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YrevOvvy Aniweon @ Befoiowvew ot eiuar ovyypopéas ovtng te TToYIOKNS EPYATIOS
ko1 Ot kabe Ponbeio v omoia eiya yio ™V TPOETOWOOTIO THS, VOl TANPOS
OVOYVOPIOUEVH KOL AVAPEPETOL OTHV TTOXI0KY epyacio. Emions Exwm avopépel Tig omoieg
TNYES QIO TIG OTOIES EKOVO, YPNTH OEOOUEVMIV, LOEDV N AECEWY, EITE AVTES AVAPEPOVTAL
okpifas eite moapoppaouéves. Emiong, Pefoicdver ot ooty n mwroyioxn epyacio
TPOETOIUCTTHKE OTO EUEVO. TPOTMTIKG, EIOIKG YLO. TIS OTOITHOELS TOV TPOYPOUUATOS
omovoav tov Tunuaros Myyovikawv [IAnpopopikig, Yroloyiotwv ko Thlemixoivaviay

700 A1efvoicg lovemotnuiov e EALdoog.
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Hepiinynm

211 TopovoH TTLYLOKY] EPELVATAL O TPOTOG TOPOVGIOCTG Kot SLXEIPIONG OEOOUEVDV
JTPOPNG Kol ACKNONG OV TTPOEPYOVTAL amd TNV KabnUePvOTNTA TOL avOp®OTOUL,
KaBdC Kot n oyéomn tovg pe v vapén ¢ voécov Tov pvokapdiov. H dvokolio
eEAY®MYNG CLUTEPUGUATOV OO TPOTOYEVY TANPOQPOpia TOL umopel va tapoydel and
mv KadnuepvoOTNTO HOG amoutel TV VAOTOINON MG TAATQOPUOG GLAAOYNG Kot
dwelpong  dedopévarv. T v viomoinom  avtig TG TAATQOPUOG,
YpNoWomomdnkay  teYvoAoyiec  avATTLENG  SLOOIKTVOK®MV  VANPECIDOV,  TLO
OLYKEKPIUEVOL 1 ¥PNON TOL TAOIGIOL OvATTLVENG eeapuoydv Spring Boot kot
ocvpPatav Biprodnkaov pécm maven. Ocov apopd T doun TG EQAPLOYNS ANeON KOV
voyn pebodoroyieg mov TV KaOIGTOHV EMEKTACIUN OG TPOG TG OEMOPES KOl TIG
vinpecieg mov mpooeépet. [lapdAinia epevviOnke to chvolo dedopévev Heart
Disease tov mavemotnpiov tov Irvine g Kaigopvia yio v onpovpyion povtélov
unyovikng pdbnonc. H Biprodnkn mov ypnoomombnke yww v avdivon tov
dedopévmv Kot ekmaidgvon tov povtédov eival ) scikit learn pe ypron g YAOGGOC
Python. H péfodog mov e&nyaye ta kodvtepa amoteAéopata ftav 1 RandomForest
mov ypnoponotel ta&vountéc CART kot 1 e0peot TV KOADTEPOV TAPAUETPMV LE TN
péBodo RandomizedSearchCV, to mocootd emtvyiog Eemepace to 88%. Emiong
viomomOnke Jdemapr pe ypnon tov mioiciov React mov ypnoyomolel Tig
OLOIKTVOKEG VANPESiEg TOv TpoavaPEPOnkay. MeAAovTiKd &vo epOTNUO TOL
TPOKVTITEL OO TNV £PELVO. ALTNG TNG TTLYWKNG €ivor av Ba umopodoape va
OLTOUOTOTOMGOVIE TNV Oldkacion TPOPAEYNG Kol YEVIKOTEPD  TAPUYMYNG

cLUTEPAG ATV XOPIC va pecoraPel avOpmmivn mapéupaon.
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Ewsayoyn

H xobnuepwvommra tov péoov avBpodmov ta terevtaio ypdvio €xel oAAdEetl, o
TEPLOPIOUEVOS YPOVOG €xel cvuPdAet apvnTikd otV Vyeio, TO AYYOG KOl TO GTPES
gYouV katokAOoel kaOe pépog g Cong pog Kot ta TpofAnipata vyeiog mAnbaivouv,
0AAG TTOGO amd aVTA Ta. TPOPANATO TPOEPYOVTAL OO TNV EAGYIOTN doKnong, TV
KoK Ol TPOPN KOl TNV KOKN TOOTNTO TV TPoioviwv. Meléteg £yovv dei&etl OtTL o1

Openticég ovoieg 0T PPOVTA Kot AoyaviKa £Xouv LelwBel amd ta Tponyodueva ypovia

gmg ko 38% [8].

H éewyn Poowkdv Opentikdv ovoidv yivetor opath KoOdg  CUUTANPOUATO
dwTpoeng elvar mAéov amopoitnto Kot ovamdesvkto oty kodnuepwn Con. H
EAMAGSa kpatdel v Béom TG OTIC TPEIS TPMTEG YOPEG HE TO VYNAOTEPO TOGOGTA
nmoyvoapkiog péoa oty Evpomaikny Evoon [9]. Zoueova pe to dgdopéva mov
avaeépOnkay Kot glval AOYIKO vo GLUUTEPAVOLUE Kol TpoPAnuote vyeiog wov
TPOKVTTOVV, ONMG TOPOVCIAGTNKE HEG® EPELVAOV TO TOGOGTH BvnoudTTOS GTNV

EXAGSa, Tpoépyovtar katd 51.1% and voco Tov pookapdiov.

H épevva avt emOudKeEL TNV HOVTEAOTOINGN KOl TEKUMPI®OT G TAATEOPUOGC
GLALOYNG OEOOUEVOV LLE OKOTO TNV €VPVUTEPT avOAvoT TNG Kabnuepwnig Cong tov
avlpOTOL ®C TPOg TNV JWTPOPT] Kot OpacTnplotnTo. MOVTIEAOTOIOVTAS Lol
TAOTQOPUO. GLALOYNG OEdOUEVOV diveTal TO TANIGIO avATTLENG OUOIOV £PYOV OO
TEXVOAOYIKA VOTITOUTO Y10 OKOTTOVG GUVEICPOPAS otV vYyeia. XTo TAAIGIO VTNG TG
TTUYWOKNG  EPELVAOVTIOL TEYVOAOYIEG KOL TPOKTIKEG 7OV EMAVOLV  TPOPANUTAL
avdAvong dedopéEVMV, HeyaAoL OyKoL dedopévaov, OPYLTEKTOVIKNG
VINPECUDV-EPAPLOYDY VEPOVS Kol OETAPOV ¥pNoTn kabmdg Kot 1 dnpovpyio Kot

YPNOT LOVTEAOL UNYOVIKNG Habnong.

Xe aut TV gpyacio Ba Bpeite ta péPN TOL SETOVY TO TPOKTIKO HEPOG TNG TTLYLUKNG
KOl TNV EKTEVI] TEPLYPAPT TOVG, N epyocio Exel cuvtoydel amd Tpo facikd peépn Kot

TNV TEPLYPUPT| LEPIKDOV BONONTIKOV TEYVOLOYIDV TOV YPTCLULOTOMONKAY.
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Y10 mpoTo MEPOG yiveTtal o ovaeopd 6To AEVIPO OMOPACE®V KOl GTO LOVIEAQ
ta&wounong kot molvdpounons (CART), pe factkodg opiopo yio vo, KOTOVOT|GOVLE
YL TOOVG AOYOLG £YVE 1 ETIAOYN ALTOD TOL HOVTEAOL Yol TNV TOPOVGO TTLYLOKT.
Eniong mapovcidlovror pébodor mov agromorovv ta poviéda CART ko Bedtiotomotet

TIC AELTOVPYIEG TOVC KOl BEATIOVOLV TIG OOVVOUIES TOV.

Y10 devTEPO PEPOG TEPLYphpeTaL TO cuvoro dedopevav (Heart Disease dataset) [1]
OV YPNCULOTOMONKE Y10 TNV LAOTOINGT TOV HOVTELOL, TEPIAAUPAVEL TNV TTEPTYPOOT
TOV YOPOKTNPIOTIKOV, TNV TPOETOaGia, Tpoenetepyacio Kat TV xpron nebodmv yio

v BeATiotomoinon g andd0onS TOV LOVTEAOL.

210 1pito péPoc mapovctdleTonr m SOUN TOL €PYOVL, N HOPPT] TOV OLOOIKTLOK®V
VANPECIOV KOl TOV TEYVOAOYLU®V TOL ypnoipomomdnkay. Alvetonr Pnpoatikd m
dradkacio avamTuENG oG EPAPUOYNG LE TNV ¥pNoN NS Texvoroyiag Spring Boot kot
TV anopaitnteov Biplodnkov. Iepiéyetor 10 oynua ER mov dopel v Pdon
dedopévav,  dnuovpyia Twv ovioTteV pe TV xpnon JPA kot tdv diemapmv Tov

enekteivoov Data Manipulation Language (DML) Aertovpyieg kot moapdyouvv
Epompata (Queries), to Service layer mov mepthopfdaverl Ty enyelpnolok Aoyikn
kot Tovg Controllers mov dwayepifovror ta Request. To cuvorlo avtwv TOoV peBodwv

&xel mapayBel cOppwva pe To documentation g Spring Boot.

Emumiéov avagépovtar texvoroyieg mov cuviélecay otny ypnyopdtepn avamtuén e
TAOTEOPLOG KOl ETIKEVIPOVOVTOL GTNV AVCT KOW®V TPORANUATOV, OT®MG 1) VINPESia
dwayeipiong xpnoTaV, mGTOToiNong Kot ££0VGL0IOTNON TOVG LE TNV TOPOYY| EWOIKDOV

motomomTikwV (token).

Ivetar ocuvomtikn ovoeopd otnv Onpovpyio TG SETOPNG XPNOTOV Kol TOV
BpAonkodv mov ypnoyomombnkav Kot TEAOG TOPEYOVIOL TOPOPTILOTO Yo TNV

dlayeipion Kot TV EXEKTACT TNG EPAPLOYNC.
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1. Aévtpo Amo@daoem®v

[Tpwv amd t0 TEYVIKO HEPOG ElvaL CNUAVTIKO VO KOTOVOT|GOVLE Y10 TOLOVG AOYOVG £XEL
yivel emAoyn Tov d4vIpov amoPdacemv, ot cuvéxelo Oa avalvBodv pepikoi Aoyot yio
TNV KATOVONOT TOVL, OmOPOiTNTOl OPIGHOol KaODG Kol TEPLYpapn T®V 1O104TEPMV

YOPOKTNPLOTIKOV TOV aAyopifuov.

Ta Aévrpo ammé@aong €ival JOVTEAO PNXOVIKAG PABNONG TTOU QVAKEI OTNV KAThyopia
empBAeTTOPEVNG  pABNONG, xpnolgotroleital  yia  Tagivopnong  Kai  TTaAivopounong,
AEIToupyoUV PE avadPOUIKK) KATAVOMN Twv OedOUEVWVY GE UTTOOUVOAQ, PE BAon TIG TIPEG
TWV XOPAKTNPIOTIKWY €I0000U Kal 0Tn ouvéxela KAvovTag TTPoRAEWEIS Ye BAan TNV TAEN
TTou uTrepioyUel (oTnv Tagivounon) A T péon TINA (o€ TToAivopounon) NG METABANTAG

OTOXO0U O€ KABE uTTOCoUVOAO.

270 TTAQiCIO AUTAG TNG TITUXIOKAG £X0UV TTPOTIUNOEN Ta povTéAa TTou BaagifovTtal aTo &EVTPO
ATTOPACEWY Kal OTIG KaTnyopieg Ensemble 1Tou T XpNOIPOTIOIOUV YIA TOUG TTOPAKATW

AGyoug :

Ta povréda CART ptmopolv va avamapaoTaBouv OTTTIKG wg dOUES BEVTPWY, OTTOU KABE
KOUBOG avTITTPOCoWTTEUE! JIa aTTOQOCN TToU BagileTal O€ €va XApAKTNPIOTIKO Kal To KAadIA
Ocixvouv Ta mMOava ammoTeAéopaTa QUTHAG TNG aTTOPAONG. AUTr N OTITIKA avaTrapdoTtacn
OIEUKOAUVEI TOUG avOPWTIOUG VA KATAVOAOOUV TIWG TO HOVTEAO KAvel TTPORAEWEIQ

OKOAOUBWVTAG IO O€IPA ATTOPACEWV.

> € KGO kKOPo Tou dévTpou, AauBdvetal pia duadIKr aTTé@acn va XwpPIoToUuV Ta dedoUEVa
o€ OU0 UTTOOUVOAQ e BAon TNV TIUA €VOG GUYKEKPIPMEVOU XOPAKTNPIOTIKOU. AUTO HIUEITOI
TOV TPOTTO PE TOV OTTOI0 01 AvBpwTTol AauBdavouv cuxva atmo@dcelg AauBavovTag uttown

évav TmapdyovTa KaBe popd.

H avadpopikr) guUon autwy Twv amo@doewy Bupifel Tov TPOTTO PE TOV OTTOI0 avaAUOUUE

ouvBeTa TTPOPRAARUATA O€ HIKPOTEPQ, DIAXEIPIOIUA KOPMPATIAN

O1 kavoveg atégaong mou dnuioupyouvtal ammd Ta povréAda CART eivalr atrAoi otnv
epunveia. Kébe diadpopn atmod 1n pila kOPPo o€ Evav KOPPO GUANOU avTITTIPOCWTTEVE! PIO
ocIpd aT1Td ATTOPACEIG TTOU 00NyouVv o€ pia TTPORAEWn. AuToi Ol KavOVEG UTTOPOUV GUXVA
VO PETAQPOOTOUV O€ KATAVONTH YAWO O, ETITPETTOVIAG OTOUG XPHOTES va avTIAngBouv

TO OKETTTIKO TOU POVTEAOU TTiIOW aTTo TIG TTPOBAEWEIS TOU.
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Ta poviéha CART mrapéxouv etmiong éva PETPO TNG ONUACIOG TWV XOPAKTNPIOTIKWY,
UTTOOEIKVUOVTOG TTOIO XOPAKTNEIOTIKA €XOUV Tn MEYAAUTEPN E€TTIppory OTn dnuioupyia
TPoBAEYewyv. AUTEG oI TTANpoQOpieG JTTOpOoUV va PBonBrjoouv Toug XPHAOTEG va

KOTAVONOOUV TTOI0I TTAPAYyoVvTEG KaB0odnNyouV TIG ATTOPATEIG TOU OVTEAOU.

