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NepiAnyn

O OKOTIOG KOl TO OVTLKELPEVO TNG MapoVoaG SUTAWHATIKNG Epyaciag eival o oxedlaopog Kot n
avamntuén pag epappoyng oto mAaiolo tou DITAS project, mou va mapéxeL oTov Xpnotn tn duvatotnta
NG onpacloAoykng avalitnong (semantic search). ZxeSldotnkav TEXVIKEG EUTTAOUTIOMOU Kol
BaBuoAdynong péow twv onmoiwv Sltadopomoleital N oNUOCLOAOYIKH oo AAAEG popdEG avalTnong.
OL TEXVIKEG QUTEC avaAluBnkav ekTevwe HE okomod tn BeAtiotomoinon tng avalntnong. MapdAAAa,
vAorowOnke kal plo amAn avalntnon (simple search) yla tn ouykpLTkA HEAETN TNG TOXUTNTOG
€KTEAEONC, TOU MARBOOUG Kal TNG MOLOTNTAC TwV anoteAeopdtwy. H 18€a yla 1o Bépa mpoékue anod
TNV avAyKn yLa TTOLOTIKOTEPN avixveuon mAnpodopiag kat tnv aglomnoinor tng HEow TG TeEXVoloyiag
Twv Asdopévwy we Yrninpeoia (Data as a Service).

H ulomoinon tng REST-API edpappoyng mpayuatonoliOnke péow evog Spring-Boot standalone
microservice. O xpriotn¢ sloayovtag kamola opiopata, Aapupavel wg anoteAéopata tng avalntnong
blueprints, mou avoktwvtat and pa MongoDb Bdon dedopévwv. H onuacloloyikny avalitnon
EUMAOUTI{EL Tl ATTOTEAECUATA LLE TN XPHON KLaG ovtoloyiag, n onola aflomoleital péow tou framework
Jena kat eivat oxeSlaopévn pe tnv OWL2 yAwooa. 2tdxog eivat n epappoyn va eivatl aveEaptntn Tou
eldoug Twv Oebopévwv Tou emiotpédel. Ev mpokelévw, Ta otolxela twv blueprints mou
xpnowornowénkav adopolv aTpka Oedopéva. Anuloupynbnke emiong, €va front-end yla
efunnpétnon ¢ edapuoyng pe xprion HTML koau Javascript. Téhog, ouykpiBnkav ta Vo €ibn
avalntnong 6cov adopd TNV ToXUTNTA TOUG KOl TNV ToooTnTa Kal moldtnta twv blueprints mou
gmoTpadnKav.

Me tnv vlomoinon t¢ ebapuoyng 0 XproTnG KATEXEL TN SuvatotnTa EMAOYAG TNG AMANG N TNG
onuactoAoylkng avalntnong, evw kKabwcg adrvovral avolktd meplbwpla avamtuéng kat eEEALENG,
TIAPEXOVTOL AKOUA TIEPLOCOTEPEG SUVATOTNTEC OTOV TOUEQ QUTO.

Né€eLg KAewdra:
DITAS Project, REST, API, onuactoAoyikn, avalntnon, OWL2, MongoDb, Spring-Boot, uikpoiUmnpeoia,
Aebopéva wg Yninpeoia, DaaS, ovtoloyia, Jena, Java






Abstract

The object of this diploma thesis is the design and development of an application within the DITAS
project, which gives the user the capability of the Semantic Search. The semantic search differentiates
itself from other types of search because of its enriching and grading techniques. These techniques
were analyzed thoroughly in order to optimize the search. Furthermore, a simple search was
implemented for the comparative study of the execution time, as well as the quantity and the quality
of the search results. The idea for this issue has emerged from the need to accurately search for data
and utilize them through the Data as a Service technology.

The implementation of the REST-API application was accomplished using a Spring-Boot standalone
microservice. The user entering as an input some arguments, receives as the search’s results blueprints
that are recovered from a MongoDb database. The semantic search enriches the recovered results
through an ontology, which is used by the Jena framework and designed with the OWL2 language. The
goal is for the application to be independent to the type of the data returned. The elements of the
blueprints in use have to do with medical data. A front-end was also established to serve the application
using HTML and Javascript. Finally, the two types of search were compared in terms of their speed and
the quantity and quality of blueprints returned.

With the implementation of the application, the user now has the ability to choose between using
the simple or the semantic search, while leaving room for growth and development also even more
possibilities in this area are provided.

Keywords:
DITAS Project, REST, API, semantic, search, OWL2, MongoDb, Spring-Boot, microservice, Data as a
Service, Daa$, ontology, Jena, Java






Euxaplotieg

Me tnv nmapoloa SUMAWUATIKA Epyacio OAOKANPWVETAL N aKadNUAikn Lou opeia otn ZXoAn
HAektpoAdywv Mnyavikwv kot Mnxavikwv YmoAoylotwv tou EBvikou MetooBlou MoAutexveiou, n
omola &g Ba pmopovoe va SiekmepawBel xwpic ™ Ponbela Twv avbpwnwv He TOUG omoioug
OUVEPYAOTNKA KAl OL OTtOLOL PE oTAPLEQV OE AUTO TO €pYO.

