreyng omd TG €£0d0VC  €VOG
VELPOVIKOD SIKTOOV EUTPOGHIOG TPOPOSOTNONG.

il. No evoopatdoel emTuydg 610 HOVTEAD Evay alyopiBuo PeAtiotomoinong PSO
pali pe évav teleotn peTdAAaENG, Tpokeévoy va Pedtiotomoinbouy ta Bapn
K01 01 TOADGEL TOV YPNCILOTOLOVUEVAOV VEVP®VIKGV dtkTowv. [Ipokeévou va
amAomomBel n TpoemeEepyacio TV dEGOUEVOV OLOAMKNG EVEPYELNG KABMG Kl VoL
BeAtimBel n axpifero TPOPAEYNS TOVL HOVTEAOD, O HETAGYNUOTIOHOS KOUATIOOV
ePapHOLETOL GTO TAPEXOUEVO CHVOLO OESOUEV®V.

iil. No mpocappocel KotaAAnia ™ péBodo apykonoinong Yam-Chow mpoxeipévon
Vo, apyLKOTomBovy amOTEAEGUOTIKA TO BAPT TOV VELPMVIKOD OIKTOOV KATA TN
dwdwkacio exkmaidevong. H ypron tov aiyopiBuov apyikomoinong Yam-Chow
OTO TPOTEWVOUEVO HOVTELO KATAPEPVEL VO PEATIDGEL TNV TOYVTNTO EKTAIOEVOTG
TOV VEVPMVIKOD OIKTOOV, UEIOVOVTOG TO OPYIKO o@dAua, eumodilovtdg to va
nayoevtel otn ypnon tov opywkov Poapov. H pébodog apyucomoinong Yam-
Chow tpomomoleital TeEPUITEP® MOTE VO EPOPLOCTEL OTNV  TPOTEWVOUEVN
pebodoroyia LUBE.

iv. Epoppoler m dwnotovpovuevn emikvpwon k-fold mpokeyévov vo PeAtiwbei
TEPAUTEP® M akpifela TOV HOVTEAOL. O GTOYOC TG OLGTAVPOVUEVNC ETKVPWOONG
k-fold eivan d1ttdc. Apykd e@opuoleTol 0TO TPOTEWVOUEVO LOVTELO TPOKELLEVOL
Vo TPoGO10pIoTEL 1 PEATIOTN SOUT TOV VELPOVIKOD SIKTVOV, EVM OTI) GUVEYELL
epappoletor mepoartépm ywo. Tov kabopiopd Tov PEATIOTOL OpBPoL TV
cOUATWIMV TOL CURVOLS Yo ToV aAyopiBpo PSO.

5.2  Avdivon Kot emelepyaoio GLOAK®OV HEO0UEVOV

To cvvolo dedopévmv Tov ypnoonomnke Tpoépyetor amd to apyeio Tov Iaykdouov
Awyoviopod Evepyswokov IlpoPfréyemv 2014 (GEFCom2014) [148]. Tlepiéyer opaio
dedopéva, mov cvAléyovior omd 10 arohikd mhpka oty AvoTpoAic, OmTOTEAODUEVO OO
TOPATPNOELS AVELOL OO dVO JAPOPETIKA VYoOueTpo, 10 pétpa kot 100 pérpa médve ond to
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€0apog. [ kabe pio amod TIc Sk TEPIMTMGELS, T TAPEYOUEVA OEGOUEVO OTOTEAOVVTOL OO TIG
OULVIGTAOGCEG TOL {OVIKOD KOl LECTUPPIVOL aVELOV, AVTIGTOLXX (U10, Vio, Ul00, Vioo) KOODG KoL TIG
TIHEG TNG TAPAYOUEVNG OLOAIKNG EVEPYELNG KOVOVIKOTOINUEVEG OO TNV OVOLOCTIKT oY1 KO
nhprov. H tayunta tov avépov (ws) ko 1 d1evBvvon tov avépov (wd) vmoroyiloviot amd:

ws = u? + v2 (5.1

Kot

( -1 E
tan (u) avu>0
tan_l(—)+7r avu<Okaiv >0
u
180 tan~—! (E) +7 avu<Okaiv <0
wd = Ttan‘l(u, v) =< u (5.2)
T
5 avu=0katv >0
T
_E avu=0katv <0
dev oplleTal avu=0katv=0

H ovoyétion petadd g toydtnTog Tov avEROL Kot Tng o1ebfuvong Tov avEHOL UE TIg
OULVIOTAOGCEG TOL {®VIKOD Kol pesnuPptvod avépov tapovctdletatl 6to Zynua S.1.

Ta chvorao dedoUEvv TOL YPNCLLOTOIOVVTIOL Y10 TNV EKTAIOELON Kot TNV AE0AOYNoN
TOL HOVTEAOL TTEPLEYOLV wplaieg TANpopopieg amd v 1 Iovviov 2012 €wg T1g 31 Maiov 2013
v Kobéva omd to ooAd wapka. Tao dedopéva aoAKnG 10y(00G amd TOo GUVOAO OESOUEVOV
eKTaidEVOTg KAvOVIKOoTowovvTol oto owotnue [0, 1], evd To dedopéva ToyvTNTOC Kot
d1evBuvong avELOV KOVOVIKOTO0UVTOL 6T0 dtdotnua [—1, 1].

IMa v amAomoinom Twv YPOVOGEIPAOV OLOAIKNG EVEPYELNS KOL TNV OVAALGYT TOVG OTIC
OULVIOTAOOEG TOVG, EMAEXONKE 0 petaoynuatiopds kopatdiov (Wavelet Transform — WT). H
xpion tov WT ctoyedel oty amocvvheon Tov apykod GNUATOg Kol otV e&aymyn (OTIK®V
YOPUKTNPIOTIKOV O€  OlopOopeTIKd  emimedn omoovvBeone, [149]. 'Eva amd 1o kvplo
TAEOVEKTNLOTO, TNG OVOALONG KLUHOTOIOV €ival 1 KAvOTNTA NG VO OMOKUAVTTEL TTUYEG
OEQOUEVOV IOV GAAEC TEXVIKEG AVAALGTG GIUATOG OEV UTOPOLV Vo EvTOTi{ovy. Q¢ amoTé e,
N avaAvon KLUOTOI®V EMITPENEL TNV aviyvevon mpoPAnudtov ota dedopéva, Ommg A
ocdopéva, acvvéyeleg 1M yevdn  Oedopéva. Ot dvvardtnreg  PIATPOPICUATOC  TOL
UETOCYNUATIGLOD KUHOTIOIMV TPOGPEPOVY CELPEC OEOOUEVOV OOAKNG 1oY00C HE KOADTEPT
GUVOAIKT] GUUTTEPIPOPA Kol £Tat divovv TN dvvatotnta akpiBéotepov mpoPréyemv [150]. O
YPOVOGEIPES QUOAIKNG EVEPYELQG TEPLEXOVYV GLVICTMOES OLUPOPETIKMOV GLYVOTNT®Y, OTOL Ol
GUVEIGPOPEC TV CLVIGTWOMY YOUNANG GUYVOTNTAG Kol DVYNANG cuyvdTnTog Teivouy va €yovv
OLLPOPETIKN OLVOLUKY ONUACIO GTN CLUTEPLPOPA TOL povtéhov. Eva dAAo onpoavtikd
TAEOVEKTN LA TNG AVAALGTG KOUATISI®V Elval 1 IKOVOTNTA TNG VO OVTIUETOTILEL ATOTELEGHLATIKG
TPOPANUATA [T CTOTIKDV YPOVOGELPDV, OTMG TO HEGOUEVO AOAKNG evEpyeLag [151].
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Zympa 5.1 Zvoyétion petald e TaydTNTaG TOL AVELOL Kot TNG O1evBuvong ToL aVELOL UE TIG
LoviKéc Kot peoUPPIVEG GLUVIGTOOES TOVG.

O petaoynuoationds KopoTdiov pmopel va yoplotel 6e 600 KOTNYopies: TOV Guvern
petaoynuatiopd kopoatidiov (Continuous Wavelet Transform — CWT) «kai tov dtakpitod

petaoynuotiopd kopotdiov (Distinctive Wavelet Transform — DWT).

O cvveyng LETUOYNIOTIGUOC KOUOTIOI®Y TOpOoLCIALETOL OUTo:

W(a,b) = % T £ (?) dx (5.3)

omov f(x) etvar To onpa, @(x) €ivol To UNTPIKO KLHOTIOW, 1) TOPAUETPOC KATLOKAG @ EAEYYEL TNV
e&amlmon Tov KupaTidiov Kot 1 TapdpeTpog petdppacns b kabopilel v kevipikn 0éomn Tov
KopaTdiov.

O d1oKpLTOG LETOOYNUATICHOG KOLOTIOI®V TopovotdleTon omd:

T-1
m t—m-2m
wimn) =2"2 > f(O)e <—m> (54)
; 2

oMoV f(?) eivan To onpa, T eivol To PAKOG TOL GNUATOG, ¢ Elval 0 dlakPITog deikTng YpOdvoL Kot M
TOPAUETPOC KAIMOKAG @ KOl 1] TOPAUETPOG UETAPPAONG b TPOEPYOVIOL OmO TIC OKEPUIES
petaPAntég m ko n o1 omoieg opilovtar OmmC:

a=2m (5.5)

Kot

b=n-2m (5.6)
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Apykd onpa. f

Al D1

A2 D2

Yympa 5.2 Awdikacio amochivieong LETAGYLOTIOUOD KOLOTIOIWY TOV apyIkoD GUATOC.

Ov oxképoteg PeTafAnTéc m Kou 7 EAEYYOULV TN OGTOAN KOl TN HETAPPACT] TOL
KUHOTIO0L, OVTIoTOYO, Kol TEPLEYOVTIOL GTO GUVOAO OA®MV TV oKepaiov, OeTKOV Kot
apynTikov [152].

"Evag aiydpiBuog dtokpitod petaoynuaticpod kKupotdiov mov Poaciletor o 1é60epa
eirtpa [153] e&etdletan oto v e&étaon mpoPAnua. H moAlomdn avdivon, Paciouévn otov
alyoppo tov Mallat, mpoteivetan v ) ANyn "mpoceyyicewv" kail "Aemtopepeldv” amd TO
onua wov avalvetal. Evo m mpocéyyion axolovBel 1o oyfuo TOL 0pylkoy GNUOTOS, Ol
AEMTOUEPELEC TEPLYPAPOVY GLUOTAUTIKA TOV GNLOTOG ald VYNAOTEPES cuyvotnTtes. H dradikacio
amocvvBeonc mapovaildleTol 6To Xynua 5.2.

Mo, cuvdptnon kopatdiov tomov Daubechies taéng 4 (Db4), 1 omoia ypnoyomoteiton
®¢ UNTpkd kopatioro, pall pe tpia eninedo amocvvleonc, egetaleton o avtd 10 TPOPANUa. H
nwpotevopevn pebodoroyion ypnolpomolel ¢ dedopéva €100V TNV TPOGEYylon A3 Kot Tig
Aemtopépetec D3, D2 ko D1.

5.3 Extipnon kato ko v  opiov TOov dwotipotog mPOPrEYNS e
BertioTOTOIN G CUIVOVS CONATIII®V TOV KPLTNPIoV TOV EVPOVS KAAVYNG

‘Eva a6 to o cuvnbicpéva mpofAnuote mov cuvoaviovtal otig pebodoroyieg yio v
KOTOOKELN OlaoTNUATOV TPOPAEYNG ad TPOPAEYELG LE XPNOT VELPOVIKOV SIKTOMV €lval 1
vndBeon g Katavoung oedopévov. Evod tétroleg mopadoyéc twv c@oAudTov mpofieymc
UTOPOVV VO OTAOTOMGOVY TN OAdIKAGIN KATAOKEVTG OAoTNUATOV TPOPAEYNC, ONLovpyolV
Ao TpoPANHOTE GYETIKA pe TNV WOV amOKAIoT TOV JES0UEVAOV OTd TNV TPoKaBoplouévn
katavopn. Qg amotéiecpo, tétoleg pebodoroyieg dev gival PEATIOTES Y1 VO AVTILETOTIGOVY
TPOAYLATIKES EPAPLOYES KOl GVVIBWE VITOPEPOLY OO VYNAO VITOAOYIOTIKO KOGTOG.
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Yyqpe 5.3 Avoropdotaon evog VELP®VIKOD JIKTOOL Tov ypnotponoteitor otn pebodoroyio
LUBE yw v K0T0.6KELT] TOV KATO KOl Ve 0piov.

53.1 Mé00dog ektipnong katm kol dve opiov (Lower Upper Bound Estimation —
LUBE)

e avTo TO KEQALO0 TaPOoLGSLALETAL £VO KOUVOTOUO HOVTEAD TPOPAEYNG QMOAIKNS 10YDOG
Baciopévo ot pnEBodo extipmong Kato Kot dve opiov [154]. To kOplo mwAEOVEKTNUA TNG
puebodoroyiag LUBE eivar i amhomoinon g kotackeung dwaotnudtov tpofreyns. H pébodog
LUBE ypnowomnotel éva FFNN yo vo eKTIUNCEL TO KATMOTEPO KOl TO OVAOTEPO OPlO €VOG
dwotuatog mpoPreyng. To FFNN éxst obo €£600vg omuelokng 7wpoPfieyng mov
OVTUTPOGMOTEVOVY TO KATMTEPO KOL TO OVAOTEPO OPLO TOL JSUGTNLOTOG TPOPAeYNC. e avtiBeon
He TG meptocdtepeg Lebddovg mbavotikng TpoPreyns, n nébodog LUBE mapdyst anevbeiag ta
dlotnuaTo TPOPAEYNG HEG® TOV TEYVITOD VEVPMVIKOD OIKTOLOV, XWOPIG KAmow emmposhetn
OTOTIOTIKN Oadtkacio. Zynuotikd ddypoappa e pedodov LUBE mapovsialetor oto Zymua
5.3.

H un avdykn mopondveo pobnpotikdv bToAoYIGHOV Kol GTOTIOTIKOV UeBOdOV Yia TV
TPy TOV doTnudtov Tpdfreync kabiotovv ) pébodo LUBE tayidtepn oe cuykpion pe
0Ahec uebddovg mBOVOTIKNG TPOPAEYNS, KOl TTIO OTAT 6TV VAoToinon te. Eniong, to yeyovog
OTL 0gv yivoviol LTOAOYIGUOL TTOPAYDY®V KATA TN SLAPKEW TNG EKTAIOELONG TOV TEXVNTOV
VELPOVIKOD OIKTVOV pEI®VEL TV TBavdtta 1 uébodog LUBE va maydevtel o KAmo1o Tomiko
BéAtioto, kabiotdviag ™ pébodo LUBE mio a&omiotn oe oyéon upe GAAeG TOAVOTIKEG
uebodovg [155]. H pébodog LUBE eivan o un mopapetpikn pébodog, mov onpaivel 0t dgv
Kdvel Kapio vTdheomn ylo TNV KOTOVOU TOV 0EG0UEVMV Kol TOV CPUAUATOV TPOPAeync [154].

5.3.2 AkyépOpog opivoug copatioiov (PSO)

H peltiotomoinon oupvove ocouatdiov eivol o PETOEVPETIKY)  TPOCEYYIoN
Bedtiotomoinong, 1 omoio, aviKeL GTOV TOEN TNG VOTLocvVNG ounvovg. TTpotdbnie kot etonydn
®¢ EEMKTIKT VTOAOYIOTIKY HEDODOG Yo TNV AVTIUETOTION TNG PEATIGTOTOINGNG TPOPANUATOV
AMYNG amoPACE®Y GUVEXOVS Kl aouveyolg cuvaptnong [156]. Ovtag pépog tov mediov g
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vonuoovvng ounvovg, to PSO Bempel éva mepifdiriov avalnmong omov kdbe mbovi Adon
OVTUTPOCOTEVETOL MG COUATION0 EVOG GUVOVG. Xe kdfe TpoPAnua, Kabe copotidlo netdel oto
YOPO AVGMNG, Tpoteivovtag o mlovi Avor, oe kdbe emavdAnymn, oto TPOPAnUe TOL
BeAtiotomoteitat.

H «xivnon «déBe cwopotidiov otov yodpo Avong opiletar og €€ng: o toyoio Béom
eKympeital og kde copaTido Tov avtioTorkel o€ o TOOvV Ao Yo T SESOUEVT ETOVAAYT
oL wpoPAnuotog Bedtiotonoinong. Kdbe copatidio opiletor and Eva divooua toydtnToc, TV
TpéYovca BEGN TOL Kat TNV KaALTEPN BECT TOL GTO YMPO AVGNG. TN CLVEKELN, 0EIOAOYEITOL 1
0éon kabe copotdiov oe kdbe erAVAANYN, AVIITPOCSHOTELOVTOS TOGO KovTd givol 1 Béom oe
o BéATIoTN Adon).

Kda0e copatidto amopvnpovedel v KaAutepn 06om T0v 6g OAES TIG EXAVOAYELS OO Ppest
Kol M KoAOtepn TR Tov mov opiletar Aapfdvoviag vmOYn OAOKANPO TO GUNVOG
AmOUVNLOVEVETOL G Ghesr. O1 €E10MCELG TOV YPNOYLOTOOVVTIOL YO TNV EVNUEPMON TNG
TayOTNTOG Kot TG Béong kdbe copotidiov o kdbe emavalnymn eivol ot aKOAOVDEG:

Un(G + 1) = an(G) +con (Pbest,n - xn(G)) + 0y (Gbest,n - xn(G)) 5.7

X (G+1) =x,(G) +v,(G+ 1) (5.8)

OOV, V,; KOl X, OVTITPOCOAEVOVY TNV ToLTNTO Kol TN 0€0m Tov N-06TOV CcOUATISOL GTNV
enovanyn G, r;, r> € [0,1] sivon toyoieg petapintéc, ¢, ¢» € [1,2] sivan otabepég
EMTAYLVONG, W €lval To BAPOG adPAVELNG TOV OVTITPOCOTEVETAL OTO:

Wimax — Wmin %< G

W= Wy — (5.9)

Gmax

OOV, Winax KO Wiin OPILOUV TO aipy1tkd Kot TEAIKO PAPOC 0dPAVELOS Kol Ol TYHEG TOVG EMAEYOVTOL
®¢ 1.2 ko 0.2 avrtictoya, Kot Guax lval 0 péY1oT0g apipog enavainyemv. To Bapog adpdaveiog
glvan €vog onUovTIKOg TOPAYOVTAG GTN CUYKALCT] TV COUATIOIMV EVOC GUHRVOLG,.

5.4 Tehko npotervopevo povtéro mOavoTikng Tpopfieyng aroMKkng Tapay®yNS

210 TOopOV KEQAANIO TAPOLGLALETOL €V KOWVOTOUO HOVTEAO TPOPAEYNC OLOAKNG
mopoywyng Paciopévo ot pébBodo LUBE yuo v Katackevn Tov dlaotnudtov Tpopreyng
OlOMKNG  1oyvog.  Xpnowomotgiton o péBodog  drootavpodpevng  emkdpwong  k-fold
TPOKEEVOL Vo, TPoGOloplotel 1 PEATIOTN SOUN TOV VELPMOVIKOD SIKTOOV Y10 TO TPOTEWVOUEVO
povtého. H diaotavpovpevn emkvpwon k-fold ypnowonoteiton 6to oOvoro dedopévmv
eKTaidevong yuo va dtowplotel amd to obvoro dedopévav dokne. H pébodog k-fold ympilet
T0 oUVOAO EKTOIOEVONG GE kK CUUMANPOUATIKEG TTVYEC, OTOV Ot k—1 TTLYEC XPMOHOTOLOVVTOL
yio TN SLodKacio. EKTOIOEVONE TOV VEVPOVIKMY KOl 01 VITOAOUTEG TTTVYES YPTOLULOTOLOVVTOL Y10
™ odikacio emkbpwong [157]. Mia mevtamAn Sl0GTAVPOVLEVT] EMKOPOGT| TPOTEIVETAL GTO
VIO dlepeBvNOT TPOPAN LA,
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Evapln

v

Toyaia apyoroinom mg BEomc xdbe
copatdiov petald -0.5 kot 0.5

v

Ta xdfz copatido, avatiBetoin
apyua) BEom ©g M TpocHTKT
péhuiom Béom

v

Tuyaie apyxonomon mg TayvmTg
x@fz copardiov perald -0.5 kot 0.5

.

Anwovpyia aivaxe 7 TpocBEToVINs o THVOUOIOTURN GTAT UE TOV
mivaxe otoyo. Ot Tée 6iov Tov uepornyidy opifovros ioeg pe 1

v

Ta @8z copatidro j, vroroyiletarn Ty 8 yio xdfe éva wrd Ta Sefypate £16630v,

A

e pacm my eficoom 5.10, ywa Papn ue kavovia) katavoun

v

T'o @8z copatidro j, Ppioketatn
ehayom) Ty oV 8 Kot opiZetat O Gux

!

TIa xaBe copatidio j, Ta Bapn petalb Tov CTPOUATOC £1GO50V Kut TOV KPUQPOy
GTPOURTOC ENAVAPYIKOTOLOVVTOL TUYCHO HETAED TOV - Bpein KAL TOV Bix

v

I'a kaBe copartidio j, vroioyiletat o
mivakog S pe paon mv egicoon 5.13

v

T x@fz copatidro j, Ta Pdpn netad Tov KpLEOY GTPOUATOS KiL TOV GTPOUATOC £E050V
vroroyifovrat uécm mc elicoons 5.12, afonoidvrag ™ péBodo eroyictov TETpayOVOY

.

Eyouv apyonomBel Oyt

J=i+1

OAL0L TOL COUATIONL
TOV GIVOLS;

Téhog

Yype 5.4 Adypappo pog tng dtadtkaciog apytkonoinong tov Yam-Chow.

O aAiyopiBuog PSO ypnoiponoleitor mepoitépm TPOKEPEVOL va PerTicTomombodv Ta
Bépn kot o1 TOADOELS TOV VELPOVIKOD dikTOoV. EKTOg amd Tov opiopd g PEATIOTNG SOUNG TOV
VELPOVIKOD SIKTOOV, OTMG TEPLYPAPNKE TAPATAV®, EPUPUOLETOL TEPAUTEP® IO TEVTOTAN
106 TAVPOVUEVT] EMKOPOT Yo ToV Kabopiopd tov BéATioTo aplflod TV coUATIdioV Tov

ouRvoug Yo tov adyopdpo PSO.
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H ghayiotomoinon g suvaptnong kéctoug CWC givar to kprthplo Bedtiotonoinong tov
TPOTEWVOUEVOD  UOVTEAOD, KOOMG EMUTPEMEL TNV TOVTOYXPOVY PeEATioTOmOINGT TOGO 1TIg
Babovounong 660 Kot TN EVKPIVELNG TOV KOTAGKEVAGUEV®Y SACTNUATOV TPOPAEYNG.