O1 dlaxwpiopoi oTo OEVIPO WTTOPOUV €UKOAO va OTITIKOTToINBouv, Otixvoviag TTwg
XPNOIUOTTOIOUVTAI OI TIMEG TWV XAPOKTNPIOTIKWY YIA TNV KATATUNOT TwV OedOUEVWY. AUTH
N OTITIKOTIOINON MTTOPEl va TTapEXEl TTANPOQOpPIiEg yia TIG OxEOelg METAlU Twv

XOPOKTNPIOTIKWY Kal TNG METABANTAG oTOXOU.

H évvola Tou KAAdEpOTOG, OTTOU TO OEVTIPO OTTAOTIOIEITAI PE TNV AQAIPECN TTEPITTWV
KAadIWV, yia TNV atmmoQuyn TNG TTEPITTAG TTOAUTTAOKOTNTOGS. AUTO QVTIKOTOTITPICEI TO TTWG

ouxva avalnTouue atrAOTNTA OTIG OladIKagieg AWNGS ATTOQPATEWV.

Ta povtéha CART cival 101aitepa S1aioBnTIKA yia gpyacieg duadikAg Tagivounong, otrou
KGBe kAadi odnyei o€ éva atrd Ta dUO TMOAvVA atroTeEAEoUATA. AUTO QVTIKATOTITPICEI TTOAAG
oevapla aTroQPACEWY TOU TTPAYHATIKOU KOOUOU OTTOU Ol £TTIAOYEG OUXVA ouvowilovTal o€

dUo eTTINOYEG.

1.1 Aévtpa tagivopnong kot taivopounons (CART)

‘Eva &évipo amo@daocwv atroteAeital ammd kOupBoug (nodes), kAadid (branches) kai
@uUAAwpaTa (leaves). O1 kOuBol avTITTPOOWTTEUOUV dia aTré@acn A pia dOoKIuf o€ éva
OUYKEKPIYEVO XOPAKTNPIOTIKO, evw Ta KAAdIA avTITTpoowTTeUouv Ta Toavd atroteAéopaTa
QUTAG TNG atmo@acong. To BEVTPO EeKIva e Evav YOVO KOWPBO TTou ovouddeTal KouBog pidag

Kal yeyoAwvel e kaBe atré@acn o€ TTOAAATTAG KAadIA.

10
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Decision Mode

Ewova 1. Mopgn dévipov amdpoaons

MNa 1n dnuioupyia evog OEVTIPOU aATTOPACEWY, O OAyOpIBuog avalntd To KaAUTEPO
XOPOKTNPIOTIKO YIO va xwpioel Ta dedopéva o€ KABe KOUPOo. To KAAUTEPO XAPOKTNPIOTIKO
EMAEYETAI PE BAON opiopéva KPITAPIO, OTTWG O ouvTeAeoTrg Gini (yia TTpopAfuaTa

Taglvounong) A To HECO TETPAYWVO OQAAa (yia TTpoBARuaTta TTaAivopounong).

O aAyopiBuog Tou d€vTpou aTToPAcewV agloAoyei SIGPOPETIKA KPITHPIO dlaxwpIouoU yia
va TTPOoC0dIopicel TOV KOAUTEPO TPOTTO Yia Tn dlaipeon Twv dedOUEVWV O€ UTTOOUVOAQ O€
KaBe kopPo. O oTOxog €ival va BpeBolv ol diaxwpiouoi Tou dnuioupyolv Ta TTIO
OMOIOYEVH] UTTOOUVOAQ, TTou onuaivel OTI TrepIEXouv TTapdpola onueia dedouévwy o€

oxéon Pe Tn peTaBAnTA oTdxo.

MOAIG eTTIAEXBei Eva XapaKTNPIOTIKO Kal €va onueio dlaxwpiouou, Ta dedopéva xwpilovTtal
oe OU0 N TePIOCOTEPA UTTOOUVOAA 0€ auTdv Tov KOUPo. ZTn ouvéxela, n dladikaoia
emavalapuBaveral avadpopikd yia KABe UTTooUVOAO, dNUIOUPYWVTAS VEOUG KOUBOUG Kal

TEPAITEPW OlIAXWPIOUOUG PEXPI VO OAOKANPWOEi pia ouvBrkn SI0KOTTAG.

H &iadikaoia avamtuéng O&vipwyv ouvexietar PéEXPl va IkavoTroindei éva amo Ta
Tpokabopiouéva KpITApia S1akoTG. Ta Koiva KpITApia JIGKOTTAG TrePIAapBAvouy Tnv
ETTITEUEN €VOG PEYIOTOU BABoUG BEVTPou, TOV EAGXIOTO apiBud delyuaTWY o€ £vav KOURo i

TN KN TTEPAITEPW BEATIWAN OTOV dIAXWPIOUO TWV OEQOUEVWIV.

Otav n diadikacia avadpouikng dlaipeong oTauaTtd, ol TEAIKOI KOUBOI Tou OEVTPOU
ovopadovTal KOuBol @UANwY. KaBe kOuBog @UAAOU avTITTpoowTTEVEl PiIa KAGon (oTnv
Tafivounaon) f pia TpoBAemopevn TR (oe maAivopdéunon). H kAdon mAsioyneiag i n
péon TIUA TNG METORANTAG OTOXOU O€ €vav KOUBO QUAANOU XpNnOIUOTIOIEITAI YIa VA yivouv

TTPORAEYEIG yIa vEQ onpeia OEBOPEVWV TTOU EUTTITITOUV OE AUTHV TNV TTEPIOXHN.

11
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Ta dévipa ATTOPACEWV TTPOCPEPOUV TTOANG TTAEOVEKTAUATA, OTTWG N €UKOAN epunveia, n
IKAVOTNTA XEIPIOKWOU TOGO aPIBUNTIKWY 000 Kal KATNYOPIKWY XOPOKTNPIOTIKWY KAl avVTOXT)
oe akpaieg TINEG. QoTdoo, uTTopei va cival emppeteic oe Overfitting, €1dikd 6tav 10
OEVTPO agrveTal va avatrtuxBei TToAU BaBid. MNa Tnv avTigeTwTmon autou Tou {NTrKOTOG,
Ouxvd xpnoIdoTTolouvTal TEXVIKEG OTTWG TO KAGdEUa A n Xprion HeBodwv ocuvolou OTTwg

10 Random Forest ; Gradient Boosting.

1.2 Khaogpa

To kAddepa eivor por dwdwkacio mov gpapudletar ota dévipo TaSvOpnong Kot
naAvdpounong (CART) pe orkomd v dnpuovpyio evOG ATAOVGTELUEVOL dEVIPOV TOL
amodidel KaAvtepa o dyvoota dedopéva. Ievikedel To 0EVIpO apop®VTOS KA
KOuPovg amd T dKpec Tov TPog TV pila pe avadpopkn dadkasio, avtd EXELS M
ATOTEAEG O TNV OMovpYio VOGS O GLUTAYOVS OEVIPOL LE KOADTEPT TPOYVMOOCTIKN

amodoon).

[Teprypaoetor n drodikacioo KAASELOTOG GUVOTTIK.

To mpwto Prjna etvar va ONpovVPyNoEeTE £voL OEVIPO ATOPAGEDY YPNCULOTOIDVTIG TOV
alyopiBuo CART, o omoiog dwoympilel avadpopkd to dedopéva pe Baomn Tig Tipég
YOPOKTNPLOTIKAOV Ylo. VO ONovpynoet po doun 0évipov. To dévtpo avamthoceTal
g 0Tov KdAOe KOUPOg VALV TEPEYEL €vol HKPO VTOGHVOLO TMOV OEOUEVOV
ekmaidevong, mov evOEYOUEVOS odnyel oe €va GUVOETO Kol VIEP-TPOCUPLOGUEVO

dévTpo.

To KAddepa EeKvad amd 10 KAT® HEPOG TOV BEVTPOL Katl avePaivel mpog T pla koupo.
KdébBe kopPoc 010 dévtpo a&loroyeitat yio vo TPOGIOPIoTEL €AV 1 ApaipesT TOL (Kot
TOL VTOOEVTPOL TOV) B 00MYoVoE GE PEATIOUEVN OTOSOCT) GE U1 OPOTA OEOOUEVA.

Avt 1 a&lodoynon cvvnbwg teptiappdvel v amddoon omd v pébodo Pruning.

H pétpnon xAadépatog xpnoomoteital yio T cLYKPIoN TG Amdd00TG TOV apyLKOD
dévtpov (mpv amd 10 KAAOEN) pe TNV amddoon o KAadevpévng €kdoong. Edv n
KAOOELUEVT £KO0CT| OITOSTOEL TOVAAYLGTOV TO 1010 KOAG [e TV apyikn 1 PeEATIdVEL TV

amod0oT, 0 KOUPOG KAAOEVETAL. ALAPOPETIKA, dLOTNPELTAL G EXEL.
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H dwdwocio KAadépatog yivetor pe eMOvOANTTIKY Stodkacio omd To. AKpo TOL
dévipov péyxpt v pile, Omov oe kGBe emavaAnym mapdyetar 1 omdS0cT TOL
KAAOEUEVOL SEVIPOL HE TO OPYLKO YPNOUYLOTOLDVTOG TOV GUVIEAESTN O’ TOV TOPAYEL

TO AOPOIGLLO TOV TETPAYOVIKOV COOAUATOV.

Metd v oAoKAp®oN Tov KAASEUATOG TO OEVTPO TTOV TTopdyeTon amotelel Eva o

OTAOVGTEVUEVO KOl GUUTTAYT] OEVTIPO LE LEYAAVTEPT] IKOVOTNTA YEVIKELONG,.

[TAéov €yovpe amotpéyel 10 OEVIPO va Yivel TOAD GULYKEKPIUEVO Yo T dedopéva
ekmaidevong Kot Tov pmopel vo cvAlouPdvel mo yevikd potifo mov pmopodv vo

EQOPUOGTOVV GE U1 OPOTAE OEOOUEVAL.

1.3 Ensemble ALy6p10por

Ot péBodot ocuvorov (ensemble) otn pnyoavikny padnon akoiovBodv pio draudiKacio
Myng amdeaong He GLAAOYIKN mpocéyyion. Avii va Pocilopacte oe éva udvo
HOVTEAO - OEVIPO Ylo. VO KOVOLUE TPOPAEYELS, GLYKEVIPMOVOLUE TOAAATAOVG
TaEvounTéC oL £XOVV  TPOCOPUOCTEL GE GUYKEKPIUEVO VTOGVUVOAO OEOOUEVOV

(Baowkd povtéda) Yo vo, cuveEPYAGTOVY Kot VO KAVOLUV KaAOTEPT TPOPAEYM.

Ta mieoveknuoto TV pneddd®V GLVOLOL TTEPLYPAPOVTIOL OO TOV GLUVOLOCUO TOV
pHovtéAmv, o¢ (o opdda. Me ) ovuvepyacia, n opddo umopel va Kavel mo axpiPeig
nmpoPréyelg amd omolodnmote pepovouévo péEAoc. H opadikn epyacia Ponbd ot
ueioon tov Aobodv kot omnv mpaypotonoinon mo oSwdmiotov npoPréyemv. To
obvora emnpedloviatr Aydtepo amd axpaieg Tiwég 1 BopuPmdn onueio dedopEvVDV,
kafotavtag T1g TpoPAéyelg toug mo otabepés. Ot uébodot cuvoriov pumopodv va
YPNOUOTOOVV  SLUPOPETIKOVS TOTOVG HOVIEA®V 1 OLUUOPPDCEDV, TOPEYOVTOG

gveMéio oV EMA0YN TNG KAADTEPNG TPOGEYYIONG Yol EVOL OEOOUEVO TPOPANLLOL.
Qo1000 LVIAPYOLV pHEPKOL TEPLOPIGHOTL OcoV agopd TiIc peBdSovg cuvorov. Ot

puéBodol oLuVOAOL OmOUTOVV WHEYAAO OYKO OEJOUEVOV KOOMDC Kol TOV GLVOLOGHO

TOALOTAGDV HOVTEA®V, TO. oToia eivol mo amaitnTkd vtoloyiotikd. H epunveia tov

13
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oLVOLOCHEVAV TPOPAEYEDY £vOG GLVOAOL pmopel va givarl mo SVoKOAN 6€ cUYKpLoN

LE HELOVMUEVO, LOVTEALL.

Me amid Adyla, ot péBodor cuvOAOL aPOPOVV TNV OHAOIKN EPYACic, OTOV TOAAA
povtéla ovvepyalovtal Yo vo BEATIOGOVV TIG TPOPAEYELS LEDVOVTOG TOL AGON Kot

avEdvovtag v axpifeta.

Ot dvo Baockoi THmot peBddwvV cuvorov Bagging kot Boosting.

1.3.1 Bagging
Ta povtédo tov ocvvorov (Paocikd povtédo) AauPaver aveldptnto pépn TOL
TPOPANUATOC. X1 GUVEKEL, | TPOPAEYN AopPdveTol Kata TOGOGTO YNRPOL Tov KAbE

povtédov. Avto Bondd ot peimon tov Aabov kat otn Beltioon g akpifeloc.

1.3.2 Boosting
Ta péAn tov cvvorov cuvepydlovtar pe dadoykd tpdémo. Kabe puéhog pabaivel amd
o A0ON TV Tponyovpevov LeEA®V Kot mpoomadel va ta Pedtiwoetl. Zoveyilovv va

TPOGAPUOLOVV TIC YVMOELG TOVG LEXPL VO OTAGOVV GE Lo KaAn TpOPAEy).
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2. Heart Disease Dataset

2to TAaiclo aVTNG NG TTVYLOKNG £xEL yYivel n xprion TV Piprlodnkov scikit-learn [2]

numpy [3] , Pandas [4] , matplotlib [5], skl2onnx [6] , onnxruntime [7] KaB®OG

TopEYOLV Aertovpyieg emeEepynciog 0E00UEVOV KOl ONUIOLPYING LOVTEA®DV UNYAVIKTG

paénong.

