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Per-lThyh

Amd e apyée tou 2020 ohdxhnpoc o xdopoc paotileton and TNy Tavdnuic Tou X0pwWVo-
100, v oe xodnpepwvn Bdor evdlapepduacte yior Tor Dedopéva TS VOGOU ARG Xou TNV
pelhovtiny tng e€EMEN. Xxondg tng mopovoag Simhwuotixrc epyaciag lvan 1 e€ouxein-
on pe to dedopéva e Covid-19 xon otn cuvéyeia 1 Yeromn HOVTENGY Unyovixfc wéinong
npoxelwévou va npoPAédouue TNy eEEMEN TNE TavdNploe W TEOC Tal XPOUGHUATO Yol TOUG
Yovdroue. To mpdPinua auto, avtipetorileTon TEWTOTOPIIXMS, WS TEOBANUA YPOVOTEL-
pwV ot €tol undyeton oo TEoBAUaTa TEdBAedne ypovooep®y. To mpofAfuota oautd
elvon eupéng dladedouéva oe mtorholg touelc e Emotiung twv Aedopévov.

ITio ouyxexpwéva, N epyaoio pag ywelleton oe 2 xevtpiwole dfovee. Ilpdta, yve-
pllovye péoo amd padnuatixéc oyéoeic ta dedouéva authg TNg aoVévelag xan ENELTa To
OTOTUTMVOULUE UE TNV BoHdeld 0 TATIO TV ATEXOVICEWY. 1TO SEUTERO oL EXTEVEG TERO
oxéNog, oToyedOUPE GTNY Yvwetuia xou Bactx| wordnuotiny JepeMwon by HOVTEAY
Uy evXne uddnong, twy veupwixdy dxtiwy. EE autdv, nepiypdpoupe avolutind to
eMAUVOANTTIXG Xou cUVENX TS vevpwvixd dixtuo (RNNS o CNNS), tic Ledieic autdv
X0l TLC QOUES HWOXOTONTOV-UTOXMBXOTOMTOV HE unyoviops Ilpocoyne.

X1n ouvéyela, agol yvwpeloouue xou tpoteivouue didpopec pedtddouc tpdBiedng ypo-
vixd oxohouthaxdv SeBoUEVWY, YPNOLUOTOIOVUE AUTES, GE GUVBVACUOS UE TOL VEUPMVIXS
dlxtua yior var tpoPAédoupe tor emxelpevo xpolopata xat Yavdtouge tne vocou Covid-
19 yio Sudipopeg ydpeg ahhd xou oryxdoua. Emmpdodeta, npayuatonololye telpdyato
XOTA T OTOlA TOL LOVTEANN UAC YPNOWOTOLDVTOG UNYUVICHOUS oVATEOPOBOTNONG TEO-
BAémouv Ny e€EMET TN véoou Tépa amd TO YEovixd 0pllovTa Tou GUVOAOU SeBOPEVELV
ohh& xou xataoxevdlouye dixtua amoxalolpeva we Autoencoders mou pog divouv
duvatdtntar aviyvevong axpalowv TwdY ot dedopéva (mdavd onueia andtoune €Zop-
one/ovppixvwone e mavdnuide). Téhog, mpoteivouue piot uédodo, dmou yéoa and v
OMOTEAECUATIXOTNTO TV YOVTEAWY, Unopolue vo eEdyoupe éwe éva Bodud, optopéva
YEWYQAUPLXEL YOQUXTNELO TIXE Kol CUUTERACHUATO WS TEOE TNV EXOVOL TG Tovdnulag ovd
TG YWPES TNE LENAlov.

Lixeic Kleidi : Kpobopata/Odvator Covid-19, HpdBredn Xpovooeipdv, Mn-
yovery Mddnor, Nevpwvid Aixtuo, Enavolnmtind Nevpwvind Abctva, Mnyaviouog
Ipoocoythe, Mnyoavioude Avatpogoddtnone, Autoencoders, 'ewypapnd Xopoxtneoti-
%4



Abstract

Since the beginning of 2020 the whole world has been plagued by the coronavirus
pandemic, while on a daily basis we are interested in the data of the disease and
its future development. The purpose of this diploma thesis is the familiarization
with Covid-19 data and then the usage of machine learning models to predict the
evolution of the pandemic in terms of cases and deaths. This problem is being treated
innovatively as a time series problem and thus, can be regarded as a time series
forecasting problem. These problems are well known in many areas of Data Science.

More specifically, our work is divided into 2 main axes. First, we learn through ma-
thematical formulas the data of this disease and then we illustrate them via statistical
plots and graphs. In the second and more extensive part, we aim at the acquaintance
and basic mathematical foundation of specific models of machine learning, neural
networks. Out of them, we describe in detail the recurrent and convolutional neural
networks (RNNs and CNNs), their couplings and Encoder-Decoder architectures with
an Attention mechanism.

Then, after the introduction and proposal of various methods of predicting te-
mporal sequence data, we use these, in conjunction with neural networks in order to
predict the upcoming cases and deaths of Covid-19 disease for di [erknt countries as
well as worldwide. Furthermore, we conduct experiments in which our models use
rolling update (feedback) mechanisms to predict the evolution of the disease beyond
the time horizon of the dataset and we also construct special networks such as Auto-
encoders that are enabled to detect extreme values (anomalies) in the data (possible
signs of sudden outbreak/shrinking of the pandemic). Lastly, we propose a method
where, through the e [cady of the models, we can draw to some extent, certain ge-
ographical characteristics and inferences as to the image of the pandemic across the
countries of the world.

