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IlepiAnypn

Ta 6edopéva amo atpikd epyaoctnpla oe nAekrpoviky popon (EHR) yivoviat odoéva kat
o drabedopéva Kabdg Peyadeg PAPUAKEUTIKEG €Talpeieg ouvoyi{ouv Xpovia €peuvag Hie
autov Tov Tporo. AkOpd, MOAAG voooKopeia £€XOUV TIAE0V U100€T0el TV YPnPlomoinon v
6edopévav tov aoBevmv TOUG KAl 08 APKETEG MEPUTINOELS TA £XOUV S1a0£0€1 0TIV EMIOTNOVIKY)
Kowotntda. 'Opng, Aoy® g PUong 1oV §e50EveV AUtV ITapouctdletal ouyvd 1o mpoBAnpa
0V arouctaldvieov tpev. Ta dedopéva autd yprnoipornolouvial ouyva yla mpoBAsyn n
KATATPNOo1 OIMou ol arouctalovieg tipég arodidovial pe KAMmola TEXVIKIY KATAAOylopoU 1)
agpailpouvial anod 10 ouvoAro. IIoAAEG @OPEG 1) TEXVIKY TTOU XPIOHOIOlEITAl €lval 11 ATTAT)
AVTIKATACTAOT] P T PEOT) T KAl TV 0 OUXVA £1PaviOPEVT) TIHT)] V1A TI§ OUVEXEIS KAt TIg
KATNYOP1KEG PeTaBAntég aviiotolka.

Z10X06 TG SIMA®PATIKEG epyaoiag ival 1 epappoyr] ouyxpovev texVikev Babidg nabn-
0NG OM®G YEVETIKA AVIAYDVIOTIKA S1KTUA KAl AUTOK®STKOTIONNTEG O€ MTPAYHATIKA NAEKTPOVIKA
latpikd Sedopéva yla v akpiBry anodoorn 1@V anouotadoviov TGOV PE OKOIo T BeAtinon

g Sadikaoiag tng pdBAeyng rmave os auvtd.

Aégerg KAedua

I[TAA, HO®Y, Antouctalouoeg TipEG, ATOTiIN o arouoialoviey TIov
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Abstract

Electronic health records are becoming adopted more and more by big pharmaceutical
companies aggregating years of research. Moreover, many hospitals have converted their
patient’s data within the scope of digitalization. In both cases, it is regular for the data
to be publicly shared for research purposes. However, due to the nature of these kind of
data missingness is very common. EHR data are commonly used for classification and
prediction where missing values are either deleted (Case deletion) or imputed. Regarding
the imputation case the mean,mode imputation is widely adopted.

This diploma thesis aims to apply modern deep-learning approaches such as GANS
and Autoencoders to the problem of missing value imputation. The evaluation will be
based both on the accuracy of the imputed data and on the post-processing accuracy for

the classification task

Keywords

GAN, EHR, Missing values, Missing data imputation
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Euyxapilotieg

Ba Beda KATapXnV va Uxapilotoem tov Kabnynt K. Anpitplo Aokouvn yid v emiBAe-
Y1 autng g SIMA@PATIKLG £pyaciag Kat yla v euKkalpia mouv pou €600 va TV EKIIOVI|0®
oto gpyaoctplo Zuotnpdiov Antodpdoswv Kat Aoiknong. Emniong suxapioto waitepa tov u-
royn@lo 61daxktopa Aoukd HAia yia v kabodnynor tou Kai v e§aipetiky) ouvepyaoia
ou eixape. Tédog 9a f10eda va euxaploto® TOUG YOVEIG KAl TOUG (iAOUG 110U POoU yid TtV

kaBodrjynon kat v nO1kr cupnapdotacn ou HoU IIPooEdepayv 0Ad autd ta Xpovia.
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KepaAaro E

Ewcaywyn)

E : 10 OUYXPOVO PNPIOTOEVO 1aTPIKO Tep1BaAAov n oUAAedn, anobrjrkeuon Kat agloro-
inon 6edopévav eval {OUKNG onpaociag. Xto mAAol0 auto, ToAAd VoooKoueia Kat

OXETIKO1 0pyaviopol Kataypddouv Kat arnobnkeuouv dedopéva oxeTka e acOevelg, 1ATPIKES
épeuveg K.TA. Ta debopéva autd pmopel va sivat o popdn eotoypadiov (r.x. MRI scans),
oe popoen mivaka (Tabular) k.a. cupnieplApBavoviag n OX1 Vv XPOVIKE] OUVIOTHOA .

O nlAextpovikog @aredog vyeiag (HPY 1) EHR) eivatl éva éyypago 1mou mepiéxet atpt-
KEG TIANPOPOPIEG, TT.X. EPYACTNPLAKEG UETIPLOELG, Yia £évav acbevr) Kal anobnkevetal nie-
ktpovikd. 'Eto1, propel va Siapoipactei oe oAAATAEG eYKATACTACELS KAl va €£XEL YPNYOP
ipooBaon aro toug acbeveig 1 T0 1aTPIKO MPOOEITIKO. 'Evag nAeKIpovikog @AareAog uye-
1ag Xpnotponoteital KUpieg ylia oKOToug Kaboplopou otoxX®v Katl 0Xe81aoou g @povtidag
10V acbevav, TEKPNPIOOoNG g MApoXs @EOVIIdag Kat a§loAdynong TV aroteAeopATtaVv g
ppovtibag [1]. Ta 6edopéva autd mapexouv eukaipieg yua ) RBedtioon g @poviidag tov
aoBevav, TNV EVOOPIATOOT PEIP®V anodoong otnVv KAVIKY MIPAKTIKY Kat 1 §1eukoAuvon g
KAWIKNG £peuvag [2]. 'Eva nmapddetypa épsuvag rou Paocidetal otoug HOY eivat ) mpoBAeyn
10U Kapdilayyelakou KivEUvou pe r) Xpriorn pebodmv maAvbpopunong pnxavikng pabnong [3].
"Eva 1€1010 poviédo, propet va xpnotporotnfei wg cuotnpa unootr)pi§ng anopacemy yia va
BonBrjoet Toug ylaTpoUg KAl TO IMIPOOWITIKO va dtaxeipidovial toug aobeveig Kal va evepyouv
npoAnmuikd.

Qotoo0, gival oAU ouvnO1oPEVo Yia autou tou £1doug ta 6edopéva va €xouv €va 1mooooto
arnouotadoviov tpev [4]. Ta eAAurr) dsdopéva epgavidoviatl 6tav ot TiHEG TV PETABANTOV
evoladepoviog dev £xouv petpnBel 1) kataypadel yia 6Aa ta vrokeipeva tou detypatog. Ta
b6edopéva prnopet va Asimouv yla didpopoug Aoyoug [5], oniwg: (1) apvnon tou acbevoug va
ATIAVINOEl 0€ OUYKEKPIHEVESG EPWTNOELG, TI.YX. O aoBevng dev avadépel dedopéva oxeuka e
10 €1006npa- (1) anolsia ou acbevoug yla IapakoAoudnon- (1) opaipa Tou gpeuvnty] 1
BPNXaviko opdipa, r.X. PAdBn tou meodperpou- Kat (Y ylatpoi rmou dev mapayyEéAvouv o-
plopéveg eEeTACELS Yia oplopévoug acbeveig, 1. Hev mapayyéAdetal e¢étaorn XOANotePOAng
yla opilopévoug acBeveig. Ot AAEInOUOEG TIHEG PITOPOUV VA OPlOTOUV AIO TPEIG KUPLOUG
pnxaviopoug mou eivat n mAnpng twxaia éAlewyn (MCAR), n tuxaia édAewpn (MAR) kat n
pn tuxaia éAAewpn (MNAR) [6]. H nipotn niepimiwon (MCAR) cupBaivetl otav n €éAAewyrn) mou
napouotadetal o éva H®Y akoloubei éva sviedmg tuxaio potiBo. To Seutepo (MAR) urnodet-
KVUEL OTL 1] €éAAewyn) o€ Pa PetaBAntr) oxetidetal pe pia dAAn petaBAnty. H tpitn nepimtoon
(MNAR) 6eiyxvel ot ) €éAAelyrn oe pia petaBAntn e§aptdrat and v idia ) petaBAnu). Agidet
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Kepadawo 1. Ewoayeyrn

emiong va onpewbdetl o011 evidg evog ouvolou debopévav kKAvikwv HOY prnopel va uniapyouv
ieploootepa amnod éva eAdeinovia npdtuna ) Sedopévn oty pe S1adpopeETIKA IT0C00TA EA-
Aswrg.

Zto mAaiolo g KAVIKNG €peuvag, Ta dedopéva mou Asimouv ouvnBeg avupetonidoviat a-
venapkag [7]. H mo cuvnBiopévn mpooéyyion eivatl n avaiuor mANpoug mepintwong omnou
0l YPAEG TTIOU TIEPLEXOUV eAAelg Tipég eite otig petaBAntég mpoBAeywng eite otig petabAn-
1¢g éxBaong arnoppirttoviatl. Autr] n ermAoyr) sivatl e§apetikd mpoBAnpatiky], Kabog odnyet
0€ MIKPOTEPO OUVOAO Sedopévmv Katl oe €éva Poviedo mou dev eivat oe 9€on va yevikeuoel
kaldd. Emiong, n pébodog autr] mapdyel ouxva arnotedéopata Kal opdApata mou pmnopet
va elvatl pikpd yia 1o mArpeg urtoouvolo dedopévev, addd oty mPaAypatkomta ivat atot-
060ta. Ermrdéov, S1apopetikég PeA€teg UIMOPEL va XPNOTOIIOI0UV S1aPOpPETIKA UTTOoUVOAQ
tou 161o0u ouvodou Sedopévav, Y. avil yla ypappég prmopel va mapalsinoviat otneg 1
évag ouvdbuaopog kat v 8Uo, Kal €10l 1) ermAoyn autr) duoxepaivel 11§ ouykpioelg. Mua
AAAn mPOOoEyylon yia TV €mAUon autou ToU {Ntrpatog €ivatl o aniAog KAataAoylopog He tov
aAyopiBpo mean, mode (rmo ouyvo) 1] KNN [8]. Autég odnyouv oe €va rAnpeg ouvolo de-
dopévmv, aAdd eivatl TTOAU arAég Kal OUVEN®MS KATAAOYiCouv Tiiég Tou Sev ival peaAloTIKEG.
INa napaderypa, 6cov apopd ta dedopéva oe eninedo acbevav e Kapdlayyelakeg adbnoeig
(CVD), urntdpxet ouvrBmg 10XUPr] OUOXETION HPETASU TOV AVTIoTOX®V HETtaBANntov, r.X. Ou-
OTOAKI] Kal 8100TOAIKI] apInElaKr) Iieot), n ornoia da mpénetl va evoopatadei oto poviedo
UTIOAOY10110U €AAEUTOUOROV TIH®V. AUTO €ival KATL ITOU 01 PIOVOUETABANTEG OTATIOTIKEG ITPO-
oeyyloeig Kat ot amdoi aAyopiOpot maAvdpopnong aduvatouv va unoloyicouv 0dnyoviag oe
avakp1Br] anoteAéopata [9]. AUTEG 01 CUOXETIOEIS UTTAPXOUV (PUOIKA OTa TIEPIO0OTEPA OUVOAA
atpkev dedopévev orou £xouv HiedaxOel edetdoeig ya tov 1610 acbevry, £éxouv mpaypato-
OOl EPYACTNPIAKEG PETPIOELS Y1a H1d CUYKEKPIHEVT epyacia K.ATl. Oplopéveg KATIOG IO
oUVBeTeg Kal Pe KaAutepa anotedéopata pébodot eivar nf Missforest (MF) [10] kat o aAyopi6-
oG oAAAA®V anotipnoemy e aduoidwiég eSlonoelg (multivariate imputation by chained
equations - MICE) [11]. ITapdAo rou autég ot péBodot eivat o eSeAtypéveg, eSakoloubouv
va pnv £€X0oUV TV 1KAvVOTTd va avaAuouv TMANP®S TIS TOAUTIAOKEG OXE0E1§ TToU Kabopilouv
1a ouvolda dedopévav HOY [12, 13]. Auto eival kAt 1ou eival mo coBapd oe H1axpoviKeg
peA€teg, OTOU O1 TANPOPOPieg OXETIKA Pe pla eAMnn) T 9a mpénet va ouoyetidovial pe

TMIPONYOUHEVEG TIHEG TOU 1610U aoBevoug.

1.1 Avukeipevo tng StmAopatirngg

To Baoko {NnNpa aviipetIti¢el n napovoa HMAOPATIKY ival 11 anodoorn PeaAloTikoV
TV og artouoladouoeg e ouyxpoveg (state-of-the-art) peboboug €xoviag anmdtepo oKOmo
Vv ertiteudn KaAutepng anddoong oto Koppdrn g npoiewng. Ia va avipet®motovy au-
101 01 TIEPLOPIoP0l, OtV mapovoa epyacia ouykpivoupe diagopeg pneBodoug uroAoyiopou
eAinev dedopévav. Tuykekplpeva, rpoteivoupe duo npooeyyioelg fabidg pnabnong rou Pa-
ot¢ovtat otig DAE kat GAN. H nipotn nipoogyyion Paoci¢etal oe pia DAE mou yprnotporiotet
KNN yua rpo-uroAoyiopd. Xpnoipornoioviag autd 1o Ppoviedo og Bdorn, epappoloupe 61-

adopeg aAdayeg 0oov adopd TO0O TV APXITEKIOVIKY 000 KAl 1r dtadikaocia exmnaidsuong,
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1.2 Opydveon tou topou

ot ortoieg arnodidouv onpavukd akpiBéotepa arnotedéopata. IIpooappodoupie ) ouvapnon
AnOAL1OV, BEATIOTOMOIOUPE TNV APXITEKIOVIKY] TOV OIPOUAT®V (T.X. IPOCHNKN opaloro-
inong maptidwv, emdoyr BéAtiotou apiBpou otpepdtev) Kal avabewmpoupe ) dadikaoia
exknaideuong addddoviag ouyva tig Tipeg mou mpoermiBaldovial (pe KNN) kat Tig tij€g mou
mpénel va ripootebouv (Beikteg) aroTpenoviag 1o PoViEAo amnod 10 va OUYKAIVEL Og €va TOITKO
eAdyoto. H Bedtioon rou epappodetat otn dradikaocia eknaidsuong eivat ave§aptntn amno ta
povtéda kat propel va xpnotporondei kat yia drapopetikeg pebodoug tekpaipeong. ‘Ocov
agopd v mpoogyyion GAN, Baciotkape emiong otV UNAPXouod ApXITEKTOVIKI] KAVOVTAS
BeATidoelg OU adopOoUV T OUYKEKPIPEVH TEPimtwon mou peAetape. ITo ouykekpipéva,
Xpnotpornotovpe ®g yevvrtpla pia DAE pe npo-urodoyiopd KNN kat epappoloupie 11g mipo-
avagepbeioeg mpooappoyég ot Swabikaoia exkmnaidevong. Ta v agloAdynorn twv PoviéAav
Hag xpnowponolovpe teooepa dSnpoota Sabéopa ouvoda dedopévov HOY. Tedog, ta npotet-
vopeva poviéda agloloyouvial 1000 yla TI§ EPYaoieg UTIOAOY10H0U 000 KAl yla TG £pyaocieg
poBAeyng petd tov urnodoylopd. Meletdpe 1o tedeutaio yia va Slepeuvr)oouple av 1) eImt-
Aoyn 1o 1oxUpwv pebodwv epduteuong Sa 0dnyrjost oe UPnAotepeg £mdoOoelg POBAEYNG 1)
OXl. AUTO €ival TIOAU onpavtiko, 6edopevou Ot 1 POBAeY ) eival ouvHO®G 0 KOVOG OTOX0S
TOV EPEUVITOV KAl TRV EMAYYEAPATIOV OTAV £PapPodouV TEXVIKEG PNXAVIKNG pabnong oe

b6ebopéva HOY. O1 KUpleg OUVEICPOPES 11AG PITOPOUV VA GUVOWIOTOUV &G £ENG:

e Emnexteivoupe Kat BEATIOVOULLE TA UTIAPXOVIA POVIEAA UTTOAOY10110U EAAEITIOUCOV TGOV

rou Baoidoviat oe DAEs kat GANSs.