Apxika, Ba nBeha va euyaplotiow tnv Ka. Osodwpa BapPapiyou, kabnyntpla E.M.M ya tnv
EUmLOTOOUVN TIOU Hou €8elée Kal TNV avabeon piag moAu evdladépouoa SUTAWUATIKAG Epyaoiag,
KaBwg kal tov K. AYIAAéa Mapvakn, urtoridlo Atdaktopa E.M.M yia tn BorBela kat tov xpovo mou
S61€6e0av kaBodnywvtag pe o 6Aa Ta otadla TNG EPYAOLOG.

TéAog, Ba nBeha va euXAPLOTOW TNV OLKOYEVELX LOU YLOL TNV OAN OTNELEN KATA T SLAPKELD TNG
doltnong Hou oTo MAVEMOTAMULO, KABWC Kal Toug ¢iAoug Kal Toug cupdoltnNTEG Hou, TToU ATaV
TIAPOVTEC TOOO OTA wpaio 600 Kal ota SUCKOAA AUTHC TNE MOPELAG.
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1. TEXNOAOTIEZ - EPTAAEIA

1.1.1. Javascript

H Javascript eival pia eAadplad, interpreted yAwooa mpoypapUOTIOUOU UE OVTIKELLEVOOTPADELS
dlotntec. O mupnvag tng yA\wooag eival evowpatwpévog otn Netscape, Tov Internet Explorer, kaBwg
Kol o€ AAAOUG MEPLNYNTEG LoTOU (web browsers) kal elval eUMAOUTIONEVOG e avTIKElpeva (objects),
TIOU QVTUTPOCWTEVOUV OPABUPA TOU TIEPLNYNTH LOTOU KL TO TEPLEXOUEVA Tou. H client-side mAeupa
NG Javascript eMITPEMEL OL LOTOOEALSEC VA TEPINAUBAVOUY EKTEAECLUO TIEPLEXOMEVO, UE ATOTEAECHA VAL
un xpeltaletat va xtilovral pe otatiky HTML (HyperText Markup Language), aAAQ va umopouv va
oAAnAeruidpolv LE TOV XPROTN, va €EAEyXOUV TOV TIEPLNYNTH Kol SUVAULKA va dnuoupyouv HTML
Tieplexopevo [1] .

To enionuo 6vopa tng Javascript eivat ECMAScript. AOyw MVEUUATIKWY SIKOLWHUATWY XPELACTNKE
va aAAAEeL Ovoua Kal onpepa, n Mozilla eival amnod tig Alyeg eTALPELEG TTOU EMUITPEMETAL EMOHMUWE VO
XPNOLUOTOLEL TO OGvopa Javascript. o kown Xpron UTtAPXOUV oL €EAG KOVOVEG :

. Me tov 6po “Javascript” avadepopaote oTnV YAWOOW TIPOYPAUUOTIOUOU.

. Me tov 6po “ECMAScript” avadepouaote otnv enionun npodlaypadn tng yAwooog. Apa

otav kamowo¢ oavadépetal otig ekdOOELC TNG yAwooag, TG ovoudlet ECMAScript. MNa
napadeypa “H twpvn €kdoon tn¢ Javascript eivat n ECMAScript 5”.[2]

1.1.2. Java

H Java eilvat pa yevikoU okomou, class-based, avtikelpevootpadr¢ yYAwooo MpoypaUATIOUOU.
Yxetiletal pe tnv C katl tnv C++ aAAd eivat apketda dtadopetikr, mapaBAénovrac Sitadopa oTtolyeia TG
C kat tng C++ kat ouvdualovtag otolxeio amo dAAeg YAwooed. Elval pia yAwooa unAou emumédou kat
SlaBétel autopatn Slaxeiplon Tou amoBnkeuTikol Xwpou (xpnoluomolwvtag Kupiwg tov garbage
collector) yia va anmoduyet ibava npoBAnuata acpaieiag. IXeSLAOUEVN WG EUMOPLKN YAwooa Kal Ol
WC €EPEUVNTIKOU evllopEPOVTOC YAWOOWA, O OXESLOOMOC TNnNC Oev Tmepléxel pn  SOKUOOUEVA
XOPAKTNPLOTIKA [41] .

To Java Virtual Machine eival to otolxelo umevBuvo yla tnv avefaptnoia ¢ Java amnod to
hardware kal 1o oUotnua, yla to PIKPO péEyeBog tou compiled kwdika Kal yia T duvatotnta va
TIPOOTATEVEL TOUG XPNOTEC amod KakoBouAa Aoylopikd. Eival éva adnpnuévo UTTOAOYLOTLKO UnxAvnua,
TO omolo Onw¢ Kot éva aAnBvo meptéxel S1ko Tou cuvoAlo odnywwv (instruction set) kat Staxelpiletal
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SL0POPETIKA HEPN TNC UVAHUNG KATA TN SLApKeLa TNG EKTEAEONC. To JVM Sev yvwpllel TUmOTA OXETIKA UE
N YAWoOoO TPOoYPAUHUATIOMOU Java, mTapd POVo pia cUYKeKpLUEVN Suadikni popdn (format), T popdn
Tou apxeiou kKAdong [3] [1].