ITo ovykexpipéva, yio kébe pio amd TG dvo (Mdveg mov gpevvniOnkov, TO COLVOLO
dedopévav yopiletor Tuyxoio 6€ €vo COVOAO EKTOIOELONG Kol £val GOVOAO JOKIHMV. ATO Ta
dedopéva, to 75% ypnoionolgitor yio T dwadikacio ekmaidevong kol o vwoéAowmo 25%
ypnoomoteitar v dokiés. To ovvoho dedopévov exmaidevong ywpiletar o€ cHVorn
VIOEKTOUOEVONG KOl GOVOAD EMIKVP®ONG HEGH TNG HEBAOOL TEVTOMANG OGTAVPOVUEVNC
EMKVPWOTG.

H dwdwocio opykomoinong a@opd oIy apyIKoOToinon TV TOPOUETPOV  TOV
vevpovikoy SktHov kot tov PSO. H Béltiotn apyikomoinon twv Papdv TOL VELP®VIKOD
OkTOoL 0dNyel oe KaAvTEPA Kol aKpPEcTEP amoTeELéooTA Yio TO pHovtélo mpoPreyns. H
uébodog apywkomoinong Yam-Chow vioBetifnike oto mapdv mpoPAnUo TPOKEWEVOL Vo
exteleotel  opywonmoinon t@v Papdv tov FFNN mov ypnoiponotgitor yoo v dtodikacio
exmaidevons. O akydpBuog apykomoinong Yam-Chow ewonydn oto [158], mpokeiuévou va
BeAtimBel n toyvnTa ekmaidevong tov FENN. O otdyog avtig g pebdoov lval va, LetdoeL To
apykd cEAAN TPOPAEYNC EUTOSILOVTOG TO VELPOVIKO SIKTVO VO “KOAANGEL” oTa apyikd Bapm.
O1 ££0601 TOV KPLOOV GTPOUATOV TOPAUEVOVY GTNV EVEPYN TEPLOYN OOV 1| TAPAY®OYOS TNG
Aettovpyiag evepyomoinong divet peydheg Tyéc. Ot BédTioTeg TYES TV Papdy omd To TEAELTAIO
KpLES oTpOLa aEloAoyovvTal Le T HEBodo Twv elayiotov TeTpaydvev. Eva dtdypappo pong
g Sradwkaoiag apyukonoinong tov Yam-Chow wapovcidletatl oto Zynua 5.4.

To péyeboc tv Bopmdv yuo éva potifo p opiletot amo:

_ 3 , , ,

SJ nE gl yz Y Bépn ke onobopen atavop
l i=1 K

: - (5.10)

(
I
6} < s‘{
1
| 5 yla Bapm HE KAVOVIKT KATAVOUT
1
| Jou+ DI )?
oMoV, 9;, glvar 10 péyebog tv Papav, O sivar n €6060¢ ToL oTpOUATOG [ KO 17 givorl €vog

peydrog appog. Ilpoxewwévov va emPefoiwbei 6t1 01 €£0001 TV KPLODOV VELPOVOV
TOPALEVOLV BTNV EVEPYT TEPLOYT, XPNOLOTOLEITAL 1) aKkOAOLOT TIUN:

6! = min(@zl,) ywp=1,..,P (5.11)

H Swdwcasio apyuomoinong eivon 1 akdérovdn: to @ afoloysiton epappoloviag Tig
e&lomoelg (5.10) kot (5.11), xpnoponoidvog o oTpOuato £16660v Yo [ = 1. Xt cvvéyela, Ta
Bépn apykomolovVTOL TUYaio LE OMOOHOPeN Katavopn petald —@ kar €' M pe kavovum
KOTOVOUN N(O, (9;,)2) . X1 GUVEYELD, TO azz,ll- a&loAoyeitol pe TNV eunpochia TpoPodOTNoN TOV
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Metatpom) aormy Sedopsvey
£16050V a0 GUVIGTMGES U, v GE
TEXOTTE K S1EVBVVEN aVENOD

.

Kavovmonoinen ooy

Sebopsven £160500 GTO
Suactua [-1, 1] :

A4
EQapuoyn HETaCMUATIGHOD
KOpATISIoV GTI; ZPOVOCEIPE; a1G0500
TAPAYOUEVN; OIS EVEPYRIQS

v

AyopIcHO; GeCopEvVeY GE GET
QIGEVGT); KO GET SOKAY

Toyaia apyIKOTOINGT TOV TAPXUETPOV
Tov PSO (Beom. TayvtnTa, 8Ecn P,
na xade couarite)

| :
Apjxoxoinen Yam-Chow ong :

8ecer; TV Gopandiov (Bapn

X0 HEPOANWIES VEDPININOD)

e e

Karacxzon SlacTnuatov
7POPheym: Na 0 GET
axeibevon; pe T pedodo LUBE

v

AZiohomon Sactnudrev xpofiavms
pE vIOLOYIGHO Tov CWC

= S~ Ewvnuépocn tov 8ceov xom s
Epoppoyn tehectn petaiioing g i = -
Hom i hasns TALVTNTAS TOV COPATIONN UE ﬂ—l Aviaracracn G |

™ 8€cn TV coyandiov

1PNeN TV E21c0cEnY Tov PSO

4
EQapuoyn TEPIOPICHEMY 6N
B£0T X TV TEYDTNTA TOV
copandiov

Mencros
apBuo;
EXOVOINVEDY;

Tyfqpa 5.5 TTAnpeg Stbrypappa pong tng Tpotevopevng pebodoroyiog WT-LUBE-PSO-CWC.

HOTIBOV 16630V PHEGM TOV SIKTVLOV UE To. apytkd Papn. ) ovvéysto, yio /=1,2, ..., L—2,n ¢
a&lohoyeitarl gpappoloviag tig e€lomoelg (5.10) ko (5.11), ypnoponoidvtag v ££000 TOL
otpodpatog . Ta Papn opylkomolovvTal Kot Tl TOYOI0 L OUOIOHOPON KoTovour HeTald —6'

kar @' | pe xavovikhi katavouy N(O,(65)?). Tm ovvégew, to abfl  afodoyeiton pe

EMOVATPOPOSOTION TOV OTOTEAEGUATOV TOV a;,'l- LEG® TOL JIKTVOV LE T apykd Bapn. Otav 1o

L+1
ag;
EAOYIOTOV TETPAYOVOV KOl TPOKVTTEL OTO:

1 1o AL™1 evromiletan, To TedevTaio oTpdpa Papdv W vrokoyileton pe ™ péBodo v
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minimize||AL"1Wi1 - 5|, (5.12)

omov S etvar évog Tivokag e KaToympicels:

— -1
Sij = (Kij) (5.13)
onov K;; etvon o1 kataympicelg tov mivaka-ctoyov D.

Qo61660, AMOY® TOL OTL TO TPOTEWOUEVO HOVTEAO oL Paciletal ot pebodoroyic LUBE
OV YPNCLOTTOLEITAL GE VTN TNV £pYacia £xel VO ££600VE TPOKEEVOL VO KOTACKEVAGTOVV TO
opo. Tov dwotnudtev Tpofreyne, n uebodoroyia apykomoinong Yam-Chow tpomomoteiton
KatdAANAo dote o wivakag D va €xel dVvo otnieg e£0d0v avti yio pia.

H evnuépwon g taydtroag Ko 0éone tov copatidiov gival 000 Pacikég d100tKaGieg
Tov aAyopiBuov PSO. Méow tov eélomoemv (5.7) kat (5.8), evnuepdveTar 1 ToydTNTA Kot 1
0éon TV COUOTIOI®V TOV GUIVOUG.

Emmiéov, epappoletor évog tereothg petdiraéng v to PSO. O tedeotéc petdAiaéng
OTOGKOTOVV GTO Vo TPOcHEGOVY UETAPANTOTNTA GE £vav TANOLGUO ONIOVPYADVTOS TOPOAAAYT|
o€ éva TapoV GTOUO KOl MG K TOVTOL VO HELOCOVV TNV ThavotnTa Toryidgvong tov TAnBuc ol
o€ TomikA BéAtiota [159]. Q¢ amotédeopa, pe TNV €QOPUOYN EVOG TEAESTN WETAAAMENG OTO
PSO, n mpotewvopevn pebodoroyio. KOTAPEPVEL VO EVIGYDOEL TEPUITEP® TNV 0ATOS0GT TOL
aAyopiBpov Peitidvovtag v wovotnto oikng avalntnong. O I'kaovcioavog TeleoTNG
UETAAAAENG epaprdleTol oTo COUATIOW PLECO:

mutate(x;q) = xiq + gaussian(o) (5.14)

Omov Xxig €lvar Mm Oudotaon Béong couatdiov kol o opiletoar oe 0.1 @opég to €OpPOg TNG
d10oTOON G COUATIOI®V.

O poBuog petdAlaéng HEIDdVETOL YPOUUKG KATO TN OldpKeEwW TNG OldlKaoiog
BeAtiotomoinomg, TPOKEWEVOL VA TaPEYEL TEPLGGOTEPO YDPO avalNTNoNG GTOV AAYOPIOLO TPV
070 T1 GVYKAICT TOV COUATIOIWOV.

Otav olodnpwbel 1 emikopornoinon twv Popdv, To vER OOCTARNTO TPOPAEYNS
kataokevalovrol péow ¢ pebodoroyiog LUBE, akoAovBovpevn amd v ektipnon twv PICP,
PINRW petpntikov a&loAdynongs, Kabdg kal Tov bmoAoyiopd e cuvaptnong kéotovg CWC.
INo v evnuépoon 1oV TGOV Prey KoL Gpesi, YPNOOTOLEITAL TO KPLTHPLO TNG GUVAPTNONG
k6otoug CWC. T kdbe copatidio, otav 1 véa Tiup CWC eivar pukpotepn omd v 1om
vrdpyovcsa TN CWC Tov Preg, TOTE N TN Phest Y10 0OTO TO COMOTIOW0 avTikadicTaTol amd To
véa Bapr. Oco v 10 Gres, €6v M vEa TIU] TOV CWC 10V Presr €lvar pukpdtepn omd ovti TOL
Ghest, TOTE TO Ghrest EVIIHEPAVETOL.

H exmoudevtikny dwdikacioo olokinpovetor otav emirevybel o péyiotog aptBuog
emavoAnyemv. H a&loAdynon tov mopomdve HOVIEAOL TPYUOTOTOLEITAlL e TOL UETPNTIKA
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a&lohdynong tov PICP, PINAW, CWC kot CRPS. H 6An Swdwkacio emavorappaveror méve
(QOPEC, TPOKEWEVOL va givol duvati 1 OTOTIOTIKN OVOAVGT TNG 0mdd00TMG TOL HOVIEAOL

TpoPAeYNC.

H mnpng apyitexktoviki Tov TeAkoD LovtéAoL TpoPAeYN G amekovileTon 6To Zynua 5.5.

5.5 Bektiotomoinon vaepmopopiTOV HOVTELOL TPOPLEYNS

Ot TeMKEC VTEPTOPALUETPOL TOGO TOV TPOTEWVOUEVODL HOVIEAOL OGO KOl TOL Pactkon
HOVTELOL GUYKPIOTG, LETA OmO OlodlKacio dOKIUNG Kol GOAAUATOG TOPOLGLALoVTOL GTOVG

[Tivaxeg 5.1 kau 5.2, avtictoya.

ivaxag 5.1 BéATioTEC TIHEG TOV VAEPTAPAUETP®Y TOV TPOTEWVOLEVOL povtélov WT-LUBE-

PSO-CWC.
Hopapetrpog Twn
Xuvaptnon evepyomoinong KpueoH GTPMUATOS Aoy GLyHogdNg
2VVAPTNON EVEPYOTOINGNC OTPMUATOS EE6OOV Z1yHoedng
ApBudc vevpmvov oTpmdpatog 166d0v (N;) 9
Ap1Budg vevpadvmv kpueol otpopatog (Ny,) 5 (WT-LUBE-PSO-CWC)
AWGTNHO EUTIGTOCVUVNG (1) 0.9
h 80
Ap1Oudg couatidiov (Mpygrticies) 80

w Wnax = 0.7, Wpin = 0.4
cl 1.2
C2 1.3
ApOuog emavoaMYe®V (Nier) 100
Xmax 4
Vimax 1
ivaxag 5.2 BéAtioteg TIHEG TV LIEPTAPAUETP®V TOV LovTélov BELM.
Hapdapetpog Twn
2uvapTnon evepyonoinong KpueoL GTPMOUOTOC Z1ypoedng
YuvapTnon EVEPYOTOINOTG OTPMUATOS 5600V Z1yHOEdNg
Ap1Ouog veupmvev oTtpmdpotog e166dov (N;) 4
Ap1Buog veupmvev kpueol otpapatog (Ny,) 80
Aldotnua eUmioToovvng (1) 0.9
Ap1Budég ELM 300
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5.6 Emoyu] avdivon Kol 6UYKPLET] GmT0d0TIKOTNTIS 6QUARATOV TPofieyng

O ITivokeg 5.3 éwg 5.6 moapovcidlovv ta amoteAécpoto e afloloynong mévie
SLPOPETIKOV dOKIUMV, Yo kaOe emoyn g Zovng 1, Tov npotewvopevov WT-LUBE-PSO-CWC

oe ovykplon pe 10 BELM yiwa eninedo gumiorocivng 90%. Ot emdeypévor deiktes aoldynong
etvanr PICP, PINAW, CWC kot CRPS. TI'a kd0e dgiktn a&loAdynong, vmoroyiletar n didpeon
TN TOV TEVIE OLOPOPETIKAOV SUOIKACIDV EKTAIOEVOTG, EVA Ol KOAVTEPEG OLUUECES TIUES
vIodeKVVOVTAL e EvTovoug yapokthpes. Tlapopoa, ot [Mivaxeg 5.7 éog 5.10 ovykpivouv ta
amoteAéopato Tov tpotevopevovr WT-LUBE-PSO-CWC pe ta amotedéopota tov BELM, yio

dedopéva Tov avTIoTOLYoVV 0TN ZMdvn 7.

Mivaxag 5.3 Anoteréopata a&lohdynong S emavaiyeny eknaidevong yuo ) Zovn 1, yio to

KkaAokaipt Tov 2012, yia didotnpa gpmetosvvng 90%.

Eravéinym WT-LUBE-PSO-CWC BELM
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9293  0,5877 0,5877 0,1212 0,9130 0,6115 0,6115 10,1522
2 0,9365 0,5609 0,5609 0,1211 0,9221 0,5899  0,5899 0,1325
3 0,9402 0,5711 0,5711 0,1127 0,8659 0,5798 15,830 10,1380
4 0,9293  0,5927 0,5927 0,1184 0,8894 0,6118 2,9295 0,1487
5 0,9365 0,5774 0,5774  0,1200 0,9166 0,6160 0,6160 0,1303
Atbpeon i [0,9365  0,5774  0,5774  0,1211 0,9130 0,6115 0,6160 0,1325
Beitioon (%) | 2,57 5,58 5,58 8,6 0,00 0,00 0,00 0,00

Mivaxag 5.4 Anoteréopato a&lohdynong S emavaiyeny ekmaidevong yuo ™ Zovn 1, yio to

@OwoTpo Tov 2012, yo Sidotnua epmiotoohvig 90%.

WT-LUBE-PSO-CWC BELM
Enravainyn
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9267 0,5029 0,5029 0,1129 0,8864  0,5025 3,4597 0,1257
2 0,9249 0,5214 0,5214 0,1097 0,9029 0,5076 0,5076 0,1348
3 0,9304 0,5349 0,5349 0,1115 0,9047  0,5236 0,5236 0,1114
4 0,9249  0,5247 0,5247 0,1124 0,8992  0,5291 11,5895 0,1309
5 0,9468 0,5141 0,5141 0,1189 0,9047  0,5360 0,5360 0,1228
Adpeon iy 10,9267  0,5214  0,5214  0,1124 0,9029  0,5236 0,5360 0,1257
Beitioon (%) | 2,64 0,42 0,42 10,58 0,00 0,00 0,00 0,00
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Mivaxag 5.5 AnoteAéopota aglohdynong S emavai ey eknaidbevong yuo ) Zovn 1, yia tov

yepova tov 2012/2013, yia dStdotpa epmictocvvng 90%.

WT-LUBE-PSO-CWC BELM
Enravéinyn
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9370  0,5814  0,5814 0,1092 0,9148 0,5501 0,5501 0,1050
2 0,9370  0,5481  0,5481 0,1144 0,9259  0,5525 0,5525 0,1288
3 0,9444  0,5440  0,5440 0,1086 0,9092  0,5352 0,5352 0,1060
4 0,9240  0,5607  0,5607 0,1092 0,9222  0,5552 0,5552 0,0977
5 0,9277  0,5363  0,5363 0,1087 0,8925  0,5517 2,3604 0,1101
Adpeon Ty [0,9370  0,5481  0,5481  0,1092 0,9148 0,5517 0,5525 0,1060
BeAtioon (%) | 2,43 0,65 0,65 -3,02 0,00 0,00 0,00 0,00

Mivaxag 5.6 AnoteAéopota aloddynong S eravalyeny eknaidevong yo tn Zavn 1, yio v
dvoién tov 2013, ywo ddotnua epumiotochiving 90%.

WT-LUBE-PSO-CWC BELM
Enravéinyn
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9384 10,5051 0,5051 0,0998 0,8876 0,4606 3,1398 0,1131
2 0,9130 0,5081 0,5081 0,1050 0,8967 0,4931 11,7911 0,1060
3 0,9021 0,4937 0,4937 0,1022 0,9021 0,4904 0,4904 0,1105
4 09311 0,4787 0,4787 0,1063 09148 0,4916 0,4916 0,1096
5 0,9329 10,4845 00,4845 0,1090 0,9021 0,4836 0,4836 0,1079
Agpeon tyun |0,9311  0,4937  0,4937 0,1050 0,9021 0,4904 0,4916 0,1096
BeAtioon (%) | 3,12 -0,67 -0,67 4,20 0,00 0,00 0,00 0,00

Mivaxag 5.7 Anoteréopata a&lohdynong S emavaiyewny ekmaidevong yo ™ Zovn 7, Y10, To
KkaAokaipt Tov 2012, yia didotnpa gpmetosvvng 90%.

WT-LUBE-PSO-CWC BELM
Enravainyn
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9057  0,4208  0,4208 0,0799 0,9275  0,5207 0,5207 0,1108
2 0,9365  0,4544  0,4544  0,0890 0,9076  0,5125 0,5125 10,1008
3 0,9547  0,4989  0,4989 0,0781 0,9021  0,4950 0,4950 0,1042
4 09184 04576  0,4576 0,0814 0,9003  0,5029 0,5029 0,0964
5 0,9021  0,4378  0,4378 0,0861 0,8894  0,5112 2,8289 10,1133
Awpeon tun [0,9184  0,4544  0,4544  0,0814 0,9021  0,5112 0,5125 0,1042
BeAtioon (%) | 1,81 11,11 11,11 21,88 0,00 0,00 0,00 0,00
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Mivaxag 5.8 Amoteréopata a&lohdynong S emavaiyeny eknaidevong yo ™ Zovn 7, Y10, To

@Owompo tov 2012, yo Sidotnpa epmiotoovig 90%.

WT-LUBE-PSO-CWC BELM
Enravéinyn

PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9230 04216 0,4216 0,0853 0,8992 04264 1,4868 0,0815
2 0,9450 0,4253 0,4253  0,0790 0,8919 04141 23195 0,0958
3 0,9450 0,4395 0,4395 0,0756 0,9029  0,3999 0,3999 0,0897
4 0,9285 0,4414 0,4414 0,0813 0,9047 0,4195 0,4195 0,0992
5 0,9304 04135 0,4135 0,0876 09175 04313 04313 0,0864
Adpeon Ty 10,9304 0,4253  0,4253  0,0813 0,9029 04195 04313 0,0897

BeAtioon (%) | 3,05 -1,38 -1,38 9,37 0,00 0,00 0,00 0,00

Mivaxag 5.9 Anoteréopata aglohdynong S emavar ey eknaidbevong yuo ) Zovn 7, yio Tov

yepova tov 2012/2013, yia dStdotpa epmictocvvng 90%.

WT-LUBE-PSO-CWC BELM
Enravainyn

PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9259  0,4269 0,4269  0,0794 0,8944 04561 2,0157 0,0798
2 0,9259 0,4263 0,4263  0,0785 0,9333 04851 04851 0,0824
3 0,9370  0,4250 0,4250  0,0719 0,8907 0,4780  2,5755 0,0852
4 0,9203 0,4218 04218  0,0729 09166 0,4978  0,4978  0,0942
5 0,9481 0,4471 0,4471  0,0750 0,9055 0,4630  0,4630 0,0896
Awpeon | 0,9259  0,4263  0,4263 00,0750 0,9055 0,4780  0,4978 0,0852

Beitioon (%) | 2,26 10,82 10,82 11,97 0,00 0,00 0,00 0,00

ivaxag 5.10 Amoteléopota 0EOAOYNONG S EXAVOIANYE®MY EKTAIOELONG YO TN ZMdVT 7, YioL TV

avoién tov 2013, ywo didotnua epmictootvig 90%.

Exaviimnyn WT-LUBE-PSO-CWC BELM
PICP PINAW CWC CRPS PICP PINAW CWC CRPS
1 0,9057 0,4889  0,4889 0,0898 0,9239  0,4688 0,4688 0,0955
2 0,9221 0,4414  0,4414 0,0876 0,9166  0,4550 0,4550 10,1013
3 0,9474 0,4747  0,4747 0,1036 0,9202 0,4654 0,4654 0,0972
4 0,9547 0,4495  0,4495 10,0863 0,9257  0,4648 0,4648 0,0948
5 0,9275 0,4367  0,4367 0,0915 0,9257  0,4686  0,4686 0,0922
Abpeon Tyun | 0,9275 0,4495  0,4495 0,0898 0,9239  0,4654 0,4654 0,0955
Beitioon (%) | 0,39 3,42 3,42 5,97 0,00 0,00 0,00 0,00

105



KEo. 5 TII®ANOTIKH ITPOBAEYH AIOAIKHE IZXYOX ME YBPIAIKH ME®OAO

O [Tivaxeg 5.3 ¢ 5.10 deiyvouv 611 t0 mpotevopuevo WT-LUBE-PSO-CWC vreptepel
tov BELM 10600 otig Tinég tov PICP 600 xon otig tipég tov CWC. Xvykexpéva, to WT-
LUBE-PSO-CWC emtoyydver vynidtepn otdueon Ty PICP ce dAeg Tig mepumtdoelg Kot
yopnAdtepn oidpeon Ty CWC og entd and T1g okt mepumtmcels. To BELM emitvyydvel pua
eMappag kaAvTepn didueon Ty CWC povo yuo 1o ohvoro dedopévav g Zovng 1 v avoién
tov 2013. Avtd onuaivel 6t1 o mopayopeva StuoTuaTo eumiotocvvng and to WT-LUBE-
PSO-CWC £&yovv peyardtepo mocootd KAALYNG, TUPOAO OV £Y0VV WIKPOTEPO €VPOG KATA
pnéco 0po. To mpotevdpevo HOVTEAD €xEl emiong Hio o oTadepn) amdKplot, O0ed0UEVOL OTL OE
Kkd0e extéheon kdbe mepintwong, To PICP givar ico 1| vymAdTEPO ATO TO OVOUOGTIKO EMIMEDO
EUMOTOOOVNG. AO TV GAAN, M TOAvOTTA KAALYNG TOV S10CGTNUATOV EUTIGTOGVVIG TOL
nmapayovior and to BELM 0dev umopel vo @TAGEL TO OVOULOOTIKO €MIMESO EUTIGTOCVUVNG GE
OPKETEC SOKIES, Le amotédeca o oAy vyniotepn Ty CWC. ErmAéov, 6Gov agopd
pétpnon oedipatog CRPS, 1o mpotevopevo povtélo vrepéfn onuoviikd to povrédo BELM og
ENTAO ATTO TIC OKTM TEPUTTAOCELG.

