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NepiAnyn

21NV TTapoUca JSITTAWMATIKA Epyacia XPNOIMOTIOIOUUE TN MNXOAVIOTIKA JABNON Kal CUYKEKPIYEVA
TOoV aAyopIBuo K-means pe okoTrd va ptropécoupe va BonBricoupne otn BeATiwon Tng €mmidoong
TWV MaBNTWV OTo TEAIKO dlaywvioua Pabnudtwv Tou diddokovTal. [Na 1o okomd auTo,
OnuIoupynoaue Yia web epappoyr n otroia uAoTroIiNBnke pe xprion Java, Hibernate, Postgresql
kal JSPs, n otoia Aeitoupyei UTTO TO TIPICHA TPIWV JIGPOPETIKWV POAWV. APXIKA €XEl TOV
OlayeIpIaTH, O OTToiog avaAauBavel Tn dlaXEipIon TNG EPAPPOYNG Kal Twv XpnoTwv Tng. Etiong
eCuTTNPETEI TO POAO TOU KABNYNTHA, O OTTOI0G €1I0AYEl TO UAIKO yia Ta didgopa pabnuata. TEAoG,
UTTAPXEl TTPOPAVWG 0 POAOG TOug PabnTr o otroiog duvaral va didaxBei Ta pabAuaTta Kal géoa
atré pia ogipd amd diaywviopata va BeATiwael TRy €TTidoon Tou. H duvatdtnta BeAtiwong diveral
Méoa atrd povTEAa TTPORAEWNG TNG TEAIKAG ETTIOOONG TOU POBNTA Ta OTToiA, OTTWG AVOPEPAE,
oTnpi¢ovTtal oTov aAyopiBud K-means.

Abstract

In this thesis we use machine learning, and in particular the K-means algorithm, in order to help
improve students' performance in the final exams of the classes they are taught. To this end, we
have created a web application using Java, Hibernate, Postgresql and JSPs, which includes three
different roles. First, it has the administrator, who controls the application and its users. It also
serves the role of the teacher, who introduces the material for the various lessons. Finally, there
is the role of the student who can attend the lessons and through a series of tests manages to
improve his/her performance. Improvement is provided through models of predicting the student's
performance in the final tests which, as mentioned, are based on the K-means algorithm.



EuxapioTieg

H 1rapoloa dITTAWATIKA €pyacia eKTTOvABNKE OTO TTACICIO OAOKAAPWONG TOU HWETATITUXIOKOU
TANpo@opikAg Tou lMavemoTtnuiou Meipaiwg katd 1o €106 2019. Apxikd va euxapioTHOW ThV
KaBnyATpId pou, ka. Mapia BipBou yia Tnv TiYAR TTOU pou ékave va Pe avaAdfel Kal yia Tnv
duvaTéTNTA TTOU Hou £€dwaoE Tr duvaTOTNTA VA PTTOPECW VA TTPAYMOTOTTOINOW TN CUYKEKPIYEVN
TITuxiak epyacia. Emiong, 8a ABeAa va suxapioTiow Bepud Tov €mPBAETTOVTA HOU K. ZTTUPO
MamadnunTpiou yia TIG TTOAUTINEG GUUBOUAEG TOU, TNV TEXVOYVWGOIQ Kal TNV UTTOOTAPIEN TOu
KaBOAN Tnv OdIdpKkela €KTTOVNONG Tng OIMMAWMOTIKAG Hou epyaciag. TéAog, Ba nRBeAa va
EUXOPIOTHOW TOUG YOVEIG Jou, Ol OTToiol e oTAPIEav OAa auTd Ta Xpovia Kal Tov Kal Tov oUduyo
MOu TTou OTEKETaI TTAVTA OITTAQ HOU apwyOdg HOU O€ KABE ou TTpooTTatEia.
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1. Eicaywyn

1.1. NepiAnyn

O 0T16X0G TnNG TTapoucag dITTAWUATIKAG €pyaciag €xel wg KUPIO yvwpova Tnv ekTraideuan. Mo
OUYKEKPIUEVA, TN XPAON TWV €PYAAEIWV TNG PINXAVIOTIKAG HAGBNong yia Tn diefaywyn XpACIHwY
CUUTTEPAOMATWY TIoU Ba  PBeATiwoouv TIG €mMOOCEIC TWV  PABNTWVY  TTPOYPAPUATICHOU.
Anuioupyoape  pia oAokAnpwpévn  e-learning TAQT@OpUO  €KPAONONG  YAWOOWV
TTPOYPAMMATIONOU, OTNV OTToIa UTTOPEI évag pabnTrg péow avalnTnong va Bpiokel 0TToIo Pddnua
TOV evOIOQEPEI KAl va TO TTapakoAouBei. ETriong, TTpooeépel kal duvatdTnteg administrator woTe
va TTpocTiBevTal Kalvoupyla Jodruata Kal n TAATPOpHa ouveXWG va egehicoeTal. Ze autd TO
onueio agiCel va onuelwBei, 6T N TTAAT@OpUa Oev €ival ATTAWG Hial aKOPO EKTTAIOEUTIKA TTAATQOPHA.
To KpioIho onuEio ev TIPOKEIPMEVW €ival OTI XPNOIUOTIOIEI TOV OGAYOpIBUO PNXavIoTIKAG uabnong K-
Means pe Tov o1roio, divel TNV duvaTtdTNTA GTO PaBNTH HEoa ATTd AAAETTAAANAQ TEOT va BEATIWOEI
TNV €1ido0n Tou. AnAadn, KaBe opd TTou OAOKANPWVEI TO TEDT KABE KEPAAQiou 0 aAyopiBuog
atroBnkevel Tig ammavtroelg (CwaoTd R AdBog) Tou pabnTr, To xpdvo aTTdvrnong Kabwg Kai To av o
MOBNTAG aTTAvTNoE TTEPIOTOTEPEG ATTO Wia QopEg TRV idia atravinon. O yadntig BAETTEI TO OKOpP
TOU OTO GUYKEKPIPEVO TEGT KABWG €TTiONG Kal TIPOBAEWN TNG €TTIOOCNG TOU OTO TEAIKO TECT TOU
MaBAuarog.

1.2. KivnTpo Kai1 oKomog yia Tn diefaywyn Tng epyaciag

H epyacia auTrh ekTTovrBnKe e OKOTTO TNV agIoTToinan aAyopiBuwy punxXavioTIKAG Haénong otn
oladikaaia TnNG TPAyHaTIKAG HABnong. ZKoTrog eival va BonBdel Toug JabnTég va uTTopécouy va
BeATILOOOUV OTO PEYIOTO TIG ETMOOCEIS TOUG GTA diaywviopaTta Kal géoa atré auth 1 diadikaaia
va UTTOPECOUV Va BEATILWOOUV TO TTPAYHATIKO ETTITTESO yVWOEWY Toug. BEBala yia va Asitoupynaoel
TANPWG auTod, Ba TTPETTEl va €xoupe £va OAOKANPO TTEPIBAAAOV OTO OTIOIO VO PTTOPECOUNE Va
€I0AYOUUE TOV XPAOTN KAl VO TOV EKTTAIOEUCOUNE WOTE va PTACEl TO TEAOG TO €mMBUUNTO. AUTO
TTPOCTIaBACAUE vVa TTETUXOUME OTNV TTapoUaa JITTAWUATIKA Epyaaia.

1.3. Aopn TnNG gpyaociag

H epyaaia autr| atmrapTifeTal atmo 6 {EXwPIoTA KePAAaia. To TTPWTO €ival TO EI0AYWYIKO KEQAAAIO
TTOU Bivel YIa aQaIPETIKA ATTOWPn O00V aPOpPd TOUG OTOXOUG TNG £pyaciag auTthg. 2T1o OeUTEPO
KEQAAQIO ava@EPOVTAl EKTEVWG OAA Ta €PYOAEia TTOU XPNOIMOTTOINONKAV YIa €KTTOVNON TNG
epyaciag. To TpiTo KEPAAQIO AVOPEPETAI CTIG ATTAITHOEIG TOU OUCTHUATOG KAl GTNV avaAuon Tng
OOWNG TOU TTPOYPAUMATIOTIKOU HJOVTEAOU. 2TO TETAPTO KEPAAQIO TTAPABETOUHE TA ONUAVTIKOTEPA
KOMMATIO KWOIKA, KABWGS Kal TTEPIYPA®r TOU. ZTO TTEUTITO KEQPAAAIO QAVAQPEPOPAOTE OTNV
uAotroinon Tou TTEPIBAAAOVTOG aTrd TNV TTAEUPA TOU TEAIKOU XPrOTn, €VW OTO EKTO KEQPAAQIO
TTEPIAANBAVOUE T OTTOTEAECUOTA KA KATTOIEG IDEEG YIA MEAAOVTIKEG ETTEKTATEIG.

Exkpdbnon yAwoowv TpoypaupaTioyol péow piag S1adIKTUAKAG TTAATQOPUAG
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2. MegOodoAoyia uAomoinong

2.1. M£600d0og avaAuong Kal avanmTudng Tng EPApPHOYNRS

H tapoloa e@appoyr) avamtuxdnke oe JAVA Spring Framework kai oto IDE Tou Eclipse,
XpnoigoTToiwvTag TeEXVoAoyieg Hibernate yia ouvdeon ue tn Bdon, JSP yia mapouciaon oTo
xpnotn, kai PostrgeSQL yia amobikeuon Twv dedopévwv o€ Bacn. H apxITeKTovikA TTou
akoAouBnonke eivar n apxitektovikp Tou MVC. OAa 1a Trapamdvw avaAlovTal EKTEVWG OTn
OUVEXEID.

2.2. H yAwooa nmpoypapparicpou JAVA

211G apxéG Tou 1991, n Sun avalntouoe To KATAAANAO epyaAgio yia va atroTeAETEl TNV TTAATQOPUO
avaTTUEénNG AOYLOULKOU Of UIKPO-OUOKEUEG (ECUTIVEG OIKIKEG OUOKEUEG £WG TTOAUTTAOKQ
OUCTAMOTO TTOPAYWYAS YPAPIKWY). Ta epyaAeia TG £TToxNAG ATav YAwooeg 6TTwgs n C++ kai n C.
Metd atrd d1IdQOopPOoUG TTEIPAPATIONOUG TTPOEKUWE TO CUPTTEPACHA OTI Ol UTTAPYXOUCEG YAWOOEG BEV
MTTopouaav va kKaAUyouv Tig avaykeg Toug. O "matépag” Tng Java, James Gosling, TTou epyaétav
gkeivn TNV €1ToxXNA yia TNV Sun, ékave 1dN TTEIpaPaTIoPolg TTavw oTn C++ Kkal gixe TTapouaidoel
KOTG KaIpOoUG KATTOIEG TTEIPAMATIKEG YAWooeg (C++ ++ 1MOoUu peTémeITa ovopdotnke C# ) wg
TTPOTUTIA YIa TO VEO epyaAeio TTou avadntoucav otnv Sun. TeAIKG JeTd atrd Aiyo kaipd kaTéAngav
ME pia TTPOTAON YIa TO ETMTEAEIO TNG €TAIPIAg, N oTToia ATav N YAwooa Oak. To dvoud Tng To TIAPE
atrd T0 OpWVUPO d€vOpo (BeAavidid) To otroio o Gosling eixe €§w atrd TO ypageio Tou Kai EBAETTE
KABe pépa.

‘Eva o116 T BaCIKA TTAEOVEKTAMATA TNG Java EvavTl TwV TTEPITOOTEPWY GAAWY YAWOT WV gival
n aveopTnoia Tou Asttoupylkol CUOTARATOG Kal TTAATQOPHAG. Ta TTpoypdupaTa TTou  gival
ypaupéva ae Java Tpéxouve akpIfwg To idlIo e Windows, Linux, Unix kal Macintosh (oUvtopa Ba
TPEXOUV Kal O€ Playstation KOBWG Kal o€ AAAEG KOVOOAEG TTAIXVIOIWY) XWPEIG VO XPEIAoTEl va
Eavayivel petayAwTtnion (compiling) 1 va aAAGgel o mnyaiog kwdkag yia KABE OlAQOPETIKO
AgiToupyikd auoTnua. MNa va emTeuxBei Opwg autd xpeladdTav KATToI0G TPOTTOG £TO1I WWOTE TA
TTPOYPAUUATO Ypauuéva o€ Java va PTTopouv va eival «katavontd» atrd KABe uTTtoAoyioTh
avegaptnta Tou €idoug emme¢epyaaTn] (Intel x86, IBM, Sun SPARC, Motorola) aAAd kal AgiToupyikoU
ouoTtApaTtog (Windows, Unix, Linux, BSD, MacOS). O Adyog eivalr 0TI KGBe Kevipikf povada
emmeCepyaaiag katavoei dlIapopeTIKO KWOIKa pnxavig. O oupBoAikog kwdikag (assembly) TTou
peTappdaleTal kal ekteAeital oe Windows gival SI0QOPETIKOG ATTO QUTOV TTOU PETAQPACETAI KOl
ekTeAeiTal o€ évav uttoAoyioTr) Macintosh. H AUon 866nke e Tnv avamtuén tng Eikovikrig Mnxavig
(Virtual Machine 4 VM 1 EM oT1a eAAnVIKA)

Apou ypogei KATTOI0 TIPOYpAPPO O¢ Java, OTn Ouvéxela MPETaYAWTICETTaI YECW TOU
METaYAWTTLOTA javac, o oTToiog TTapdayel évav apiBud atrod apyeia .class (kwdikag byte ) bytecode).
O kwdikag byte gival n yop®n TTou Traipvel 0 TINyaiog Kwdikag Tng Java étav yetayAwTTioTei. Otav
TIPOKEITAI VO EKTEAEOTEI N eQapuoyn o€ éva unxavnua, To Java Virtual Machine TTou TTpéTTel va
gival eykateoTnuévo o€ autd Ba avaAdfel va diaBdoel Ta apxeia .class. ZTn ouvéxela Ta
METOQPALEl 0€ yAwooo pnxavng TTOU va UTTOOTNPICETAl aTTO TO AEITOUPYIKO CUCTNUA Kal TOV
eTmeCePYaOTn, €101 WOTE va ekTeAeoTEl. AUTO oupBaivel pe Tnv TTapadooiakh Eikoviky Mnxavi
(Virtual Machine). Mo oUyxpoveg eQapPOYEG TNG EIKOVIKNG MNXavAG ITTOPOUV Kal JETAYAWTTICOUV
€K TWV TTPOTEPWYV TUAHATa bytecode atreuBeiag oe kKWOIKa unxavig (eyyevn kwdika f native code)
ME atroTéAeapa va BeATiwvETal N TaxUTNTa. Xwpig autd O Ba ATav duvaTr n eKTEAEGN AOYIOUIKOU
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ypaupévou oe Java. H JVM gival Aoylopiko TTou e€apTdral oTté Tnv TTAAT@Opua, dnAadn yia KGBe
€i00G AEITOUPYIKOU CUCTANOTOG KAl APXITEKTOVIKNG ETTECEPYQTTA UTTAPXEI OIAQOPETIKH £€KOOCN TOU.
‘ETo1 uttdpyouv diagopeTikés JVM yia Windows, Linux, Unix, Macintosh, kivntd tnAéowva,
TTAIXVIOOUNXOVEG KATT.

OmdAToTe B€AEl va KAVEI O TTPOYPOUMOTIOTAG (1 O XPNOTNG) YiveTal JEOW TNG EIKOVIKAG
MNXavAg. Auto BonBdel OoTo va UTTAPXEl MEYOAUTEPN OO@AAEId OTO CUCTNUA YIOTI N EIKOVIKNA
MNXavA €ivar uTtelBuvn yia TNV ETTIKOIVWVIa XPrOTN - UTToAoYIoTH. O TTPOYPAPKATIOTHG OEV UTTOPET
va ypdwyel KWOIKa O OTToiog Ba £XEl KATAOTPOPIKA OTTOTEAECUOTA yIA TOV UTTOAOYIOTH VYIOTI N
EIKOVIKN PNxavh Ba Tov avixveloel Kal O Ba emTPEWel va ekTEAEOTEL. ATTO TNV GAAN PePIG oUTE O
XPNOTNG UTTOPEi va KaTERAOEI «KAKO» KWOIKA a1rd To OIKTUO Kal va Tov ekTEAEoEel. AuTo eival
ID10ITEPA XPHOIMO YIa PEYAAQ Katavepnuéva cuotripata OTTOU TTOAAOI XPAOTEG XPNOIMOTTOIOUV TO
id10 TTPOYPANNA TUYXPOVWG.

2.3. H apyirexrovikn MVC

To Model-view—controller (o€ ouvtopoypagia avoeépetal wg MVC) eival éva  povtéAo
QPXITEKTOVIKAG AOYIOMIKOU TO OTIOI0  XPNOIYOTIOIEITAl yia Tnv Onuioupyia TTePIBAAOVTWY
aAAnAeTTidpaong XpAoTn. Z1o HOVTEAO AUTO N e@appoyr dialpeiTal o€ Tpia dlaouvdedepéva Pépn
WoTe va dlIaXwpPIOTEN N TTapouciacn TnG TTANPOQPOPIaG OTOV XPron atmd TNV Poper TTou £XEl
atrobnkeutei oTo oUoTnUa. To KUPIO PEPOG Tou PovTEAOU eival TOo avTikeipevo Model 1o otroio
dlaxelpieTalr TNV avaktnon/amodrkeuon Twv dedopévwyv OTo oUoTNPa. To avTikeipyevo View
XPNOIUOTTOIEITAl JOVO YIa VA TTAPOUCIAeTal N TTAnpogopia oTtov XpARoTn (TT.X. ME YPAPIKO TPOTTO).
To TpiTo pépog eival o Controller o otroiog d€xeTal TNV €i0000 KOl OTEAVEI EVTOAEG OTO QVTIKEINEVO
Model kai oTo View.

Exktég ammd 1o va diaipeital n e@appoyr] o€ Tpia govtéAa, n oxediaon model-view—controller
opiCel Kal TIG AAANAETTIOPACEIG TWV PHOVTEAWV

e O controller ptropei va oTéAvel eVTOAEG GTO JOVTEAO KAl VA EVNUEPWVEI TV KATAOTOON
Tou povTéAou. Mrtropei emiong va OTéAvel €VIOAEG WOTE va yivel n avrioToixn
avatrapdoTaon Twv deBOUEVWY TOU JoVTEAOU PECw Tou View.

e To model evnuepwvel TIG QVTIOTOIXEG AVATTAPACTACEIS Views Kal Toug controllers otav
uTTdpXel aAAayn oTta dedouéva. AuTA N evNUEPWON ETTITPETTEI OTA VIEWS VO EVAUEPUWVOUV
TNV YPOQIKK aTTEIKOVION.

e To view avamapiotd e YPOPIKO TPOTTO TNV TTANPoQopia TTou TrePIEXEl To model
ONUIOUPYWVTAG YPAPIKK) TTAPOUCIiacn OTO XProTh.

Exkpdbnon yAwoowv TpoypaupaTioyol péow piag S1adIKTUAKAG TTAATQOPUAG
TTOU EVOWMATWVEI EUQUEIG TEXVIKEG TTPOBAEWNG TWV BaBUWY Twv YabnTwv 12/79



MetatrTuxiakn Aiatpipn NiknTotroUAou BaoiAikr

-

UPDATES MANIPULATES

l

VIEW CONTROLLER
\ /
Y &
$ N
N\ /
USER

Eixova 1: To pyovréAo vuhomoinong MVC

2.4. Spring framework

To Spring Framework €ival AoyIGHIKO avoiXToU KWOIKa (eEAeUBEPO AOyIOUIKO) TTOU OKOTTO €XEl Va
OleukoAUvel Tnv avamTuén J2EE AoyiopikoUu oe peydAn éktaon kai Bacietar otn yAwooa
TTPOYPOUMATIONOU Java.

To Spring, mTpoidv Tng eTaipeiag Springsource, eival éva elapplu Java/J2EE TrAqioio
eQapuoywyv Tou Baacifetal ge KWOIKa TTou dnuoaieuBnke oto BiBAio “Expert One-on-One J2EE
Design and Development” amé tov Baoiké cuvteAeoTth) Tou framework, Rod Johnson. To Spring
avapeoa ota AAAa £xel Ta €€N1G BATIKA XOPAKTNPIOTIKA:

ATmroTeAei pia duvatr) Auon yia Tn dlaxeipion pubpicewy TnNG epapuoyng, TTou BaacifeTal
oe JavaBeans e@apuofovtag Tnv apxITeKTovikr apxr (katd aAAoug design pattern)
Tou Inversion of Control,

‘Eva yevikd abstraction layer yia 1n diaxegipion transactions 1rou €1miong emITPETTE
pluggable transactions managers,
‘Eva JDBC abstraction layer,

Evowppdatwaon pe éva ANBog diadedopévwy TeXvoAoyiwy 61TTwg 1o Hibernate, JDO,
Apache OJB,

Neiroupyikotnta Aspect Oriented Programming (AOP) TTpoypauuaTIOTIKO UTTOOEIY O
OTO OTT0i0 oI deuTePEUOUOEG AsiToupyieg dlaxwpifovtal ammd 1o business logic g
EQAPHOYNAG.

To KaAUTEPO yia péva eival 6Tl EpXETal TTAKETAPIOPEVO e To BIKO Tou, flexible MVC
Web framework pe TTOAOTTAEG TEXVOAOYiEG OTO View KOUUATI.

Alodikagieg  yia authentication / authorisation Tou utooTtnpifouv diGopa
TTPWTOKOAAQ (TTX. LDAP).

Exkpdbnon yAwoowv TpoypaupaTioyol péow piag S1adIKTUAKAG TTAATQOPUAG
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o 'Eva Remote Access framework pe Aeitoupyieg Remote Procedure Call (RPC) yia
elcaywyr] / eEaywyn Java objects kai To otoio uttooTnpifel RMI, CORBA, SOAP kai
aAAa.

