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Per—lhyh

Από τις αρχές του 2020 ολόκληρος ο κόσμος μαστίζεται από την πανδημία του κορωνο-

ϊού, ενώ σε καθημερινή βάση ενδιαφερόμαστε για τα δεδομένα της νόσου αλλά και την

μελλοντική της εξέλιξη. Σκοπός της παρούσας διπλωματικής εργασίας είναι η εξοικείω-

ση με τα δεδομένα της Covid-19 και στη συνέχεια η χρήση μοντέλων μηχανικής μάθησης

προκειμένου να προβλέψουμε την εξέλιξη της πανδημίας ως προς τα κρούσματα και τους

θανάτους. Το πρόβλημα αυτό, αντιμετωπίζεται πρωτοποριακώς, ως πρόβλημα χρονοσει-

ρών και έτσι υπάγεται στα προβλήματα πρόβλεψης χρονοσειρών. Τα προβλήματα αυτά

είναι ευρέως διαδεδομένα σε πολλούς τομείς της Επιστήμης των Δεδομένων.

Πιο συγκεκριμένα, η εργασία μας χωρίζεται σε 2 κεντρικούς άξονες. Πρώτα, γνω-

ρίζουμε μέσα από μαθηματικές σχέσεις τα δεδομένα αυτής της ασθένειας και έπειτα τα

αποτυπώνουμε με την βοήθεια στατιστικών απεικονίσεων. Στο δεύτερο και εκτενέστερο

σκέλος, στοχεύουμε στην γνωριμία και βασική μαθηματική θεμελίωση ειδικών μοντέλων

μηχανικής μάθησης, των νευρωνικών δικτύων. Εξ αυτών, περιγράφουμε αναλυτικά τα

επαναληπτικά και συνελικτικά νευρωνικά δίκτυα (RNNs και CNNs), τις ζεύξεις αυτών

και τις δομές κωδικοποιητών-αποκωδικοποιητών με μηχανισμό Προσοχής.

Στη συνέχεια, αφού γνωρίσουμε και προτείνουμε διάφορες μεθόδους πρόβλεψης χρο-

νικά ακολουθιακών δεδομένων, χρησιμοποιούμε αυτές, σε συνδυασμό με τα νευρωνικά

δίκτυα για να προβλέψουμε τα επικείμενα κρούσματα και θανάτους της νόσου Covid-
19 για διάφορες χώρες αλλά και παγκόσμια. Επιπρόσθετα, πραγματοποιούμε πειράματα

κατά τα οποία τα μοντέλα μας χρησιμοποιώντας μηχανισμούς ανατροφοδότησης προ-

βλέπουν την εξέλιξη της νόσου πέρα από το χρονικό ορίζοντα του συνόλου δεδομένων

αλλά και κατασκευάζουμε δίκτυα αποκαλούμενα ως Autoencoders που μας δίνουν τη

δυνατότητα ανίχνευσης ακραίων τιμών στα δεδομένα (πιθανά σημεία απότομης έξαρ-

σης/συρρίκνωσης της πανδημιάς). Τέλος, προτείνουμε μια μέθοδο, όπου μέσα από την

αποτελέσματικότητα των μοντέλων, μπορούμε να εξάγουμε έως ένα βαθμό, ορισμένα

γεωγραφικά χαρακτηριστικά και συμπεράσματα ως προς την εικόνα της πανδημίας ανά

τις χώρες της υφηλίου.

LŁxeic Kleidi�: Κρούσματα/Θάνατοι Covid-19, Πρόβλεψη Χρονοσειρών, Μη-

χανική Μάθηση, Νευρωνικά Δίκτυα, Επαναληπτικά Νευρωνικά Δίκτυα, Μηχανισμός

Προσοχής, Μηχανισμός Ανατροφοδότησης, Autoencoders, Γεωγραφικά Χαρακτηριστι-

κά.
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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 different 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 efficacy 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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Kefˆlaio 1

Eisagwg 

1.1 PlhroforÐec gia thn asjèneia COVID-19

H pandhmÐaCOVID-19, gnwst  wc pandhmÐa koronoðoÔ, eÐnai mia nìsoc sobar  wc
janathfìra, pou prokaleÐtai apì to oxÔ anapneustikì sÔndromo coronovarius 2  
SARS-COV-2. Aut  h asjèneia entopÐsthke gia pr¸th forˆ ton Dekèmbrio tou 2019
sth Gouqˆn thc KÐnac, ìtan to Ejnikì GrafeÐo tou POU sthn KÐna enhmer¸jhke gia
pneumonÐa ˆgnwsthc aitÐac [1]. To xèspasma xekÐnhse sth Gouqˆn ton Ianouˆrio tou
2020 , me tic kinezikèc arqèc na anafèroun thn pr¸th perÐptwsh kroÔsmatoc stic 4-
1-2020 [2]. Argìtera ton Mˆrtio tou 2020, èqontac exaplwjeÐ se ìlo ton kìsmo, o
Pagkìsmioc Organismìc UgeÐac (POU) anak ruxe thn asjèneiaCovid-19, wc pandh-
mÐa [3]. O pr¸toc anaferìmenoc jˆnatoc apì thn Covid-19  tan epÐshc sth Gouqˆn
stic 11-1-2020 [4].'Ewc kai ton Mˆrtio tou 2021, èqoun epibebaiwjeÐ perissìtera apì
120 ekatommÔria kroÔsmata (dhlad  perÐpou to 2% tou pagkìsmiou plhjusmoÔ), me
perissìterouc apì 2.5 ekatommÔria janˆtouc na apodÐdontai sthnCOVID-19.