To JDK tng Oracle (Java Development Kit) meplhaupavel évav Siepunvéa (compiler) kat éva
cuoTnua run-time nou vAonolei to JVM kaBautd [4] . Ano tnv €kdoon tngJava 11 kat petad, to JRE (Java
Runtime Environment) gv npoodépetar [4] .

Zta mAaiola tng mapol oo SUTAWMATIKAG Xpnolomnotionke Java 11.

1.1.2.1. Annotations

Ta annotations, pia popdr metadata, mpoodidouv mAnpodopia OXETIKA e EVO TIPOYPOLLLO TIOU
Sev elval HEPOC TOU TTPOYPAUUATOC KABAUTOU. Agv €X0UV AUECN EMISPACN O0TN AELTOUPYLA TOU KWK
Tou oxoALlalouv.

‘Exouv pa mAnBwpa epappoywy, LETAEY TwV Omolwv:

e [Anpodopia yia tov petayAwtiotr (compiler): Ta annotations pnopet va xpnotwuomnotnBouv anod
Tov compiler yia va aviyveloouv opaApata i va kataotelhouv warnings.

o Emnefepyaoia kata tn Olapkela petaylwtiong kat avamtuéng (deployment): Epyaleia
AoyloplkoU pmopouv va emeepyactolVv annotation mAnpodopia yia va dnuioupyricouv
kwdika, XML apxeia k..

o Emnefepyaoia kata tn dlapkela ekTEAeonG: Kamola annotations Umopouv va e€ETACTOUV KATA TN
Slapkela g ektéAeonc. [6]

1.1.2.2. Java beans

Ta Java beans opifovtal wg :
“Eva Java Bean eival éva emavaxpnolUonoLjolio oTolYeio AoyLloutkoU to omolo Umopel va umootel
ontikn eneéepyaoio ue xprion epyaieiov dnuiovpyiag”
Ta builder tools (epyaleia dnuloupyiag) pmopet va sivat builders wotooeAibwy, epapuoywv, GUI, n
OKOUO KAl EPapUOYWV EEUTINPETNTWV.
Ta Java Beans pmnopet va umootnpilouv mokiAopopdn AEToupyLlkOTNTA. AAAA YEVLKA TA OTOLXELD
TIOU TO XapaKktnpilouv eival :
e Yrmootnpln ywa “introspection”, wote éva builder tool va pmopei va avallosl mw¢ Asttoupyet
TOo bean.
e Yrmootnpln ywa “customization”, wote oOtav xpnolpomoleital évag application builder, o
XPNOTNG VA UTTOPEL va TPOCapUOCEL TNV eUdAavion kal cupnepldopd evog bean.
e YrmootnplEn ywa “events”, wg éva amAo HECO EMIKOWVWVLNG TTIOU UTIOPEL Vo XpnoLpomnolnBet yia
N ouvdeon twv beans.

e YrmootnplEn yla “properties”, kat yla mopapeTPOnoinon Kat yla mpoypoLaTLOTIKA Xpron.



e YrmootnplEn ywa “persistence”, wote éva bean va pmopel va elvol MApAUETPONOL)CLUO OTOV
application builder kot vo pmopel va €xeL TNV TAPAUETPONOLAOLUN KOTAOTACK TOU
amoBnkeupévn Kal apyotepa va enavadoptwOEL.

Ta tplol MO ONUAVTIKA XAPAKTNPLOTIKA Twv Java Beans eival To oUvVoOAo twv properties mou

ekB€touv, To oUVoAo Twv methods mou adrivouv AAAa components va KAAOUV KOlL TO GUVOAO TwV events
Tou evepyorolel. [5]

1.1.3. HTML

O MNaykooplog lotog (Word Wide Web) eival éva bdiktuo amo mnyég mAnpodoplwv. To Aiktuo
Baoiletal og TPELG LNXAVIOUOUG, WOTE VA EXEL AUTEC TLG TINYES SLaBEoLUEeG 0To eupUTEPO SUVATO KOLWVO:

1. ‘Eva opoLOpopdo cUCTN A OVOUATOAOYLAC YLO TNV EUPECN TWV TINYWV oTo Alktuo (rt.x. URISs).

2. MpwTtoKoAAQ, yla TPOCPOCN OE OVOUOTIOUEVEG INYEC (named resources) oto Aiktuo (Ty.
HTTP).

3. Ynepkeipevo (hypertext), yia eUkoAn mAoriynon otig mny£g, m.x. HTML (Hypertext Markup
Language) [7] .

H HTML 6ivel otoug ouvtdakteg tn duvatdtnta va dnpootevouv online éyypada pe kepaAideg,
Kelpevo, mivakeg, Aloteg, pwrtoypadieg, va meplhappdavouv Bivteo, nxo, areg edappoyég n va
avaktouv mAnpodopia online péow ouvdéopwv unepkelpévou (hypertext links). NMpoodépel emiong
MANBwpa SuvaToTATWY, OTIWE 0 OXESLAOUOC POPUWV YLa CUVOANAYEC LE ATIOLOKPUOUEVEC UTINPEGLEG,
kal n avalntnon mAnpodopiag [7] .