2.1 Ta dgdopéva

To olOvoro dedopévav yoo 115 Kopowakés mabnoeig UCI (Ilavemomuo g

KaMgopvia, Irvine) [1] eivoar évo chvoro dedopévev otov Topéo NG UNYOVIKNG

uéOnong ko g avdivong dedouévav. Iepthappdverl dedopéva mov oyetiovrat pe

dyveon ¢ KapdokNg vOGou Kot mEPLEYEL OAPOPO YOPOKTNPIGTIKG Yol TNV

TPOPAEYN KapdloKN g TiOnomng.

AxoAov0el (o ETGKOTN OGN TOL GLVOAOL FEGOUEVOV KOl TOV 1O10THTOV TOV:

Ovopo petafintne Tomog Twég Heprypaoen
Hlkia numeric o€ Ypovio H nlia tov acBevoic.
®vro numeric IMovouko = 0, To @vLo Tov acbevoic .

Avopag =1
Tomog Tévov 610 Ordinal 1 = tomikn oBayym, | O TOmOg TOV TOVOVL GTO
61i{00g 2 = Gronn o4y, otfog mov Pudvel o
3 = un omOBayym, acBevic, Tov
4=0GVUNTOUATIKT KOTNYOPLOTOLELTOL GE
TEGOEPLS TUTTOVG .
Aptnprokn wigon o€ numeric H apmnproxn wieon

npepio

npepiog tov acbevoig (ce

mmHg).
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XoAinotepoin numeric To eninedo yoinotepOANg
oV acBevoig (oe mg/dl).
Yaxyopo aipatog numeric > 120mg/dl=1, <= To eninedo caxydpov
vnoteiog 120 mg/dl = 0) aipatog ynoteiog Tov
acBevoug.
Hlektpokaporoypapik Ordinal 0 = @Vo10A0YIKO, Amotelécpato TV
& amwoteréopora 1 = pe avouaiio Tov NAEKTPOKAPILOYPOUPT|LOTO
npepiog kopatog ST-T, ¢ npepiog,
2 = guedvion mhavng | KoTyoplomomuéva. e
N OPIGTIKNG TPELG TIUEC.
VIEPTPOPIOG TNG
aplLoTEPNG KOAoGg
Méyi6T0G KOPOLOKOGS numeric O péyiotog kapdiokdg
puOp6S TOV pvOudS Tov 0IeBEVOVE TOL
EMTVYYOVETAL EMTLYYAVETOL KATA TN
SlapKeELn TNG AOKNONG
Xt 0dyym mov numeric 1 =va, Edv o aoBevniig eppdvice
TPOKUAEITAL OTTO TNV 0=odqn ot 0dyyn mov
doxknon mpokAnOnke and v
doxknon .
Katd®iyn ST mov H xotabiyn ST mov
TPOKUAEITAL OTO TNV TpoKaAeitat omd v
doxknon doknon o€ oyéon pe v
OVOTOVOT).
KA\ion Tov Tpfqpatog Ordinal 1 = «kAion, H «Aion tov Tpunpoatog
ST doxknong Kopveng 2 = eninedo, ST doxnong kopveng .
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3 = KatoEépeln
ApOpog peyarov Ordinal (0-3) O apBudc tov peydiomv
ayyeiov aYYEIOV XPOUOTIGUEVO [LE
OKTIVOOKOTNOT).
Thal Ordinal 3 = PLO10AOYIKO, Mo dwatapoayn tov
6 = otabepod ehdTTOMO, | aipotog Tov ovoudleTol
7 = ovaoTPEYLLO Boraccopio, Tov
eAATTOUO Katnyoplonoleital g
TPELS TOUTTOVG .
Y16y)0g numeric 0= 0oy, H mopovcio kapdiokng
I =vo vOGOov.

O o10%0¢ ™G ¥pNoNS avtod TOL GLVOAOL dedouévev elvar 1 dnpovpyio £vOg
LOVTEAOL UNYOVIKNG Habnong mov pmopel vo mpoPréyel eqv évog acBevng €xet
Kapdlok voco pe Pdon to dedopéva yapaxtnplotikd. Ot gpevvnTéc Kot ot
EMOTNUOVEG  OEOOUEVOV  UTOPOVV VO €QPAPUOCOLV  JAPOPOVS  aAYOPIOOVGS
tavopnong o€ ovtd T0 GHVOLO dEJOUEVOV Yo va ovartTOEOVY HOVTELN TPOPAEYNC
KOl VO HEAETNOOVV TIG GYECELS HETOED TV YOPOKTNPIOTIKOV KOl TNG TOPOVCig

KOPOLOKOV TOONCEDV.

Eivor onpovtiko va onpeimdei 6t1 1o cuvoro dedopevav tpoépyetal amd to Cleveland
dataset mov eivan pa mpo eneEepyasuévn popen tov heart disease dataset pe okomd
TNV XPNOT TOL GE HOVTEAD UNYavIKNG padnong. o v mepaitépm Katavonon tov
YOPOKTNPLOTIKOV OV Ogv €yovv ypnotpomondel ota mAaiclo avTAG TNG TTLYLOKNG

umopeite va avatpééete otnv nyn tov UCI datasets Heart Disease [1].

Ewoayoyn tov dedopévov pe t v ypnon g Piprodnine Pandas kot onpovpyio

Dataframe:
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df = pd. ("../datasets/heart/processed.cleveland.data",
header=None

df.head()

cp trestbps fbs restecg thalach exang oldpeak slope

10 145.0 3 1.0 2.0 150.0 0.0 2.3 3.0
40 160.0 0.0 2.0 108.0 1.0 1.5 2.0
40 120.0 0.0 2.0 129.0 1.0 2.6 2.0

130.0 0.0 0.0 187.0 0.0 3.5 3.0

To Dataframe ¢£yet 303 ypappég ko 14 otihes.

2.2 lIpoetopacio dedopuivev

ANA®OT] OVOUATOV YOPAKTNPICTIKOV 6T 6THAES Tov Dataframe:

df.columns =
["age","sex","cp","trestbps","chol","fbs", "restecg", "thalach",

"exang", "Oldpeak", "SlOpe", Ilcall) "thal", uhdu]

cp trestbps chol fbs restecg thalach exang oldpeak slope

1.0 1450 2330 1.0 2.0 150.0 0.0 2.3 3.0
40 1600 2860 00 2.0 108.0 1.0 1.5 20
40 1200 2290 0.0 2.0 129.0 1.0 2.6 2.0
1300 2500 0.0 0.0 187.0 0.0 3.5 3.0
1300 2040 00 2.0 172.0 0.0 14 1.0

2.1.1 Missing values

Ta yopaxkpiotikd wov Exovv null Tipés givar to ca kou thal, pe Tov mopakdto KOS

APOPOVLE TIG YPOUUES TTOV £YOVV TIG EAMTEIS TILEG.
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df _no _missing df [ (df[ ] != ) & (df[ ] != )]

df _no_missing

pe v aeaipeon tov null Tpuov ot ypaupég tov Dataframe sivon 297.

2.1.2 Dependent and Independent values

HEeympilooue tig E&aptuéveg and ave&dptnreg petafintés.

X = df no missing.drop('hd', axis=1).copy()
df no missing["hd"].copy()

<
1

H petapAnt otoyog (target label) éxet 4 Tyég, otn dnuovpyio cwtod TOV HOVIEAOL
Ba AdPovpe vrdyn Tov 6TdY0 OC dvadIKN TAEN, pe T 0 Yo TV amovsio KopdokNg

vooou kot 1 yla v dmapén kapdiakng vocov.

y_not_zero_index = y>0
y[y_not _zero index] = 1

target_labels = ["No HD","Yes HD"]

2.1.3 One-hot encoding

To One-hot encoding &ivar évag TOTOC KM®OKOTOINGTN TOL YPMNOLUOTOIEITOL Yol TNV
VATOPACTACT]  KOTNYOPIKAV UETOPANTOV 1] YOPOKTNPIOTIKAOV ®G OLOIIKAOV
dwvocpdatov. Eeapupoletar coviBog ot unyovikn pdonon yu  Kotnyopikd

O€d0UEVQ, ETTELDN TA TEPLGGOTEPQ LOVTELD ATOLTOVV OPLOUNTIKEG E1GOJOVC.
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v kwdwomoinon one-hot, wdéBe povadiky watnyopio o€ €va  KATNYOPIKO
YOPOKTPLOTIKO LETATPEMETOL GE £VAL dVAGIKO SLAVUGHO TOV £YEL TO 1010 PNKOG LE TOV
aplOpd Tov povadikmv Kotnyopldv. To dvadikd dtdvuoua meptEyel OAM To UNOEVIKY
extog oamd éva  pepovouévo ototyelo, to omoio €xel opotel oe 1y va

OVTITPOGMOTEVEL TNV TOPOVGIO HOG GUYKEKPIUEVIC KOTYOPLOG.

H xwdwomnoinon One-hot ypnoyomoteital evpémg, oe gpyacieg 6mwg N ta&vounon,
OOV Ol KOTNYOPIKEG UETAPANTEC TPEMEL VO HETATPATOVV OTIC aplOUNTIKEG TOLG
OVOTOPOOTACES ¢ €l00001 og poviéha. Mepikd omd avtd to poviéha elval m

AOYIGTIKT TOAVOPOUNGT), TO SEVTIPA OTOPAGEMV 1} T VEVPOVIKA SIKTLAL.

df encoded = pd.get dummies(X, columns=["cp","restecg","thal","slope"])

Me 10V Topamive KOSKO LETATPEMOVUE TIC OVOUOTIKES TIUES GE OplOUNTIKES, TO

YOPOKTIPLOTIKA TOV OVIIKOLV G KOTnyopies givat cp, restecg, thal, slop.

2.1.2 Correlation Matrix

Kald givar va égovpe pio OTTIKOMOINGN TOV GULOYETICEMV TOV UETAPANTOV Yo

TEPETAIP® GLUTEPAGLLOTOL.

plt.figure(figsize=(19, 15))

plt.matshow(df.corr(), fignum=f.number)
plt.xticks(range(df_no_missing.select_dtypes([ 'number']).shape[1l]),
df.select dtypes(['number']).columns, fontsize=14, rotation=45)
plt.yticks(range(df no missing.select dtypes(['number']).shape[1l]),
df.select _dtypes(['number']).columns, fontsize=14)

cb = plt.colorbar()

cb.ax.tick_params(labelsize=14)

plt.title('Correlation Matrix', fontsize=16);
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O mopamdve Kodkag pog divetl tov mivaka cvcyeticewv oc heatmap:

Correlation Matrix

1.0

age

trestbps

chol

restecg

thalach

exang

oldpeak

slope

Ewoéva 1. O ITivaxag ovcyetioewy twv mopopetpmv

Aloyopiopog o 0edopéva eKmaidevong ko dedouéva eA&yyov. O daympiopdg yivetol
pe OKOmO vo. SNUIOVPYNGOVUE GyVMGTO OEOOUEVO Y10 TO EKTOLOEVUEVO LOVIEAO LE
OKOTO TNV eKTiunom g amdd0oNS TOV GTO SEOOUEVE EAEYYOL KoL TNV KAVOTNTO

yevikevongc.

X _train, X _test, Y_train, Y_test = train_test split(df _encoded, vy,

train_size = 0.2,random_state=42)
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2.3 DecisionTreeClassifier
0o YPNOUOTOMGOLLE TOV TOEIVOUNTT YLOL VO, ONUIOVPYNGOVUE Eva apyIkd SEVTPO.
Xpnowponowwvrog v Pipiobnkn matplotlib 6o dnuovpyncovpe éva plot Tov

JEVIPOL Y10 VO OTTTIKOTOMGOLLE T LOPPN KOt VO, fYGAOVE CUUTEPACLLATO.

import matplotlib.pyplot as plt
from sklearn.tree import plot_tree

from sklearn.tree import DecisionTreeClassifier

clf_dt
clf dt

DecisionTreeClassifier(random state=(42))

clf dt.fit(X_train, Y _train)

plt.figure(figsize=(15, 7.5))
plot_tree(clf dt,
filled=True,
rounded=True,
class_names=target_labels,

feature_names=df_encoded.columns)

To devipo mov mapdyetal eivon £vo TEPITAOKO KOl VTEP-TPOGUPLOGUEVO OEVTPO.

Ewéva 2. To whnpes dévipo mov laufavoous aro tov talivountn
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21 ovvéyewn o amhovotelcovLEe TO 0EVTPO pe TN HEB0OO KAUSENATOG.

2.3.1 Cost complexity Pruning

To kprtpro k6cT0g ToAvTAokoTNnTaG (Cost complexity Pruning), mov cuyva
onAdveTon o¢ o’ (AAQA), EAEYYEL TNV AVTIGTAOOT] HETAED TNG TOAVTAOKOTNTOG TOL
JEVTIPOV KOl TNG TPOSAPHOYNG TV dedopévav eknaidevong. Kabopilel tnv mocdtnta
KAadépatog Tov epappdletal oto 6EvTpo. Meyalhtepeg TYEG GAPO 001 YOV GE TTLO
emMOETIKO KAAOELQ, 00N YDOVTOS GE AMAOVGTEPQ OEVTPA e AyOTEPO KAOOLA.
Mikpdtepec TIHEG TOV AAPO ETITPETOVY GTO OEVTPO VO, CLALAUPAVEL TEPICCOTEPES

Aentopépeteg amd Tt OedoUEVA EKTOIOELONG.