Katˆ to pr¸to exˆmhno tou 2020, olìklhroc o kìsmoc antimet¸pise prwtofane-
Ðc katastˆseic ìtan oi perissìterec q¸rec odhg jhkan se olikì   merikì kleÐsimo
(lockdown) allˆ kai se kajolik  apagìreush twn diejn¸n pt sewn prokeimènou na
prostateÔsoun touc polÐtec kai ta sust mata ugeÐac touc. Dustuq¸c, pollˆ su-
st mata ugeÐac katèrreusan, sumperilambanomènwn thc ItalÐac, thc IspanÐac kai ori-
smènwn politei¸n twn HPA [5][6][7] upì thn terˆstia pÐesh twn amètrhtwn asjen¸n
pou qreiˆzontan noshleÐa kai monˆdec entatik c jerapeÐac me apotèlesma qiliˆdec ja-
nˆtouc. Apì to kalokaÐri tou 2020 kai metˆ, ìtan ˆrqise na exapl¸netai to deÔtero
kÔma tou ioÔ, oi kubern seic prospˆjhsan sigˆ-sigˆ na apofÔgoun ta lockdown lìgw
tou terˆstiou antiktÔpou sthn oikonomÐa touc. Efarmìsthkan diˆfora mètra gia na
apofeuqjeÐ h uperbolik  metˆdosh tou ioÔ, ìpwc periorismoÐ taxidi¸n, karantÐnec, a-
nabolèc kai akur¸seic ekdhl¸sewn, koinwnikèc apostˆseic kai apofug  sunwstismoÔ.
Wstìso, autˆ ta mètra den mpìresan na krat soun ton arijmì twn krousmˆtwn se
ikanopoihtikì epÐpedo gia megˆlo qronikì diˆsthma. GÔrw ston Okt¸brio tou 2020,
èna megˆlo mèroc thc Eur¸phc epèbale gia ˆllh mÐa forˆ diˆfora perioristikˆ mètra,
sumperilambanomènou kailockdown [8], gia na stamat sei (  na metriasteÐ) h diasporˆ
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tou koronoðoÔ. Par� ìla autˆ, pollèc q¸rec, sumperilambanomènhc kai thc Ellˆdac,
epl ghsan barÔtata apì to 2o kÔma thc pandhmÐac katˆ tic arqèc tou qeim¸na tou
2020 metr¸ntac poluˆrijmec ap¸leiec se anjr¸pinec zwèc [9].
'Ufesh thc exˆplwshc tou koronoðoÔ tou deÔterou kÔmatoc parathr jhke thn perÐodo
twn Qristougènnwn tou 2020. 'Omwc sta tèlh IanouarÐou 2021 ˆrqise na koruf¸netai
to trÐto kÔma thc pandhmÐac, me ton iì na parousiˆzei metallˆxeic [10], na gÐnetai pio
metadìtikìc, allˆ parˆllhla, xekÐnhse pagkìsmia kai o emboliasmìc katˆ thc nìsou
[11]. EpidÐwxh twn kubern sewn pagkìsmia eÐnai h anaqaÐthsh tou ioÔ, h jwrˆkish tou
plhjusmoÔ me to embìlio kai h epistrof  sthn kanonikìthta.

Eikìna 1.1: Anaparˆstash tou anapneustikoÔ ioÔ SARS-COV-2 [120]

Eikìna 1.2: H pìlh thc Aj nac se kajest¸c lockdown ton AprÐlio 2020 [121]
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Eikìna 1.3: H asfuktik  pÐesh sto sÔsthma ugeÐac, sto Pèrgkamo thc ItalÐac[122]

'Oson aforˆ thn Ðdia thn asjèneia, ta pio koinˆ sumpt¸mata perilambˆnoun puretì,
b qa, kìpwsh, duskolÐec sthn anapno  kai ap¸leia ìsfrhshc-geÔshc. Se pio sobarèc
katastˆseic thc nìsou, oi epiplokèc mporeÐ na perilambˆnoun pneumonÐa kai oxeÐa ana-
pneustik  loÐmwxh. H perÐodoc ep¸ashc eÐnai sun jwc perÐpou pènte (5) hmèrec, allˆ
mporeÐ na kumaÐnetai apì mÐa (1) èwc dekatèsseric (14) hmèrec [12]. Mèqri s mera,
upˆrqoun diˆfora egkekrimèna embìlia katˆ thc nìsou Covid-19 (dhlad  èqoun egkri-
jeÐ kai gÐnei apodektˆ pagkosmÐwc [13]. Tautìqrona, gÐnontai pollèc prospˆjeiec,
diejn¸c, gia thn dieÔrunsh tou arijmoÔ katˆllhlwn embolÐwn pou ja kalÔptoun kai
tic metallˆxeic tou ioÔ. Epiplèon, katabˆllontai pagkìsmia terˆstiec prospˆjeiec a-
pì touc ereunhtèc gia thn exeÔresh katall lwn jerapei¸n gia th nìso Covid-19, mia
prospˆjeia pou faÐnetai na apodÐdei (monoklwnikˆ antis¸mata-anarrwtikì plˆsma) se
sunduasmì me ˆllec antiðkèc jerapeÐec [14]. O ag¸nac gia th jerapeÐa ,ta embìlia ,ton
emboliasmì tou plhjusmoÔ kai ton periorismì tou ioÔ suneqÐzontai akatˆpausta apì
tic kubern seic kai thn episthmonik  koinìthta se ìlo ton plan th.

1.2 Qronikˆ Akoloujiakˆ Dedomèna

Touc teleutaÐouc dekatèsseric (14) m nec (katˆ th suggraf  thc ergasÐac) oi zw-
èc thc pleiìnothtac twn anjr¸pwn anˆ thn uf lio ˆllaxan. Sthn kajhmerinìthta
twn perissotèrwn apì emˆc mp kan er¸thseic ìpwc: �Pìsa kroÔsmata èqoume s me-
ra?�, �Pìsa kroÔsmata ja èqoume tic epìmenec mèrec?�, �Pìsoi ˆnjrwpoi èqasan th
zw  touc?�, �Pìsec noshleÐec anamènetai na upˆrqoun tic epomènec mèrec sta noso-
komeÐa?� kai pollèc ˆllec. Oi apant seic se autèc tic er¸thseic kajìrizan kai th
zw  thc epìmenhc hmèrac. Ta kajhmerinˆ kai ta ajroistikˆ kroÔsmata, oi kajhme-
rinoÐ kai oi ajroistikoÐ jˆnatoi, ta diexag¸mena test, oi noshleÐec se aplèc klÐnec
  klÐnec MEJ- Covid k.a apoteloÔn ta dedomènathc pandhmÐac. Ta dedomèna autˆ
ta apokaloÔmeqronoseirèc (time series). Qronoseirˆ loipìn eÐnai èna sÔnolo shme-
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Ðwn apì dedomèna pou kataqwroÔntai se èna euret rio  /kai anaparÐstantai grafikˆ
me qronik  seirˆ. Sun jwc, mÐa qronoseirˆ eÐnai mÐa akoloujÐa pou lambˆnetai dia-
doqikˆ se exÐsou katanemhmèna qronikˆ shmeÐa. Sunep¸c, milˆme gia mia akoloujÐa
diakrit¸n qronik¸n dedomènwn. H exèlixh twn dedomènwn thc nìsouCovid-19 touc
teleutaÐouc dekatèsseric (14) m nec apoteleÐ akrib¸c mÐa tètoia qronìseira. 'Alla
paradeÐgmata qronoseir¸n eÐnai ta Ôyh twn wkeˆniwn palirroi¸n, o arijmìc twn hlia-
k¸n khlÐdwn kai h hmer sia tim  kleisÐmatoc (close price) tou deÐkthDow Jones. Oi
qronoseirèc sunantioÔntai suqnˆ sthn statistik , epexergasÐa shmˆtwn, anagn¸rish
protÔpwn, oikonometrik  anˆlush, oikonomik  majhmatik  anˆlush, prìgnwsh kairoÔ,
prìbleyh seism¸n, hlektroegkefalografÐa, mhqanik  elègqou, astronomÐa, mhqanik 
epikoinwni¸n kai se megˆlo bajmì se opoiond pote tomèa efarmosmènhc epist mhc kai
mhqanik c pou perilambˆnei qronikèc metr seic. Sthn eikìna 1.4parousiˆzoume mÐa
tupik  qronoseirˆ pou mac deÐqnei pwc kin jhke h tim  kleisÐmatoc thc metoq c thc
Googleapì to 2004 èwc kai to 2016.