e Atiodoyoupe H1e§odika Siapopeg 1eB060UG UTOAOYIOPOU eAAMIIOV TGOV yia Stadopa

TTI0000TA €AMWV OTOIXEIDV.

e Arnodeikvioupe Ot ta ouvoda Sedopéveov HDY yia kapdiakég mabroelg (kat atpika
YEVIKA) aArmattouv rmo egeAtypéveg pefodoug UoAoyiopoU AAETOUcHOV TIHOV, 16i0g

OTAV TO TI0COC0TO EAAEITOUC®V TIPWV £ivatl UPnAo.

e Asiyvoupe o1l o1 1oXUpeg pEBodotl Pabiag pabnong Prmopovv va AvIIPEIRITIOOUV TO00

apBunTKA 600 KAl Katyopika dsbopéva.

e Aetayoupe mpOBAeWwn) PETA TOV UTTOAOY1IOHO Kat Seixvoupe Otl 0 akpiBE0TEPOG UTTOAO-

Y101106 0dnyel o peyadutepn anoboorn oto £pyo TpoBAeyng.

Me tnv Xprjon aut®Vv TOV POVIEA®V AOITOV OT0X0G NG HMAGPATIKIG £ival 1] CUYKPITIKY)

pedé yua dadopa nocootd anouvoiag petabAntov (5 emg 50 1ig ekato).

1.2 Opyavworn Tou TOpou

H epyaocia autn sivatl opyavepévn oe erta kepadawa: 1o Kepddao 2 divetar 1o Sewpn-
TIKO UrtoB8abpo tov Pacikov TeEXVOAOYl®V mou oxetidovtal pe 1 SumAopatiky avt). ApxXikda
IEPIYPAPOVIAL PEPIKA YEVIKA MPAYHATA Yid TNV PNXVAlKY Pdabnon Kat T0Ug HnXaviopoug
MO® Ao TI§ AToUclalouceg TIHEG. XTIV OUVEXElA avaAdustal To unoBadpo yia Tig TEXVIKEG
OU Xpnopornoindnkav ota miaiola avtig g dSudeopatkng. Xto Kepddao 3 yiveral pa

Aemttopieprg meptypadr) tov peBodev mou Xpnoonofnkav Kabdg Kal 1oV E10ayAOIEVOV
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Kepadawo 1. Ewoayeyrn

1eB0dwv Pabeiwv veupwvikav diktuwv. Emiong os auto Sivetal kat pia meptypadr 10U ou-
voAou 6edopévav ou xpnotponotfnke. 1o Kepdldaio 4 avadvovial 1a amotedéopata tov
1ebodwv ou avadepbnkav oto ponyoupevo kepdaiato. Edw ta anoteAéopata eival kat yla
NV anotipnon Tipev adda Kat yia v npoBAsyn petd v anotipnon. Tédog, oto KepdAaio

5 yivetat pia nepidAnyn g Sutdeopatukng kat divoviat peAdoviikég kateubuvoeig.
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OswpnTiro Mépog
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Ke¢palairo E

OsPNTIKO unobabpo

Eto KEPAAA10 AUTO TIAPOUOIAleTal AEMTOPEP®S TO TIPOBANIA TOV ATIOUCIAOVI®V TGV,
01 TPOITO1 AVIIHETIOINONG TOU IOV UTIApXOouV ot BiBAloypadia aAdd kat 1o unoBabpo
ya 1g pebodoug mou ypnowponol)fnkav oty napovoa Sutdopatikn, 6nAadr) ot pébodot
KNN, Missforest, Autoencoders, GANS. ITio ouykekpipéva, yivetatl pa e10ay®yn otoug Jin-
XAaviopoug anouctaloviov THeV Kat otlg pefodoug mou €xouv Xprnolporiownfel and 1toug
gpeuvnieg oty PBAoypadia. 'Emetta, yivetal pia YeViKL) neptypadr] g PNXAVIKGG pabn-
Oong 1 OIoid Ot OUVEXEWA YIVETAL TTI0 OTOXEUHEVH OT0 UTOBabpo oxetko pe 1g pebodoug

anotipnong arnouctadviov TGOV TIoU XPNoornodnkav.

2.1 TUnol pPNXaviopoVv anouoitaloviwv TIHOV

2.1.1 MCAR

O pnxaviopog autdg opidet Ot 1o yeyovog Ot pia petaBAntr] anouotddet eivat ave§dptnto
ano v i6wa v petaBAnty n amnod orowadrriote AAAn petaBAntr) tou cuvodou dedopévav. Ta
napadetypa, eav £X0UNE EPYAOTIPLAKEG PETPLOEIS OXETIKA Pe Kapdlayyelakd voonjpata, ..
apINPlaKn Tieon Kal XOANotePOAr), oplopévol aobeveig propet va €xouv eAAMnelg TIpEG ot
X0ANOTEPOAN eme1dn) Hev Pmopeocav va emMoReEPOOUV TO EPYAOTPI0 1) OUYKEKPIHIEVT] NHEPA

Aoyw armepyiag 1oV pEceV Padlkhg petadopdg. Auto aneikovidetat oty ewkova 2.1.

2

Zxnpa 2.1: Anovowadovieg Tiueg pue tov unyxavioud MCAR. Ta pavpa koutdkia anstkovi{fovv
TG UTLAPXOVTEG TYUEG EV® TA AOTOA TG ATOUOLA{OUOES.
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KepdAao 2. Oenpnukod uno8abpo

2.1.2 MAR

O pnxaviopog autdg opidet Ot 1o yeyovog ot pia petaBAntr] anouotddet eivat ave§aptnto
arnd v i6a mv petabAnt) aAdd propel va e§aptatat aAAn petaBAntr tou cuvodou Hebo-
pévav. 'Eva nmapddstypa Sa pnopouoe va givat ot ) éAAeiyn 6edopévav yia ) 61a0ToAIKY)
APTINPIAKT) TIECT) OXETI¢ETAl PE XAPNATL) CUCTOAIKT] APTNPIAKY) TTiEoT). AUTO ATEKOVI{eTal otV

sKkova 2.2.

Different values -----

rxnupa 2.2: Amovowalovieg tiueg ue tov unyxaviouo MAR. Ta pavpa kouvtdkia ameucovifovv
TIC UTLAPXOVTEG TIUES EVE Ta dompa Tig anovolalouoes. BAémouue ot n uetabinm mg 6evtepng
otAng umopei va kadopiotel aiid oxt TANP®S ano g TUES NG TPWING OTNANG.

2.1.3 MNAR

O pnxaviopog autd: opidet 611 1o yeyovog Ot pia petaBAntr) artouotddel priopei va eivat
eCaptnuévo kat aro v iba v petabAntr) aAdd kat arnd dAdeg PeTtaBAnNIég TOU GUVOAOU
b6edopévav. Mia t€ro1a MePim@on €ival otav ta Atopda Pe UWnlArn XOoAnotepoAn dev ertt-
OKEITIOVTIAL TO VOOOKOHEIO Y1a va KAVOUV £pyaoTplaKeg e§etdoelg. Autd anekovidetat otnv

swkova 2.3.
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2.2 Mnxavikr] pabnon

rxnupa 2.3: Amovoalovieg Tiueg ue ov unyavioud MCAR. Ta pavpa kovtakia anetkovi{fouv
TG UTLAPXOVTES TIUES EV® Ta AOTPA TG anouotalovoeg. Xty TepInt@on avtn ot otnieg 1 kat 2
glvar ouoyeti{Oucveg Kat okoupo umie ot omin 1 onuaiver arovowafovoa Ty oty otnain
2.

2.2 Mnxavikn paénon

2.2.1 Opiopog Mnyavikyg paébnong

Machine Learning / Mnxavikr) pabnon eivat uronedio g emotung 1oV UITOAOY10T®OV
IOV avartuxtnke amnod i PeALTn g avayveplong IPoTUN®V Kdl TG UTOAOY10TIKNG Senpiag
pdabnong otnv teXvn vonpoouvr. H pnxavikr pdbnon diepeuva ) pedétn Kat my Kata-
oKeUr) aAyopibuev rmou propouv va pabaivouv anod ta dedopiéva Kat va Kavouv rpoBALYelg
OXETIKA Pe autd. TEtolot adyop1Bpot Ae1toupyouv KataoKeUuAadoviag HOVIEAd armo melpapatt-
KA 6ebopéva, mpokeppévou va kKavouv mpoBAiwelg Baoilopeveg ota debopéva 1) va e§ayouv
anopaocelg ou eKPPAovial @G T0 ATOTEAECHA.

H pnyavikr) pdbnon eivatl otevda ouvdedepévn Kal oUXVA CUYXEETAL HE TNV UTIOAOY10TIKY
OTATIOTIKY], €vag KAAS0G, TTOU €ITiONG EMMKEVIPAOVETAL OTNV MPOBAEWn NEO® TG XPHONG TOV
unodoylotwv. ‘Exet 1oxupoug deopovg pe v padnpatikr Bedtiotonoinon, n oroia g
napexel pebodoug, v Sewpia kat topeilg epappoyng.

H Mnyxavikr] pddnorn epappodetatl os pia oelpd anod UTOAOYIOTIKEG EPYAOiEG, OTIOU TOCO
0 oxedlaopog 600 KAt 0 PNIog MPOYPAPHATIoNOS Twv adyopifpev eivatr avépiktog. Ila-
padetypata spappoydv anotedouv ta @idtpa spam (spam filtering), n omuikr avayvepion
xapaxktpav (OCR), ot pnxavég avadninong kat n vnoloyloukn opaor. H Mnyavikn pdbn-
On HEPIKEG POPEG OUYXEETAl He TtV e5opudn 6edopévav, Orou 1 tedeutaia emKevipOveLal
TEPLOCOTEPO OTNV €EEPEUVITIKY] AVAAUOT] TRV SeB0PEVOV, YVOOTT] KAl OG M) EMTNPOUHEVT)

paénont.

2.2.2 Baowka Ei6n Mnyavikng Maénong

1. EmBAsniéopevy pabnon

1https://wwvv.csc.com.gr
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KepdAao 2. Oenpnukod uno8abpo

H EmBAeniopevn pdbnon eivat pia katinyopia pnxavikng pabnong, otdoxog g oroiag
etvat o xapaxinpiopog dedopévav pe Paon karowa Sedopéva exkraidsuong. Ta dedopéva
eknaibevuong armotedouvial ano €va oUVoOAOo MAPAdSEYHATOV Ta Ortoia Xprotpionoouvial yid
exnaideuorn poviedwv. Iinv eruBAenopevn) pdbnon, kabe nmapadetypa amotedeital amo eva
oUVOAO £10060U (ouvrBrG éva §1avuopa amo Xapakinplotkd) Kat pia ermbupntr tan §odou.
Ot AAyop1Bpot eruBAeniopevng pabnong avadvouv ta dedopiéva eknaidbeuong Kat apayouv
€va poviédo 1o oroio propet va xprnowpononBet yua va xapaxktinpioet véa napadetypata. To
BéATIOTO oevAplo eTTPETEL OTOV AAyOop1O10 va KaBopioel 0mOoTA TNV €UKETA NG KATnyopiag
yla ayveota péxpl wpa napadetypata. I'a va emteuyBel autd, amnartteitat o ailyopidpog
Rdbnong va yevikevet ano ta dedopéva eknaidevong oe abéateg Karaotaoeig pe éva "Aoyiko”

TPOTI0.

2. Mn semmBAendpevn padnon

H pn emBAenidopevn pabnon arnotedei katmnyopia g pnxavikng pabnong, otoxog tng
ortotag eivat ) avakaiuyr) mbavrg dopng rmou propei va kpuBetatl rmio® aro Pr XapaKinpt-
opéva debopéva. Epooov ta mapadeiypata ta onoia xprotionoouvial 6ev eival Xapaxktn-
plopéva, dev unapyel opdaipa 1 onua aviapodrg yla va aglodoynbouv ot rmbavég AUoelg.
Auto eival mou Sakpivel v pn-ermBAeniopevn pabnon aro v ermBAsniopevn padnon kat

TV EVIOXUTIKY (npi-ermBAeniopevn) padnor.

3. EvioyuTtiki) paébnon

H evioxutikr] pdbnon (pewvpopgepevt Aeapvivy) oty €Oty T®V UIIOAOYOT®V £ivat
€Vag YEVIKOG 0pog TTou £xel 600l 0e P1la 01KOYEVELD TEXVIK®V OTIG OMOIEg T0 cuotnpua padn-
ong npoortabei va pdabet péoa amo v apeor adAnienibpaor pe 1o iepBaddov. Epappoletat
otoV €AeyX0 KIVNong pourot, ot PeATiOTonoinon epyaciov o pyootdotd, ot pabnorn e-
rmrpanedlov naxvidiov, KA. H évvola tng evioxutikig pdabnong sivat eprveucpévn anod ta
avtiotolxa avdloya tng pabnong pe ermBpabeuon Kal Ippia IoU ouvavievidl O§ HOVIEAd
ndbnong tev €6V OVIMV. IKOIOG TOU CUCTNHATOS P1Aabnong eivatl va 1EY10TOTO) sl Pid
ouUVAPTNOoN ToU aplOPnTKoU ofjpatog svioxuong (aviapoBr), ya napddetypa v avape-
VOHEVI) TIHI] TOU onuatog evioxuong oto enopevo Pripa. To ovotnpa dev kabodnyeitat aro
KATo10v e§®@TEPIKO ermBAErovia yia o mola evépyela da mpérnet va akoAouBrjost aAAd rpéret
va avakaAupel POVo TOU TOIEG EVEPYEIEG £1val AUTEG TTOU 9a TOU ATOPEPOUV TO HEYAAUTEPO

rePOOG.