To kprtpro KOGTOVG-TOAVTAOKOTNTOG Eivar £vor LaOMUOTIKO LETPO TTOL
xpnopomoleitat yro v a&lohdynon g motdTnrag VOGS OEVTPOL. Luvovdlel To
TOGOOTO 6QPAAUEVNG TASVOUNoNG (Yia Tavounon) 1 T0 LEGO TETPAYMVO GOAALLN
(Yo TaAvdpounomn) e Evov 6po TOWNG OV AVIUTPOCOTEVEL TNV TOAVTAOKOTNTO TOV

dévTpov.

I'evikdg thmog: Kdotog-ITorvmhokdtra = [Tocootd ecparpévng tavounong (M

MSE) + a * IToAvmtAokdtnTa 06VTpov

Bpiockovpe 10 o’ mov avtamokpivetol KaAHTEPQ Y10, TNV EKTOIOEVOT Ko Yol TV

JOKUN TOL LOVTELOV.

path = clf dt.cost complexity pruning path(X train, Y_train)
ccp_alphas = path.ccp_alphas #extracting different values for alphas

ccp_alphas = ccp_alphas[:-1] #exclude maximum value from alphas

clf dts = [] # creating an array to put decision trees

for ccp_alpha in ccp_alphas:

clf dt = DecisionTreeClassifier(random state=(0),
ccp_alpha=ccp_alpha)

clf dt.fit(X _train, Y_train)

clf dts.append(clf dt)
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train_scores = [clf_dt.score(X_train, Y_train) for clf dt in clf dts]

test _scores = [clf _dt.score(X test, Y test) for clf dt in clf dts]

fig, ax = plt.subplots()

ax.set_xlabel("alpha™)

ax.set_ylabel("accuracy")

ax.set_title("Accuracy vs Alpha for training and testing sets")
ax.plot(ccp alphas,train_scores, marker="o0", label="train",
drawstyle="steps-post")

ax.plot(ccp_alphas,test_scores, marker="o0", label="test",
drawstyle="steps-post")

ax.legend()

plt.show()

XPNOIUOTOLOVLLE TOV TOPATAVED KOIKA Y10, VO BPOVLE TO0 o aVTATOKPIVETOL
KOADTEPO KOl Y10l TNV EKTAIOELGT KOl Y10t TOV EAEYXO TOL LOVTIELOV.

Accuracy vs Alpha for training and testing sets

1.00 —8— train
—8— test

0.95 1

0.90 4

0.85 o

accuracy

0.80 1

0.75 1

0.70 4

T T T T T T T T T
0.000 0.005 0010 0015 0.020 0.025 0.030 0.035 0.040
alpha

Ewova 3. H axpificio tov a’ o€ oyeon ue to train koi teot set.

import numpy as np

alpha loop values = []
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for ccp_alpha in ccp_alphas:
clf _dt = DecisionTreeClassifier(random_state=(42),
ccp_alpha=ccp _alpha)
scores = cross_val score(clf_dt, X_train, Y_train, cv=5)
alpha loop values.append([ccp_alpha, np.mean(scores),

np.std(scores)])

alpha results = pd.DataFrame(alpha loop values, columns=[‘'alpha',

'mean_accuracy', 'std'])

[N kaBe éva o’ mov €xovpie Kpatnoel otov mivako ccp_alphas Kataypdeovpe v
aOd00T ONUOLPYADVTOG TAEIVOUNTES KO KPATALE TNV HECT] amOS00N Kot TNV

amokAlon otov mivaka alpha loop values.

To 1avikd o’ PBpiokeror petald tov Tinmv 0.014 kot 0.015. Me tov mopakdto Koduwo

Bpiokovpe kot kKpatdpe to Wavikd o oty potafiurr ideal cep alpha.

alpha_results.plot(x="alpha’,
y="'mean_accuracy"',
yerr="std',
marker="0",

linestyle="--")

ideal ccp_alpha = alpha_results[(alpha_results['alpha'] > 0.014) &
(alpha_results['alpha'] < ©.015)][ 'alpha']

ideal ccp alpha = ideal ccp alpha.astype(np.float64).iloc[0]
print(ideal ccp_alpha)
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0.85
-®- mean_accuracy

0.80 -
0.75 - _a

Y
Y
b
0.70 ﬂ ) T

0.65 1

0.60

T T T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
alpha

Ewéva 4. Bpiokovue 1o o’ mov diver ty kalitepn axpifeio.

To KaAOtepo ccp_a: ©.014224751066856332

clf dt _pruned = DecisionTreeClassifier(random state=(42),
ccp_alpha=ideal ccp _alpha)

clf dt_pruned = clf dt pruned.fit(X train, Y_train)
predictions = clf dt _pruned.predict(X test)

2

211 ovvéyeto dnpovpyoLve To confusion matrix GOUE®VO LE TO BEATIOTO .

clf _dt pruned = DecisionTreeClassifier(random_state=(42),
ccp_alpha=ideal ccp alpha)

clf dt _pruned = clf dt pruned.fit(X train, Y _train)
predictions = clf dt pruned.predict(X test)

cm = confusion_matrix(Y_test, predictions,

labels=clf _dt_pruned.classes )

disp = ConfusionMatrixDisplay(confusion_matrix=cm,
display_labels=target_labels)
disp.plot(cmap=plt.cm.Blues, xticks rotation=45)
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plt.show()
30
Yes HD
T
=]
=
18]
=
E
- 15
No HD
- 10
- o
& R
& =

Predicted label

Ewova 5. To confusion matrix ypnoiporoiovag o o.” .

[Tapovcidlovpe 10 StypapLo TOL SEVTPOV UETE TN O1UOKOGT0 KAAOEUATOG,.

from sklearn.tree import plot tree
plt.figure(figsize=(15, 7.5))
plot_tree(clf dt pruned,
filled=True,
rounded=True,
class_names=target_labels,

feature names=df_encoded.columns)
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ca<=05
gini = 0.498
samples = 222
value = [118, 104]
class = Yes HD

thal_7.0 <= 0.5 cp_4.0<=0.5
gini = 0.382 gini = 0.346
samples = 132 samples = 90
value = [98, 34] value = [20, 70]
class = Yes HD class = No HD

oldpeak <= 2.7 cp_4.0<=0.5 oldpeak <= 0.55
gini = 0.24 gini = 0.497 gini = 0.499
samples = 93 samples = 39 samples = 31
value = [80, 13] value = [18, 21] value = [16, 15]
class = Yes HD class = No HD class = Yes HD

gini = 0.185 gini = 0.444 gini = 0.42 gini = 0.332 gini = 0.401 gini = 0.355

samples = 87 samples = 6 samples = 20 samples = 19 samples = 18 samples = 13
value = [78, 9] value = [2, 4] value = [14, 6] value = [4, 15] value = [13, 5] value = [3, 10]
class = Yes HD class = No HD class = Yes HD class = No HD class = Yes HD class = No HD

Ewéva 6.70 dévipo ueta  diadikaocio Pruning.

from sklearn.model_selection import cross_val score
cvs = cross_val score(clf dt pruned, X, y, cv=10)

np.average(cvs)

Accuracy: 0.7239080459770115

Av Kot T0 HOVTELO aodidel TAEOV KOAVTEPQ GE AYVOGTO OEOOUEVA e TOGOGTO 72%,
dgv glvor €OKOAO VO UEYIOTOTOMGOVUE TNV EMTUYIOL HOVO HE TNV YXPNON €VOC
ta&vount CART. Q01660 pmopovpe va YpNOIUOTOCOVE TIG HeBdOOVE cuVOAOL

Y10l V0L ETITOYOVUE KOADTEPQ AMOTEAEGLOTA.

Eivon emiong onpavtikd va avagépovpe 0Tt pe v xpnomn tov puebodmv cuvorlov dev
elvar avaykaio vo ypnoipomomoovpe T péEB0d0 KAadEHOTOC KaODS £va GUVOAO
TAEVOUNTOV €YOVV EKTTALOELTEL O VA KOURATL TOV OPYLKOV GUVOAOL OEOOUEVOV
(Bootstraped dataset) kot to ovpumépacpe (Inference) mapdyeton Kotd TOGOGTO

YNOOV TV TOEVOUNTOV.
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2.4 RandomForestClassifier

Iveton po dokun pe TV TPAUETPO CCP_a Y10l GUYKPLOT] OMOTEAEGUATOV.

from sklearn.ensemble import RandomForestClassifier
from sklearn.model_selection import cross_val score
base_rf = RandomForestClassifier(

n_estimators = 1000,

random_state = 1,

criterion = "gini",

ccp_alpha=0.0142247,

max_samples=0.11,

)

base_rf.fit(X_train, Y_train)

acc = base rf.score(X test,Y_test)*100
print("Random Forest Algorithm Accuracy Score : {:.2f}%".format(acc))
print("Cross Validation Score: ",np.mean(cross_val score(base rf,

X _test, Y_test, cv=5)))

acc = base rf.score(X test,Y_test)*100

Random Forest Algorithm Accuracy with ccp_a
Cross Validation Score: 0.8231382978723405

2.5 RandomizedSearchCV
Xpnotponotovpe pia pebodo yua hyperparameter tuning amd tn fipirodnin sklearn.

Mog divetar 1 duvatdTTa Vo, SMGOVUE £VO, GUVOAO - SLAGTNO TOAPUUETPOV Y10 VO

YivOuV 01 OOKIUEC GTOV HOVTELO.
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from sklearn.model_selection import RandomizedSearchCV

from pprint import pprint

n_estimators = [int(x) for x in np.linspace(start = 1800, stop = 1900,
num = 10) ]

criterion = ['gini', "entropy"']

max_features = ['sqrt', 'log2']

[True]

[ 0, ©.0142247]

bootstrap

ccp_alpha

max_depth = [int(x) for x in np.linspace(38, 42, num = 2)]
min_samples_split = [2, 5, 10, 12, 13, 14, 15]
min_samples_leaf = [1, 2, 4, 6]

#min_impurity_decrease = [0.03,0.1,0.2,0.4]

max_samples= [0.6, 0.7, 0.8]
oob_score = [True]

class weight = ["balanced","balanced_subsample"]

random_grid = {'n_estimators': n_estimators,
'criterion’':criterion,
'max_features': max_features,
'bootstrap': bootstrap,
#'ccp_alpha': ccp_alpha,
'max_depth' : max_depth,
'min_samples_split':min_samples_split,
'min_samples_leaf':min_samples_leaf,
#'min_impurity_decrease':min_impurity_decrease,
'max_samples': max_samples,
'oob_score' : oob_score,
'class_weight' : class_weight
}
pprint(random_grid)
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Ytov mopomdveo kKddwka dnimvovior 1o mA&ypa (grid) tov mapopétpov mov Oa
RandomizedSearchCV yw va Ppebel o xoivtepog ocvvdvacupds. ITlapéyetor n
KovoTTa OMMA®ONG EVOG IKOVG TILMV 68 KABe petafAnty.

Aapupavoope 11g PBéAtioteg mopapétpoug pe TN péBodo best params  tov

avtikepévov rf randomCV mov dmpovpyicaype.

print(rf_randomCV.best params )

#Best params for RandomCV

{'oob_score': True, 'n_estimators': 1800, 'min_samples_split': 15,
'min_samples_leaf': 6, 'max_samples': 0.6, 'max_features': 'log2’',
'max_depth': 38, ‘'criterion': 'gini', 'class_weight': 'balanced’,

"bootstrap': True}

AxoAov0el Lo GOVTOUN TEPLYPAPT TOV KOADTEP®V TOPAUETP®V [2].

n_estimators 1800 , to 7An00¢ TV ta&ivountdv CART mov ypnoipomom|dniay.
min_samples_split 15, 10 €Adyioto mANO0g Odelypdtov Yoo TOV  SOPIGUO
£0MTEPIKOV KOUPOV.

min_samples_leaf 6, to cAayiotov mAn0og derypdtowv mov umopel va Ppebel o Eva
@VOALO, BonBdel oty eEopdAVVON TOV LOVTELOL EOIKE GTNV TOAVIPOUNOT).
max_samples 0.6, Otav yivetar yprion tov Bootstrap, meptypdpel 10 T0G06TO TOV
derypdtov mov Ha ypnotpomombel yio v ekmaidevon kabe taStvount.
max_features ‘log2’, To péyioto mAn00g YOPaKTNPIGTIKOV, OTAV YAYVOLLE Yl0L TOV
KoAOTEPO Sroywpiopd, dlverarl amd max_features = log2(n_features).

max_depth 38, To péyisto Paboc tov O6évipov, av dev dobel Ty ot kouPot
Sympilovtar péypt ta GOALX Vo TEPIEXOLVY Ui KAGOT 1 HEXPL VA TTEPLEYOLV ALYOTEPQL
detypoto amd To min_samples_split.

criterion, ‘gini’, To xpumMpo ®¢ ocvvdpmmon mov mpoodopilel TOoV KOAVTEPO
SOPIGUO.

class_weight ‘balanced’, H Bapotnta mov npocdiopiletl tnv kdOe khdon.
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bootstrap ‘True’, otv mepintwon mov eivar evepyd, ypnotpomotel detypata Tov

apywkovv dataset yio TNV ekntaidevom TOV TOEVOUNTAOV.

Aappavoope 10 Cross Validation Score amd tov Tofvounti moOv OMOCAUE TIG
KoAOTEPEG TMOpaUETpovS. Me v mapdpetpo param_distribution decpedovv TIG

KOADTEPEG TOPOAUETPOVGS Y10 VAL YPTNCLULOTOMOOVV.

rf = RandomForestClassifier()

rf_randomCV = RandomizedSearchCV(
estimator = rf,
param_distributions = random_grid,

n_iter = 100,

verbose=2,
random_state=1,
n_jobs = -1,
return_train_score = True
)
rf_randomCV.fit(X_train, Y_train)

print("best score: ",rf _randomCV.best score )

best score: 0.8815789473684211
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Ewéva 6. To confusion matrix omo 1o RandomForest Classifier.

"Exovtag ta amotehéopato omd to pruned tree, to RandomForest pe ypnon ccp_a ko

10 KoAvTEPO tavount) tov RandomizedSearchCV pmopovpe va kévovpe cuykpion

OTOTEAECUATOV.