Eikìna 1.4: Tupik  qronoseirˆ pou deÐqnei to kleÐsimo thc tim c metoq c thc Google[123]

H anˆlush qronoseir¸n perilambˆnei mejìdouc anˆlushc dedomènwn qronoseir¸n
gia thn exagwg  shmantik¸n statistik¸n kai ˆllwn qarakthristik¸n megej¸n. H
prìbleyh qronoseir¸n (time series forecasting) eÐnai h qr sh montèlwn kai ergale-
Ðwn gia thn prìbleyh mellontik¸n tim¸n se qronoseirèc me bˆsh timèc pou èqoun
parathrhjeÐ prohgoumènwc. Sthn anˆlush qronoseir¸n, mporoÔme na diakrÐnoume dÔo
(2) basikèc mejìdouc anˆlushc: mèjodoi anaferìmenec sto pedÐo thc suqnìthtac kai
mèjodoi anaferìmenec sto pedÐo tou qrìnou. Oi pr¸tec perilambˆnoun fasmatik  a-
nˆlush ( spectral analysis) kai anˆlush kÔmatoc (wavelet analysis), en¸ oi deÔterec
perilambˆnoun anˆlush autosusqètishc kai eterosusqètishc ( auto-correlation and
cross-correlation analysis).
'Enac akìma diaqwrismìc gÐnetai me bˆsh to an ta dedomèna parousiˆzoun grammik  su-
mperiforˆ   ìqi. Se arketoÔc apì touc klˆdouc pou anafèrjhkan prwtarqikìc stìqoc
eÐnai h prìbleyh. Se orismènouc, ìpwc oi thlepikoinwnÐec, h epexergasÐa s matoc k.a
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stìqoc eÐnai h anÐqneush s matoc. Se ˆllec efarmogèc ìpwc h exìruxh gn¸shc a-
pì dedomèna (data mining), h mhqanik  mˆjhsh (machine learning) kai h anagn¸rish
protÔpwn o skopìc eÐnai h omadopoÐhsh   h taxinìmhsh dedomènwn (clustering and
classi�cation), h anÐqneush akraÐwn shmeÐwn allˆ kai h prìbleyh [15].

MÐa apì tic shmantikìterec mejìdouc sthn statistik  montelopoÐhsh eÐnai hpalin-
dromik  anˆlush (regression analysis) pou apoteleÐ èna sÔnolo statistik¸n diadikasi-
¸n gia thn ektÐmhsh twn sqèsewn metaxÔ mÐac exarthmènhc metablht c (suqnˆ apoka-
leÐtai {metablht  apotelèsmatoc}) kai mÐac   perissìterwn anexˆrthtwn metablht¸n
(suqnˆ apokaloÔntai {qarakthristikˆ}). H pio gnwst  mèjodoc palindrìmhshc eÐnai
h grammik  palindrìmhsh (linear regression) sthn opoÐa kˆpoioc prospajeÐ na brei
mÐa eujeÐa   èna sÔnolo eujei¸n pou na tairiˆzoun kalÔtera sta dedomèna tou. Se
arketèc peript¸seic akoloujeÐtai kai h gnwst  mèjodoc elaqÐstwn tetrag¸nwn katˆ
thn opoÐa, h eujeÐa pou yˆqnoume ¸ste na tairiˆzei kalÔtera sta dedomèna elaqisto-
poieÐ to ˆjroisma tetrag¸nwn thc apìstashc metaxÔ twn dedomènwn kai thc Ðdiac thc
eujeÐac.
Upˆrqoun kai ˆllec mèjodoi palindrìmhshc, oi opoÐec sun jwc eÐnai kai apotelesmati-
kìterec, kaj¸c ta dedomèna sthn pleionìthta twn peript¸sewn parousiˆzoun mh gram-
mik  sumperiforˆ. Kˆpoiec apì autèc eÐnai hpoluwnumik  palindrìmhsh (polynomial
regression), palindrìmhsh me dianÔsmata upost rixhc (support vector regression),
Mpeôzian  palindrìmhsh, grammik  kai mh , (Bayesian regression) kai ˆllec. Oi
mèjodoi palindrìmhshc qrhsimopoioÔntai kurÐwc gia dÔo ennoiologikˆ diaforetikoÔc
skopoÔc. Pr¸ton, h palindrìmhsh efarmìzetai eurèwc sthn prìbleyh qronoseir¸n,
ìpou h qr sh thc èqei shmantik  epikˆluyh me to pedÐo thc mhqanik c mˆjhshc. DeÔte-
ron, se orismènec peript¸seic h anˆlush palindrìmhshc mporeÐ na qrhsimopoihjeÐ gia
na sunaqjoÔn aiti¸deic sqèseic metaxÔ thc anexˆrththc kai exarthmènhc metablht c
[16]. H mèjodoc twn elaqÐstwn tetrag¸nwn pou anafèrjhke nwrÐtera an kei sthn eu-
rÔterh kathgorÐa toutairiˆgmatoc kampÔlhc (curve �tting ) katˆ thn opoÐa yˆqnoume
mÐa kampÔlh pou tairiˆzei kalÔtera sta dedomèna mac kai apoteleÐ ˆllon ènan trìpo
anˆlushc/prìbleyhc qronoseir¸n.
Tic teleutaÐec dekaetÐec ta pio diadedomèna montèla gia thn analÔsh kai prìbleyh qro-
noseir¸n eÐnai ta montèlaautìmathc palindrìmhshc (auto-regressive-AR), ta montèla
enswm t̂wshc (integrated-I) kai ta montèla kinoÔmenou mèsou ìrou(moving average-
MA ). Sunduasmìc aut¸n twn eid¸n montèlwn èqoun katagrˆyei megˆlec epituqÐec ston
q¸ro thc prìbleyhc qronoseir¸n. Tètoia montèla eÐnai ta ARMA (auto-regressive
moving average), ARIMA (auto-regressive integrated moving average)kai ARFIMA
(auto-regressive fractionally integrated moving average)[17][18]. Akìma pio sÔgqro-
noc trìpoc antimet¸pishc tou probl matoc autoÔ, kai pou èqei xekin sei ta teleutaÐa
qrìnia, eÐnai h qr sh montèlwn mhqanik c mˆjhshc. Ston ˆxona autìn kin jhke kai h
paroÔsa ergˆsia. Argìtera, sta Kefˆlaia 3 kai 4 ja gnwrÐsoume pwc eÐnai dunatìn
na qrhsimopoi soume tètoia montèla prokeimènou na problèyoume qronoseirèc.