To Spring Framework armroteAeital ammé évav Container Baoiouévo oto Inversion of Control
(loC) i Dependency Injection katd GAAoug. MpokeITal yia pia TEXVIKA OTTOU UTTODEIKVUETAI O€ Eva
KOUUATI EQapuoyAG TToIa oAAa KOPMATIO PTTOPE va XpnolpoTrolei. MNa OAeg TIG e@apUoyEG TTOU
xTiCovtal TTdvw oTo Spring, o Container atroTteAei TNV KapdIG TOU CUCTAUATOG Kal OAa Ta Ta Java
Beans 1rou mrepi€xel yivovtal instantiated, mapaueTpotroloUvTal Kai ouvappoAoyouvTal aTrd Tov
Container.

To interface org.springframework.context.ApplicationContext avtirrpoowTtrevel Tov Spring loC
container kal utrdpxouv TTapd TToAAa implementations Tou avéloya pe Tov TUTTO £QOPUOYAS
(stand-alone, web KTA.)

2.5. Hibernate

To Hibernate Framework €ival AoylopIkKO avoixTou KwiIKa (EAEUBEPO AOYIGUIKO) TTOU OKOTTO £XEI
va ouvdéoel Ta AVTIKEiHEVA Trou OnuioupyoUvTal O€ MIa  AVTIKEINEVOOTPEQPN YAwood
TTpoypaupaTiopoU (Java) he TOUG TTVAKES PIAG OXETIOKNAG Baong dedouévwy. H olvdeon auth
EMTUYXAVETAI JE TNV XPron EMTTPOoBeTng TTAnpogopiag (metadata) TTou ToTroBeTEITAI KATGAANAQ
(vadi pe Tov KWdIKa Java i o€ EeXwpPIoTd xml apxeia) Kal TTEPIYPAPEI TNV AVTIOTOIXIO HETAEU TWV
QvTIKEIHEVWY Kal TNG Baong dedopévwv. Mevika To Hibernate Trpoo@épel TNV auTOuaTn JETATPOTTA
NG MIag Hop@ng (avTikeigeva) oTnv GAAN (oxeolakrn Baon 0edouEvwy).

To Hibernate ocuykataAéyetar otnv katnyopia Tou Aoyiopikod ORM (object/relational
mapping). To Aoyiopik6 ORM oTtoxelel atn dnuioupyia piag diea@nig (interface) petagl Twv
O100eDOEVWV OXECIOKWY BATEWY OEOOUEVWV KAl TOU QVTIKEINEVOOTPAPOUG TTPOYPAUHATIONOU.
Me atmmAd AOyia, TTPOCQEPEI TN XPNOIUOTIOINGN MIOG OXECIOKAG Baong 0edopévwv wg va ATav
QVTIKEIUEVOOTPEPNG. o va TO €mMITUXEI AQUTO ONUIOUPYEI avTIOTOIXIEG METAEU TWV EVVOIWV TOU
QVTIKEIUEVOOTPEPOUG TTPOYPAUUATIONOU (CUCXETIOEIG, KANPOVOUIKOTNTA, TTOAUUOPQICHOG) - TTOU
OEV UTTAPXOUV OE UIO OXECIOKN BAON O€QOPEVWY - KAl TWV TTIVAKWY Kal OXECEWV PETALU Twv
TVAKWY HIag oxeolakng Baong. Me autd Tov TPOTIO O TTPOYPAUMATIOTAG PAETTEl TEAIKA HIa
QAVTIKEINEVOOTPEPN BdAon dedouévwy, TTap 6Ao TTOU 0TV ouaia XPNOIUOTIOIE Mo oxeolakr]. 'ETol
O TTPOYPOUMATIOTAG XPNOIKOTIOIEI TO AVTIKEIJEVA TNG OUYKEKPIUEVNG EQAPUOYAG, TO TPOTTOTTIOIE
OXETIKA WE TN AOYIKN TNG EQAPHOYNG TTOU avaTITUCOEl Kal TA aTToBNnKeUEl (TPOTTOTTOIEl, dIaypPAPEl
Kal avadnTtd) oTn BAoN WG AVTIKEIYEVA, OKETITOPEVOG ONAAdN HE AVTIKEIUEVOOTPEPEIG £VVOIEG KAl
OxI Je BAon To OXAKa TNG OXECIOKAG Baong dedopévwy. Ze auTd To onpeio gival To Hibernate trou,
yvwpifovtag Tnv avTigtoixia petafu Bdaong kKal AOyIKAG TNG €QApUoyng, avaAaupPdver va
KOTaOKeUAael TNV KatdAANAn evtoAn Tng SQL, n otroia kai oTEAVETAI TEAIKG OTn BAon S€d0PEVWVY.
‘ETreita, Ta OTTOoTEAéOPOTA TTOU €TTIOTPEQEl N Bdacon, To Hibernate Ta emoTpépel oToV
TTPOYPAUMATIOTA WG AVTIKEIPIEVA TNG £Qappoyng. Eival dnAadn éva evdidueoo eTTiredo peTagu Tng
EQAPHOYNAG Kal TNG BAong OedOPEVWVY.

To Hibernate mpoo@épel Ta TTAPAKATW OTOV TTPOYPAUUATIOTH:

o [MMapaywyikétnTa: TNV avdmtugn  AoyiopikoU  éva  peydAo  PEPOG TG
TTPOYPAUMATIOTIKNG TTPOCTTABEING APIEPWVETAI OTN JIETTAPN TNG EQAPUOYAS HE TN

Bdon 0Oedopévwyv. To Hibernate autopatotroiuvTag TIG PBacIKEG  AeiIToupyieg
Anuoupyia/Avayvwan/Tpotromroinon/Alaypagry (CRUD — Create Read Update

Delete) emTpéTTEl ApXIKG OTOV TIPOYPAUMATIOTA VO ETTIKEVTPWVEI TRV TIPOCTTABEIR TOU

otn Aoyikf TG €@apuoyng (business logic). Etriong, utrdpxel n duvarétnta va
akoAouBnBolv dUo oTpaTnNyIkEG avaTITUENG AOYIOUIKOU: €iTe apxifovrag amd To
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MovTéNo dedouévwy eite atrd Tn Bdon dcdopévwy. AUuTO PEIVEL OE JEYAAO BaBuod 1o
XPOVO avaTrTuéng.

e Juvinpnoiuotnta: Me 1 xprion Tou Hibernate ypdgovrar onuavtikd AlyoTepeg
YPOUUEG KWAIKA Kal 0 KWAIKAG €ival TTI0 KATAVONTOGS Kal KaAoypappévog. Autd Kavel
TNV CUVTHPNOT TNG EQAPUOYAGS EUKOASTEPN.

o Avetaptnoia amdé Tn Bdaon Oedopévwv: Me T cupBatétnta Tou Hibernate pe
Ola@opeTIKEG Baoelg dedouévwy Kal Tn duvatdTnTa oUVOECAGS Tou PE TN Ao PEoW
OnAwaoewv opllopévwv e €IBIKO OPXEIO N AVATITUCOOUEVN €QAPUOYR UTTOPEi pE
€ANAXIOTEG TPOTTOTIOINCEIG VO XPNOIKMOTIOINGEi pe Baoelg dedopévV DIAPOPETIKWV
KOTAOKEUOAOTWY. To yeyovos auto oTepei pev atrd 1o Hibernate tnv ekuetdAAeuon twyv
IBIQITEPWY XAPAKTNPIOTIKWY TNG XPNOIMOTTIoIoUUEVNG BAong, OUwWG, Kal o€ auTh Tnv
TEPITTwWaon, divetal n duvaTtdtnTa Xprong Tnyaiag SQL péoa oto Hibernate tou
EKMETAAAEUETAI Ta 10IGITEPA AUTA  XOPOKTNPIOTIKA. AUuTO BEéRaia  PEIWVEI TNV
avegaptnaoia Tou Hibernate.

2.6. Postgresql

H PostgreSQL cival pia oxeolakr] Baon dedouévwy avoikToU KwdIKa Pe TTOAAEG duvartdTtnTeg. H
avamTuén tng dlapkei NdN TTavw atrd dUo OekaETiEG Kal BacifeTal o€ pIa aTTOdEDEIYUEVA KAAN
QPXITEKTOVIKI) N OTToia €XE€I dNUIOUPYHOEI pIa I0XUPN avTiAnwn Twv XpnoTwy TG yupw atrd Thv
aglommoTia, TNV akepaidTnTa dedOoUEVWV Kal TNV 0pBn AsiToupyia.

H PostgreSQL T1péxel oe 6Aa Ta Bacikd AsiToupyikd ouCTAPATA, OTA OTToia TTEPIAGUBAvovTal
10 Linux, To UNIX (AIX, BSD, HP-UX, SGI, IRIX, MAC OS X, Solaris, Tru64) ka1 Ta Windows.
Eivar oupBartr pe ACID, kai cupTtrepiAaufavel Toug TrepioooTepoug SQLI2 kai SQLI99 TUTTOUG
Oedopévwyv cupTtrepihapBavopévwy INTEGER, NUMERIC, BOOLEAN, CHAR, VARCHAR,
DATE, INTERVAL kai TIMESTAMP. Etriong utmooTnpiCel atmmobhikeuon HeyGAwv Ouadikwv
avtikelyévwy  (binary), OTwg €Koveg, nxol N Pivieo. AiaBérer  emiong  TepIBAAovTa
TTPOYPAUMATIoNOU YIa TIG YAWOOEG TTpoypappaTiopou C, C++, Java, Perl, Python, Ruby, Tcl, kai
uttooTpIEn yia Tnv TTAat@oépua .NET kai 1o mpotutto ODBC, evwy TrepIAapBavel Kal eEQIPETIKO
EYXEIPIDIO Xpriong.

2.7. JSP

Me Bdon pia atTAoucTeupévn epunveia, Ta Servlets eival TTpoypduuata Java Pe eVOWUATWUEVO
kwdika HyperText Markup Language (HTML). Y16 autfy Tnv €vvola, ol JSP egival 10ToogAideg
HTML pe evowpaTtwuévo kwdika Java. O kwdikag Twv Servlets gival dounuévog o€ KAGOEIG, TTOU
ypdgovTal, yeTayAwTTifovTal Kal eKTEAoUVTal OTTwG KABe KAGon Java, evw ol JSP atroteAolvTal
amd oTaTikO Kwdika HTML kai duvauikd Trapayopevo trepiexéuevo HTML, 1o otroio eival
OlaXwPICHEVO UE EIDIKEG ETIKETEG (tags), TNG HOPYPRG <%java KWOIKAG %>.

Ta Servlets kai o1 JSP BewpoUvtal atrd ToAAoUG Tautdéonua, meidr ol JSP petappdlovTal o€
Servlets, dnAadn Baacifovtal oTnv TEXVoAoyia Twv Java Servlets. Ta Servlets ival katdAAnAa yia
EPYOTieg TTPOCAVATOANIOUEVEG OTNV AOYIKA Kal oTnVv eTTegepyaania, evw ol JSP gival o KaTaAANAEg
Yl €EPYOOiEC TTPOCAVATOMOUEVEG OTNV TTapouaiaon. To KUPIGTEPO PEIOVEKTANA TNG XPNONG TWV
Servlets €ival 6T 0 TTPOYPAUUATIOTAG Ba TTPETTEI VA YPAWEI APKETEG EVTOAEG «out.printiny (EvTOAEG
EM@Aviong oTnv 084vn), yia va oxnuaTioel Tnv atrokpion (response) Tou Servlet ato xprioTtn. Autd
gival TTITTOVO yId TOV TTPOYPANMATIOTH, 18iwg OTav N atrdKPIoN TTPOKUTITEI ATTO TN XPrON OTOIXEIWV
HTML, Ta otroia ival TToAUTTAOKA. Apa, N aTToKpIon €ival o €UKOAO va ypa@eTal aTTEUBEiag o€
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HTML kai va xpnoigotroigital kwdikag Java otmou xpelddetal. Autrv akpIfwg Tnv avaykn
KaAUTTTOUV o1 JSP. H TexvoAoyia JSP utropei va diayxwpilel Tn dieraen (interface) Tou xprotn
atrd Tn dnuIoupyia TTEPIEXOPEVOU, ETTITPETTOVTAG £TO1 OTOUG OXEBINOTEG va AAAGCOUV T GUVOAIKH
eM@avion Tng oelidag (look and feel) xwpig va petaBaAAeTal To Bacikd SUVANIKO TTEPIEXOUEVO TNG.

Ta apxeia JSP cival amobnkeupéva oe évav JSP (Servlet) Container. O péAog Tou JSP
Container gival va avaAuel (parsing) Tig eTIkETEG JSP , va TTapdyel To SUVAUIKO TTEPIEXOUEVO Kal VO
TO OTEAVEI OTOV TTEAATN WG oeAida HTML.

‘ETo1, ouvoTiTIKG, o1 JSP:
o cival QUOIKNA eEENIEN TNG TExVOAoyiag Servlets,

e aTmroteAoUvTal ammd apxeia KelPévou WPE TNV KaTtaAngn .jsp, Tou Trepiéxouv HTML,
TuAUaTa KWOIKa (scriptlets) kai eTikéTeg TOTTOU XML,

o petayAwrTtiCovTal pia popd ot Servlets,

o dlaxwpifouv eUKOAOTEPQ TNV gP@Avion TnG oeAidag (HTML) atmd tnv emixeipnoiakn
Aoyikn (business logic), TTou uAoTTOIEI N EQappoyA,

o dlaxwpifouv Tn oxediaon atd Tnv UAOTToINCN TNG AOYIKNAG,

e gvowpaTwvouv KWoIka Java péoa oe IoTooehideg HTML, avTiBeta atmd ta Servlets,
TTOU evowpatwvouv Kwdika HTML péoa og rpoypdupara Java, Kal

e AauBdavouv Ta atroTeAégpaTa Kal Ta ePgavifouv, evw Ta Servlets kGvouv eTTegepyaaia
TNG AiTnONG.

2.8. HTML

H HTML (apxikotroinon tou ayyAikou HyperText Markup Language, €éAA. TAWOOQ ZApavong
YTmrepkelpgévou) gival n KUpia yAWOOoO GAPAVONG yia TIG IOTOOENIDEG, Kal Ta OTOoIXEIO TNG Eival Ta
Baaikd OouIKG OTOIXEIO TWV IOTOGEAIDWV.

H HTML ypageTtal uttd poper otoixeiwv HTML Ta otroia atmmoteAouvTal atmo €TIKETEG (tags), ol
oTroieg TrepIKAgiovTal péaa o€ GUPROAA «EYOAAUTEPO OTTO» KAl «HIKPOTEPO OTTO» (YIa TTapdadeiyua
<html>), yéoa oto TepiexOPEVO TNG IoToogAiIdag. O1 eTikéTeg HTML ouvhBwg Asiroupyoulv ava
Ceuyn (yia mapdadeiypa <h1> kai </h1>), ye TNV TTPWTN VA OVOUACZeETal ETIKETA €vapgng Kail Tn
OeuTepn €TIKETA ANENG (A O€ AGAAEG TTEPITITWOEIG ETIKETA QAVOIYUATOG KOl ETIKETA KAEIINATOG
avtioToixa). AvAUECQ OTIG ETIKETEG, OI OXEDIOOTEG IOTOOEAIDWY HTTOPOUV va TOTTOBETACOUV
KEIYEVO, TTIVOKEG, EIKOVEG KATT.

O okoTrdg evog web browser eivail va diaBdder Ta éyypaga HTML kai va Ta ouvBécel ae OeAideg
TToU PTTOPEi Kaveig va diaBdoel A va akouaoel. O browser dev epgaviel Tig €TIKETEG HTML, aAAd TIg
XPNOIYOTIOIET yIa VA TTAPOUCIATEl TO TTEPIEXOPEVO TNG GENIDAG.

Ta oToixeia TNG HTML xpnoigotroioUvTal yia va ktioouv 6Aoug Tou 1oTéTotrous. H HTML emmiTpéTTel
TNV EVOWHATWON EIKOVWYV Kal GAAWYV QVTIKEINEVWY PEOA OTn o€Aida, Kal UTTOPEI va XpnoIuoTToInBEi
yla va ep@avioel d1adpaoTIKEG OPUEGS. Mapéxel TIG uEBOGdOUG dnuIoupyiag dounuéEvwY eyypapuyv
(dnAadN eyypa@wyv TToU aTToTEAOUVTAI OTTO TO TTEPIEXOPEVO TTOU LETAPEPOUV KAl aTTO TOV KWOIKA
HOP®@OTTOINGNG TOU TTEPIEXONEVOU) KaBOPICovTag DOMIKA GNUAVTIKA GTOIXEIN YIa TO KEIUEVO, OTTWG
KEPAAIDES, TTapaypda@oug, AioTeg, CUvOEOUOUG, TTapaBEéoelg kal GAAa. MTropolv eTmiong va
EVOWMATWvovTal gevapia eviohwv o€ YAwooeg OTiwg n JavaScript, Ta otroia emnpeddouv Tn
OUPTTEPIPOPA TWV 10TOOEAIBWY HTML Kai atrd oTaTiKEG TIG KAVOUV SI0dPACTIKEG.

O1 Web browsers utmopouyv €TTiong va ava@épovTal g OTUA popgoTtroinang CSS yia va opifouv
TNV EUPAvION Kal TN dIATAgN Tou Kelévou Kal Tou utTdAoitrou UAIkou. O opyaviouég W3C, o oTroiog
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onuioupyei kail cuvtnpei Ta TPoTUTIa yia TNV HTML kai Ta CSS, evBappuvel Tn xpron Twv CSS
avTi dlapdpwyv oToixeiwv TNG HTML yia okoTroug TTapouciaong Tou TTEPIEXOUEVOU.

2.9. CSS

H CSS (Cascading Style Sheets — diadoxikad @UAAa U@oug A eTTAAANAG QUAAC Ugoug) gival pia
YAWOOO UTTOAOYIOTA TTOU QVAKEL OTAV  KATNYyopid Twv YAWOOWV QUAwY U0Qoug TTou
XPNOIYOTIOIEITAI VIO TOV EAEYXO TNG EUPAVIONG VOGS EYYPAPOU TTOU £XEI YPOAPTEI PE I YAWOood
ofuavong.

Xpnoigotroligital dnAadn yia Tov €AeyxXo TNG €UQAvVIONG evog eyypA@ou TToU YPA@TNKE OTIG
yAwooeg HTML kait XHTML, dnAadn yia Tov €Aeyxo TNG ENOAVIONG UIAG I0TOOEAIDAG Kal YEVIKOTEPA
evog 10ToTtoTTou. H CSS €ival pia yAwooa UTToAOYICTH TTPOOPICHEVN VA avATITUGOEI OTUAIGTIKG HIO
I0T00€Aida dNAadr va dIauoPPWVEl TTEPICTOTEPO XAPAKTNPIOTIKA, XpWwHaTd, OToiXIon Kal divel
TTEPICOOTEPEG BUVATATNTEG O€ OXEON PE TNV html. MNa pia dpopen Kal KAIAOCXEDIAoUEVN I0TOOEAIDA
n xprion g CSS kpiveTal wg atmapaitnTn.

2.10. JavaScript

H JavaScript (JS) ceivar Oigpunveupévn yAWOoa TTPOYPAPMATIONOU  yIa  NAEKTPOVIKOUG
UTTOAOYIOTEG. ApPXIKA aTTOTEAECE PEPOG TNG UAOTTOINONG TwV QUANOUETPNTWY loTOU, WOTE TA
oevaplia atté Tnv TTAeupd Tou TTEAATN (client-side scripts) va ummopoulv va TTIKOIVWVOUV HE TOV
XPNoTn, va avtaAAdooouv dedopéva aocuyxpova Kal va aANGZouv SUVOUIKA TO TTEPIEXOUEVO TOU
eyypd@ou TTou eupaviceTal.

H JavaScript €ival pia yAwooa oevapiwv Tou BacideTal ota pwToéTUuTIa (prototype-based),
gival SUVAIKN, e aoBeVEig TUTTOUG Kal £XEI CUVAPTHOEIG WG AVTIKEIMEVA TTPWTNG TAENG. H cuvTagn
G eival emnpeacpuévn amdé t C. H JavaScript avriypdeel TTOAAG ovéparta kal cuuBAcelg
ovouarodoaiag atmmod T Java, aAAd yevikd ol U0 auTéG YAWoOoeG O OXETICOVTAl KAl £XOUV TTOAU
OlagopeTikA anuacioAoyia. O1 BacikéG apxEG oxedlaopou TG JavaScript TTpoépxovTal aTmo TIg
yAwooeg Tpoypauuatiopol Self kar Scheme. Eivar yAwooa Baociopévn o€ OlIAQOPETIKA
TTPOYPAUMATIOTIKG  TTapadeiypyata  (multi-paradigm), uttooTnpiCoviag  QVTIKEIMEVOOTPEPEG,
TIPOCTAKTIKO KAl CUVAPTNOIAKO GTUA TTPOYPANKOTIOUOU.

H JavaScript xpnoiyoTtroigitTal Kal 0 €QAPUOYEG EKTOG IGTOOEAIDWY — TETOIA TTOPADEIYUATA
gival Ta €yypaga PDF, o1 eCeidikeupévol uAlopeTpnTéS (Site-specific browsers) kai o1 pIKpég
EQAPUOYEG TNG eTTIQAvEING epyaaiag (desktop widgets). O1 vedTEPEG EIKOVIKEG UNXAVEG Kal TTAQiCIO
avamTuéng yia JavaScript (6mwg 10 Node.js) £xouv emmiong kavel Tn JavaScript o dnuo@IAn yia
TNV avamTu¢n epapuoywyv loTol otnv TAeupd Tou dIaKOUIOTH (server-side).