1.1.4. HTTP

JUuudwva pe to OSI reference model, to Hypertext Transfer Protocol (HTTP) eivat éva
TIPWTOKOAAO OTPpWHATOG £papUoynG yia MANPOoPOPLOKA CUCTHUATA TO OTola €lval KOTOVEUNUEVQ,
OUVEPYOTLKA KOL XPNOLUOTIOLOUV UTtEpEaa (Ypadikad, Nxo, Blvteo, ammAo KelLEVO KoL UTIEPOUVEECOUG).
Aev ouykpatel kamola mAnpodopia (stateless) kai elval éva yevikd mpwTOKOAAO Tou UMopel va
xpnotorownBetl yia Stadopeg epyacieg mépa amnod tn xprion tou oto hypertext. Eva xapaktnplotiko tou
HTTP gival n tumoAdynon Kat n SlampayUAateucon tng amelkoviong Twy de8oUEVWY, ETIITPEMOVTAC OTA
CUOTNHATA VO XTLOTOUV aveéaptnta and ta dsdopéva mou petadEpovial. XpnoLUOTMoLELTaL and Tov
MNaykoopto lotd (Word-Wide Web) amnd to 1990 [8] .



1.1.5. OWL2

O Znuaotohoykog lotog (Semantic Web) anotelel éva opapa yia to péAlov tou IvtepveTt, ou
n mAnpodopia mou eival dtabéoiun o auto dExetat oadr EpUNVeLa, KAVOVTAC TO EUKOAGTEPO yLa TIC
UNXOVECG va TNV €MefEPYOOTOUV KOL VA TN  XPNOLUOTIOL|COUV QUTOMOTOTIONUEVA. TnplleTal oTn
Suvatoétnta g XML (Extensive Markup Language) va opilel mpooapuooiua nedia (tags) kot tng RDF
(7 RDFS Resource Description Framework Schema) va mapouotalet Sedopéva [9] .

Mua ovtohoyia eival pla Bewpla n omola xpnollomolel ouykekplpévo Ae€AOYLO0 yla va
neplypael entities, classes, properties kat related functions amnoé kamola ontikr ywvia. Ot ovtoAoyieg
ETUTPEMOUV OTOV UTIOAOYLOTH VA KATAVONOEL TNV MAnpodopia autovoia. Epeuvntég €xouv avamtugel
YAWOOECG ovtoAoylwyv yla avamapdotacn tng yvwong (knowledge), epyodeia kataokeur¢ ovioAoyLwy
Kal reasoners yla va kavouv infer Tig ovtohoyieg. Avapeoa ot YAwaooeg ovtoloywwy, n OWL kat
OUYKEeKpLUEVA N TeAeuTaia €kdoon tng, OWL 2, eival n mio dnuodAng.

H OWL 2 Web Ontology Language, 1 OWL 2, eival pia yY\wooa ovioAoylwv yla To Semantic Web
LE pNTA OpLOUEVN onpacloloyia. Ot ovtodoyieg tng OWL 2 meplapBavouy KAAoELS (classes), 1OLOTNTEC
(properties), atopa (individuals) kat Tipuég Sedopévwy (data values) katl amoBnkevovtal cav apxeia
InUacloloylkoU lotou. AUTEC OL OVTOAOYIEG UIOpoUV va XpnowdomolnBouv pall pe mAnpodopia
Slatunwpévn os RDF, 6nwg emiong oL ovioAoyieg KaBauTEG Umopouv av epunveuBolv w¢ RDF apyela

[10].

1.1.5.1. Reasoner

O reasoner sival €va Mpoypappa to omoio e€dyel Aoywka emakoAouba amod éva cUVoAo pnta
kaBoplopévwy facts N aflwpdTtwy Kot YEVIKA TIPOohEPEL AUTOUATOTOLNMEVN UTTOOTAPLEN YLa reasoning
Aewtoupyieg, omwg classification, debugging kat querying.

H molwdétnta kat n opBotnta twv ovtoloylwwv Stadpapatilel {wtikd poAo oTn cnUACLOAOYLKA
avanapaotaocn kat otn diadoon tng yvwong (knowledge). Na tn dtacpaiion tng moloOTNTAC TWV
OVTOAOYLWV UTIAPXEL AVAYKN QVTLLETWITLONG TOU inconsistency Kal Tou uncertainty otig ovtoAoyieg o
real-world edpapupoyég. Mua inconsistent ovtoAoyia umodnAwvel tnv Umapén obAAUATOC R HULOG
avtipaong otnv ovtohoyia Kol wG ATOTEAECA KATIOLEG EVVOLEG OEV UITOPOUV va SLEPUNVEUTOUV CWOTA.
To inconsistency €xel w¢g anotéAeopa Peudr) oNUACLOAOYLKH KATAVONGH KoL OVATapAoTacnh YVwong.
To reasoning Twv ovtoAoylwVv HelwVeL To redundancy twv mAnpodopwwv otnv knowledge base kat
Bplokel TIG avtipaoelg oto neplexopevo tou knowledge.