Classifier Accuracy
Pruned Tree 72%
RandomForest with ccp a 82%
parameter
RandomizedSearchCV 88%
Best Estimator

Av kot €yovpe avENGEL T0 TOc0GTO EMTLYING EIVOL CNUAVTIKO VO OVAPEPOVULE OTL OTIC
nepumtooelg tov false negative to mocootd £xel avénbei, peAlovikd Ba wpénet va

Aapovpe vrdyy, dNAAN TIG TEPUTTOCELS OOV 0 TEAATNG €Yl KOPIomAde aALd

&xel ta&voun el AavOacuéva.
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2.3 Open Neural Network Exchange (Onnx)

YKkomog pog etvor va g&dyovpe to HOVTEAO Y100 VO TO YPTGLULOTOWGOVUE GE Lo
JSldKTVOKY VLANPESia. YTApyouv O1d@opeg emAOYEG Yoo TNV ADCT OVTOL TOV
0épotog. To onnx mapéyel SLVATOTNTO KMOIKOTOINONG TOV HOVIEAOL TGl MOTE VO

gtvor ovpPotd pe StPopeTIKEG TAATPOPLES KOl YAMGGES TPOYPOUUUATIGLOV.

H Bipiobnkn ya to serialisation tov povtédov eivor m skl2onnx mov mepiéyet

converter yio tnVv PipAoOnxn sklearn.

O mapoakdto KooK pog divel To povtého oe popen téveopa (Tensor) yio v xpron

TOV G€ SLPOPETIKO TEPPAALOV.

# Convert into ONNX format

from skl2onnx import convert sklearn

from skl2onnx.common.data types import FloatTensorType

initial type = [('float input', FloatTensorType([None,
X_train.shape[1]]))]

onx = convert_sklearn(best_estimator, initial types=initial type)
with open("rf_heart.onnx", "wb") as f:

f.write(onx.SerializeToString())

Onmg eoivetol 6TOV TOPATOVED KOJKO ONAMVETOL O TOTOG TOV YULPOUKTNPLOTIKMY TOV
ewodyovpe “Float _input” yio Tov 1€vo0pa, 6T GLVEXELD YPNCUYLOTOLOVUE TV HEBOJO
convert sklearn pe moapdperpo tov taSvountr, OTN CLVEYEWL CVOIYOLUE ML POM

dedopevav (stream) yio va amoOnkeHGOVE TO LOVTEAO TOTIK(L.

O TopaKATO KOJKAG ¥PNOLOTOoLEL TO onnxruntime Yo VoL pOPTAOGEL TO POVTEAO KO

Vo KOVOLLLE ol SOKIUN TG AgtTtovpyiog Tov.

Apywd mpémer va dedopéva mov wpoopilovion Yo Edeyyo omd To apykd dataset va
VTOGTOLV TNV 1010 petatpomy One-hot encoding ywa va pmopel va yivel inference,

kaBmg 10 povrého (nrdier 22 feature.
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import onnxruntime as rt

import numpy as np

xiloc = X.iloc[-1]

yiloc = y.iloc[-1]

test =
xiloc#[63.0,1.0,1.0,145.0,233.0,1.0,2.0,150.0,0.0,2.3,3.0,0.0,6.0]
input_data = pd.DataFrame(test)

input_data = input_data.T

input_data.columns = X.columns

input_data

categorical features = ["cp", "restecg", "thal", "slope"]

selected_input_data = input_data[categorical_ features]

# Convert numerical categories to strings

selected_input_data["cp"] = selected_input_data["cp"].astype(str)
selected input_data["thal"] = selected input data["thal"].astype(str)
selected input_data["restecg"] =

selected input_data["restecg"].astype(str)

selected_input_data["slope"] = selected_input_data["slope"].astype(str)

# Load the saved encoder from the file
with open('encoder.pkl’, 'rb') as file:

encoder2 = pickle.load(file)

#encoded_data =
encoder2.fit_transform(input_data.replace(mapping_dict))

encoded data = encoder2.transform(selected input data)
# Repalce the values in original input

encoded _df = pd.DataFrame(encoded_data,

columns=encoder.get_feature_names_out(categorical features))

35



NAATQOPMA KAI TIPOBAEYWYH A>OENEIQN ME THN XPHH AENTPQN ATTO®PASH>

data _encoded =
pd.concat([input _data.drop(columns=categorical features), encoded df],

axis=1)

input_data = data_encoded.loc[@9, :].values.flatten().tolist()

sess = rt.InferenceSession("rf_ heart.onnx",
providers=["CPUExecutionProvider"])

# Ensure the input data has the expected shape and data type
input_name = sess.get inputs()[@].name

# Perform inference

outputs = sess.run(None, {input_name: [input_data]})

# Retrieve the output
output _name = sess.get outputs()[0©].name

predictions = outputs[9]

# Print the predictions

print(predictions)

A@otov €xel yiver m SOk Kot €ivol €MTLYNG UTOPOVHE VO GUVEXICOVUE GTNV
HETOQOPTMON TOV HOVIEAOVL OTNV OldIKTLAKY VLanpecia wpdPfreyng mov 6Oa

dnpovpyncovpe. H dradiktvakn vanpesio Bo avaivbei oto endpevo kepdroro.

H mpocéyyion pog 6Gov agopd tnv v ¥pNon HOVIEA®V Unyovikng pdnong oe
SLUPOPETIKEG TAATPOPUES  €lval 000, gite Ba mpémetl va Ppodue évav native compiler
YL Vo, XPNGUOTOMGEL TO HOVTEAD AUEGO GTNV YAMGGO TPOYPOUUNTIGUOD TOV
YPNOYLOTOOVUE GTNV VINPEGTa, ite Oa EMAEEOVIE VO SNUOVPYHGOLLLE LI VIINPESTQ
oV YA®GGO Tov vAomomOnke To HOVTEAO Kol vo ekBEcovpe TV TPOPAEYN LEGm
HTTP. H naitive mpocéyyion av kol mopEyel TOAAL TAEOVEKTAUATO Elval apKETA
xpovoPopa Kabmg mpémetl vo avontuyBel To mepPAAAOV Yo TNV XPTOT TOV LOVTEAOVL.
Yto. mAOIGLOL TNG TTLYLOKNG Yot €VKOAIDL Kol KOAVTEPN KOTOVONGYN VAOTOWONKE

VINPEGIO TOV TOPEYEL L0l SIETAPT Yo TNV TPOPAEYN.
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Me 1t ypfion g Pprobnkng open neural network exchange pog odivetanr n
dUVaATOTNTO LETATPOTNG TOV HOVIEAOL WGTE Vol £ivot cUUPATO e TOAAEG TEXVOAOYIEG,
£T01 LTOPOVUE HEAAOVTIKG VO SOKIIACOVIE KOl TO LOVTEAO G java Kabmg mapEyeTot

avtioTotyn vAomoinon.

YTOV TOPOKATO KOOKO dIVETOL EVa TAPAdELY LA YPNONG TOL ONNnxX runtime

var env = OrtEnvironment.getEnvironment();
var session = env.createSession("model.onnx",new

OrtSession.SessionOptions());
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3. Xyeolaon - Yromoinon g E@appoyic

3.1 Awowtvokn Yanpeoio Xvihoyg dedopévmv
3.1.1 ApyrrekToviKi) Kot dopt] £pyov

H epyocio amotereiton amd tpla Pacwkd pépn, TG SOOIKTLAKES LANPECIEG TOV
e€umnpetohv TIg VITAPYOVOEG JETMAPES, TNV €PapPUOYN S1AdpacNS KAl TNV VANPECIa
npoPheyng, xoBDC 1M TEPIGGOTEPT AOYIKN TEPAOUPAVETAL OTIG OLOOTKTUOKES

vanpeciec o ddoovpe TEPIGGHTEPT EUPAOT GE AVTEG.

[Mopovcidletal éva Component Diagram tv St00IKTUAK®V VINPECLDV.

Identity $:| Gateway $:|
Service Discovery $:|

MLRF Service E
Customer $:|

Prediction
| O [Jet+—
Customers ’_f_r_--f'—

CQuestions

Question Set //(5)/
Cusstomer \O

O 1

% \15 Gives Answer
oL

Admin
Nutrition
Statistics

Ewéva 7. To Component Diagram t@v 01001KTOOKOV DTHPECIOV.

3.1.2 Maven Bom (Bill of materials)
Qg bill of materials dnA®vovpue 10 project object model (pom) O6mov pmopovV va

KAnpovopncouvv i dtapdpemaon (configuration) £va 6hHvoro amd maven projects.

>t0 dependencyManagement onAmvovue Tic Bipiodnkeg mov Oa eivon kowég oTig

vropovadeg - applications mwov meptlapfdvoviotr oto Project.

<dependencyManagement>

<dependencies>
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<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-parent</artifactId>
<version>${spring.boot.dependencies.version}</version>
<scope>import</scope>
<type>pom</type>
</dependency>
<dependency>
<groupId>org.springframework.cloud</groupId>
<artifactId>spring-cloud-starter-parent</artifactId>
<version>${spring.cloud-version}</version>
<scope>import</scope>
<type>pom</type>
</dependency>
</dependencies>

</dependencyManagement>

270 TOPAKATO KOUUATL KOOUKO ONAMVOLLLE TO microservices e avtdv Tov Tpomo, £T61
®ote T0 maven va avayvopicst 6tt gival poilocuéva (nested) project kot va to

eneepyaoctel avaroya.

<modules>
<module>customer</module>
<module>eureka-server</module>
<module>Gateway</module>

</modules>

21t ocvvéye dMAmvetor to to build g epappoyng mov meptrapfavet to Spring boot
maven plugin Kot otov annotation processor TpocOEtovpe T0 mapstruct processor yio

va avayvopiletol To mapper annotation.
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<build>
<pluginManagement>
<plugins>
<plugin>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-maven-plugin</artifactId>
<version>${spring.boot.maven.plugin.version}</version>
<configuration>
<mainClass>${start.class}</mainClass>
<layout>ZIP</layout>
</configuration>
<executions>
<execution>
<goals>
<goal>java</goal>
</goals>
</execution>
</executions>
</plugin>
<plugin>
<groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-compiler-plugin</artifactId>
<version>3.5.1</version>
<configuration>
<source>1.8</source>
<target>1.8</target>
<annotationProcessorPaths>
<path>
<groupId>org.mapstruct</groupld>
<artifactId>mapstruct-processor</artifactId>
<version>1.5.3.Final</version>
</path>
</annotationProcessorPaths>
</configuration>
</plugin>
</plugins>

</pluginManagement>
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</build>

3.2 Microservices

3.2.1 Customer Service Application

HEeKvavtag omd TNV ONMovpyio Twv oviotNTov £xel yxpnoyorombel n teyvoloyia
JPA yw object relational mapping yo va emttayvvOei 1 dwdikacio avarTuéng Tov

Aoy1opIKOD.

Entity Relation Diagram

_J answers v _ statistics v
id BIGINT id BIGINT
content VARCHAR(255) prediction VARCHAR(255)
,,,,,,,,,,,,,, _
| > type INT > avg_chol FLOAT
‘ > question_id BIGINT # cart jd BIGINT
|
| > >
| ) medical_profile v
] option_list v } i‘f id BIGINT
@ question_options._id BIGINT | ! > age INT
] customer v
options VARCH AR(255) | 5 s INT
| id BIGINT
> 1 > chest_pain_type INT
T email Y ARCHAR (255)
¥ 5 | gives_answer ¥ > cholesterol FLOAT
| 1 question v = enabled BIT(1)
4 submit_date DATE exercis=_induced_anginal INT
i id BIGINT  stomer i S1GINT first_nam e VARCHAR(255) tetno boot o
] question_options ¥ description VARCHAR (255) customer idenfity VARCHAR(255) >4 n9-Plood_sugar
. ¥ answer_id BIGINT »maximum _heart_rate_achieved FLOAT
id BIGINT L title VARCHAR(255) S — info VARCHAR(255) P
- uestion_i > oldpes)
> type INT uti_timestzm p DATETIME(S) k. = = last_name VARCHAR(255) "
> resting_blood FLOAT
> > question_options_id BIGINT Username VARCHAR(255) fesing Dlood_pressure
K > resting_electrocardiographic_results INT
“ type_id BIGINT >medicd_profile_id BIGINT
S S % sex INT
> slope INT
¥
| > thal INT
| >
|
+ ] question_set v
W s “lbelongs ¥ set id BIGINT "l receives ¥ | nutrition v
1d BIGINT ¥ set_id BIGINT description VARCHAR{(255) ¥ set_id BIGINT id BIGINT
type VARCHAR(255) ¥ question_id BIGINT q_set_type VARCHAR(255) ¥ customer_id BIGINT > calories DOUBLE
S > title VARCHAR(255) L > carbohydrates_otal_g DOUBLE

> » cholesterol_mg INT

> fat_saturated_g DOLBLE
> fat_totel_g DOUBLE
»fiber_g DOUBLE

name VARCHAR (255)
> potassium_mg INT
> protein_g DOUBLE
»sening_size_g DOUBLE
»sodum_mg INT

»sugar_g DOUBLE

Ewova 8. ER diaypoyya tov Customer Service.

H Aertovpyikdmta 6to eninedo eEumnpenty (Service ) meptypaeeTol TOPAKAT® LUE
Vv Topovciaon twv demaeav (Interfaces).
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Oa TapovclacTEl MG TaPAdELYLa £Va 0O TO CUAVTIKGE PEPT TNG EPOPLOYNG TOV
TEPLYPAPEL TNV S10OKAGTO AVATTLENG TOV VINPESIOV. g TPOTAPYIKO GLGTATIKO Oa
yopokmnpileTar 1 ovIOTNTO TOV EPOTNUATOA0YI®V, KAODS 0vTd TEPLapPaver Tig
EPMTNOELS KOl TOVS YPNOTEG KOL TOL GLVOIEEL GE OVTOVOLLL GHVOAQL.