[Tpoxeévou va amodetydel TeEpAITEP® 1 AVAOTEPOTNTU TOV TPOTEWOLEVOD LOVTEAOV, TO
GUYKPLTIKA OmOTELEGHOTO LETAED TOV TPOTEWVOUEVOL HovTtéAov WT-LUBE-PSO-CWC «at tov
BELM mnapovoidlovtatl otovg [livaxeg 5.11 - 5.12 ko 5.13 - 5.14 yo eninedo eumotocvvng
85% xar 95%, avtictoya. Alamictoveron 0Tt o€ 14 amd T1g 16 MEPUTTOCELS, TO TPOTEWVOUEVO
povtého WT-LUBE-PSO-CWC emitoyydver vynidtepn dwdpeon Ty PICP, evd povo o€ 2 and
T1c 16 mepumtddoeic 1o BELM €yet ehappdg kalvtepn dtdpeon ] PICP. Ot didpecec tipég
PICP tov mpotetvopevon HoviéAov mapapévouy 16e¢ 1] VYNAGTEPES OO TO OVOUACTIKO EMITEDO
EUMIGTOOUVNG o€ OAeg TG mepimtoelg. Ocov agopd Tig dapeceg Tiné CWC, 10 mpotevopevo
povtélo vreptepel Tov poviédov BELM oge OAeg tic mepumtmwoels. Ocov agopd to CRPS, 10
npotevopevo poviého Eemépace to poviého BELM oe 13 amd 11 16 meputtooels. ITho
OULYKEKPIUEVD, Y10 TO GUVOAOD dedopévev g Zavng 1, To TpoTevouevo HOVTEAD EEMEPOGE TO
povtého BELM 1600 Y10 0 eminedo gpmictoovvng 85% 000 Kol Yo TO €MIMESO EUTIGTOGVVIG
95%. I'ie 10 chvoAo dedopévav g Zovng 7, to poviého BELM édwoe ehappdc Kaivtepa
OTOTEAECHATO Y10 TO OOVOTMPO KOl Yo To. OO EMIMEDD, EUTIGTOOVVNG, YEYOVOC Tov gival
TOOVOG OTOTELEG O, TNG TOLOTNTAG TOV JEOOUEVAOV GE CUYKPIOT LE TO GUVOAO OE00UEVOV TG
Zovne 1.

Mivaxag 5.11 Anoteréopato a&oAdynong v g Zoveg 1 kot 7, yio o Kohokaipt Kot to
@Ovénwpo tov 2012, ya didotnpa epmiotoohving 85%.

Kalokaipt DPOwvonmpo
Zovy Movtého

PICP CwC CRPS PICP CwC CRPS

WT-LUBE-PSO-CWC

(mpotevopevo)

BELM 0,8586 0,5747  0,1398 | 0,8571 0,5943 0,1110
Beltimon npotevopevov (%) 2,01 4,73 19,90 0,97 22,78 4,41

WT-LUBE-PSO-CWC

(mpotevopuevo)

BELM 0,8586 0,5143 0,1070 | 0,8699 0,5430 0,0765
Beltimon npotevopevov (%) 423 16,82 26,26 3,15 25,80 -5,36

0,8759 0,5475  0,1120 | 0,8654 0,4589 0,106l

0,8949 0,4278  0,0789 | 0,8973 0,4029  0,0806
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Mivaxag 5.12 Anotedéopata a&toAdynong yia tig Zoveg 1 kot 7, yio o xepdvo tov 2012/2013

€mc v dvoién tov 2013, yo Sdotnpa epmictochvig 85%.

Xepovag Avoign
Zovn Movtéro
PICP CWC CRPS PICP CWC CRPS
WT-LUBE-PSO-CWC
, 0,8703 0,4987 0,1156 0,8792 0,4793 0,0966
(mpotevopevo)
1 BELM 0,8962 0,6410 0,1206 0,8659 0,5397 0,1096
Beltioon npotewopevov (%) | —2,90 22,2 4,15 1,54 11,20 11,86
WT-LUBE-PSO-CWC
) 0,8746 0,3990 0,0734 0,8649 0,4273 0,0851
(mpotevoLEVO)
7 BELM 0,8944 0,6432 0,0892 0,8804 0,5669 0,0867
Beltimon mpotewopevovu (%) | —2,21 37,97 17,71 -1,76 24,63 1,85

Mivaxag 5.13 AnoteAéopato a&lohdynong v tig Zoveg 1 kol 7, yio To KOAOKOipt Kol TO

@OwoTpo Tov 2012, yo Sidotnpa epumiotoohvig 95%.

Kolokaipt DOOwonmpo
Zovn Movtého
PICP CwC CRPS PICP CwC CRPS
WILUBEPSO-CWE 1 9787 0,6986  0,1296 | 09780  0,6546  0,1196
(mpotevopuevo)
1 BELM 0,9655 0,7730 0,1364 0,9523 0,7562 0,1207
Beltimon npotevopevov (%) 1,32 9,62 5,00 2,70 13,44 0,91
WILUBEPSO-CWE | 6 9800 0,5942  0,0946 | 09871 05563  0,0937
(mpotevopevo)
7 BELM 0,9673 0,7747 0,0996 0,9523 0,7583 0,0864
Behtioon npotewdpevov (%) 1,31 23,30 5,02 3,65 26,64 8,45

Mivaxag 5.14 Anoteléopata a&rordynong yia tig Zmveg 1 kot 7, yio 1o xepdvoe tov 2012/2013

€mc v dvoién tov 2013, ya Sdotnpa epmictochvig 95%.

Xewpdvag Avoidn
Zovn Movtého
PICP CWC CRPS PICP CWC CRPS
WILUBEPSO-CWE | 69750 0,6840 0,095 | 009800  0,6174  0,0974
(mpotevopevo)
1 BELM 0,9537 0,7781 0,1129 0,9619 0,7032 0,1194
Beltioon npotewdpevov (%) 2,33 12,09 11,87 1,88 12,20 18,43
WILUBEPSO-CWE | 6 9740 0,5301  0,0839 | 09764  0,5867  0,1041
(mpotevopevo)
7 BELM 0,9555 0,7805 0,0942 0,9601 0,7049 0,0802
Beltioon npotewopevov (%) 1,94 32,08 10,94 1,70 16,77 -29,80
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Tyfqpa 5.6 Atootipoto TpdPreyns KataoKevaopéva omd to tpotevopevo poviéao WT-LUBE-
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Yyqpe 5.7 AloTHoTo TPOPAEYNC KOTACKEVAGHUEVE OO TO TPOTEWVOUEVO HovTtédo BELM, yia
T0 POvoTpPIvd chvoro dedopévav 2012 yia tn Zovn 7.

Yta Zynfuota 5.6 ko 5.7 mapovcidlovTol To SeTHHATA TPOPAEYNG TOV TOPAYOVTOL A0
Tig pefoddovg WT-LUBE-PSO-CWC ka1 BELM, avtictoya, Y10 T0 6UvoAo Sed0pEVOV NG
{ovng 7 v to eBwvomwpo tov 2012, Xe kdbe oy, TO AVD SIEYPULLLO OETXVEL TO OLULGTILOTOL
EUTLOTOGLVNG Y10 TIS TPDOTEG 48 TPOPAEYEIS TOL GLVOAOD SOKIU®V (TPMTEG VO MUEPES) KOt TO
KAT® S1dypapLpo dgiyvel To TPOPAETOUEVA SUGTHLOTO EUTIGTOCUVIG Yo OAOKANPO TO GUVOAO
doxuav (546 delypota, Mmiadn 23 nuépec). O kOKKives KnAideg ota Zynuata 5.6 kot 5.7
avaQEPOVTOL OTIG ONUENKEG TPoPAéyels o€ kdbe mepimtworn, &vd Ol UTAE YPOUUES OTA
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TOpOTAve  olaypdppota  deiyvovv 10 mAGtog twv Pl H mowdtnra tev Saotnpdtov
eumotoovvng mov mapdyoviar and WT-LUBE-PSO-CWC eivatl yevikd vymiotepn omd tnv
TOLOTNTO TOV SUCTNUATOV EUTIGTOGHVNG oL TTapdyovtot omd 1o BELM.

Ytov Ilivaka 5.15, yiveton po ocvvoAikny ovykpion upetoéd tov BELM kai tovu
npotevopevoy poviéhov WT-LUBE-PSO-CWC yuo k40 mepintoon kdbe {ovng 6Gov apopd
10 eminedo gumiotoovvng 90%. O péceg tipég tov CWC, PICP kar o ypovog ektédeong Tov
povtélov AouBdvovtolr amd TG avtioTouyes OWIUECES TIUEG TOV OKIM TEPITTMOGEMY TOV
napovcidlovion otovg [ivakeg 5.3-5.10. H péon tu tov CWC 100 TpoTEVOUEVOD LOVTELOL
WT-LUBE-PSO-CWC egivan 0.4870, n omoia givar 5,05% kaAdtepn (LikpoTepn) omd T péon
T CWC tov BELM. O pécog 6pog PICP tov WT-LUBE-PSO-CWC egtvar 0.9292, dniaon
2,29% xahdtepog (neyardtepog) and tov péco 6po PICP tov BELM. To cvunépacpa givar 6t
1660 T0 T0c0oTd KdAvyng (CWC) 600 kal 10 péco €bpog draotnudtwv mpdPfreync (PICP)
BeAtidovovtar pe to mpotewodpevo poviéro WT-LUBE-PSO-CWC. Onwg ftov avopuevopevo,
®ot660, 10 BELM egivan tayvtepo, kabdg 0 mupivag Tov amoteAeitol omd akpoieg Unyoveg
pudonone. Iapdio avtd, or ypodvol TPe&iHoTog TOV TPOTEWVOUEVOL HOVIEAOV EMITPETOLY TN
YPNOM TOL € TPOPAT LT TOAVOTIKNG TPOPAEYNC AMOMKNC TAPAY®YNS GTNV TpayHoTikn Con.

Hivaxag 5.15 Xvvoikn ovykpion poviédowv WT-LUBE-PSO-CWC ko BELM yio «é0e
nepintoon kabe {ovng.

Xvuykpioeg WT-LUBE-PSO-CWC BELM Awgopa (%)
Méoo CWC 0,4870 0,5129 —=5,05
Méoo PICP 0,9292 0,9084 2,29
Méoo CRPS 0,0968 0,1060 -9,53
Mécog ypdvog extéreon (s) 126 27 366,67
[Tepintooeig pe kaivtepn Ty CWC 7 1 600,00
[Tepintooeic pe karvtepn Ty PICP 8 0 o0
[epumtmoeic pe kaivtepn tiu CRPS 7 1 600,00

Mivaxag 5.16 Amoteléopata a&oroynong poviéAwv WT-LUBE-PSO-CWC, LUBE-PSO-
CWC kot BELM, 710 etio1a cOvoAa dedopévav, yia Tig Zoveg 1 kot 7.

e s R e
PICP 0,9369 0,9356 0,9105 0,9360
1 CwWC 0,5447 0,5496 0,5545 0,5497
CRPS 0,1020 0,1029 0,1075 0,1055
PICP 0,9338 0,9260 0,9063 0,9143
7 CWC 0,4432 0,4552 0,4774 0,4689
CRPS 0,0736 0,0776 0,0824 0,0963
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[pokeyévou va emtevyBei o wo a&romot a&lohdynon g anoddoons tov WT-LUBE-
PSO-CWC xow BELM, ta 0o povtéha ekmodedovrol kot agtoloyovvton Eovd, ovtn T Qopd
pe oOVoLa dedOUEVOV dlapKeLag eVOg £TOVG, TOV TTEPLEYOVY TANPoPopiec amd v 1n lovviov
2012 émg 11 31 Maiov 2013 kot yio Tig dVvo Zadveg 1 kot 7. 'Etol, 10 chvoro dedopévmv kabe
{ovng amoteleitor and 8760 wpilaio cvvoro dedopévov. Kot mdh, ta cOvora ekmaidgvong
amotelobvTal amd 10 75% TV apyIKOV GLVOAWDV ded0UEVEVY Kol To VTTOAouTo 25% avtioTolyel
ota 6OVoAN dokipumy. Ta arnoteAéouata mapovstalovtal otov Ilivaka 5.16. Ot didpeceg Tipég
tov PICP, CWC «xat CRPS yun xdBe {dvn AauPdavovtor petd omd mévie €QopuoyEC NG
dwdkaciog ekmaidevong kot afloddoynone. Ilpoxewwévov vo amodeyfel M emidpaocn ToL
UETACYNUOTICHOD KVUHOTOiV, Ta arotelécpata Aappavovtot eriong yio to LUBE-PSO-CWC
Y®pig ToV petacynuatiopd kopatdiov. Eropévag, ta dedopéva eicdoov g LUBE-PSO-CWC
Y®pig Kopatid amotehovvtol Uovo amd ta. apytka dedopéva icd6dov e GEFCom 2014. Kot
oM, to WT-LUBE-PSO-CWC &emepvd to BELM 1660 610 1060610 KdALYNG OGO Kol GTO
UEGO €VPOG SOCTNUATOV EUTIGTOGVVNG, Kol 6Tl dVo {oveg. EmmAéov, umopel va povel and tov
[Tivaka 5.16 6t1 M €QOPHOYR TOL HETACYNMHATIGHOD KUHOTOIOV PEATIOVEL TA TEAIKA
anoteréopato tov LUBE-PSO-CWC, 1600 otig tipuég tov PICP 660 kan otic tipég too CWC.

Ytov [livaka 5.16 mapovoidlovral exiong To ATOTEAECUATO TOV CLVOVAGUEVOV HEBOSwV
BELM kot WT-LUBE-PSO-CWC. Ta cuvovacpéve SlouoTiUATe EUTICTOCHVIG UTOPOUV Vo
BeAtidwoovy Tig TPoPAEYELS TOCO OC TPOG TNV aKpifela 660 Kot wg Tpog TN fabuovouncn [160].
H ovoyétion petad twv 600 poviédmv eivar pikpn. Agdopévov 0Tl vdpyovv povo Vo
pebodoroyiec ovykplong, emAéyetor 1 péBodog pEONG TIUNG Y TOV ouvovacud tovs. Ta
GLVOLOGUEVO SLOCTHUATO EUTIOTOCHVNG OEV QUIVETOL VA BEATIOVOVV T GLUVOAIKY] 0TOS00T| TV
npoPAéyewv. Av Kal To ATOTEAEGLOTO TG GLVOVACUEVNG HLeBddoL glval KaAVTEPO ATO QVTA
tov BELM, 1 pébodoc WT-LUBE-PSO-CWC e&akoiovbel va €yel Tmv KoADTEPT amOd00T).
Qo61660, £V GLVILACTOVY TTEPIGGOTEPEC UEBOSOL Kat ypnotponomBel po o ovvheTn puébodog
oLVOLOGHOV, Ta aroteléopata Bo propovsay mlavmg va PeATimbovv.

[Tpoxeévon va, mopovolaoTel 1 akpifela TOV OTOTEAECUATMOV amd EMOYLOKY Aoy, TO
Yymua 5.8 deiyvel ) péon T Tov ddpecov CWC peta&d Tov TpoTevopevoy poviéhov WT-
LUBE-PSO-CWC xot tov BELM 710 k40 enoyn otig Zoveg 1 ko 7. Kot yuo tig 600 {dveg, 1
YEWPOTEPT OTOOO0T] EMTVYYAVETOL TO KoAokaipt. Ov pECEG TIES avaA €TOYN TOV TYL®V TOL
napovcidloviar oto Zynua 5.8 mapovsidlovror otov Ilivaka 5.17. Kat mdM, o vynidtepog
puécog 6pog CWC mopatnpeitar to kadokaipt. Avtd eivar avouevopevo, 6edopévov Ot 10
KOAOKOIpL M LEGT TAXDTNTO TOV OVELOV Elval cuviBmG YOUNAOTEPT OO O, TL KOTA TN O14pKELL
TOU VTOAOITOL £TOVG, HE OMOTEAEGUO UEYOADTEPN OLWOIKOUAVON GTNV TOPOY®OYT OLOATKNG
evépyelag, 1 KaBOAoL Tapaywyn 1oYv0G, Yo LEYOADTEPES YPOVIKEG TEPLOSOVE. ATO TNV GAAT, TO
KOADTEPO OMOTEAECUATO EMITVYYAVOVTOL TNV dvolén kot To @Bwdénwpo. Kotd cvvémela, 1o
KoAokaipt B0 TPEMEL VO AVOUEVETOL HEYOADTEPO TOGOGTO GOAAUATOS OCOV OQOPO TIG
TPOPAEYEIC OQMOAIKNG EVEPYELNG, VM TO, MIKPOTEPO TOGOGTH OQAOAHOTOC 0o mpémer vo
avopévovtol TNy dvoién kat to eOvoTwpo.

O ITivakag 5.17 mapovoidlet v Tomikn omdkiion tov Tipdv tov CWC mov gaivetal 61o
Yyquo 5.8. H peyaivtepn tomikn amoxiion tov CWC mopatnpeitol To KOAOKOipL, VA 1
YounAoTePN TumiK amokiion g CWC emituyydvetal Ty dvoién. Avtd onpaivel 6t otav
ypnotpomotovvtar dedopéva avoEng, to WT-LUBE-PSO-CWC kat BELM éyovv mo otabepn
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Mivaxag 5.17 Méon Tt kot tomikn omdkiion tov CWC yio kdbe emoyf kol yuo. To dvo
povtéha, WT-LUBE-PSO-CWC kot BELM ot yia T1g 2 Zdveg Epevvag.

Hapdapetpog Koahiokaipr  ®Owémmpo  Xeaipavag — Avoién
Méon ryu CWC 0.5401 0.4785 0.5062 0.4751
Torun amokAion CWC 0.0713 0.0583 0.0587 0.0213
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Tyqpa 5.8 Méon tipn g dwdpeong typng CWC peta&d WT-LUBE-PSO-CWC ka1 BELM y1a
k0 emoyn otig Loveg 1 ko 7.

amokpilon, aveaptnta and T yeypapikny 0€61 TOv CloAIKOD TapKov. Ao TV dAAN, dTav
yxpNoonotovvtal Bepvé dedopéva, Ta HOVTEAN £YOVV TO aoTafn amOKPIoT, TPAYUL TOL
onpaivetr 6t 1 TOWOTNTA TOV ATOTELEGUATOV eEapTdTan TOAD TEPIGGOTEPO OO TN YEMYPUPIKY|
0éom Tov aOAKOV TAPKOL.

Mrnopei eniong va mapatnpnOei ond to Zynuoa 5.8 611 vEdpyel pio pKpY| dpopd o
duapeon CWC peta&d avoiéng kot ehwvorndpov otn Zovn 1 ko ot Zovn 7. Aopfdvovtog
VoYM O0TL KaBe LdVN SESOUEVOV 0pOPE OLOAIKA TTAPKA G€ dlapopeTikég Tomobeaies, 1 dtapopd
ot dudpeon tu CWC Ba pmopovce va eival amoTtéAecHa TG OPOPETIKNG TOLOTNTOS TMV
dedoUEVMV KATA TN S1APKELD OVTMOV TOV GUYKEKPIUEVOV ETOYMV. ¢ UTOTEAESUA, Y1 T Zdvn 1
Ta dedopéva g AvoiEng givan kaAdTEPNG TOOTNTAG OO T HESOUEVA TOL PHVOTMPOL, EVA V1o
™ Zovn 7 ta dedopéva Tov eOvomdpov mapéyovv KoAvTepa amotedéopota. Emmiéov, ta
TEYVIKG YOPOKTNPIOTIKG T®V AOAMKOV TApKoV Tov Ppickovtal o kdbe {dvn Ba uropodoav vao
Stadpapatifovv onUAVTIKO pOAo GTNV Topatpovuevn dtopopd otn péorn ddpeorn tiu CWC
peta&d dvolEng ko pwvomdpov otn Zavn 1 kot otn Zodvn 7.

O IMivakeg 5.18 xon 5.19 mapovcidlovv tov péEGo aplipd TopaInpnoemy KAT® omd To
KOTOTATO OPlO KOl TAV® ad TO OVATATO OPlo TOV dlaotnuatov tpoPieync. [a ™ pébodo
BELM, o pécog opibudc mopatnpioemv mOve omd TO avaToTo O0plo TpoPAeyng eivon
OMNUOAVTIKG DYNAOTEPOG amd TIG TOPOINPNOELS KAT® OTO TO KOTMOTEPO Oplo TPOPAeyNS, Yo
oyedov kaBe Tepintwon dokipng. Avtd gival akoun mo epeavég yio ) pébodo WT-LUBE-
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Mivaxag 5.18 Mécog apBuog mapatnpioeny YOUNAOTEPO OO TO KAT® OPlo KOl VYNAOTEPQ
07t0 TO AV OP10 TAOV JUCTNUATOV TPOPAEYNG, Y10 TO KaAOKaAIPL Kot To POvOTmpo Tov 2012 kot
Y TG 2 ZMVEG £PELVAG, Yo ot ie epmiotocivig 90%.

Kalokaipt DOwoénmpo
Zown Movrého Méco  Méco Méco Méco
Karm Avo Karo Avo
WT-LUBE-PSO-CWC 17 18 7,8 27,8
: BELM 27 23,6 21 20,2
'WT-LUBE-PSO-CWC 19,6 13,4 16 18,6
7 BELM 26,8 24.4 14,4 19

ivaxag 5.19 Mécoc aptBpdg mapatnpioemy YaUNAOTEPL Amd TO KAT® OPlo Kol LVYNAOTEPQ
amo o Gve 6plo TeV dwotnudtev TpoPreyng, v to yewumva tov 2012/2013 émg v avoién
tov 2013 kot yuo T1¢ 2 Zdveg Epevvoc, Yio Stdotno epmiotoovvng 90%.