1.3 Stìqoc kai Dom  thc ErgasÐac

To antikeÐmeno thc paroÔsac ergasÐac qwrÐzetai se dÔo (2) diakritˆ mèrh, thn anˆlush
allˆ kai thn prìbleyh qronoseir¸n pou afìroun thn nìso Covid-19. To deÔtero kom-



20 KEFALAIO 1. EISAGWGH

mˆti eÐnai ekeÐ pou h ergasÐa estiˆzei perissìtero. 'Opwc anafèrjhke ta dedomèna thc
nìsou eÐnai oi qronoseirèc pou ja qrhsimopoi soume kai kurÐwc ta kroÔsmata kai oi
jˆnatoi pou apoteloÔn tic dÔo (2) pio shmantikèc metablhtèc thc pandhmÐac. Sthn ar-
q , stìqoc eÐnai h eisagwg  dedomènwn gia thn nìsoCovid-19 apì egkekrimènec phgèc
ìpwc o Pagkìsmioc Organismìc UgeÐac (POU) [19], o Organismìc Hnwmènwn Ejn¸n
(OHE) [20], h istoselÐda Our World in Data (OWID) [21] kai h istoselÐda Covid
Tracking Project [22] pou aforˆ kuri¸c tic Hnwmènec PoliteÐec Amerik c (HPA), thn
q¸ra pou èqei plhgeÐ ìso kamÐa all  apì ton korwnoðì. Sth sunèqeia, efarmìzontac
kˆpoiec klassikèc mejìdouc diaqeÐrishc dedomènwn allˆ kai me thn bo jeia thc pro-
grammatistik c gl¸ssac Python skopìc eÐnai h optikopoÐhsh aut¸n twn dedomènwn
se aplˆ diagrˆmmata, graf mata pÐtac, rabdogrˆmmata, istogrˆmmata, gewgrafiko-
Ð �jermoqˆrtec� (Geographic Heat Maps) k.a allˆ kai exagwg  diafìrwn qr simwn
statistik¸n metrik¸n kai sumperasmˆtwn pou mac bohjˆne sthn kalÔterh katanìhsh
thc exˆplwshc kai sobarìthtac thc pandhmÐac. Se autèc tic metrikèc an koun ta kro-
Ôsmata/jˆnatoi anˆ ekatommÔrio, ta posostˆ jnhtìthtac ( Case Fatality Rate-CFR
[23]) anˆ q¸ra, pijanìthta eisagwg c se MEJ k.l.p

Sto deÔtero kai shmantikìtero mèroc, o skopìc thc ergasÐac metatopÐzetai sthn
prìbleyh thc exèlixhc thc nìsou me thn qr sh kai th bo jeia montèlwn mhqanik c
mˆjhshc. Sugkerimèna, kˆnoume qr sh twn epanalhptik¸n neurwnik¸n diktÔwn pou
diajètoun thn ikanìthta na diathroÔn (san mn mh) plhroforÐa pou èqoun gnwrÐsei nw-
rÐtera katˆ thn ekpaÐdeus  touc prokeimènou na kˆnoun mÐa prìbleyh gia to mèllon.
Autì to eÐdoc neurwnikoÔ diktÔou, lìgw twn sugkekrimènwn dunatot twn apoteleÐ th
raqokokaliˆ thc ergasÐac pˆnw sthn opoÐa diˆfora eÐdh montèlwn dokimˆsthkan gia
to skopì thc prìbleyhc.
QrhsimopoioÔme epÐshc, kˆpoiec stoqeumènec teqnikèc, gnwstèc ston kìsmo thc prìble-
yhc qronoseir¸n, (mèjodoi parajuropoÐhshc, periodik¸n diafor¸n k.a.) ètsi ¸ste na
trofodot soume katall lwc ta dÐktuˆ mac allˆ kai na ta enisqÔsoume katˆ thn pro-
spˆjeia prìbleyhc. Tautìqrona, gÐnetai qr sh plhj¸rac arqitektonik¸n kai teqnik¸n
gia na exetˆsoume (kai pijan¸c na belti¸soume) thn apotelesmatikìthtˆ mac katˆ thn
prìbleyh kai gia autì eisˆgoume ta suneliktikˆ neurwnikˆ dÐktua, thn ènnoia twn
amfÐdromwn neurwnik¸n diktÔwn allˆ kai ton mhqanismì thc prosoq c. Ja prèpei
na tonisteÐ ìti autèc oi epiplèon prosj kec apoteloÔn epektˆseic twn epanalhptik¸n
neurwnik¸n diktÔwn upì thn ènnoia ìti den qrhsimopoioÔntai autìnoma.
Me thn bo jeia diˆforwn bibliojhk¸n kataskeuˆzontai arketèc ekdoqèc (apl¸n   e-
nisqumènwn) tètoiwn diktÔwn pou axiologoÔntai mèsa apì peiramatik  diadikasÐa. Sh-
mei¸nontac peiramatik  diadikasÐa ennooÔme thn ekpaÐdeush kai thn prìbleyh pˆnw
se diˆfora eÐdh kampul¸n (krousmˆtwn   janˆtwn) apì diˆforec q¸rec tou kìsmou
 /kai thn uf lio olìklhrh. Kˆta thn prìbleyh qrhsimopoioÔme diˆforec metrikèc
apotelesmatikìthtac me tic opoÐec posostikopoioÔme kai thn apìdosh twn montèlwn
mac. Autìc eÐnai kai o ap¸teroc stìqoc thc ergasÐac.
Epiplèon, eidikèc ulopoi seic sunistoÔn h kataskeu  poluplokìterwn arqitektoni-
k¸n efododiasmènwn me epiplèon mhqanismoÔc (Attention ) pou bohjoÔn sthn kalÔte-
rh prìbleyh   montèlwn pou me anatrofodìthsh twn problèye¸n touc feÔgoun pèran
tou sugkekrimènou orÐzonta dedomènwn pou èqoume eisˆgei, h kataskeu  diktÔwn (a-
pokaloÔmenoi diejn¸c wcautoencoders) pou exetˆzoun shmeÐa twn dedomènwn mac pou
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endeqomènwc na parousÐazoun kˆpoia anwmalÐa (eÔresh akraÐwn tim¸n) allˆ kai h
prìtash kai h efarmog  miac mejìdou ìpou mèsa apì thn apotelesmatikìthta twn mo-
ntèlwn mporoÔme na exˆgoume èwc èna bajmì orismèna (gewgrafikˆ) qarakthristikˆ
gia thn eikìna thc pandhmÐac anˆ thn uf lio.