Avapeoa otov peyaho aplBpod twv Slabeoiuwy reasoners, autol oL omoiol urtootnpilovtal ano
To Protégé 1 to NeOn eival : Pellet, RACER, FACT++, Snorocket, HermiT, CEL, ELK and SWRL-IQ, TrOWL

[10].



1.1.5.2. Pellet

Ita mAaiola TnG mapovoag SUTAWMATIKNAG gpyaciag, Ba xpnoiuomnolnbet o Pellet reasoner. O
Pellet elvat évag open source reasoner tn¢Java Bactopévog oto OWL-DL kat oxeSlaopévog ano to “The
Mind Swap” group. Eivalr Baocwopévog otov tableu alyoplBuo kat umootnpilel ekPPOOTIKES
TieplypadLkeG AoyIkéG. Mmopel va xpnolpomnolnBel oe ovtoloyieg péow tou Jena 6nwg kat tou OW-API
interface [40] . Emiong, o Pellet umtootnpilel tn dieukpivnon twv bugs. [11]

1.1.6. REST-API

To REST-API (Representational State transfer) eivat éva API (Application Programming Interface) pe
Baon to REST, 6nw¢ opilotnke amnd tov Roy Thomas Fielding. Autd kaBopilel pia oELpd KOVOVWVY OXETIKA
ue tnv avantuén edappoywv Web. :

. Client-Server: Staxwplopog Tng umnpeoiag REST n omola TpEXEL o€ €vav KEVIPLIKO SLAKOULOTH

(server) kat tou client.

. Stateless: o Slakoplotrg dev dlatnpel kamola MAnpodopla WG MPOG TNV KATACTACH TNG

ouvdeonc, al\a enefepyaletal kaBe aitnon to dto.

. Cache: ta 6edopéva mpémel va SnAwvovtal eite Apeoa €lte EUPETA WC TTPOG TN SuvatotnTa

TOUC va. amoBnKeuToUV 1) OXL TPOoWPLVA. TNV Mepimtwon mou dtabétouv tn duvatdtnta
QUTH, 0 XPNOTNG MMOpPEL va Ta {avaxpnoLOoMoL)oeL XwPLg va emavaldBel aitnuo otov
SlakouLotn).

. Uniform Interface: OtuAomouroetg Staxwpilovral amo TG UTINPECLEC TTOU TTAPEXOUV, £XOVTAC

€va KaBoALko Kkatl yeviko Interface, To omolo evBappuvel Tn SuvaTtoTNTA EMEKTAONG.

. Layered system: To Lepap)Lkd cUoTNUA HE S1ddopa OTPWHOTO ATTOKPUTITEL O KAOE oTpwHa

Vv mAnpodopia mouv Bpioketal oe AAAQ oCTpWUATAL.
J Code on demand: O Stakoptlotig umopel va aAAGeL i va avaBabuioel Tn AeLToupyLlKOTNTA
TOU e Kalvoupla €ékdoon tng ebapuoynic.

T€Aog, yevika pia Stadikacio o REST APl opiletal and to ovoud tne Kat pia HTTP pébodo (onwg
GET, POST nj DELETE). To yeyovog ot pia epappoyn eivat Web edappoyn, d& onuaivel anapalt)twg
TG 0KOAOUBEL TO apXLTEKTOVIKO povTéAo Twv REST-API [12] .

H edappoyni ota mAaiola tn¢ mapovoag SUMAWHATIKAG epyacia akoAouBel autd to UOVTEAO,
kaBwg e€untnpeteital pe HTTP GET autrjpata ta omoia eival stateless, €xel uniformed interface, ivat
LEPAPXLKN], UTIAKOUEL OTO POVTEAOD Xproth/meAdtn - Stakopotr, pmopel va avaBabutotei on-demand
Kol Ta SeSopéva yeviKa Sev amoBnkevovTolL TPooweLVA.



1.1.7. Data as a Service (Daa$)

H Swaxelpion kat n 6waBeon dedopévwv Stadpapatilouv onuavtikd poAo otn Soun Twv
pHovtépvwy cloud-fog apxltektovikwy. Xwpi¢ pla auotnpr, yprnyopn Kal VIETEPULWVIOTIKA HEBoSO
avtoAdayng dedopévwy v UmopoU e va ELLOOTE Glyoupol yla TRV amodoon Kal TNV moLlotnta Twy
ouvoAlaywv Kot Twv edpappoywv [25] . To mpoPAnua autd koAeital va AUCEL L OXETIKA VEQ
texvoloyia, Ta “Asdopéva wg Ynnpeoia”.