Xewpdvag Avoign
Zown Movrého Moo . avel Méoo Méoo
Karm Karo Avo
WT-LUBE-PSO-CWC 0,8 35,2 6,8 31,8
: BELM 15,4 28,6 18,8 23,4
'WT-LUBE-PSO-CWC 8,4 22,8 10,6 29,6
7 BELM 26 34 19,4 22,4

PSO-CWC. Avtd mbavag oyetiletar pe To yeyovog 0Tl TEPIoCOTEPES TILEG-GTOYOL TV GLVOAWDY
dedopévav Ppiokovrol kovtd oto 0 ovti yio 1, dedopévov OTL M TOPOYWYN EVOG OLOATKOD
TOPKOV OTAVI, TANOCLALEL TO OVOUAGTIKO ToL eminedo. To yeyovog otL yia ) puébodo WT-
LUBE-PSO-CWC ot Tapatnpioelg KAt amd To KatdtePo Oplo TpoPreyng sivar Ayodtepeg o€
ovykplon pe ekeiveg yio ) uébodoo BELM amodeikvoet 6Tt 1 pébodog WT-LUBE-PSO-CWC
elvar axpipéotepn. O1 poveg mepMTMOCELS dOKIUNG OOV 0 UEGOG APIOOG TOPATIPIOE®Y KAT®
070 TO KOTOTEPO OP10 TPOPAEYNG Eivar VYNAGTEPOG ad TOV PEGO APOUO TOPATIPCEDY TAV®D
amd 1o avdtato dplo TpdPreync eivar exeiveg mov oyetiCoviat pe Ta Bepivd HVOLD dESOUEVMV.

Yvumepaivetar 6t to mpotevopevo poviéro WT-LUBE-PSO-CWC pe tov mpotevopevo
I'coovoavd telectn petdhioéng mov epapudotnke otov aAyopifuo Peitiotomoinong PSO
GUVOMK( ETITVYYAVEL KAADTEPO OTOTEAEGUATO 0O TNV LVIEPSHYYpovn uebodoroyio BELM. Ta
ot aTo TPOPAEYNG TOV EYOVV, KOTE PEGO OPO, LEYOADTEPO TOCOGTO KAALYNG, OLUTNPOVTIS
TOPAAANAQ LUKPOTEPO UEGO EVPOG. AVTA TO OTTOTEAEGLOTO TOPATIPOVVTIOL TOGO Y10 ETOYLAKA
oUVOLO JEQOUEVAV OGO KOl Y10 GUVOAD JESOUEV@V SIUPKELNG EVOG £TOVG, TOGO Yo TN Zovn 1
660 kot yio ) Zovn 7. Emmiéov, 1o WT-LUBE-PSO-CWC £éyel moAd mo otabepn amdkpion
ond 1o BELM, xabd¢ 10 1060616 KAALYNG TOL €lvarl 160 11 YNAGTEPO OO TO OVOLOGTIKO
EMIMEDO EUMIGTOCHVNG 0 OAEC TIC TepImT®GELS. H apykonoinon twv Bapdv Kot ToV TOADCEDY
tov LUBE-PSO-CWC pe v teyvikn Yam-Chow odnyei o€ vymidtepo pubud cuyihong, evod
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N XPNON TOV UETOCYNMUOTICHOD KLUOTIOIMV PEATIOVEL TEPOUITEP® TO OTOTEAEGUATO TOV
povtéhov t6c0 otig Tég PICP 6co ko otig twég CWC. To kaAokaipt, o TOPOYOUEVO
OLOGTALATO EUMIGTOGVVIG Elval YOUNAITEPNC TOLOTNTAS, TOGO OGOV apopd Tig THEC Tov CWC
000 Kol Tn otafepdmra. AmO TV GAAN, TO KOADTEPH OMOTEAECUOTO EMLTUYYAVOVIOL TO
@Owompo Kot v dvoién. Tnv dvoién, oyl povo emitvyydveral 1 kaAvtepn péon tiun CWC,
OALG KOl T TUTIKY OTOKAIGT] TOV OTOTEAECGUATOV €Vl 1 YOUNAOTEPT, HE OMOTEAEGUO TNV
VYNAN otabepdTnTO.

To «0plo MAEOVEKTNUA TOL TPOTEWOUEVOL HOVTEAOL E€lval 1 OPYLTEKTOVIKY] TOV.
AopPavovtog veoyn to yeyovog Ot eivan éva poviélo mov Pacileton og TEYVIKEG UNYOVIKNG
nabnong, TpoceEPel TOAAEG SLUVOTOTNTEG OTN YPNON TOv. Me TNV €mITLYN TPOTOTOINGT TOV
dedopévav 16600V Yo JUPOPETIKA TPOPAALOTA, TO TPOTEVOUEVO LOVTEAO Bo PTopovoe vo
TPOGOPUOCTEL AMOTELECUATIKG G TPOPANUHOTA TPOPAEYNG ALOAKNG 16YXVOG TNG TPOYLOTIKNG
Long. Xapn oy teyvoroyio mov Paciletal oe ¥pron VELPOVIKOV SIKTO®V, TO TPOTEWOUEVO
povtélo dev meplopileTor amd TIG TEYVIKEC TUPAUETPOVS TOV QLOAMK®OV Tapkwv. EmmAéov, n
TPOGOPLOYN TOV GE EMOYKO TAAICIO £J€1EE OTL TO. EMOYIKA OMOTEAEGLOTA OKOAOLOOVY Eval
OLYKEKPIUEVO pOTIfo. Avtd Ba pmopovoe vo EMITPEYEL TEPUTEP® TNV TPOGOPLOYN TOV
HOVTELOL TPOPAEYNG OCOUP®VO HE TNV TEPIOd0 TPOPAEYNC TOL EVOLPEPEL TO YPNOTN,
TPOKEWEVOD VO BEATIOTOTOIN OOV T AMOTEAEGHOTO TPOPAEYTG OO ETOYLOKT OTTIK.
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Kepaiaio 6

MIGANOTIKH IPOBAEYH ®QTOBOATAIKHE IZXYOX
ME YBPIAIKH MEOOAO MHXANIKHX MAOHXHX

6.1 Ewoayoym

H mpofieyn g nAokng evépyelag amotelel €va Suvapkd TEPBAAAOV Yo TNV EPELVAL.
Onwg meprypdonke kot oto Kepdhowo 2, o1dpopeg pebodoloyieg emikevipdvovtol oTnv
OTOTEAECHATIKY  OUTIOKPOATIKY Kot ThovoTiky 7poPAeyn. Qotdéco, 1 Koatavoénon 1ng
afefardotntag ot Owdikacio mPOPAEYNC Ko TNG EQAPUOYNAG TNG O TPOPANUATO TNG
mpaypotikng {ong yivetor OAo koul mo ovaykoio. Q¢ €k ToLvTOv, 1 avAYKN 0EAGYNOTG
HOVTEL®V IOV cLVOVALOVY aUTIOKPATIKT KOt TOaVOTIKN TPOPAeyY eivor Evog TOUENS e LEYOAEG
dvvatdtreg Peitimong kot Katavonons. EmmAéov, ot aiydpiBuol Pertictomoinong mov
eotialovv ot Peitioon TV ceoaAudtov TPOPAeyng epapupdlovtor cvovnbog oe  €va
LOVOJ146TaTO TANIGL0, OOV EGTIALOVV giTE GTO PEPOG TNG Tpoemesepyaaiog tng TpoPArewng eite
OTOV EMOVUTOAOYIGUO TOV TOPOUETPOV TOV HOVTEAOL. Aapufdvovtag vedymn Tovg adyopifuovg
BeAtiotomoinong TOmov GUVOLS, v ival g BEom va dtevphvouy Tig dSuvatoTNTEG avalnTnoNng
Tov povtélmv mpoPreyns, teivouv va Pocilovtol 6e amid pepOVOUEVO GV TANBLGLOV,
€0KOAO TOYIOEVUEVO GE TOTIKA PEATIOTO. ZVYKEKPIUEVA, Yol TNV TOAVOTIKY TPOPAEYT] NALOKNG
EVEPYEWC, T EQOPUOYN TPONYUEVOV aAyopiBuwv PeiticTomoinong tOmoOLv GuRvovg etvat
eEapetikd mepropiouévn. Emmiéov, 1 ypnion tov vreposvyypovov dtktvov LSTM €yetl yivel
eVPEMC ONUOPIANG T TEAELTOIOL YPOVIO, AOY® TNG MEYUANG tKavdTnTdc Tov Vva yewpileton
dedopéva ypovooelpmv. Qotdc0, to 1010 To LSTM, éyovtog pa dadikoacio ekmaideuong mov
Baciletar oty Tpog Ta To® S14306T TOL GEAALATOG UTOPEL VAL EIVOL OKOUT TTLO EXPPETNG GTO
va, Toydevtel o€ Tomikd PEATIoTa. H g@appoyn texvik®v avaderylotoAnyiog yio mlavoTikn
poPreyn oyvoc pali pe o LSTM dev éxet epevvnBet evepyd, 0e00UEVOL OTL TETOEC TEXVIKEG
TEIVOUV VO AVOULYVDOUV TIG YPOVOCEIPES KO EMOUEVAC XAveETAL 1] d1od0YIKOTNTA TOVG. 26TOGO,
OTNV TMEPITTOON TNG TAPUYWDYNG POTOPOATATKNG 15YV0G OTOV VILAPYEL NUEPNOLO. EXAVAANYT, O
YPOVOGEIPES  UMOPOLV VO «OWACOLV» GE TNUEPNOLN  OelylaTo Kot VO €QUPLOCTEL
emavadetypatoAnyio e ovtd. Emouévog, o cuvovooudg TV TAEOVEKTNUATOV TOV TEYVIKOV
avaderypotonyiog, onwg n pébodog Bootstrap, kai tov povrédov LSTM yivetan pio fudoiun
EMAOYT.

Me 610%0 vo KOAOWEL TOVC TEPLOPICHOVE TOV TAPOLGCLAGTNKAY TOPOTAV®, TO TOPdV
KEPAAOLO TEPLYPAPEL TN OlEPEHYNON TNG SLVATOTNTAS KOTOGKELNG OOGTNUATOV TPOPAEYNG
VYNNG axpifelag HEcw G avAmTLENG EVOG KOVOTOLOL LOVTEAOL TPOPAEYNC @MTOPOATUIKNG
1oYVOG KAT® 0o T TOAVOTIKO PAcua, Yo Evay Ppayurpdbespo opilovta TpdPreyng exduevng
nuépag. Aapfavovtag vroéyn Ty woyvpn EHON TOV YPOVOGEPHOV TOV TPOPALATOS TOL
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depevvatal, to LSTM w¢ kvplo HovtéAo amoTedel Ui caQn ETIAOYY, € GLVOLACUO WE Hid
TEYVIKT] ETOVOOELYLOTOANYIOG TPOKEUEVOL VO EPAPUOCTEL Y10 TOAVOTIKY TPOPAeYT. Me 6TdY0
mv mepartép® Pertioon twv dvvatotitev avalntmong e Padidc uddnong, Kot g €K ToVTOL
Tov emAeypévov poviédov LSTM, dwaoceariloviag v koBolkn Peitiotomoinomn ywpic
TOPOAANAG Vo emnpedleTol 1 VLAOAOYIGTIKY 0mOO0GT TOL HOVTEAOV, TPOTEIVETOL KOl
epappoletol £vag TPoNyUEVOS, LETAEVPETIKOG, Pedtiopévog aiydpiBuog Peltictomoinone. [N
vo, emektofel mepatépm M KavoTNTO KOOOMKNG PEATIOTOMOINONG TOV TPOTEWVOLEVOL
aryopiBuov kol vo eEareipbel 660 TO0 dLVATOV TEPIOTOTEPO 1| TOAVOTNTA TTAYIOEVLONC TOL GE
TOTIKA PEATIOTA, £QapuOleTal Evog GAAOG PETOELPETIKOG Unyoviopnos. Emimdéov, Aappdvovtag
VoYM TNV an&avopevn avaykn a&loAdynong Kot papuoyns g afefatdtntog tng Sadikaciog
npoPreync oe mpoPAnuata mpaypatikng (NG, oAAE Kol aKOAOLOOVTOG TIC TPOCPATEG
EPEVVNTIKEG TACELS, AQUPAVOVTOL VTOWYTN OITIOKPATIKEG TTPOPAEYELS KOODC Kol TpoPAdyelg
ofefaldTnTOg, OOCTE VO TOPEYETOL IO OAOKANP®UEVI] E€KOVO, TOV TPOYVOCTIKMOV
OTOTELECUATOV.

H o&oldoynon tov mpotewoduevov vPpidtkod  povtédov kabopileton amd v
elayrotonoinon ¢ ovvaptnong koécstovg tov Kpumpiov ITAdtovg Kaivyng (CWC), n omoia
TaVTOYPOVA PEATIOTOTTOEL TV €VKPivELn Kot TN BabUovOUNcn TV TopayOUEV®Y SOGTNUAT®V
wpoPreyns. Ot evdowpuaieg ortiokpatikéc mpoPAéyelc vroroyilovron kot afloloyovviol
TOLOTIKA At TO TEMKO TPOTEWVOUEVO TOOVOTIKO LOVTELD, TPOKEEVOL Vo eKTIUNB0UV TBavEG
dlakvpaveelg 1oyvos. Ta mapeyOUEVO ATOTEAEGLOTE OVOADOVTIOL TEPOUTEP® ONO EMOYLOKN
amoyn. To Tpotevopevo novtého TpOPAEYNG POTOPOATAIKNG 10YVOG KATAPEPVEL:

1. No mpoteivel éva Kovotopo vPpdkd mloavotikd poviélo, aflomoidvtag Ty
wKavOTNTO avaderypatoAnyiog e pebodov Bootstrap kot TV apyIteKTOVIKT TOV
povtéhov LSTM, n omoio Tov emttpénet va GLAAOUPAvEL O1000yIKEG EE0PTNOELG
Kol TOAVTAOKEG OYE0El HECO, oTo. dedopéva ypovooelpmv. To mpotevouevo
HoVTELO TPOPAeYMC €xel avamtuyBel yio v akpiPn Katookevn Ol0GTNUATOV
TPOPAEYNC KOl TNV OTOTEAEGUOTIKY] EKTIUNGT TNG OMOO00NG POTOPOATAIKNG
1oY00G UE YpoviKO opilovta eTOUEVNC NUEPIGS.

i. No epopudcer po Peitiopévn ékdoon tov oaiyopibpov Chicken Swarm
Optimizer (ICSO) mpokeévov va PeitiotomomBovv Ta fapn Kol Ol TOADGCELG
TOVL OVOATTUYHEVOL VEVPMOVIKOD OIKTUOV. XvUmepthapfavoviag Evov PEATIOUEVO
TPOTO EVNIEPWONG TNG BEoMNE TOV GOUATIOIOV TOL GUVOVE T®V TANBVOUMY TOV
ICSO, N wavotTo TOMIKNG Kol OAMKNAG ovalNTNong Tov PEATICTOV COUATIOIMV
TOV GUNVOVG EVIGYVETAL, OTOPELYOVTOG TAPAAANAA TNG TOYIOEVON TOVG GE TOTIKO
eldyoto. EmmAéov, évag alyopiBuog Onpapatoc-Ompeuty) mpocaplocTnKe Kot
BeAtiotomomOnke mpooekTikKd Yoo TV mepatépw Peitioon tov ICSO. O
oAyopiOpog  Onpdaupotoc-Onpevty (Prey-Predator — PP) ypnowever kot
EPAPUOLETOL (OC UNYOVIGLOG SLAPLYNG OV eVOOPPVVEL TOL COUATION TOL CUIVOLG
VO, EKUETOAAEVTOVV TOALG VTOCYOUEVEC TEPLOYEG N VEES TEPLOYEG TOL YDPOL
avaltnong, Yeyovog TOL EMTPEMEL KOALTEPN OVYKAON Kot TPOPAEWYELS
VynAOTEPNG TToLOTNTOG. To TEMKO TPOTEWVOUEVO VPPIOIKO povtédo Boot-LSTM,
LE TNV €EQAPUOYN TOV TPOCapHOcUEVOL PP, katapépvel vo Katackevdoetl akpipn
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dlotnuate  TPOPAEYNS LYNMANG TOWOTNTOC Kol v EEmEPACEL  oUYYPOVEG
uebodoroyieg OGOV APOPE TA TPOYVOCTIKA COAAUATE KOl TNV akpiPela.

1il. No efetdost evoowplaieg onuUeloKkES TPOPAEYEIC QOTOPROATAIKNG 16Y0VOG,
TPOKEEVOD VO TOPEXEL GTO TPOTEWOUEVO VPPOIKO HOVTELD v TOLOTIKO
epyoreio agloAdynong Tv mlavedv SlokvUdveemv 1oyx00g eTopevNg Nuépag. Me
TN GEPA Tov, TO HOVTEAD givorl o BEom va ¥PTCLOTOINGEL OTOTEAEGUOTIKG TIG
TOPATAV® TANPOPOPIES Y10 VO KATAGKELAGEL L0 aKP1P1| dacTiaTo TPOPAEYNS.

6.2 Avdlvon kor emeepyncio PETEMPOLOYIKMOV OEHOPEVOV KOl OEOO0pEVEOV
POTOPOATAIKIG 16 VOG

[Tpoxeévor va aflohoynbel emapk®dG 1 OTOTEAECUATIKOTITO TOL TPOTEWVOLEVOL
VPP1OIKOY POVTEAOL TOOVOTIKNG TPOPAEYNG POTOPOATAIKNG 1GYVOG, EQPOPUOCTINKE GE GUVOLO
OEJOUEVDV dVO SLUPOPETIKOV POTOPOATATK®V TAPKWV.

H zmpot mepintoon agopd @otoPoitaikd mapko itoyvog 1551 kWp. Avo ypévia
OTOPIKAMV dedopévav givar dtabéatpa mov ypovoroyotvtal amd v 1n Iavovapiov 2020 émg Tig
31 AexepPpiov 2021, pe ypovikd Paupo evog Aemtov. To Swwbéoipo oVvoro dedopévav
mepLapUPavel 10TopPIKA dedopéva Topay®YNS 1oy0og KaBMG Kol UETEMPOAOYIKG dedopéva,
ocvumeptlapPavouévne g aktvoPforiog oto kKekMuévo eminedo t@v @B cuAleKT®V, NG
Beprokpaciog TV EOTOPOATAIK®MY CLALEKT®V, TG BepLoKpaciag TEPPAALOVTOC, TN OYETIKNG
vypaciog, TNG PpoxdnTmong Kabmg Kot TG TayDTNTOS Kot TG d1e0fuveng Tov avépov.

H debdtepn mepintwon apopd ¢otofoAtaikd mdapko toyvog 11900 kWp. Avo ypoévia
OTOPIKAV dedopévav givar dtabéatpa mov ypovoroyotdvtal amd v 1n Iavovapiov 2019 émg Tig
31 Aekeufpiov 2020, pe ypovikd Prpo 15 Aemtov. To dSwbéoyo ocbvoro dedouévov
meplhapuPdvel  1oTopiKA  Oedopéva  TOPAY®YNG 10YX00G KOl UETEMPOAOYIKG  dedOpéva,
CLUTEPTAOUPAVOUEVIC TNG KEKAUEVNC akTVOPOAiaG, TG Bepurokpaciog Tov eoToPBOATAIKMY
GLVALEKTOV, TNG Beppokpaciog TeptBAALOVTOC KOl TG GYETIKNG VYPAGIOG.

Aappdvovtag vedym OTL Yo TV TAEIOYNEla TV dedouévav mapatnpnonke otL 1 16y0¢
tov OB éptace oto péyloto oe dpeg xovtd otig 13:00, yio ™ PBeitictomoinon g OANg
dwdikaciog, Bempninie 6t 1 OB 10y0¢ @tdvel oto péyioto otic 13:00. Aaufdavovtog vToyn
NV KOUTOAN  TOpoy®myns Q®TOPOATOIKNG evépyelag Yoo KaBe mnuépa, ot MUEPES
VITOKOTNYOPLOTOONKAV TEPUITEPD GE MALOAOVLGTEG MUEPEC, NUEPES LE EADPPA GUVVEQPO KoL
nuépeg ne Papid ocvvvepa. Iapdderypa TV OVIICTOYY®V KAUTVADY TOPUYOYNG POTOPOATAIKNG
TOPOYOLEVNG EVEPYELNG TOV OVATEP® TPLOV LITOKATYOPLOV TAPOLGIALeToN 0TO Zynpa 6.1,

Ot kaumOAeg 10YV0g €£000V TV EMOTOPOATUIKOV GLOTNUATOV TUPAYWOYNG NAEKTPIKNAG
evépyelag amotuyydvouv va emdeifouv €va potifo vmd ocuvOnkeg eraepldc kot Popildg
ovovvepuac. H mapoywyn ¢otofoAtaikng 1oyvog xotd Tn Oldpkelo eloppldg kot Bapldg
OLVVEQPLAG TTAPOVCIALEL HEYOADTEPES OLOKVUAVOELS OO O,TL 6€ NALOAOVOTEG KUIPIKES GUVONKEG
KOl 0gV LILAPYEL KAVOVOS YloL TNV EKTIUNGN TNG TUPAYOUEVNG 1OYVOC GE OVTEG TIG GLVONKEC.
Aappdvovtag vmoyn o0tL 1 peiwon xotd Eva Pabud tng Beppokpociog g EOTOPOATAIKNG
povadog Bo pumopovoe vo, odNYyNoEL G AMMAELD TAPAYOYNG 10)vog Tng Taéng tov 0,5%, n
e£ApTNo” TOV NAIK®OV GUALEKTAOV Ao T Oepuokpocio emnpedletar o€ peydio Pabud amod tic
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Yynpa 6.1 ATEIKOVION TUTIKAOV KOUTLADV TOPUY®YNS @OTOPOATUIKNC EVEPYELOG VIO NUEPES LLE
NA10, ELaPPa cuvvea, Kot Baptd covveoa. ITapdderypa and OB Ildpkol.

SLOKVUAVGELS TNG CLUVVEPLAG. (2G €K TOVTOV, 1) EKTIUNGOT TNG TUPUYDYNG EVEPYELNG GE GUVONKEG
eAappLag Kat Paplic cuvvepldg givar yevikd told dvokoin [161], [162].

6.3 IIp®dwo TpoTeEvOpeEVo POvTELO Uy aviKiG padnong

H opyin 0éa viomoinong tov poviédov mpdPreyng Paciotnke otn ypnon evog LSTM
VELPOVIKOD SIKTOOV BEATIGTOTOINEVO LE EVaV OAYOpIOLO TOTOL GUNVOLS COUAUTIOIWOV.