Keywords: Cases/Deaths of Covid-19, Time Series Forecasting, Machine Lear-
ning, Neural Networks, Recurrent Neural Networks, Attention Mechanism, Rolling
Update Mechanism, Autoencoders, Geographical Features.
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Kef'laio 1

Eisagwg

1.1 Plhroforbec gia thn asjeneia COVID-19

H pandhmb@OoVID-19, gnwst wc pandhmDa koronodo0, ebnai mia nisoc sobar wc
janathfira, pou prokalebtai api to oxO anapneustiki sOndromo coronovarius 2
SARS-COV-2. Aut h asjeneia entopbsthke gia pr,th for” ton Dekémbrio tou 2019
sth Gouqgn thc KPnac, itan to Ejniki Grafebo tou POU sthn KPbna enhmer jhke gia
pneumonba “gnwsthc aitbac [1]. To xéspasma xekbnhse sth Gouq™n ton lanou’rio tou
2020 , me tic kinezikéc arqéc na anaféroun thn pr th perbptwsh kroOsmatoc stic 4-
1-2020 [2]. Argitera ton M’rtio tou 2020, éqontac exaplwjeb se ilo ton kismo, o
Pagkismioc Organismic Ugebac (POU) anak ruxe thn asjéneiaCovid-19, wc pandh-
mba [3]. O pr,toc anaferimenoc j"natoc api thn Covid-19 tan epbshc sth Gouq™n
stic 11-1-2020 [4]."Ewc kai ton M’rtio tou 2021, éqoun epibebaiwjeb perissitera api
120 ekatommOria kroOsmata (dhlad perPpou to 2% tou pagkismiou plhjusmoQ), me
perissiterouc api 2.5 ekatommOria jan"touc na apodBdontai sthiCOVID-19.

Kat™ to pr.,to ex’'mhno tou 2020, oliklhroc o kismoc antimet,pise prwtofane-
Bc katast'seic itan oi perissiterec q,rec odhg jhkan se oliki meriki klebsimo
(lockdown) all” kai se kajolik apagireush twn diejn,n pt sewn prokeimenou na
prostateOsoun touc polbtec kai ta sust mata ugePac touc. Dustuq.c, poll” su-
st mata ugebac katérreusan, sumperilambanoménwn thc ItalPac, thc Ispanbac kai ori-
smeéenwn politei,n twn HPA [5][6][7] upi thn ter"stia pPesh twn amétrhtwn asjen.n
pou grei“zontan noshleba kai mon~dec entatik ¢ jerapebac me apotélesma qili"dec ja-
n“touc. Api to kalokabri tou 2020 kai met’, itan “rgise na exapl netai to deOtero
kOma tou i00, oi kubern seic prosp’jhsan sig™-sig™ na apofOgoun ta lockdown ligw
tou ter"stiou antiktOpou sthn oikonomPa touc. Efarmisthkan di“fora métra gia na
apofeuqjeD h uperbolik met'dosh tou 00, ipwc periorismob taxidi,n, karantbnec, a-
naboléc kai akur,seic ekdhl sewn, koinwnikéc apost'seic kai apofug sunwstismoO.
Wstiso, aut” ta métra den mpiresan na krat soun ton arijmi twn krousm™twn se
ikanopoihtiki epPpedo gia meg’lo groniki di"sthma. GOrw ston Okt brio tou 2020,
ena meg-lo meroc thc Eur,phc epébale gia “llh mba for™ di“fora perioristik™ metra,
sumperilambanomeénou Kaickdown [8], gia na stamat sei ( na metriasteb) h diaspor”

15
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tou koronodoO. Par ila aut”, polléc g.rec, sumperilambanoménhc kai thc Ell"dac,

epl ghsan barOtata api to 20 kOma thc pandhmbac kat™ tic arqéc tou geim na tou
2020 metr ntac polu’rijmec ap,leiec se anjr,pinec zwéc [9].

'Ufesh thc ex plwshc tou koronodoO tou deOterou kOmatoc parathr jhke thn perbodo
twn Qristougénnwn tou 2020. 'Omwec sta telh lanouarbou 2021 “rgise na koruf, netai

to trbto kOma thc pandhmBac, me ton ii na parousi“zei metall"xeic [10], na gPnetai pio
metaditikic, all” par’llhla, xekbnhse pagkismia kai o emboliasmic kat™ thc nisou

[11]. Epidbwxh twn kubern sewn pagkismia ePnai h anagabthsh tou i0O, h jwrkish tou
plhjusmoO me to embilio kai h epistrof sthn kanonikithta.

Eikina 1.1:  Anapar’stash tou anapneustikoO io® SARS-COV-2 [120]

Eikina 1.2: H pilh thc Aj nac se kajest,c lockdown ton Aprblio 2020 [121]



1.2. QRONIKA AKOLOUJIAKA DEDOMENA 17

Eikina 1.3: H asfuktik pBesh sto sOsthma ugebac, sto Pérgkamo thc ltalDac[122]

'Oson afor” thn Bdia thn asjéneia, ta pio koin™ sumpt,mata perilamb“noun pureti,
b ga, kipwsh, duskolPec sthn anapno kai ap,leia isfrhshc-geOshc. Se pio sobaréc
katast’seic thc nisou, oi epiplokéc mporeb na perilamb”™noun pneumonba kai oxeba ana-
pneustik lobmwxh. H perbodoc ep,ashc ebnai sun jwc perbpou pénte (5) hmerec, all”
mporeb na kumabnetai api mPa (1) ewc dekatésseric (14) hmeérec [12]. Méqri s mera,
up’rgoun di“fora egkekrimena embilia kat™ thc nisou Covid-19 (dhlad éqoun egkri-
jeb kai gbnei apodekt™ pagkosmbwc [13]. Tautigrona, gbnontai pollec prospTjeiec,
diejn,c, gia thn dieOrunsh tou arijmoO kat'llhlwn embolPwn pou ja kalOptoun kai
tic metall"xeic tou i00. Epipléon, katab llontai pagkismia ter’stiec prosp’jeiec a-
pi touc ereunhtéc gia thn exeOresh katall lwn jerapei n gia th niso  Covid-19, mia
prosp’jeia pou fabnetai na apodbdei (monokiwnik™ antis, mata-anarrwtiki pl"sma) se
sunduasmi me “llec antiokec jerapebec [14]. O ag,nac gia th jerapeba ,ta embilia ,ton
emboliasmi tou plhjusmoO kai ton periorismi tou 0O sunegbzontai akat"pausta api
tic kubern seic kai thn episthmonik koinithta se ilo ton plan th.