H upìloiph ergasÐa diarjr¸netai wc ex c. Sto Kefˆlaio 2 optikopoioÔme ta dedo-
mèna thcCovid-19 kai ta parousÐazoume mèsa apì ta graf mata kai ta sqediagrˆmmata
pou proanafèrame. O anagn¸sthc se autì to kefˆlaio ja gnwrÐsei gia to pwc èqei
exeliqjeÐ h pandhmÐa ton teleutaÐo qrìno mèsa apì diˆfora statistikˆ stoiqeÐa. Sto
Kefˆlaio 3 kˆnoume mÐa eisagwg  sthn mhqanik  mˆjhsh kai ta neurwnikˆ dÐktua kai
gnwrÐzoume to aparaÐthto jewrhtikì upìbajro twn montèlwn pou qrhsimopoi jhkan.
Xekin¸ntac apì th grammik  palindrìmhsh pou gnwrÐsame sthn enìthta 1.2 katal gou-
me stic pio sÔnjetec kai perÐplokec domèc epanalhptik¸n neurwnik¸n diktÔwn efodia-
smènec me epiprìjetouc enisqutikoÔc mhqanismoÔc.
Sto Kefˆlaio 4 apotup¸netai h praktik  efarmìgh twn montèlwn pou analÔjhkan
sto kefˆlaio 3. Perigrˆfoume thn ulopoi sh ìlwn twn emplekìmenwn arqitektonik¸n
thc ergasÐac kai tic parousiˆzoume me th bo jeia thcPython [24]. EpÐshc, gÐnetai h
anˆlush sugkekrimènwn teqnik¸n pou qrhsimopoi jhkan prokeimènou na belti¸soume
thn apìdosh twn montèlwn. Se sunèqeia, sto Kefˆlaio 5 anadeiknÔontai ta apote-
lèsmata twn diafìrwn arqitektonik¸n kai teqnik¸n mèsa apì katˆllhlec metrikèc,
sqoliˆzontai kai èrqontai se antidiastol  me skopì thn eÔresh tou apodìtikìterou.
Tèloc, sto Kefˆlaio 6 katagrˆfoume ta basikˆ sumperˆsmata thc ergasÐac kaj¸c
kai pijanèc mellontikèc ereunhtikèc epektˆseic se èna prìblhma pou oÔtwc   ˆllwc
èqei thn idiaiterìthta ìti ja aposqoleÐ thn ereunhtik  koinìthta suneq¸c.



Kefˆlaio 2

OptikopoÐhsh twn
dedomènwn thc Covid-19

2.1 H pagkìsmia eikìna thc nìsou

Apì thn ènarxh thc pandhmÐac, ton Ianouˆrio tou 2020, èwc kai ton Mˆrtio tou 2021
(katˆ th suggraf  thc ergasÐac) èqoun nos sei perÐ ta 125 ekatommÔria ˆnjrwpoi apì
thn asjèneia Covid-19, en¸ èqoun katal xei perÐpou 2.75 ekatommÔria. Tautìqrona,
xekin¸ntac apì ton Dekèmbrio tou 2020 e¸c s mera, èqoun emboliasteÐ perÐpou 250
ekatommÔria ˆnjrwpoi,  toi to 3.5% tou pagkìsmiou plhjusmoÔ. Sth sunèqeia, ja do-
jeÐ mÐa polÔ sÔntomh parousÐash thc eikìnac pou eÐqe h pandhmÐa se pagkìsmio epÐpedo
katˆ ton Mˆrtio tou 2021. Ja prèpei na tonisteÐ se autì to shmeÐo ìti ta dedomèna
thc nìsou èqoun morf  hmer siac sullog c kai katˆ thn eisagwg  touc aforoÔsan
thn kˆje q¸ra xeqwristˆ apì thn enarkt ria mèra thc pandhmÐac sth sugkekrimènh
q¸ra èwc kai thn teleutaÐa hmèra sullog c.

Epeid  loipìn, h sullog  twn dedomènwn eÐqe wc bˆsh to sÔnolo twn qwr¸n, h
anagwg  touc se pagkìsmia klÐmaka ègine me thn apl  prìsjesh ìlwn twn dedomènwn,
ìlwn twn qwr¸n kaj� ìlh th diˆrkeia thc pandhmÐac. AxÐzei epÐshc, na shmeiwjeÐ
ìti gia lìgouc eukolÐac diaqeÐrishc (ìpwc ja doÔme parakˆtw) kai apeikìnishc twn
dedomènwn h qronik  diˆrkeia thc pandhmÐac orÐsthke gia ìlec tic q¸rec allˆ kai gia
thn uf lio sunolikˆ wc to diˆsthma apì thn hmèra anÐqneushc tou 1ou kroÔsmatoc
sthn Giouqˆn thc KÐnac èwc kai thn teleutaÐa mèra sullog c twn dedomènwn.