Ta Asdopéva wg Yninpeotia, aAwwg DaaS (Data as a Service), 0nwg OAa Tat LEAN TNG OLKOYEVELAG
“as a Service”, Baoiletal otnv 16€a Mw¢ To MPOoidV (dedopéva otnv Mpokeipevn) unopel va 5ol otov
Xprnotn otav to {NTRoeL, avetaptnta anod yewypadlkoug i SLoIKNTIKOUC SlaxwpLopous mpopunBeuth Kat
katavaAwtr). Emunpoobeta, n epdavion tng service-oriented apXLTEKTOVIKI G KAVEL TNV TAATHOPUA TNV
orola ta dedopéva uTtAPXoUV va pnVv €xeL onuaocia. [23]

H mpwtoPfoulia tou DaaS eival pla emévduon oto va edpaiwbolv kot va opyavwbBolv ta
napaywylka Sedopéva oe €va PEPOC Kal va eival Stabéowua va umootnpifouv véeg, aAAd Kot
unapyxovieg Pnolakég mpotdoels. To DaaS ylvetal €va KawoTOpo oUOTNUA HE TO va eKBETeL Ta
6ebopéva wg éva dla-emxelpnolakd otolxeio. TEAog, ameleuBepwvel ta dedopéva amd legacy
ouotnuata Kol ta wBel oe véeg edapuoyéC kal Pndlakd CuoTAPOTA, XWPLG TNV avaykn va
Slatapacovtal untapyovta back-ends.[24]

1.1.7.1. Blueprint (VDC)

Zta mAaiola tou Ditas Project kal ouykekpluéva otnv uvAomoinon tou Data as a Service, n
neplypadr Lo unnpeoiag, pe okomo va gival Stabgoiun oe 6Aoug Tou TBavoUg ayopaocTEG, YIVETaL
pnéow tou VDC Blueprint, To omotio dnuloupyeital kat SnUooleVETAL OO TOUC KATOXOUC TwV SES0UEVWV.
To VDC (Virtual Data Container) w¢ peocoAaBntnig Sivel tn SuvatdtnTa OTOUG KATAVOAWTEG TWV
6ebopévwy amAwg va opioouv Tta requirements twv {ntoupevwy dedouévwy Kal ival umevBuvo yla
TNV Tapoxn TOUG EVW OTTOKPUTITEL TNV TTOAUTTAOKOTNTA TNG UTIOKELUEVNG doung. To Blueprint mou
avtlotolxet og éva VDC eival éva JSON apxeio ou neplypddel OAEC TIG AeMTOPEPELEG TNG UAOTIONONG
(kat dAAa otolxela Onwe StaBeouotnta, TLUA KAL), [25]

1.1.7.2. JSON

To JSON (JavaScript Object Noattion) sival €évac popdotumog, o omoiog XpnNOLUOTIOLE(TAL YL
avtaAlayn dedopévwy PETAEL OAWY TWV YAWCOWV TIPOoypPapaTIoHoU. Mapouoldotnke apxLkd, to 2001
oto website json.org. O oplopog tou JSON enavadnuootevtnke w¢ “IETF RFC 4627” ([13] ) tov loUALo
Tou 2006. Elval gumveuvcpévo amod tnv Javascript (ECMAScript) onwg €xel oplotel oto ECMAScript
Language Specification.

AmoTteAeltal amo £va CUVTAKTLKO HE AYKLOTPA, AYKUAEC, AVW KoL KATW TEAEIEG KAl KOUUATA, TO
orolo eivat xprioluo o dtddopa mMAaiola Kot ebAPHOYEG. ZUYKEKPLUEVA, amoTeAE(Tal amo SUo BAOLKEG
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OopEG OeSOpEVWY, TA OVTIKELHEVO KOL TOUC TIlVOKEC. Ta QVTIKElMeEva amoteAolvtal amo {evyn
OVOMATWYV Kol TLUWV, EVW OL TIVAKEG AmoTeEAOUVTAL Ao €va cUVOAO TIHWV. H TLUA EVOC OVTIKELLEVOU
umopel va eival keipevo (String), apBuog, aAnbég/Peuvdeg (boolean) r kot avtikeipevo 1 mivakag [14

1.1.8. MongoDB

H MongoDB eival pia woxupn kat eVEAKTn Baon Sedopévwy yevikol okomoU. Tuviualel
duvartodtnta emEKTOoNG o otolxeia, onwg deutepelovieg Seikteg (indexes), range queries, Talvounon,
aggregations kal geospatial deikrec.

H MongoDB 6ev eival pla oxeotakn PBacn 6edouévwy, aAAd QVAKEL OTNV OLKOYEVELA TWV
Document Databases. Mia document-oriented Baon §gdopévwv avilkablotda tnv Evvola TN YPOUUNAG
(eyypadn), pe €va mio eVEAIKTO HOVTEAO, TO €yypado (document). NeplthapBavovtag EVOWHATWUEVA
gyypada Kol TVAKEC, N TIPOCEYYLON QUTH ETUTPEMEL TTOAUTIAOKEC LEPOPXLIKEG SOUEC YE pia eyypadn).
[15]  Autég oL Baoelg Sedopévwv MPoodEPOUV TO TAEOVEKTNMO TOU va amoBnkevouv OAn Tnv
mAnpodopia oxXeTIKA e €va object og éva document, xpnotomnowwvtag epdwAeuvpéva documents Kot
arrays. Auto BeATLwVEL TNV amodoon, HELwVOVTOG ToV aplBud Twv queries mou xpeldlovtal ylo va
avaktnBouv 6Aa ta attnBévra dedopéva kat e€adeidpovrag Tnv avaykn yla Eévwon mvakwy. [25]

Eniong, dev umapxel otn Baon kAmolo mpokaBoplopévo oxnua. Ta KAEWSLA Kal oL TLUEG EVOG
apxeiou Sev €xouv otabepo péyebog N Tumo. Xwpi¢ mpokaboplopévo oxnua, n mpoodbnkn N n adaipeon
nedlwv avaloya pE TIC aVAYKEG TNG ebapUOYNG YivETAL EUKOAOTEPQ, XWPLG va XPELaoTEL va. aAAAEeL
KAToLo¢ Ttivakag. AUTO Katd ouvemela kaBiotd amodotikdtepn tn Sadlkaocia tng mapaywyng,
SlEUKOAUVOVTAC TOV MIELPAUATIOMO KoL TG SOKLMEG [15] .