2.2.3 KAaoowkoi aAyopiOpot Mnxavikng pabnong

Znv ouvéxela avaluioupie 1o untoBabpo yia KATo1oug Bacikoug aAyopifpoug pnxavikng
Rdbnong (eruBAeropévng 1 1) ot oroiot arotedovv v Bdon yla tg pebodoug anotipnong
anouotaldviov TipeV rou 9a xpnotponoinfouv kat Ya avadubouv. 1o napouoa rapdypado
YIVETal pal £10ay®yr OTlS Mo KAAOOIKEG PeB0doUg PNXavikng Pabnong Kat eve mapaxkate

avaluvovtatl Kat o ouvleteg Baociopiéveg oe veupmvika diktua.
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2.2.3 KAaoowkoi adyopiOpot Mnyavikng pabnong

K-kovuvotepot yeitoveg KNN

O aldyop1Bpog autog eival pia pn mapaperpiky péBodog pnxavikng pabnong n oroia
Baoiletal owv andotaor. Me 10 1 MAPAPETPIKOG EVVOELTAL OTL HEV UITAPXOUV MAPAHETPOL
TOU PIopuv va PeAtiotortoinfouv Kata v eknaidsuon tou poviédou. Mrmopet va Xprnotpio-
roinBei kat yia ta§ivopnon aAld kat yia ormobodpopnon. H Baowkr) 16éa eivat n xprorn v
& KOVTIVOTEP®V YEITOVROV TIPOKEIEVOU va va Bpebel n mAsioyn@ia pia TPng o€ epini®on ta-
Svounong Kat n péorn T otV nepineor g ormobodpopnong. H rmo ouvnOeg ouvdaptnon

TIOU XP1OLPOOLEiTal yia TV €UPEOT) TG ArO0Taocng OToV X®MPOo eivatl 1) eukAeibia andotaon :

d(p.q) =

'Onou ta q kat p eivat 2 detypata evog ouvodou 6edopevav. I'papikd o adyopiOpog gaivetat
oto Zx 2.4%. E&& PAéroupe éva véo detypa (mpdotvo) mpog tafvéunon. Iinv nepimeorn)
orou 1o K givatl 1 tadwvopsital otnv kKAdon 1 6rnwg PBALrmoupe otov PIKPO KUKAO £VO OV

nepirtworn orou 1o K eivat ioo pe 3 tadvopeitat otnv kKAdon 2 (peyadog KUKAOG).

Training instance . Class 1

New example
to classify

Zxnpa 2.4: O afydpduog k Kovtivotepot yeitoveg.

Aévtpo anogaong

Ta 6évipa anodpdoswv eival pla pebodog pnxavikng pabnong pe emiBAeyn mou prnopet
va xprnoworonOei 1000 yia v tagvopnorn 600 kat yia v adwvdpounor. H Baoikn 16¢a
rnioe anod ta §évipa anopacenmv eival amin: ta apadeiypata mou avKouv o d1adopeTIKEG
KAAQOE1G €X0UV TOUAAYX10TOV pia H1adopeTik] TP O €va amod 1d XapaKinplotika toug [14].
[t autd 1o Aoyo 1 pébodog Acttoupyel tadivopmviag ta napadeiypata pe BAon TG TRég tov

xapaxuplotikev. H ta§ivopnon yivetat pe pia ouotpankd datetaypévr oeipd epatroemV

2https: //medium.datadriveninvestor.com/knn-algorithm-and-implementation-from-scratch-
b9f9b739c28f?gi=03edf822a8d2
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KepdAao 2. Oenpnukod uno8abpo

€101 Wote KAOe £p®INON va POTA €va XAPAKTINPLOTIKO Kat va diaxAadiletal pe Pdon v
Tr tou Yapakmmplotkou [15]. Extog amd n pnyavikin pabnon, ta 6évipa anopdcenv
Xpnotoroovvial yia rapadetypa otnv e§6pudn debopévav Kal otnv EImMXEIPnolaKy Epguva

[16]. 'Eva napddetypa gatvetat oto oxfipa 2.5°.

Colour = Red

Model > 2010 Colour = Yellow

Yes

No

Yes

Zxnna 2.5: Iapabetypa Acvipou anogaong.

Tuxaio Aacog

Ia va priopéocoupe va dmooupe pa meptypadr tou tuxaiou dacoug, MPEMel POTA va
oulnooupe ta Sévipa anopaong. Ta dévipa amopacenv 1) (ot nepinmi®or] pag) ta dévipa
tagwvopnong eivat poviéda nou Pacidovial otV KAtdtinon 10U X®PoU XAapaKINPloTK®OV KAt
otV anoBnKeuon Pag KATAVOHLG €Il TV EUKETOV KAAONG yia KA meploxr). Autd propet
va enavaAngBei xprnoponoiwviag éva HEvipo, To OT0i0 Pe T OE1Pd TOU CUVEMAYETAl OTL 1)
ouvaptnon urnobeong 1) MPoBAEMTIKOG MTAPAYOVIAg yld autov ToV dAyoptdpo pabnong €xet
m popor dévipou. Kdabe @uUAA0 autou tou 6£vipou 9a avilotoixel otn ouvexela o KABe
meploxr) Kat tou anodidetal n avriotokn mbavotnta oXeTiKL He 11§ KAdoelg. Me Bdon auty
Vv IEPypaAd], HITOPOULE VA XPIOIHOIIOI|0OUHE T SEVIPA ATIOPACE®V Y1d VA EITIVOI|COUNE
MPOYVROTIKOUG Seikteg yia KABe mepimtwon doxung. I[apodo rou ta Sévipa anodpdacemv
etvatl eukoAa otnv gppunveia kat eivat Srarodntuikd, ot mpoBAwelg toug dev eival tooo akpiBeig
000 yla dAAoug Tumoug rpoBAerttav, onwg autoi rou Baociloviat ot Aoylotikn aAtvépopn-
on. EmmA¢ov, n 6opr) tou 6évipou eival oAU euaiobnin ota napexopeva dedopéva. Autd
onpaivel 6t Pikpeég addayeg ota dedopéva pmopet va £Xouv SpACTIKEG EMUTIMOELS OTNV TTIPO-

rurttouoa Sevbpikr) 6our|. IIpokelpévou va avTPIEI®ITOTEL AUTO T0 {Inua, XProtonoteitat

3https://venngage.com/blog/what-is-a-decision-tree/
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2.2.4 Neupevika Aiktua

0 aAyopiOpog tuxaia 6aon. Autd 1o PoViEAo pPrtopouv va Yempnbouv wg ouviuaciog roAda-
mAov devipev anopaong. ITo ouykekppéva, oxediddoviat pe v exknaidbeuon Srapopetikov
6évipwv oe Sladopetikd urtoocuvoda Sedopévmv Tou ermAgyovial tuyaia pe avukataotaon. H
POBAeYn MOU MPOKUITIEL AId €va Tuxadio 8Aacog mapdyetatl anod tov ouviuaopo autov TV

8évipev anopaong. Sxnpatikd autd gaivetat oto Txnua 2.6.%

Decision Tree-1 Decision Tree-2 Decision Tree-N

Result-1 Result-2 Result-N

l

Majority Voting / Averaging

Final Result

Zxnpa 2.6: O ajlyopduog tuxaia daon.

2.2.4 Nesupovikra Aiktua

v tapaypado autr] apXiKd YIVETal Ha YEVIKI] £10ay®YH OTd QUOIKA AAAd KAl ota Te-
XvNta veupevika diktua Ztnv ouvéxela yivetat iy avdAuor) mo ouvletov nebddav Baoctopévev
0€ aUTd o1 oTtoieg arotedouv Vv Bdon yia 11§ pebodoug arotipnong arnouoladovie®y TV e

xpron Badiag pabnong nou Sa napouotactovv NAPAKATR.

PuoIkaG veEUpOVIKA Aiktua

Neupaviké diktuo ovopddetal éva KUKA@Ra StacuvBedepévav veupdvev 2.7.° Sty
MEPUTIOOT B10AOYIKOV VEUPOV®V, TIPOKELTAL Y1d £€vd TULLA VEUPIKOU 10TOU. LIV MEPITOorn)
TEXVITIOV VEUP®V®V, TPOKEITAl Yid €va adnpnpévo aAyopilOpiko KATtaoKeUaopd 10 OIoio
EUITIITEL OTOV TOPEA TG UTIOAOYIOTIKNAG VONHOOUVHG, 0TaV OTOX0G TOU VEUP®VIKOU S1KTUOU
etvat n) ermiAuorn KAo1ou UTIOAOY10TIKOU ITPOBAN1ATOG, 1) TG UITOAOY10TIKI|G VEUPOEITIOT NG,
otav otox0g £ival 1 UMTOAOY10TIKY] ITPOCOHOIMOT NG Asttoupyiag 1oV BLOAOYIKOV VEUPOVIK@V
S1ktueVv e Bdaon KATIO0 Pabnpatiko POVIEAO TOUG.

To tapdv apBpo apopd Ta TEXVNTA VEUPHOVIKA SIKTUA, TOUG TEXVNTOUG VEUP®VESG KAl Td 110-

VIEAA BLOAOYIKGOV VEUPOV®OV TG UTIOAOYI0TIKNG Veupoeriotpng. 'a ta floloyikd veupovika

“https://medium.com/ @curryrowan/the-complete-guide-to-random-forests-part-2-934eabf35534
Shttps://en.wikipedia.org/wiki/Neuron
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KepdAao 2. Oenpnukod uno8abpo

dixtua Seite 1a apBpa veupdvag kat Kevipiké Neupiko Zuotnua’.

AevdplTteg Kuttopikd NEVPAEOVIKEG
WM QATMOAAEELG

NevpdEovag 3

Kéupot ‘EAutpo KoTTapa
Muprvag Ranvier pueAivng Schwann

Zxnua 2.7: Zxnuatko Siaypauua vog TUTIIKOU VEUp®OUA

Texvntd veupwvika diktua

Neupavikd diktuo ovopddetat éva KUkAepa diaocuvdedepévav povadev enegepyaoiag rou
ovopadoupe Neupoveg. LT1oUg UTIOAOY10TEG £lvat éva UTTOAOY10TIKO 11OVIEAO ITOU XPIO1HLOITOlE-
{tat yia v emtAuor KAmolou UTOAOY10TIKGOV TTIPoBAnpatov.

To veupavikd Siktuo ovopddetal §iKTuo KaB®G ArmoTeAgital Ao UMOAOY1OTIKOUG KOPBoUg
rou ouvbéovial petagu toug. Kabe urnoloyiotikog kopBog dexetal éva ouvolo aplOunukov
€1008wv (ard adAoug veupaveg eite amod Karowa AAAn £10060g), extedel Eévav UMMOAOY1IOHNO pe
Baon autég g e10060ug kat apayet pia £5o6o. H €§060g ard autov tov kopBo propet eite
va anoted£oetl PéPog g ouvoAikrg e5odou tou TNA eite va oxeteutel oe dAAoug KOpBoug
Fevikd (av xat 6ev e1lval UTTIOXPEWDTIKT) 1] H1AKP101 AUTH) Ye®POoUlE OG UTIAPXOUV TPIRV 180V
VEUPWVEG

1. Ot veupwveg €10060U, TV OMOI®V 1] gpyacia gival va §10XETEVCOUV OTOUG UTTOAOY10TIKOUG
VEUPOVEG TNV £10060 ToU TIpoBANAtog (T pdtuna).

2. O1 veupwveg £§060U, XPNO110IIOI0UVIAL Y1d Va TIAPOUCIAC0UV 010 IepBAAAOV TV anavin)-
on tou TNA oe karmnoto podBAnpa, oneg yia rnapadetypa v eKtipnon g Katnyopiag evog
MPOBATIATOg KATyOP101Toinong.

3. Ot UITOAOY10TIKOl VEUPHOVEG 1] KPUPHEVOL VEUP®OVEG, Ol ortoiol roAAartdaciadouv Kabe e-
10060 1ou 6éxovtatl arod veupwveg 100600 1] ard AAAOUG VEUP®VES EMESEPYAOIAG PE H1A TIT)
OUOYXETIOPEVT € AUTOUG TTOU ovopadetat Bapog.

To ouvoA1KO amotéAeojia €10AyETdl O Pld ouvaptnon mou Ja ovopadoupe ouvAaptnor eveP-
yoroinong kat eite napouotaetat oty £6060 eite Hibetar oe karmoov dAdo veupwva ere-
gepyaoiag. 'Eva oxnuatukod napadeiypa evog arrdou TNA napouotdetat oy eikova  2.8.
10 OXAa auto urapxouv §U0 veupaveg 100600, TE00EPIS VEUP®VES eredepyaciag Kat £vag
veupwvag e5odou. Av 9édoupe va ekppdacoupe tnv £6060 £vog veupava ene§epyaoiag k Sa

HIopoUoape va XP1OlHOMO|C0UE TV MAPAKAT® £§1000T)

Shttps://en.wikipedia.org/wiki/Neural_network
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2.2.4 Neupevika Aiktua

d
Uk =f (Z wiX; + Ok) (2.2)

i=0

orou :

1. x; eival n i eloodog amo 1g d Tou €xet 1o POBANHa.

2. wj; givat 1o Bapog g draouvdeong pe v i eicodo.

3. 9k eivat n mdAwon yla tov veupova K. H tpng g nmodwong ouvrbwg sival ave§aptn
aro 1o poBAnpua.

4. H ouvdpwon f(x) eivat n ouvdptnon evepyortoinong kat otny BiBAtoypadia Xpnoipionote-

ital pla mAnB®pa ouvapTOE@V EVEPYOTIOINONG ITOU MAPOUCIAdovidl OtV EMOHEVI) EVOTNTA.

Hidden

)

Zxnpa 2.8: Zxynuatko Siaypauua vog IEXVITOU VEUPOUIKOU SIKTUOU

AUTOROS1KOMONTEG

O autokedikornontrg eivat pla pébodog pr ermBAenopévng Pabnong 6mou o otdx0g ivat
N avanapayeyn g £106dou oty £5060,6nAadn y; = x;. AmoteAeital and 2 akoAoubiaka
VEUPHOVIKA SiKTua ta oroia ouvnOwg eivat 181ag apXiteKToviKng Kat ovopalovial Kad1Komot-
Ng Kat arokedkorontg (Ewwova 2.9).
O avtokedkonontg rpoortabetl va pdbet pa ouvaptnorn g popdng hwp = x, dnAadn pa
£KTIPNON NG OUVAPTNONG TAUTOTTag oupgava He v oroia 1 €§odog Sa eivat ibwa pe v
€10060.H 61adikacia autr) ap)ikd @aviddetl TETPIPIPEVI ®OTOO0O e TOV va BAloulie IEPIOPIoH0-
UG oto SiKktuo popouv va avakalupBouv eviiapeépov potiBa tou ouvolou dedopévav. TEtolog
neploplopoi propet va eival ) pei@on 1ou aplBpou 10V VEUPWV®V O KATIold OtnAn tou 61-
KTUO0U £101 MOTE aUTr) va £ival pikpotepn aro tv £i0060. Me Tov TpOIto autd, IPOKEEVOU

va yivel omotd 1) petagopd g £10060u oty 6060 0 AUTOK®OIKOITOU TG TPETEL va PABet Tig
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KepdAao 2. Oenpnukod uno8abpo

OUOoXeTioElg Petady TV PetaBAnTov.