1.2 Qronik™ Akoloujiak™ Dedomeéna

Touc teleutabouc dekatésseric (14) m nec (kat™ th suggraf thc ergasbac) oi zw-

ec thc pleiinothtac twn anjr,pwn an” thn uflio “llaxan. Sthn kajhmerinithta

twn perissotérwn api em"c mp kan er thseic ipwc: Pisa kroOsmata égqoume s me-

ra?, Pisa kroOsmata ja égoume tic epimenec meérec?, Pisoi “njrwpoi égasan th

zw touc?, Pisec noshlebec anaménetai na up“rqoun tic epomenec meérec sta noso-

komeba? kai pollec “llec. Oi apant seic se autéec tic er thseic kajirizan kai th

zw thc epimenhc hmérac. Ta kajhmerin™ kai ta ajroistik™ kroOsmata, oi kajhme-

rinob kai oi ajroistikob j"natoi, ta diexag,mena test, oi noshlebec se apléc klbnec
kiPnec MEJ-Covid k.a apoteloOn ta dedoménahc pandhmbac. Ta dedoména aut’

ta apokaloOmegronoseiréc (time serieg. Qronoseir” loipin ePnai éna sOnolo shme-
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Pwn api dedoména pou katagwroOntai se éna euret rio /kai anaparDstantai grafik®
me gronik seir”. Sun jwc, mba gronoseir” ebnai mba akoloujba pou lamb™netai dia-
dogik™ se exbsou katanemhména qronik™ shmeba. Sunep,c, mil"me gia mia akoloujba
diakrit,n gronik,n dedoménwn. H exelixh twn dedoménwn thc niso€ovid-19 touc
teleutabouc dekatésseric (14) m nec apoteleb akrib,c mba tétoia groniseira. ‘Alla
paradebgmata gronoseir,n ebnai ta Oyh twn wke niwn palirroi,n, o arijmic twn hlia-
k,n khibdwn kai h hmer sia tim kleisbmatocdlose pricg tou debkthDow Jones Oi
gronoseiréc sunantioOntai sugn” sthn statistik , epexergasPa shm™twn, anagn,rish
protOpwn, oikonometrik an’lush, oikonomik majhmatik an’lush, prignwsh kairoQ,
pribleyh seism_n, hlektroegkefalografba, mhganik eléggou, astronomba, mhganik
epikoinwni,n kai se meg’lo bajmi se opoiond pote toméa efarmosmeénhc epist mhc kai
mhqganik ¢ pou perilamb™nei gronikec metr seic. Sthn _eikina 1.4parousi"zoume mba
tupik gronoseir” pou mac debgnei pwc kin jhke h tim kleisbmatoc thc metoq ¢ thc
Googleapi to 2004 ewc kai to 2016.

Eikina 1.4: Tupik gronoseir” pou debgnei to klebsimo thc tim ¢ metoq ¢ thc Googleg[123]

H an’lush gronoseir,n perilamb™nei mejidouc an’lushc dedoménwn gronoseir,n
gia thn exagwg shmantik n statistik,n kai “llwn garakthristik. n megej,n. H
pribleyh gronoseir,n (time series forecasting ePnai h gr sh montelwn kai ergale-
Pwn gia thn pribleyh mellontik,n tim,n se gronoseiréc me b"sh timéc pou égoun
parathrhjeD prohgouménwc. Sthn an’lush gronoseir,n, mporoOme na diakrBnoume dOo
(2) basikec mejidouc an’lushc: méjodoi anaferimenec sto pedbo thc sugnithtac kai
mejodoi anaferimenec sto pedbo tou grinou. Oi pr tec perilamb™noun fasmatik a-
n"lush ( spectral analysi§ kai an’lush kOmatoc (vavelet analysig, en, oi deOterec
perilamb™noun an’lush autosusqgétishc kai eterosusgétishc ( auto-correlation and
cross-correlation analysis.
'‘Enac akima diagwrismic gbnetai me b"sh to an ta dedoména parousi"zoun grammik su-
mperifor~ igi. Se arketoOc api touc ki"douc pou anaférjhkan prwtargikic stiqoc
ebnai h pribleyh. Se orisménouc, ipwc oi thlepikoinwnbec, h epexergasba s matoc k.a
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stigoc ebnai h anbgneush s matoc. Se “llec efarmogéc ipwc h exiruxh gn,shc a-
pi dedoménadata mining), h mhganik m’jhsh (machine learning kai h anagn,rish
protOpwn o skopic ePnai h omadopoPhsh h taxinimhsh dedomeéciwstefing and
classi cation), h anbgneush akrabwn shmebwn all” kai h pribleyh [15].