Ta dedomèna pou apeikonÐzoume proèrqontai apì ton POU (kroÔsmata/jˆnatoi)
kai ton OHE (qr sh tou plhjusmoÔ qwr¸n). Gia thn apeikìnish touc ègine qr sh
twn polÔ isqur¸n bibliojhk¸n thc Python, Matplotlib kai Seaborn[25][26], oi opoÐec
prosfèroun megˆlh ˆnesh sthn optikopoÐhsh dedomènwn. Stic eikìnec 2.1aþkai 2.1bþ
blèpoume thn ajroistik  kampÔlh twn krousmˆtwn tìso se grammik  ìso kai se lo-
garijmik  klÐmaka. AntÐstoiqa, stic eikìnec 2.2aþ, 2.2bþtic Ðdiec kampÔlec gia touc
ajroistikoÔc janˆtouc. PaÐrnontac to klˆsma twn sunolik¸n janˆtwn proc ta suno-
likˆ kroÔsmata gia kˆpoia qronik  stigm  èqoume to legìmeno posostì jnhsimìthtac

22
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(aþ) Grammik  klÐmaka

(bþ) Logarijmik  klÐmaka

Eikìna 2.1: Ajroistikèc kampÔlec krousmˆtwn

me bˆsh ta kroÔsmata (Case Fatality Rate - CFR), dhlad :

CFR =
Total Deaths
Total Cases

(2.1.1)

Sthn eikìna 2.3 blèpoume toCFR thc asjèneiac Covid-19 katˆ th diˆrkeia tou qrìnou.
Blèpoume ìti katˆ thn arq  thc pandhmÐac h jnhsimìthta thc nìsou xepèrase akìma
kai to 7% , en¸ sth sunèqeia mei¸jhke ftˆnontac sto epÐpedo tou 2.2%

Perissìtero endiafèron apì tic ajroistikèc kampÔlec twn krousmˆtwn kai twn
janˆtwn èqoun oi kampÔlec pou apotup¸noun ta kajhmerinˆ kroÔsmata kai touc kajh-
merinoÔc janˆtouc, dÐnontac kai kalÔterh eikìna gia thn exèlixh thc nìsou. Autèc oi
kampÔlec faÐnontai sta rabdogrˆmmata twn eikìnwn 2.4aþ,2.4bþ. EpÐshc, se autèc tic
eikìnec blèpoume ton epta mero kuliìmeno mèso ìro twn krousmˆtwn kai twn janˆtwn.
TonÐzoume ìti o epta meroc kuliìmenoc mèsoc ìroc gia mÐa parat rhshX m kouc N
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(aþ) Grammik  klÐmaka

(bþ) Logarijmik  klÐmaka

Eikìna 2.2: Ajroistikèc kampÔlec janˆtwn

Eikìna 2.3: H jnhsimìthta thc Covid-19 wc sunˆrthsh tou qrìnou ( CFR)
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dÐnetai apì ton parakˆtw tÔpo:

M i =
X i � 3 + X i � 2 + X i � 1 + X i + X i +1 + X i +2 + X i +3

7
gia 3 � i � N � 3

(2.1.2)

Gia i = 0 ; 1; 2 kai gia i = N � 2; N � 1; N èqoumeM i = 0

(aþ) Kajhmerinˆ KroÔsmata

(bþ) KajhmerinoÐ Jˆnatoi

Eikìna 2.4: Kajhmerin  apotÔpwsh twn dedomènwn thc nìsou

AxÐzei na stajoÔme lÐgo stic eikìnec 2.4aþ,2.4bþ. 'Oson aforˆ ta kroÔsmata mpo-
roÔme na doÔme ìti h uf lioc �qtup jhke� apì trÐa (3) epidhmikˆ kÔmata ìpou qronikˆ
topojetoÔntai perÐpou ston Mˆrtio, IoÔlio kai Noèmbrio tou 2020. Eutuq¸c, apì
thn ènarxh tou 2021 parathreÐtai mÐa stadiak  upoq¸rhsh thc nìsou. Anaforikˆ me
touc janˆtouc, mporoÔme na diakrÐnoume dÔo (2) apìtomec aux seic tou epta merou
kuliìmenou mèsou ìrou pou antistoiqoÔn se dÔo (2) kÔmata. Autˆ topojetoÔnai stic
arqèc thc pandhmÐac kai ston Noèmbrio tou 2020.
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2.2 Diaqwrismìc anˆ q¸ra

Dustuq¸c, oi perissìterec q¸rec tou kìsmou antimet¸pisan sobarì prìblhma se e-
pÐpedo ugeÐac kai oikonomÐac apì th loÐmwxhCovid-19. 'Oson afìra ton tomèa thc
ugeÐac h q¸ra me to megalÔtero makrˆn pl gma eÐnai oi HPA, tìso ston arijmì krou-
smˆtwn ìso kai se autìn twn janˆtwn. AkoloujoÔn diˆforec poluplhjeÐc q¸rec ìpwc
h IndÐa, h BrazÐlia, h RwsÐa allˆ kai q¸rec thc Eur¸phc. Stic eikìnec 2.5aþ, 2.5bþpa-
rousiˆzoume tic dèka (10) pio sfodrˆ �qtuphmènec� q¸rec apì ton iì se epÐpedo krou-
smˆtwn kai janˆtwn mèsa apì dÔo (2) graf mata pÐtac me touc akribeÐc arijmoÔc twn
krousmˆtwn kai janˆtwn gia autèc tic dèka (10) q¸rec kaj¸c kai tic upìloipec su-
gkentrwtikˆ (pou eÐnai ektìc dekˆdac). Epiplèon, parousiˆzetai h posostiaÐa katoq 
thc pÐtac apì kˆje q¸ra (ta dedomèna aforoÔn èwc kai tic 8/3/2021).

Apì tic eikìnec 2.5 mporoÔme na doÔme ìti katˆ touc pr¸touc dekatèsseric (14)
m nec pandhmÐac tìso o sunolikìc arijmìc krousmˆtwn ìso kai o antÐstoiqoc arijmìc
twn janˆtwn diamoirˆzetai katˆ posostì 65% kai ˆnw stic pr¸tec dèka (10) q¸rec
kai kˆta 35% se ìlec tic upìloipec q¸rec. Na tonisteÐ bebaÐwc, ìti autèc oi dèka (10)
q¸rec èqoun kai èna arketˆ megˆlo mèroc tou pagkìsmiou plhjusmoÔ (exaireÐtai h
KÐna). EpÐshc, ìson aforˆ ta kroÔsmata mporoÔme na doÔme ìti oi HPA apì mìnec touc
èqoun sqedìn to 1/4 tou sunolikoÔ arijmoÔ krousmˆtwn kai akoloujoÔn h IndÐa kai h
BrazilÐa me sqedìn 10%. Anaforikˆ me touc janˆtouc kai pˆli oi HPA katèqoun apì
mìnec touc to 1/5 twn sunolik¸n apwlei¸n akoloujoÔmenec apì th BrazilÐa me 10%.
MÐa idiaÐtera qr simh metablht  prokeimènou na katano soume kalÔtera th diasporˆ
tou ioÔ se kˆje q¸ra eÐnai oi peript¸seic thc nìsou anˆ ekatommÔrio plhjusmoÔ (c

m ),
ìpou h auxhmènh tim  aut c thc metablht c gia mÐa q¸ra deÐqnei megˆlh diasporˆ
thc nìsou sto eswterikì thc. AntÐstoiqa orÐzetai kai o arijmìc twn janˆtwn anˆ
ekatommÔrio (dm ).