6.3.1 Nevpovikd diktva pakpas ppayvapo6dsoung pvijpung (LSTM)

To vevpavikod dikTvo 6To 0moio Pacictnke TO TPOTEWOUEVO VPPIOKO HOVTEAD TTPOPAEYNG
amotelel €va veupvikd diktvo pokpdg Ppayvrpodecunc uvaung (Long Short Tem Memory —
LSTM), 1o omoio eivar évag tOHmog avadpopkod vevpmvikod otktoov (Recurrent Neural
Network — RNN) mov pmopel va pabet v e&dptnon taéng oe mpofAnuato TpoPAeyne He
YPOVOGELPES, SLOTNPADOVTOG TPOTYOVLUEVEG TATPOPOPIES KOl OTLLLOVPYDVTOS YPOVIKES GUCYETIGELS
HETOED 01000y KMV OeOOUEVDV e EGMOTEPIKA ovTosmavarappfavopeva diktva [163]. To LSTM
MEPLEYEL TEGGEPA GLVOESEUEVE COTPAONOTA, TPIO OTPMUATO TOANG Ko €vo otpdpa tanh. H
KaTdoToon KeAOV oamotedel o Pacikn petofAnti tov LSTM mov pmopel va datpééel tnv
OPYLTEKTOVIKT] TOV VEVPMVIKOD SIKTOOV, LETAPEPOVTOG TANPOPOPIeC TpoNnyovuevey Pnudtmv
[163]. H apyitextovikn evdg tomkod kelov LSTM mopovoidletonr oto Zynua 6.2. To LSTM
elval tkavd va aolpel 1 va Tpochétel TAnpoeopieg oty Katdotaon keAol, mov puBuileton
OO TOAEG.

To mpdTo oTPOUA €lvarl 1 TOAN ANBNG oL amoPacilel TOlEC TANPOPOPIEC TPOT YOV UEVOV
Pnuatwv Ba Eexaotovv. H pabnuotikn e&icmon yia mv €060 g muAng Anong (f;) diveton amod
T oyéon:

fe = o(Ws - [he—1, X¢) + by) (6.1)
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Yype 6.2 Tomkn apyrtektovikn keiov LSTM.

OmoVL o gival 1 olIYHOEWNG cuvapTnoNn evepyomoinong, Wy eivar to Papog tng moAng Anong, by
glval n TOAwon g TOANG AMONG, X: elval M €icodog ™ oTyun ¢ Ko A.; givar 1 €£000G TOL
KPLEOV GTPAONOTOG T oTLyun —1.

To dedTEPO GTPOUA EIVOL 1] TOAT €£1GOJ0OV (i7), 1) OTOL0L ATOPAGILEL TOEG VEEG AT POPOPIES
Ba amobnKeLTOVY GTNV KATAGTACT) KEALOD YPTCLUOTOIOVTAG:
ip = o(W; - [he—1, Xe] + by) (6.2)
omov W; givat to Papog T TOANG €10600L Ka b; eival  TOA®ON TNG TOANG E1GOS0V.
To Tpito oTpdua givon To oTpdpa tanh 1 T0 GTpdA KoTdoTaong kehod (Cy). Anpovpyet
éva S1AVLG O LE VEEG DTTOYNPLEG TIUES, OV opilovTal amd T oxéon:
Ce = oW - [he—1, Xc] + bc) (6.3)

omov ¢ eivar 1 cvvaptnon tanh, We givar to Papog Tov KLTTdPOL KOl be givar 1 TOAWGN TOV
KEALOV.

Metd to Tpio TPMOTO GTPOUATA, 1) TAAA KATAGTOOT KEAOV Ci-; EVNUEPMVETAL OO TNV
C:.. H evnuépwon mpoépyetar omd Tov cuvovacud g ££600v g THANg ANOng Ko tng moAng
€10000v, 0mov N TP KaBopilel TL mpémel va Egyaotel otV Topeln TG EKTOIdELONG Kol 1)
devtepn kabopilel T mpémel va mpootifetar ot vEX KATAGTACT) KEAOV, OT®G PAivETOL Ao TN
oyéon:

Ce = fiCe—q +i¢C, (6.4)

To tehMkd otpdpa gtvor 1 TOAN €680V (0), N omoia Tapdyetl TV TeEAKN £€£000 GOUPOVA

ue 1o evnuepopévo keM. H dadikacio tng moAng e£6dov eiva:

or = oW, - [he—1,X¢] + by) - @(Cp) (6.5)

omov W, glvar to Bapog tng moAng e£0d0v Kt b, givarl n TOAmO| Trg TOANG €£050V.
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6.3.2 Mé00dog eravaodstypotoinyiog Bootstrap

H pébodog Bootstrap Oswpeiton por yevikny mTPOGEYYION OTOTIOTIKNG  €&0y@YNG
ocvumepacpdtov mov Pociletor otV OKOOOUNON  MOG  KOTOVOUNG  OElyMaTtoAnyiog Le
OLLOLOHOPPT] SEIYHATOANYIO LE AVTIKOTACTACELS oo To. opyka dedopéva [164]. Eeappoletar
EVPEMG MG 0L IOYVPT EVOALOKTIKT ADOT 0T GTATIOTIKN EEAYMYT] GCUUTEPACUATOV e Bdon Tig
TOPOUETPIKEG TAPAOOYES, Ol OTOIEG UmOopel va ivarl ava&lOmIoTES Kot 0KOUT Kot adOVITEG AOY®
TNG TOAVTAOKOTNTOG OV EUTAEKETAL GTOV VITOAOYIGHO TOV TUTIKAOV CQUAUATOV GE OPIGLEVEC
cuvOnKec.

Tpeig Swpopetikoi adyopipotr Bootstrap umopodv va €popUOGTOOV Yo oviAvon
molvopopunong [165], ocouneprrappavopévov tov (evydv Bootstrap, tov Bootstrap tumikodv
VROAEWPATOV  avadetypoatoanyiog kot tov  Bootstrap  dypiwv  LIOAEWWPATOV
avadelypatoAnyiog. Xe cOykpion He TIG AAAEG TEYVIKES, M TeXVIKN (gvydv Bootstrap emidéyeton
EMEON €ivol Mo KATAAANAN Yo TpoPfAHOTa, OTT®OG 1 TPOPAEYN POTOPOATAIKNG TOPAY®YNG,
OOV Ol TUPUTNPNCELG €ivol OAANAOGLOYETILOUEVEG KOl EMELDN €lvol TOPOTAV®D TKOVH Vo
dtutnpnoet ™ dopn e&aptnong petasd moapatnpnoemy. o N avbaipeta dwakpitd delyporto
{(x;, t)IV 4, 6mov x; € R™ e Xi = [Xi1, Xi2, .., Xin] T, ti € R™ e ti = [tir, ti, ..., Xim]" kot §; = (x;)
mv TN TPOPAEYNC TV JEYUAT®OV €10000V TOL ONLIOVPYOVVTIOL OO TO [GTO GUVOAO
dedopévav Tov Exel epoppootel to Bootstrap, ta {evyn Bootstrap pmopovv vo €poppoctody
oOLPOVE e To akOAoVDa pata:

Brua 1) Zviloyy Serypdrtov exmaidevong {(x;, t) I ,.

Brjua 2) Anuwovpyia Levydv Bootstrap {(x],t/)}; pe opodpopen derypotolnyio pe

OVTIKOTACTACT oMo To. apyicd dedopéva exmaidevong {(x;, t) ;.

Brua 3) Extiunon tov poviédov ¥; = (x;) oamd 10 loto chvoro dedopéveov mov £xel

epappootei To Bootstrap {(x], t1)}Y,.
Bua 4) Eravéinym tov fnudtov 2 kot 3 yuo va eEaymyn avitypdemv Bootstrap.

6.3.3 AkyopiOpog opijvovg kotomovimv (CSO)

O olyopiBupoc Pertictomoinong ounvovg kotomovAwv CSO omotedel €vav €Evmvo
UETOEVPETIKO OAyOplOUo PBEATIGTOTOINONG TOV TPOCOUOUDVEL TO EPUPYIKO CVGTNUO Kol TN
GUUTEPLPOPA avalNTNONG TPOPNC TOL GUIVOUG KOTOTMOVA®V [166]. Xe oclhykpion pe dArovg
alyopOpovg Pertiotonoinong, 1o CSO eaiveror vo givar mo gvélikto, kabdg pmopel va
epappootel oe ddpopa mpoPAnuata PeATioTonoinoNg, TO00 O UEHOVOUEVO OGO KOl GF
moAvkpunplakd wpoPAnuata. O alydpBpoc yopilel Ta kotdOTOLAN o opddec. Kdbe opdda
TepAapPavel Evav KOKopo, ApPKETEC KOTEC KOl LEPIKOVS VEOGGOVG. Xt PeAtiotomoinon CSO,
YPTOYOTOI0VVTAL Ol 0KOAOLOOL KOVOVEC Yo TNV TPOCOUOIMOT T®V GUUTEPIPOPDY TOL
Komadov [167]:

1. Yrndpyoov apketoi vromAnbuouoi 6to cOvorlo tov mANBvopod kotodmovAwv. Kdabe
VROTANBVGUOC TEPAAPAVEL Evay KOKOPOQ, TOAAEC KOTEG Kot veoooovc. Ot KdKopeg £xovv TNV
WGYLPOTEPT KAVOTNTA avalTNoNG TPOPNG Kal £TCGL KLPLapyovV 6To KOomddl. Ot KOTEG £oVV N
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dgvTEPT KOADTEPN IKAVOTNTA aval1ITNONG TPOPNG KOl Ol VEOGGOL £Y0VV TN YEPOTEPT KAVOTNTA
avatnToNg TPoPNG.

il. Ta xomdo ta&vopovvion pe PBdon tig TéG KatoAAniotnrag (S). Mepwkd amd to
KOTOTOVAO HE KOAEC TIUEG KOTOAANAOTNTOG EMAEYOVTIOL ©G KOKOPEG Kol HEPIKA Amd T
KOTOMOVAO UE KOKEC TIUEG KOTAAANAOTNTOG EMAEYOVTOL G Veoaool. Ta VTOLOUTE KOTOTOLAM
EMAEYOVTOL MG UNTPIKEG KOTEG. O1 KOTES TPooTiBevTan avbaipeta o€ Lo vwooudda.

(3) H oyéon peta&d untépwv opvibmv kol veocomv, kaBmdg kol 1 MNYETIKN oYEon,
TOPALEVOLV OUETAPANTEG LITO GLYKEKPLEV 1epapyic. AALA KaBdg ol veossol peyaidvouy,
OVTEG Ol KATOOTACELG EvpepavovTal kdbe eopd (G eivar o xpovog evnuépmong, 0 0Toiog ExEl
Jo OPIoUEVT TIUN).

(4) Ot xb1eg axorovBodv To KOKOPLOL TNG OUASNS TOLG Yo avalfTnon TPOPNS Kot
UTOPOVOV v KAEWYOLV TPOoen amd GALOVG veossoUs. Me i oelpd TOVG, 01 VEOGGO1 aKOAOLOOVY
T1g 6pvifeg Yo va avalnTHeovy poaynTo YOP® TOVG.

Kotd ™ owdpkewn tng owdikaciog Peitictomoinong, 1 0éon kdbe xotdémoviov
OVTITPOGMOTEVEL [0 €QIKT AVGT. Agdouévov 0Tt KAOBe KOTOMOVAO EXEl  SLOPOPETIKES
dvvatdtreg ovalNTNone TPoPnG, OLPOPETIKE KOTOHTOLAN EXOUV JLOPOPETIKEG CTPOTIYIKEG
evnuépmong. Ymobétovtag 6Tt 0 Ydpog avalTnong Twv KoTOTovA®V ival d, VITAPYOVV Nenickens
ouvolikd. YTapyovv veoscol N, k0teg Nj kai koxopeg N, H e€icmon yio v evnuépwon tov i-
oL KdKkopa etvat:

Zi¥t = zf + Zf randn(0,02) (6.6)
omov,
1, S, =S;
2 _ S, — S,
T ewlsmy) < o7
L

6mov randn(0, ¢°) avtimpocsomedel TV katavopn] I'kaovoiovy katavoun, S. (e € [1, N, i # e)
deiyvel évay KdKopo SLOPOPETIKO OO TOV 1-00TO KOKOPW, € €Ival LU AMEPOEAAYLOTN T, I
omoia e&acparilel 0Tt 0 mapovopaoTig TG e&iowong (6.7) dev givar Unoév.

H e&iomon o v evnpépmon g i-00TNG KOTOG givo:

Zitjl = ZitJ- + p1 -randm(Zrtl_j - ij) + p2 -randm(Zrtz_j - ij) (6.8)
omov,
Si - Srl
t=ew( sty
p s ads(S; + ¢€) (6.9)

P2 = (Sr2 = S)
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o6mov randm gival évog toyoiog apBpog peta&d 0 ko 1, rl avrimpocmnedel ToV KOKOPO GTNV
opndda 6mov Ppioketon 1 i-ooth kOTA, 12 (r] #12) givon 0 KdKOpag g GAAN opdda.

[Tpoxeévou va evnuepmBodv to coUATIOL VEOOOHV, YPNOLUOTOLEiTOL 1| akdAoVON
elowon:

Zi =7 + GL(G) - (Zrtnj - Zit.j) (6.10)

OOV Z,tnj glval 10 puNTpKd KOTOTMOLAO aKOAOVOODUEVO amd TO i-00T0 veoocd kot to GL

OVTITPOGMOTEVEL EVOV TUYaio aptOuod petald 0 ko 2 [168].

6.4 Ewoayoyn pnyoeviopod Onpapatos-0npevt|

O unyaviepog Onpdapatoc-tnpevtn (Prey-Predator — PP) mepiiapfdvetol Tpokeipévon va
BeAtiobel meportépm M wavotnto avalntmong tov aAdyopiBuov. O unyoaviopods Onpdpoatoc-
Onpevt) umopel vo ocvpuPdrer oy €E1GOPPOTNON TV IKOVOTHTOV €EEPEDVNONG Kol
eKpetdAievong g dwdikociog avalnmong, yeyovog mov UTopel Vo 0dNyNoEL o€ KOADTEPN
oVYKALOT Kot TpoPAéyelg vymAdTepn mototntag [169]. Xvykekpiuéva, n péBodog evBappivel
T0. COMUOTIOW TOL OUVOLS VO EKUETUAAELTOVUV TOAAG VTOCYOUEVES TEPLOYEG TOL YDPOL
avalnmong mov &govv Non e&epevuvnel, petaxvovtag Eva kotdmovlo otn Béom evog amd Ta
KOTOTOVAN BEATIOTNG BE0oNG (UNYaVIGHOG OLAPLYNG).

O unyaviouog daeuyng tov PP petatonilel v eotiaon avalRnong Tov GUVOUG TPog
TOALG VTTOGYOUEVES OAAG Ko 1ON €EEPEVVIUEVEG TTEPLOYES, EVA O UNYOVICUOS OVOTUPUYWOYNG
oV ONpapaTog-Onpevth aneievbepmvel GOUATIOWN TOV TAYOEVOVTOL GE TOTIKA PBEATIoTO. Me
™ ¥PNoN VTV TOV UNXavicudv, To PP emttuyydvel pio avtiotdduon petald Tov 10606100
GUYKALOTG Ko NG maykoouog avalntmons. Emiong, 1o ounvog evBappdvetar va eEepevvioet
VEEC TEPLOYEG TOL YDPOL OVALNTNONG UPYIKOTOIMVTAG TIC BEGELG TOV KOTOTOVA®Y TOL TLAVOVTOL
and tov Onpevtn. H mopordve dwdikacio pmopel va fonbnoel oty TpoAnym g Tpdmpng
GUYKALOTG Kol ot PBertioon ¢ evpmotiag Tov AVcemV, Kabdg dlatnpel TNV TOWKIAOLOpPia
EVTOC TOL GUNVOLG, eumodilovtoc To dTopo Vo cuveoTilovial ToAD oTevd HeTagDd TOLG Kot
evBappHVOVTAG TO va EEEPEVVIIGOLV SLUPOPETIKEG TEPLOYESG TOV YDPOL AvalATNOTG.

6.5 Telko npotervopevo povtéro mBavoTikig Tpopfreyns eoToforTaikng 16y00g

6.5.1 Movtého Bootstrap-LSTM

210 TPOTEWVOUEVO VPRPLOKO povtédo, o pnyoavicpdg Bootstrap Bonbd ot Peitiooon tng
evpwotiog Tov poviéhov LSTM ekmoidevovtds 10 6e mToAomAd chvola dedouévav. Avt)
TPOocEyylon €ivol 1daitepo PO Y10 TOV YEIPWOUO TNG UETOPANTOTNTOC TOV OESOUEVOV
TOPOYDYNG NAOKNG EVEPYELNG TOV TPOKUAEITAL OO TIC LETOPAAAOUEVEG KOIPIKEG GLVONKES. X1
OULYKEKPIUEVT] TEPIMTMOT], 1] SLOOIKAGI0 ETAVOSELYLATOANYIOG TPpayUaTOTOEITOL GE Kabnuepva
GUVOAQ, OEJOUEVOV, Ta Oomoia AglTovpyohv m¢ bootstrapped detypata. O Adyog yuo avtd ival va
dtatnpn el M ¥POVIKY AVTOGVOYETION TG PMTOPOATAIKNG 10YVOG 5050V TOV TAPUTNPEITOL KATA

N S1apKELD TNG NUEPOLC.
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Emmiéov, o unyaviopdg Bootstrap emitpéner v efgpebhvnon Tng SLUTEPLPOPES TOL
povtéhov LSTM oe Oopopetikég OAANAOLYIEC OVOOELYLOTOANYING TUEPOIOV GLVOA®Y
dedoUévav, UE OLPOPETIKEC KOPIKEC ouVONKeG. MEGm NG GLVEXOVC £KO0OTG JLOPOPETIKDV
TPOPAEYEDV KATA TN OLUOIKAGIO ETAVASELYUATOANYIOG KAl TOV ¥POVIKOV OAANAEEAPTOEDY
mov mpocdopifovtal and to LSTM, mopdyovtolr molOTIKG Ol0.6THROTE TPOPAEYNC TOL
EVOOUATOVOLY TNV gyyevn afefoatdtnta Tov exkTiuncewnv emnouevne nuépag. Ta Pdpn Ttov
povtédov  otn  ovvéyxewl  avampocsopudlovior  péo®w  Tov  PeATiopévov  aAyopiBpov
BeAtiotomoinong CSO mpoxeévon va Pertiondel  akpifelo Tov TEAMKOD KOTACKEVAGUEVO
dtotnuatog TpdPreyns. H ocvuvorikn vfpudikn dadkacio pmopel vor 0dnynosl oe KoAOTEPT
0TO00GT] TOL LOVTEAOD KO TPOCAPHOGTIKOTNTA GTO dtoB€cIa dEdOpEV.

6.5.2 Behtiopévog aryoprOpog opivoug kotomovimy (ICSO)

[Tpoxewévoy va Pehtiwbel meportépw xor va PeAitiotomomBel m  axpifela g
uebodoroyiag mov Paciletar oto LSTM, cuumepiinednie évag CSO.

AopPavovtog vtoyn ™ ypnomn Tov CSO, 0 Guvolikdg TANOLGUOG KOTOTOVA®Y Y®pPileTon
o€ TPELG OUPOPETIKOVS VIOTANBVGLOVE, 6€ KOKOPES, KOTEC KOl VEOGGOVE. XLMUEUDVETOL OTL Ol
oY€0€lg PETOED TOV KOTOTOVA®Y TOL GUNVOLG evnuepavoviol kdbBe aplBpd yeveov G. Ot
TOPOTAV® TOPAPETpoL eEmAEyovTal pe Baon T dadikacio Epevvag Kol PEATIGTOTOINGTG TOV
EMKEVIPMVETOL OTNV EAOYIOTOMOINON TNG OVTIKEWWEVIKNG ocuvaptnong CWC, omwg avth
opileton otV e€lowon (3.17).

Agdopévov 6tL 0 mapadoctakdg aryopiBuog CSO eivar oe Béon va Ppetl éva TomiKd
eldyioto, gpappoletar évag Pertiopévog CSO (ICSO) yuwo vo emekteivel TG SLVATOTNTEG
avalnong tov aAyopifuov. O koKopog Aettovpyel g apyNYog Tov cunvove. Otav KoArdeL og
€va, TOTIKO EAGYI0TO, EYEL WG OMOTEAGLLOL TO GUNVOC VAL YAGEL TO OAKS BéATIoTO. Eopévmg, évag
TAPAYOVTOG cLuVNLLTOVOL TTeptlappdvetal oty e&icmon evnuépwong BEong Tov KOKopa Yo TNV
EVIoYLOT] TNG IKOVOTNTOG TOTIKNG KOl OAMKNG avalATNoTg ToL KOKOPa:

Zitjl = Cip-Z{; + Z{; - randn(0,0?) (6.11)

t

Cip = Cippmin + (Cibmax — Cipmin) - COS (n?) (6.12)

Omov Cipymin = 0.3, Cipyax = 0.8 kau T givon 0 pé€ytotog aptOpoc yevedv.

Emmiéov, to copotidio Tov veooomv ovTi va akoAovBoldv povo Tig KoTeg, ennpedloviot
0o TO KOAVTEPO COUATIO TOL GUNVOLE, MOTE VO, UTOPOLV VO ATOPUYOLV VO TGTOVV GTO
Tomikd eAdyioto. Metd 1 Peltiooon, 1 e&icwon evnuépmwong B€om¢ Tov 1-6TOVL VEOGGOV giva:

ZE =285+ GLQW) - (28,5 — 285) + BLO) * (Zhese, — 21 (6.13)
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omov BL eivar 0 cvvteheotng pbnong kot vrroAoyileton g e&ng:
BL(i) = exp(Spest — Si) (6.14)

EmmAéov, elonyn évag I'kaovoavog teAestig LETAAAAENG, 0 omtoiog petatomilel T 0éom
TOU KOTOTOLAOL YPNOLUOTOIDVTOG TNV KOVOVIKN] KOTOVOUY YOP® OTO TO UNOEV KOl TN
drokvpaven katd 0.1, 6nmg TapovcialeTol TopoKATo:

zt; =2zt + randn(u = 0,0% = 0.1) (6.15)

, t ’ , . t* . ’
Onov Z; ; €ivou T0 TPO-PETAALOYUEVO KOTOMOVAO, Z; j  €ival TO PETUALOYHEVO KOTOTOVAO Kalt TO

randn(u = 0,02 = 0.1) avTITPOGOTEVEL TNV KOVOVIKT KOTOVOUY HE UNSEVIKY MEGT TIUN Kot
dtakvpaven 0.1.