@Entity(name = "QuestionSet")
@Table(name = "QuestionSet")
@Getter
@Setter
@AllArgsConstructor
@NoArgsConstructor
@Builder
public class QuestionSet {
@Id
@GeneratedValue(strategy = GenerationType.IDENTITY)
@Column(name = "set_id")
private Long id;
private @NonNull String title;
private String description;

private String qSetType;

@ManyToMany
@JoinTable(name = "belongs", joinColumns = @JoinColumn(name =
"set_id"), inverseJoinColumns = @JoinColumn(name = "question_id"))

private @NonNull Set<QuestionEntity> questions;

@ManyToMany
@JoinTable(name = "receives", joinColumns = @JoinColumn(name =
"set id"), inverseJoinColumns = @JoinColumn(name = "customer_id"))

private Set<CustomerEntity> customers;

Onwg PAETOLLLE TOPATAVEO PTOPOVUE VO, AvayVmPIGoLvE ToV TpOTo ov 1 JPA
OLVOEEL TIC OVTOTNTEG e TOTOVL cuoyeTicemv. [a Tapddetypa to QuestionSet
oyetiletal e éva GUVOAO EPOTNCEMV Kol AVTO PaiveTaL LLE TO annotation
ManyToMany kot tn dAwon evog Java Set yia to QuestionEntity.
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H ovtotta Question oyetiCeton pe to QuestionSet kot QuestionOptions

@Entity(name = "question")
@Table(name = "question")
@Getter
@Setter
@ToString
@RequiredArgsConstructor
@NoArgsConstructor
public class QuestionEntity {
@1d
@GeneratedValue(strategy = GenerationType.IDENTITY)

private Long id;

private @NonNull String title;

private String description;

@OneToOne(mappedBy = "question")

private Answer answer;

@Basic
@Temporal(TemporalType.TIMESTAMP)
private @NonNull Date date;

@ManyToMany (mappedBy = "questions", cascade = CascadeType.REFRESH)

private Set<QuestionSet> questionSet;

@ManyToOne(cascade = CascadeType.DETACH, optional = true)
@JoinColumn(name = "question options_id", referencedColumnName =
Ilidll)

private QuestionOptions questionOptions = new QuestionOptions();

@ManyToOne
@JoinColumn(name = "type id")
private QuestionType type;
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H JPA napéyet v npdcPaon oe demapéc mov enekteivouv 11g pebddovg DML ko
avTd UTOPEL VoL YIVEL LE TOV TAPOKATD KOIKA.

public interface QuestionSetRepo extends JpaRepository<QuestionSet,

Long> {}

Mio, KoY TPAKTIKN Elval Vo YpAWOLE HEPIKA custom exception woTe va divovue po
KaAOTEPT OlevKpivion To cuuPaivel 6To OGN LOG OE TEPITTMOGT COAALOTOG,

public class QuestionNotFoundException extends RuntimeException {
public QuestionNotFoundException(String errorMessage, Throwable
err) {super(errorMessage, err);}
public QuestionNotFoundException(String errorMessage) {

super(errorMessage);

b}

[Mopakdto Teprypdeetal n diemaen mwov yapaktnpilel 1o QuestionSet og eninedo
VINPEGLDV.

public interface QuestionSetService {

QuestionSet createDietQuestionSetForUsers(List<Long> userIds,
List<Long> questionIds, String name, String description);
List<QuestionSet> getQuestionSetsByIdentityCode(String identityCode);
List<QuestionEntity> getQuestionsBySetId(String identityCode, Long id);
Boolean addQuestionsToQuestionSet(String identityCode, Long setId,

List<QuestionEntity> questions);

Boolean removeQuestionsFromQuestionSet(String identityCode, Long setId,

List<Long> questions);

QuestionSetDTO updateQuestionSet(Long Id, QuestionSetDTO
questionSetDTO);
Boolean deleteQuestionSetById(Long id);

44



NAATQOPMA KAI TIPOBAEYWYH A>OENEIQN ME THN XPHH AENTPQN ATTO®PASH>

List<QuestionSetDTO> getQuestionSets();
QuestionSetDTO getQuestionSetById(Long id);

}

"Eto1 pmopovue va avayvopicovpe Tig pebddovg mov o vAomombovv, 6Komdg TV
JEMAPAV €tvat va opicovv pa Kovn Agttovpyia yio va pmopel To Aoyiopikd va givar
avOeKTIKO 6€ LEALOVTIKEG ALYEG KOOMDS UTOPOVLE VO XPNCIUOTO|GOVUE GAAO
implementation.

[Mopaxdto Teprypdeetal To implementation Tov wepi€yel TNV AOYIKY.

@S1f4j

@Service

@Transactional
@RequiredArgsConstructor

public class QuestionSetServiceImpl implements QuestionSetService {

private final CustomerService customerService;
private final QuestionService questionService;
private final QuestionSetRepo questionSetRepo;
private final CustomerMapper customerMapper;

private final QuestionSetMapper questionSetMapper;

I'vetar n dnAwon tov Service kot TV Repositories mov Oa ypnoponomBodv yia va
viomomoovv to QuestionSet Service. [Tapatnpovpe 6T1 emeldn dev vVILAPYEL AOYOG
TPOTOTOINGNG TOVG ONAMVOVTOL LE TNV OEGUELEVN peTafAntn final.

@Override
public QuestionSet createDietQuestionSetForUsers(List<Long>
userIds, List<Long> questionlIds, String name,
String description) {

Set<CustomerEntity> customerEntities new HashSet<>();

Set<QuestionEntity> questionEntities = new HashSet<>();
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userIds.forEach(userId -> {

customerkEntities.add(customerService.findCustomerById(userld));

})s

questionIds.forEach(questionId -> {

questionEntities.add(questionService.findQuestionById(questionId));

})s

QuestionSet questionSet = QuestionSet.builder()
.title(name)
.description(description)
.customers(customerEntities)
.questions(questionEntities)

.build();

return questionSetRepo.save(questionSet);

"o va viomomcovpe £va Katvovplo epoTNIATOAGYL0 Ba TPEMEL Vo £XOVLLE TO GCUVOAN
TOV TELUTAOV KOl TOV EPOTNCEMV TOV avTIoTOtYovvTal. Ommg paivetal oTov
Tapomave kodwa opiletat | cuvaptnon createDietQuestionSetForUsers wov
moipvel o¢ mapdpetpo to id Tov ¥pnotov, ta id Tov EpOTHcE®Y, TO VO TOV
dtvoule 6TO pOTNUOTOAGYI0 Kot TV Teptypat. [ v vAomoinon g cvvéptnong
amottovvtol ot olemopég CustomerService kol QuestionService mov
YPNOLLOTOLOVVTOL Y0 TNV EDPECT] TV OVTOTNTMOV, GTI] GLVEYXELDL YPTGULOTOLOVUE TO
QuestionSetRepo yio v amobnkevon tov epOTNUOTOA0YIOV. € TEPITTM®OT TOL OEV
Bpebel kdmolog meldtng N epdTNOM, Ol LINPETie Oa emoTpéyouy o e€aipeon.

"o v evkoria €0peonC £VOG EPOTNUATOAOYIOV OpicaE TV GLVAPTNON
getQuestionSetsByldentityCode, uropovpe va Bpodpe Eva epotnuotordylo pe tov
KOO xpnotn mov £xet 0obel amd tov Identity provider.

@Override
public List<QuestionSet> getQuestionSetsByIdentityCode(String
identity) {
Optional<CustomerEntity> customer = customerService

.findCustomerByIdentity(identity);
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return

customer.get().getQuestionSets().stream().collect(Collectors.toList());
}

['a evkoAio ecOTEPIKE TV VINPESUOV OPICAUE TNV GLVEAPTNON
getQuestionsBySetld.

@Override
public List<QuestionEntity> getQuestionsBySetId(String
identityCode, Long id) {
Optional<QuestionSet> gset = questionSetRepo.findById(id);
if (!gset.isPresent()) {
throw new QuestionNotFoundException("Question Set not
found");
}
return

gset.get().getQuestions().stream().collect(Collectors.tolList());
}

['a v tpomomoinon tov opilovpe v cvvaptnon addQuestionsToQuestionSet.

@Override
public QuestionSetDTO updateQuestionSet(Long Id, QuestionSetDTO
questionSetDTO) {
Optional<QuestionSet> questionset =
questionSetRepo.findById(Id);
if (!questionset.isPresent()) {
throw new QuestionSetNotFoundException("Question Set not
found, id:" + Id, null);
}
QuestionSet questionSet = questionset.get();
questionSet.setTitle(questionSetDTO.getTitle());

questionSet.setDescription(questionSetDTO.getDescription());

questionSet.setQuestions(questionService.findAl1Byids(
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questionSetDTO.getQuestions().stream().map(question ->
question.getId()).collect(Collectors.toList()))
.stream().collect(Collectors.toSet()));

questionSet.setCustomers(customerMapper.customersDtoToEntities(customer
Service.findCustomersByIds (
questionSetDTO.getCustomers().stream().map(customer ->

customer.getId()).collect(Collectors.toList()))

.stream().collect(Collectors.toList())).stream().collect(Collectors.toS
et()));
return

questionSetMapper.questionSetToDto(questionSetRepo.save(questionSet));

}

INo v dtarypoen] evog epotnotoloyiov opiletatl 1 cuvapTnon
deleteQuestionSetByld

@Override
public Boolean deleteQuestionSetById(Long id) {
Optional<QuestionSet> questionset =
questionSetRepo.findById(id);
questionSetRepo.delete(questionset.get());

return true;

[N v e0peon TV epotuatoroyinv opilovpe v cuvaptnon getQuestionSets,
OOV EMOTPEPEL TO GLVOAO TV EpOTNHATOAOYI®V. Eivan onuavtikd va avaeépovpie
OTL OTIC TEPMTMOGELS AMOTOG UTOPOVLE VO OpicOVUE po GEAIDO LEe opyN Kot TEAOG €TGL
MOOTE VO EMAEYOVUE TTO10L OEOOUEVH OEAOVLE VO TAPOVGLAGOVUE YOPIG VAL
katayysilovpe tov Client pe ToAAd dedopéva, emiong LTopovLLE VO OPIGOVE idL
oelpa yuo o 0gdopéva OTov avtd yiveton otovg Controller oty mpokeévn
TEPIMTOON.

@Override
public List<QuestionSetDTO> getQuestionSets() {
return questionSetRepo.findAll().stream().map(questionSet -> {
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return questionSetMapper.questionSetToDto(questionSet);

}).collect(Collectors.toList());

@Override
public QuestionSetDTO getQuestionSetById(Long id) {
return

questionSetMapper.questionSetToDto(questionSetRepo.findById(id).get());
}

Ta Data Transfer Objects yp1nGULOTOIEITOL Y10 VO EVOTTOICEL OEGOUEVA L€ GKOTO TNV
peimon tov KAcewv o€ pedddovs. OTmg eaivetat Tapakdtom va Question Set
TMEPLEYEL TNV TANPOPOPI0 TWV YPNOTAOV KOl TOV EPOTHCEMV TOV TEPIAAUPAVEL.

@Data
@AllArgsConstructor
@NoArgsConstructor
public class QuestionSetDTO {
private Long id;
private String title;
private String description;
private List<CustomerDTO> customers;

private List<QuestionDTO> questions;

O mopakdTom kddwkag Teptypdest TNV dtodikacio petotpomng omd to DTO o¢ Entity ,
yiveton pe to annotation Mapper tng BipAtodnkng Mapstruct.

@Mapper (componentModel = "spring")

public interface QuestionSetMapper {

QuestionSet questionSetDtoToEntity(QuestionSetDTO questionSetDto);
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QuestionSetDTO questionSetToDto(QuestionSet questionOptionsDTO);

ITAPAT'PA®OX REST CONTROLLERS

@RestController
@RequestMapping("/questionSet™)
@AllArgsConstructor
public class QuestionSetsController {
private final QuestionSetService questionSetService;

private final QuestionMapper questionMapper;

@PostMapping("/create")
public ResponseEntity<Boolean> createQuestionSet(Principal principal,
@RequestBody CreateQuestionSetDTO
questionSetDTO) {

questionSetService.createDietQuestionSetForUsers(

questionSetDTO.getCustomers().stream().map(customer ->

customer.getId())

.collect(Collectors.toList()),

questionSetDTO.getQuestions().stream().map(question ->

question.getId())

.collect(Collectors.toList()),
questionSetDTO.getTitle(),
questionSetDTO.getDescription());
return new ResponseEntity<Boolean>(true,
HttpStatus.OK);

}

@GetMapping()
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public ResponseEntity<List<QuestionSetDTO>>
getQuestionSet(Principal principal) {
return new
ResponseEntity<List<QuestionSetDTO>>(questionSetService.getQuestionSets
(), HttpStatus.OK);

}

@PatchMapping("/edit/{id}")
public ResponseEntity<QuestionSetDTO>
updateQuestionSet(Principal principal, @PathVariable Long id,
@RequestBody QuestionSetDTO questionSetDTO) {

return new ResponseEntity<QuestionSetDTO>(

questionSetService.updateQuestionSet(id, questionSetDTO),

HttpStatus.OK);

@GetMapping("/show/{id}")
public ResponseEntity<QuestionSetDTO>
getQuestionsBySetId(Principal principal, @PathVariable Long id) {

return new ResponseEntity<QuestionSetDTO>(

questionSetService.getQuestionSetById(id),
HttpStatus.OK);

@PostMapping("/add/{id}")
public ResponseEntity<Boolean> addQuestionToSet(
Principal principal,
@PathVariable Long id,
@RequestBody List<QuestionDTO> questionDTOs) {

return new ResponseEntity<Boolean>(

questionSetService.addQuestionsToQuestionSet(principal.getName(), id,

questionDTOs.stream().map(questionDTO -> {
return

questionMapper.questionDtoToQuestionEntity(questionDTO);
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}) .sorted(Comparator.comparinglLong(QuestionEntity::getlId))

.collect(Collectors.toList())),
HttpStatus.OK);

@PostMapping("/remove/{id}")

public ResponseEntity<Boolean> removeQuestionFromSet(
Principal principal,
@PathVariable Long id,
@RequestBody List<Long> questionIds) {

return new ResponseEntity<Boolean>(

questionSetService.removeQuestionsFromQuestionSet(principal.getName(),
id, questionIds),

HttpStatus.OK);

@DeleteMapping("/{id}")
public ResponseEntity<Boolean>
deleteQuestionSet(@PathVariable("id") Long id) {
return new
ResponseEntity<Boolean>(questionSetService.deleteQuestionSetById(id),
HttpStatus.OK);

}

Me v viomoinon twv Controller kdvoupe ypnon tig neBOGO0VE TOL VAOTOMGALE GTO
Service Layer. Zkomdg T0v €mmESOLV AVTOL Eival Vo OLOYEIPIGTOVUE TO EPOTHUOTO

KOL TNV HLOPQPY| TOV EMGTPEPOVLLE TNV TANPOPOPia.