Input Output
< — 1T
—\\ S _—x // —

/ \ T~ -/ \

1\ —_— Code — / —
I N O I ] B AN 20 N B AN
/ \ N -y / \

\ / \ /

- I\ \ / /1 0\ I
\ / / \ \ /

— X )X X = I
\ / / \ \ /

— / — \ s\ / N\ / — \ (-
/ \ / \ / \

- \ 7/ \ /- ~_\ / N/ N

/ \ / \ o SA / \ /

L1/ (- L v
FE Ve S~
— - T\
L+~ ~9
N\ J _ J
' e
Encoder Decoder

Zxnpa 2.9: Zxynuatko Siaypauua evog avtokaOkomomn.

ASY® NG 1KAVOTNTAS TOV AUTOK®SIKOMIOUTOV VA AVAKAAUITIOUV KPUPEG OXECELS HETA-
&0 TV XapakInplotkeVv eivat dlaitepa xpriowot o poBArpata mou apopouv AviXVeuor)

avopaAlev, peioon diactatikotntag, Anotipnon anouolaloviey TPoV K.d.

Avutorndironoutég anobopubonoinong

O1 autokadikonouteg anobopuBoroinong dexovial wg €icodo €va alAoiwpévo pe Sopu-
Bo ouvoAo 6edopEvav KAl MPETIEL va TO PETATPEYPOUV OTO TIPAYHATIKO KAl OAOKANPO GUVOAO
(Ewéva 2.10). Me tov tpdro autéd pabaivouv va agpatpouv tov 9opuBo amd ta Sedopéva’.
IMa va yiver Auto pe emtuyia mpénet va pabetl 0 aUToKOSIKOTIOUTAG TS KPUGPEG OUOYETIOELS
Hetadl TV XapaKTINPIoTIKMV.

H Swadwkaoia tnv eknaibeuong €xel oG €§1g:

e H apywkt] eicodog x petatpérnetat oe die@Oappévn X e OToXAOTIKI] AVIKATAOTAOT)

X ~ qqd(X|x).

o H &1epBappévn eloodog aneikovidetal otnv Kpugr| avarnapdotacrt) Ornwg Kat OToV Kavo-

VIKO autok@Sikorowt, h(x) = fo(x) = s(Wx + b).
e ATO NV KPUGQAN avarapdotaoct) 10 POVIEAO avakataokeualel z = gg(h)

O1 mapdpetpot § kat \& ekmaldevovial €101 GOTE va AAX10TOTOI0UV T0 OPAApa avaka-
taokeung. O YopuBog prmopei va eival omolacdnmote popdprg ornwg rn.X. [kaouoiavog 1

90puBog salt and pepper kat epappodetal oe kKaBe detypa mpv v eknaideuon).

7https ://en.wikipedia.org/wiki/Autoencoder
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2.2.4 Neupevika Aiktua

Corrupting
Input vector

90 0010
&

Original Input Corrupt Input Hidden Layer Output Layer

Zxnpa 2.10: Zynuatxo Siaypaupa evog avtok®dUkomomn arodopu6omoinong.

I'eveTIKA AVIAy®VIoTIRA §iktua

Ta Hapayeywkda Avunadikd Aiktua (ITAA) (Ewkéva 2.11), yveootd emiong g AVUiaAika
Ailktua, [Mapayoywkda Aviayeviotikd Aiktua, [Tapayoywka Aiktua Avurnddeov kat Avayevvn-
KA Aviayeviotika Aiktua (ota ayyAika Generative Adversarial Networks - GAN) eivat pua
KAtnyopia ocuotpdtov PnXavikng pabnong nou epeupebnke ano tov lan Goodfellow kat
toug ouvadédgpoug tou 10 2014. Baocidovtal otnv Aoyikn g avuradikng pdabnong. Auo
veupaVvikd diktua dayevioval oe éva naiyvio (pe v évvola g Sewpiag nayviev, cuyva
alAld ox1 mavta pe ) popdr) vog ratyviou pndevikou abpoiopatog ). AoBéviog evog GuVOAoU
eknaidevuong, aut n 1eXVikn pabaivel va dnpioupyel véa dedopéva pe ta 1d1a otatiouka
oroyeia. IMa mapddeypa, éva avirmaAiko 6iktuo ekmmaldeupévo o POTOypadieg propel va
dnpoupyroet véeg POTOYPAPieg MOV @Paivovial TOUAAXIOTOV eMmPaVEIAKA AUBEVTIKEG OTOUG
avlp@ITIVoUg TapatnPniég, £€Xoviag rmoAAd peaAlotikA XApAKINPOTIKA. AV KAl apX1KA Ipo-
TAONKav apydg og Hopdr) IAPAYOYIKOU HOVIEAOU Yla epAPHOYES 1) ermBAsniopevn pabnorn,
ta [TAA €xouv emiong amodeixOel xpriotpa ya Vv nut-enonteuopevn pddnon, tmyv mAnpeg
ETTOTITEVUOEVT] PAONON KAl eVIOXUTIKI pabnon. Xe éva ogpivaplo tou 2016, o Yann Le-
Cun niepieypawe ta GAN wg “tnv rmo £Surtvn 18€a ot pnxavikn padnon ta tedevtaia eikoot

Xpovia“.

To napayeyiko diktuo dnpioupyel uroyndioug eve 10 dlaxwploukod Siktuo toug aglo-
Aoyei. O daywviopog Asttoupyel pe opoug Stavopwv debopévav. To mapaywylko diktuo
pabaivel va rpoBdaddetl aro €vav AavOdvovia XxOpo os pia srmbupuntr) katavour debopévav,
eve 10 Slaxwplotikd Hiktuo Slakpivel TOUG MAPAYHEVOUSG UTOWPHPLOUG ATIO TNV IPAYHATIKI)
katavopr]. O otdxog ekrnaibeuong toU MApPaAyeylKoU S1KTUou eivat r audnor tou Iooco-
OotoU OPAAATOG TOU S1aKPITKOU S1ktuou (6nA. va “feyeddosl” 1o Siaxwplotko Siktuo pe
TV NAPAYRYI] VE@V UITOPneimv 1ou 10 S1axmplotiké §1Ktuo motevel 0t ponAbav anod wmyv

TMIPAYHATIKY KATAVOT)).
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KepdAao 2. Oenpnukod uno8abpo

training
set

Real or Generate:

Discriminator
.l ‘

Cost function

~N
=

Generator

Backpropagation

Zxnpa 2.11: Zynuatko diaypappa evog yEVETIKOU aviay@uloTikoU SIKTUOU.

'Eva yvooto ouvolo 5edopévav Xpnotevel @G 10 apX1Ko oUvolo exrnaidsuong yla tov
dlaxwplotr). To Slayxwplotikd poviedo exkmaidevetal mapouoldadoviag o pe deiypata amno
10 ouvolo debopévav eknaidsuong, péxptl va ermteuyOel amodektr) akpiBeia. To mapayw-
YIKO poviedo ekmaibevetal BACEL TOU KATA TO00 KATAPEPVEL va {eyeddoel 10 H1aX®PI0TIKO.
Zuvr0mg, T0 MAPAYRYIKO OIEPVETAL HE TUXAid £10epXOHEVn SetypatoAnyia amno rporabopt-
opévo Aavbdvovia X®po (Tt.X. TOAAATTAL] KAVOVIKT) Katavour ). LTr) OUVEXELd, Ol TIAPAYHEVOL
urnoyn ot aflodoyouvrat arod 1o dayxwpilotkd. Ormobodiadoorn epappdletat kat ota duo
blKTua £101 MOTE TO TAPAYWYIKO POVIEAO va MTApAYEl KAAUTEPEG EIKOVEG, VR TO H1aX®WP10TIKO
yivetat rmo e€e1d1keupévo otnv avixveuor ouvOetk®v e1kOvev. To mapay®yiko poviédo eivat
oUVNOAG £Va VEUPOVIKO SIKTUO £V TO S1aX®PIOTIKO £ival éva CUVEAKTIKO VEUPIKS SikTuo®.
H exknaidsuon tov diktuev autev Baciletat oty napakdte £§i00on Kat £ival ouolactikd pa

ekboyr| Tou TaiKvidlou peyiotou gAayiotou :

mGin mgx Ex~psaa0[l0g D(x)] + EZNQ(Z) [1 —log D(G(2))] (2.3)

O Tevvrjtopag npooradel va PEYIOTOMOOEL AUTHV TV TIHI] VO 0 TIAPAYOYOS EMISIWKEL va

TV €AAX10TOITOOEL.

8https ://en.wikipedia.org/wiki/Generative_adversarial_network
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Kegpalatro B

ZXeTKI SouAewa otnv BiBAroypadia

Yridpyxouv moAAoi Tpomol aVIIHETOITIONG TOU MPOBANPATOG TOV ATIOUC1AdOVI®V TIHOV Kal
N KataAAnAn Avon kdabe @opd propel va eivar Siagopetikr]. Mepikoi and toug Pacikoug
Aoyoug rou propei va kabopicouv v Aoy autr) £ival T0 TT0C00TO ATIOUCIAOVI®V TGV,
0 PNXAaviopog anouotadoviev TIHGOV oV Xapaktnpidel tig petaBAntég tou ouvolou Sebopévav
alla kat 1) i61a n popdr] twv dedopévav (eite auty) sival popPpng e1KOvAG eite eival poppng

rmivaka).

3.1 Auwaypad¢n (Case deletion)

O 1110 arAo TPOI0G AVIHEIPITONG TV AToUotaloviev TV elval n daypadr) tev ey-
ypagpwv rou dev eivat mAnpng kat ovopadetat (List-wise) [17, 18, 19, 20, 21] dwaypaer. H
1€6080g autr] propel va 0dnynoet oty arwAsla PEYAAoU PEPOUSG TOU OUVOAOU Gedopiévav
ipoodidoviag (bias) otnv avdaduon. H (pair-wise)[17] otoxevel oto va €Aax10TOIOOEL TV
anwlAela 6edopévav mou avapépbnke mpv.Zinv mepimaon avtr pua eyypadn diaypddetat
povo otav repleXel arouotadovieg THEG o Karmola petaBAntr) n oroia Xprotlponoieital oto
poviédo. Qo0t000, OV MEPIUTIOON AUTH] AV UMAPX0oUV MOAAA §1adopeTIKA OTATIOTIKA TIPOG
UTIOAOY10110 0T0 0UVOAO0 dedopévav Kat KABe éva armo autd adopd S1apopeTikO CUVOAO HETa-
BAnteov propet teAkda Kabe €va and autd va €xel untoAoylotel anod S1aPpopeTKO UTIOCUVOAO.
Axkopa, katl otg 2 meputwoelg gival anapaimrto va oxuel o pnyaviopog (MCAR) wg mipog

v arnouocia tov Sebopevav.

3.2 M£60o6ot anodoong tipwv (imputation)

Mta 1o owotr) Auor) yia 1o rpoavapepbév poBAnna sivat n anoboon peaAlouKOV TPV
Ot anouoclalouceg e XPLOn OTATIoNK@V Pefodmv n pe mo ouvletwv alyopifpwv (..

VEUP®VIKA 6iKTuQ).
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Kepadao 3. Zxetkrn) doudeida otnv BiBAoypadia

3.2.1 Avuoeilg BacloOpEveG 0TIV OTATIOTIKY)

Zinv nepinmeorn autr) ol artouotdadouoeg tipEg avuikadiotavial pe dAAeg peaAloTIKEG TIOU
TMPOKUITIOUV AITO T OTATIOTIKA KAl TI§ CUCXETIOEIG TOU OUVvOAoU Gedopiévav. e autiv v
nepinteorn, pa anod tig rmo diadedopéveg TeXVIKEG eival 1) AvIKATACTAOT PE TV PEOT), IO
ouyvn 1 v diapeon tpr g 1d61ag g petabBAning [22]. H mepimoon autr €xel 10 mmAe-
OVEKTNA TOU OTl Siatnpouvidl 1d OtaTotKA(Oneg r.X. 1 péon Tpn ava petaBAntr)) tou
ouvoAou dedopévav. Qotoco, e autnv Vv TeEXVIKN dev AapBavetal UrToWv 1 oX£CH IoU
Hropel va urdapyetl Petagyu tov petaBAntov kat ouvhOwg ta artotedéoparta eivat biased.

Mia dAAn pébodog eivar n omoia epappdletarl oe 6ebopéva pe Xpovikr e§dptnon eivai n
avTIKATAoTaoT) PE TV 1o Ipoodatn Tiir) mou napatnpndnke. I'a napadeiypa, éote ot pe-
Aetape kKAnooug 1atpikoug deikteg yia acbeveig pe Sidotnpa pedéng 2 xpovev oneg 1o BMI
(Body Mass Index). Av o dsiktng autog yia évav acbevr) arnouotdadet yla tov SeUTepo prva g
peAéng Sa xpnowpornonBet o tedeutaiog SeiKIng TOU MPWIOU PIvVa ©G TIHI) AVIIKATAOTAoNS.
Eivatl @avepd 0otoco o1l yia PetaBAntég e Peyadn S1akUpavorn n yid TToAAEG CUVEXOEVES
arouotadouoeg TIHEG 11 PEB0Sog autr| dev divel kadd amotedéopata.

O1 Mir, Adil Aslam k.a. [23] oxkipdadouv Siapopeg 11e6660Ug andboong arouc1afoviey TIHOV
petady twv oroiwv eival kat n Avon tng péong n g rmo ouxvd gppaviiopevng turg. Ta tmy
a&loAdynon v pebddav XPnoooloUV £va IPAyHAtiko ouvolo Sedopévev pe 15692 na-
patnpnoelg. Ta arnoteAéopata deixvouv o0t auty] 1] 1EB0d0g £xel Ta XE1POTEPA AToTEAEoatTa
KAt yla 1o otadlo g anotipnong Tpov aAAd Kat oto KOPPAtt Iou apopd v mpoBAeyn.