O unyaviouds Onpduatoc-Onpevtny amodeiybnke 1WAVIKOC Yoo TNV TEPULTEP®
BeAtiotomoinon Tov cuvicT®s®v Tov ICSO, Kabmg evicyvel TNV oAkn avalinTnon S1oTnpOVTag
TOPOAANAL TO TOGOOTO GUYKAIONG o VYNAGQ emimeda. Qg aiydopiBuog PelticTomoinong mov
Bacileton og ounvn, o ICSO pmopel axdpo va vropépet omd TPd®PN GVYKALST). ATO TNV GAA,
1o ICSO ¢£yer axpaieg dvvardtnteg ovyKAlong. EmumAéov, yoapaxtnpiletor amd vynin
moAvmhokotnTa. Q¢ €k ToVTOVL, TO0 PP katapépvel va emtiyel o avtiotdafpuion petald tov
TOGOGTOD GUYKAIONG Kol TNG OAKNG ovalntnong, HEIOVOVTAG TOPIAANAC TOV OTOLTOVUEVO
YPOVO eKTaidELONG.

O pnyoviopdc Onpduatos-Onpeutny epapuoletor apécme petd to TéA0G KABe YEVIAG
alyopiBuwv ICSO. Néa péAn evidocoviol 6TO GUNVOG, TO OTOI0 EVUEPMOVETAL TPV OO TNV
emopevn emovaAnyn ICSO ko emexteiverar 1o 7wedio ovalnmong Tov  aiyopiBupov
BeAtiotomoinong. Emiong, ta tpéyovra tomikd PBéAtioto AapuPdvovior vwoyn HECH NG
OVTIKOTAGTOONC EVOC KOTOTOVAOL LE Evav TUY0i0 KOADTEPO pnyovicpd. Me avtov tov tpdmo, o
0AYOPIOLOG OTOPEVYEL TNV TPOWPT| CUYKAIOT| G TOTIKO PBEATIOTO, EVA aVEAVEL TIG TOOVOTITEG
emitevéng Tov olkov BérTioTOL.

Q¢ ex tovTov, 0 aAyopBuog ICSO eivarl e Béom va evioyboel TV amddoon TPOPAEYNC
oL povtéhov LSTM oty mpofreyn ewtofoltaikng woyvog, kabdg, pall pe tov unyovicpd PP,
1 a&lomoinon tpowdeitar evhappHvovIag T0 GUNVOG Vo eEEPEVVICEL EATIOOPOPEG TEPLOYES TOV
x®pov avalntnong mov £xovv Non e&epeuvnOei, dniadn Pondd to LSTM va tedelonomost Tig
TOPALETPOVS TOV KOl v PEATIOTOTOMOEL TOVG Kpuupévoug Koupove, Pdapn Kot TOADGELS.
Emiong, Ponbd to LSTM va emtoyst KoAOTEPN 1G0PPOTio HETAED VTEPTPOCUPLOYNG KO
VTOTTPOGAPUOYNG, KAOMDG SloTtnpel TNV TOIKIAOHOPPIa EVTIOC TOV GUIVOLG KOl £TGL OMOTPETEL TIG
TPOMPEG GVYKAIGEIS G€ ADGELG TOL OVTIGTOLYOVV GTO, TOTIKA EACYLOTO.

6.5.3 Apyrrektovikn tpotervopevov povrérlov Boot-LSTM-ICSO-PP

Me otoéxo ™V 0ElOToiNoT TOV TAEOVEKTNUATOV TOV TOPATAVE UNYOVICUDV, N
OPYLTEKTOVIKT] TOV TEAIKOD HOVTEAOV VAOTOLEL TPOGEKTIKA KOl GTUOIUKA TO YOPOKTINPLOTIKA
toug. H dopn tov mpotetvopievoy HOVTELOL UTOPEL VO TUPOVGLOCTEL LE TN HOPEN GTOdI®V TOL
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0CYOAOVVTOL UE OLOPOPETIKA HEPT TOL TTpoPAnuatoc. H artiokpotikn Sadikacio Tpofieyng
TPONYEITAL T®V VTOAOTOV AELTOVPYIDYV TOV HOVIEAOL AGY® TOL OTL YPNCIUOTOLEITOL G APYIKO
onueio pHopong vy tic mapoapu€Tpous Tov povtéAov. O unyavicpdg Bootstrap vAomoteital ot
GUVEYELD, VIO TNV OVAOELYLOTOANYIO TV OE00UEVOV €1GO00V TPOKEEVOL Vo EEKIVIOEL M
mhovoTikny dwadikacior wpoPreyne, AouPdavovrag vmoyn TIC TOPOUETPOVG TOV GTAGIOV
o1ToKpatikng mpoPreymc. Térog, vAomoleital o odyoplBpog PeATioTonoinomg Tov amoteAgitat
oand to ICSO kot Tov punyoavicpd PP. Katd m didpkea oavtod tov otadiov, Kabe Kotdmovdo
(Zl-t, j) OVTIPOSMTEDEL o cvoTotyior mov omoteleiton amd ta Bapn ko TG mOADGE KAbe

LSTM. Xto Zynua 6.3 mopovctaletol To TANPES TPOTEWVOUEVO LOVTEAO OOV TAPOVGIALETOL 1|
OAANAETIOpOaoT HETAED T®V d10pOP®V GTUdI®V.

2taowo 1

Kotd v apyucomoinon g S1od1kaciog, To HOVTEAD AEITOVPYEL MG OLTIOKPATIKO LOVTELD
TPOPAEYNS Yo TN dNpIOVPYIC AETTOUEPDOV GNUEINKADV TPOPAEYEDV EMOUEVNG NUEPOCS, KUODG
KO Y10 TV EKTIUNGON TOV apYIKOV Bapmdv Kol TILOV TOAMONG Tov Ba AEITOVPYHCOVY MG KOAA
onueia ekkivnong yia to mBavoTikd LovtéAo TpoPAeyNC.

Ewodyovtag éva artiokpatikd otddo 6€ OAOKANPO TO LOVTELD, O ¥PNOTNG Elvar o BEon
VoL YPNOYOTOCEL To. eATioTOmOMUEV BAPT KOl TIG TOAMGELG TOL LOVTEAOV TPOKEUEVOL VO
EKTOOEVGEL OPYIKA TO TBavOTIKO HOVTELO TTPOPAEYNG oL TpoTeiveTal oto otddl 2 Kot 3.
Emiong, ot autiokpatikés eKTIUNGEC UTOpPovV va a&lohoynbovv Tepattépw amd 1o TOAVOTIKO
HOVTELO TPOKEWEVOL va Peitiwbovv ta Tehkd Ootiuoata mpoPfreyng. EmmAéov, o
OITIOKPOTIKN EIKOVA, GE GUVOLOCUO LE TO TOAVOTIKO HOVTELO, O LTOPOVoE VO TPOGPEPEL GTOV
YPNOTN U0 TANPESTEPT] EIKOVA TNG TPOYVOCTIKNG IKOVOTNTAG KO 0EIOTIGTIOG TOV LOVTEAOV.

2t0o10 2

[Ipwv amd 10 devTEPO OTASI0, TO OEdOUEVO €10000V VTOPAAAOVTIOL GTOV UNYAVIGUO
Bootstrap, 6mov m dwdikacio emoavodelypatolnyiog eeopuoletar o MUEPNOLD GVVOAQ
ogdopévarv. Ta Papn Kot Ol TOADOELS MOV EKTWWAOVIOL OO TO OITIOKPOTIKO HOVIEAO
YPNOLLOTOIOVVTOL Y10 TNV KATOGKELT TOL 0PYLKOV GLVOAOL SloeTNUAT®V TPOPAEYNC.

Av16 10 0TA010 GTOYEVEL VO EKUETOAAEVTEL TNV IKAVOTNTA TOV UNYAVIOHOD €KKivnong v
evtomilel kol vo KOTOYpAQEl TIG Olod0oyIKEG €EQPTNOELG KOl TIG OLOPOPETIKEG OYECEIS TV
dedopévav €16600v. EmmAéov, avtd 10 6TA010 EKUETOAAEVETAL TO TPONYOLUEVOS EKTOIOELUEVO
OLTIOKPUTIKO HOVTELO Kal (PN oloTotel Ta feATioTomomuéva Bapn Kat TIg TOADGCELS TOV Yo TV
OPYIKOTOINGoT TOL MOAVOTIKOV HOVTEAOL. To Tapamdve £Y0VV ¢ OTOTEAECUA TNV TAXOTEPN
oUYKAMOT KOl EKTOIOELOT TOV TPOTEWVOUEVOL HOVTEAOD KOOMG KOl PEATIOUEVO TPOYVOGTIKA
OTOTEAECUATO.

2T0010 3

Koatd 1 Odwbpkea Tov TEAKOL oTadiov, ot mopduetpor Tov povrédov LSTM
Bedtiotomolovvtal €k véov ypnolomoidvtog tov aiyopidpo ICSO-PP, mpoxewévov va
BeAktiwBobv ot apykéc mbavotikég mpoPrdyelg ko va dnpovpynbel éva BértioTo TEAKO
GVUVOAO dtaoTnUdTeV TPOPAEYNC ETOLEVNC UEPOC.
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Asdopéva
£10080L LSTM E€0B0C

ZeT ‘
eknaibsvong
Ytado 1 .

N
Edappoyn
UNXAVIOHOU
Bootstrap | s
BeAtiotonoinon Bapwv
QApPXLKOU HOVTEAOU

tado 2

ApXKa Bdpn yia TuBavotikn popAsdn

Itéd0 3 ICSO - PP

BeAtotornoinon

Enaveknaidsvon

Tympa 6.3 ApylteKToVIK TPOTEWVOUEVOL LOVTELOL TPOPAEYNC Kol oAANAETIOpaoT HeTAED TV
oTadiwV.

AVTO TO OTASI0 EKUETOAAEVETOL TO. TAEOVEKTHLOTO TOL oAyopiBuov CSO kor
Agrtovpyio. TOV UE TNV EQOPUOYN TOL UNyovicHov Bnpapatog-Onpevtr. O aiyopBuog ICSO mov
glo@yeton otV mpotevopevn pebodoroyia eivar pio Tponypuévn Pertiotonompévn koo Tov
amiod aiyopiBpov CSO. Q¢ aAyoplBpog tomov opipvovg, 10 ICSO Aapfdver vroyn
TEPLGGOTEPOVG AO Evav TANOVGHOVS Y1t TaL SESOUEVO EKTOIBEVOTG, TO OTOi, EVE KAO1GTOVV
T Odkacio ekmaidevong Mo TEPITAOKT, PEATIOVOLV CMUOVTIKA TNV 1KOAVOTNTO OMKNG
avalnmong Tov copotdiov. H epappoyn tov pnyoviopod Onpduatog-Onpeutn evioydel Tig
dvvatdmreg avalntmong tov ICSO kabmg emTpénel 6To GOUATIOW TOLV GUNVOVG VO, HVERGOVY
Tov e€gpeuvnuévo y®dpo avalNTnong Kot vo amo@dyYouV vo ToyldeuTovy 68 Tomikd PéATiora,
oLUPBEAAOVTOG £TOL e TOV KAADTEPO dLUVATO TPOTO GTO TEMKE TPOYVAOOTIKG OTOTEAEGUATO.
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6.6 BeltioTomoinon vIEPTUPOPETOV HOVTELOL TPOPLEYNS

H mapapetporoinon tov mTPOTEWVOUEVOL HOVIEAOD OMOITNCE TEPAUOTIGHO YO TOV
BéAtioto cuvdvacud tov Tapapétpev Tov LSTM kot tov ICSO. O apBudg tev vevpodvmv Tov
KPLEOV GTPOUATOC TPOSIOPILETOL PLECH TNE TEYVIKNG dlaoTavpovuevng emtkvpwong k-fold. H
BeAtiotomoinomn TV VIEPTAPAUETP®V NTAV o TePITAOKT dadikacio, Aaupdvovtog voyn To
YEYOVOG 0T1, 68 GUYKPIoT e GAAOVG alyopBpovg BerTiotomoinong thnov cunivoug, oto CSO
VILAPYOVV TEPIOTOTEPOL OO £VOC TANOLGHOT oV TTpémet vo. fedTicTomombovy.

Koatd 1 Owdpkela tov otadiov mpoemelepyaciog dedouévav, Olo To Selypato
Kavovikorotovvtal 6to dtdotnpa [0, 1] ypnotpomoidvag t HEB0do HEYIGTOV-EAEYIGTOL, DOTE
TO YOPOKTNPIOTIKG €1G000V VO KOVOVIKOTOOUVTOL oTnyv 010 KAIpoka. XTrn Guvéyeld,
nwpocdtopilovtal o1 VIEPTAPAUETPOL TOL HovTELOL. Ocov apopd to povtého LSTM, ta enineda
EUMGTOCVVIG TTOL YPNGLUOTOLOVVTOL Yo, TNV TPOPAeyn givar 90%, 95% Kot 99% kot ta kKpved
emimedo Tov povtédov opilovtatl ica pe 30. H PBeAtiotomoinorn Tov TPOTEVOUEVOD LOVTEAOL
extedeiton og o000 otadw. Ilpmdtov, or mopapetpor tov LSTM éyouvv pubuictel dote va
dnpovpyodv PEATIOTEG TPOPAEYELG ONUEIDV XPTCIUOTOIDOVTOG TOV 0AYOPOLO PEATIGTOTOIMGNG
Adam. Z1tn ouvvéyeln, 10 cUvoAo ekmaidevong ywpiletal oe MuUEPNOL LTOGHVOAQ, YO VO
dtutnpnbel M YPOVIK] OVTOGLGYETION TNG TAPUYWYNG (QMOTOPOATOIKNG EVEPYEWNG HETA TN
dwdkacio  emavaderypatoAnyiog. Ta  opywkd Swotiuote mpdPreyng  oympatilovio
ypnoomolwvtag v texvikn Bootstrap. Xt ovvéyxewn, or mopdupetpor tov LSTM
OVOOLOLOPPDOVOVTOL  YPNOLUOTOIMVTOC TOV TPoTeEouevo oiydpiBuo ICSO-PP, yw 1
BeAtiotomoinon twv mopayduevev daoctnudtov mpoPreyns. H oryposdng ocvvdptnon
EVEPYOTOINOMG XPNOLUOTOIEITOL GTO GTPpDHA 5000V Tov povtédov LSTM.

AopPavovtog voyn tig epappoyég e CSO, o apBudc Tov KotdTovAmY opiletal 160G
pe 40, 1o 30% tov onolwv givar koOkopeg, 10 50% eivan kdteg kol o 40% twv opvibwv sival
UNTEPES. ZNUELDOVETOL OTL Ol GYECELG HETAED TV KOTOTOLAWMY TOV CUNVOLS EVILEPDOVOVTUL KAOE
vevid G = 5 kol o péyrotog aplfudg yevewv opiletal icog pe 20. O teheotnc petdAlaéng
epappoletor pe mOavoTnTO, YPOUUIKNG peiwong Yo o mpato 70% twv yevemv. Ot TeAikég
TOPALETPOL TOV EMAEXONKOV N(TOV ATOTEAEG O TEAEIOTTOINONG Ke fAoT TV EAAYIGTOTO{NOT TOVL
ocQAANOTOC TTPOPAEYNG. Me owtOV TOV TPOTO, 1 TEAIKT] SLAUOPP®ON CUNVOLS OTOPEVYEL
OTOTELECUOTIKA VO KOAANoel oe tomkd eAdyota. O Ilivaxag 6.1 mopovcidler Tig
€PUPHOLOUEVEG VITEPTOPAPETPOVS TOL GLVOLACHEVOL aAyopiBuov ICSO-PP.

H mBavétra evog Bnpduotog va cuvavtrioel évav Bnpevt) opiletoan oto 20% kou o
unyoviopds Onpdpatoc-Onpevty epappdletar yio 10 mpdTo 70% TOV YEVEDV, OTOV 1 TN
KaToAANAOTNTOG €VOG KOTOMOVAOL gival 15% vynidtepn amd ™ PEATIOT TOL CUVOLG. XM
oLVEYELD, EKTEAEITOL EVOC TOAVOTIKOG «dLOyOVICUOS», Y10l TO av TO0 couatiow o Eepdyel and
tov Onpevtn 1 Oa maotel, pe mBavotnteg 75% ko 25%, avtictoyo. Ot Tapandve TapaUeTpol
emAéyovtal pe Pdorn TV eAayloTOnOINoN TG aVTIKEUEVIKNG cuvaptnone CWC mov opiletan
oy &&icwon (3.17).
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Mivaxag 6.1 BEATIOTEC TIWES TOV VIEPTOPAUETPOV TOV TTpoTEWVOUEVOL povtédov WT-LUBE-
PSO-CWC.

Hopapetrpog Twn
5
Nehickens 40
12
Nu 20
N 8
Nc 8
Cipmin 0.3
Cipmax 0.8

ivaxag 6.2 EAayiotonoinon tov CWC and entd dapopetikd poviéra yio to @B Idprol.

CWC (%)

Test | CL Boot- Boot- | BELM- | Boot-
day | (%) | BELM | LSTM I]?S()"})lid LSTM- | LSTM- | ICSO- | LSTM-
CSO ICSO PP | ICSO-PP

90 | 0,7234 | 04973 | 03682 | 03219 | 03086 | 02957 | 0,2549
W/Sun | 95 | 08692 | 0,5102 | 04537 | 04136 | 03618 | 03753 | 03276
99 | 1,2931 | 05934 | 04928 | 04538 | 04021 | 04901 | 03971

90 | 0,5937 | 04365 | 03216 | 02846 | 02812 | 02585 | 0,401
W/LC | 95 | 03889 | 04618 | 03925 | 03596 | 03269 | 03163 | 03137
99 | 0,5532 | 04731 | 04481 | 0,4001 | 03781 | 04149 | 0,3497

90 | 04293 | 03299 | 02821 | 02543 | 02103 | 02315 | 0,1218
W/HC | 95 | 0,4690 | 03518 | 02850 | 02621 | 02276 | 02537 | 0,1537
99 | 0,6173 | 03574 | 02953 | 02743 | 02453 | 02943 | 02134

90 | 0,5224 | 03532 | 02927 | 02437 | 02398 | 0,1954 | 02021

S/Sun | 95 | 0,5509 | 03945 | 0,3267 | 0,2814 | 02586 | 02407 | 0,2348
99 | 0,6241 | 04474 | 04406 | 03608 | 03124 | 02606 | 0,2891

90 | 0,4964 | 04220 | 03895 | 03491 | 02634 | 02143 | 0,1369

SILC | 95 | 0,5043 | 04881 | 04628 | 03939 | 02941 | 02389 | 0,1713
99 | 0,7805 | 0,5007 | 04934 | 03987 | 03165 | 03205 | 0,2894

90 | 0,4108 | 03598 | 02318 | 0,2024 | 0,1847 | 02109 | 0,1246

S/HC | 95 | 0,4897 | 053718 | 03259 | 02238 | 02196 | 02481 | 0,1482
99 | 0,5075 | 04107 | 03711 | 03187 | 02781 | 02882 | 0,2234
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Mivaxag 6.3 Zoykpion tov CWC €& poviéhov, oe oyéon pe 1o CWC 1t0v TTpoTEWVOUEVOL
povtédov Boot-LSTM-ICSO-PP, yia 1o OB Idpxo 1.

CWC (%)
Test | CL - -
day | ()| BELM | LSTM | ‘9% LSTM. | LSTM- i
csO | 1CSO
00 | 184% | 95% | 44% 26% 21% 16%
WiSun | 95 | 165% | 56% | 38% 26% 10% 15%
99 | 226% | 49% | 24% 14% 1% 23%
900 | 147% | 82% | 34% 19% 17% 8%
WLC | 95 | 24% | 47% | 25% 15% 4% 1%
99 | 58% | 35% | 28% 14% 8% 19%
00 | 252% | 171% | 132% | 109% | 73% 90%
WHC | 95 | 205% | 129% | 85% 71% 48% 65%
99 | 189% | 67% | 38% 29% 15% 38%
900 | 158% | 5% | 45% 21% 19% 3%
S/Sun | 95 | 135% | 68% | 39% 20% 10% 3%
99 | 116% | 55% | 52% 25% 8% -10%
90 | 263% | 208% | 185% | 155% | 92% 57%
SILC | 95 | 194% | 185% | 170% | 130% | 2% 39%
99 | 170% | 73% | 70% 38% 9% 1%
90 | 230% | 189% | 86% 62% 48% 69%
SHC | 95 | 230% | 151% | 120% | 51% 48% 67%
99 | 127% | 84% | 66% 43% 24% 29%

6.7 Emoyu] avdivon Kol 6UYKPLGT] GT000TIKOTNTIS 6QUARATOV TPOfieyng

Me o160 v emPefaimon NG OMOTEAECUOTIKOTNTOG KOl TNG OKpifewg Tov
TPOTEWVOLUEVOD HOVTEAOD, 1| ATOS0GN TOV GuykpiveTan e didpopeg pebodoroyieg mOAVOTIKNG
npoPrleymeg owtofolrtaikne mapoaymyns. Toa emdeypévoa poviéla avaeopds sivar 1o amAd
povtého LSTM kabdg xor to poviého BELM 1o omolo £yl amoteAéoel 10 emikevipo g
TPOGOYNG Yo TNV TPOPAeyn @wtoPolrtaikdv to teAevtaio ypovia. O amidg CSO kol o
BeAtiopévog alyopiBpog CSO epappoctnkav o1 ovvéyeld oto amid LSTM. Téhog, o
unyovicpds Onpdpoatos-Onpevty mpootédnke otovg arydpiBuovg CSO xor ICSO. ‘Erot,
ovykpivovton entd povtéda: 1) LSTM, 2) Boot-LSTM, 3) Boot-LSTM-CSO, 4) Boot-LSTM-
ICSO, 5) BELM, 6) BELM-CSO-PP kot 7) 10 mpotevopevo poviélo Boot-LSTM -ICSO-PP.
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Mivaxag 6.4 Elayiotonoinon tov CWC and entd dapopetikd povtéia yio to OB ITapio?2.