Ita mAaiola Tn¢ mapovoag epyaciag, kabwe ta blueprints mou Ba emiotpEédovral Sev eival
kaBoplopévou peyEBoug, emAéxBnke n MongoDb ovoa document-oriented.

1.1.9. Spring

To Sping Framework elvat €va open source framework, Baclopévo otn yAwooa
TIPOYPOAUHOTIOHOU Java. AmoteAel pa xapnAou ¢optou AUon yo tn dnuloupyla ETILXELPNOLOKWV
epapuoywv. Map’oAa avtd, n SLdpOBpwaon Tou, TOU EMLTPEMEL TN XPON KOVO TWV KOUUATLWY TOU TIOU
xpetaovrtal xwplg ta unmoAouta. Avapeoa o€ autd Tou mpoodépel eival to model-view-controller
(MVC) kat n duvatotnta yia Aspect Oriented Programming (AOP). [16]

1.1.9.1. Spring Boot

To framework tou SpringBoot emitpémnel autopatn napapeTponoinon, divovrag tn Suvatotnta

oto Spring, €€umva, va avixveUoeL To €160¢ tNC epapuoyng mou SnULoOUPYELTAL Kol oUTOHOTA va
7



KaBoploel TIC amapaitnTeC CUVIOTWOEG yla va uttootnplxBolv oL avaykeg tng edpoappoync. Eival
6nAadn, oxedlaopévo waote va amAoMoLEL TNV avamtuén Twv ePopUOYywWV, TO OO0 EMITUYXAVEL LECW
duvatotnTwv Tou TPoodEpel, OnMwG To auto-configuration [17] . Avaueoca ota LoXupotepa
TpoTEPHATA ToU Spring Boot slvat:

e Anuoupyet stand-alone Spring edappoyEg.
o 'Exel evowpatwpévous Tomcat, Jetty 1 Undertow (6ev umdpyet avaykn yia deployment WAR
apxelwv).

“n

o [poodépel “'starter' dependencies” yla va amAomnotiost t dnuoupyia tou configuration.

e [lapapetpomnolel autopata to Spring kat 3rd party BLBAL0ORKkeC (6mou eivat Suvatov).
o [1poOodEPEL XOPAKTNPLOTIKA ETOLUA YL XPHON OTNV Iapaywyn onwc metrics, health checks kat

externalized mapapetpomnoinon.

e Aev dnuloupyel kwbika kat Sev €xel mpoamattoupevn XML napapetponoinon. [18]

1.1.9.2. Spring Boot Microservice

Ta microservice €ival pLla LOVTEPVA TIPOCEYYLON AOYLOUIKOU, TTOU 0 KWAIKAC TNG £DAPUOYAG
napadidetal oe HIkpA, Slaxelpiolua koppatia, aveéaptnta amno aAAa. H pikpn toug KAlpako Kat n
OXETIKA AmopovVWwaon Umopouv va o8nynoouv g oA pooBeta opEAN, OTIwG EUKOAOTEPN GUVTHPNON,
auENUEVN TTapaYwWYLKOTNTA, HEyaAUTEPN avoxn o odpdaipata [19] .

Ita mAaiola Tng mapouvoag epyaciag, n epappoyn Ba vAomownBel w¢ €va microservice. Etol,
0poU 0 KWOLKAC UETAYAWTTLOTEL, SnNUIOUpPYELTAL €val jar OPXELO TIOU QUTOUCLO TEPLEXEL OAN TNV
AelTtoupykoTnTa TG edappoyng kat dev xpetaletal va ekteAeotel o€ kamolov application server.

1.1.10. Apache Jena

To Apache Jena eival éva eAelBepo, avolxtoUu Aoylopkou framework tng Java ywo tov
oxeblaopo epappoywv Inuactoloytkou lotou kot Alaouvdedepévwy Asdopévwy (Linked Data).
To Framework meplAapfavet:
e ‘Eva API (Application Programming Interface) yia avayvwon, enefepyacia kat eyypadr RDF
6ebopévwy oe XML, N-Triples kat Turtle.
e ‘Eva APl ovtoloywwv yia tn Staxeipton ovtoloywwv OWL kat RDFS.
e M Slemadn, n omola Ba Baoiletal os kKavoveg yia cuAAoylotiki pe dedopéva OWL kat RDF.
e JTPATNYLKEG ATOBNKELUONG TIOU OUTOCKOTIOUV OTNV QTMOTEAECUATIKY) amoBnkeuon UeyaAou
oplOpovu RDF triplets otn pviun i otov okAnpo dioko.
e ALOKOULOTEG TTOU UMOpOoUV va dnupoactevouv RDF dedopéva og GANeG epapUOYES .