Mba api tic shmantikiterec mejidouc sthn statistik montelopobhsh ebnai tpalin-
dromik an’lush (regression analysispou apoteleb éna sOnolo statistik,n diadikasi-
.n gia thn ektbmhsh twn sgésewn metaxO mbac exarthménhc metablht ¢ (sugn” apoka-
lebtai {metablht apotelésmatoc}) kai mbBac perissiterwn anex'rthtwn metablht,n
(sugn”™ apokaloOntai {garakthristik}). H pio gnwst meéjodoc palindrimhshc ePnai
h grammik palindrimhsh (linear regression sthn opoba k“poioc prospajeb na brei
mba eujePa éna sOnolo eujei,n pou na tairi"zoun kalOtera sta dedomeéna tou. Se
arketéc peript,seic akoloujebtai kai h gnwst mejodoc elagbstwn tetrag,nwn kat
thn opoPa, h eujeba pou y"gnoume ste na tairi"zei kalQOtera sta dedomeéna elagisto-
poieD to “jroisma tetrag,nwn thc apistashc metaxO twn dedoménwn kai thc Bdiac thc
eujebac.
Up“rgoun kai “llec méjodoi palindrimhshc, oi opobec sun jwc ebnai kai apotelesmati-
Kiterec, kaj,c ta dedoména sthn pleionithta twn peript,sewn parousi"zoun mh gram-
mik sumperifor”. K"poiec api autéc ebnai hpoluwnumik palindrimhsh (polynomial
regression, palindrimhsh me dianOsmata upost rixhc (support vector regression,
Mpedzian palindrimhsh, grammik kai mh, (Bayesian regressioh kai “llec. Oi
meéjodoi palindrimhshc grhsimopoioOntai kurbwc gia dOo ennoiologik™ diaforetikoOc
skopoOc. Pr ton, h palindrimhsh efarmizetai euréwc sthn pribleyh gronoseir,n,
ipou h gr sh thc égei shmantik epik’luyh me to pedbo thc mhganik ¢ mjhshc. DeOte-
ron, se orisménec peript,seic h an’lush palindrimhshc mporeb na grhsimopoihjeb gia
na sunagjoOn aiti deic sgéseic metaxO thc anexrththc kai exarthménhc metablht ¢
[16]. H méjodoc twn elagbstwn tetrag,nwn pou anaferjhke nwrbtera an kei sthn eu-
rOterh kathgorba toutairi'gmatoc kampOlhc (curve tting ) kat™ thn opoba y"gnoume
mba kampOlh pou tairi"zei kalOtera sta dedoména mac kai apoteleD “llon énan tripo
an’lushc/pribleyhc gronoseir,n.
Tic teleutabec dekaetDec ta pio diadedoména montéla gia thn analOsh kai pribleyh gro-
noseir,n ebnai ta montélaautimathc palindrimhshc (auto-regressive-AR), ta montela
enswm’twshc (integrated-1) kai ta montéla kinobOmenou mésou iro(moving average-
MA). Sunduasmic aut,n twn eid,n montélwn éqoun katagr-yei meg’lec epitugbec ston
g,ro thc pribleyhc gronoseir,n. Tétoia montéla ebnai ta ARMA (auto-regressive
moving average), ARIMA (auto-regressive integrated moving averagekai ARFIMA
(auto-regressive fractionally integrated moving average)[17][18]. Akima pio sOgqro-
noc tripoc antimet, pishc tou probl matoc autoQ, kai pou egei xekin sei ta teleutaDa
grinia, ebnai h gr sh montélwn mhganik ¢ m“jhshc. Ston “xona autin kin jhke kai h
paroOsa erg’sia. Argitera, sta Kef'laia 3 kai 4 ja gnwrBsoume pwc ePnai dunatin
na grhsimopoi soume tetoia montéla prokeiménou na probléyoume gronoseiréec.

1.3 Stigoc kai Dom thc Ergasbac

To antikePmeno thc paroOsac ergasPac qwrbzetai se dOo (2) diakrit™ mérh, thn anlush
all” kai thn pribleyh gronoseir,n pou afiroun thn niso Covid-19. To deOtero kom-



20 KEFALAIO 1. EISAGWGH

m’ti ebnai ekeb pou h ergasba esti"zei perissitero. 'Opwc anaférjhke ta dedoména thc
nisou ePnai oi gronoseiréc pou ja grhsimopoi soume kai kurbwc ta kroOsmata kai oi
"'natoi pou apoteloOn tic dOo (2) pio shmantikéc metablhtéc thc pandhmbac. Sthn ar-
g, stigoc ebnai h eisagwg dedoménwn gia thn nis@ovid-19 api egkekriménec phgéc
ipwc 0 Pagkismioc Organismic Ugebac (POU) [19], o Organismic Hnwménwn Ejn,n
(OHE) [20], h istoselbda Our World in Data (OWID) [21] kai h istoselbda Covid
Tracking Project[22] pou afor™ kuri,c tic Hnwménec PoliteBec Amerik ¢ (HPA), thn
g,ra pou éqei plhgeb iso kamba all api ton korwnodi. Sth sunégeia, efarmizontac
k™poiec klassikec mejidouc diagebrishc dedomeénwn all” kai me thn bo jeia thc pro-
grammatistik ¢ gl,ssac Python skopic ebnai h optikopobhsh aut,n twn dedoménwn
se apl” diagrmmata, graf mata pbtac, rabdogr'mmata, istogrrmmata, gewgrafiko-

b jermoq’rtec (Geographic Heat Maps)k.a all® kai exagwg diafirwn gr simwn
statistik_n metrik_n kai sumperasm™wn pou mac bohj’ne sthn kalOterh katanihsh

thc ex"plwshc kai sobarithtac thc pandhmbac. Se autéc tic metrikéc an koun ta kro-
Osmata/j"natoi an™ ekatommOrio, ta posost™ jnhtithtac ( Case Fatality Rate-CFR
[23]) an” g,ra, pijanithta eisagwg ¢ se MEJ k.l.p

Sto deOtero kai shmantikitero méroc, o skopic thc ergasPac metatopPzetai sthn
pribleyh thc exélixhc thc nisou me thn gr sh kai th bo jeia montélwn mhganik c
m’jhshc. Sugkeriména, k'noume gr sh twn epanalhptik,n neurwnik,n diktOwn pou
diajétoun thn ikanithta na diathroOn (san mn mh) plhroforba pou éqoun gnwrbsei nw-
rbtera kat™ thn ekpabdeus touc prokeiménou na k“noun mba pribleyh gia to méllon.
Auti to eBdoc neurwnikoO diktOou, ligw twn sugkekriménwn dunatot twn apoteleD th
ragokokali” thc ergasbac p"nw sthn opoba di*fora ebdh montelwn dokim”sthkan gia
to skopi thc pribleyhc.

QrhsimopoioOme epbshc, k’poiec stogeumeénec tegnikéc, gnwstéc ston kismo the prible-
yhc gronoseir,n, (méjodoi parajuropobhshc, periodik,n diafor,n k.a.) étsi ,ste na
trofodot soume katall lwc ta dBktu™ mac all” kai na ta enisqOsoume kat™ thn pro-

spjeia pribleyhc. Tautigrona, gbnetai gr sh plhj,rac argitektonik,n kai tegnik,n

gia na exet’soume (kai pijan,c na belti,soume) thn apotelesmatikitht™ mac kat™ thn
pribleyh kai gia auti eis"goume ta suneliktik® neurwnik™ dbktua, thn énnoia twn
amfbdromwn neurwnik, n diktOwn all* kai ton mhganismi thc prosoq c. Ja prépei

na tonisteD iti autéc oi epipléon prosj kec apoteloOn epekt’seic twn epanalhptik, n
neurwnik,n diktOwn upi thn énnoia iti den grhsimopoioOntai autinoma.