CWC (%)
Test | CL Boot. | Boot- Boot- BELM- Boot-
day | (%) | BELM | LSTM LsTm | LSTM- | LSTM- ICSO- LSTM-
CSO ICSO PP ICSO-PP

90 | 0,4423 | 0,3624 | 0,2425 | 0,2397 0,2031 0,1943 0,2006
W/Sun | 95 | 0,6481 | 0,3812 | 0,3318 | 0,3006 0,2845 0,2342 0,2212
99 | 0,5627 | 0,4039 | 0,3648 | 0,3394 0,3036 0,2610 0,2118

90 | 0,5608 | 0,5326 | 0,5123 | 0,4936 0,4730 0,4355 0,3847
W/LC | 95 | 0,8893 | 0,5536 | 0,4982 | 0,4637 0,4249 0,3972 0,3514
99 | 2,8967 | 0,5782 | 0,5279 | 0,4863 0,4312 0,3832 0,3177

90 | 0,4372 | 0,3932 | 0,3862 | 0,3698 0,3701 0,3742 0,3699
W/HC | 95 | 0,4699 | 0,4039 | 0,3211 | 0,2965 0,2742 0,2512 0,2075
99 |0,7074 | 0,4428 | 0,4216 | 0,3986 0,3608 0,3260 0,2907

90 | 0,3001 | 0,2813 | 0,2568 | 0,2412 0,2143 0,1759 0,1714
S/Sun | 95 | 0,3474 | 0,3287 | 0,2989 | 0,2741 0,2408 0,2177 0,1869
99 | 0,5075 | 0,3308 | 0,3133 | 0,2813 0,2589 0,2269 0,1930

90 | 0,3856 | 0,3791 | 0,3574 | 0,3411 0,3126 0,3012 0,2765
S/LC | 95 | 0,3933 | 0,4017 | 0,3593 | 0,3048 0,3153 0,2769 0,2281
99 | 0,4517 | 0,4396 | 0,3965 | 0,3436 0,3244 0,2996 0,2573

90 | 0,4485 | 0,4296 | 0,3826 | 0,3566 0,3278 0,2987 0,1988
S/HC | 95 |0,5043 | 0,4642 | 0,4199 | 0,4024 0,3961 0,3408 0,2986
99 | 0,8261 | 0,4719 | 0,4573 | 0,4126 0,4055 0,3802 0,3574

Onwg mpokvmtel and tovg Ilivakeg 6.2 - 6.5, t0 mpotevdevo povtéro Eemepvd To
HOVTELD GUYKPIOMG 000V a@opd TNV ghaylotomoinon tng ovvaptnong CWC. Aappdvovtag
VIOYN TNV €QAPUOYN TOL oAyopiBpov Bnpduotoc-Onpevtr, dwmictOveTal 0Tl BEATIOVEL TO
omoteAéopaTo NG €AayloTomoinong ¢ ovvdptnong CWC omv  miewovotnto  Ttov
nepmtOoey. EmmAéov, pmopel va @oavel OTL G TMEPMTMOGEL, GLVVEQPLAGUEVOV TMUEPDV
(ehappov N Papiav), n fertioon tov artotelecpdtov g CWC givol onpoavtikd KaAvtepn omd
0Tl 0€ TEPIMTMOGELG NAOAOVCTOV MUEPOV OOV M Pertioon eival eAappmg pikpdTeEpT. AVTO
elval avapevopevo Kabdg eivar mold mo g0koAo va mpoPrepbel n emTOPOATUIKY 10YVG TIg
NAOAOVOTEG MUEPEG Kal, G €K TOVTOVL, Ol amAéc péBodor Ba divouv MOM apketd KOAd
amoteléopata, yopig Pabid Peitictomoinon.

Emmiéov, evd Oev EMKEVIPOVETOL GTO OUTIOKPOTIKO OTAOI0 1TNG TPOTEWVOUEVIG
pebodoroyiag, o OVOTOPACTOGT, TOV OTOOIOL OUTIOKPATIKNG TPOPAeyng Ba mpémer va
OTOOEIKVVEL TTEPULTEPM TNV EYKLPOTNTO TV OESOUEVOV 16000V TOV THAVOTIKOD LOVTEAOV
TPOPAEYNS KOBMG KO TNV TOLOTNTO TOV OITIOKPOTIKOV TPOoPAEYeY cuvolikd. To Zynuo 6.4
TOPOVGIALEL OLOPOPETIKA YPAPILOTA TOAIVOPOUNONG TOV CITIOKPATIK®V TPoPAEYenV Yo €61
OLOPOPETIKEG TEPIMTMOGELS, iol Yo Lict NALOAOVGTN NUEPQ, Ui Y1 Lol EAOPPLE CUVVEPLAGEVT
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Mivaxag 6.5 Zoykpion tov CWC €& poviéhov, oe oyéon pe 1o CWC 1t0ov TTpoTEVOUEVOL
povtédov Boot-LSTM-ICSO-PP, yia 1o OB Idpko 2.

CWC (%)
Test | CL - -
day | (%) | BELM | LSTM | 0% LSTM. | LSTM- i
SO ICSO
900 | 120% | 81% 21% 19% 1% 3%
WiSun | 95 | 193% | 72% 50% 36% 29% 6%
99 | 166% | 91% 72% 60% 43% 23%
00 | 46% | 38% 33% 28% 23% 13%
WILC | 95 | 153% | 58% 42% 32% 21% 13%
99 | 812% | 82% 66% 53% 36% 21%
90 | 18% 6% 4% 0% 0% 1%
W/HC | 95 | 126% | 95% 55% 43% 32% 21%
99 | 143% | 2% 45% 37% 24% 12%
900 | 75% | 64% 50% 4% 25% 3%
S/Sun | 95 | 86% | 76% 60% 47% 29% 16%
99 | 163% | 7% 62% 46% 34% 18%
900 | 39% | 3% 29% 23% 13% 9%
SLC | 95 | 2% | 76% 58% 34% 38% 21%
99 | 76% | 7% 54% 34% 26% 16%
900 | 126% | 116% | 92% 79% 65% 50%
SHC | 95 | 69% | 55% 41% 35% 33% 14%
99 | 131% | 32% 28% 15% 13% 6%

nuépa kot pia yo pa Bapid cvvvepraopévn nuépa yuo o Iapkol kot to [Mdpko2. Gaivetar 6T
Ol TTPOPAETOUEVEG OUTIOKPUTIKEG TIUEG TOPOLGIALOVV VYNAN CLGYETION UE TIC TPOYHOTIKEG
TIHEG, YEYOVOG TOL EKTOG OO TIC OLOYPOLLOTIKEG OTEIKOVICELS emPEPodveTal Kol amd TIC
petpcég Tipés MAE (<5%) xar RMSE (<7%) yw to Ildpkol evd ot avtiototyeg Tipég yio to
[Mapro2 givor <6.5% a1 <7.5%. EAappdg koAvtepo amoteAéopata avapévoviatl yio. to OB
[Maprol, kabmg 0 peyoddTEPOG OYKOG TANPOPOPLDY TOV TOPEXEL, AOY® TOL YPOVIKOL PHATOg
TOL €VOG AEMTOV, MPOGPEPEL KOADTEPEG SUVATOTNTEG EKTOUOEVLONG OTO UOVIEAO TPOPAEYNG.
Emiong, ovumepaivetar 6tt ot cvoyetilopeveg TéEg evbuypappilovior KOADTEPA OTNV
TEPIMTM®GT NAOAOVGTOV NUEPDOV OO OTL GTNV TEPIMTMOOT] CUVVEPLUCUEVDV NUEPGDV.

Emmiéov, omv mepintmon mMUEPOV HE EAAPPLAL CLVVEQLH, Ol GUOYETIOUEVEG TUUEG
deiyvouv younAdtepn SL0GTOPE Y10 TIHEC TANGLEGTEPES OTN UNOEVIKT OTOPOATAIKT Tapoywyn,
KaBMG KoL TNV OVOHOOTIKN TN TOPAY®YNS 1oY0O¢ Kol DYNAGTEPT O10GTOPA Y10, EVOLAUECECG
TIHEG EVA YO TIG MUEPES LE EVIOVI] GLVVEDLA Ol GUOYETICUEVEG TIUEG OEYVOLV YOUNAOTEPT
Sl0OTOPA Yl TWES TO KOVTA OTn UNdevikn ¢oToPoAtaikn mopaywyn. Ta mopomdve eivot
OVOLLEVOLLEVOL
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Hhooaveia Ehaopid ouvveoud Bapia cuvveeid

y = 0.99x + 0.01 y =0.99x + 0.05 y = 1.04x + 0.03
MAE: 3.25% MAE: 4.74% MAE: 4.96%
00 RMSE: 4.14% 00 RMSE: 6.46% 00 RMSE: 6.49%

00 02 04 06 08 10 0.0 02 0.4 06 08 10 0.0 02 0.4 0.6 08 10

Tipaypand (pu) Tipaypanxs (pu) Tlpayparixd (pu)

(o) ®) (8]

Hhoodvei Y Bapud oowveoui

y =097 + 0.07 y = 0.94x + 0,07 y=091x +013
MAE: 4.15% e MAE: 5.35% 02 MAE: 6.19%
RMSE: 4.76% RMSE: 6.76% RMSE: 7.36%

02 04 0.6 0.8 10

02 04 06 08 00 02 04 06 08
Tpaypatxd (pu) TIpaypanxo (pu) Tpaypanxd (pu)

(3) (e) ©
Yynpo 6.4 Avamopdotacng ToAvOpOUNCNS OLTIOKPATIKNG TPOPAEYNS Yo (o) pia NAOAOVGTN
nuépa, (B) o nuépa pe eAagpld cuvveptd kot (Y) pa Bapid cuvvepraouévn nuépa, yio to ®B
[Maprol xar (d) po nAdAoveT NUEPQ, (€) L0 NUEPO UE EAAPPLA GLVVEDLE Kot (OT) pia Boapid
cuvvePLOoUEVT Nuépa, Yo To OB TTdpko2.

AapBavovtag vmoyn Vv emidpacn TG HETAPANTOTNTOG TV VEP®YV KOTA TN OldpKeln TNG
nuépag, Kabdg ot mpoPAEYelC Teitvouy va, glval mo axpifeis oe MEPIMTDOCEIS TAPAYMYNG O
KOVTG GTNV OVOUOOTIKNY T Topaymyng (Kabapdg ovpavog) N TEPTTOCELS TOAD YOUNANG 1
axoun Kot kofBoAov mapoaywyng (voxto 1 ®po TO KOVIG otTn dvon 1 TV ovyn). Avtod
emPBePordveror TEPAITEP® OO TO SUAYPALUN TOAVIPOUNONE NAOAOLGTNG MUEPOS OTOL Ol
OLOYETIOUEVEG TEG delyvouv eAdylotn dtaomopd. Ta mTopoumdved CLUUTEPAGUOTO UTOPOvV Vol
PavovV KaAvTepa oTo Zynuota 6.4a, 6.4f ko 6.4y, dedopévov o611 To OB Ildprol &yel éva
YPOVIKO Priia vOg AETTOD Kol ETOUEVAOC TA S10YPALLOTO OVTITPOCHOTEVOVY UEYAADTEPO aplOuod
dedopévav  moMvopounone. Qotdco, oty mepimtwon tov ®B  Ildpkov2, mopatnpeitol
mopopolo.  €kOva, ov kol o€ pukpotepn KAlpoka. To  dedopéva  mTOAVOPOUNONS  TTOL
anewkovilovtar ot dwomopd  eivol  KaALTEPA  €LOBVYPOUUICUEVO OTNV  TEPITTMON  TNG
NAOAOLOTIG MUEPUS, EVA YO TIC GUVVEQLOCUEVEG NUEPES, Ol GLOYETILOUEVEG TIHEG dElyvouv
YOUNAGTEPT O10GTOPA YIoL TUHEC O KOVIA OTN UNOEVIKY QMOTOPOATOIKY Topoymyr] Kot Tnv
OVOULOGTIKT TOPOYMYT KOt VYNASTEPT SLUCTOPE Yol TIG EVOLAUETES TUUEC.

Amo tovug ITivaxeg 6.2 - 6.5 eniong S10ToTOVETOL OTL TO TPOTEVOLEVO HOVTEALD AELTOVPYEL
KOADTEPO OE TEPUTTAOCELS NUEPDV UE EAAPPLE Kot Papld cuvvePld. To mpoTevOUEVO HovTELO,
ovtag Poacwouévo oto LSTM, eivar oe Béomn va koataypdyel Tic S1adoykés eE0PTNOELS OTO
dedopéva. EmumAéov, ybpn otnv tkavodTTo avodEyLOTOANWING Kot TN O1000)IKY OPYLTEKTOVIKN,
elvar og Béom va evtomioel Kot v eKUETOAAEVTEL TN OYEon PETOED TOV SEOOUEVAOV €GOS0V Kot
TOV OESOUEVOV NAOKNG EVEPYELOG TTOV £lval QavOueva eEQPETIKA U] YPOUUIKE Kot TOADTAOKO.
Emmiéov, vmapyovv mepmtdoelg 6mov 1o poviého BELM-ICSO-PP egivor ico 1 ghoppig
KOADTEPO OO TO TPOTEWVOUEVO HOVTEAO, OTMC (aivetal otovg Ilivakeg 6.2 - 6.5 vy v
KOAOKOLPIVI] NAOAOLGTI NUEPA KOl GOPESTEPO KL OTLG dVO TEPUTTMOOELS NALOAOVLGTIG UEPUS
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Mivaxag 6.6 Zuykpitikd amoTEAEGLOTO KATAGKEVTG SI0OTNUATOV TPOPAEYTG.

Movtéro IIpopreyng
Mapxo| PINC | METPITHO Boot. | Boot- | Boot- BELM| Boot-
o@Ghpetos | BELM | LSTM | /(oo | LSTM | LSTM- |ICSO- LSTM-
-CSO | ICSO | PP | ICSO-PP
0,90 0,9672 | 0,9203 | 0,9431 | 0,9395 | 0,9141 [0,9132| 10,9089
0,95 PICP 0,9701 | 0,9662 | 0,9739 | 0,9702 | 0,9685 [0,9602| 0,9514
0,99 0,9987 | 0,9953 | 0,9968 | 0,9927 | 0,9936 [0,9927| 0,935
1 0,90 0,5094 | 0,3909 | 0,2014 | 0,1659 | 0,1762 [0,1627| 0,1237
0,95 | PINAW | 04970 | 0,4282 | 02751 | 0,2203 | 02156 [0,2093| 0,1948
0,99 0,6207 | 0,4603 | 0,3636 | 0,3394 | 0,3461 [0,2890| 0,2671
0,90 0,9364 | 0,9087 | 0,9217 | 0,9199 | 0,9123 [0,8813| 0,9067
0,95 PICP 0,9762 | 0,9598 | 0,9731 | 0,9688 | 0,9714 [0,9610| 0,9533
0,99 1,0000 | 0,9962 | 1,0000 | 1,0000 | 1,0000 |1,0000| 1,0000
? 0,90 0,4398 | 0,3862 | 0,3233 | 0,2945 | 02682 |0,2547| 02317
0,95 | PINAW | 04871 | 04028 | 0,3479 | 0,3428 | 0,2987 |0,2901| 0,2763
0,99 0,6351 | 0,4412 | 0,4123 | 0,3962 | 0,4018 |0,3218| 0,3132

otoug Ilivaxec 6.3 ko 6.5. Téroleg mePMTOGES TOPATNPOVVTOL KVPIOC GE TopadelypaTol
KOAOKOIPIVOV MUEPDOV OTOv To dedopéva ekmaidevong lval mo otafepd kot mopovstalovv
YOUNAn petafintomro. Oa mpénel emiong va onueiwbel 6Tt T0 Boot-LSTM eivan og 6éon va
em®EeAN0el amd TIG EVOONUEPTOIEG ONUELNKES TPOPAEYEIS TOV TPOTEWOUEVOL LOVTELOL. Xg
TMEPMTMGEL OOV Ol EVOOMPLOIES ONUEIKEG TPOPAEWEIS dev aKOAOVOODY TNV AVOUEVOUEVT
KOUTOA QOTOPOATAIKNAG Toapaywyns (OTwg TEPITOCES KOKOKOPING), TO TPOTEWVOUEVO
pHovtélo etvar ikovo va TiG aEl0moCEL LLE ATOJ0TIKOTEPO TPOTO, TPOKEUEVOD va, aEloAOYNOEL
KOADTEPO TIG SLKVUAVOELG TNG EMOUEVIC NUEPAS. AVTO Tapovoldaletal ocapag otovg [livakeg
6.2 - 6.5, 6mov ta amoteAéopota yuo T cvvdptnon CWC tov mpotevouevov povtédov eivat
ONUAVTIKA KoAVTEPA 0mtd TO oVYKpioo povtéda. And v dAAn, to BELM dev Aapfdvet
VIOYN TPOTYOVUEVEG TILEG OTNV TEAIKY| EKTIUNGT KO, OG EK TOVTOV, OEV EKUETAAAEVETOL TIC
TPOPAEYELS EVTOG NG DPAG YO VO, BEATIOCEL TEPALTEP® TO TEAKO GPAAUA TPOPAEYNC.

To mpotevoUEVO HOVTELO QOIVETOL VO OVTOTOKPIVETOL KOADTEPO OE MUEPEG UE Popld
oVUVVEPQ TTaPd G€ MUEPEC eEAAPPLEG VEQ®ONG. AVTO Bu pmopovse va gival To amotélespo TG
VYNANIG OLOKOUAVONG TOV MNUEPDV EANPPOV GUVVEP®V, GE GUYKPLON HE TIC MUEPEC Paplic
CLVVEQLAG, KOl TNG EMOPAONG 0TV €EAPTNOT TOV POTOATUIKOV GLAAEKTAOV OTO TIG GUVEYEIG
oAhayég Beppoxpaciog Katd tn S1APKELN TOV NUEPDOV EAUPPIAG CLUVVEPLHG.

Ta aroteléopata wov mapovstdlovral otovg [ivakeg 6.6 kol 6.7 deiyvouv TV vepoyN
TOL TPOTEWVOUEVOD HOVTELOL OGOV apopd TNV akpifela Kataokevng dtuotnudtemv Tpofieyng.
Ev® 1o amoteléopata yoo to. GAla poviéla eivor kovid oto PINC, omv mepimtmon tov
TPOTEWVOUEVOD POVTELOL, utopel va dromiotwbei 6Tt ot Tipég PICP givon e&opetind kovtd otig
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Mivaxag 6.7 ZUykpion TOV TIUOV TECCAP®Y UETPNTIKAOV GOAAUNTOG Y10 TNV KOTOUCKELT] TMV
dtonudtev TpdPreyng mov vroroyilovial amd €61 StpopeTIkEg neBOOOVS, Ge GYéom UE TIC
TIEG AVTAOV TOV TECCAPOV UETPNTIKOV GOEAALOTOC TOV vLIoloyilovtal and TO TPOTEWVOUEVO
povtédho Boot-LSTM-ICSO-PP.

Movtého IIpofreyng
Mapxo| PINC | METPITHIO Boot. | Boot- | Boot- [BELM
6QdipaTos | BELM | LSTM LsT™ | ISTM | LSTM- |-ICSO-
-CSO | ICSO | ppP
0,90 6% 1% 4% 3% 1% 0%
0,95 PICP 2% 2% 2% 2% 2% 1%
0,99 1% 0% 0% 0% 0% 0%
: 0,90 312% | 216% | 63% | 34% 2% | 32%
0,95 PINAW 155% | 120% | 41% | 13% 11% 7%
0,99 132% | 72% | 36% | 27% 30% 8%
0,90 3% 0% 2% 1% 1% -3%
0,95 PICP 2% 1% 2% 2% 2% 1%
0,99 0% 0% 0% 0% 0% 0%
? 0,90 90% 67% | 40% | 27% 16% | 10%
0,95 PINAW 76% 46% | 26% | 24% 8% 5%
0,99 103% | 41% | 32% | 27% 28% 3%

Tég PINC 1660 yio yeepvég 600 kal yio Oepivég mepImTAOGEIC Kl Yoo OAQ TO emimeda
eumotoovvne. EmmAéov, ta kalvtepa anoteréouata PINAW yio to mpotevopevo poviélo oe
OAEG TIC TEPUTTMGELS SOKIUNG TOV TOPOVGLALOVTAL SElYVOVV TNV VAEPOYT] TOL TPOTEWVOUEVOL
LOVTELOL OGOV aPOPd TNV aKpifela.

M OTTIKOTOINGN TMOV OMOTEAECUATOV TOV  TEPIAAUPAVOUY TO KOTAOKELAGLEVQ
Swotiuato mpoPAeync KaBDC Kot por evoomplaio.  EKTIHMUEVN OamOd00T 1oYVOG Y10l
OLOPOPETIKEG PETEMPOAOYIKEG TEPTMGELS TOco Yia To [ldpkol 6co ko yio 1o Ildpro2
mapovotdletor oto Xynua 6.5. H oitwoxpatiky mwpoPreyrn  egivor moAvTun yuo TOV
Bpoayvmpdbecpo emiyeipnolokd oyedlacud, svd m mhovotikny mwpdPreyn eivor oe Béom va
KOAOYEL TEPIMTMGELS Ovvoutkoy kot apéfatov mAaiciov. Ta dtactiuota TpoPAeyNS eival amid
OTNV EPUNVELN KOl TPOGOEPOLY TOL0TIKEG TANPOPOPieS afePatdTnTog 6TOVS LIEVBVVOLG ANYNG
aropdoenv. EmmAéov, n dnpovpyia StocTtnUaTOV TPOPAEYNG EMOUEVIG NUEPOS EMITPETEL TN
BeAtioTOomoino™ EPYUCI®Y GTA GUOTHLOTO NAEKTPIKNG EVEPYELNG, OTWG 1 OIKOVOLLKT KOTOVOUN
emopeVNC NUEPAG 1 M déopevon Lovadwv, odnydvtag o peyarvtepn eveléia. Téhog, n eE€taon
OITIOKPOTIK®Y EKTIUNCEDV €VIOC TNG ®pag B0 pmopovoe v SEVKOADVEL TEPUUTEP® TOVG
vevhuvoug AYNG amoPacemy, Ol LOVO GTO VO £YOLV L0 TO EUTEPICTATOUEVN EIKOVO TNG
eEEMENC TV ATOTEAECUATOV TOV HOVIEAOL TPOPAEYNC, OAAG KAl oTNV Kotavomon Kot
OVTOEMIKOPWON NG axpifelag Tov daocTnUdTOV TPOPAEYNs Tov Koataokevalovial omd Tig
TOOVOTIKEG EKTIUNOELC.
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Tyqra 6.5 Amekovion KOTOOKEVUOUEVOV SOTHATOV TPOPAEYNG Kot TPOoPAETOLEVNC
amOd00MG 10YVOG EMOUEVNC NUEPAS Yo (o) pa nAtdAoveTtn Nuépa, (B) o nuépa pe glappid
ouvvepld Kot (y) pio Papld cuVVEPLOCUEVN MUEPO, Y10 TO GMOTOPOATAIKO Ttapkol kat (d) pia
nAdAovoT NUEPa, (&) pio MUEPO HE EAQPPLE GUVVEQLE Kol (OT) o Popld GUVVEQLAGUEVN
nuépa, yio o OB ndpio2. X0yKpion pe mpoyUaTkég KOUTOAEG 16YVOC.