2.11. AAyop10pog unxavioTikig padnong (machine learning)

Mnxavikj gdnon eival utTroTredio TNG ETTICTAPNG TWV UTTOAOYIOTWY TTOU avaTITUXONKE atmd Tn
MEAETN TNG avayvwpiong TTPOTUTTWY Kal TG  UTTOAOYIOTIKAG Bewpiag yabnong otnv Texvnth
vonuoouvn. To 1959, o ApBoup ZAauoueA opifel TN PNXavikr Jadnaon wg "Medio PeAETNG TTOU ivel
OTOUG UTTOAOYIOTEG TV IKAVOTNTA va JaBaivouv, Xwpig va éxouv pntd TTpoypauuaTioTe”. H
MNXavikh uaénon diepeuvd TN HEAETN KAl TNV KOTAOKEUN aAyopiBuwy TTou uropolv va pabaivouv
atrd Ta dedopéva Kal va KAvouv TTPORAEWEIG OXETIKA PE auTd. TETolol aAyopiBuol AsIToupyouv
KOTOOKEUACOVTAG WOVTEAQ OTTO TTEIPOPOTIKG OedOpEVA, TTPOKEINEVOU VA KAVOUV TTPORAEWEIG
Baoifoueveg oTa dedopéva ) va £EAyouV aTToPAOCEIG TTOU EKQPPACOVTAl WG TO ATTOTEAETHA.
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H unxavikr) udoénon eival aTevd ouvoedePEVN Kal GUXVA GUYXEETAI UE UTTOAOYIOTIKI) OTATIOTIKN,
€vag KAGOOG, TTOU ETTIONG ETTIKEVTPWVETAI OTNV TTPORAEWN HECW TNG XPAONG TWV UTTOAOYIOTWV.
‘Exel 10xupoUg deopoUg Pe TNV paBnuaTiky BeATIOTOTTOINGN, N OTroia Trapéxel HeBodoug, TN
Bewpia kal Topegig epappoyns. H Mnxavik paénon epapudletal o€ pia o€ipd atmd UTTOAOYIOTIKEG
gpyaaieg, 6TToU T600 0 OXeOIAOPOG OGO Kal O PNTOG TTPOYPANMKATIONOS Twv aAyopiBuwy eival
avéQIkTog. Mapadeiypata e@apuoywyv atroTeAolv Ta @iATpa spam (spam filtering), n ommikA
avayvwpion xapaktipwv (OCR), ol uynxavég avalrtnong kai n uttoAoyioTikA 6pacn. H Mnxavikni
HABNoN HEPIKEG POPEG TUyXEETAI UE TNV €EOPUEN OeDOPEVWIV, OTTOU N TEAEUTAIO ETTIKEVTPWVETAI
TTEPIOTOTEPO OTNV €EEPEUVNTIKI AVAAUCON Twv OedOUEVWY, YVWOTH KAl WG Wn €mMTNPOUPEVN
paénaon.

210 medio TNG avahuong Oedopévwyv, N PNXavikg uadnon eivar pio péBodog  TToU
XPNOIYOTIOIEITAI IO TNV €TTIVONGN TTOAUTTAOKWY MOVTEAWYV Kal aAyopiBuwyv TTou odnyolv oTnv
TPORAeWnN. Ta avaAuTIKG POVTEAQ ETTITPETTOUV OTOUG EPEUVNTEG, TOUG ETTICTHOVEG DEOOUEVWV,
TOUG HNXAVIKOUG KAl TOUG AVAAUTEG VO TTAPAYOUV OEIOTTIOTEG OTTOQACEIG KOI ATTOTEAETUATA KAl va
avadeifouv aAAnAoouoyeTioelg HECW TNG PABNonG atrd I10TOPIKEG OXECEIG Kal TACEIG OTA
oedopéva.

O1 gpyacieg unxavikng pabnong ouvnBwg TagivopouvTal O€ TPEIG EYAAES KATNYOPIES, avaloya
ME TN @UON TOU EKTTAIOEUTIKOU «OAHATOGY ] TNV «avaTpo@oddTnon» TTou eival dlaBéoiya o€ éva
ouoTnua ekuddnong. AuTtég eivai:

o Emmnpolpevn padnon (oAAwg emPBAeTTOPEVN WAGBNON A padnon pe  emiBAewn)
(supervised learning): To uTTOAOYIOTIKO TTPOYPAMMA DEXETAI TIG TTAPADEIYUATIKEG EITODOUG
KaBwG Kail Ta €MBOUUNTA atroTeAéoPaTa aTrd £vav «dAoKAAO», Kal 0 OTOXOG €ival va Iabel
£vav yevikd Kavova TTPOKEINEVOU VA avTIoTOIXIoEl TIG El06O0UG UE TO ATTOTEAETUATA.

o  Mn emtnpoupevn padnon (aAMwg pn emBAETOPEVN NABNON 1 HABNON Xwpig eTTiBAEWn
(unsupervised learning): Xwpig va TTapéxeTal KATTOIO EPTTEIPIA OTOV aAyOpIBPo uabnong,
TPETTEl va Bpei TNV doun Twv 0edouévwy €10600u. H un emtnpolduevn uadbnon ptropei va
€ival auTooKOTTOG (aVOKOAUTITOVTAG KPUUUEVA JoTIRa o€ dedoPéva) i PEOO yia éva TEAOG
(XapakTNPEICTIKO TNG HABNONG).

o Evioxutikf pabnon: ‘Eva mpoypauua uttoAoyioTh oAANAETIOPd pe €va OUVOUIKO
TEPIBAAAOV OTO OTTOIO TTPETTEI VO ETTITEUXOEI €vag OUYKEKPIUEVOG OTOXOG (OTTWG N
00nynon €vog OXNKATOG), XWPIG KATTOI0G dATKAAOG va ToU Aéel pnTa av £xEl PTACEI KOVTA
oTo oTOX0 Tou. ‘Eva dAAo Trapddeiypa eival va pdbel va traifel éva Traiyvidl evavTiov
Katrolou avTiTrédAou.

o  MeTagU Tng emTNEOUNEVNG KAl TNG KN €MTNPOUPEVNG PABNONG €ival N NUI-ETITNPOUNEVN
MaBnon, o6mou o Odokahog Oivel €va €AAEITTEG exTTaIOEUTIKO Onua: €va oUvoAo
EKTTAIOEUONG HE KATTOIO (CUXVA TTOAAG) aTTd Ta atroTEAéopATa oTOXoug va Agittouv. H
Metaywyr) €ival pia €10IKr) TTEQITITWON TNG OPXNG QUTHG, OTTOU TO OUVOAO TwV
KOTOOTACEWY TOU TTPORAMATOG €ival yvwaoTo KATA TO XpOVO EKPABNONG, OPWG £va PEPOG
TWV OTOXWV A€iTTOUV.

Mia pnxavr] diavugudaTwy UTTOaTHPIENG, OTTOU Ta 0edopéva TagivououvTal o U0 KAAOEIG, TToU
Xwpifovtal a1mé €éva ypauuikd ouvopo. Edw, €xel paBel va dlakpivel Toug PHaUpoug aTTd TOUG
AoTTPOUG KUKAOUG.

MeTagl GAAWV KaTNyopIwy PNXavikAg Nabnong, uttdpxel akopa diadikacia ekuadnong (meta
learning) Tou paBaivel oTnv pnxavr) (va avarmriooel) TIG OIKEG TNG ETTAYWYIKEG HEBOSOUG,
Baoiféuevo otnv TTponyoupevn eutreipia. H AvamTuélokn pdenon (Developmental robotics), n
oTroia €xel avaTrTuxBei yia Tnv ekpddnon amd poutrdt, dnuioupyei TN OIKA TNG akoAouBia
MOBNOIOKWY KATOOTACEWYV, WOTE TO POUTIOT CUCCWPEUTIKA ATTOKTA TTOIKIAIQ OECIOTATWY PECW
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NG AUTOVOUNG AUTOEEEPEUVNONG KAl TNG KOIVWVIKAG AAANAETTIOPACNG HE avBPWTTOUG EKTTAIOEUTEG
Kal XPNOILOTIOIWVTAG INXAVIOUoUg KaBodriynang, 0TTwg n evepynTIKr Jadnon, n wpipavon Kai n
ignon.

Mia dAAN katnyopioTroinon Twv TTPORANUATWY PNXAvIKAG JABnong TTPoKUTITEl OTAV KATTOIOG
Bewpnoel To €mMBUUNTO aTTOTEAECHA TOU GUCTNHATOG INXAVIKAG Hatnang.

e Zmnv Tagivounaon, Ta dedopéva €10000u XwpidovTtal o€ dUO I TTEPIOTOTEPEG KAGTEIG, KAl N
MNXavRA TTPETTEN VA KOTOOKEUAOE! £€va POVTEAO, TO OTToi0 Ba avTioToIXiCEl Ta dedouéva o€
Mia n TepioooTepeg (multi-label Tagivounon) kAdoeig. Autd ouvhBwg EUTTITITEl OTNV
emTNEOUNEVN pabnon. Ta @iATpa Spam eival éva TTapddeiypa Tagivounong, 0Trou ol
gicodol gival Ta emails 1) GAAa pnvopaTa Kai ol KAACE€IS ival "spam” kai "ox1 spam”.

e >V TTaAIvOpOUNoN, €iong TTPORANUA ETTITNEOUUEVNG HABNONG, Ta ATTOTEAETUATA Eival
ouvexn Kai Ox1 SIaKPITA.

e  >Tnv ouoTadOoTIoINGN, £va GUVOAO 1000wV TTPOKEITAI VO XWPIOTEI O OPAdES. 2€ avTiBean
ME TNV Tagivounan, ol oJadeg eV €ival YVWOTEG €K TWV TIPOTEPWY, KABIOTWVTAG AUTOV
TOV OIaYXWPICKO TUTTIK EpYacia un €mMTNEOUPEVNG HGBNOoNG.

e  XTnNV &KTiNNON TTUKVOTNTAG PPIOKEl TNV KATAVOMN TwV O£dOPEVWY €1I0000U O€ KATTOIO
XWpPO.

e &g mpoBAuaTa ueiwong diaotacigotnTag (dimensionality reduction), Ta Oedopéva
atTAoTTolouvTal Kal avTioTolxiCovral o€ éva Xwpo AlyoTepwv dI00TACEWY. To OTATIOTIKG
MovTéAo BepdTwy (Topic modeling) gival éva oxeTikd TTPOBANUA, OTTOU N UNXavr KaAEiTal
va Bpel éyypa@a TTou KOAUTITouv Trapdpoia Béuata amd éva oUVOAo eyypdpwyv
YPOUMEVWY OE QUOIKN YAWOOQ.

2.11.1. K-means algorithm

H opadotroinon k-péowv eivalr pia péBodog diavuopartikrg KBavrotroinong n otroia €ival
ONUOPIANG oTnv avaAuon cuoTadwv (KAGdog Tng €£6putng dedopévwy). H opadotroinon auth
£XEI WG OTOXO va dlaxwpioEl N TTaPATNPENOEIG 0€ K OJAdEG, £TO1 WWOTE KABE TTAPATAPNON VA AVIKEI
oTn ouoTdda PE TO KOVTIVOTEPO PECO, TO OTTOI0 XPNOIMEUEl WG £va XAPaKTNPIOTIKG deiyua TnG
ouoTédag. Auto odnyei o€ pia dlapépion Tou Xwpou dedopévwy o€ KeAIA Voronoi.

O aAyopiBuog k-means Eekivael pe k Tuxaia onueia, Ta oTToia ovopdgdovTal KEVTPOEIDN TNG
ouoTAdaG Kal dnNAwvouv To KEVTPO BApoug TNG ouoTadag. To k utTodnAwvel o€ TTOCEG CUOTADEG
BéAoupe 0 aAyopiBuog va dnuioupynoel. O aAyopiBuog ekTeAei eTavaAnTiTika dUo Brjuara. To
TPWTO PBANG agopd Tnv avdbeon o€ KATIOlO CUOTAdA, evwy To OeUTEPO BAMA apopd Tov
ETTAVATTPOCGOIOPIOUO KaI TN YETATOTNION TOU KEVTPOEIDOUG KABE OUOTADAG.

Mo avaAuTikd, 6cov agopd aTo TTPWTO BAua, dnAadn Tnv avabeon o€ KAtTola ouoTdda, o
aAyopIBuog €€eTACEl KABE deiya ae OXEON PE T KEVTPOEIDN Twv oucTadwyv. Me xprion Katroiou
METPOU aTTOOTOONG, AVOBETEI TO £EETALOPEVO DEIYUO OTN CUCTAdA, TNG OTTOIAG TO KEVTPOEIOEG Eival
TO TTANCIECTEPO WG TTPOG TO CUYKEKPIPEVO Ogiypa. Z10 OeUTEPO BAMA, TTAIPVOVTAG TOV PHESO OPO
Twv OelyNATWY KABE ouoTadag, eTavuTtoAoyifovTal Ta KEVTPOEION TNG KGBe cuaTadag, WOTE TO
KEVTPOEIBEG VA €ival TTIO AVTITIPOCWTTEUTIKO GTNV TTPOC@ATA SIANOPPWHEVN CUCTADA.

O aAyopIBuog ekTeAel eTTavaAnmTIKA autd Ta U0 PBrparta, PEXPIG OTOU Ta KEVTPOEION TwV
OuOoTAdWV va WETATOTTICOVTal EAAXIOTA Kal O aTTOOTACN MIKPOTEPN OTTo KATTola dobtica TiuA
KaTw@Aiou. Qg eVOANAKTIKO KPITAPIO TEPUATIONOU Tou aAyopiBpou PTropei va xpnaigoTroindei Kai
0 apIBUOG eTTAvVaAYWEWY TOU aAyopiBuou.
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3. AvdaAuon oToxwyv gpyaociag

216X0G TNG TTAPOUCOG EPYACiag €ival va UTTOPECOUNE VA EKPETAAAEUTOUNE TA ETTITEVYUATA TNG
TEXVOAOYIOG Kal €I0IKOTEPO TNG MNXOVIOTIKAG MABNONG, HE OKOTIO va MTTOPECOUME va
€CUTTNPETNOOUPE KATTOIEG OVAYKEG TNG eKTTaideuong. Mo ouykekpipéva, OTOXOG Mag €ival va
MTTOPECOUE VO TTAPEXOUUE HIa OAOKANPWHEVN TTAATQOPUA EKTTAIdEUCNG VIO TOV PHaBnTr TTou Ba
TOU OiveEl OUYKEKPIPEVA TN duUvVATOTNTA ETTITUXOUG TTPOETOINOCIOG PHE OKOTTO TNV ETTITUXIO TOU O€
TEANIKEG e€eTAOEIG.

3.1. AvaAuon mpoBAnuarog

H pnxavioTik padnon éxel PTrel Ta TEAeUTaia Xpovia oTn {wr HOG Kal £XEl ETTNPEACEl TTOAAEG
TITUXEG TNG KABNUEPIVOTNTAG Pag. MEXPI TWPA OPWG, OEV £XEI EI0XWPNOEI OE IKAVOTTOINTIKO Babud
aTnVv TTPAYUATIKA avBpwTrivn udénon. TuAua autol Tou KevoU BEAoUpE va TTPOOTTABACOUE
KOAUWOUE HE TNV TTapoUoa epyaaia, OTTou BETOUME TN PUNXAVIOTIKA MABNoN oTnV UTINpPECia Tou
MaBNTA/@oITNTAH/EKTTAIOEUOEVOU (DOTE VO UTTOPECEI VO TTPOETOIUAOTEI e TOV KAAUTEPO duvaTO
TPOTTO yIa TIG TEAIKEG €EETATEIG O€ KATTOIO PaBnua. MNa 1o okotrd auTé Tou divoupe Tn duvartdTnTa
péoa atod 1o online TTepIBAAAOV va TTapaKOAOUBACE! Hia OEIpG aTTO JABAUATA KAl VA £EETAOTEI O€
MIO O€IpA aTTO TECT YIA VA YTTOPECE! VO TIPOETOIUACTTEN ETTAPKWG Yia TNV TEAIKA €¢€Taon. Méoa atmd
KaTaypa@r TTANPOQopIwY atrd TNV TTOPEIa TNG TIPOETOINACIAG TOU Kal atrd avadAoya aTToTEAETUATA
GAAWV PaBnTwyv, EMTUYXAVOUUE VO UTTOAOYICOUUE PE OXETIKN akpifela TNy €TTidoan Tou padnTh
oTtnv TeAiKn €€ETaon.

3.2. ANMaITNOEIG CUCTAHATOG

MNa va YTrop€ToupE va TTITUXOUHE TO OWOTO OoXedIaoUS Tou TTePIBAAAOVTOG TTou Ba pag divel Tn
OuUVaTATNTA VA ETTITUXOUWUE TOV OKOTTO POG XPEIQONAOTE Ta £€1G OOUIKA UAIKG:

e 'Eva kopudT KwdIKa To OTToio Ba eKTEAEITAI OTO TTAPACKAVIO Kal Ba eKTEAE OAN TNV
uhotroinon TnNG Aoyikng kal Tng diaouvdeong ue Tn Baon dedopévwy (backend). To
KOMMGTI auTo €xel uhotroinBei oe JAVA e Tn BonBeia Tou Spring framework.

e 'Eva KOPPATI KWOIKA TO OTToi0 Ba eKTEAEITAI OTO TTPOOKNAVIO KAl Ba AEITOUPYEI WG
OleTTagr) HETAEU Tou TEAIKOU XproTn Kal Tou uttoAoyioTr (frontend). To TuAua auTd Exel
uAoTroinBsi o€ pe Tn BonBeia JSPs.

e Mia Bdaon dedouévwyv n otroia Ba atmmoBnkelel OAn Tn XPNOCIUN TTAnpo@opia 6aov
agopd Ta JabriuaTa, TIG EEETATEIG, TOU JABNTEG, TOUG KABNYNTEG Kal Ta atTToTeEAEoUaTa
Twv eEeTdoewy. To KOPUATI autd €xel uAotToinBei pe Tn BonBeia Tng Postgresql, n
otroia atroTeAei éva oUyXpovo Kal ApkeTd €uéAIKTo ZUuoTtnua Alaxeipiong Baoewv
Aedopévwy (DBMS).

o 'Eva TuAPa KwoIka To o1roio avaAapBavel va cuvOEael TN AOYIKF TOU TTPOYPAUUATOG
Me Tn Bdon dedouévwy. To TuAUa autd €yive Kal TTaAl oe JAVA pe 1 Borbeia Tou
Hibernate Framework.
AuTa atToTeEAOUV Ta Bacikd DOMIKA EPYaAEia TTOU XPNOIKOTTOINCAWE Yia va KOAAUWOUUE TTARPWG
TIG ATTAITACEIG TOU GUCTAUATOG TTOU ETTIBUIOUUE VA ONUIOUPYACOULE.

3.3. Zxediaouoég uhomoinong
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H uAotroinon Tng epyaciag oTnpixBnke oTa CUCTAPATA Kal TIG TEXVOAOYIEG TTOU TTEPIYPAPNKAV
TTAPATTAvW Kal EKTEAEOTNKE PE BAon Tnv TTEPIYPAPA TOU TNG UAOTTOINCNG TTOU OKOAOUBEi aTO
emmopevo Kepahaio. Oagov apopd Tn Xpovik aAAnAouyia TTou akoAouBnonke PETA Tov apXIKO
OXeOIOOHO TWV ATTAITACEWY, QUTH €XEl WG EENG:
1.  ApPXIKG KOTOOKEUAOTNKE N BAon dedouEvwV WOTE va PITTOPET va QIAOEEVATEI OAEG TIG
AgIToupyieg TTOU €TTIBUPOUCALE.

2. AkoAoUBwG KaTOOKEUAOTNKE éva PJeYAAO KOUMATI TNG AoyikAg Tou backend

4. YAomoinon gpyaciag

2& aQuTd TO TUANA TNG EPYOCTIag TTEPIYPAPOUUE AETTTOPEPWG TOV KWOIKA PAG. XTO TIPWTO PEPOG
avaAUoupe o€ BaBog TN BAcon dedouévwy TToU dNUIOUPYATAE KAl aKOAOUBWG TNV EQapuoyr] Jag,
n otoia, 6TTwWG £XoUME NON avapépel oTnpifeTal oto povTéAo MVC kai TTEpIAaUBAVE TNV KUPIWG
epapuoyn o€ Java Spring, Tnv dieTTa@n Ye 1o XprnoTn o€ JSPs kal Tnv €TTKoIvwvia Pe Tn Baon o€
Hibernate.

4.1. Baon dedopévwyv

To Z0otnua Alaxeipiong Bdoewv Aedopévwv TTou €mMAEEAPE va XPNOIUOTIOICOUME €ival n
Postgresql, 6Tmwg éxel avagepBei kal Tponyouuévws. MoapakdTw TTEPIYPAPOUE OAEG TIG
OVTOTNTEG KAI TIG CUCXETIOEIG TTOU €XOUNE BNUIOUPYROEL.
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@ instructor_id _ Integer W
@ course_id Integer
— ¢ section_id Integer:N
45— § test_id Integer:l:U
[ student_course ¥ @ test_number Integer
i/ course_id Integer D B B I I
[ usr v ¥ student_id Integer
@ fname Character Varying(64)
@ Iname Character Varying(64)
asswrd Character Varying(64
,V P X rying(64) [*] answer v
@ role_id Integer " " "
) % answer_end Timestamp Without Time Zone:N
& username Character Varying(64) .
" . ¥ answer_history Integer:N
—H § usr_id Integer:1:U - X
> v answer_id Integer:l:U
& answer_start Timestamp Without Time Zone
@ correct Boolean:N
= = = ¥ duration Integer:N
@ final_answer Integer:N
[ role v & answer_1 Character Varying(2044):N - . 9
" ) ¥ question_id Integer
& descr Character Varying(16) ¢ answer_2 Character Varying(2044):N . " .
o . ) @ tmstmp Timestamp Without Time Zone
v role_id Integer:l:U ¥ answer_3 Character Varying(2044):N useid Integer
. ¢ i
@ role_name  Character Varying(16) ¢ answer_4 Character Varying(2044):N = g
@ correct_answer Smallint:N
¥ question_id Integer::U
% question_number Integer
@ question_text Character Varying(2044):N
¥ test_id Integer

Eixova 2: Aiaypappa OvroTATwv-ZuoXeTioewv TnG Baong pas. (ER model)
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4.1.1. User

H mpwTtn kal mo Bagikf ovioéTNTa TTOU £XOUME €ival AUuTA TTou atroBnKeUel OAa Ta OTOIXEIA TWV
aTOUWV TTOU €PXOVTaI OE ETTAQPN PE TNV EQAPUOYR HJag. AuToi UTTOpPEi va gival kaBnynTég, JadnTég
N Kal SIOXEIPIOTEG. Z€ QUTO TOV TTIVOKA OTTOBNKEUOUNE TO OVOUQ, TO €TTIOETO, TOV KWOIKO Kal TO
username TouU TTEAATN. TéAOG, Yéoa atTd TN CUOYXETION PE TNV ovTOTNTA role, GNUEIVOUUE KAl TOV
POAO Tou KABE xproTn, dnAadn av eival kabnynTtAg, HaBNTAG R dIaXEIPIOTAG.