Me thn bo jeia di*forwn bibliojhk,n kataskeu"zontai arketéc ekdogec (apl,n e-
nisquménwn) tétoiwn diktOwn pou axiologoOntai mésa api peiramatik diadikasPa. Sh-
mei,nontac peiramatik diadikasPa ennooOme thn ekpabdeush kai thn pribleyh p“nw
se di“fora eDdh kampul,n (krousm™wn jan“twn) api di“forec q,rec tou kismou

/kai thn uf lio oliklnrh. K ta thn pribleyh grhsimopoioOme di“forec metrikéc
apotelesmatikithtac me tic opoPec posostikopoioOme kai thn apidosh twn montélwn
mac. Autic ebnai kai o ap,teroc stiqoc thc ergasbac.

Epipléon, eidikéc ulopoi seic sunistoOn h kataskeu poluplokiterwn argitektoni-

k.n efododiasménwn me epipléon mhganismo@ttefition ) pou bohjoOn sthn kalOte-

rh pribleyh montélwn pou me anatrofodithsh twn probléye,n touc feOgoun péran

tou sugkekriménou orbzonta dedoménwn pou égoume eis"gei, h kataskeu diktOwn (a-
pokaloOmenoi diejn,c wcautoencoder$ pou exet’zoun shmeba twn dedoménwn mac pou
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endeqoménwc na parousPazoun k’poia anwmalPa (eOresh akraBwn tim n) all” kai h
pritash kai h efarmog miac mejidou ipou mésa api thn apotelesmatikithta twn mo-
ntelwn mporoOme na ex"goume éwc éna bajmi orisména (gewgrafik”) garakthristik”
gia thn eikina thc pandhmbac an” thn uf lio.

H upiloiph ergasPba diarjr,netai wc ex ¢. Sto Kef'laio 2 optikopoioOme ta dedo-
ména thaCovid-19 kai ta parousbPazoume mésa api ta graf mata kai ta sgediagr'rmmata
pou proanaférame. O anagn,sthc se auti to kef'laio ja gnwrbsei gia to pwc égei
exeligieb h pandhmba ton teleutabo grino mésa api di“fora statistik™ stoigeba. Sto
Kef'laio 3 k'noume mba eisagwg sthn mhganik m’jhsh kai ta neurwnik™ dbktua kai
gnwrbzoume to aparabthto jewrhtiki upibajro twn montélwn pou grhsimopoi jhkan.
Xekin ntac api th grammik palindrimhsh pou gnwrbsame sthn enithta 1.2 katal gou-
me stic pio sOnjetec kai perDplokec doméc epanalhptik.n neurwnik n diktOwn efodia-
sménec me epiprijetouc enisqutikoOc mhganismoOc.

Sto Kef'laio 4 apotup,netai h praktik efarmigh twn montélwn pou analOjhkan

sto kef'laio 3. Perigr-foume thn ulopoi sh ilwn twn emplekimenwn argitektonik,n

thc ergasbac kai tic parousi"zoume me th bo jeia thdPython [24]. EpBbshc, gbnetai h
an’lush sugkekriménwn tegnik,n pou grhsimopoi jhkan prokeiménou na belti, soume
thn apidosh twn montélwn. Se sunégeia, sto Kef'laio 5 anadeiknOontai ta apote-
lesmata twn diafirwn argitektonik,n kai tegnik,.n mésa api kat'llhlec metrikéc,
sqoli"zontai kai érgontai se antidiastol me skopi thn eOresh tou apoditikiterou.
Téloc, sto Kef'laio 6 katagr'foume ta basik™ sumper’smata thc ergasbac kaj,c

kai pijanéc mellontikéc ereunhtikéc epekt'seic se éna priblhma pou oOtwc “llwe
egei thn idiaiterithta iti ja aposqoleb thn ereunhtik koinithta suneq,c.



Kef'laio 2

Optikopobhsh twn
dedomenwn thc Covid-19

2.1 H pagkismia eikina thc nisou

Api thn énarxh thc pandhmbac, ton lanou’rio tou 2020, éwc kai ton M’rtio tou 2021

(kat™ th suggraf thc ergasbac) égoun nos sei perb ta 125 ekatommOria “njrwpoi api

thn asjéneia Covid-19, en, égoun katal xei perbpou 2.75 ekatommOria. Tautigrona,

xekin ntac api ton Dekémbrio tou 2020 e,c s mera, égoun emboliasteb perbpou 250
ekatommOria “njrwpoi, toi to 3.5% tou pagkismiou plhjusmoO. Sth sunégeia, ja do-

jeb mba pol® sOntomh parousPash thc eikinac pou eBge h pandhmba se pagkismio epPpedo
kat™ ton M’rtio tou 2021. Ja prépei na tonisteb se auti to shmebo iti ta dedomeéna

thc nisou égoun morf hmer siac sullog ¢ kai kat™ thn eisagwg touc aforoOsan

thn K'je g,ra xeqwrist™ api thn enarkt ria mera thc pandhmbac sth sugkekriménh

g,ra ewc kai thn teleutaba hmeéra sullog c.

Epeid loipin, h sullog twn dedoménwn eBge wc bsh to sOnolo twn qwr,n, h
anagwg touc se pagkismia klbmaka egine me thn apl prisjesh ilwn twn dedomenwn,
ilwn twn gwr,n kaj ilh th di‘rkeia thc pandhmbac. AxPzei epbshc, na shmeiwjeb
iti gia ligouc eukolPac diageBrishc (ipwc ja doOme paraktw) kai apeikinishc twn
dedoménwn h gronik di‘rkeia thc pandhmbac orbsthke gia ilec tic g,rec all” kai gia
thn uf lio sunolik™ wc to di"sthma api thn hméra anbgneushc tou 1ou kroOsmatoc
sthn Gioug™n thc Kbnac ewc kai thn teleutaba mera sullog ¢ twn dedoménwn.