O1 Gupta k.a. [24] adioAoynoav poviéda pnxavikrg pdénong yia to mpdéBAnpa tng rnpobie-
Yng Kapd1akng rnpocBoAr|g XpnoHonolm®viag 10 cUvodo Sedopévav tng kapdiakng peAétng
Framingham kat 1o ouvolo 6edopévav Heart yia 1o UCI Machine Learning Repository. Ze
0Tl agopa TV npoeredepyacia kat e161kotepa 11§ EAAEITTOUOES TIHEG, 1] IIPOCEYYL0T] TOUG 1)Tav
va IPoodO0UV 1€ 1) XP10T TOU PECOU OpOoU 1) NG Siapécou, 010U 1 TeAeutaia mpotpOnke
Y1 XAPAKTPIOTIKA 1€ AOGEG KATAVOLIEG.

Ot Guo k.a. [25] avérrtu€av pia nipoogyyion Babiag pdbnong yia to ripoBAnpa tng rpobie-
Wng g Kapdlakng avendprelag xpnotponowwviag ouvletkd dedopéva EHR. Znv avaduon)
T0Ug, emEAeav va amoppPiyouv ta XApaKIPIOTIKA HE TIEPIO0OTEPEG arto 50% TV Katay®-
ploE®V va AEirmouv Kal va mposdOoouv Ta UMOAOUTA XP1OIHOIIoIOVIAS T0 PECO OPO KAl TO
OUYXVOTEPO Y1d aplOPNTIKA KAl KATNYOPIKA XAPAKINPIOTIKA aviiototKd.

Axopa pébodot Baotopéveg oe Babia veupovikd Siktua Katl IO OUYKEKPIIEVA AUTOKASIKO-
IO TEG KA1 YEVETIKA AVTIITAAIKA VEUP®OVIKA H1KTUA £X0UV EPAPIO0TEL O EPEUVITIKEG HOUAEIEG
®G KOPPATIA Pla OUVOAIKNAG Tpooeyyiong. H mpoogyyion aut adopd v ntadwvdpépnon n
MV KAtatpnon pe myv xpnon dedopéveov HAsktpovikou @akélou uyeiag [26, 27].

3.2.2 Avuocig Baociopéveg os pe@odoug pnxavikngg padnong

Qg mpog Vv PnxXavikr padnorn, o aAyopiBpog KNN [28] propet va epappiootet oe ebo-
Héva pe anouoladouoeg TIHEG OITOU AUTEG AyvooUuvIdl KATd TOV UITOAOYIOHO TG Art0otacng
petady v detypatev. O adyopiBpog autdg uroAoyidel v anootact Hetady TV Selypatmy
Kalt avukadiota kabe arouoiadouoca Tr pe tov péco opo arod ta K Seiypata ta oroia

Bpiokoviat otov X®po o Kovid (yia ta oroia 1 ouyKekpipévn petaBAntr) dev eival anouot-
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3.2.3 Auoeig Paoiopéveg os fabia pabnon

alouoa). Zuyvd, odnyel oe kadd anoteAéopata ddAa eivatl euaiobnrog oty erdoyr) tou K
aAdd kat oy Aoy g petpikng. Ot Anil Jadhav k.a. [29] dokipacav 6idpopeg texvi-
KEG ATOTIPN0NG ATTOUo1alovinV TIHOV OIS 0 AAyop10110G TV K-KOVIIVOTEP®V YEITOV@V KAl 1)
arotipnon pe Pdorn v péon tur. Ta va a§lodoyrjoouv toug aAyopifpoug autoug xpnotpo-
rnoinoav 5 énpodoia ouvola Sedopévav aro 1o yvwoto arobetrpio UCL Ta nielpapata £de§av
ot n pébodog KNN eixe v peyadutepn arodoon metuyaivoviag cUCTHATIKA PKPOTEPO
pEoo teTpay@viopévo Aabog yia iadopa rmocootd arouotaloviov TIHOV.

ErumA¢ov, o1 Kdacowkoi aAyopiOpol madvdpopnong prnopouv va xpnoipornoifouv yla 1o
poBAnNpa auto orou 1 e§aptopevn) petaBAnty sivat auty) yia v oroia napouoiadoviat a-
rouotadouoeg Tipég. Ot Tipég mou Snpioupyouvial @otoo0 Xapaktnpiovial arnod OTATIOTKI)
aBeBalotnta Kat yla tov Aoyo auto ouyva 1 dtadikaocia emmavalapBavetal apKeTEG POpPEG. 10
mAaiolo autd, o aAyopiOpog MICE (Multiple Imputation by Chained Equations) [30] eivat
évag anod toug mo 51ade60PEVog OToV TopEa KAl EMPEPEL IKAVOITOUNTIKA arnoteAéopata. H
1€6080g autr) rPoBALTTIEL TNV T Yid TIS AITOUO1A{0UOEG TIHEG OUPITANPOVOVIAG APXIKA OTIg
aAAeg petaBAntég oAeg T dAAeg artouolddouoeg TIPEG KAl ETETTA XPNOTHOMOIWVIAG KATIO0
ipoBAenttiko poviédo (.. Tuxaia ddon). H Swadikaocia auvtr) enavalapBavetal yia éva ou-

YKERPIIEVO aplOpo enmavaAnPemy 1) PEXPL va 1KAVOITON0el KATO10 KPLTP10.

3.2.3 Avosig Baocwopéiveg o Badia pabnon

Ot tedeutaieg e€eAi§elg otov topéa agopouv 1o nedio g Babeiag pabnong Omou yevetuka
aviayoviotikd diktual[31, 32] kat autokadikornowtég[33] £xouv pooapootel e CUYKEKPL-
HEVO TPOTIO Y1d TNV AVIIHPEIOINON autou tou npoBAnpatog. I'a napadetypa, Ot Boseong o
Seo k.d. [34] Sokipacav évav kedikornoutr) anobopuBorioinong pe npo-sloayoyn KNN pe
6edopéva agpiou. H ouykplon £yive e AAAEG KOWVEG TIPOCEYYIOEIS UTTOAOYIOHOU EAATTOV T1-
pov. Ta arotedéopata £de1§av ot 1 AUon Tou auTtOPATOU KOSIKOITO T IIETUXE TV KAAUTEPT
anodoorn 010 KOPPATL TG arodoong arouotadoviey TIHOV.

Ot Sungkyu Park k.d. [35] ouykévipeoav dedopéva EHR and @opntég ouokeuég pe oKomd
mv npoBAewn pe Bdaon ) PNxavikn pabnon. Xe autd 1o oUvolo He6opévev 10 MOCOoTO
TV eAAnov debopévav fltav 2,83%. Ta va 10 rpoodmoouv autd afloddoynoav apXika g
1eB060UG UTIOAOY10110U EAAIIOV TIPOV O €va TTANPEG UTOOUVOAO Tev dedopévav. Ot pébodot
nrav: (i) GAIN, (ii) KNN, (iii) mean, mode. Ta aroteAéopata deixvouv Ot 1] IIPOCEYY10T TNS
Babidg nabnong ureptepel 1wV ardovotepev PeBOd®V e onpaviikn diagpopd.

Ot Weinan Dong k.a. [36] afloddynoav ouyyxpoveg peBo60ug UoAoy100U EAAITIOV TGOV,
onwg ot GAIN, MICE kat Missforest. Xpnowornoinoav §Uo mpaypatika ouvola dedopévav
yla va urootnpi§ouv toug 1oxupiopoug toug. Ta amotedéopata Heixvouv Ot 1) IPOCEYY1oT
Babidg pabnong emtuyxdavel KaAutepeg ermbO0EIg KAl AUTO €ival KATL TTOU €lvat 1o ePdaveg

OTav 10 TI0C00TO EAAEIYPNG eival UPnAo.
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Kepadao 3. Zxetkrn) doudeida otnv BiBAoypadia

3.3 Eupnpata peAétng oxetikng PiBAloypagiag

'Otav nipokettal ya epyaoieg rmou Paocidoviat oe 6edopéva EHR, apatnpovpe o1t oot
epeuvniég dev Sivouv peydAn £pgaon 010 PEPOG TOU UMOAOYIOHOU TRV €AAEITIOVI®OV TIHAV,
EMALYOVTIAG OUYXVA va artoppiyouv auteg TS eyypadpes. Mia oAU ouvnOiopévn mpooEyyion
etval emiong o KAtaAoylopog pe 1) Xpnorn amlov pebodaov, onwg o PEcog 6pog, 0 TPOIog Kat
o KNN, o1 ortoieg eival yvootd 6t ayvoouv tig ToAUTTAoKeg oxéoelg rou kabopidouv ta ouvo-
Aa atpkev dedopévev. 'Ocov apopd TNV €pEUva TMOU XPNOIHOIIOlEL TNV Kapdiakr) HeAETn
Framingham, 6ev Bprikape kapia gpyaocia mou va Xpnotpornolel ouvOetoug alyopibpioug
Yla T0 P€POG TOU UTIOAOYIOHOU T®V EAAEUTOVIOV TIH®V, TIAPOAO TOU Ol eAAEIPELS O AUTO TO
ouvolo 6edopévav eivatl onpavukég. BAémoupe eriong ot ot epeuvntég Sev aflodoyouv tig
OTPATNYIKEG UTIOAOY10H0U XP1NOHOIIOIOVIAG TIPOBAEW PETA TOV UTIOAOY1OHO.

Qg &k TOUTOU, 1] €pyacia pag S1apepel ONPAvVIIKA Ao TIG EPEUVITIKEG EPYATIES TTIOU avadEp-
9nkav napanave, Kabwg XPNooIIooUle ouyxpoveg 1ebodoug Babiag pdbnong, kavoupe
BeAtidoelg 600V agopd v MePimtor pag XOpig anmisla yevikotntag Kat ermriéov SoKi-

padoupe g peB6SoUG UTTOAOYIOPOU Pag yia To £€pY0 NG IPOBAsYng.
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Ke¢paldaio

Alatunwon npoBAnpatog xat pe@odwv

Eto KePAAatlo auto rapouotddovial avaAuTika ta Brjpata rmou akoAoubrOnkav ya v u-
Aormoinon tou cuotpatog. ApXIKa yivetatl piia pabnpatik) neptypadr) Tou mpobAnpa-
106G TOV AOUO1addVIOV TIH®V Kab®g Kat tv rmpoBAswn rou akoAdoubel avtv v diepyaoia.
Zta mAaioa auvtig g dundouatknig 9a eetactovv kat ta Suo autd cevdaplo yia pia Imo
0AOKANP®HEVH OUYKPLon TV PeBddwv. 'Encita nepiypddetal i emioyn tou ouvolou dedo-
HEVeV Kat Ta TPoypaplatiotika epyaleia ou xpnowporot)nkav. I'a to ouvolo dedopévav
bivovtatl mAnpogopieg oxetkeG pe 1o PEyebog 10 0cooTd Arnouoladoviav IOV dAAa Kat Tov
TUTIO TOV YVOPIOPAT®OV. XTI OUVEXELD avaAuetdl 1] vAoroinorn Kat ot facikoi aAyopiBjiol rou
9a efetactouv. e autoug katadoyidoviat ot £totpot aAyopiOpot ano v BiBAioypadia kabwg

kat §uo mpotevopeveg PEB0SO1 IToU avartuxOnkav ota miaiola avtng g SMAOPATIKYG.

4.1 Awtunoon npoBAnpatog

4.1.1 Anotipnon anouotaliviov TIpOV

To pdBANpa TV arnouctaloviey TieV oupbaivel 0tav oe Eva oUvoAo 6eS0EVOV KATIOEG
PETaBANTEG £X0UV Kevég TIHEG. Ag uTIoBécoune Jta Tuxaia petaBAn X = (X, X, .., Xy) € XV
orou 10 X avarnapiotd Tov Xwpo rou avrikel kabe deiypa pe katavoun P(X). Ag urtobécoupie
ertiong éva 6tavuopa pdokag M = (My, Ms, .., My) omrou kaBe M; naipvel tipég oto {0, 1} kat
M; = 1 onpaivel ot n Tipn undpxet oe avtiBeon pe 1o M; = 0 ou Seixvel OTL 1) CUYKEKPIPIEVT)
T anovowadel. ‘Exoviag d ouypotunia tov X kat M opidoupe éva ouvodo Sedopévav
XLMY yuai=0,1,..,d. Enea, 1o (X', MY) npoxurtel avrikadiotaviag KOs petabAnty) j
ouvbeopevn pe éva detypa i av M;; = 0 pe pia apxikn Tan (moAAég gopég tuxaiog S6pubog
n 0). Ze pa t€rola nepimieorn, 800éviog evog poviedou IMP o 0toX0g £ival 1 KATAOKEUT)
gvog ouvodou dedonévav Xt = IMP(X!, MY) yia kébe i = 0, 1, .., d. KdBe arod186pevo deiypa
9a mpénet va divetat Paon g katavoung P(X|X = X') kabag 9¢doupe ta amodidopeva
6edopéva va £xouv mapopola KAatavourn He 10 IPAyHATiko ouvolo dedopévav.

To amotédeopa stvat éva ouvodo Sedopévav X 6mou yia kabe Setypa i £xoupse :

Xi=X'oM +(1-M)HoX! 4.1)
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Kepadao 4. Awatunioorn mpoBAnpatog kat pebodwv

4.1.2 IIpoBAswrn petd Tnv anotipnon

Me v xprion Siapopetikev adyopidpeov anotipnong anouotaloviev Tpov A; @op i =
0, 1, ..S 010 apX1K6 oUVOAO Sedopévav X £xoupe S 61adopetikd ouvoda dedopévav Dy, Do, .., Ds.
Ia kdabe éva amo autd ta ocuvola Xpnotpornolovuje pia npoBAerntiki pébodo (m.x. tuxaia
6aon) yua tv npoBAeyn tng petabAntrg oxetdopevn pe v Kapdiakr acBévela (Suadikn
tagwvounon).

4.2 Acsdopéva

To oUvolo nAekIpoVIKGOV debopévav uyelag TTou Xpnotponolovpe ivat 1o Framingham
heart study!. TIpéxettatl yia éva oUvolo Se8opévav Jie S1a80X1KEG XPOVIKA HETPTIOEIS OF
4434 aobeveig g oAng Framingham tov HITA o1 ortoio eite mdoxouv eite 0x1 aro Kapdiakr)
aoBévela. Ta kabe aobevr), £xouv Hie§axOei epyaotnplakd teot oe KA ouvedpia kat Exouv
peTpnOel kKATO1Eg PETABANTEG OXETILOHEVES HE TNV KAPS1aKT) aoOEvela OTIOG 1] CUCTOALKY) TTiEOT)
oto aipa, n S1aotoAik) mieon oto aipa Kat 1o {axapo. Axkopa yia kdbe acbevr) urtapyet pa
duabikn petaBAntr n oroia urodnAwvel v Unapén kKapdlakrg acbévelag. LUVOAKA, TO
oUvoAo dedopevav £xel 39 petaBAntég addd yua ta miaiola avthg g Sunlepatkig 15 Sa
XpnotporiomnBouv. Ao autég, 8 €ival CUVEXEIG KAl 7 KATNYOPIKEG, OTTOU OAEG Ol KATIYOPIKES
naipvouv myv tpn 0 n v upn 1(6uadikég). To ouvolo auto ermiong €xel KAl PetabAntod
T0000TO ATIOUO1adOVI®V TIHGOV arto PetaBAntr oe petaBAntr] Orou propet va eivat petadu tov

0 - 13%. ITwo ouykekpipéva, mMAnpodopieg gaivoviatl otov mivaka 4.1.