(7 usr )
& fname Character Varying(64)
< Iname Character Varying(64)
& passwrd Character Varying(64)

= ¢ role_id Integer
& username Character Varying(64)

H § usr_id Integer:I:U

=

- v,

Eixova 3: H ovroTnra usr

4.1.2. Role
Mia GAAN Baaikr ovToTnTa €ival n ovrotnTa Role TTou pag deixvel olog gival o poAog KaBe xpraTn.
OTwg avagépape Kal TTapatravw, n Tapoloa uAoTroinon €xel Tpeig pOAOUG, Tou EEAG:

o Kabnyntg

e Mabntig

o AlaxeIpIoTAG

O1 dUo TpWwTOI €X0UV €vav euPavhy POAO OTO CUCTNMHO, €V O TEAEUTAIOG E€TTEXEI POAO
OlaYEIPIOTH TOU CUCTHKATOG, KOBWG UTTOPET va EAEYXEI TO OUVOAO TwV PaBnUATWyY Kal To GUVOAO
TWV XPNOTWYV KaIl TWV OTOIXEIWV TOUG.

(7 role 2
& descr Character Varying(16)
# § role_id Integer:|:U
@ role_name  Character Varying(16)

Eixova 4: H ovrornra role

4.1.3. Course

Mia akOun ovioTnNTa TTOU £XOUME €ival auTr Tou YaBbruatog, course. H ovrétnTa autr @IAogevei
OAa Ta oTOIXEIO TWV PHABNPATWY Kal TTIONG £XEI EUBEIQ TUOYKETION PE TOV TTIVAKA UST OTOV OTTOI0
UTTAPXEl 0 KaBNyNTAG TOU KABE pabriuaTog.
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course - v
& active Boolean
Y course_id Integer:|:Ugft
& course_nme Character Varying(64)
9 ¥ instructor_id Integer

TT
L=

Eikova 5: H ovrornra course

4.1.4. Section

H kdBe evétnTa TOu PaBAuATOG PBpioKeTal OTNV OVTOTNTA section kal €Xel éva Ovopa Kal Tn
OUOXETION E TOV TTIVOKO course.

(™ section v
S ¢ course_id Integer
H ' section_id Integer:|:U

< section_.nme  Character Varying(64)

Eixova 6: H ovroTnra section

4.1.5. Content

TeAelvVoVTaG AQUTA TN OEIPA CUOXETIOEWY, EXOUNE TOV TTivaKa content, TTOU QPEPEI TO TTEPIEXOPEVO
yla KGO TUAPa Tou pabriuatog. EKTog atrd 1o Gvoua Kal To TTPAyHaTIKO TTEPIEXOHEVO, PEPEI Kal
OUOXETION TTPOG TNV OvTOTNTA Section.

(™ content v
¥ content_id Integer:|:U
& content_.nme  Character Varying(128)
& data Text
¥ section_id Integer

- 7

Eikova 7: H ovréTnTa content

4.1.6. Test

Mia GAAn XpAoIUN ovToTNTA, TTOU UTTAYETAI OTO KOMMATI Twv €EETACEWY, €ival auTr) Tou test.
MepiAauBavel Ta Baaikd aToixeia Tou KABe TeOT, dNAAdK Tov ApIBUS Tou, TO YABNUA UYE TO OTTOI
oxeTiCeTal KaBWG Kal TNV voTNTa (section) Ye Ta oTroia oXeTICeTAl.
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Alatpifn

-

[ test v
9 ¢ course_id Integer
9 ¢ section_id Integer:N
H ¢ test_id Integer:I:U

& test_number Integer

NiknTotroUAou BaoiAikr

Eixova 8: H ovroTnra test

4.1.7. Question

Mia e€icou onpavTikh ovTOTNTA VIO TO KOUUATI TwV dIaYWVICHATWY €ival n oviotnTa question, Trou
TTEPIAANBAVEI TTANPOPOPIEG YIA TIG EPWTATCEIG TWV dIAYWVICHATWYV. MNepIAauBavel Tnv €pwTNON, TIG
mMOavES aTravTroEIG, TN OWOTH aTTAvTnan KAl TN CUCXETION TNG YE TNV OVTOTNTA TWV TECT.

(] question v)
& answer_1 Character Varying(2044):N
& answer_2 Character Varying(2044):N
< answer_3 Character Varying(2044):N [
& answer_4 Character Varying(2044):N
& correct_answer Smallint:N
Y question_id Integer:|:U
& question_number Integer
¥ question_text Character Varying(2044):N
& test_id Integer

=

Eixova 9: H ovroTnra question

4.1.8. Answer

H ovtétnTa answer gival autr) TTou TTEPIAGPBAVEL TIG ATTAVTACEIG TwV PaBNTWV OTIG dIAPOPES
epwTnoeig. MepIAauBavel emiong Yia €Ipd aTTO OTOIXEIO TA OTTOIA TO XPNOIKOTTOIOUUE AKOAOUBWG
oTov aAyopIBuo k-means yia va PTTOPECOUME va €EAyOUNE Ta €mBUPNTA atmroTeAéoupaTta. Ta
oToixeia auTd gival Ta akdAouBa:

Qpa évapéng Tng ammavinong
Qpa Mgng Tng amavinong
MARBOG TTOAILIV ATTAVTACEWY
Aidpkela amravinong

TeAikA atravTnon

OpBoTNTa aTTdvTNoNg
Emiong mepiAauBAavel CUOXETIOEIG TTPOG TNV OVTOTNTA USK, yia va UTTodEigel Tov yabntr Trou

aTravtael oTNV €PWTNOTN, KABWG Kal TTPOG TNV ovroTnTa question yia va yvwpi(ouue Pe TToia
£PWTNON OXETIETAI.
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(™ answer v |
& answer_end Timestamp Without Time Zone:N
& answer_history Integer:N
¥ answer_id Integer:l:U
& answer_start Timestamp Without Time Zone
& correct Boolean:N
¥ duration Integer:N
& final_answer Integer:N
= ¢ question_id Integer
& tmstmp Timestamp Without Time Zone
= ¢ usr_id Integer

|
Eixova 10: H ovroTnra answer

4.1.9. Student’s course

Mia TeAeutaia cuoxETion autr) TN @opd TTou dnuioupynoape cival n student_course, TToU PoOg
uTTodEIKVUEl TTOI0 JaBRpaTa £xel TTApEl 0 KABe abnTAG. Anpioupynoape ETITTAEOV TTIVOKA, KOBwWG

TTPOKEITAIl YIa PIa CUOXETION TTOAAG TTPOG TTOAAG, KaBWG £vag pabnTrig YTTopEi va eyypagei ot

TTOAAG paBAuaTa, aAAG kal KABe pdbnua PTTopolyv va To €TAECOUV TTOAAOI HaBnTEG.

(] student_course ¥ |

9 ¥ course_id  Integer
¥ student_id Integer

N

Eixova 11: H ouoxémion student_course

4.2. YAomoinon apxeiwv XML

‘Eva TTOAU Bagikd oToIXEio TG uAoTToinong TNG AUONG Wag PE xprion Spring eival Ta didgopa
apxeia XML ta otroia kai atroteAoUv Baaiké aTtoixeio Tou Spring Framework. Ztnv evétnTa auth
ava@époupe Ta 4 Bacik@d apxeia TTou €Xouue ONUIOUPYROEl KAl TTAPABETOUPE TOV AVTIOTOIXO
KWOIKA TOUG.

4.2.1. Pom.xml

Towg 10 O PBaocikd apxeio TNG UAOTTOINONAG Mag eivalr To apxeio pom.xml. To apyeio autd
mepIAapBavel To 0UVOAO TwV EEAPTATEWY TOU TIPOYPAUUATOS Hag aTTd eEwTePIKES BIBAIOBRAKES Kal
EMTTPOCOETA Oonueia KWOIKA. ZTNV TTEPITITWON HAg £XOUME xpnoiyotroincel Spring, hibernate,
postgresql kai pia geipd ammd AAAeG HIKPOTEPEG PIBAIOBNKEG TTOU OAOKANPWVOUV TNV €IKOVA TNG
€QAPUOYNAS Hag. MapabéToupe edw Tov TTANPN KWAIKA TOU apyEiou:
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<project xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns="http://maven.apache.org/POM/4.0.0"
xsi:schemalLocation="http://maven.apache.org/POM/4.0.0
http://maven.apache.org/maven-v4_0_0.xsd">
<modelVersion>4.0.0</modelVersion>
<groupId>com.smartstudent</groupId>
<artifactId>account</artifactId>
<packaging>war</packaging>
<version>1.,0-SNAPSHOT</version>
<name>Smartstudent Webapp</name>
<url>http://maven.apache.org</url>
<properties>
<spring.version>4.2.0.RELEASE</spring.version>
<spring-security.version>4.0.2.RELEASE</spring-security.version>
<spring-data-jpa.version>1.8.2.RELEASE</spring-data-jpa.version>
<hibernate.version>4.3.11.Final</hibernate.version>
<hibernate-validator.version>5.2.1.Final</hibernate-validator.version>
<postgresql-connector.version>42.2.6</postgresql-connector.version>
<commons—dbcp.version>1.4</commons—dbcp.version>
<jstl.version>1l.2</jstl.version>
<junit.version>3.8.1</junit.version>
<logback.version>1.1.3</logback.version>
<maven.compiler.source>1.8</maven.compiler.source>
<maven.compiler.target>1.8</maven.compiler.target>
</properties>

<dependencies>
<dependency>
<groupId>org.springframework</groupId>
<artifactId>spring-web</artifactId>
<version>${spring.version}</version>
</dependency>

<dependency>
<groupId>org.springframework</groupId>
<artifactId>spring-webmvc</artifactId>
<version>${spring.version}</version>
</dependency>

<dependency>
<groupId>org.springframework.security</groupId>
<artifactId>spring-security-web</artifactId>
<version>${spring-security.version}</version>
</dependency>

<dependency>
<groupId>org.springframework.security</groupId>
<artifactId>spring-security-config</artifactId>
<version>${spring-security.version}</version>
</dependency>

<dependency>
<groupId>org.hibernate</groupId>
<artifactId>hibernate-validator</artifactId>
<version>${hibernate-validator.version}</version>
</dependency>

<dependency>
<groupId>org.springframework.data</groupId>
<artifactId>spring-data-jpa</artifactId>

Exkpdbnon yAwoowv TpoypaupaTioyol péow piag S1adIKTUAKAG TTAATQOPUAG
TTOU EVOWMATWVEI EUQUEIG TEXVIKEG TTPOBAEWNG TWV BaBUWY Twv YabnTwv

26/79



MetatrTuxiakn Aiatpipn NiknTotroUAou BaoiAikr

<version>${spring-data-jpa.version}</version>
</dependency>

<dependency>
<groupId>org.hibernate</groupId>
<artifactId>hibernate-entitymanager</artifactId>
<version>${hibernate.version}</version>
</dependency>

<dependency>
<groupId>org.postgresql</groupId>
<artifactId>postgresql</artifactId>
<version>${postgresql-connector.version}</version>
</dependency>

<dependency>
<groupId>commons—-dbcp</groupId>
<artifactId>commons-dbcp</artifactId>
<version>${commons—dbcp.version}</version>
</dependency>

<dependency>
<groupId>javax.servlet</groupId>
<artifactId>jstl</artifactId>
<version>${jstl.version}</version>
</dependency>

<dependency>
<groupId>junit</groupId>
<artifactId>junit</artifactId>
<version>${junit.version}</version>
<scope>test</scope>

</dependency>

<dependency>
<groupId>ch.qos.logback</groupId>
<artifactId>logback-classic</artifactId>
<version>${logback.version}</version>
</dependency>

<!—— https://mvnrepository.com/artifact/org.json/json —>
<dependency>
<groupId>org.json</groupId>
<artifactId>json</artifactId>
<version>20190722</version>
</dependency>
</dependencies>
<build>
<plugins>
<plugin>
<groupId>org.eclipse.jetty</groupId>
<artifactId>jetty-maven-plugin</artifactId>
<version>9.2.11.v20150529</version>
<configuration>
<scanlntervalSeconds>10</scanIntervalSeconds>
<webApp>
<contextPath>/</contextPath>
</webApp>
</configuration>
</plugin>
</plugins>
</build>
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MetatrTuxiakn Aiatpipn
</project>

4.2.2. Web.xml

‘Eva dA\o apxeio xml To otroio pag divel TTOAEG TTANPOPOPIES yIa TA Views Kal KUPIwWG yia TOUG
controllers eival To apxeio web.xml. Edw B£Toupe Baoikég emAoyES yia Tn B€on kal Ta Badika
XOPOKTNPIOTIKA Twv views kal Tov controllers (relative paths), kaBwg kai yia Baoikd
XOPAKTNPEICTIKA Tou spring framework. MNMapaBéToupe kai TTaAI Tov TTARPN KWOIKA.

<web—-app xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

xmlns="http://java.sun.com/xml/ns/javaee"
xsi:schemalLocation="http://java.sun.com/xml/ns/javaee

http://java.sun.com/xml/ns/javaee/web—app_2_5.xsd"
version="2.5">

<display-name>Smart Student Web Application</display-name>
<!— Location of Java @Configuration classes that configure the components that

makeup this application ——>

<context-param>
<param-name>contextConfigLocation</param-name>

<param-value>/WEB-INF/appconfig-root.xml</param-value>
</context-param>

<filter>
<filter—-name>springSecurityFilterChain</filter—name>

<filter-class>org.springframework.web.filter.DelegatingFilterProxy</filter—

class>
</filter>
<filter-mapping>
<filter-name>springSecurityFilterChain</filter—name>
<url-pattern>/*x</url-pattern>
</filter-mapping>
<servlet>

<servlet-name>dispatcher</servlet-name>
<servlet-class>org.springframework.web.servlet.DispatcherServlet</servlet-class>

<init-param>
<param-name>contextConfigLocation</param-name>
<param-value></param-value>

</init-param>
<load-on-startup>1</load-on-startup>

</servlet>

<servlet-mapping>
<servlet-name>dispatcher</servlet-name>

<url-pattern>/</url-pattern>
</servlet-mapping>

<listener>
<listener-class>org.springframework.web.context.ContextLoaderListener</listener-

class>
</listener>

</web-app>

4.2.3. Appconfig-root.xml
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‘Eva akopa apxeio Tou BonBacel aTn pUBUIoN TwV TTAPAUETPWY Yia Ta bean Tng epapuoyng, Kabuwg
Kal yia TNV ao@dAgia Kal yia To JoviéAo mvce gival To appconfig-root, 1o otroio TrepIAapBavel
Baoikég pubBpioelg kal TTapaTiOeTal TTANPWGS TTAPAKATW.

<?xml version="1.0" encoding="UTF-8"7>

<beans xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:context="http://www.springframework.org/schema/context"
xmlns="http://www.springframework.org/schema/beans"
xsi:schemalLocation="http://www.springframework.org/schema/beans

http://www.springframework.org/schema/beans/spring-beans.xsd

http://www.springframework.org/schema/context
http://www.springframework.org/schema/context/spring-context.xsd">

<import resource="appconfig-mvc.xml"/>
<import resource="appconfig-data.xml"/>
<import resource="appconfig-security.xml"/>

<!—— Scans within the base package of the application for @Component classes to
configure as beans —-—>
<context:component-scan base-package="com.smartstudent.x"/>

<context:property-placeholder location="classpath:application.properties"/>

</beans>

4.2.4. Appconfig-data.xml

Tn ogipd Twv apxeiwv TTou TTEPIAaPBAvouV TIG BACIKEG PUBMITEIG TN EQAPUOYr OAOKANPWVEI TO
apxeio appconfig-data 1o otroio kaBopifel Toug driver TTou Ba xpnoipotroinBolv yia TNV
EMKOIVWVia Pe Tn BAcn, To TTAKETO OTO OTTOI0 TTEPIAAUBAVETAI TO KOMMATI TOU HOVTEAOU TnG
€QAPUOYNAG, KaBwG Kal Ta apxeia Tmou Ba TTepIAapBdavouv Tov sql kwoIka. TEAOG kaBopilel Tig
TTAPAPETPOUG OUVOEONG WE T BAon TOU &V TTPOKEINEVW Toug Aaufdvoupe oTtd KATTOIO
configuration file. O TTARPNG KWAIKAG TTAPATIBETAI TTAPAKATW.

<?xml version="1.0" encoding="UTF-8"7>
<beans xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:jpa="http://www.springframework.org/schema/data/jpa"
xmlns:tx="http://www.springframework.org/schema/tx"
xmlns="http://www.springframework.org/schema/beans"
xsi:schemalLocation="http://www.springframework.org/schema/beans
http://www.springframework.org/schema/beans/spring-beans.xsd
http://www.springframework.org/schema/data/jpa
http://www.springframework.org/schema/data/jpa/spring—jpa.xsd
http://www.springframework.org/schema/tx
http://www.springframework.org/schema/tx/spring-tx.xsd">

<!—— Configure the data source bean —-—>
<bean id="dataSource" class="org.apache.commons.dbcp.BasicDataSource" destroy-
method="close">
<property name="driverClassName" value="${jdbc.driverClassName}" />
<property name="url" value="${jdbc.url}"/>
<property name="username" value="${jdbc.username}"/>
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<property name="password" value="${jdbc.password}"/>
</bean>

<!— Configure the entity manager factory bean —-—>
<bean id="entityManagerFactory"
class="org.springframework.orm.jpa.LocalContainerEntityManagerFactoryBean">
<property name="dataSource" ref="dataSource"/>
<property name="packagesToScan" value="com.smartstudent.model" />
<property name="jpaVendorAdapter">
<bean class="org.springframework.orm.jpa.vendor.HibernateJpaVendorAdapter"/>
</property>
<property name="jpaProperties">
<props>
<prop key="hibernate.dialect">org.hibernate.dialect.MySQL5Dialect</prop>
<prop key="hibernate.show_sql">true</prop>
<prop key="hibernate.default_schema">main</prop>

</props>
</property>
</bean>
<!—— Configure the transaction manager bean —-—>

<bean id="transactionManager"
class="org.springframework.orm.jpa.JpaTransactionManager">
<property name="entityManagerFactory" ref="entityManagerFactory"/>
</bean>

<!—— Enable annotation driven transaction management ——>
<tx:annotation-driven/>

<!—
Configure Spring Data JPA and set the base package of the
repository interfaces

—_>

<jpa:repositories base-package="com.smartstudent.repository"/>

</beans>

4.3. YAomoinon govréAou (model) ornv JAVA pe xprion Hibernate

210 KEPAAQIO auTd TTapabéToupe TIG KAGOEIG TTou pe Xprion Tou Hibernate avtikatoTTpiouv Tn
ooun Kkalr Ta Trepiexoueva TG Pdong dedopévwy otn yAwooa JAVA. AkoAouBei guvtoun
TTEPIYPAPN Kal TTAPABean Twv OnUEiwv Tou KWOIKA OTTOU auTo £XEl KPIBEI atrapaiTnTo.

4.3.1. User

H mpwTn kKAdon Tou TTapaBéToupe gival n KAGon user, n otroia TTepIAauBavel OAa Ta oToIXEia TTOU
XPEIACOUaOTE va £Xoule atro T BAcn oTToIadATTOTE HOP®A XPNOTN, EITE AUTOG gival DIAXEIPIOTAG,
€iTe €ival KABNyNTAG, €iTe eival oTroudaoTG. Ta atapaitnTa TTedia gival dvoua, €TTiBETO, KWIKOG,
ouvOnNUATIKO XPrOTn, POAOG KOl TTPOPAVWIG TO JOVADIKO avayvwpPIoTIKO TNG OXE0NG.

AgiCel BEBaia va aTaboupe o€ Tpia anueia. To €va gival To TTedio eTTaANBeuaNg TOu KWAIKOU, TO
OTTOI0 OTNV TTPAYHATIKOTNTA OEV £XEI KATTOIO AVTIOTOIXION OTn BAcn Kal yI' auTtd KaAgital transient.
To deUTEPO €XEI VO KAVEI PE TO YEYOVOG OTI AV TTAPATNPACOUNE TO JOVADIKO avayvVwpPIOTIKO Tou
mivaka Ba doUpe 6Tl €xel oNUEIWBED pe emmiTuxia 6Tl auTo TTapdyeTal GVO TOU AUTONATA.
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TéAog, agiCel va TTapatnprAooulE TN ox£on TTOAAG TTPOG £va Kal TO TTWG QUTH ONUEILVETAI JE
TN BorBeia Tou Spring Annotation oTnv TrePITITWGN Tou role, aAAG kai TN ox€on TTOAAG TTPOG TTOAAG
oTNV TTEPITITWAON TNG CUCOXETIONG METAEU TWV JOBNUATWY Kal TwV JadnTwy.

MNa Tov TTivaka user TTapaBETOUNE TTAPAKATW Tov TTARPN KWiIKa. a TIG UTTOA0ITTEG KAAOEIG
TTapaBéToupe pévo Ta BacikdTepa onueia.