Stic eikìnec 2.6aþ, 2.6bþ, 2.6gþparousiˆzontai oi q¸rec pou brÐskontai stic pr¸tec
dèka (10) jèseic se sqèsh me autèc tic metrikèc, allˆ kai me bˆsh to posostì jnh-
simìthtac. Anafèroume epÐshc, ìti mÐa posìthta, èstw kroÔsmata (c), dÐnetai anˆ
ekatommÔrio (=m) apì ton tÔpo:

c
m

=
Total cases in the country

Country 0s total population
� 106 (2.2.1)

H antÐstoiqh sqèsh isqÔei kai gia touc janˆtouc (d), wc:

d
m

=
Total deaths in the country

Country 0s total population
� 106 (2.2.2)

Apì thn eikìna 2.6aþmporoÔme na doÔme ìti h Uemènh, eÐnai h q¸ra pou èqei makrˆn
to uyhlìtero posostì jnhsimìthtac xepern¸ntac to 25%! 'Olec oi q¸rec pou akolou-
joÔn èqoun posostì mikrìtero tou 10%. 'Oson aforˆ ta kroÔsmata anˆ ekatommÔrio
(eikìna 2.6bþ) parathroÔme ìti sun jwc mikrèc plhjusmiakˆ allˆ kai se èktash q¸rec,
katalambˆnoun tic pr¸tec jèseic, qwrÐc ìmwc na leÐpoun oi exairèseic (HPA). EpÐshc,
blèpoume ìti oi q¸rec thc Eur¸phc kuriarqoÔn kaj¸c katalambˆnoun tic pr¸tec okt¸
(8) jèseic thc dekˆdac. Tèloc, sthn eikìna 2.6gþ blèpoume ìti oi eurwpaðkèc q¸rec
katagrˆfoun ex� olokl rou th qeirìterh apìdosh anaforikˆ me touc janˆtouc anˆ
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(aþ) Oi dèka (10) pr¸tec q¸rec wc proc ta kroÔsmata

(bþ) Oi dèka (10) pr¸tec q¸rec wc proc touc janˆtouc

Eikìna 2.5: Oi dèka (10) pr¸tec q¸rec pou epl ghsan perissìtero apì thn pandhmÐa
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(aþ) Oi dèka (10) pr¸tec q¸rec wc proc to posostì jnhsimìthtac

(bþ) Oi dèka (10) pr¸tec q¸rec wc proc ta kroÔsmata/ekatommÔrio

(gþ) Oi dèka (10) pr¸tec q¸rec wc proc touc janˆtouc/ekatommÔrio

Eikìna 2.6: Oi dèka (10) pr¸tec q¸rec anaforikˆ me touc deÐktec CFR, c
m kai d

m
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ekatommÔrio.
Sthn eikìna 2.7, o pÐnakac deÐqnei analutikˆ gia pen nta pènte (55) q¸rec ton arijmì
krousmˆtwn/janˆtwn, tic metrikèc twn krousmˆtwn/janˆtwn anˆ ekatommÔrio kai to
posostì jnhsimìthtac. EpishmaÐnei me èntono kafè qr¸ma tic peript¸seic ìpou kˆpoia
q¸ra èqei auxhmènh thn antÐstoiqh metroÔmenh posìthta (st lh). H taxinìmhsh twn
qwr¸n tou pÐnaka gÐnetai me bˆsh ton arijmì twn krousmˆtwn1.

Eikìna 2.7: Sugkentrwtikìc pÐnakac twn qwr¸n me bˆsh ta kroÔsmata

1To Hnwmèno BasÐleio èqei mhdenikoÔc touc deÐktecc=m kai d=m sthn eikìna 2.7 kaj¸c to fÔllo
dedomènwn tou O.H.E pou qrhsimopoi jhke den perieÐqe gia th sugkekrimènh qronik  perÐodo ton
plhjusmì tou wc sÔnolo
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2.3 H perÐptwsh twn H.P.A.

Sthn enìthta 1.3 anafèrame ìti mÐa ek twn phg¸n twn dedomènwn mac anafèretai apo-
kleistikˆ stic HPA. H epilog  aut  ègine afenìc epeid , ìpwc eÐdame, h sugkekrimènh
q¸ra èqei uposteÐ barÔtato pl gma apì thn pandhmÐa kai afetèrou exaitÐac tou gego-
nìtoc ìti mac prosfèrei megalÔterh plhj¸ra dedomènwn (pl joc diexagìmenwn test,
kajhmerinˆ diexagìmena test, eisagwgèc sta nosokomeÐa, asjeneÐc se MEJ, asje-
neÐc diaswlhnwmènoi k.a) qwrÐc eklipoÔsec timèc (missing values). Orismènec q¸rec
gia parˆdeigma, de dÐnoun arijmì twn test   twn asjen¸n se MEJ   ton parèqoun
mÐa forˆ thn ebdomˆda. Sth sugkekrimènh phg  plhrofori¸n (dataset [22]) mporoÔme
analutikˆ na broÔme ajroistikoÔc arijmoÔc test, krousmˆtwn, eisagwg¸n sta noso-
komeÐa, asjen¸n se MEJ, asjen¸n pou qr zontai anapneust ra allˆ kai janˆtwn.
EpÐshc, upˆrqoun oi kajhmerinèc antÐstoiqec parathr seic. 'Eqontac ton arijmì twn
test se kajhmerin  bˆsh eÐmaste se jèsh na metr soume mÐa akìma shmantik  metrik ,
to posostì jetikìthtac, pou orÐzetai wc h diaÐresh tou arijmoÔ krousmˆtwn me ton
arijmì twn test:

Positivity Rate =
Nunber of cases
Number of tests

� 100% (2.3.1)

H sugkekrimènh posìthta bohjˆ sthn katanìhsh thc exˆplwshc tou ioÔ sthn koinìth-
ta (gia arkoÔntoc megˆlo arijmì test). Stic eikìnec 2.8 parousiˆzontai ta kajhmerinˆ
kroÔsmata kai oi kajhmerinoÐ jˆnatoi twn HPA en¸ stic eikìnec 2.9 parousiˆzontai
ta kajhmerinˆ test kai h diakÔmansh tou posostoÔ jetikìthtac katˆ th diˆrkeia tou
qrìnou gia thn Ðdia q¸ra.