4.3 Me£6odot

Zinv napdaypado auvtr) avaduoupe tig pebodoug rmou avartuxOnkav Baciopéveg oe 1160
unapyovieg Pebodoug Babidv veupavikodv diktumv. Ot emAoyEg ITOU KAVAPE apopouv TV

dadikaoia v eknaibeuong aAAd KAl TV APXIIEKTOVIKY] TOV SIKTUGV.

4.3.1 Simple

To povtédo auto eivat 1) armir| oTaTIoTIKY] TPOCEYY10N TOU IT10 GUXVOU, TOU PECOU KATAAO-
yiopou. KataAoyidoupe T1g KATNYOPIKEG EAAEITIOUOEG TIHEG XPTOIOMOIWVIAS TV TTI0 OUXVH
KAQON KAt TG apOuntikeég PetaBAntég XPnoomoIwvIag Tov NECo OpO TOU IIPOKUITIEL ATld

Vv avtiotoiXn otAn.

4.3.2 KNN imputer

O KNN o oroiog urtoAoyidet ta dedopéva mmou Asinouv AapBdvoviag unoyn v arnootaocn
petady twv Siavuopdtev tou Seiyatog oto Xopo tou ouvodou dedopévav. Ta kabe xapa-
KIP1OTIKO 10U Aginet, e8etadel ta K minoiéotepa Seiypata mou £xouv napatnpndei yia avtd
10 XAPAKTINPIOTIKO KAl UTOAOYI{EL TOV PE€CGO PO T®V TIH®V TOUG 000V adpopd Ta apldpnukda de-

dopéva. 'Otav mpokettal yla Katyopikda dedopéva, 1o anotédeopa eival n mo ouyvr) KAAon

https://www.framinghamheartstudy.org/fhs-for-researchers/
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4.3.2

KNN imputer

[Tivakag 4.1: Zvvodo debousvwv Framingham heart study.

Feature Description Type Missing
Sex Male, Female Categorical 0]
Serum Total
Totchol Cholesterol Numerical 409
(mg/dL)
Ace i
Age gein Numerical 0
ears
Systolic Blood
SysBP Pressure Numerical 0
(mmHg)
C t ki
Cursmoke urrent smoxing Categorical 0]
at exam
Number of
Cigpday  cigarettes smoked Numerical 79
each day
Serum Total
Bmi Cholesterol Numerical 52
(mg/dL)
Diabetes Is Diabetic Categorical 0
Use of Anti
Bpmeds -hyp medication Categorical 52
at exam
Heartrate Heart raFe Numerical 6
beats/min
Casual serum .
Glucose Numerical 1440
glucose (mg/dL)
Prevalent
Prevh ical
revhyp hypertention Categorica 0
Prevstrk Prevalent Stroke Categorical o)
Diastolic Blood
DiaBP Pressure Numerical 0]
(mmHg)
di 1
CVD Car 1‘ovascu ar Categorical 0]
disease

10v K MAnoiEotepmv yertovey. Zinv nepirmeoon pag yia K = 5, dsdopévou evog deiypatog

S(X, Y, 0) xat twv 5 mAnotéotepwv yertovey tou N5 = {(X;, Yy, 1)]i = 1,2, ..., 5} opidoupe:

AitAeopauxny Epyaocia



Kepadao 4. Awatunioorn mpoBAnpatog kat pebodwv

v argmax;{Yx.v; 1)ens) 1(Yi = 2)}  Av 10 Y eival katnyopikoé 4.2)

é Z?:l Y; Av 10 Y eivat apiOunuxo
omou z prnopel va givat eite O eite 1 apou £xoupe povo duadikég tipég kat 1(Y; = z) sivat
pla ouvdaptnorn mou srmotpédet O av (Y; = z) kat addwwg smotpépet 0. H perpiky) ya

Hétpnon g andotacng petay duo onpeiov p Kat g eivat n eukAeibeia:
n
d(p.q) = ) (ai - p)’ (4.3)
i=1

oTIou n eivatl o ap1Buodg v petabAntev yia kabe onpeio Sedopévav.

4.3.3 Missforest

Atioroloupe 1) pébobdo mou npotevav ot Stekhoven Daniel J. kat Buhlmann Peter[37].
Ye auto 10 PoVIEAo, apX1lKa OAeG O1 OTHAEG, EKTOG arto pia, armodidovial pe ) Xprjon péoou
Kat tponou arodoong. Kata cuvéneia, o adyopiBpog tuxaia 6aon yprnotpornoteital yia tmyv
nPoBAe Y TV TIPOV TTOU AElmouV OTr) Ot MoU £iXe amokAelotel ponyoupéveg. Ot mpo-
BAemopeveg TIHIEG XP1OIHIOIIOI0UVIAL Ot CUVEXELA OtV Y€01 TV Kevov. Auth n Stadikaocia
ertavadlapBavetal ota dedopéva oe Evav Bpoxo orou kKAbe enavaAnyn Paocidetatl otnv mpon-
youpevn Bedtiwvoviag 11g anodidopeveg Tipég. H Sradikaoia ouvexiletal émg 6tou ) dradopd
petadu tou anodidopevou mivaka M,‘;’Z{Z Kat Mglzp Sev autavetat. Tinv nepinmwor) pag xpnot-
poroloupe ertiong péytloteg enavadnyelg = 20 kat apdpo dévipev = 100. H npoavadepBeioa

dladopd ya apBunuka xapaxinpioukd N eivat :

imp imp\2
_ ZjeN(Mnew - Mold )

on - (4.4)
ZjeN(MrllrgLIL);)2
KAl yld v KATnyopiky P:
2jeF oy Lyimp s pie
F o= (4.5)

Fna

orou Fpy elvatl o aplBpog 1e@v Tip@V rmou Aeimouv 0e KATyopiKeg NeTtaBAnTEg.

4.3.4 To povtédo NAA

Xpno1oroloUHe T0 POVIEAO aUTOPATOU K®SIKOIIOTH TI0U npotddnke aro toug Aidos
kat Tom[33], 1o omoio ovopddetal autopatog KOSIKOOUTHG Pe eMiyvmor) g yettoviag (NA-
A). Ze aut) Vv gpyaoia, xpnowpomnoleital évag vrieprdfjpng DAE yua to ipoBAnpa tou vu-
TTIOAOY10P0U €AAUTOV TGV, OTIOU O IIPOo-UToAoyilopog yivetat pe KNN. To pépog tou mpo-
uroAoyiopou die€ayetal ylia oAokAnpo to ouvodo Sedopévav mptv anod v eKnaibeuorn tou
povtédou xpnoworowviag k = 5. Me ) xprjon tou KNN wg peBodou mpo-urodoyiopou
etvat o SUOKOAO va GUYKAIVEL O€ TOTIIKA €AAX10TA KATA T1] S1APKELA TOV MPOTOV ETTOXMV TNG

exnaidevong, kabwg 1 apxIKn exktipnon eivat aglomnpenrg.
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4.3.5 Beduwopévo Moviédo autokadikoroint (I-NAA)

4.3.5 BeAtiopévo Movitédo autorwdikonouty (I-NAA)

To poviédo mou avarrtuiape eival évag autokedikorouirg arobopuBoroinong o6rou
Xpnotporoteitat o aAyopiOpog KNN yua v nmpotn anotipnon npov. Qg mpog v apyiie-
KTOVIKI], ETNAEYOULE VA PEIWVETAL 0 AplO0g VEUP®OVKOV TOU Kd1Komoutr) Kabag nnyaivoupe
aro 1o éva eminedo oto AAAO Kal aviiotolya va augdvetdal ToU AaUTOK®OIKOrout). Auty)
N €rmAoy1) £ylve Kabwg €va T€Tolo poviedo ermBddAet rieploplopou ota dedopéva eiocodo (e
Vv peiwon g 61actatikonTag) KAl OUVENIRG To S1KTUo pabaivel Tig ox€oelg Tou S1Emouv 1o
ouvolo debopévav. Xxetkd pe v Stadikaoia eknaidevong, ag dewprjooupe éva aviiypado
Deopy TOU apX1koU ouvodou dedonévav D. ApXiKd, £104YOUHE AMOUOc1adouoes THEG OTO Degpy
KAl PETA TG AmOTIpoupe pe v Xpnon tou adyopibpou KNN katalryoviag os €éva ocUvolo
Dimputea- 'Enetta, naptibeg 10U Dypputed ivovial ag eicobog oto dixtuo 1o omoio mipénet va
pdaBel va tig petatpénel otg aviiotoixeg raptibeg tou D. Me toug emImA£ov meplopiopoug
ou edappodoviat oto diktuo to anotédeopa g Stadikaoiag authg eivatl ot auto pabaivet
TIG OX£€0€1G TIOU S1EMOUV Td XAPAKINPLOTIKA TOU OUVOAOU.

ITapoda autd, av yia 6An v dadikaocia tng ekmnaideuong 10 Dimputed TAPAPEIvEL 0TaOepo 0
AUTOK®O1KOITOUTIG PITOPEL va PABel va avilypddel 11 CUYKEKPIIEVEG TIHEG OTIG AVTIOTOLXES
tou D Kat 01 11§ ouoxetioelg tou ouvodou. Emeidr) Aowdv epeig 9¢doupe va yivel auto adAa
Kat va AdBoupe unow v Xepikr) yertovia (KNN) piia tipg Katd tv nmpetn anotijinon Xpn-
owportotoupe tov adyopiBpo KNN yia pa npetn anotipnon aAAdd aAddadoupe kaOe N eroxeg
v tpn tou K oe pia rou ev £xel 6wOet oto mapeABov. Epnelpika n tipn tou N ermAéyetat
va eivat ion pe 10.

Me v 161a Aoyikr), av ot Tipég oU mpEmel va artotipnOouyv, .. Xjo Kat Xo3, mapapeivouv
181G yla 0An v didpkela tng eknaidsuong 1o poviedo iowg Pdabel va amotipd omotd Povo
AUTEG TIG TIPEG KAl OX1 YEVIKA oroladrote tijrn propet va Aeinel. Ma tov Aoyo autd, aA-
Adadoupe 1§ TIREG TOU eival KEVEG OtV apXr) KAabe emoxng. AUTO AMOTPEIEL TO POVIEAO ATIO
TV OUYKALOT Og KATO10 TOTKO gAaytoto. Emiong kataokeuddoupe pia ouvaptnorn anwAet-
WV OXETIKN P TNV MePIMI®OT pag orou yia ta N Ratnyoplkd yvepiopata Xprnotiponoleitatl
pia Tou péoou tetpayviopévou AdBoug kat yia ta C katnyopikd 1 duadikn diactaupoupevn

evrportia. [Tio ouykekpipéva yla ta ouvexr):

MSE = % Zil(ﬁ —Y)>? 4.6)
IMa ta katnyopka:
BCE =~ > i tog(p(un + (1 = yo) - log(1 - p(1 - ) @.7)
N Zdi=N+1
omote padi
Loss = RMSE + BCE (4.8)

H apytektovikn kat i pebodoroyia mmou meptypadpnke @aivoviat oty ewkova 4.1.

AitAeopatxny Epyaocia m



Kepadao 4. Awatunioorn mpoBAnpatog kat pebodwv

lterate

Encoder Decoder

X11  X12 X13 | Missingness | X11 X X13 | kNNpre- | X1 X12 X13 X11 X12 X13
introduction imputation
X2t Xe2 Xe3 [———of X X22 X238 %‘> X21 X22 X238 |- o X2l X22 x23
X31 X32 X33 X31 X382 X M X31 X382 X33 X31 X32 X33
@dom} -
aneraty - Back
- - propagate A4

-------------- ‘1 Loss(Cross

7 |Entropy + RMSE)

Zxnna 4.1: Medobojloyia Kat apxITEKTOVIKT) TOU AUTOK®OIKOTIONTY].

4.3.6 To povtédo GAIN

To povtédo autod [38] Baoiletal otnv ap)X KL APXITEKTOVIKL] TOV YEVETIKAOV AVIAY®OVIOTIKOV
d1ktuwVv Kavovtag Karoleg adAayeg £tol wote ) PEBodog va nmpooappootei oto POBANIaA v

arouotaloviev Tipev. Fpagikd 1o poviédo autd @aivetal oto oxnua 4.2.

Original data

Xy | X |2z | xe | X

X | x2 | X | Xpa | Xas

Xz | X | oxaz | X [ 235

v

Data matrix Random matrix Mask matrix

oisE) Generator | b }?ﬁ%&@
i
|
Imputed Matr; i
X11 | X1z | %13 | X1a | Eis 1 /051 1 0 i
X21 | Xz2 | X23 | Xa24 | Xz5 0 1 0 1|05 :
X31 | F3p | X33 | Xau | X35 1 (0|1 (051 :

. Back !
Discriminator [-------- propagais i'

I

"

i

“1

P11 | P12 | P13 | P14 | P15 !

Loss

P21 | P2z | P23 | Paa |Pas [ (Cross Entropy) u

P31 | P32 | Pas | P34 | P3s

Estimated mask matrix

Zxnpa 4.2: Zynuatko diaypauua touv povtédouv Gain.
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4.3.6 To povtédo GAIN

Alayxwprotg/Tevvrtopag

O yevvrjtopag déxetat og ei0odo ta X, M, Z 6rou M o mivakag rmou kabopidet Tig arou-
odouoeg Kat un tpég, Z o mivakag 9opuBou, X o mivakag 1ou cUVOAou 8eBOREVRV HE TIS
arouotddouoeg Tipég. Qg 8060 divel évav mivaka X pe 11§ anouotddouoeg TIIEG CUPIMANP®-

péveg. Tedkd yla 10 anotéAeopia ToU YEVVHTOpa EXOULE :

X=MoX+(1-MoX (4.9)

O Swaxwplotg D exkmaibevetal aviay®viotika oe oUyKplon pe tov yevvntopa.H 61abt-
Kaoila autr] ®otooo yivetal S1apopetikA 08 0XE0N HE Td KAAOOIKA YEVETIKA AVIAYDVIOTIKA
biktua. Zinv pébodo autr) avtl n £€€06og tou yevviropa va Staxwpiletat 0AOKANpn oG ye-
UTIKN 11 aAnBwr), daxwpidetal oe pepika pépn ta omnoia eivat aAndn Katl pepka mou sivat
weudn. O Sraxwplotng Aordv poortabel va kataddBel roleg PetaBAnTéG eival MPAYHATIKEG
KAl TTO1EG 1)Tav apX1Ka arnouotdouosg Kat énetta napaxdeioeg ano tov yevviropa. Ouotaoti-
KA Adourov wg £5060 npoortabei va rapdayet tov nivaka M. 'Etot, o Staxwpiotig ekrnaibevetat

pe Baon :

batchsize
minp, — Z Lp(M;, M;, Hy) 4.10)
i=1
'‘Ocov adopd tov yevvtopa opidoupe:
Lo(M, ML, H) = — Z (1 - M) - log(M) 4.11)
iIHiIO

n oroia Saebnukd eivatl pla TP mou PeTpdsl TOC0 OUXVA O YEVVITOPAS SeyeAdel Tov

dlaxwptlotr). Aettepov, opiloupe:
d
Ly(X,X) = = > M; - Diff (%, %) (4.12)
i=1

orou d eivat 1o peyebog g 61actaong Tou ouvolou dedopévav Kat :

X -X)? av X eivat apOunukoé
Diff (X, X){ —-X;log(X;) av X; etvar 5uadikoé (4.13)

H e§iowon 4.12 arno v dAAn mAeupd petpd roco akpBrig eivat o yevvrtopag otnv avadn)-
H1loupyia TV apatnpoUHEVEV CUVIOTOOMV TG £10080u. TéAog, o yevvrjtopag ekmatdsvuetal

WOTE va eAax10tornolel v e§iowmorn mou opidetal MapaKdat® :

batchsize
ming Z La(M;, My, Hy) + aly, (X:. X)) 4.14)
i=1
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Kepadao 4. Awatunioorn mpoBAnpatog kat pebodwv

OTIOU a eival pla MapApPETPOg KATPAK®OOTG.