@Entity

@Table(name = "usr")

public class User {
private Long id;
private String username;
private String password;
private String passwordConfirm;
private Role role;
private int roleld;
private String fname;
private String lname;
private List<Course> courses = new ArraylList<Course>();

@Id
@GeneratedValue(strategy = GenerationType.AUTO)
@Column(name="usr_id")
public Long getId() {
return id;

public void setId(Long id) {
this.id = id;

@Column(name="username")
public String getUsername() {
return username;

public void setUsername(String username) {
this.username = username;

@Column(name="passwrd")
public String getPassword() {
return password;

public void setPassword(String password) {
this.password = password;
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@Transient
public String getPasswordConfirm() {
return passwordConfirm;

public void setPasswordConfirm(String passwordConfirm) {

this.passwordConfirm = passwordConfirm;

@ManyToOne
@JoinColumn(name="role_id", nullable=false)
public Role getRole() {
return role;

public void setRole(Role role) {
this.role = role;

@Transient
public int getRoleId() {
return roleld;

public void setRoleld(int roleld) {
this.roleld = roleld;

@Column(name="fname")
public String getFname() {
return fname;

public void setFname(String fname) {
this.fname = fname;

@Column(name="1name")
public String getLname() {
return lname;

public void setLname(String lname) {
this.lname = lname;
}
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@anyToMany (
fetch = FetchType.EAGER,
cascade = CascadeType.ALL )
@JoinTable(
name = "student_course",
joinColumns = @JoinColumn(name = "student_id"),
inverseJoinColumns = @JoinColumn(name = "course_id")

)

public List<Course> getCourses() {

return courses;

public void setCourses(List<Course> courses) {

4.3.2.

this.courses = courses;

Role

NiknTotroUAou BaoiAikr

O emoépevog TTivakag TTou avaAUOUE gival TO TTivakag role o o1roiog avagépetal aTo POAO TTOU
£X€l 0 KABe xproTng. O pdAog auTdg PTTOPET va ival €iTe KABNYNTAG, €iTe HaBNTAG €iTE DIAXEIPIOTAG.
AvdaAloya e To pOAO TTOU €XEl O KABE XProTNng, TTPOcapUOlovTal Kal oF GENIOEG TTOU aUTOG BAETTEI
Kal o1 duvaTtdTNTEG TToU £XEl OTa TTAQioIa TNG e@apuoyns. Ta Baoikd media Tou TepIAauBavovTal
€0W €ival TO AvayvwpIoTIKO, To Gvoud Tou pdAou, N TTEPIYPAPH Kal N AioTa PE TOUG XPROTEG TTOU
£XOUV ToV pOAO auTo.

To pévo aloonueiwto otnv KAGon auth eival kal TTAAI N oxéon éva TTPOg TTOAAG TTou
eM@aviCeTal JeTaglu poAou Kal XpnoTwyV Kal €ival To JOVO TUAKA KWOIKA TTOU TTOPaBETOUNE OTO

onueio auTo.

@Entity

@Table(name = "role")
public class Role {
private Long id;
private String rolename;
private String descr;
private List<User> users = new ArraylList<>();

@0neToMany (
cascade = CascadeType.ALL,
orphanRemoval = true

)

public List<User> getUsers() {
return users;
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public void setUsers(List<User> users) {
this.users = users;

4.3.3. Course

NiknTotroUAou BaoiAikr

AKoAOUBwWG, €€ETACOUE TOV TTIVAKA Course, 0 OTToI0g aTroBnKeUel Ta PABARUOTA TTOU €XOUUE OTNV
epappoynl. Ta Baoikd oToixei Tou Trivaka autoU TIOU TrapaTiBevral Kal TTapakdTw Eivalr 1o
avayvwpIoTIKO TOU, TO OVOPG TOU apPXEioU, O EKTTAIBEUTAG UTTEUBUVOG yia TO JABnua Kai To av To
MaBnua €xel evepyotroinBei r Ox1. Etriong, mepidauBavovTal o1 AioTEG yio Ta KEQAAAIQ TTOU
TepIAapBAavovTal OTO PABNMPA, Ta TEST KAl TOUG PABNTEG TTou €xouv TTdpel To padnua. Ta duo
TpwTa TTEPIAAUBAVOUV pIa Ox€on €va TTPOG TTOAAG PE TOV TVAKG Twv JoBnudtwy, evl) TO
TEAEUTAIO €ival pia oxéon TTOAAG TTPOG TTOAAG, N povadIKr TTOU TTAPOUCIAZETAI TNV EQAPUOYH MAG,

KOl KOAUTTTETOI HEOA aTTO TOV £VOIAUEDO TTivaKa ouoX£TIong student_course.

AkoAoUBwg TTapouacidfovTal Ta TTedia Tou TTivaka, KaBwg Kal ol BaCIKEG CUTKETIOEIG TOU HE
GAAOUG TTIVOKEG TTOU QVOQEPANE TTAPATTAVW.

@Entity
@Table(name

= "course")

public class Course implements Comparable<Object> {

private
private
private
private
private
private
private

Long id;

String courseName;

User instructor;

boolean active;

List<Section> sections = new ArrayList<Section>();
List<Test> tests = new ArrayList<Test>();
List<User> students = new ArrayList<User>();

@0neToMany (
mappedBy = "course",
fetch = FetchType.EAGER,
cascade = CascadeType.ALL,
orphanRemoval = true

)

public List<Section> getSections() {
return sections;

public void setSections(List<Section> sections) {
this.sections = sections;

@0neToMany (
mappedBy = "course",
fetch = FetchType.EAGER,
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cascade = CascadeType.ALL,
orphanRemoval = true

)

public List<Test> getTests() {
return tests;

public void setTests(List<Test> tests) {
this.tests = tests;

@anyToMany (
fetch = FetchType.EAGER,
cascade = CascadeType.ALL
)
@JoinTable(
name = "student_course",
joinColumns = @JoinColumn(name = 'course_id"),
inverseJoinColumns = @JoinColumn(name = "student_id")
)
public List<User> getStudents() {
return students;

public void setStudents(List<User> students) {
this.students = students;

4.3.4. Section

Emopevog mivakag Tou avaAUoupue €ival o Tivakag section mou TrepIAaUBAveEl Ta €TTINEPOUG
Ke@AAaia Tou KABe paBdrpaTog. XapakTnpIoTIKA TOU gival TO avayvwpioTIKO Tou, TO GVOua TOu
KepaAaiou, To PNABNUa OTO OTTOI0 avhKEl Kal N AioTa Pe Ta TTEPIEXOMEVA TOU, TTOU Eival pia
OUOYETION éva TTPOG TTOAAG TTPOG TwV TTivaKa content Twv TTEPIEXOPEVWV.

MapaBéToupe Ta TTedia Tou Kal TIG BACIKEG CUOXETIOEIG TOU.

@Entity
@Table(name = "section")
public class Section {
private Long id;
private String sectionName;
private Course course;
private List<Content> contents = new ArrayList<>();

@anyToOne
@JoinColumn(name="course_id", nullable=false)
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public Course getCourse() {
return course;

public void setCourse(Course course) {
this.course = course;

@0neToMany (
mappedBy = "section",
fetch = FetchType.EAGER,
cascade = CascadeType.ALL,
orphanRemoval = true

)

public List<Content> getContents() {
return contents;

public void setContents(List<Content> contents) {
this.contents = contents;

4.3.5. Content

O mivakag content TrepIAapBavel Ta TTepIEXOPEVA TOU KABE JaBAUATOG TTOU UTTOPEi va gival BivTeo,
KEiUEVO 1] KATTOIO QWTOYpaPia. ATTOPTICETAI ATTO TO AVOYVWPEIOTIKO TOU TTivaKkd, TO Ovoud Tou
TTEPIEXOMEVOU, TO TTEPIEXOMEVO KAl TO KEPAAQIO OTO OTTOIO AUTO TO TTEPIEXOMEVO UTTAYETA.

MapaBétoupe Ta edia Tou Kail TN BACIK) CUCXETION TOU TTOU gival QUTA PE TOV TTivaka section
Kal gival gia ox€on €va TTPog TTOAAG.

@Entity

@Table(name = "content")

public class Content {
private Long id;
private String contentName;
private String data;
private Section section;

@ManyToOne
@JoinColumn(name="section_id", nullable=false)
public Section getSection() {

return section;

public void setSection(Section section) {
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this.section = section;

@Ooverride
public boolean equals(Object c) {
return this.getId().equals(((Content)c).getId());

4.3.6. Test

AkOua évag TTiVOKOG TTOU €XOUPE XPnoldoTroifoel €ival autdg Twy test. O mivakag autdg
TepIAapBAveEl TIG BATIKESG TTANPOPOPIEG VIO KABE TETT. XOPOKTNEIOTIKA TOU €ival TO avayvwpIoTIKO
TOU, O apPIBUOG TOU TEOT, TO HABNUG OTO OTTOI0 AVAKEI, TO KEPAAAIO OTO OTTOIO aVrKEl (TO OTTOI0
gival Kevo OTav TTPOKEITAI YIa TEAIKO TECT) Kal N AiOTa PE TIG EPWTHOEIG TTOU QUTO TTEPIAGUBAVEL.
MapaBéToupe €dW Ta TTEdia TOU KAl TIG BACIKEG OCUOXETIOEIG TOU TTOU €ival TO course (£va TTpog
TTOAAG), TO section (Eva TTpog TTOAAG) Kai o1 EpWTHOEIG (TTOAAG TTPOG £va).

@Entity
@Table(name = "test")
public class Test {
private Long id;
private int testNumber;
private Course course;
private Section section;
private List<Question> questions;

@anyToOne
@JoinColumn(name="course_id", nullable=false)
public Course getCourse() {

return course;

public void setCourse(Course course) {
this.course = course;

@anyToOne
@JoinColumn(name="section_id", nullable=false)
public Section getSection() {

return section;

public void setSection(Section section) {
this.section = section;
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@0neToMany (
mappedBy = "test",
cascade = CascadeType.ALL,
orphanRemoval = true

)

public List<Question> getQuestions() {
return questions;

public void setQuestions(List<Question> questions) {

this.questions = questions;

4.3.7. Question

NiknTotroUAou BaoiAikr

AkoAouBei o Trivakag question kal To UVOAO TwV XAPAKTNPICTIKWY Tou. MpOoKEITal yia Tov TTivaka
TTOU TTEPIAAUBAVEI TIG EPWTACEI TWV TECT. BaOIKA XApaKTNPIOTIKA TOU €ival TO avAYVWPICTIKO TOU,
N €pPWTNAON, Ol TEGOEPIG TMOAVEG ATTAVTATEIG, 0 apIBUOG TNG £PWTNONG, N CWOTA ATTAVTNON Kal TO
TECT OTO OTIOI0 avrkel (OuoxETion TTOAAG TTpog €éva). Mapakdtw TrapariBovral Ta Pacikd
XOPAKTNPIOTIKA KAl N avWTEPW CUOXETION.

@Entity
@Table(name

= "question")

public class Question implements Comparable<Object> {

private
private
private
private
private
private
private
private
private

Long id;

String questionText;
String answerl;

String answer2;

String answer3;

String answer4;

int questionNumber;
Integer correctAnswer;
Test test;

@ManyToOne
@JoinColumn(name="test_id", nullable=false)
public Test getTest() {

return test;

public void setTest(Test test) {
this.test = test;
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4.3.8. Answer

TENOG, £XOUPE TOV TTIVOKO TWV ATTAVTHOEWY, O OTTOIOG Kal €ival aTrd Toug Mo BadikoUg TTiVaKeg
NG UAOTTOINONG HaG, KABWG CUYKEVTPWVEI OAN TNV ATTAPAITNTN TTANPOQPOPIa YIa VO UTTOPECOUNE
aKOAOUBwWG va ekTeEAETOUPE TOv aAyopIBuo K-means mavw oTta dedopéva pag. Ta Bacikd Tou
XOPAKTNPIOTIKA €ival TO avayvwpIioTIKO Tou, N TEAIKA ATTAvTnon Tou XPRoTn, To Katd TTOCO N
ATTAVTNOT aUTH €ival CWOTH, N I0TOPIKOTNTA TWV ATTAVTAOEWY TOU XPROTN, N dIdpKEIa aTTdvTnong
KOl N OUCXETIOEIG JE TOV TTIVOKO TWV €PWTACEWYV (TTOAAG TTPOG €va) Kal PE TOV TTIVOKO TWV
XPNOTWV/HaBNTwv (TTOAAG TTPOG éva). AuTd Ta BaCIKG TTEdia KAl OI CUCYKETIOEIG TTapouciddovTal
TTOPAKATW.

@Entity

@Table(name = "answer")

public class Answer {
private Long id;
private int finalAnswer;
private boolean correct;
private int answerHistoryl[];
private long duration;
private Question question;
private User user;

@ManyToOne
@JoinColumn(name="question_id", nullable=false)
public Question getQuestion() {

return question;

public void setQuestion(Question question) {
this.question = question;

@anyToOne
@JoinColumn(name="usr_id", nullable=false)
public User getUser() {

return user;

public void setUser(User user) {
this.user = user;

4.4. YAomoinon amodnkwyv (repository)
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>€ auTd TO TUAMA TNG gpyaaciag TTapoucidlovtal of AAANAETIOPATEIS TNG EQapHOYAGS We Tn Bdon
pMéoa atté Ta OXeTkG SQL queries Tou yivovtal yéow Tou Hibernate. e kd&Be repository
TEPIAANBAVOVTaI TO OXETIKA EPWTAKATA TTOU £XOUV VA KAVOUV HE TOV QVTIOTOIXO TTiVOKAQ.

4.4.1. UserRepository

To user repository €ivar autd Tou TTEpIAaPBAveEl OAEG TIG BACIKEG AsiToupyieg yia dnuioupyia
AoyaplaopouU xproTn, €icod6 Tou GTo aUCTNHA, TTPOCBAKN/dIaypagr JadruaTog atmd Ta aToIXEia
€VOG paBNTH, avavéwon Twv OTOoIXEIWV Tou pabnTr, €0peon Twv PabnTwv evog PabAuarog,
€UPECN TWV TEOT TA OTTOIA £XEI OAOKANPWOEI HEXPI TWPA 0 HaBNTAG. OAa Ta ETTINEPOUG EPWTHHATA
gival ypappéva og SQL kail replAapBavovtal auécwg PETE.

public interface UserRepository extends JpaRepository<User, Long> {
User findByUsername(String username);

@Transactional

@Query(value = "select usr_id from usr where role_id = 0;",
nativeQuery = true)

Long[] findAllStudents();

@Transactional
@Modifying
@Query(value = "insert into student_course (student_id, course_id) values (:user_id,
rcourse_id)",
nativeQuery = true)
void addCourse(@Param("user_id") Integer user_id, @Param('course_id") Integer
course_id);

@Transactional
@Modifying
@Query(value = "delete from student_course where student_id = :user_id and course_id
= :course_id",
nativeQuery = true)
void removeCourse(@Param("user_id") Integer user_id, @Param("course_id") Integer
course_id);

@Transactional
@Query(value = "select count(distinct g.question_id) = 0 " +
"from question g left join answer a on q.question_id = a.question_id and
a.final_answer is not null and a.answer_end < now() — interval 'l minute' and a.usr_id =
iuser_id " +
"where answer_id is null and test_id = :test_id ;",
nativeQuery = true)
boolean studentCompletedTest(@Param("user_id") long user_id, @Param("test_id") long
test_id);

@Transactional
@Query(value = "select count(distinct g.question_id) = 0 " +
"from question q inner join test using (test_id) " +
" left join answer a on g.question_id =
a.question_id and a.usr_id = :user_id " +
"where answer_id is null and test.section_id is not null and
course_id = :course_id ;",
nativeQuery = true)
boolean studentCompletedAllPrefinalTests(@Param('user_id") long user_id,
@Param("course_id") long course_id);

Exkpdbnon yAwoowv TpoypaupaTioyol péow piag S1adIKTUAKAG TTAATQOPUAG

TTOU EVOWMATWVEI EUQUEIG TEXVIKEG TTPOBAEWNG TWV BaBUWY Twv YabnTwv 40/79



MetatrTuxiakn Aiatpipn NiknTotroUAou BaoiAikr

@Transactional

@Query(value = "select usr_id from usr where role_id = 0;",
nativeQuery = true)

Long [] getStudentsIds();

@Transactional
@Query(value = "select usr.*x from student_course inner join usr on student_id =
usr_id and course_id = :course_id ;",

nativeQuery = true)
List<User> getCourseStudents(@Param("course_id") Long courseld);

@Transactional

@Modifying

@Query(value = "update usr set username = :username, lname = :1lname, fname = :fname,
role_id = :role_id where usr_id = :user_id ;",

nativeQuery = true)
void update(@Param('user_id") Long user_id, @Param("username") String username,
@Param("1lname") String lname,
@Param("fname") String fname, @Param("role_id") Long roleld);
}

4.4.2. RoleRepository

H eméuevn atmmobrkn mTou PeAETAPE eival auTr) Tou Trivaka role. EOw O¢ XpeIaoTAKANE KATTOIO
1I010iTEPN UAOTTOINON Yia TTPOGRacn aTtn BAaaon, yI' autd d¢ Ba aagxoAnBoUue TTEPAITEPW.

public interface RoleRepository extends JpaRepository<Role, Long> {
Role findById(long roleld);
}

4.4.3. CourseRepository

AKOAOUBWG PEAETAME TO EPWTIHOTA TTOU OXETICOVTAI PE TOV TTiVAKA course Twv Jabnudtwy. Edw
£XOUUE APKETA EPWTAMATA, T OTTOIa BonBdve aTo va TTAPOUNE OAA Ta evEPYA MaBAuaTa, Ta evepyd
Kal To avevepyd PabAuparta evog kabnyntr, Ta evepyd pabrpata evog pabntr, Ta avevepyd
MaBrjuaTa, va evEPYOTTOIOUME 1 VO OTTEVEPYOTTOIOUME KATAAANAQ KATTOI0 HaBnua Kai va oBAVOUE
N va EVNUEPWVOUE Ta OToIXEia evog padnuatog. Mapabétoupe Tov SQL KWAIKA yIa Ta EpWTHHATA
AUTA TTOPAKATW.

public interface CourseRepository extends JpaRepository<Course, Long> {
Course findById(long courseld);

List<Course> findAll();

@Transactional
@Query(value = "select course.*x from course where active and course_id not in
(select distinct course_id from student_course where student_id = :user_id);",

nativeQuery = true)
List<Course> getActiveCourses(@Param("user_id") Long userId);

@Transactional
@Query(value = "select course.x from course where active and instructor_id =
:instructor_id ;",
nativeQuery = true)
List<Course> getInstructorActiveCourses(@Param("instructor_id") Long userId);
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@Transactional

NiknTotroUAou BaoiAikr

@Query(value = "select course.*x from course where active is false and instructor_id

= :instructor_id ;",
nativeQuery = true)

List<Course> getInstructorInactiveCourses(@Param("instructor_id") Long userId);

@Transactional
@Query(value = "select course.x from course where active;",
nativeQuery = true)
List<Course> getActiveCourses();

@Transactional

@Query(value = "select course.*x from course where active is false;",

nativeQuery = true)
List<Course> getInactiveCourses();

@Transactional
@Modifying

@Query(value = "update course set active = true where course_id = :course_id ;

nativeQuery = true)
void activateCourse(@Param('"course_id") Long courseld);

@Transactional
@Modifying

"
’

@Query(value = "update course set active = false where course_id = :course_id ;

nativeQuery = true)

void deactivateCourse(@Param("course_id") Long courseld);

@Transactional
@Modifying

@Query(value = "delete from course where course_id = :course_id ;

nativeQuery = true)
void deleteCourse(@Param("course_id") Long courseld);

@Transactional
@Modifying

@Query(value = "update course set course_nme = :course_name where course_id =

:course_id ;",
nativeQuery = true)

void update(@Param("course_id") Long courseld, @Param("course_name") String

courseName) ;

}

4.4.4. SectionRepository

’

AKOAOUBWG £XOUME TA EPWTAMATA TTOU a@QOPOUV Tov Trivaka section. EQW €xoupe poévo dUo
epwTrpaTa TTou BonBouv oTn diaypa@r Kal TNV avavéwaorn evog KegaAaiou. MNMapabéToupe Tov

KWOIKA TTAPOKATW.

public interface SectionRepository extends JpaRepository<Section, Long> {

Section findById(long sectionId);

@Transactional
@Modifying

@Query(value = "delete from section where section_id = :section_id ;

nativeQuery = true)
public void delete(@Param("section_id") long sectionId);
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@Transactional

@Modifying

@Query(value = "update section set section_nme = :section_name "
+ "where section_id = :section_id ;",

nativeQuery = true)
public void update(@Param("section_id") long sectionId,
@Param("section_name")String sectionName);

4.4.5. ContentRepository

Kai otnv mepimmwaon Tou content repository, n avdykn pog yia TTpécfacn otn Baon Kair atov
avTioTOIXO TTiVaKa TTEPIopifovTal aTn duvatdTNTa dlaypaPig KAl avavéwong Twv deSONEVWY TOU
mivaka. Emiong xpeidetal va €xoupe T duvatdétnta va BPoUhE KATTOIO OUYKEKPIKEVO
TEPIEXOUEVO. O KWOIKAG YIa auTd TTEPIAQPBAVETAI TTAPAKATW.

public interface ContentRepository extends JpaRepository<Content, Long> {
Content findById(long contentId);

@Transactional

@Modifying

@Query(value = "delete from content where content_id = :content_id ;",
nativeQuery = true)

public void delete(@Param("content_id") long contentId);

@Transactional

@Modifying

@Query(value = "update content set content_nme = :content_name "
+ ", data = :content_data "
+ "where content_id = :content_id ;",

nativeQuery = true)
public void update(@Param("content_id") long contentId,
@Param("content_name")String contentName,
@Param("content_data")String contentData);

4.4.6. TestRepository

Mia akéua pyeydAn KAGan gival To N atroBiKn yia Tov TTivaka test. ESw éxoupe apkeTd epwThHOTA,
KOl TTIO OUYKEKPIYEVA epwTAPaTa TTou BonBdave otn diaypagr], eUpecn OAWV TwWV TEST €VOG
MoBruartog, €Upean Tou €TTOPEVOU auUfovTa aplBpoU yia €va TeoT, €Upedn Tou TEAIKOU
OlaywVioPaTOG YIO €va CUYKEKPIYEVO PABNUa Kal TNV avaKTNon OAWV TwV aTTOTEAECHATWY TWV
TEOT €vOG paBbnTr. MNMapaBéTouue OTnN CUVEXEIQ TOV KWOIKA aTTO TA EPWTAUATA QUTA.