Ta dedoména pou apeikonbzoume proérgontai api ton POU (kroOsmata/j natoi)
kai ton OHE (gr sh tou plhjusmoO qwr,n). Gia thn apeikinish touc égine gr sh
twn polO isqur,n bibliojhk,n thc  Python, Matplotlib kai Seaborn[25][26], oi opoPec
prosferoun meg-lh “nesh sthn optikopobhsh dedoménwn. Stic eikinec 2.1k@i 2.1bp
blépoume thn ajroistik kampOlh twn krousm™twn tiso se grammik iso kai se lo-
garijmik klPmaka. AntBstoiga, stic eikinec 2.2ap, 2.2kic Bdiec kampOlec gia touc
ajroistikoOc jan“touc. PaPrnontac to kI'sma twn sunolik,n jan“twn proc ta suno-
lik> kroOsmata gia k’poia gronik stigm @goume to legimeno pososti jnhsimithtac

22
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(ap) Grammik klbmaka

(bp) Logarijmik klBmaka

Eikina 2.1: Ajroistikec kampOlec krousm’twn

me b"sh ta kroOsmata Case Fatality Rate - CFR), dhlad :

Total Deaths
CFR= To@l Cases (2.1.1)
Sthn eikina 2.3 blépoume toCFR thc asjéneiac Covid-19 kat” th di“rkeia tou grinou.
Blépoume iti kat” thn arg thc pandhmbac h jnhsimithta thc nisou xeperase akima
kai to 7%, en, sth sunégeia mei jhke ft'nontac sto epbpedo tou 2.2%

Perissitero endiaféron api tic ajroistikec kampOlec twn krousm™twn kai twn
jan“twn éqoun oi kampOlec pou apotup,noun ta kajhmerin® kroOsmata kai touc kajh-
merinoOc jan“touc, dPnontac kai kalOterh eikina gia thn exélixh thc nisou. Autéc oi
kampOlec fabnontai sta rabdogr'mmata twn eikinwn 2.4ap,2.4BpBshc, se autéc tic
eikinec bléepoume ton epta mero kuliimeno meso iro twn krousm™twn kai twn jan™twn.
Tonbzoume iti o epta meroc kuliimenoc mésoc iroc gia mba parat rhdh m kouc N
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(ap) Grammik kibmaka

(bp) Logarijmik klbmaka

Eikina 2.2:  Ajroistikéc kampOlec jan"twn

Eikina 2.3: H jnhsimithta thc  Covid-19 wc sun’rthsh tou grinou ( CFR)
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dPnetai api ton parak“tw tOpo:
_ Xi3+ Xi 2+ Xi 1+ Xij+ Xisg + Xiwz + Xiuz

M; - ga 3 i N 3
(2.1.2)
Giai =0;1;2kaigiai= N 2;N 1;N eqoumév; =0
(ap) Kajhmerin® KroOsmata
(bp) Kajhmerinob J natoi
Eikina 2.4: Kajhmerin apotOpwsh twn dedoménwn thc nisou

AxDzei na stajoOme IDgo stic eikinec 2.4ap,2.46}son afor” ta kroOsmata mpo-
roOme na doOme iti h uf lioc gtup jhke api trba (3) epidhmik™ kOmata ipou gronik
topojetoOntai perBpou ston M’rtio, 100lio kai Noémbrio tou 2020. Eutug,c, api
thn énarxh tou 2021 parathrebtai mba stadiak upoq,rhsh thc nisou. Anaforik™ me
touc jan"touc, mporoOme na diakrbnoume dOo (2) apitomec aux seic tou epta merou
kuliimenou meésou irou pou antistoiqoOn se dOo (2) kOmata. Aut™ topojetoOnai stic
argéec thc pandhmbac kai ston Noémbrio tou 2020.
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2.2 Diagwrismic an” q,ra

Dustuq,c, oi perissiterec g,rec tou kismou antimet, pisan sobari priblhma se e-
pPbpedo ugebac kai oikonombac api th lob@ewiti-19. 'Oson afira ton toméa thc
ugebac h g.ra me to megalOtero makr'n pl gma ePnai oi HPA, tiso ston arijmi krou-
sm"twn iso kai se autin twn jan“twn. AkoloujoOn di*forec poluplhjeDc g,rec ipwc

h Indba, h Brazblia, h Rwsba all” kai q,rec thc Eur,phc. Stic eikinec 2.5ap, 2.5hja-
rousi"zoume tic deka (10) pio sfodr” gtuphmenec q,rec api ton ii se epbpedo krou-
sm"twn kai jan“twn mésa api dOo (2) graf mata pPtac me touc akribeBc arijmoOc twn
krousm™twn kai jan"twn gia autéc tic déka (10) g,rec kaj,c kai tic upiloipec su-
gkentrwtik™ (pou ebnai ektic dek™dac). Epipléon, parousi“zetai h posostiaba katoq
thc pbtac api kje g,ra (ta dedoména aforoOn éwc kai tic 8/3/2021).

Api tic eikinec 2.5 mporoOme na doOme iti kat™ touc pr touc dekatésseric (14)
m nec pandhmbac tiso o sunolikic arijmic krousm™twn iso kai o antbstoigoc arijmic
twn jan"twn diamoir"zetai kat™ pososti 65% kai “nw stic pr,tec deka (10) g,rec
kai kta 35% se ilec tic upiloipec g,rec. Na tonisteb bebabwc, iti autéc oi déka (10)
g.rec égoun kai éna arket” meg’lo méroc tou pagkismiou plhjusmoQ (exairebtai h
KBbna). Epbshc, ison afor” ta kroOsmata mporoOme na doOme iti oi HPA api minec touc
eqoun sgedin to 1/4 tou sunolikoO arijmoO krousm’twn kai akoloujoOn h IndDa kai h
Brazilba me sqedin 10%. Anaforik™ me touc jan"touc kai p’li oi HPA katégoun api
minec touc to 1/5 twn sunolik,n apwlei n akoloujpOmenec api th BrazilDa me 10%.
MPa idiabtera gr simh metablht prokeiménou na katano soume kalOtera th diaspor”
tou i00 se K'je g,ra ePnai oi peript, seic thc nisou an™ ekatommOrio plhjusmoO (),
ipou h auxhménh tim aut ¢ thc metablht ¢ gia mba g,ra debgnei meg’lh diaspor”
thc nisou sto eswteriki thc. Antbstoiga orbzetai kai o arijmic twn jan™twn an”
ekatommOrio$).