Mnyxaviopdg hint

v apxikn dnpooicuon padi pe v £§odo tou yevvropa o Siaxwplotg SExetal Kat
KATIO1a ETMITA0V TTANPOPOPIA OXETIKA H1€ TOV ITiVaKaA PA0KAG TToU pErnet va Bpei. O mivakag
aUTOG OUCIAOTIKA PAVEPROVEL KAOE QOPA £va TTOCOOTO ATd TOV TTIVAKA PNAOKAG Ap1jVOVIAS TO
UIIOAOIT0 ®G AyveoTo yia va rpoBAepBei anod tov daxwptotr). I'a nmapddeiypa, av to nivt
€xel ooootd 90%, TOTe T0 TOCOOTO AUTO TOU ITivaka PAoKAG €ival YVEOTO KAt TO UTIOAOTOoV
10% mpémet va mpoBAepBel aro tov draxwpiotr). ‘Oco peyalutepo eival AOUTov 1000 1o
€UKoMo eival yla Tov draxwpioty) va rpoBAéyet owotd tov mivaka M. Zwv dnpooieuon aro-
dewkvuetal YempnTKA Kal IIPAKTIKA OTL 0 PNXAVIOROG autog €ivatl anapaitntog mPoKeEVoOU

va ekrnadeutel onotd 1o Hiktuo.

4.3.7 BeAtiopévo yevetiko poveédo (I-GAIN)

Baowopévot oto npoavadpepBev poviedo GAIN uAomoloUpe KATIOEG PEATIOOEIS Ol OTIOIEG
arodidouv kaAutepa aroteAéopata. ApXlKa Xpnotpornotovpe opalonoinon naptidag mpiv
arnod kabe emninedo veupwvev[39] kat oto Hiktuo tou yevvrjtopa aAld kat oto diktuo tou ia-
X®plotr]. AkOpa OMegG KAl PE TV MEPINMI®OT TOU AUTOK®MOTKOMOUTL), XPNOIHOIIOI0UHE TOV
aAyopiOpo KNN yla pia mpein amotipnor) mpog drnoduyr) tng OUYKAIONG Og TOrKA eAAX1-
ota. Ot peBododoyieg ekmaideuong mou e101XONKAvV OTOV TAPAYPAPO TOU AUTOKOSTIKOTTOUT)
epappodovial kat £8¢. Xprnotporoteital eniong n i61a ouvaptnon ANIMAEIWV Yla TOV YEVVI|TO-
pa. Emiong, ot ouyypageig tou GAIN nipoteivouv pia ardr) apXlteKToviKL 3 erunedmv yia tov
yevvrtopa. Aviibeta, epelg Xprnotpomnolovpe pa mo ouvletr pe 5 emineda ta omoia £€xouv
Hopor] autoradikomow ] Kabmg autdg anodeiybnke 1kavog va pdbet Kald v Katavour
€vog ouvodou Sedopévav. Mia tedeutaia rpoobrKr rmou KAavape eival n e10ayoyn) napayo-
YIKOU TIEVAATL OTHV OUVAPTNOL ATIOAEIOV TOU 81aX®PE10Tr) yid Mo OopalAn eKmnaideuon onwg

auto opidetat otnv [40]:

batchsize

>0 UVEi- DXl - 1) (4.15)
i=1

a
P=——
batchsize

OTIOU 1O a eival mapaperpog kKApdkeong. H npooéyyion autr) gaivetat oty ewova . 4.3.
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4.3.7 Beluwpévo yevetuko poviedo (I-GAIN)

Original
Data
X1 X12 X13
X21 X22 X23
X31 X32 X33
Hint generator Hint
% X}Incomplele Matrix
Data ‘ 05 0 1 Discriminator
10 1 X11 X Xi3 05 1 1
Mask |50 S X X32 X33 |
Matrix 1 05 0
11 0 X21 X22 X Generator 0 0 1| Egtimated

110 Mask
1 1 0 Matrix

{} Imputed
data

KNN X111 X12 X138 X1 X12 X138
imguted X21 X22 X238 X21 X22 X23
ata
X31 X32 X33 X31 X32 X33 Back A 4
propagate @ ‘LG/LD(Cross Enuopy)l(— u:'fll;

Original Gradient
Data Penalty

Lm(Cross
Entropy + MSE)

Back
propagate @

rxnpa 4.3: Medobofoyia katr apxutekrovikr) tou BeAnuwusvov GAIN.
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KegpaAairo E

AnoteAéopata

Eto KePAAalo autd mePlypAPpoUe Td AnoTeAéopata yid ta povieda kat v pebodoloyia
rou rpoavaepdnke. I'a kaBe poviédo Sa egetacoupie TG MEPUTIOOELS TG ATOTIHT-
0oNg arnouolaoviev TIHEV KAl g Peta-anotipnong rmpoBAsyn. H 6evtepn nepimwon eivat
0UClA0TIKA 1] TIPOBAEWT) e KATTO0V aAyop1Opo tadivopnong yia Kae 0AOKANP®EVO OUVOAO

6edopévav mou PoKUITEL Ao KAbe 16060 amotipinong anouotafoviov THeV.

5.1 Amnotipnon anouoltaloviwv TIHOV

5.1.1 Tpomog diefaywyng nepapdtev

IMa va a§oAoyricoupe g pebodoug pag, mpota ermAéyoupe £va UTIOCUVOAO artd KAabe
ApPXKO OUVOAO Hebopévav TIoU Sev €XEl KEVEG TIHEG. XTI OUVEXELM, £10AYOUNE TuXaia Kevd
0c autd Ta ouvolda dedopévav Kal OUYKPIVOUHE TG EKTIHOUEVES TIHNEG HE TIS MTPAYHATIKEG.
Autd 1o Pripa ekteAeital xpnowponoloviag ) PBBAodnkn pyampute[41] to oroio eivat pia
yAdooa python tng cuAdoyng R ampute[42]. Evtog autrig, vAomoieital pia moAupetaBAntr)
Sradikaocia amotipnong mou EMIPENEl WV £10ay®OYH S1aPOPETIKOV PNXAVIOPI®OV KEVOV ATO-
PKa 1) opadornomnpéva. Xpnopornoteviag autnv v B18A100nKr), £10dyouie Kevd ITI0CO0TOV
10%, 20%, 30%, 40% xkat 50% yla tov pnxaviopo arnouoilaloviov tipeov MCAR. Tha va
aglodoyriooupe autd ta Poviéda, Xpnotporolovpe dlaipeon 5-mAeupmv S100TAUPWOE®Y Kat
Bydloupe tov péco Opo yia ta arotedéopata petady v 5 mieupwv rou kpatape. H ma-
pandve dabikacia enavadapBavetalt 10 @opég kat Ppiokoupe Kal MAAl TOV PECO OPO TRV

AMOTEAEOPATOV. ZUVOAIKA, ekntadevoupe Kat a§lodoyoupe kabe poviédo 5X 10 = 50 @opsg.

5.1.2 MesTplrEg

LV apdaypado autr) avaAUoupe Ti§ HETPIKEG ITOU da XPIO110II0W)00UE Yid Vv adlo-
Aoynor) twv pebodov mou avapépbnkav 1000 yla v arnotipnon amnouclaloviov TPV 060
Katl ylua mv nipoBieyn petd. Eneidr) 1o ouvolo ebopévev pag mePIEXEL OUVEXT] KAl KATNYO-
pkd dedopéva eival avaykaia n xpron 2 perpkev aviiotorxa. a Adyoug rou avagépoviat
OTNV OUVEXELW ETUAEYOVIAL 1] KAVOVIKOITOWPEVE pida Tou TeTpay®viojiévou AdBoug kat 1) re-
PlOXY] KAT® AT0 TV XAPAKINPIOTIKY KAPIUAL yia Vv peAetn g emnidoong tov 11e6odav
®G TIPOG TNV ATIOTIPN O T®V CUVEXQDV KAl TOV KATNYOPIKAV YVOPIOPRAtov avtiototya. Tovide-

Tat §avd, ou pexoupe oAAEG @OpEg To 1610 meipapa yia kKabe POVIEAO KAl 1] PEIPIKI] TTIOU
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KepdAaio 5. ArnoteAéopata

napouotadetal teAkd ivat o p€oog 6p0g AUTrg Ao ta S1aPoPetKkA Tpedipata.

Kavovironownpévn pifa tou tetpaywviopévou Aaboug (NRMSE)

Autr) N PETPIKY Xprotponoteitat oto otddio g anotipnong yla g ouvexeig petabAnteg.
XPNoIoIo0UHE TV KAVOVIKOIIOUPEVE €KO001 TOU PEOOU TeTpay®viopévou AdBoug kabag
9¢Adoupie yia kabe 10oootd arnouolaloviov TNV va BydAloupe €vav PEco Opo yid 0Ad ta ou-
vexr) yvopiopata. Ze mepintoorn mou autd Aordv §gv ATav KavoviKooupéva td yvapiopata

e peyadutepeg Tipég Sa unepioyuav. 'Exoupe Aowtdv:

1 Real; — Imputed;\2
RMSE = \/—Zi":l( PR (5.1)
n Oj

OTIOU OP®G Ta o1 TIEG Twv Real kat Imputed eivalr kavovikortownpéveg oto [0, 1].

IIeplox1] KATK Ao TNV XapaKTINPLoTIKY KapniuiAn (AUROC)

H petpikr) autr) nipdkettatl yia 1o €pBadod tng meploxng KAT® Ao v KAPITUAn mou on-
Houpyeitat dtav opiooupe pia ypapiky pe a§oveg Tov paypatiko pubpo tov ripoBAepOévimv
MPAYHATIKOV KAl TOV IPAYHATIKO pubpo6 1V IpoBAepOeviav apvnTikeV yia 1o mpoBAnpa g
duadikng tagivopnong. Akopa, 1 HEIPIKI autr] adornolel g rubavotnteg rpoBieywng Kat dev
Xpetadetatl va 6€xetal orpoyyuloroinpéva anotedéopata. papika n PEIpIKn autr) gaivetat

otV ewkova 5.1.

TPR

FPR

Zxnua 5.1: Igpoxn katww ano ) vyapaxtnplotikn kauruin AUROC.

5.1.3 AnoteAéopata

Ta arotedéopata @V MPOTEWVOPEVRV Bag 1eBodwv ou avapépoviat oto Tunpa 4.3 ep-

@avidoviat oo Ixnua 5.2 yla ta apdpnukd Xapakinplotikd kat oo Xxnpa 5.3 yua ta

m AinAeopatxny Epyaocia



5.2 TIpoBAewn HPETA TNV ATIOTIANON

KATNYOPIKA XAPAKIPIOTIKA.

'‘Ocov agopd 1a apdpnuka Xapakinplotka (Zyx. 5.2), mapatnpoupe ot ot pébodot mou na-
pouctacape, 6nAadn o I-NAA kat I-GAIN, sivatl o1 mpooeyyioelg pe 11 KaAUtepeg emMOO0EIG,
ETITUYYAVOVIAG TS Xapndotepeg Babporoyieg RMSE yia 6Aa ta nocootd anouoiag. ITo ou-
yrerpipéva, o I-NAA anodibel kaAutepa and tov NAA yia 6Aa ta 1tocootd €AAewyng, He 1
peyaluteprn Stapopd va rapatnpeital oto rmoocootd EAAetpng 10% mou avuotorxet oe 0,04.
Inpewwvetat emiong ot 1o I-GAIN BeAtidvet Tig embooelg tou GAIN 6oov apopda 6Aa ta rmoco-
otda €AAewyng ermtuyxavoviag £mg kat 0,06 xapnidtepo RMSE yia mocootd éAAewyng 30%.
BAérnoupe emiong Ot o1 IPOTEIVOEVEG TIPOOEYYioES Babiag Pabnong urmeptepouV EvVavil TV
TUIIIK®V Ipooeyyioewv, 6nAadr) twv Simple kat KNN, yia 6Aa ta ooootda éAAewyng. Ilapa-
poupe erurAéov ot o MissForest ermtuyyavel kaAutepn anodoorn ano tig pefodoug Simple
kat KNN, evo ermtuyyavetl xapnAotepn anodoorn aro tg pebodoug I-NAA, I-GAIN kat NAA.
TéAog, 1 erubeiveorn tng anddoong pe v avinor) v rocoot®v eAAePNg eivatl XapnAotepr
yla g npooeyyioelg Babiag pnabnong, 6nAadr 0,0087 kat 0,015 RMSE yia toug aAyopid-
poug I-NAA kat KNN avrtiotoiya.

'‘Ocov agopd 1ta KAtyoplKd Xapdkinplotukd (Zx. 5.3), nmapainpoupe Ol 1a HPOVIEAA TTOU
ewonyape, dniadn) ta I-NAA kat I-GAIN, anodidouv ta kadvutepa arotedéopata AUROC. Lu-
ykerppéva, o I-NAA unieptepet évavu tou NAA katda 1,57-4,50%, eve 1o I-GAIN BeAtiovet
v anodoon tou GAIN katd 1,30-6,00%. [Tapatnpoupe emiong ot 1 emMOEivOOT] AUTOV TOV
pebodwv pe v avdnorn tou VPnAoU 1ocootou eival apyn Kat ol ermbooelg eival arnodeKteg
axkoun kat yia 50% edAeiperg. IMapatnpoupe emiong 6t o MissForest amodibet kaAutepa
ano v GAIN ota meplocotepa mocoota €AAeyng, adAd arodidel xeipotepa and odeg TG
aAlAeg mpooeyyioelg fabiag pabnong. EmutAéov, mapatnpoUpe 0Tl 01 TUITIKEG MTPOOEYYIoELS,
6nAabdn n Simple kat KNN, €xouv kakég eudooetg. I'a va eipiaote mo axkpiBeig, n anodoon
tou KNN kupaivetat and 55,50% éwg 73,50%, eve 1o poviédo Simple anodiber otabepod
AUROC 50,00%, kaBng mpoBAérnetl povo pia kAdon. I[lapatnpoupe emiong ot n anodoon
rou erutuyyaverat ano to KNN napouotddet mroorn kabwog augdvetat o mocooto arouoiag 1

ortoia givat n PeyaAutepn CUYKPITIKA PeE TG UTtoAotreg pebodoug.