public interface TestRepository extends JpaRepository<Test, Long> {
Test findById(long testId);

@Transactional
@Modifying
@Query(value = "delete from test where test_id = :test_id ;",
nativeQuery = true)
void delete(@Param("test_id") Long testId);

@Transactional
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@Query(value = "select test.* from test where course_id = :course_id order by
course_id, section_id, test_number ;",
nativeQuery = true)

List<Test>findAl1lCourseTests(@Param("course_id") long courseld);

@Transactional
@Query(value = "select distinct on (course_id, section_id) test_number + 1 from test
where course_id = :course_id and section_id = :section_id order by course_id,

section_id, test_number desc ;",
nativeQuery = true)
int getNextTestNumber(@Param("course_id") long courseld, @Param("section_id") long
sectionId);

@Transactional
@Query(value = "select test.x from test where course_id = :course_id and section_id
is null limit 1;",
nativeQuery = true)
Test getCourseFinalTest(@Param("course_id") long courseld);

@Transactional
@Query(value = "select to_char(tmstmp, 'dd/mm/yyyy') || ';"' || test_number || ';"' ||
round(100.0xcount(distinct answer.answer_id) filter (where correct)/count(distinct
answer.answer_id)) as result " +
"from main.answer inner join main.question using
(question_id) inner join main.test using (test_id) " +
"where usr_id = :student_id " +
"group by to_char(tmstmp, 'dd/mm/yyyy'),
test.test_number;",
nativeQuery = true)
List<String>getTestStudentResults(@Param("student_id") long studentId);

4.4.7. QuestionRepository

H emopevn ammobrkn TTou PeAeTAue €ival autr) Tou Trivaka question. Kal €dW ol avaykeg POg
TTEpIopiCovTal OTO va BPiCKOUPE TO TEGT YE BACN TO AVAYVWPICTIKO TOU, VO KAVOUNE avavEéwaon
TOU TEOT KOl VO TTAipVOUUE TOv €TTOUEVO apiBPO epwtnong. O KWOIKAG Toug TTapaTiBeTal aTn
OuVvéxela.

public interface QuestionRepository extends JpaRepository<Question, Long> {
Question findById(long questionId);

@Transactional
@Query(value = "select question.x from question where test_id = :test_id order by
question_number ;",
nativeQuery = true)

List<Question> findByTestId(@Param('"test_id") long testId);

@Transactional
@Modifying
@Query(value = "update question set question_text = :question_text, answer_1 =
;answer_1,"
+ "answer_2 = :answer_2, answer_3 = :answer_3, answer_4 = :answer_4,
correct_answer = :correct_answer "
+ "where question_id = :question_id ;",

nativeQuery = true)
void update(@Param("question_id") long questionId, @Param("question_text") String
question, @Param("answer_1") String answerl,
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@Param("answer_2") String answer2, @Param("answer_3") String answer3,
@Param("answer_4") String answer4,
@Param("correct_answer") int correctAnswer);

@Transactional
@Query(value = "select distinct on (test_id) question_number + 1 from question where
test_id = :test_id order by test_id, question_number desc ;",

nativeQuery = true)
int getNextQuestionNumber(@Param('"test_id") long testId);

4.4.8. AnswerRepository

TENOG, €xoupe Kal TTAAI TTIBavVOTATA TNV TTIO ONPAVTIKA aTToBMKN, TTOU €ival auTr TTOU OXETICETAI JE
Tov Trivaka answer. Edw £xoupe pia ogipd atmd epwTACEIG TTOU UTTOOTNPICOUVE OAEG TIG EVEPYEIEG
TToU B€AOUE va ekTEAOUNE TTAVW OTOV TTivaKa answer, aAAd Kal Jia o€Ipd atréd EpWTHHATA yia va
AapBavoupe Ta atmmapaitnTa dedopéva yia TNV UAoTToinan Tou aAyopiBuou K-means. ‘ETol éxoupe
EPWTAMATA TTOU €EUTTNPETOUV TNV OTTOBNAKEUCN MIOG €PWTNONG, Tnv elpeon e Pdon 1O
avayvwpIoTIKO, TNV eUPean OAWYV TWV aTTOTEAEOUATWY, TNV EUPECN TNG ATTAVTNONG £vOG MadnTA
O€ OUYKEKPIYEVN €pWTNON, TNV €UPECN TNG ATTAVTNONG €vOG PaABNTr O€ PIa EPWTNON PMECT OTO
TEAEUTAIO NUiWPO, TNV avavéwaon TwV OTOIXEIWY PIOG aTTAVTNONG, TNV EUPECN TWV OTTAVTOEWY
yla £va OUYKEKPIYEVO PABNMa, Tnv €0peon Tou TTARBOUG TwV aTTAVTACEWY YIa VA CUYKEKPIKEVO
MaBNua, TNV €0pecn TwV CWOTWV OATTAVIACEWV yia éva pddnua kal Tnv e0peon OAwv Twv
aTTavVTAoEWV £VOG HabnTh yia K&trolo yadnua. O KwdIKag TTEPIAAPBAVETAI OTN CUVEXEIQ KAI KAEIVE
auTd 10 KEPAAalo TTou TrepIAauBavel Tov SQL kwdika.

public interface AnswerRepository extends JpaRepository<Answer, Long> {

@Transactional
@Modifying
@Query(value = "insert into answer (usr_id, question_id) values ( :user_id,

rquestion_id );",
nativeQuery = true)
void save(@Param("user_id") long userId, @Param("question_id") long questionid);
Answer findById(long answerId);

List<Answer> findAll();

@Transactional
@Query(value = "select distinct on (question_id, student_id) answer.x from answer "
+ "where question_id = :question_id and usr_id = :student_id order by

question_id, usr_id, tmstmp desc ;",
nativeQuery = true)
Answer findByQuestionStudentId(@Param('"question_id") long questionId,
@Param("student_id") long studentid);

@Transactional
@Query(value = "select answer_id is null from answer "
+ "where question_id = :question_id and usr_id = :student_id and tmstmp >

now() - interval '30 minutes
+ "order by question_id, usr_id, tmstmp desc ;",
nativeQuery = true)
Boolean existsQuestionStudentIdHalfHour(@Param('question_id") long questionId,
@Param("student_id") long studentid);

@Transactional
@Query(value = "select final_answer from answer
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+ "where question_id = :question_id and usr_id = :student_id and tmstmp >
now() - interval '3@0 minutes' "
+ "order by question_id, usr_id, tmstmp desc ;",
nativeQuery = true)
Short getAnswerQuestionStudentIdHalfHour(@Param("question_id") long questionId,
@Param("student_id") long studentid);

@Transactional
@Modifying
@Query(value = "update answer set answer_history = answer_history ||
array[:answer_number], final_answer = :answer_number, "
+ "correct = :answer_number = question.correct_answer "

+ "from question
+ "where answer.question_id = question.question_id and answer.question_id

+ "and usr_id = :student_id and tmstmp > now() - interval '30 minutes'

= :question_id

nativeQuery = true)
void update(@Param("student_id") long studentId, @Param("question_id") long
questionId, @Param("answer_number") int answerNumber);

@Transactional
@Modifying
@Query(value = "update answer set answer_end = now(), duration = EXTRACT(epoch FROM
(now() - answer_start)) "
+ "where question_id = :question_id and usr_id = :student_id and tmstmp >

now() - interval '30 minutes' ;",
nativeQuery = true)
void update(@Param("student_id") long studentId, @Param("question_id") long
questionId);

@Transactional

@Query(value = "select distinct on (answer.usr_id, question_id) usr_id || ';"' ||
question_id || ';' || extract(epoch from (answer_end - answer_start)) || ';' ||
array_length(answer_history, 1) || ';' || case when correct then 1 else @ end " +

"from answer inner join question using (question_id) inner join test
using (test_id) " +

"where course_id = :course_id " +

" and usr_id in (select usr_id from answer inner join question using
(question_id) inner join test using (test_id) " +

" where course_id = :course_id group by
usr_id " +

" having count(distinct question_id) =
(select count(distinct question_id) from question inner join test using (test_id) where
course_id = :course_id)) " +

"and section_id is not null " +

"order by answer.usr_id, question_id, tmstmp desc;",

nativeQuery = true)
List<String> getAnswersForCourse(@Param("course_id") long courseld);

@Transactional
@Query(value = "select 3 * count(distinct question_id) from question inner join test
using (test_id) where course_id = :course_id ;",

nativeQuery = true)
int getNumberOfAnswersForCourse(@Param("course_id") long courseld);

@Transactional
@Query(value = "select count(x) from answer inner join question using (question_id)
where correct and test_id = :test_id and usr_id = :usr_id ;",

nativeQuery = true)
int getCorrectAnswers(@Param("usr_id") long studentId, @Param("test_id") long
testId);
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@Transactional
@Query(value = "select answer.x from answer inner join question using (question_id)
+ "inner join test using (test_id) where course_id = :course_id and
usr_id = :student_id order by question_id, answer_id;",

nativeQuery = true)
List<Answer> getStudentAnswersForCourse(@Param("course_id") long courseld,
@Param("student_id") long studentId);

@Transactional

@Query(value = "select round(1@0xcount(x) filter (where correct) / count(x))
“"from " +
"(select distinct on (usr_id, question_id) usr_id, question_id, correct "

"o

+

"from answer inner join question using (question_id) inner join test
using (test_id) " +

"where course_id = :course_id and section_id is null and usr_id in
:student_ids " +

"order by usr_id, question_id, tmstmp desc) as q;",

nativeQuery = true)
int getFinalResult(@Param("course_id") Long courseld, @Param("student_ids")

List<Long> cusIds);

4.5. YAomoinon unmnpeociwy (services)

AvTioTOIXO TTPOG TOUG TTOPATTAVW TTIVOKEG KAI TA repositories TTou avo@EéPOupE EXOUNE Kal Ta
OXETIKA services (abstract) kai Ta oxeTika services implementation. O pdAog autwv eival n
emKolvwvia peTaél Twv controllers kal Twv repositories kair TG Bdong dedouévwy, KabBwg
AgitoupyoUv wg spring beans. Kd&Be mivakag €xel kal To avTioToixo service Tou. MNopokaTw
TTAPABETOURE OVOUOOTIKA T UTTAPXOVTA OTNV UAOTTOINCT] HaG services:

UserService
RoleService
CourseService
SectionService
ContentService
TestService
QuestionService
AnswerService

4.6. YAomoinon eAeykTtwyv (controllers)

>€ auTd TO TUARKA TNG epyaciag TrepIAapBavovTal ol eEAeyKTEG (controllers) Tou povTéAou TTou
TePIKAEiOUV GAN TN AoyIKr AsiToupyia TG EQAPUOYAG.

4.6.1. UserController

O mpwTog eAeyKTAG TTou €€eTAdoupe cival autog Tou xpnoTn (UserController). O eAeyKTAG auTog
eNEYXEl TNV eyypa@r], TNV €ic0do Kal TNV £€£000 Tou XPAoTN. EKTOG auTwiv eAEyXEl Kal TNV QPXIKN
006vn Tou KABe xpAoTNn avaAloya he Tov pOAo Tou (DIaXEIPIOTAG, KABNYNTAG | HABNTAG) Kal odnyei
oTnNV KAatdAAnAn 1otooeAida. TEAOG epgavifel To CUVOAO TwWV XPNOTWV OTNV TTEPITITWON TTOU O
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OlaxelpioTAg BEAEl va pTTopEi va Toug Ol I va TOUG TPOTTOTTOINCEI, Kal @POVTICEl va yiveTal n
dlaypagnr Toug €@OCOV auTO KpiveTal avaykaio. O Kwdikag Tng KAAong TrepIAauBaveral
akoAoUBwg.

@Controller
public class UserController {
@Autowired
private UserService userService;

@Autowired
private RoleService roleService;

@Autowired
private SecurityService securityService;

@Autowired
private CourseService courseService;

@Autowired
private UserValidator userValidator;

@RequestMapping(value = "/registration", method = RequestMethod.GET)
public String registration(Model model) {
Map<Integer,String> roles = new LinkedHashMap<Integer,String>();
roles.put(@, "Student");
roles.put(1l, "Instructor");
roles.put(10, "Administrator");

model.addAttribute("userForm", new User());
model.addAttribute("roleList", roles);

return "registration";

b

@RequestMapping(value = "/registration", method = RequestMethod.POST)
public String registration(@odelAttribute("userForm") User userForm, BindingResult
bindingResult, Model model) {
userValidator.validate(userForm, bindingResult);

if (bindingResult.hasErrors()) {
Map<Integer,String> roles = new LinkedHashMap<Integer,String>();
roles.put(@, "Student");
roles.put(1l, "Instructor");
roles.put(10, "Administrator");
model.addAttribute("roleList", roles);

return "registration";

}

userForm.setRole(roleService.findById(userForm.getRoleId()));
userService.save(userForm);

securityService.autologin(userForm.getUsername(),
userForm.getPasswordConfirm());

return "redirect:/welcome";

@RequestMapping(value = "/registrationAdmin", method = RequestMethod.POST)
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public String registrationAdmin(@odelAttribute("userFormAdmin") User userForm,

BindingResult bindingResult, Model model) {
userValidator.validate(userForm, bindingResult);

if (userForm.getId() != null) {

userForm.setRole(roleService.findById(userForm.getRoleId()));

userService.update(userForm.getId(), userForm.getUsername(),
userForm.getLname(), userForm.getFname(), userForm.getRole().getId());

Map<Integer,String> roles = new LinkedHashMap<Integer,String>();

roles.put(@, "Student");

roles.put(1l, "Instructor");
roles.put(10, "Administrator");
model.addAttribute("roleList", roles);

return "editStudents";

ks
else if (bindingResult.hasErrors()) {

Map<Integer,String> roles = new LinkedHashMap<Integer,String>();

roles.put(@, "Student");

roles.put(1l, "Instructor");
roles.put(10, "Administrator");
model.addAttribute("roleList", roles);

return "editStudents";

}

userForm.setRole(roleService.findById(userForm.getRoleId()));
userService.save(userForm);

List<User> users = userService.findA1l1l();
model.addAttribute("users", users);

Map<Integer,String> roles = new LinkedHashMap<Integer,String>();
roles.put(@, "Student");
roles.put(1l, "Instructor");
roles.put(10, "Administrator");

model.addAttribute("userFormAdmin', new User());
model.addAttribute("roleList", roles);

return "editStudents";

b

@RequestMapping(value = "/login", method = RequestMethod.GET)
public String login(Model model, String error, String logout) {
if (error !'= null)

model.addAttribute("error", "Your username and password is invalid.");

if (logout != null)

model.addAttribute("message", "You have been logged out successfully.");

return "login";

b

@RequestMapping(value = {"/", "/welcome"}, method = RequestMethod.GET)
public String welcome(Model model) {
Object principal =
SecurityContextHolder.getContext().getAuthentication().getPrincipal();
String username = null;
if (principal instanceof UserDetails) {
username = ((UserDetails)principal).getUsername();
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} else {
username = principal.toString();
¥

User u = userService.findByUsername(username);
if(u.getRole().getDescr().equals("instructor")) {
System.out.println();
List<Course> activeCourses =
courseService.getInstructorActiveCourses(u.getId());
List<Course> inactiveCourses =
courseService.getInstructorInactiveCourses(u.getId());

model.addAttribute("user", u);

model.addAttribute("activeCourses", activeCourses);
model.addAttribute("inactiveCourses", inactiveCourses);

Collections.sort(activeCourses);
Collections.sort(inactiveCourses);

return "welcomeInstructor";

}

else if(u.getRole().getDescr().equals("admin")) {
System.out.println();

NiknTotroUAou BaoiAikr

List<Course> activeCourses = courseService.getActiveCourses();
List<Course> inactiveCourses = courseService.getInactiveCourses();

model.addAttribute("user", u);

model.addAttribute("activeCourses", activeCourses);
model.addAttribute("inactiveCourses", inactiveCourses);

Collections.sort(activeCourses);
Collections.sort(inactiveCourses);

return "welcomeAdmin";

}

else {
List<Course> courses = u.getCourses();
List<Course> allCourses = courseService.getActiveCourses(u.getId());
Collections.sort(courses);
Collections.sort(allCourses);
model.addAttribute("user", u);
model.addAttribute("courses", courses);
model.addAttribute("allCourses", allCourses);
return "welcomeStudent";

}

b

@RequestMapping(value = {"/viewUsers"}, method = RequestMethod.POST)

public String addCourse(Model model) {
List<User> users = userService.findA1l1l();
model.addAttribute("users", users);

Map<Integer,String> roles = new LinkedHashMap<Integer,String>();

roles.put(@, "Student");
roles.put(1l, "Instructor");
roles.put(10, "Administrator");

model.addAttribute("userFormAdmin', new User());
model.addAttribute("roleList", roles);

return "editStudents";
+
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@RequestMapping(value = {"/deleteUser"}, params = {"userId"}, method =
RequestMethod.POST)
public String deleteUser(Model model, @RequestParam(value = "userId") int userId) {
userService.delete(userId);
List<User> users = userService.findAll();
model.addAttribute("users", users);

Map<Integer,String> roles = new LinkedHashMap<Integer,String>();
roles.put(@, "Student");
roles.put(1l, "Instructor");
roles.put(10, "Administrator");

model.addAttribute("userFormAdmin', new User());
model.addAttribute("roleList", roles);

return "editStudents";

4.6.2. CourseController
O emduevog eAeykTAG ToUu €feTAloupe €ival autdg Tou poBruatog. Edw  TTpogaving
eCuTTNEETOUVTAI TTOAU TTEPIOCCOTEPEG AVAYKEG. M0 CUYKEKPINEVO EXOUE:

e Tnv mpoeToipacia Tng oeAidag TTou euavifel To udbnua aTov padnTh.

e Tnv mpocToIyaaia NG oeAidag TTou eppavidel Ta TTAAIG atroTeAéopaTa.

e Tnv TpocBRKn Kal TNV agaipeon pabrpaTog atmo pabnTn

e Tnv evepyotroinon/atrevepyoTroinon evog HadrpaTog

e Tn diaypagr evog HabruaTog.

o Tov KaBopIoPS TWV TTEPIEXOPEVWYV EVOG HABAUOTOG

e Tnv poeToipacia TG ogAidag yia Tnv e0pean TwV HABNUATWY evog HabnTn

e Tnv poeToiyacia TG oeAIdAG yIa EPPAVION TWV ATTOTEAECHATWY EVOG JaBNTA oTa
TEOT €vOG HaBRPaTOg

e  Tnv TpocBrkn Kai TN diaypagn evog HabriuaTog
e Tnv TpocBrkn kai TN diaypagn evog kepaAaiou atréd éva yadnua
e  Tnv TpocBnkn, TN diaypa@r] Kal TNV avavEéwaon ToU TTEPIEXONEVOU EVOG KEQAAQioOU
€VOG JaBAuaTog
OAeg auTég ol d1adikaaoieg TTepIAaUBAvOVTAl OTOV EAEYKTH QUTO Kal TTapaTiBevTal akpiBuwg
TTOPAKATW.