3.2.2 Gateway Service Application
To Spring Cloud Gateway Aeitovpyeil G reverse-proxy ywo TG €poppoyég web mov
vrootnpifovv to. microservices mov dnuovpyovpe. Eivor por moAn mov Ppicketon

HETAED TV YPNOTOV KoL TOV SLOPOPETIKMOV TUNUATOV LL0G SIUOIKTVOKNG EPOPLOYNG,
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avakateLeivel To AT HaTa TPOG TOV GMOGTO eEumnpetn . Atayepileton To atpaTo
Kot gAéyyel v mpocPaoct, KobmG TPocoHETEL aKOUN Kol KAmow emmALov UETPOL

acQOAELNG.

Evoopatovelr dvvotdtmrec yioo kaAdtep SloyEipion TV TOPOV TOV GULGTIUOTOG
KOTAVELOVTOG TOV POPTO TOV EIGEPYOUEVOV ALTNUATOV GE OLUPOPETIKA OVTLYPAPOL TNG

idtog vmpecioag.

Emiong divet tv dovvatdmnta yioo po KEVIPIKY] OlOEIPION TOPOUETPOTOIOVTOG
Aertovpyieg OMMG 1 OPOUOAGYNOT, ACPOUAELD KOl TPOTOTOINOT] KEPAAID®MV KOl YEVIKT|
dwyeipton g KukAo@opiag, KaODS KAVEL TNV EVIUEPMOOT] TOV GUGTHUATOG TTOAL TLO
amAn. Elvol katdAAndo yio apyitektovikny microservices Kaang evBvlakavel AVGEG
yio v dpopordynon kot e&lsopponnon @optov. Ot Aettovpyieg ACQAAELNG TOV
TeEPLOUPAVEL 0POPOVY TNV TOLTOTOINGN ¥PNOTAOV Kot ££0VG1000TNGT, Voot Pilet
€0KOAN EVOOUATOMON TPITOV VANPECIOV TOVTOTNTAS. TEAWG TapEyel avoyr otnv
SlOKOTY AEITOVPYIOG TV VIINPEGLDV, EMAVAIPOUOAOYOVTAG 1) STVOVTOG TNV KATAAANAN

EVIUEPWOOT GTOV YPNOTH.

O mopaxdTo kddwag tepiéyet To Configuration tov Gateway ce YAML.

server:

port: 8084

logging:
level:
root: INFO
org:
springframework: ERROR

"[com.dhcservices.gateway]": DEBUG

spring:
application:
name: gateway
cloud:

gateway:
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default-filters:

- TokenRelay

RemoveRequestHeader=Cookie

DedupeResponseHeader=Access-Control-Allow-Credentials

Access-Control-Allow-Origin

routes:

id: customer
uri: 1b://CUSTOMER
predicates:

- Path=/customers/**
id: question
uri: 1b://CUSTOMER
predicates:

- Path=/questions/**
id: questionSet
uri: 1b://CUSTOMER
predicates:

- Path=/questionSet/**
id: medicalprofile
uri: 1b://CUSTOMER
predicates:

- Path=/medicalprofile/**
id: submitAnswers
uri: 1b://CUSTOMER
predicates:

- Path=/submitAnswers/**
id: statistics
uri: 1b://CUSTOMER
predicates:

- Path=/statistics/**
id: settings
uri: 1lb://CUSTOMER
predicates:

- Path=/settings/**
id: QuestionOptions
uri: 1b://CUSTOMER
predicates:

- Path=/QuestionOptions/**
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globalcors:
cors-configurations:
B VA
allowedOrigins: "http://localhost:3000"
allowedHeaders: "*"

allowedMethods: [GET, POST, PUT, PATCH, DELETE]

eureka:
client:
service-url:
defaultZone: http://localhost:8761/eureka
fetch-registry: true

register-with-eureka: true

management:
endpoints:
web:
exposure:

include: "*"

3.2.3 Eureka Service Application
Me v ypnon evéc Service Discovery ommg to Apache-Eureka pmopodpe vo
avtotoryicovpe TG devbvvoelg TP pe to ovopota tewv Service yuo peyoAtepn

dwcdonon o6mmg Asrtovpyet Eva DNS service.

Eureka Server Configuration YAML

spring:
application:
name: eureka-server
server:

port: 8761
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eureka:
client:
fetch-registry: false

register-with-eureka: false

Eureka Client Configuration YAML

eureka:
client:
service-url:
defaultZone: http://localhost:8761/eureka
fetch-registry: true

register-with-eureka: true

spring:
application:

name: customer

Eivor onuovtikd vo dniwbel to ovopa tng vanpesioc oto Spring application 6mmg

QOIVETOL OTOV TOPATAVED KOIKA.

3.2 Awwdktvoxn Yrnpeoia npopfieync

[Tpoxeyévov va doywpicovpe TV AEITOLPYIKOTNTO KOl Vo oKoAovBnoovpe v
npokTiky] Tov Single responsibility Oa Bdiovpe v Asrtovpyion TpdPAeyng ce o
avtdvoun vanpecio. LKomdg Hag ivol Vo amopovmOGovUE TIC Asttovpyieg mpoPreyng
KOl GTATIOTIKOV TOV UopohV va, Tpokuyovv peAlovtikd amo to codebase g Python,
kaBmg ot Piprodnkeg mov vmootnpilovror eivor eEgdikevpéves yYOopw oamd NV

AVOIAVOT) OEOOUEVOV.

3.2.1 Flask application
Hexwape pe v omuovpye Tov mepaiiovtog, eykafiotoviag Tig KotdAANAES
BiBAtodnkec.

HTTP Request pe v ypnon Flask
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app = Flask(__name_ )

port = 5000

# The flowing code will register your server to eureka server and also

start to send heartbeat every 30 seconds

eureka client.init(eureka_server="http://localhost:8761",
app_name="MLRFService",

instance_port=port)

# Load the saved encoder from the file
with open('encoder.pkl', 'rb') as file:

encoder = pickle.load(file)

@app.route("/")
def hello world():

return "<p>Hello, World!</p>"

if __name__ == "__main__":

app.run(debug=False)

@app.route("/pred”, methods=["'POST'])
def predict():

requestList = request.json

Ewodyovpe 1o dataframe mov amoOnkevcate oe doun pickle yio vo pmopécovpe va

Kkévoupe one-hot encoding.

input_data

pd.DataFrame(requestlList)
input_data = input_data.T
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input_data.columns = ["age",
"sex","cp","trestbps","chol", "fbs", "restecg", "thalach",

"exang","oldpeak","slope","ca","thal"]

categorical features = ["cp", "restecg", "thal", "slope"]

selected input _data = input _data[categorical features]

# Convert numerical categories to strings
selected_input_data["cp"] = selected_input_data["cp"].astype(str)
selected input _data["thal"] = selected input data["thal"].astype(str)
selected input_data["restecg"] =
selected input_data["restecg"].astype(str)
selected_input_data["slope"] = selected_input_data["slope"].astype(str)

encoded_data = encoder.transform(selected_input_data)

# Repalce the values in original input
encoded_df =
pd.DataFrame(encoded_data,columns=encoder.get_feature_names_out(

categorical features))

data_encoded =
pd.concat([input_data.drop(columns=categorical features), encoded df],

axis=1)

input_data = data_encoded.loc[0, :].values.flatten().tolist()
sess = rt.InferenceSession("rf_heart.onnx", providers=[

"CPUExecutionProvider"])

# Ensure the input data has the expected shape and data type

input_name = sess.get inputs()[@].name

# Perform inference

outputs = sess.run(None, {input_name: [input_data]})

# Retrieve the output
output_name = sess.get outputs()[0].name

predictions = outputs[@]
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value = predictions[9]
responseData = {

"prediction": str(value)

return jsonify(responseData)

Emotpépovpe v mpdPreyn oe popen JSON. Otav o mehdtng dev €xel KopOoKo
mpOPAnua 1 Tiun tov prediction ewvar 0, évo otav £xel mBavoéTTa Kapdomdeag n

Tiun prediction givon 1.

# 2TNV TTEPITITWON TTOU E€ival ApVNTIKN

{
"prediction": @
}
# 2TNV TTEPITITWON TTOU €ival BETIKA
{
"prediction": 1
}
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3.3 Mhat@oppa S1dopaons
3.3.1 React Ul

[N v dnuovpyia g demapng xpnoTdv ypnooromdnke 1o miaicto React kot o

ovykekpipéva 1o chvoro Biprlodnkmv tov Refine.

Oa yivel cUVOTTTIKY TTEPLYPAPN TNG XPNONS TS PPAoONKNC.

I'a v xpnon tov refine anapaitnteg va eivon eykatestnpuévo To npm kot node.js

Me v akdrovdn evtoAn dnuovpyovpe £va katvovplo project.

npm create refine-app@latest -- -o refine-headless tutorial

>m ovvégewn ypnowonowvpe 1o CLI mov mpooeéper 10 refine vy va

ONUOVPYNGOLLE TOL TEsources.

npm run refine create-resource questions

src/questions/

L— categories

|— create.tsx
F——-edit.tsx
F—— index.ts
F——-list.tsx

L— show.tsx

Mia amd T SNUAVTIKOTEPES OLVATOTNTEG OV TPOCPEPEL TO refine glvan 6Tt pmopovpe
va xpnoorocovpe éva component mov ovopdleton Inferencer ko pog mopdyet po

Bacwm doun yio v demapn cOUE®Va, e To BEpa mov SoAEEQLE.

XPNOIUOTOLOVUE TNV TOPAKAT® EVTOAN] VO EIGAYOVE KOL VO, YPTCLULOTOMGOVUE 0V

inference.

npm i @refinedev/inferencer

Ot BProdnkeg ypagikdv mov vrootnpilovror meptiapfaver tig e€ng, Ant Design,
Material U, Mantine, Chakra Ul, yw 7t00¢ 0KOMOOG 0OVTNG TNG TTLYLOKNG
ypnowomowovpue 10 Ant Ul Mg 10 mopokdte® mopddetypo Hmopovpe v

ONUOVPYNGOLLE Lol GEALDAL.
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import { AntdInferencer } from "@refinedev/inferencer/antd";

<Refine
routerProvider={routerProvider}
resources={[
{
name: "questions",
list: "/questions"”,
¥
1}
>
<Routes>
<Route path="/samples" element={<AntdInferencer />}
/>
</Routes>
</Refine>

Onwg eaivetol 6Tov TOpATavVe KOOKO TO TEPLEYOUEVO TG GEAIdg AapuPdveTal amo
TOVG TOPOLG (resources ) mov divovtat péca 6to component Refine.

Yto mlaiow pog epapuoyng CRUD, évag mopog avaeépetor cvvnbog oe pia
ovToTNTO. 0E00UEVMV TTOL Umopel va dnuovpynOet, va daPaoctel, va evnuepwbel 1 va
dwypaget. 'Etot to refine avayvopilel tovg mépovg mov opilovpe Kot mapdyel KOUUATL

™G OLEMAPNC, 1) OTTOl0l VoL TANPMG TOPAUETPOTOUCLUT).
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3.4 Single Sign on Server

3.4.1 Keycloak

I v dwavoun tov token Ba ypnoyomomcovpe Eva open source Identity provider, 1
onuovpyia tov JWT givor pia dwdikasioo mov Ba giye evolapépov va meptypapet
AVOALTIKG OTO TANIGLOL O TTUYIOKNG, OAAG Oev mephapuPdvetal oTov GTOYO TNG
OLYKEKPIUEVELS, £T01 Ba deiéovpe Paocikég dadwkasies yio dOnovpyia Realm, Clients,

User kot Roles.

TESEED master realm
SpringBootKeycloak
Server info Provider i
master v
Version
22.01

Ewova 9. Keycloak Realms

Create realm
Arealm manages a set of users, credentials, roles, and groups. A user belongs to and logs into a realm. Realms are isolated from one another and can only manage and

authenticate the users that they control.

Resource file Drag a file here or browse to upload Browse... Clear

1

Upload a JSON file

Realm name * SpringBootKeycloak

Enabled o On

Create Cancel

Ewova 10. Keycloak create Realm

To Realm avagépetor o éva topéa ac@aAelag Kot dtayeipiong émov mepthapfdvovrtal

01 YPNOTESG TO TPOYPAUATO KoL O1 POAOL.
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WD Clients

Clients are applications and services that can request authentication of a user. Learn more [

Manage

. Clients list Initial access token Client registration
Clients

Client scopes Q, Search for client > Create client Import client

Ewova 11. Keycloak Clients

Create client

Clients are applications and services that can request authentication of a user.

0 General Settings Client type @ OpenlD Connect M
2 Capability config
‘ ) ClientID * @
3 Login settings
Name @&

Description @

Always display inUl @ O Off

Ewova 12. Keycloak create Client

Clients eivat o1 ovtoTNTES TOL TOVTILOVTOL LE TO TPOYPOLLLLO KOL LTOPOVV VOL 1T BovV

TGTOMOINGT XPNOTOV.

SpringBootKeycloak Users

Users are the users in the current realm. Learn more [4
Manage

X User list

Clients
Client scopes Y Defaultsearch v Q Search user > Delete user -3~
Realm roles

O username Email Last name First name Status
Users
. [ adminui 0- Admin Admin -
Sessions [] dlamprak o- Lamprakopoulos dimitris -
Events [ usen o- userl userl -

Ewova 13. Keycloak User

Users > Create user
SpringBootKeycloak

Create user

Manage

Clients

Client scopes Required user actions  Select action -
(6]

Realm roles

s Username *

Groups
Email

Sessions

Email verified @ @

Events

First name

Configure

Realm settings Last name

Authentication
Groups @ Join Groups

63



NAATOOPMA KAI TIPOBAEYWH A>OENEIQN ME THN XPHXH AENTPQN ATTO®ASH>

Ewéva 14. Keycloak Create User

Mmopovpe dNOVPYNGOVLE YPNOTES Kot Vo avadEécovpe pOAOVC.