5.2 IIpoBAswrn pETA TNV AMOTipNON

Iy napdypado autr) avaluoule Ta aroteAéopata g rpoBAeyng PETA TV anotipinon.
IMa kdBe poviedo armotipnong £€Xoupe KPAtroel T0 OUVOAO OeBOPEVROV E TIS KEVEG TIHEG

OUPMANPOUEVEG KAl EAEYXOUHE TNV ATIOS00T VOGS TPOBAETITIKOU HOVIEAOU.

5.2.1 Tponog Siefaywyng nelpapdtov

IMa va a§lodoyriooupe mepattépw ta povieda pag, die§dyoupe mpoBAewrn peTd v aro-
tipnon yia va dovpe av ot kadutepeg Pabporoyieg AUROC kat RMSE o0dnyouv emiong oe
KaAutepeg emdooelg yla 1o Prpa g rpoBieyng. a va 1o kKavoupe auto yla kKabe po-
VIEAo, arnoBnKeVOUE TO TAN)PEG, UTTOAOYIOPEVO OUVOAO SedopEvaV Katl eKTEAOUPE €va ATTAO
Random Forest yia tnv nipoBAeyn g petaBAniig CVD xprnowponowwviag 5-rtuyr) diaotau-

popévy erukupnon kat SMOTE[42] yia to ouvolo eknaideuong kabe mruxng (Sedopévou ot

AinAeopatxny Epyaocia m



KepdAawo 5. Arotedéopata

T T

—e— Simple
0.1180 o kNN 2

—e— MissForest
0.1160 | e NAA :

—o— [-NAA

—e— GAIN
0.1140 | —e— I[-GAIN |
0.1120 | =
0.1100 |- |
B.1080 | .
0.1060 | / |
| g |
0.1020 |- |
0.1000 |- =
0.0980 |- =
0.0960 | | | | | | | | | B

10 15 20 25 30 35 40 45 50
Missing rate (%)

Zxnpa 5.2: Méon ) g pidag tov 1epay®utopusvou Aadoug yia S1a@opeTiKd moo00Td KEVOU
TUOV.
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5.2.1 Tpormog die§aywyng melpapdatov

—e— Simple

80.00 - —e— KNN ]
—o— MissForest
e NAA
—o— [-NAA
—e—  GAIN
75.00 | e I-GAIN |
70.00 - =

AUROC (%)
o)}
1
o
o
T
|

60.00 - i

55.00 |- |

50.00 |

10 15 20 25 30 35 40 45 50
Missing rate (%)

Zxnua 5.3: Ilepoxn KAT® amo v xapakinplotiky Kaumuain yia S1a@opeTikd mooooTd KEVOU
TUOV.
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KepdAaio 5. ArnoteAéopata

10 0UVOAO Hebopévav eival e§a1PETIKA |1 100PPOTHEVO).

5.2.2 Mestpiky

['a 1o ota610 AUTo XPNOHIOIIOI0UHE TNV YVOOTH PETPIKL) ZKop-F1. O Adyog nou ermAéyetat
autr) 1 PEIPIKY) lvat 8101 1 petaBAntr) npog rpoBAeyrn eivatl e§APETIKA 1) 100PPOIUHEVT)
Kal n arAn akpiBeta divelt AaBog anotedéopata. To Xxop-F1 ouvbuddetl tnv akpiBela kat v
avArANon evog TASIVOUINTH OE 11 evidia PETPIKY], AapBavoviag Tov appoviko PEco 0po Toug.
Xprnoworoteital KUpiwg yia ) oUyKplon tg arodoorng duo tagivoprntov. Ag urobéoouiie 0T
o ta§vopntrg A £€xel uwnAotepr avakinon kat o tagivopnt)g B éxet uynAotepn axkpiBela.
Ze aut) v nepimeorn, ta anotedéopata F1 kat yia toug Vo ta§ivountég propouv va
Xpnotporoin0ouv yla va ripoodloplotel 1o10g aro toug 6Uo tapdyel KaAutepa anoteAéopard.

To Zxop-F1 evég poviédou tadivopnong vrodoyiletatl og €§1g:

M (5.2)
P+R '

ornou P = n akpiBela, R = 1 avaxkAnorn tou poviédou tagvopnong.

5.2.3 AnoteAéopata

IMa kabe ouvolro Gedopévev mou mapdyetatl and pia PeBodo urmoAoyiopol eAAUOV Ti-
HoV, ektedouie POBAeWn PETA TOV UTTOAOYIOHO 1€ T ATTOTEAECHATA TTIOU ATelkovi{ovial oto

Zxnpa 5.4.

[Mapatnpoupe ot o1 [-NAA kat I-GAIN napdyouv ta kaAutepa arotedéopata Fl-Zxkop
petd v ewoaywyr). o ouykekpiéva, to I-NAA givat 1o poviédo pe 1§ KaAutepeg emdooetg,
Eenepvwviag g adAeg npooeyyioelg kata 0,48-2,43%. IMapatnpoupe ertiong ot o I-GAIN
unieptepet tou GAIN kat otnv epyaocia peta tov urodoytopo katd 0,60%. ErmumAéov, to Miss-
Forest mapayet 1o tpito kaAutepo F1-Zxkop nipoBAeyng pe 45,38%. Akopa, mapatnpoupe Ot
N PooEyyion Simple €xel I Xepotepn emidoor), erutuyxavoviag Pabpodoyia F1 44,10%.
Ao v dAAn o aAyopiBpog KNN rapayet Altyo kadutepo anotédeopa o oxEor) pe v pEbodo
Simple 1o oroio eivat Opwg kat dAtl xapndd. 'evika napampeitat ouprepipopd avaloyn
HE aut] 0T0 KOPPATL TG anodoong Kevov TIHGOV. AUTo sival AoylKO Kdl avapevOHEVO Ka-
9wg éva o mAnpeg oUvoAo §e60EVEOV TO OTTOI0 TIEPIEXEL IO PEAAIOTIKEG TIHEG UITOPEL va

XpnoworonOel KaAutepa anod évav tagvopnt) yid va yivel pat mo omotr] ripoBAeyn).

5.3 ZuvoA1kOGGg OX0ALAONOG

ZUVOAIKA, Prtopoupe va Soupe Otl o1 PéBodotl ounrep1PEPOVIAL PE MTAPOO10 TPOIIO KAl

Yla TV anotijinorn arnouotaloviey TiHoV dAAd Kal yia v ipoBAeyn petd tv anotipnon. ITo

m AinAeopatxny Epyaocia



5.3 XZUvoAKOg OYX0Alaon0g

46.51 0o Simple |
0o KNN ]
MissForest
46 - 0o NAA |
0o I-NAA
00 GAIN
I-GAIN
< 45.5 =
)
— ] —_—
LL‘ —_—
45 | =
445 8
I

Zxnua 5.4: Xkop-F1 ya ta 6iapopa ovvofa 6e60pUsvev TOU TPOEKUWAv amo v anotiunon
anovolaldvIeOv TUMD.

OUYKEKPIEVa, BAEmoupe ol Kat yua ta duo nelpdpata ot péBodot Simple kat KNN €xouv ta
XEPOTEPA ATTOTEAECATA TO OTIOI0 £1vVAl KA AVAPEVOREVO KAB®OG elval amAég Kat Hev pPropouv
va XP1 OO0 00UV ORXOTA T1§ OXE0ELG PETASU TV YVOPIORATOV TOU 0UVOAOU Sedopévav. Ao
Vv dAAn, n pébodog Missforest éxetl a§iodoya arotedéopatd kat yia ta Suo mepapata 1o
ortoio §1Ka10Aoyel Katl IV eUpEa XPr o NG Ao TV EMIOTIHOVIKE] KOWvOTNTd yid To ipoBAnpa
auto. Qotdéoo akopa Kat av 1 npoavapepbév 1€Bodog armodépel kKadd anotedéopara, givat
PavepPO OTL 01 TEXVIKEG TTOU Baocilovial otV PnXavikn pdbnor €ivat mo arnoteAeoaTIKES
bivoviag KaAutepa anotedéopata Kat yla ta duo nepdpata. Av kat 0Aeg ot pébodot Babiag
pabnong netuxaivouv KaAutepa arnotedéoparta, ol BeEATIOOELG TTOU vdoro)Onkav ota miaiota
g Sumlepatikng £ivat mo akpBhg Kat yua tig SUo meputeoelg 10 oroio emBeBaimvel 0Tl ot
APXITEKTOVIKEG TIPOOOHKeG aAAd KAl o1 IIpooBr)Keg ToU adopouv v Stadikaoia sknaibeuong
etvatl xprjopeg. Mrmopoupie cUvoAKA va ITOUHE OTL TO OTAS10 TG AnoTiPNoNg arouotaloviev
TPV €lval oNPaviiko KAl 1) XPron o oUYXPOoVeV Kdl AroTEAEOPATIKOV Pebodwv anmodepet
KaAutepa arotedéopata pe £€va ouvodo Sedop€vav 10 OIoio avtarokpivetal Kailutepa ota

mpaypatka dedopéva.
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6.1 ZTupnepaopata

Znv napovoa epyaocia, PEAET|OapE TNV MEPIUTIOOT TOU UITOAOYIOHOU €AAMITOV TIUOV O
€va ouvolo dedopévav yia kapdlayyelaka voonpata. Baolothkape otig untdpXouoeg apyite-
KTOVIKEG Babiag pabnong eloayoviag PEATIOOELS TTOU TA1P1AOUV 0T CUYKEKPIHIEVT TIEPITTT®R-
on. Tig afodoyroape 1600 yia tyv anddoor KeEVOV TIHOV 000 Kat yid TG ermdooelg Hetd v
anédoor). 'Ocov apopd v di1adikacia ToU UMTOAOYIoPOoU €AAIOV TIHOV, MEPAPATIOT)KALLE
pe 81agopa mocootd eAAIOV TIPOV Kat Seifape 0Tl 01 MPOTEVONEVEG TIPOOEYYIOEIS UTIEPTE-
POUV £VaVTL TOV OUYXPOVAV IIPOCEYYIOE®V, EMITUYXAVOVIAG KAVOVIKOIOUEVES Babdiiodoyieg
RMSE kat AUROC ¢wg kat 0,095, 82,00% avtictoixa. Axkopa, €idajpie 0tt 600 10 I0CO0TO
TOV EAAMIMOV TPV Yivetal peyaAutepo n Stapopd autr) eivat 6Ao kat 1o éviovn. AuUto eivat
Aoy1k6 KaBog 600 augavetal to ocootd autod audavetal Kat 1 Suckodia g arddoong Tpwy.
Ta v epyaoia mpdBieyng (rpoBAeywn petd Tov UoAoy1opo), ta eupnpata £6ei§av ot ot
€100YOHEVEG TIPOOEYYIOEIS Pag mETuXav ta Kadutepa aroteAéopata F1 yia tov unoAoyiopod
pe 6agopd 2,50% oe oUykptlon pe aAdeg ripooeyyioetlg. Autd anodsikvuet 6t 1) a§loroinon
mo ouvletev Kat duvatmv pefodnv yia v avIilPEIOINo IOV KEVOV TIHOV £1vdl ONPAVIIKY)

ylati o6nyet o kaAutepa nPoBAEMTIKA POVIEAA TOU £ival KAl O IO ONHAVIIKOG OTOX0G.

6.2 MeAdovuirég Enertaoeig

Zto péAdov, okorevoupe va aglodoyrjooupe g pebodoug pag os replocotepa ouvoAa
1atpkev dedopévav. Ermurmdéov, 6edopévou ott autég ot pebodot exkmaidsvovial kat §oxi-
padoviat oto 1610 ouvolo dedopEvav, £X0UV OUOIACTIKA TIPOCAPHOCTEL 08 11a OUYKEKPIHEVT
Katavopr] acbevev. Ta 1o Adyo autd, éva PoviEdo 1ou eknaideutnke oto Framingham Sa
HIOPOUoE va XpnotpornotnOel yla tov UToAoyilopd eAAMov eV os Stapopetika Sedopéva
KapSlakev nabnoenv ya v aflodoynon g arnodoong Petaiy tov ouvolev dedopévav.
EmnA¢ov, 9a mpémnet va yivel kat pat ermAéov PeA€Tn) yla ToUg UMOAOITIOUS PNXAviopoug
eAMIOV TPV Gote va aglodoynOouv ot ripotevopeveg PeBodotl oe peyaAutepo Babog xkal oe

£€va eupuTEPO PACHA CEVAPIGOV.
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Zta miaiowa tng Srmepatukng avtrg avantuydnke 1 §rg dnpooicuon :

e K. Psychogyios, L. Ilias and D. Askounis, "Comparison of Missing Data Imputation
Methods using the Framingham Heart study dataset,” 2022 IEEE-EMBS Interna-
tional Conference on Biomedical and Health Informatics (BHI), Ioannina, Greece,
2022, pp. 1-5, doi: 10.1109/BHI56158.2022.9926882.

Cardiovascular disease (CVD) is a class of diseases that involve the heart or blood ves-
sels and according to World Health Organization is the leading cause of death worldwide.
EHR data regarding this case, as well as medical cases in general, contain missing values
very frequently. The percentage of missingness may vary and is linked with instrument
errors, manual data entry procedures, etc. Even though the missing rate is usually sig-
nificant, in many cases the missing value imputation part is handled poorly either with
case-deletion or with simple statistical approaches such as mode and median imputa-
tion. These methods are known to introduce significant bias, since they do not account
for the relationships between the dataset’s variables. Within the medical framework,
many datasets consist of lab tests or patient medical tests, where these relationships are
present and strong. To address these limitations, in this paper we test and modify state-
of-the-art missing value imputation methods based on Generative Adversarial Networks
(GANs) and Autoencoders. The evaluation is accomplished for both the tasks of data
imputation and post-imputation prediction. Regarding the imputation task, we achieve
improvements of 0.20, 7.00% in normalised Root Mean Squared Error (RMSE) and Area
Under the Receiver Operating Characteristic Curve (AUROC) respectively. In terms of
the post-imputation prediction task, our models outperform the standard approaches by
2.50% in F1-score.
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