@Controller
public class CourseController {
@Autowired
private CourseService courseService;

@Autowired
private UserService userService;

@Autowired
private SectionService sectionService;
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@Autowired
private ContentService contentService;

@Autowired
private TestService testService;

@Autowired
private AnswerService answerService;

@RequestMapping(value = {"/course"}, params = {"courseId"}, method =
RequestMethod.POST)
public String course(Model model, @RequestParam(value = "courseId") int courseId) {
Object principal =
SecurityContextHolder.getContext().getAuthentication().getPrincipal();
String username = null;
if (principal instanceof UserDetails) {
username = ((UserDetails)principal).getUsername();
} else {
username = principal.toString();
¥

User u = userService.findByUsername(username);

Course c = courseService.findCourseById(courseld);
List<Test> tests = testService.findAl1CourseTests(courseld);
model.addAttribute("course", c);
model.addAttribute("tests", tests);
model.addAttribute("finalTestReady",
userService.studentCompletedAllPrefinalTests(u.getId(), c.getId()));
model.addAttribute("errorMessage", "");
try {
KMeans kmeans = new KMeans(answerService, courseld);
model.addAttribute("finalResults", kmeans.getResults(answerService,
u.getId(), courseld));
} catch (Exception e) {
model.addAttribute("finalResults", 0);
}

return "course";

b

@RequestMapping(value = {"/pastResults"}, params = {"courseId"}, method =
RequestMethod.POST)
public String pastResults(Model model, @RequestParam(value = "courseId") int
courseld) {
Object principal =
SecurityContextHolder.getContext().getAuthentication().getPrincipal();
String username = null;
if (principal instanceof UserDetails) {
username = ((UserDetails)principal).getUsername();
} else {
username = principal.toString();
}

User u = userService.findByUsername(username);

Course c = courseService.findCourseById(courseld);
List<Test> tests = testService.findAl1lCourseTests(courseld);

List<String> stringResults = testService.getTestStudentResults(u.getId());
List<TestResultFromDB> results = new ArrayList<TestResultFromDB>();
for (String stringResult : stringResults) {

String [] data = stringResult.split(";");

results.add(new TestResultFromDB(data[@], datal[l]l, datal2]));
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}

model.addAttribute("course", c);
model.addAttribute("tests", tests);
model.addAttribute("finalTestReady",
userService.studentCompletedAllPrefinalTests(u.getId(), c.getId()));
model.addAttribute("errorMessage", "");
model.addAttribute("answers",
answerService.getStudentAnswersForCourse(c.getId(), u.getId()));
model.addAttribute("results", results);
try {
KMeans kmeans = new KMeans(answerService, courseld);
model.addAttribute("finalResults", kmeans.getResults(answerService,
u.getId(), courseld));
} catch (Exception e) {
model.addAttribute("finalResults", 0);
}

return "testResults";

b

@RequestMapping(value = {"/addStudentCourse"}, params = {"courseId", "userId"},
method = RequestMethod.POST)
public String addCourse(Model model, @RequestParam(value = "courseId") int courseld,
@RequestParam(value = "userId") int userId) {
userService.addCourse(userId, courseld);
return "redirect:/welcome";

b

@RequestMapping(value = {"/removeCourse"}, params = {"courseId", "userId"}, method =
RequestMethod.POST)
public String removeCourse(Model model, @RequestParam(value = "courseId") int
courseld,
@RequestParam(value = "userId") int userId) {
userService.removeCourse(userId, courseld);
return "redirect:/welcome";

b

@RequestMapping(value = {"/activateCourse"}, params = {"courseId"}, method =
RequestMethod.POST)
public String activateCourse(Model model, @RequestParam(value = "courseId") int
courseld) {
courseService.activateCourse(courseld);
return "redirect:/welcome";

b

@RequestMapping(value = {"/deactivateCourse"}, params = {"courseId"}, method =
RequestMethod.POST)
public String deactivateCourse(Model model, @RequestParam(value = "courseId") int
courseld) {
courseService.deactivateCourse(courseld);
return "redirect:/welcome";

b

@RequestMapping(value = {"/deleteCourse"}, params = {"courseId"}, method =
RequestMethod.POST)
public String deleteCourse(Model model, @RequestParam(value = "courseId") int
courseld) {
courseService.deleteCourse(courseld);
return "redirect:/welcome";
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@RequestMapping(value = {"/setCourseContent"}, params = {"courseId"}, method =
RequestMethod.POST)
public String setCourseContent(Model model, @RequestParam(value = "courseId") int
courseld) {
Course course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

b

@RequestMapping(value = {"/viewStudentsCourse"}, params = {"courseId"}, method =
RequestMethod.POST)
public String viewStudentsCourseForm(Model model, @RequestParam(value = "courseId")
int courseld) {
Course course = courseService.findCourseById(courseld);
List<User> students = userService.getCourseStudents(courseld);
model.addAttribute("course", course);
model.addAttribute("students", students);
model.addAttribute("answers", null);
model.addAttribute("student", null);

return "courseStudents";

b

@RequestMapping(value = {"/studentCourseAnswers"}, params = {"courseId"}, method =
RequestMethod.POST)
public String studentCourseAnswers(Model model, @RequestParam(value = "courseId")
int courseld,
@RequestParam(value = "studentId") int studentId) {
Course course = courseService.findCourseById(courseld);
List<User> students = userService.getCourseStudents(courseld);
User student = userService.findById(studentId);
List<Answer> answers = answerService.getStudentAnswersForCourse(courseld,
studentId);
model.addAttribute("course", course);
model.addAttribute("students", students);
model.addAttribute("answers", answers);
model.addAttribute("student", student);

return "courseStudents";

b

@RequestMapping(value = {"/addNewCourse"}, params = {"addCourseInstructor",
"addCourseName"}, method = RequestMethod.POST)

public String addNewCourse(Model model, @RequestParam(value = "addCourseInstructor")
int instructorId,
@RequestParam(value = "addCourseName") String courseName) {

Course course = new Course(courseName, userService.findById(instructorId),
false, null, null, null);

courseService.save(course);

int testNumber = 1;

testService.addCourseTest(new Test(course, testNumber));

return "redirect:/welcome";

b

@RequestMapping(value = {"/addCourseSection"}, params = {"addSectionCourseId"},
method = RequestMethod.POST)
public String addCourseSection(Model model, @RequestParam(value =
"addSectionCourseId") int courseId) {
Course course = courseService.findCourseById(courseld);
sectionService.save(new Section("New Section", course));
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course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

b

@RequestMapping(value = {"/removeCourseSection"}, params = {"removeSectionCourseId",
"removeSectionId"},
method = RequestMethod.POST)
public String removeCourseSection(Model model, @RequestParam(value =
"removeSectionCourseId") int courseld,
@RequestParam(value = "removeSectionId") long sectionId) {
sectionService.delete(sectionId);
Course course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

b

@RequestMapping(value = {"/addCourseContent"}, params = {"addContentCourseId",
"addContentSectionId"}, method = RequestMethod.POST)
public String addCourseContent(Model model, @RequestParam(value =
"addContentCourseId") int courseld,
@RequestParam(value = "addContentSectionId") int sectionId) {
Course course = courseService.findCourseById(courseld);
for (Section section : course.getSections()) {
if(section.getId() == sectionId)
section.getContents().add(new Content());
}

model.addAttribute("course", course);

return "courseContent";

b

@RequestMapping(value = {"/removeCourseContent"}, params = {"removeContentCourseId",
"removeContentId"},
method = RequestMethod.POST)
public String removeCourseContent(Model model, @RequestParam(value =
"removeContentCourseId") int courseld,
@RequestParam(value = "removeContentId") long contentId) {
contentService.delete(contentId);
Course course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

b

@RequestMapping(value = {"/saveCourseContent"},
params = {"courseId", "courseName", "sectionId",
""'sectionName", "contentId", "contentName",
"content"},
method = RequestMethod.POST)
public String saveCourseContent(Model model,

@RequestParam(value = "courseId") long courseld,

@RequestParam(value = "courseName") String courseName,
@RequestParam(value = "sectionId") Long sectionIds [],
@RequestParam(value = "sectionName") String sectionNames [],
@RequestParam(value = "contentId") Long contentIds [],
@RequestParam(value = "contentSectionId") Long contentSectionIds [],
@RequestParam(value = "contentName") String contentNames [],
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@RequestParam(value = "content") String contents []) {
int contentIndex = 0;
int sectionIndex = 0;

for (long contentSectionId : contentSectionIds) {
try {
if(contentIds[contentIndex] !'= null)
contentService.update(contentIds[contentIndex],
contentNames [contentIndex],
contents[contentIndex]);
else
contentService.save(new
Content(contentNames [contentIndex],
contents[contentIndex],
sectionService.findById(contentSectionId)));
} catch (ArrayIndexOutOfBoundsException e) {
contentService.save(new
Content(contentNames [contentIndex],
contents[contentIndex],
sectionService.findById(contentSectionId)));

if (sectionIds.length > sectionIndex && contentSectionId !=
sectionIds[sectionIndex])
sectionService.update(sectionIds[sectionIndex],
sectionNames [sectionIndex]);
sectionIndex++;
contentIndex++;

}
if (sectionIds.length > sectionIndex)
sectionService.update(sectionIds[sectionIndex],
sectionNames [sectionIndex]);

courseService.update(courseld, courseName);

Course course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

4.6.3. TestController

O TeAeuTaio €AEYKTNG TTOU £XOUHE XPNOIKOTTOINCE! €ival AQUTOG TTOU OXETICETAI E TNV EYYPAPNA KAl
N dlevépyeia Twv dlaywviopatwy. EOwW TrepiAaudvovtal TTiong pia ogipd atéd diepyaaieg Tou
eCuTTNEETOUV TN AgiToupyia Twyv avTtioToixwv JSP oeAidwy Kal ol oTroieg ival ol €€MG:

o [pocBnkn/Emegepyaaia diaywviopaTog o€ KATToI0 pabnua

o [pocBnkn/Emegepyaaia Tou TEAIKOU diaywVioPaTog o€ KATTOI0 Jabnua

o Alaypaon diaywviopatog

o AmoBAkeuon TTEPIEXOUEVOU DIAYWVIOUATOG

o Agvépyeia dlaywviopaTog

Ta TTapatrdvw atroTeAOUV To 0UVOAO TWV BIEPYACIWY TTOU Eival ATTAPAITATES YIA TV

TTpogToIjacia Twv 1I0TooeAidwy JSP o1 otroieg oxeTiCovTal ye Ta diaywvioyata. O avTioToixog
KWOIKAG TOU EAEYKTH) TTEPIAGUBAVETOI TN CUVEXEIQ.
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@Controller
public class TestController {

@Autowired

private TestService testService;

@Autowired

private CourseService courseService;

@Autowired

private SectionService sectionService;

@Autowired

private UserService userService;

@Autowired

private QuestionService questionService;

@Autowired

private AnswerService answerService;

@RequestMapping(value = {"/addCourseTest"}, params = {"addTestCourseId",
"addTestSectionId"}, method = RequestMethod.POST)

public String addCourseTest(Model model, @RequestParam(value = "addTestCourseId")
long courseld,

b

@RequestParam(value = "addTestSectionId") long sectionId) {
Course course = courseService.findCourseById(courseld);
Section section = sectionService.findById(sectionId);
int testNumber = 1;
try {
testNumber = testService.getNextTestNumber(courseld, sectionId);
} catch (Exception e) {
}
Test test = testService.addCourseTest(new Test(course, section, testNumber));
List<Question> questions = questionService.findByTestId(test.getId());
if (questions != null)
Collections.sort(questions);
model.addAttribute("test", test);
model.addAttribute("course", course);
model.addAttribute("section", section);
model.addAttribute("questions", questions);
return "testContent";

NiknTotroUAou BaoiAikr

@RequestMapping(value = {"/editMainCourseTest"}, params = {"editMainTestCourseId"},
method = RequestMethod.POST)

public String editMainCourseTest(Model model, @RequestParam(value =
"editMainTestCourseId") long courseId) {

Course course = courseService.findCourseById(courseld);
int testNumber = 1;
Test test = testService.getCourseFinalTest(courseld);
if (test == null)
test = testService.addCourseTest(new Test(course, testNumber));
List<Question> questions = questionService.findByTestId(test.getId());
if (questions != null)
Collections.sort(questions);
model.addAttribute("test", test);
model.addAttribute("course", course);
model.addAttribute("section", null);
model.addAttribute("questions", questions);
return "testContent";
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b

@RequestMapping(value = {"/editCourseTest"}, params = {"editTestId"}, method =

RequestMethod.POST)

public String editCourseTest(Model model, @RequestParam(value = "editTestId") long

testId) {
Test test = testService.findById(testId);
Course course = test.getCourse();
Section section = test.getSection();

List<Question> questions = questionService.findByTestId(test.getId());

if (questions != null)

Collections.sort(questions);
model.addAttribute("test", test);
model.addAttribute("course", course);
model.addAttribute("section", section);
model.addAttribute('questions", questions);
return "testContent";

b

@RequestMapping(value = {"/saveTestContent"}, params = {"courseId", "sectionId",

"testId", "questionId",

""question", "answerl", "answer2", "answer3", "answer4",
"correctAnswer", '"newQuestion"}, method = RequestMethod.POST)
public String saveTestContent(Model model, @RequestParam(value = "courseId") long
courseld,
@RequestParam(value = "sectionId") Long sectionlId,
@RequestParam(value = "testId") long testId,
@RequestParam(value = "questionId") int questionIds[],
@RequestParam(value = "question") String questionTexts[],
@RequestParam(value = "answerl") String answersl[],
@RequestParam(value = "answer2") String answers2[],
@RequestParam(value = "answer3") String answers3[],
@RequestParam(value = "answer4") String answers4[],
@RequestParam(value = "correctAnswer") int correctAnswerl[],
@RequestParam(value = "newQuestion") int newQuestion) {

for (int id = 0; id < questionIds.length; id++) {

questionService.update(questionIds[id], questionTexts[id], answersl[id],

answers2[id], answers3[id], answers4[id], correctAnswer[id]);

}

if (newQuestion == 1) {
int questionNumber = 1;
try {

questionNumber = questionService.getNextQuestionNumber(testId);

} catch (Exception e) {
}
questionService.save(new Question(questionNumber,
testService. findById(testId)));
}

Course course = courseService.findCourseById(courseld);
Section section = null;
if (sectionId !'= null)

section = sectionService.findById(sectionId);
Test test = testService.findById(testId);

List<Question> questions = questionService.findByTestId(testId);

if (questions != null)
Collections.sort(questions);
model.addAttribute("test", test);
model.addAttribute("course", course);
model.addAttribute("section", section);
model.addAttribute('questions", questions);
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return "testContent";

b

@RequestMapping(value = {"/saveEmptyTestContent"}, params = {"courseId",
"sectionId", "testId", "newQuestion"},
method = RequestMethod.POST)
public String saveEmptyTestContent(Model model, @RequestParam(value =
"courseld") long courseld,

@RequestParam(value = "sectionId") Long sectionlId,
@RequestParam(value = "testId") long testId,
@RequestParam(value = "newQuestion") int newQuestion) {
if (newQuestion == 1) {
int questionNumber = 1;
try {
questionNumber =

questionService.getNextQuestionNumber(testId);
} catch (Exception e) {
}
questionService.save(new Question(questionNumber,
testService.findById(testId)));
}

Course course = courseService.findCourseById(courseld);

Section section = null;

if (sectionId != null)

section = sectionService.findById(sectionId);

Test test = testService.findById(testId);

List<Question> questions = questionService.findByTestId(testId);
if (questions != null)

Collections.sort(questions);

model.addAttribute("test", test);

model.addAttribute("course", course);

model.addAttribute("section", section);
model.addAttribute("questions", questions);

return "testContent";

}
// Methods for tests
@RequestMapping(value = {"/doTest"}, params = {"courseId", "testId", "prevQuestion",
"question", "timeRemaining"}, method = RequestMethod.POST)

public String doTest(Model model, @RequestParam(value = "courseId") long courseld,
@RequestParam(value = "testId") long testId,
@RequestParam(value = "prevQuestion") int prevQuestion,
@RequestParam(value = "question") int question,
@RequestParam(value = "timeRemaining") double timeRemaining) {

Course c = courseService.findCourseById(courseId);
List<Test> tests = testService.findAl1CourseTests(courseld);
Test test = testService.findById(testId);
List<Question> questions = questionService.findByTestId(testId);

Object principal =
SecurityContextHolder.getContext().getAuthentication().getPrincipal();

String username = null;
if (principal instanceof UserDetails) {

username = ((UserDetails)principal).getUsername();
} else {

username = principal.toString();
¥

User u = userService.findByUsername(username);
// Create answer for this new question
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if (question != -1 && question != -2 &&
lanswerService.existsQuestionStudentIdHalfHour(questions.get(question).getId(),
u.getId())) {

answerService.save(u.getId(), questions.get(question).getId());

if (prevQuestion != -1) {
answerService.update(u.getId(),
questions.get(prevQuestion).getId());
¥

model.addAttribute("course", c);
model.addAttribute("tests", tests);

if (question >= 0 &&
answerService.existsQuestionStudentIdHalfHour(questions.get(question).getId(),
u.getId())) {
model.addAttribute("answer",
answerService.getAnswerQuestionStudentIdHalfHour (questions.get(question).getId(),
u.getId()));

if (question == -2) {
model.addAttribute("finalTestReady",
userService.studentCompletedAllPrefinalTests(u.getId(), c.getId()));
model.addAttribute("errorMessage", "");
try {
KMeans kmeans = new KMeans(answerService, courseld);
model.addAttribute("finalResults",
kmeans.getResults(answerService, u.getId(), courseld));
} catch (Exception e) {
model.addAttribute("finalResults", 0);
}

return "course";

}

model.addAttribute("test", test);

model.addAttribute("question", question);

model.addAttribute("questions", questions);

model.addAttribute("timeRemaining", timeRemaining);

model.addAttribute("correctAnswer", answerService.getCorrectAnswers(u.getId(),
testId));

return "test";

+

@RequestMapping(value = {"/updateAnswer"}, params = {'"question", "answer"}, method =
RequestMethod.GET)
public String updateAnswer(Model model, @RequestParam(value = '"question") long
questionId,
@RequestParam(value = "answer") short answerNumber) {
Object principal =
SecurityContextHolder.getContext().getAuthentication().getPrincipal();
String username = null;
if (principal instanceof UserDetails) {
username = ((UserDetails)principal).getUsername();

} else {
username = principal.toString();
}
answerService.update(userService.findByUsername(username).getId(), questionId,
answerNumber) ;

return "ok";
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@RequestMapping(value = {"/removeCourseTest"}, params = {"removeTestCourseId",
"removeTestId"},
method = RequestMethod.POST)
public String removeCourseTest(Model model, @RequestParam(value =
"removeTestCourseId") long courseld,
@RequestParam(value = "removeTestId") long testId) {
testService.delete(testId);
Course course = courseService.findCourseById(courseld);
model.addAttribute("course", course);

return "courseContent";

4.7. YAomoinon aAyopiOuwyv unxaviotiking Hadnong (machine
learning)

>€ auTo TO THAKA TNG EPYOCiag aoXOAOUUAOTE PE TNV KapOI& Tou TTPOBAAATOG TTOU KOAOUNAOTE
va €MAUCOUNE KAl a@opd Tn XpAon Twv OAYyopiBuwv UNXavioTIKAG PAtnong pe OKOTO Tnv
TPORAeWn Kal BeAtiwon Tng emidoong Tou WaBdNT o€ KATTOI0 TEAIKO dlaywVIoUa KATTOIoU
MoBrAuartog. XT1a TAQicIa TG TTaPoUCag epyaaiag £xel xpnolpoTroinBei pévo 1o aAyopiBudg K-
means TOV OTTOI0 TTEPIYPAPOUNE EVOEAEXWG OTO ONEIo autd Kal T ATTOTEAéOUATA TOU OTO
ETTOUEVO KEPAAQIO.

4.7.1. K-means algorithm

O1rwg €xoupe TTEPIYPAWYE Kal TTAPaATTavw, 0 aAyopiBuog K-means oTnpifeTal OTov EVTOTTIONO HIOG
oeIpdg aTmd TTOPAUETPOUG TIG OTToiEG avaBéToupe o€ évav v-OIA0TATO XWPO Kal TIG OTTOIEG
BaBuovopouue KataAANAWG WaTE va gival TUYKPIoIPEG JeTalu Toug. AKoAoUBwG, e Baon katroia
KEVTPIKA onueia, Ta oTroia apxXIKa eivar auBaipeta oAAG peTd uttoAoyiovtal €TTAKPIBWG,
uttoAoyiCoupe TIG aTToOTACEIG KABE onueiou atmd autd. Kabe onueio avatiBetal 0To KOvTIVOTEPO
TOU KEVTPIKO OnuEio.

TNV TTEPITITWAT HOG £XOUME ETTIAEEEI I OEIPG aTTO PETARBANTEG Ol OTTOIEG OXETICOVTAI PE TNV
atmdvrnon pou PobnTh o€ kabe epwTtnua. ‘ETol yia kA0 yadnTry TTou £xel CUUTTANPWOEI TTARPWG
OAa Ta TEOT (CUUTTEPIAAUBAVOUEVOU TOU TEAIKOU) Yia KATTOIO ABnua TTaipvoupe OAEG TIG TEAEUTAIES
EPWTNOEIG TTOU €xel dwaoel autdg. MNa kdBe ocuykekpiyévn atrdvinon Aaufdvouue TIG €EAG
TTANPOYOPIEG:

o Av €xel Kavel cwoTA Aoy ardvTnong
o [l6oeg atravTAoelg €xel OWOEI T€ QUTH TNV £€PWTNGCN TTPOTOU Va KATAAREE! OTnV TEAIKA
o [1600 xpbVvo XPEIAOTNKE yIa VO ATTAVTACEI OE JIO EPUWITNON

AauBavovTag TIG aTTavVIACEIG OTA TTAPATTAVW YIa OAEG TIG ATTAVTHOEIG ONUIOUPYOULE Yia KABE
onueio Tou aAyopiBuou 3p (TPITTAGCIO TwWV CNUEIWY TTOU £XOUNE) XAPAKTNPIOTIKA, TA OTToia Kal
TOTTOBeTOUVTOI OGTOV QVTIOTOIXO V-OIA0TATO XWPo. E@doov ToTToBEeTAGOUME Kal Ta KEVTPIKA
OucoTAMATA Ba UTTOPOUME VA UTTOAOYICOUME aTTd TToI0 KEVTPIKO Onueio atréxel AiydTePo To KABE
onueio kal va 1o avabéooupe o€ autd. AKoOAoUBwWG, Kal EpOcov oAokANpwoEi n diadikacia yia Evav
TAAPN YUPO, £TTaVUTTOAOYICETOI N BECN TWV KEVTPIKWY ONUEiwy, uTtoAoyidovTtag Tn péon TIPN yia
KGBE TTAPAPETPO yIa OAQ Ta onuEia Ta OTToIa avikouv o€ KATTolo segment. AQoU TO UAOTTOINCOUUE
Kal auto EekIvaue TTGAI aTTO TO TTPONYOUNEVO BrAMA YIO va UTTOPECOUME va ETTAVOAGROUME TN
O1adikacia 60eC POPEG XPEIAOTEN WOTE VA PNV EXOUNE Kauia JETATTTWON onueiou o€ AANO KEVTPO.
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MNa ammoguyr TPORANUATWY OTO onueio autd €xoupe BAAEl évav €Aeyxo waTe To TTARBOG Twv
emavaAqyewy va pnv utrepBaivel Toté Tig 1,000. ‘ETO1 TTETUXQIVOURE VO UTTOAOYICOUUE HE QPKETA
MeYAAn akpiBeia To atmoTéAeaa TTou Ba QEpel 0 KABe pabnTrG oTO TEAIKO dIayWVIOUA Kal va TovV
BonBoupe mBavwg va BeATiwOei atTd TTpIvV o€ auTo.