SpringBootKeycloak -

Manage
Clients

Client scopes
Realm roles
Users
Groups
Sessions

Events

Users > User details

userl
Details =~ Attributes  Credentials ~ Role mapping = Groups = Consents | Identity provider links ~ Sessions
Q, Search by name > Hide inherited roles Unassign
[ Name Inherited Description
[] defauit-roles-springbootkeycloak False ${role_default-roles}

Ewova 15. Keycloak Assign Role.
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4. Zopmepacpoto,

g TN TNV TTVYOKN EPELVIONKE 1 dVVATOTNTO AVATTVLENG Y1 Lot TAATOOPLLOL
JEJOUEVMV KoL 1] ¥PNON TOV TANPOPOPLAV Y TV TPOPAEYT Kapdlakng acBévetlag.

H an6d0om tov povtédov pe 88% pmopei va Bondncet Toug e1dcovg va Bydhovy mo
aKPI CLUTEPAGOTO KOL 1] GDAAOYN TOV GTOTICTIKOV VO LG OMGEL TNV duvaTOHTNTO
Yo TNV dNUIoVPYio VOGS LOVTELOV TTO OTOS0TIKOD OALA IO ATOLTNTIKOD G Sed0UEVAL
v TV gknaidgvon. H cowom meptypapn TV GTATIGTIKOV TOV apOpOvY TNV
Kafnuepwvotta pog propet va pog fondnoet va Pedtidocovpe v kabnuepivn (on
Lo, TOAAEG amd TIC EMAOYEG TOV KAVOLUE KaBnueptvd emnpedlovy dueca tnv vyeio
HOG, £XOVTAG LU0 TAUTPOPLLO Y10l VOL TOPEYEL LE EVKOAO TPOTO TANPOPOPIES YOl VOL
BeAtudoovpe v mordtnTa Lmng.
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5. Awayeipron E@appoynig
e auTd T0 KEPAANO TEPTYPAPOVTOL OVOAVTIKA Ta Brjpata Yo TNV dtoryeipton g

EPAPUOYNG.

Apykd mopovotaletol n TpoTn ceAida e T0 10go TG EPAPUOYNC, TO OVOLLD KoL TV
avakatevbvvon yua login.

@ Medaily

Aigbvéc Navemuotripo EAGSac

Ewova 16. H oelida wov mapovaoidletal ue v €i6000 otny EPOpLUoyy.

Metd v avakatevbvvon oto Keycloak pag divel tnv duvatdtnra yio €icodo otnyv
EQOPUOYT. B0 TAPOVGIAGOVE TPDTO TIG TEPITTMCELS PN OTH.
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SPRINGBOOTKEYCLOAK

Sign in to your account

Username or email

Password

Ewéva 17. Login peow Keycloak.

Y7o Daily Survey mapovcidlovtal ta epotnuatordyto Tov £xovv dnpovpyndel and
TOV SLoyeptot M YTpd Yo £vol cHVOLO TELUTOV.

M Medaily Lamprakopoulos

€ Daily Survey SR

Medical Profile
Title Description Actions
ln - Statistics

G Logout Daily Diet this is the first set, for daily diet! ®

Daily Activity this is the Second set, for daily diet! should not contain user 1 ©

Daily Diet (breakfast, lunch, dinner) Fill your diet ©

Ewova 18. Daily Survey.

Me v emA0YN VO EPOTNUATOAOYIOV HUTOPOVLE VO OTAVINGOVUE GE £V GUVOAO
EPMTNOEMV TOL £YOVV TPOGOIOPICTEL Kol LLE TI) GLAAOYT TOVG Ba TPOKHWYOLV TOL
GTOTIGTIKA.
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2 Daily Survey / Show

< Show Daily survey i= Daily surveys O Refresh

@D, Show

& Create Daily survey

0 Submit Daily Diet 2 Conte

What did you had for breakfast?

This morning i ate cereal with milk and fruits

Next

Ewova 19. Aravrioeig yra éva Question Set.

Me v 0AOKAN PG TOV OTAVINGE®V WITOPOVLE VO AoONKEVGOVLE TO
EPMTNUOTOAOY10.

{2 Daily Surve: Show

< Create Daily survey

v/ Submit Daily Diet v Content

What did you had for dinner?

For dinner i had omelette and feta cheese

Previous B Save

Ewéva 20. Awobnxevon epwtnuazoloyiov.

H epappoyn kpatdet £va 16TOpKO pe TIWES OV givat ¥PNOULES Yo TV TPOPAEYN
Kapdomadelog kot avtd pumopovpe va to dovpe oto Medical Profile.

Ml Medaily Lamprakopoulos

Daily S 5 -
@ Dally Suvey Medical profiles

(A Medical Profile

Chest Resting Fasting Resting Maximum Exercise
. Statistics Age  Sex  Pain Blood Cholesterol  Blood Electrocardiographic Heart Rate Induced Oldpeak ~ Slope ~ Ca  Thal  Actions
Type Pressure Sugar Results Achieved Anginal
G Logout
80 1 2 130 233 1 2 150 0 23 1 1 3 2 ®

Ewéva 21. Medical Profile.

68



NAATOOPMA KAI TIPOBAEYWH A>OENEIQN ME THN XPHXH AENTPQN ATTO®ASH>

H evmuépwon tov Medical Profile paiveton otnv mapakdto swdva.

* Maximum Heart Rate Achieved

150

* Exercise Induced Anginal

0

+ Oldpeak
23

* Slope

*Ca

* Thal

Ewova 22. Enelepyacio tiuchv tov Medical Profile.

[Mopakdto B deiovpe Ta TEPLEYOUEVA TNG GEMONG GTOTIOTIKMV.

Me v GLAAOYN TV OEOOUEVOV OO T EPOTNUOTOAIYLO LITOPOVLLE VO SOVUE TIG
a&leg TV BPENTIKOV OLGLOV Y10l TO SIACTN A TTOV TPOGIOPILOVLE.

16-07-2023 03-08-2023

Heart Disease Prediction
Posibility for Heart Disease
®

251.225 36.93

Avg Cholesterol mg Avg Saturated Fats

49.38 2.55

Avg Total Fats Avg Fiber

7.302 5.82

190.41 10.64

Avg Sodium mg Avg sugar

151.4881 11.42

Ewova 23. TIpofolij twv uéowmy tiumy amo 1o Gpentind ovoToTiKG 010 O10oTHUA TOD 0OONKE.
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Avavewvovtog ta otoryeio. tov Medical Profile pmopovpe va dodpe v mpdPreyn ya
KopOOTAOELD VoL EVI|LEPDVETOL.

Posibility for Heart Disease
@

Ewova 24. IIpofreyn kapdiondBeiog.

O ypfotc mAnpogopeital 6t M avavémon yiveror amo to Medical Profile.

Info

This Prediction is Generated by Medical Profile, (88% Accuracy).
ey o ..__._JIsease

4

®

Ewova 25. Eviuépawon ypnoty.

Mmropovpe eniong vo dOVLE TNV GLYVOTNTO TOV TPOP®V TOV AUUPBAVOVLLE.

Foods Frequency
risotto count 3
banana count 1
eggs count 2
bread count 1
oats count 2
chicken count 1
spaghetti count 1
steak count 2
milk count 1

rice count 1
vegetables count 2
fried count 1

cheese count 1

Ewoéva 26. Iloootntes poyntav.
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Télog v cvumepdopata propoVe vo SOVLLE TO d1dypapLLa oV SiVEL TG NULEPT|OLES
TOGOTNTEG OPENTIKAOV OVCIDV.

Chart By day

— avgCalories avgCarbs_total_g — avgCholmg avgFat_satur — avgFat_total avgFiber —  avgPotassium_mg avgProtein A2V

() — = = = —

Ewova 27. Aidypopuo orotiotikdy ave nuépo.

21 cvvéyewn Ba SOV UE TIC AEITOVPYIES TOVL TAPEYOVTOL GTOV OLOYELPIOTY] YO
ene&epydleton To EpOTNUOTOAOYLOL.

Kévovtag logout Ba Bpebodpe oty apyikn cedida 160d0v ypnotadv Tov keycloak.

@ Daily Survey
(11 Medical Profile
lm  Statistics

G Logout

Ewoéva 28. Awoaidvdeon amd v epapuoy.
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Ba Kavove €16000 MG dLaXEPIOTNG

Sign in to your account

Username or email

adminui

Password

Ewova 29. Zovdeon we dioyeipiorig.

Mmropobpe va SOVUE OTL GTO LEVOL TOL JLOYEPIOTY| QPaivovtal TpdcOeteg Asttovpyieg
Yo TV dlaxEipion EpOTNUATOAOYI®V.

? Questions

Question Options

Customers

N X

Question Sets

Daily Survey

Medical Profile

B B

Ll Statistics

G Logout

Ewova 29. TIpoobsteg Leirovpyies oo pevod tov dloyeiploth.
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[Tapovcialetor n AMoto TOV EPOTNCE®V LLE TOV TITAO Kol TNV UEPOUN VIO TOV
dNuovpyndnke, otig dSuvaTOTNTEG UTOPOVE Vo, EMAEEOVLE emesepyacia pe TNV
EIKOVO, TOL LOAVB100, TPOPOANT LLE TN EKOVO TOV HATIKOD 1) O10YPOOT LE TNV EIKOVA

KAadov.

@ medaity

? Questions

= Question Options

R Customers
[ Question Sets

€@ Daily Survey

Medical Profile

i Statistics

G Logout

Me 10 Create pmopovE VoL ONUOVPYNGOVLE L0 KOVOUPLo EPMTNOT).

Create

Questions

Id

.

2

< Create Question

* Title

Description

* Options

1o Options @aiveTon N MoTo TOV ETAOYDOV TOV EXOVUE ONLOVPYNGEL.

What does a healthy diet look like to you?

What did you have for breakfast?

How many servings of fruits and vegetables do you have per day?

How often do you eat fish?

What medications are you taking?

What did you had for breakfast?

What did you had for lunch?

What did you had for dinner?

J

Ewova 30. Aiota epwthoewv.

Ewéva 31. Ayuiovpyio epwotnong.

Date Created

09/05/2023

09/05/2023

09/05/2023

09/05/2023

09/05/2023

09/05/2023

09/05/2023

09/05/2023

09/05/2023

IS

I

I

IS

IS

Y

Y

Y

Y

Create

[Mopakdto eaivetor  AMoto TOV EMAOYOV TOL £Y0oVUE OpicEL Kot akoAovBEel To 1010
TPOTLTO V1o EMAOYES (Actions).
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Admin

Question options
id Type Options Actions

1 0 Diet Input 2 © |0

2 1 Yes | [ No | | Maybe Zz2 ® E

3 3 Heigh | | Mid | | Low 2 ® [f]

5 3 Consenvative | | Ritch 2 @ |f

Ewéva 32. Aiora emiloydv epwtioes.

Me 1o Create Question Option pmopoVpe vo SNUOVPYHGOLLE VEN ETIAOYN Y10l TIG

EPMTNGCELC.

on Options / Create

< Create Question option

* Type

Options

New Option + Add item
Ewoéva 33. IipooOnxn emloywv epwtnoeig.

O ypnoteg emedn dyepilovion amd o Keycloak €xovpe povo dvvatdtnta tpofoing

amd TV EQAPLOYT.
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Customers
I1d Username
1 adminui
2 dlamprak
3 user1

A Customers Show

< Show Customer

Id
2

Identity

316ce3f7-1912-41cb-b94d-f31758e7cf4

Username

dlamprak

First Name

dimitris

Last Name

Lamprakopoulos

First Name

Admin

dimitris

userl

Ewova 35. Ilpofors yprom.

Ewova 34. Aiozo ypnotov.

Last Name

Admin

Lamprakopoulos

userl

Admin
Actions
@
@
@
o)
= Customers ) Refresh

Téhog Ta epOTUATOAGYLO GUVTAGGOVTOL 0T TIG EPWTIGELS TOV EYOVLE OMUOVPYNOEL

KOl TOLG VITAPYOVTES XPNOTES, aKOAOVOOVV TO 1010 TPdTLTO EMAOYDV (Actions).

daivetor 0 TITAOG, N TEPLYPAPN KOl L0 GHVOYT] TOV EPMTNCEDV TOL TEPIAUUPAVEL.
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Admin

Question sets

I Tite Description

Questions Actions.

1 Daily Diet this is the first set, for daily diet! "What does  healthy diet look like to you?” | | "How would you describe your diet?" 2 ® |0
this is the Second set, for daily "How many servings of fuits and vegetables do you have pe edications are you taking?" =

2 Daily Activity X Y = = ’ - 2 @ [0
diet! should not contain user 1 "How often do you eat fish?" N

Daily Diet (breakfast, N =

3 v ( Fill your diet “What did you had for lunch?* | | “What did you had for dinner?” What did you had for breakfast?” 2 © [0
lunch, dinner) =

(]

Ewoéva 36. Aiora epawrtyuotoloyiowv.

Yty enelepyacia (Edit) tov epompatoloyinv UTopovLE VO TPOTOTOMGOVILE TOV

TITAO KO TNV TTEPLYPOPY], KAONDS Kot VoL TPOGHEGOVE 1] VO 0POPEGOVLLE YPNOTEG

EPMTNOELC.

[ Question Sets / Edit

< Edit Question set i= Question sets ©) Refresh

*Id

* Title

Daily Diet (breakfast, lunch, dinner)

* Description

Fill your diet

* Customers

adminui % dlamprak % user! X

* Questions

What did you had for dinner? ¥ What did you had for lunch? What did you had for breakfast?

Ewova 37. Eneepyacio epwtnuotoloyion.
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