Blèpoume ìti h eikìna twn krousmˆtwn kai twn janˆtwn èqoun parìmoia morf ,
en¸ eÐnai axioshmeÐwth kai h merik  omoiìthta twn krousmˆtwn me ta sunolikˆ pa-
gkìsmia kroÔsmata thc eikìnac 2.4aþ. Autì eÐnai anamen¸meno kˆjwc, ìpwc eÐdame
nwrÐtera, oi HPA apì mìnec touc katèqoun enˆ megˆlo merÐdio twn sunolik¸n krou-
smˆtwn (eikìna 2.5aþ). Apì tic eikìnec 2.9 blèpoume ìti ta test akoloujoÔn to motÐbo
twn krousmˆtwn en¸ o deÐkthc jetikìthtac xepèrase akìma kai to 20% stic arqèc thc
pandhmÐac (oi arqikèc megˆlec diakumˆnseic den prosmetroÔntai, pijˆnwc na ofeÐlo-
ntai se kˆpoia memonwmèna test pou diex qjhsan prin o iìc ftˆsei gia ta kalˆ sthn
amerikanik   peiro), en¸ sth sunèqeia stajeropoi jhke kˆtw apì to 10% me ligìstec
exairèseic.

Sth sunèqeia, qrhsimopoioÔme ta dedomèna pou sqetÐzontai me touc asjèneic se no-
sokomeÐa, monˆdec entatik c jerapeÐac kai touc diaswlhnwmènouc asjeneÐc. H eikìna
2.10aþanadeiknÔei akrib¸c aut n thn tripl  plhroforÐa. Blèpoume ìti oi auxomei-
¸seic twn tri¸n (3) kampul¸n sqetÐzontai ˆmesa, en¸ megˆlh eÐnai kai h omoiìthta me
to graf ma twn janˆtwn sthn eikìna 2.8bþ . Sthn eikìna 2.10bþapeikonÐzoume (katˆ th
diˆrkeia tou qrìnou) thn mèsh pijanìthta ènac asjènhc pou eisˆgetai sto nosokomeÐo
na katal xei sthn MEJ allˆ kai sthn diaswl nwsh. 'Estw H; I kai V ta endeqìmena
kˆpoioc asjen c na eisaqjeÐ se nosokomeÐo,na eisaqjeÐ sthn entatik  kai na diaswlh-
nwjeÐ antÐstoiqa, tìte oi zhtoÔmenec desmeumènec pijanìthtec upologÐzontai apì tic
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(aþ) Ta kajhmerinˆ kroÔsmata twn HPA

(bþ) Oi kajhmerinoÐ jˆnatoi twn HPA.

Eikìna 2.8: Ta kroÔsmata kai oi jˆnatoi stic HPA
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(aþ) Ta kajhmerinˆ test twn HPA

(bþ) Kajhmerinì posostì jetikìthtac stic HPA.

Eikìna 2.9: Test kai posostì jetikìthtac stic HPA
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ex c sqèseic:

PI (I jH ) =
N I

NH
� 100%; PV (V jH ) =

NV

NH
� 100% (2.3.2)

ìpou NH ; N I kai NV o arijmìc twn asjen¸n pou noshleÔontai se nosokomeÐo, monˆda
entatik c kai brÐskontai diaswlhnwmènoi antÐstoiqa.

Sthn eikìna 2.10gþmporoÔme na doÔme toCFR twn Hnwmènwn Politei¸n pou sthn
arq  brèjhke akìma kai sto 6%, allˆ sth sunèqeia elatt¸jhke stadiakˆ èwc kai to
2% perÐpou (exaireÐtai h arqik , kˆjeth sqedìn anÔywsh).

2.4 GewgrafikoÐ Jermoqˆrtec

Oi �gewgrafikoÐ jermoqˆrtec� an kai polÔ diadedomènoi, tìso sthn perÐptwsh thc pan-
dhmÐac ìso kai genikìtera, apoteloÔn mÐa idiaÐterh ulopoÐhsh gia th sugkekrimènh
ergasÐa, miac kai apoteloÔn afenìc prwtìgnwrh empeirÐa kai afetèrou anapìspasto
kommˆti thc Epist mhc twn Dedomènwn se mia diplwmatik  pou oÔtwc   ˆllwc dia-
staur¸netai se pollˆ shmeÐa me to sugkekrimèno klˆdo. Gia thn pragmatopoÐhsh touc
qrhsimopoi jhke h gl¸ssa Python kai metaxÔ ˆllwn h biblioj kh folium [27] kaj¸c
kai gewgrafikˆ dedomèna twn qwr¸n anˆ thn uf lio pou brÐskontai sto [28]. Ta dedo-
mèna autˆ sunduˆsthkan sth sunèqeia me ta epidhmiologikˆ prokeimènou na gÐnei swstˆ
h apotÔpwsh touc. 'Ena xeqwristì shmeÐo pou stˆjhke empìdio katˆ thn ulopoÐhsh
twn qart¸n (kurÐwc ìson aforˆ th stadiak  klimˆkwsh twn qrwmˆtwn pˆnw sto qˆr-
th) eÐnai to gegìnoc ìti oi diˆforec q¸rec eÐqan tromaktikˆ megˆlec diaforèc stouc
arijmoÔc krousmˆtwn kai janˆtwn touc. Gia parˆdeigma, gia tic eidik¸c proanafe-
rìmenec Hnwmenèc PoliteÐec, o arijmìc krousmˆtwn (katˆ th suggraf  thc ergasÐac)
ˆggize ta 28.5 ekatommÔria (eikìna 2.7), en¸ gia thn patrÐda mac ston antÐpoda  tan
mìlic 201 qiliˆdec. Autì dhmiourgeÐ mia diaforˆ wc proc thn tˆxh megèjouc twn arij-
m¸n megalÔterh tou 100, prˆgma pou den bohjoÔse sthn apotÔpwsh. Gia to lìgo autì
epilèqjhke grammikopoÐhsh twn en lìgw qarakthristik¸n (krousmˆtwn, janˆtwn) me
th qr sh tou fusikoÔ logarÐjmou, dhlad :

number of caseslin = ln ( number of cases) (2.4.1)

number of deathslin = ln ( number of deaths) (2.4.2)

Stic eikìnec 2.11 èwc 2.15parousiˆzontai katˆ seirˆ oi pagkìsmioi qˆrtec gia ta
kroÔsmata, touc janˆtouc, to posostì jnhsimìthtac, ta kroÔsmata anˆ ekatommÔrio
kai touc janˆtouc anˆ ekatommÔrio. Stic treic teleutaÐec metablhtèc lìgw thc  dh
kanonikopoi s c touc, katˆ kˆpoion trìpo, den qreiˆsthke kˆpoia mèjodoc grammi-
kopoÐhshc. Kˆje q¸ra tonÐzetai me entìnotero qr¸ma ìtan diajètei auxhmènh thn
antÐstoiqh metablht .
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