>Tn ouvéxela akoAouBei o KwAIKAG yia TO onueio auTo.

public class Point {

long cusId;

int cluster;

HashMap<String, Double> values;
}

public class KMeans {

final static int clusters = 5;
final static int epochs = 1000;

private Centroid[] centroids;
private List<Point> points;

public KMeans(AnswerService answerService, long courseld) {
points = new ArrayList<Point>();
int totalColumns = answerService.getNumberOfAnswersForCourse(courseld);
List<String> answersString = answerService.getAnswersForCourse(courseld);

for (int i = @; i < answersString.size(); i += totalColumns/3) {
String[] answers = answersString.get(i).split(";");
long key = Long.parselLong(answers[0]);
HashMap<String, Double> values = new HashMap<String, Double>();
for (int j = 0; j < totalColumns/3; j++) {
String question = answers[1];
values.put(question + "a",
Double.parseDouble(answers[2]));
values.put(question + "b",
Double.parseDouble(answers[3]));
values.put(question + "c",
Double.parseDouble(answers[4]));
¥
points.add(new Point(key, values));
}

centroids = new Centroid[clusters];
Random r = new Random();
for (int i = @; i < centroids.length; i++) {
HashMap<String, Double> values = new HashMap<String, Double>();
Point p = points.get(r.nextInt() % points.size());
for (String key : p.getValues().keySet())
values.put(key, p.getValues().get(key));
centroids[i] = new Centroid(i, values);
}

for (int i = 0; i < epochs; i++) {
for (Point p : points) {
double min = p.calculateDistance(centroids[@]);
p.setCluster(0);
for (int j = 1; j < centroids.length; j++) {
if (p.calculateDistance(centroids[j]) < min) {
min = p.calculateDistance(centroids[jl);
p.setCluster(j);
}
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}

for (int j = @; j < centroids.length; j++) {
int pointsNumber = 0;
for (String key : centroids[j].getValues().keySet())
centroids[j].getValues().put(key, 0.0);
for (Point p : points) {
if (p.getCluster() == j) {
for (String key :
centroids[j].getValues().keySet())
centroids[j].getValues().put(key,
centroids[j].getValues().get(key) + p.getValues().get(key));
pointsNumber++;
}

}
for (String key : centroids[j].getValues().keySet())
if (pointsNumber != @)
centroids[j].getValues().put(key,
centroids[jl.getValues().get(key) / pointsNumber);
}

¥
¥

public int getResults(AnswerService answerService, long cusId, long courseId) {
Point point = null;
for (Point p : points)
if (p.getCusId() == cusId) {
point = p;
break;

}

List<Long> checkPoints = new ArraylList<Long>();
for (Point p : points)
if (p.getCluster() == point.getCluster()) {
checkPoints.add(p.getCusId());
}

return answerService.getFinalResult(courseld, checkPoints);
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5. HNegpinynon ornv e@pappoyn

2¢ auTd To TUAUA KAVOUUE pIa YPAYopn TTEPIRYNON TNG Epapuoyng atrd Tnv TTAeupd Tou XproTn,
yla 6Aoug Toug TMBavoUg pOAOUG TTOU UTTAPXOUV UE BACN TOV OPITUO TNG EQAPHOYNAG (DIaXEIPIOTAG,
kaényntng, HadnTAg).

5.1. Eiocodog
H 1TpwTn £TTOQr) OTTOIOUBATTOTE XPAOTN ME TNV EQAPUOYH EXEI VA KAVEL YE TN SladIKaaia yypaeng

Kal €l06dou oTnv eapuoyr. H gicodog yivetal kal yia TIG TPEIG TTEPITITWOEIS ATTO éva atTAd
mePIBAAAOV OTTWG auTd QaiveTal oTnv Eikéva 12.

Login

Username

Password

Create an account

Eikova 12: ZeAida e10650u

5.2. Anpioupyia AoyapiacHouU

Mia akopa ogAida n omoia givat kowvn yla 6AouGg Tou XPNoTeg TG ePapUoYnG elval n
oeAida NG eyypadnc. Edw, edpdoov o meAdtng PAAEL T MPOCWTIKA TOU OTOLXEla
ETUAEYEL TTOLOV OO TOUG TPELG TtpoavadepOEVTEG POAOUG EXEL KaL ETUAEYEL avTioToLa.
H oeAiba mou spdaviletal paivetal otnv Eikéva 13.
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Create your account

Username
Password
Confirm your password
First name
Last name

Student

Eikova 13: ZgAida eyypapng XxpRnortn

5.3. PoAog diaxeipiorn (administrator)

O mpwTog a1d Toug POAOUG TTOU avaAUOULE gival auTdg Tou dlaxelpioTr. O JIaXEIPIOTAG £XEI TN
ouvaToTnTa va BAETTEl OAQ TO YOBAATa, Ta TTEPIEXOUEVA TOUG KAl Ta dIAyWVIoHATA TOUG Kal va
Kavel aAayég TTAvw o€ auTd Kal, €1miong, va BAETTEl OAOUG TOUG XPNAOTEG KAl €TTIONG VA KAVEI
aAAay€ég OTa OTOIXEIQ TOUG.

5.3.1. ApXIKN oeAida

H mpwTn geAida 1Tou £xel TTpdoBacn o dIaXEIPIOTHG YETA TNV €i0000 TOU OTNV EQAPUOYN Eival N
oehida dlaxeipiong Twv pabnudTtwy. ESW pTTOpEi va evepyoTToINCEl ] VO OTTEVEPYOTTOINTEI
OTT0I00MTTOTE PABNua embupei. ETiong ptropei va emAEEEl va Oel AETTTOUEPEIES VIO OTTOIOBNTTOTE
MABNnua Kal va TIG TpOoTToTToINgEl avaAoywg. To TTepIBaAAov gaivetal oTnv Eikéva 14.
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e

NiknTotroUAou BaaoiAikn

View users Logout

B Home Welcome administrator Valina Nikitopoulou

I All Active Courses  ~

I8 AllInactive Courses v accordingly to succeed in the exams.

Show
10 s
entries

Course name

Analysis

Introduction to networks

NodeJs

Python

React

Course name

Showing 1to 6 of 6 entries

Show
10 :
entries

Course name

Java
Machine Learning

Course name

Ekp

Showing 1to 3 of 3 entries

Courses you can activate

Courses you can deactivate

Introduction to Algorithms

Search:

Active students

Active students

Previous . Next

Search:

Active students

Active students

Previous n Next

Thank you for contributing to the new learning platform built especially for "smart” students. Within this platform
students have the chance to study mutiple courses, test their knowledge with a series of tests and prepare

Please make sure you input all data for the relevant sections and provide adequate tests. Thank you for your effort.

Sections Action
:
:
:
:
:
:
Sections Action

Sections Action

1

3

0

Sections Action

9
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Eikova 14: ZeAida e10080u S1axeIpioTh

5.3.2. ZeAida diaxeipiong mePIEXOPEVOU HABORHATOG

O1wg NN avagépape, o JIAXEIPIOTAG UTTOPEI va AAAGEEl TO TTEPIEXOPEVO EVOG JaBAUATOGS. AUTO
MTTOpPEI va To KAvel péoa atrd TNV oeAida OTTwWG auTr) TTapouciadetal otnv Eikéva 15.

ir;\:rt Student Logout

Homne Edit page for course Java

- . Course data
ourse: Java

Course name

Course sections: 3

Java

Course tests: 2 -
Edit final test

Edit Sections and Content

Section name

Section1 I Add content ] [ Add test ] [ Remove section

Content name

Chooseheading v | B I @ = 1= |= = | @ e @By By © o

B »

Java Programming Tutorial 1 - Introduction to Java (Y

Napakohounon apgtepa  Koworoinon

Java tﬂrgsy@.mmmg
T e

Eikova 15: ZeAida diaxeipiong mepieXogévou
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5.3.3. ZeAida diaxeipiong S1aywVvIoHATWYV HAORHATOg

To idl0 cupBaivel kKal OTNV TTEPITITWON TWV JIAYWVIGUATWY OTTOIOUOATIOTE PABAUATOG, OTTWG
paiveral otnv Eikéva 16.

il";\:rt Student Logout

Home Edit test for course Java and section Section 1
Test data

Course: Java

Test number: 1. Please fill in all the required questions for this test. Bare in mind that the first answer should be the

Course sections: 14

correct answer. Obviously, students will have the relevant answers in random order.

Course tests: 14

Edit test questions

Question1

What is the range of short data type in Java?

1 -128t0127

2. -32768to 32767

3. -2147483648 to 2147483647
4. None of the mentioned
Correct answer:

2

Question 2

What s a data type ?

1. The calculator of the CPU.

2. Aportion of the main memory used to store data.

3. Aspecial scheme to represent values ??in bit patterns.
4. The collection of variables that a program uses.

Correct answer:

3

Eikova 16: ZgAida diaxegipiong S1aywVviGHATWYV

5.3.4. ZegAida dSiaxeipiong XpnoTwyv

Kal o1 xpioTteg ummopolv va dIaxEIpIoTOUV atro Tov JIAXEIPIOTA TG EQApPoynG. H OXETIKY aeAida
@aivetal otnv Eikéva 17.
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:?:rt Student

Home Students for course Java

Course: Java Username

administrator

Course sections: 3

valina
Course tests: 2

Spyros

Username

Firstname
Valina
Valina
Spyros

Firstname

NiknTotroUAou BaaoiAikn

Logout

Last name
Nikitopoulou
Nikitopoulou
Papadimitriou

Last name

Eixova 17: Eppavion XpnoTwv

5.3.5. Anpioupyia/AAAayn XpnoTwWV

ETmiong o diaxeipioTng £xel TN duvaTOTNTA EiTE va TTIPOCOBECEI KAIVOUPIOUG XPOTEG, €iTE va aAAGEEI
Ta dedopéva Toug, OTTWG Yaivetal oTnyv Eikéva 18

Create/Update user

administrator
Password

Confirm your password
Valina

Nikitopoulou

Administrator

A
v

Eikova 18: Anpioupyia/Alaxeipion XpnoTwv
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5.4. PoAog xabnynrtn

NiknTotroUAou BaaoiAikn

‘Exovtag oAokKANpwaoEL TO POAO TOU SLaxELPLOTH, EPVALE OTO pOAO TOU KaBnyntH, o
omolog €xeL TI¢ (bleg SuvaTOTNTEC LE TOV SLAXELPLOTH OTA LAOAUOTO TOU OV, AAAA

bev €xel Sikalodoaoia oTou¢ AoyoplacpuoUs TwV UTIOAOLTTWY XPNOTWV.

5.4.1.

Smart Student
App

Home
My Active Courses ~ ~

My Inactive Courses v

ApXIKN ogAida

Toggle Sidebar

Welcome instructor Vasliki Nikitopoulou

Thank you for contributing to the new learning platform built especially for "smart” students. Within this platform students have the
chance to study mutiple courses, test their knowledge with a series of tests and prepare accordingly to succeed in the exams.

Add new course Logout

Please make sure you input all data for the relevant sections and provide adequate tests. Thank you for your effort.

Courses you can activate

Show Search:
10 $

entries
Course name Acti Course hours
Analysis 0 0 0
CH++ 0 o 5
Introduction to networks ] 0 ]
NodeJs 0 [¢] [¢]
Python 1 [¢] 2
React ] 0 0
Course name Acti Course hours

Showing 1to 6 of 6 entries Provious - Next

Courses you can deactivate

Show Search:
10 :

entries
Course name Active C he
Introduction to Algorithms 1 1 0
Java 1 3 1
Machine Learning 1 0 7
Course name Active C he

Showing 1to 3 of 3 entries

Previous - Next

Action

Activate

Activate

Activate

Activate

Activate

Activate

Action

Action

Action

Eixova 19: Apxixn oeAida kabnynrtn
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Kal otnv Trepimmwaon Tou Kabnyntr, n TpwTtn oeAida mmou BAETTEl e Tnv €i0006 Tou OTNV
epappoyn €ival n oeAida dlaxeipiong Twv PABnudTwy Tou, OTTOU WTTOPEI va EVEPYOTIOINTEI,
QaTTEVEPYOTTOINCEI | TIPOCBETEl KATTOI0 PaBnua. Me katdAAnAoug cuvdEaoUG UTTOpPE va el TOUG
HaBnTéG KATTOIOU PABrPaTOG, TNV TTPOOO0 TOUG Kal Ta UTTOAOITTA OToIXEia Tou pobnuartog. H
OXETIKN o€Aida @aiveTal oTnv Eikéva 19.

5.4.2. MpoocOBapaipeon HAONHATWV

Edw BAEétTOoUpE TN OgAida pECw TNG OTTOIAG O KABNYNTAG PTTOPEi va TTPoCcBETel KATTOI0 pabnua
otnv Eikéva 20.

Add new course

Course name

Course name

Cancel Add new course

Eikova 20: NpooBnkn padbnuarog

5.4.3. MpoocBaaipeon UAIKOU HaBnuaTwWYV

O kaBnyntg €xel €Tiong Tn duvaTATNTA TTPOCBaPaiIPECNSG UAIKOU atrd Ta Pabruatd Tou, OTTwg
@aivetal otnv Eikéva 21.
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Smart Student

App

Home Edit page for course Java

Course: Java Course data

Course name

Course sections: 3

Java

Course tests: 2
Edit final test

Edit Sections and Content

Section name

Section1 [ Add content ] [ Add test J
Content name
Chooseheadng v | B I @ = 1= = = @ % @y By © o

Java Programming Tutorial 1 - Introduction to Java
JavaPro

ol

-t A

#1577 8

Intro.to 4a%e

Eikova 21: MNpooBapaipeon UAIKOU HaOnudarwv

5.4.4. MpoocOBapaipeon diaywvioparwyv

TéNOG, 0 KABNyNTAG HTTOPEl va TTPOoCBETEl, va aaipei Kol va aAAAdel Ta TTEPIEXOMUEVA TWV
OIaYWVICHATWY TwV OIKWV TOU HabnudaTwy. ZXeTIKA aehida @aivetal oTnv Eikdva 22.
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Smart Student
App

Home

Course: Java

Course sections: 21

Course hours:1

Course tests: 21

NiknTotroUAou BaaoiAikn

Toggle Sidebar Logout

Edit test for course Java and section Section 2
Test data

Test number: 1. Please fill in all the required questions for this test. Bare in mind that the first answer should be the correct answer.
Obviously, students will have the relevant answers in random order.

Edit test questions

Question1

Which of the following is the advantage of BigDecimal over double?

1 Syntax
2. Memory usage
3. Garbage creation

4. Precision

Correctanswer. 4

Add question

Eikova 22: NpooBapaipeon SiaywvioHATWV

5.5. PoAog pabnrn

O TeAeuTaiog pOAOG TTOU UTTAPXEI OTNV €QAPUOYT HOg gival o pOAog Tou padntr. O pabntng éxel
N duvaTtéTnTa TPOoBaPaipecong HaBNUATwyY amd To Aoyapiacuo Tou, TTapaKoAouBnaong Tou
UAIKOU Twv JaBnudtwy, oAoKARpwang dIaywVICUATWY Kal TTapakoAouBnaong Tng 1midoorg Tou.

5.5.1.

Apxixn ogAida (MpoocBaaipeon padBnuarwyv)

H pwTn ogAida Tou pabntr Tou divel TN duvaTOTNTA va TIPOCHETEN Kal va aQalpei padrparta atmo
TO AOyapIaopo ToU yIa va JTTOPE va Ta TrTapakoAouBAael, 0TTwg @aivetal atnv Eikdva 23.
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ir::rt Student Page Logout

Home Welcome Valina Nikitopoulou

Thank you for subscribing to the new learning platform built especially for "smart” students. Within this platform you have the

My Courses

chance to study mutiple courses, test your knowledge with a series of tests and prepare accordingly to succeed in your exams.

What are you waiting for? Pick your lessons below and let's get back to work.. Enjoy the ride!

Courses you can add to your list

Show Search:
10 +
entries

Course name Instructor Sections Course hours Action
No data available in table
Course name Instructor Sections Course hours Action

Showing 0 to 0 of 0 entries Previous = Next

Courses you can delete from your list

Show Search:
10 +

entries
Course name Instructor Sections Course hours Action
Introduction to Algorithms Nikitopoulou Vasliki 1 0
Java Nikitopoulou Vasliki 3 1
Machine Learning Nikitopoulou Vasliki 0 7
Python Nikitopoulou Vasliki [¢] 2
Course name Instructor Sections Course hours Action

Showing 1to 4 of 4 entries Previous Next

Eikova 23: ZeAida e10680u pabnrti

5.5.2. MapakoAoUuOnon uAikou

OTwg avapEépape Kal TTPONYOUUEVWG, O POBNTAG PTTOPEI TTPOPAVWG VA TTAPAKOAOUBACEl Ta
TTEPIEXOUEVA TOU JABAUATOG, OTTWG QaiveTal aTnv Eikéva 24.
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Smart Student

App

Home Dear valina welcome to course Java

Section1

Java Tutorial 1

Java Tutorial 2

Section 2

Section 3

Back to home

Eikova 24: ZgAida padnuarog padbnrn

5.5.3. Aigvépysld S1aywVICHATWYV

Emiong o pabntig ptropei va ekTeAei Ta dlaywviopara Twv pabnudrwy Tou €xel ETTIAECEL, OTTWG
paiveral otnv Eikéva 25.

Smart Student

App

Home Test 1for course Java

o Question 2: What is the range of short data type in Java?

) -128t0127
-32768 to 32767
-2147483648 to 2147483647
_ None of the mentioned

Section 2

Section 3

Remaining time:

Back to home

Eikova 25: ZgAida diaywvioparog pabnrn

5.5.4. OAokAnpwon diaywviopadrwyv & amoTeAéopara
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TENOG, 0 padnTng £xel TN duvaToTNTA VA OEl TA ATTOTEAETUATA TWV BIAYWVIOUATWY TToU £XEI dWAEl

dlaxpovikd. ZXeTIKA oeAida gaiveTal oTnv Eikéva 26.

ir;\:rt Student

Home Answers for test on Java
Section1 Date Test number
Section 2 o1/n/2019 1

Section 3 03/n/2019 1

Provision for final test pate Testnumber
Final test Question

What is the range of short data type in Java?
What is the range of short data type in Java?
What is a data type ?

What is a data type ?

What is a primitive data type in Java ?

What is a primitive data type in Java ?

Result

48

29

Result

Answer

Logout

Correct

false

true

true

false

false

false

Eikova 26: ZgAida ammoreAseopydarwy emidoong padnrtn

6. AmoreAéopara

6.1. Zuumepacpara

Méoa atmd Tnv TTapoloa epyacia KaBioTatal oagég 0TI N UNXAvIOTIKA Hadnon utropei va Tebei
OTNV UTTNPECia TNG TTPAYMOTIKAG PABnong kal va Ponbrjoel Toug PabnTéG va evipu@rRoouV
TTEPIOCOTEPO KOl PE HEYOAUTEPN OKPIBEIa OTO onueia ekeiva TTou €xouv PeyaAlTepa TTPORAAUATA

o€ KATT010 paénua.

AuTo BeBaiwg atroteAei pOvo pia atrod TIG TTOAANEG EQAPHOYEG TTOU PTTOPET Va EXEI N UNXAVIOTIKNA
HaBNnon a1o cuykekpipévo TTedio. Mpo@avwg, N PNXAVIOTIKR Jadnon Ba uTropouce va EQapUooTEi
TTEPIOTOTEPO KAl OTa TTAQicIa TG KaBapng dIdaoKaAiag apKeTWwY Yadnudtwy yia va BonBnoel
TO00 TOV EKTTQIOEUTH) 6CGO Kal TOV EKTTAIOEUOUEVO va BEATIGTOTTOINOOUV TNV amédoon Kal Thv
€MOOC0N TOUG. 2TNV TTapoUca €Qappoyr], HETOa aTrd TNV TTPORAEYN TWV OTTOTEAECUATWY TTOU
MTTOPEi va @EPEl 0 KABE eKTTAIDEUOPEVOG KAl TIG TIPOTACEIG TTOU KAVEI yIO TTEPAITEPW EKUABNON,
Ocixvel OTI putropei va Bonbrioel kal va KaTeuBuvel Tov eKTTAIOEUOUEVO, WOTE va KAAUWEI 600 TO

duvaTtov KAAUTEPA TIG EKTTAIDEUTIKEG TOU AOUVAMIEG.
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6.2. MeAAovTIKN €pyacia Kal EMEKTATEIG

Mia TTpogavig €TTEKTACT TNG TTapoUoag EQPAPHOYAG €ival va xpnolgoTtroinBolv Kal TITTAOV
aAyopiBuol yia TNV TTPORAEWN TNG €TTIO0CNG TWV PABNTWY, OTTWG 0 aAyopiBuog Gaussian Mixture
Model kai o aAyopiBuog TTou akoAouBei To Agglomerative Hierarchical Clustering. Kdtroior amo
auToUG TOuG aAyopiBuoug HAAIoTa PTTOPET Va €XOUV aKONA KOAUTEPA ATTOTEAECUATA O€ OXEON ME
Tov XpnoiyotroioUpevo K-means aAyopiBuo. Etriong pia dAAn duvatotnta €TTEKTAONG €ival va
EQAPUOCOTEI N MPNXAVIOTIKA WABNOoN ot AGAAEG ek@Avoelg Kal Oladikagieg TNG HaBnoiokng
oladikaaiag. Z€ KABE TTEPITITWON, O TOPEAg TNG TTaideiag ival évag TTPOTEOPOG TOUEAG OTOV OTTOI0
Ba uTTopoUCE VO E€QAPUOCTE EKTEVWG N I0EA TNG WNXAVIOTIKAG HABNONG HE TTOAU KaAd
atroTeAéouara.
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Mivakag eiIkovwyv

Ewkova 1: To LOVTEAD UAOTIOINGNG MVC ...ttt 13
Ewova 2: Aldypappa OvtotAtwy-Zuoxetioewyv tng Baong pag. (ER model) ................. 21
ELKOVOL 3: H OVTOTNTO USK 1eiiiiiiieeiiiieeeiteeesiteeeesiteeeesiteeeesateeessnaaeaesnsaeessnsaeeeessaeeennseeessnsees 22
ELKOVO 4: H OVTOTNTO FOIE ottt ettt e et e e ebae e et e e e s e e e ennas 22
ELKOVOL 5: H OVTOTNTO COUISE..uiiiiuiiiiiiiiieeiitiieeciiieeeesiteeeeseteeessaaeeessssaeessssaeessssaeessnsseesnnsees 23
[T}V W T s o1V o] g} o Ay = o1 4 o] o H PSR 23
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ELKOVAL 8: H OVTOTNTO ST cuviiieciiie ettt e et e e e e aae e e e e e 24
ELKOVA 9: H OVTOTNTOA QUESTION ..eeiieeciiiee ettt e e e e e e 24
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