Stic eikinec 2.6ap, 2.6bp, 2.6ghrousi"zontai oi q,rec pou brbskontai stic pr,tec
déka (10) jeseic se sgesh me autéc tic metrikec, all” kai me b"sh to pososti jnh-
simithtac. Anaféroume epBshc, iti mPa posithta, éstw kroOsmatac], dbnetai an”
ekatommOriom) api ton tOpo:

c _ Total cases in the cogntry 106 (2.2.1)
m Country % total population

H antBbstoigh sgésh isqOei kai gia touc jan"touc (d), wc:

d _ Total deaths in the country 106
m  Country% total population

(2.2.2)

Api thn eikina 2.6ap mporoOme na doOme iti h Uemeénh, ePnai h g,ra pou égei makr™n
to uyhlitero pososti jnhsimithtac xepern,ntac to 25%! 'Olec oi q,rec pou akolou-
joOn égoun pososti mikritero tou 10%. 'Oson afor” ta kroOsmata an™ ekatommOrio
(eikina 2.6bp parathroOme iti sun jwc mikréc plhjusmiak” all” kai se ektash q,rec,
katalamb™noun tic pr,tec jéseic, qwrbc imwc na leBpoun oi exairéseic (HPA). Epbshc,
blépoume iti oi g.rec thc Eur phc kuriarqoOn kaj,c katalamb™noun tic pr,tec okt,
(8) jeseic thc dek’dac. Téloc, sthn eikina 2.6gp blépoume iti oi eurwpadkéc g.rec
katagr’foun ex olokl rou th geiriterh apidosh anaforik® me touc jan"touc an”
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(ap) Oi déka (10) pr,tec g,rec we proc ta kroOsmata

(bp) Oi deka (10) pr,tec g,rec wc proc touc jan"touc

Eikina 2.5: Oi déka (10) pr.tec g,rec pou epl ghsan perissitero api thn pandhmba

27
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(ap) Oi deka (10) pr,tec g,rec wc proc to pososti jnhsimithtac

(bp) Oi déka (10) pr,tec g,rec wc proc ta kroOsmata/ekatommOrio

(gb) Oi déka (10) pr,tec g,rec wc proc touc jan“touc/ekatommOrio

Eikina 2.6: Oi déka (10) pr,tec g,rec anaforik™ me touc debktec CFR, = kai g

m
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ekatommOrio.

Sthn eikina 2.7, o pbnakac debgnei analutik™ gia pen nta pénte (55) g,rec ton arijmi
krousm™twn/jan“twn, tic metrikéc twn krousm’twn/jan"twn an” ekatommOrio kai to
pososti jnhsimithtac. Epishmabnei me éntono kafé gqr,ma tic peript,seic ipou kpoia
g.ra égei auxhmeénh thn antBstoigh metroOmenh posithta (st Ih). H taxinimhsh twn
gwr.n tou pPnaka gbnetai me b“sh ton arijmi twn krousm™twh.

Eikina 2.7: Sugkentrwtikic pPnakac twn gwr,n me b"sh ta kroOsmata

1To Hnwméno BasBleio égei mhdenikoOc touc debktesm kai d=m sthn eikina 2.7 kaj,c to fOllo
dedomenwn tou O.H.E pou grhsimopoi jhke den periebge gia th sugkekriménh gronik perBodo ton
plhjusmi tou we sOnolo
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2.3 H perbptwsh twn H.P.A.

Sthn enithta 1.3 anaférame iti mPa ek twn phg,n twn dedoménwn mac anaferetai apo-
kleistik™ stic HPA. H epilog aut égine afenic epeid , ipwc eBdame, h sugkekrimenh
q.ra égei uposteD barOtato pl gma api thn pandhmpPa kai afetérou exaitbac tou gego-
nitoc iti mac prosférei megalOterh plhj,ra dedoménwn (pl joc diexagimenwn test,
kajhmerin™ diexagimena test, eisagwgéc sta nosokomeba, asjenebc se MEJ, asje-
nebc diaswlhnwmeénoi k.a) qwrbc eklipoOsec tinmdisging value3. Orisménec ¢ rec
gia par"deigma, de dbnoun arijmi twn test twn asjen,n se MEJ ton paréqoun
mba for” thn ebdom’da. Sth sugkekriménh phg plhrofori.n (dataset [22]) mporoOme
analutik® na broOme ajroistikoOc arijmoQc test, krousm™twn, eisagwg,n sta noso-
komeba, asjen,n se MEJ, asjen,n pou gr zontai anapneustra all” kai jan"twn.
Epbshc, up“rgoun oi kajhmerinéc antbstoigec parathr seic. 'Eqontac ton arijmi twn
test se kajhmerin b"sh eDmaste se jesh na metr soume mba akima shmantik metrik ,
to pososti jetikithtac, pou orbzetai we h diabresh tou arijmoO krousm™twn me ton
arijmi twn test:

o Nunber of cases
P osit Rate = 100% 2.3.1
ositivity ate Number of tests ° ( )

H sugkekriménh posithta bohj” sthn katanihsh thc ex"plwshc tou ioO sthn koinith-
ta (gia arkoOntoc meg’lo arijmi test). Stic eikinec 2.8 parousi“zontai ta kajhmerin®
kroOsmata kai oi kajhmerinoD jnatoi twn HPA en, stic eikinec 2.9 parousi“zontai
ta kajhmerin” test kai h diakOmansh tou posostoO jetikithtac kat™ th di*rkeia tou
grinou gia thn Bdia g,ra.