To Zyfua 6.5 amTOTUTAOVEL OTOTELEGUATIKA T1 oTAfEPOTNTA KL TV TPOGOUPHOGTIKOTNTA
TOV TPOTEWVOUEVOL povTélov. Eivar cagpég o0tL or mepumtmoelg 6.5 (a), 6.5 (B) xor 6.5 (y)
TEPLEYOVY UEYOADTEPO OYKO dedOpEVOV Omd TiG Teputtaoelg 6.5 (9), 6.5 (g) ko 6.5 (o71),
ded0pEVOL OTL TO TPOYVAOOTIKO amotéhespa yio To OB Tlaprol &yl ypovikd Pripa evog Aemtovn,
evod yio to OB Tldpko2 €xer ypovikd Prpa 15 Aentdv. Qotdco, givar mpopaveg OTL To
KOTOOKELOOUEVA SlooTAHOTO TPOPAEYNG TEPIAAUPBAVOVY OTOTEAECUATIKA TIG TPOPAETOUEVEG
XPOVOCEPEG KOBMG KoL TNV Tpayuatikn. EmmAéov, and Tig ypopupég mpofreyng oto Zynua 6.5
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Mivaxag 6.8 TToAvmiokdtnTa povtédov TpoPreyng kot fEATIOTONTOINGCT) TOV VIEPTAPAUETPOV
KOl TOV DTOAOYIGTIKOD KOGTOVG TOV LOVTELOV.

®B Tgprol ®B Tgpro2 XH“"““STPO‘
BeAtiotomoinong TOVOAIKEC
Xpovog Xpovog Xpovog Xpévog | o n(xpéfustpm
eknoidevong  extéheong | ekmoidevong  ektéAdeong PUPES | Bapn  Mepohnyicg | EKmoidevong
HOVAdEG
(sec) (sec) (sec) (sec)
949 742 5 280 20 12000
1514 1067 10 760 40 32000
2839 1958 20 2320 80 96000
3934 10.2 3019 8.6 30 4680 120 192000
6109 5318 50 11800 200 480000
8613 7427 70 22240 280 900800
11785 9823 100 43600 400 1760000

TPOKLATEL OTL TO LOVTELO €lval o BE0T VO OMOTVTAMGEL KOl VO, EKTIUNGEL OTOTEAEGHUOTIKA TIG
HeTAPOAEG TNV KAIOT TNG KOUTOANG TOPUYOUEVIC IOYVOC, GE TEPITTOCELS NAIOAOVGTOL KApoD
(xovovikég cuvinkeg, €bkoAo va TpoPrepBolv), Kabmg Kol 08 TEPUTTMGEIS VEPEADIOVS KOLPOD
(vymAn dtaxvpavon, o dHoKoA0 va TPoPAEPDEl).

Onwc omewoviCetar otov Ilivaka 6.8, amd v dmoyn g YXPoviknig amddoons, To
TPOTEWVOLEVO LOVTELO glvar o€ BEoT Vo amodDGEL 0 ATOTELECUATIKA Y¥POVIKA Opla G5OV apopd
Vv eknaidevon kabdg Kot tov ypovo ektéAeonc mpoPreyns. Aappdvoviag vmoym TV
EPUPUOYT TOVG G OESOUEVO TPAYHOTIKOD YPOVOV, O YPOVOG EKTAIOELONG TOV HOVIEA®V
TpoOPAeync TOKiIAAEL avAloyo HE TO UNKOG TOV OLVOAOL Ogdopévev, Tov aplBud Tov
UETAPANTOV €16O00V KOl TNV TOAVTAOKOTITA TNG OPYITEKTOVIKNG TOV LOVTEAOV.

Mo va onovpyndetl o BEATIOTN OPYLTEKTOVIKY] Y10, TO TPOTEWVOUEVO HOVIEAO OGOV
aQOPG TNV TPOYVMOTIKN OKPIPEX KOl TO YOUNAO VTOAOYIGTIKO KOGTOG, 1| TOAVTAOKOTNTO TOL
povtélov afloloynbnke amd TV AmOKPIoN TOV HOVIEAOV OE OLOPOPETIKEG KPLPES LOVADEG.
Onwc eaivetalr oto XZyfua 6.6, Kol yuoo To 000 POTOROATATKA TAPKa, He TV ovénon Tov
Kpueov otpopdtov tov LSTM, o ypovog ekmaidevong av&avetor onuovtikd. Avtd eivon
AVOUEVOLEVO dedOUEVOL OTL, OTTmG Ttapovctdletat otov [Tivaka 6.8, pe v adénon Tov Kpuedv
povadwv, ot mapdpetpol tov LSTM av&davovrtatl avoloywkd, yio nepiocdtepo amd 50%. Qg ek
T00TOV, U0, CNUAVTIKY) ovénom tov ypoévov exkmaidevong eivarl avamdeevktn. Qotdco, ival
TPOPOVEG OO TO YPOPNLOTH GTO XyNua 6.6, OTL TO TPOTEWOUEVO HOVIEAO KATOPEPVEL VO
ovykAivel anotehecpotikd ot Pértion T CWC modd ypryopa, og 20 Kpupd GTpOUATO,
OTOPEVYOVTOG TNV TPOSPLYN O VYNAOTEPOVG ¥POVOLS EKTOIOEVONG Kol ®G €K TOUTOV, GE
ovENUEVO VITOAOYLIOTIKO KOGTOG.

To mpotewvopevo povtéro, Peitictomomuévo vor Agitovpyei oe 20 Kpued GTPpOUOTA
LSTM, ekrmoidedetor oe péco ypovo 47 Aemtav ko 19 devteporéntov (2839 sec) ywo o OB
ITapkol kor 32 Aemtdv kot 38 devteporémtwv (1958 sec) yuu to @B Ildpro2, d6nmc poaiveTon
otov Ilivaka 6.8. Oa tpénet va onuelwdei 6T peta&d 20 kot 30 KpuedV GTPOUATOV, Lo
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Awpdpewaom ypdvov exnaibevon - $B Iapxo 1 Awpdpenon gpdvov sxnaidevong - €B Iapko 2
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Yyqpe 6.6 Ameikdvion g SUOPE®ONG TOL YPOVOL EKMOIdELONG OGOV aPopd TNV
VTOAOYIGTIKY amodoon kol v edayiotonoinon g CWC yia: (o) @B Ilapko 1 kou () OB
[Tapko 2.

avénon 50% otig mapapétpovg exkmaidevong odnyel o avénorn 38,54% tov ypdvov
exmaidevong yio 1o Ildpkol wor 52,1% vy to IMapko2, ywpig vo eMTUYXAVETOL GNUOVTIKY
Bedtioon otnv glayictomoinon ¢ ocvvaptnong CWC. H dwopopd otov ypdvo exmaidevong
glvarl avapevopevn, 0e00UEVOL OTL TO GUVOAOD dedopévmy Tov @B TTdpkovl éxet ypovucd Prua 1
Aemtd, evd T0 cUVoAOD dedopévav Tov OB Tldprkov2 &yl ypovikd Prpa 15 Aewtodv. e yevikég
YPOUUES, av Kol EEPETIKA akpPPBEG, TO HOVTELD QAIVETAL VTTOAOYIOTIKA EVTIOTIKO, AAUPAvovVTag
VIOYN TV €Qoproyn tov mponyuévov ICSO kdtw oand évo mbavotkd @doua. Qotdoo,
eEaxorovbel vo mapapével oe emtpemoOueva Oplo Asttovpyiag, yapn ot SvuPoAn Tov
unyovicpov PP.
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Keparoo 7

XYMIIEPAXMATA

7.1  Xovoyn S 0100KTOPIKIG draTpifig

2 obyypovn €moyn, M OLVEYNG 0VENCT TOV EVEPYEIOK®DV OVOYKOV GE TOYKOGULO
EMIMEd0 aALA Kol 1 ovayKT a&tomoinong Tov Avavedoiuov IInydv Evépyetag yia v Topaywoyn
EVEPYELNG KATM amd £vo PIAKS Tpog 10 TePPAAAOV TANIG10, OTOTEAODY TPAYLOTIKO TPOPAN L.
H ovveymg av&avopevn dieicdvon AIIE 610 niektpikd diktvo amortel T cvveyn ovamtuén kKot
e&eMén pebddmv wavav va eacpaiilovv v gvotdfelo Kol Tov EAEYYO TOV MAEKTPIKOD
dwktvov. H mpoPreyn mapaywyng evépyetag omd AIIE eivar éva amd mo alldmiota epyaieio wov
EMTPEMOVY TNV EKTIUNGN NG Topayouevng evépyelag amd T emleyuéveg AIIE dote m
d1€lo0VGN OTO HIKTVO VO EXITVYYAVETOL LE TOV OAGPOAEGTEPO KOl KAADTEPO ELEYYOUEVO TPOTO.

[Tépav TV KAOOOIK®OV HOVTEAWMV OITIOKPATIKNG TPOPAEYNG OV YPTCULOTOIOVVTOL TO
televtaio ypovia o€ peYOAo Pabpd, To epeuvnTIKO evOlAPEPOV EYEL KIVIIOEL 1] KOTAVONGT KOl 1
extipnon g afefordtnrag mov vdpyel o€ pia dtadtkacio TpdPreync. Ta povtéia mOAvoTIKNG
wpoOPreyng, emtpémovv TV ektipnon g e&éMéng g afefordotnTog TG TPOPAEYNC o€
avtifeon pe Tig oNUENKEG TPOPAEVELS TOV AITIOKPATIKMV HLOVTEA®V. AVTIKEIIEVO TNG TOPOVC UG
SOaKTOPIKNG dtaTpPng elvat:

1) n avértoén Kowvotopmv pHoviéAwv Kot HeEBodoAOYIV TPOPAEYNG TOPAYWOYNG
evépyelog omd ATLE, kot cuyKekpUEVA OOAKNG Kol MTOBOATIKNG TOpOy®YNG

2) M o&loAdyNon TOV TPOTEWVOUEVOV HOVTEA®V TPOPAEYNg He GTOYXO TN SLVOTOTHTA
a&tomoinomng Toug o€ mpaypatikd tpoPAruata tpdpieync and AITE

210 TAOUGL0 TNG TOPOVCAC O1O0AKTOPIKNG O TPIPG TPOTEIVOVTAL dVO KOvOTOUEG LEBOdOL
Bpayvmpobeoune, mBavotikng mpoPAeyng mapaywyng omd ooAkd Kol Q@TOPOATOIKA
cvoTiuoto PE 000 LPPOKEG HeBOdOVE MOV GLVOLALOVY TPONYUEVES TEYVIKEG WUNYAVIKNG
pudnonc. Emmiéov egetdleton 1 a&lomoinomn LETOELPETIKOV aAyopiBumy Bedtiotomoinong oty
eEEMEN TG dvvatdTTOS TV HoVTEA®Y oL Pocilovtal oe vevpmvika diktva, va eEeiicoovy
Kol Vo BEATIOVOVY TO, TPOPAETOUEVO OmOTEAEGHOTA O €va TOOVOTIKO TANico. OvoloGTIKO
TPOPANUa Tov KANONKE VO OVIHETORICTEL OTNV TOPOHCSO JOOKTOPIKY TP NTOV 1
ovamTuln HovTEAV TPOPAEYNC KOVOV va cuvovalovv LYMANG moldtnToC TPOPAEWELS
TOPAYOUEVG 1OYVOGC, OLOTNPDVTUS TOPAAANAL XOUNAG TO VTOAOYIGTIKO KOGTOG TOV LOVIEAOUL.
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Ymv mopodoo SOaKTOPIKY OlaTPPr] OVOTTOGGETOL £VO KOWVOTOUO VPPIOIKO HOVTEAO
TPOPAeyng arolkng mapaywyng evépyswog Pacicpévo otn puébodo LUBE mpoxepévov va
TOPEYEL ATOTELECUATIKA KOl akpiP1] Stuothipata TpdPreync aloAkng evépyetoc. O adydpBpog
PSO mpotdOnke yio 1t Swdwkoscio PEATIOTONOMONG, €V O WHETACYNMUATICHOS KLUATIOIOV
vioBetnOniKe yio TNV EKTELEOT) TG TPOEMEEEPYAGING TV SEOOUEVAOV EIGOJOV.

Mo v a&loddynon tov TPOTEWOUEVOL HOVTELOL TPOPAEYNC, YivETOl GUYKPION UE TNV
vrepovyypovn HEBodo BELM m omoio avoamtoybnke kot €popuoéotnke ot1o 1010 GuvoAo
dedopévav. To mpotewvopevo poviého WT-LUBE-PSO-CWC, kotdoepe vo, vTepTEPOEL TOV
HOVTELOL GCUYKPIONG OTNV TAEIOVOTNTO TOV OOKIU®V. To HEHOVOUEVO OTOTEAEGLOTO TOL
TPOTEWVOUEVOD LOVTELOV KABMDG Kol Ol YpOVOL EKTEAECTIG TOL HOVTEAOD ATOSEIKVOOVY OTL UTOPET
VO, €POPUOCTEL e emrTuyion 0€ TMPAYUATIKE TPoPANUaTe TPOPAEYNG CLOAIKNG TOPUY®YNS,
aveEdptnTo ToL HEYEBOLE TV dedOUEVDV E1GOJ0L 1| TNG TOTOBEGING TOV OOAMKOD TAPKOV.

Emmiéov, otnv mopodoa d1dakTopiky] SaTpiPr] avanTuGeEToL £Va KOVOTOHO, VPPIOIKO,
TOOVOTIKO HOVTELO TPOPAEYNC ®TOPROATAIKNG Tapaywyng Pacicuévo oto poviého LSTM
TPOKEWEVOD VO KOTOOKELOGTOOV OATOTEAEGLOTIKA, okpiPr] dSwotiuate wpoPfreyne. H
KOVOTNTO VAOELYLLOTOAN YOG TOL pnyovicpov Bootstrap oAAd kot 1o mAcovéktnua tov LSTM
va. ovAhapBaver Tig dadoyikéc eEaptoelg aflomomdnkoy pe emruyio Yo TNV KOTAGKELY
axpipov dSwwotpatov tpofieync. To poviélo ekmoidedtnke Kot PEATIOTOTOMONKE TEPATEP®
pécm pog Bertiopévng ékdoong tov aiyopifuov CSO. H copmepiinymn tov ICSO enétpeye v
TOOTEPN Kot aKPIPESTEPT GVYKAIOT TOV LOVTEAOL KO, MG EK TOVTOL, TNV VYNAITEPT akpifela
GUVOAIKG.

‘Evag  pnyoviopudg Onpdpotoc-Onpeutny cvumepiAnednke Kot TPOGOPUOCTNKE OTNV
OPYITEKTOVIKT] TOL HOVTEAOL, TPOKEWEVOL Vo dtevkoAlvvlel 1 tkavdtta avalnnong tov
copatwiov ICSO kot va Beitiwdel n mpoyvootiky akpifela Kot va petmbel 10 VTOAOYIGTIKO
KOGTOG.

AVO  SloQopeTikd GUVOAD dEdOUEVOV  ypnollomomOnkay Yo va  amodeifovv TNV
OVOTEPOTNTA TOL TPOTEWVOUEVOD LOVTELOV GE GUYKPLOT LE £EL LOVTELD TEAELTAIOG TEYVOLOYING.
Toa amotedéopota emPBefatdvovy NG AVEOTEPOTNTO TOV TPOTEWVOUEVOD HOVTEAOL OTNV
TAEOVOTNTO TOV TEPMTOCEDMV OGOV apopd To. UeTpNTIKG alloAdynong. H evoopdtmon tov
ICSO otV mpotevouevn bootstrapped £kdoon Tov povtédov LSTM kon | mepantépm epopuroyn
TOL UNYOVIGHLOD ONPALaTOC-0NpenTr], ATOJEIKVOOVTOL AOPOITTA OGOV apopa TN PeAtimon g
okpifelag mTpoPreyns, €0IKA GE TEPMTMOELS SVOKOAMY TPOPAETOUEVOV MUEPDOV (NUEPES
eAaOPLAg Kot Bopldg ocuvvepldg). ¢ amoTELECUM, TO TPOTEWVOUEVO HoVTELD Dol uTopovce va
ocupupdrel otn PEATIOT EVO®UATOOT TNG MAMOKNG EVEPYEWNG OTO GLOTNLOTO MNAEKTPIKNG
EVEPYELNG KOL OTNV EQAPLOYN TNG GE TPOYUATIKA TPOPAN LT,

7.2 Xvpfoin g odakTopIKS dSraTpifig
H mapodoa ddaktopikn dotpiPr, ovOTTOGOOVTOC TPMTOTUTO LOVTEAD TPOPAEYNS TG

OLOMKNG Kol QOTOPOATAIKNG TAPUYW®YNG, CUUPAALEL oMUOVTIKG 0TI SIEICOVGT TNG OLOAIKNG Kot
(QMTOPOATIKNG TUPOYDYNG OTO CLGTAUOTO NAEKTPIKNG EVEPYELNG,.
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Ta onuovtikotepa onueia ota onoio. cupPAAlel 1 Tapovoa ddaKTopikn dTpiPn otV
TEPLOYT| TOV OVTIKEUEVOD TG, TEPLYPAPOVTOL GUVOTTIKA (¢ EENG:

e Y10V TopEn TNG TPOPAEYNC TAPOY®YNG EVEPYELONS OO OLLOAK( CUGTHLOTOL

o FEwdyelr mo xowotopo pebodoroyion mpoPAeync olOAKNAG TopaymyNg
Baciopévn 6e GOYYPOVEC TEXVIKES UNYOVIKNG MdOnong, wavn va divet
VYNAAG TOWOTNTOC EKTWNGELS TOPOYOUEVNS 1OYVOG VIO  LOPPN
dlooTNUATOV TPOPAEYNC, KATO armd Eva ThavoTikd mAaicto.

o Kartagépvel va epumiovticel to mopondve Hovtéro pe Evav BelTiopévo
UETAEVPETIKO aAyopifuo PeAtioTomoinong Satnpdviag o€ pPeaAoTIKA
TAoiclo TOVG YPOVOVLC EKTEAECNG TOL HOVTIEAOL, €V® TopPAAANA
BeATidVEL GNUOVTIKA TO GEAALOTO TPOPAEYTG.

o Ilpoteiver éva €Eumvo epyodeio TPOPAeYNS, 1KOVO VO EPAPUOCTEL GE
TPOYUOTIKA TPOPANLOTO TPOPAEYNC ALOAIKNG 15YDOC.

e Y10V Touén NG TPOPAEYNC TAPOUY®YNG EVEPYELNG OO WTOBOATAIKA GLGTNLLOTOL

o Ilpoteiver éva kawvotopo, vPpdkd HovtéAo TOAVOTIKNG TPOPAEYNS
QOTOPOATAIKNG TAPAYWOYNG PACIGUEVT GE GUYYPOVEG TEYVIKEG UNYOVIKNG
puddnone. To poviého eivor tkavd vo KOTAoKELAGEL VYNANG TOOTNTOGC
SloTaTe  TPOPAEYNG,  EPOPUOCHEVO o€ OLVOAO  Oedouévav
TPAYUOTIKOV QOTOPOATAIKOV TAPKWOV.

o Koartapépvel va eveouatdoel pe emtuyio Evay DYNANG TOAVTAOKOTNTOG
HETOELPETIKO  aAyoplOuo  Pehtiotomoinong, ywpic vo  avédvel To
VIOAOYIOTIKO KOGTOG KABMG KoL Evav EELTVO LUNYOVIGUO O1EDPLVONG TNG
duvarotntag avalntnong g PEATIOTNG TPOPAEYTS.

7.3  MelhovTIKEG ETEKTAGES

H mapovoa didaxtopikn datpiPn umopel va anotelécel T PAcn Yo TEpAITEP® EPELVA
OTO OVTIKEIUEVO NG Ppoayvrpdbeounc mpoPAeyng TOpayOYNS EVEPYELNG OO GULGTHLLOTO
OVOVEDCIU®V TNYDV EVEPYELNG.

Evdewctikd, ovagépovtar ot akdlovbec, dwnitepa  evolapépovoeg,  KaTeLBOUVGELS
EMEKTAONG TNG TOPOVSOG O1OUKTOPIKNG OATPIPNC:

. Enéxtaomn tov mpotevorevou HovTtéEAOL TPOPAEYNG GLOAIKNG TOPAYWYNG, TPOKELEVOL
va avadelyDel TEpAITEP® 1) ATOTEAEGLOTIKOTITA TOV O TPOPANATA TPOYUATIKNG (ONC,
wote va avantuyBel pa pebodoroyia PertioTonoinorg mollarAdv otoéywv. H eotiaon
otV enefepyacio moAvKPITNPLOK®OV TPOPANUATOV PeATioTomoinong amd dapopETIKA
epeLVNTIKG mediol Kol 1 TPOCAPLOYN TOLG Yo TNV OVIWETOMIOY TPOPANUATOV
TPOPAeYNg OaOAKNG evépyelng, Oo  pmopodoe Vo OMOTEAECEL EMEKTOOT  1TNG
wpoTteVOueVNG pebodoroyiag.
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KE®. 7 ZYMIIEPAZMATA

H epappoyn tov povtédov mpoPreyng OToPOATAIKIG TOPUY®YNG GE EVOL TANPESTEPO
GUOTNHO NMAEKTPIKNG EvEPYELNG Ba Lmopovse va aEI0AOYNGEL TEPULTEP® TNV ATOO0GN
TOV G€ GUGTNUOTO UEYUADTEPNG KAIUOKOG KOL ETIONG VO OEPEVVIGEL TN YPNOIUOTI T
NG TAVTOYPOVIG TOPAYMYNG ATIOKPATIK®V KOl TOOVOTIK®OV TPOPAEYE®DV.

H epappoyn tov povtélov mpdPreync @oToforTaikng mopaywyns o€ €vo GUVOAO
dedopévav mov meptlopPavel dedopéva amd Sopveopikég ekdveg Bo umopovoe va
BeATidoEl TEPAITEP® TN GLVOAIKT] OKPIPELD TOL TPOTEWVOUEVOL LLOVTEAOV.

20yypoveg EPEVVEC Exouv avadeifel T onUacion TG XWPOYPOVIKNG GLGYETIONG METUED
SLOPOPETIKAOV GUVOAWDY OEDOUEVODV, TOGO GTNV TEPITTMON TOV CLOAMK®DV TAPKWOV OGO
KOl OTNV TEPINTOON QOTOPOATAIKOV TAPK®V, TPOKEWEVOL VO TOPEXOVIOL TLO
omoteAecpatikd poviéha mpoPreyns. H oalomoinon O10pOpeETIKOV 1GTOPIKOV 1
LETEMPOAOYIK®V O0OUEVOV OTtd SLOPOPETIKE OtoAkd 1 @mToPoAtdikd mhpko Oo
Umopovoe va avENGEL TOV aplOUd TV O£S0UEVMV KOl, KOTA GUVETELD, VO PEATIOCEL TNV
aKpifela TOV TPOTEVOUEVOD OVTELOV.

Aoappdvovtoag voéyn 0Tl 1 «TPACIVI TANPOPOPIKT» YIVETOL OAO KOl O CMUOVTIKY, 1
depevvnon pebodwv yoo T pelmon TG TOALTAOKOTNTOGC TOV HOVTEA®V TPOPAEYNC,
STNPAOVTOG TOPAAANAA Ta VYNAAL TPOTLTO aKpiPeldc Tovg, Ba glxe emiong epgvvnNTIKO
EVOLOLQEPOV.
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