Blépoume iti h eikina twn krousm™twn kai twn jan"twn e€qoun parimoia morf ,
en, ebnai axioshmebwth kai h merik omoiithta twn krousm™wn me ta sunolik™ pa-
gkismia kroOsmata thc eikinac 2.4ap Auti ePnai anamen meno kjwc, ipwc eDdame
nwrbtera, oi HPA api minec touc katégoun en™ meg-lo merbdio twn sunolik,n krou-
sm’twn (eikina 2.5a. Api tic eikinec 2.9 blépoume iti ta test akoloujoOn to motBbo
twn krousm™wn en, o debkthc jetikithtac xepérase akima kai to 20% stic argéc thc
pandhmPac (oi argikéc meg’lec diakum™nseic den prosmetroOntai, pij"nwc na ofeblo-
ntai se k“poia memonwmeéna test pou diex gjhsan prin o iic ft"sei gia ta kal” sthn
amerikanik peiro), en, sth sunégeia stajeropoi jhke K'tw api to 10% me ligistec
exaireseic.

Sth sunéqeia, grhsimopoioOme ta dedoména pou sgetDzontai me touc asjéneic se no-
sokomeba, mon“dec entatik ¢ jerapebac kai touc diaswlhnwménouc asjenebc. H eikina
2.10apanadeiknOei akrib,c aut n thn tripl plhroforDa. Blépoume iti oi auxomei-

,seic twn tri,n (3) kampul,n sgetbzontai "mesa, en, meg'lh ebnai kai h omoiithta me

to graf ma twn jan"twn sthn eikina 2.8bp . Sthn eikina 2.10bjpapeikonBzoume (kat™ th
di“rkeia tou grinou) thn mésh pijanithta énac asjenhc pou eis"getai sto nosokomebo

na katal xei sthn MEJ all” kai sthn diaswl nwsh. 'Estw H;l kai V ta endegimena
k"poioc asjen ¢ na eisagjeb se nosokomebo,nha eisagjeb sthn entatik kai na diaswlh-
nwjeD antbstoiga, tite oi zhtoOmenec desmeumeénec pijanithtec upologbzontai api tic
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(ap) Ta kajhmerin® kroOsmata twn HPA

(bp) Oi kajhmerinob j"natoi twn HPA.

Eikina 2.8: Ta kroOsmata kai oi j"natoi stic HPA
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(ap) Ta kajhmerin” test twn HPA

(bp) Kajhmerini pososti jetikithtac stic HPA.

Eikina 2.9: Test kai pososti jetikithtac stic HPA
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ex C sgeseic:
. N, . Ny
Pi(IjH)= — 100% Py(VjH)= —~ 100% (2.3.2)
Ny Ny

ipou Ny ;N; kai Ny o arijmic twn asjen, n pou noshleOontai se nosokomebo, mon“da
entatik ¢ kai brbskontai diaswlhnwmeénoi antbstoiqa.

Sthn eikina 2.10gbmporoOme na doOm&®R twn Hnwménwn Politei n pou sthn
arq bréjhke akima kai sto 6%, all” sth sunégeia elatt,jhke stadiak™ éwc kai to
2% perbpou (exairebtai h arqgik , kjeth sgedin anOywsh).

2.4 Gewgrafikob Jermoq'rtec

Oi gewgrafikob jermoq’rtec an kai polO diadedoménoi, tiso sthn perBptwsh thc pan-
dhmbac iso kai genikitera, apoteloOn mPa idiabterh ulopobhsh gia th sugkekriménh
ergasPa, miac kai apoteloOn afenic prwtignwrh empeirba kai afetérou anapispasto
komm’ti thc Epist mhc twn Dedoménwn se mia diplwmatik pou oOtwc “liwe dia-
staur,netai se poll” shmeba me to sugkekriméno ki"do. Gia thn pragmatopobhsh touc
grhsimopoi jhke h gl ssa  Python kai metaxO “llwn h biblioj kh  folium [27] kaj,c

kai gewgrafik™ dedoména twn qwr,n an” thn uf lio pou brbskontai sto [28]. Ta dedo-
ména aut” sundu”sthkan sth sunegeia me ta epidhmiologik™ prokeiménou na gbnei swst”
h apotOpwsh touc. 'Ena xeqwristi shmebo pou st’jhke empidio kat™ thn ulopobhsh
twn gart,n (kurbwc ison afor” th stadiak klim“kwsh twn grwm”™twn p“nw sto q'r-

th) ebnai to geginoc iti oi di*forec g,rec ebgan tromaktik™ meg“lec diaforéc stouc
arijmoOc krousm™twn kai jan"twn touc. Gia par’deigma, gia tic eidik,c proanafe-
rimenec Hnwmenéc PolitePec, o arijmic krousm™wn (kat™ th suggraf thc ergasbac)
“ggize ta 28.5 ekatommOria_(eikina 2)7 en, gia thn patrBda mac ston antbpoda tan
milic 201 gili"dec. Auti dhmiourgeb mia diafor™ wc proc thn t'xh megejouc twn arij-

m,n megalOterh tou 100, prigma pou den bohjoOse sthn apotOpwsh. Gia to ligo auti
epilegjhke grammikopobhsh twn en ligw garakthristik,n (krousm™twn, jan"twn) me

th gr sh tou fusikoO logarbjmou, dhlad :

number of caseg = In( number of casep (2.4.1)
number of deathg, =In( number of deathg (2.4.2)

Stic eikinec 2.11 ewc 2.15parousi“zontai kat™ seir” oi pagkismioi qrtec gia ta
kroOsmata, touc jantouc, to pososti jnhsimithtac, ta kroOsmata an” ekatommOrio
kai touc jan“touc an” ekatommOrio. Stic treic teleutabDec metablhtéc ligw thc dh
kanonikopoi s ¢ touc, kat™ k"poion tripo, den grei"sthke k"poia méjodoc grammi-
kopobhshc. K'je qg,ra tonbzetai me entinotero gr,ma itan diajétei auxhménh thn
antbstoigh metablht .
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