JUYKEKPLUEVA OTNV Ttapouoa epyacia xpnolpomnoleitat to Jena Ontology API. Auto to gpyaleio,
npoodEpel éva otabepod interface yla avamtuén epoppoywv Pe oviohoyieg, avefaptnta amo Tn
YAwooo ovtoloyilog mou xpnoldomoleital, amnod tnv mo ekppaotiky OWL Full, péxpt kat tn Ayotepo
RDFS [20] .

1.1.11. Apache JMeter

To Apache JMeter eival pia eAelBepn, avolxtou Aoylopikol edapuoyr oxedlaopévn yla
Aewtoupyka test oe peydlo ¢opto NG epapuoyng KaBwWE Kal ylo va UETPAEL TIC €TLOOOELS TNG
edappoync. Eixe apxwka, oxedlaotel yla test oe epappoyeg Web, aAdd €xet emektabel kat oe GAAa €16n
test.

Mropel va xpnotpomnotnBel ylo vo TpocooLWwaoEeL LEYAAo GpOpTo o€ Evav eEumnpeTnTr (server),
€va group amo servers, i Kol 0 KATOLo SIKTUO yLa va EAEYEEL TIG AVTOXEC TOU 1) VL AVAAUCEL TN CUVOALKN
Tou emidoon katw anod Stadopetikd Ppopto attnuatwy [21] .

Ita mAaiola TnG mapoloag SUTAWHATIKAG Xpnotpomnolnnke yia tn dte€aywyn LeEYAAou OyKou
TEOT UE KUpLa TeoT Ta performance.

1.1.12. Protégeé

To Protégé sival éva eAeUBepo, avolytoL Aoylopikou framework kat editor yla ovtoAoyieg, yia
™ dnuloupyia EEUTIVWV CUCTNUATWV.

Yrootnpiletal and pla Kowotnta akadnuaikwy, KUBEPVNTIKWY KoL ETOLPLKWY XPNOTWV, Ol
oToloL To Xpnotpomnolouv yla va Snuioupynoouv AUoeLg Baotuéveg ota dedopéva, oe molkida media ,
OTWG N Blolatplkn Kal To NAEKTPOVIKO eUmopLo. To Protégé umootnpilelt tnv OWL 2 [22] .

Yta mAaiola tng mopol oo SUMAWOTLKAG XPNOLUOTOLNONKE yla ToV oXeSLOOUO TNG ovtoAoylag.



2. APXITEKTONIKH

2.1. Ewaywyn

MNa va eKPeTaAAEUTEL Kavelg oTo Emakpov SeSopéva mou mapayovtal anod onolovénmote KAado,
UTTAPYXEL avaykn yla BeAtiotomoinon tng dtadikaoiag ocuAhoyng, amoBrikeuong, mpoofacnc, XPHong
Kal, TEAKA, TMopadoong Toug otov TeAkO xprnotn. Ta Asdopéva wg Ynnpeoia (Data as a Service)
OTOXEUOUV OTO va SNHLOUPYNOOUV €va HOVTEAD o Baciletal o UNtNPEaCieg, To omoio Ba KaAUYPEeL OAo
ToV KUKAO lwnG Ttwv OeSOopévwy HEOW KATAVEUNUEVWVY Oloouvdedepévwv UMnpecwwy Kal Ba
QVTIHETWITiOEL Ta MpoavadepBEvTa InToupeva NG Stadikaoiag.

O BeAtiwoelg mou mpoTeivovtal amnod To yeviko nmAaiolo tou Data as a Service Marketplace sivat:

e Content discovery: Eva onpacloAOyLKA €VIOXUHEVO OTOLXELO yla EUPECN TEPLEXOUEVOU TIOU
BonBdelL autdv mou ayopadlel ta Sedopéva va Bpel ta kataAAnAotepa 6cov adopd To
nieplexopevo. Emiong, Bonba tov mpounBeutn dedopévwy, va ta meplypdP el KAAUTEPA yLa va
yivel o eUkoAo va Bpebouv.

e QoS evaluation: Eva epyaleio afloAdynong mou MopAyeL OTOTIOTIKEG OVAAUOELG KOL LETPLKEC
Mowotntag Ynnpeowv (Quality of Service) yla tig unnpeoieg mou mpopnBevouy ta Sedopuéva,
yla va BonBricouv Tov ayopaaotr) oxtL Lovo va afloAoynoel tnv MNolotnta twv AeSopévwy, ala
Kal Tnv Moldtnta Twv Ynpeowwyv e Tnv omola ta Sedopéva SlatiBevral.

e DaaSrepository scalability: Eva oTolxelo EMEKTACIUOTNTAG TOU ETUTPETEL TN SUVALLKN ETEKTOON
Tou repository tou DaaS Marketplace, yla va StacdalileTal n €MIXELPNOLOKI) CUVEXELD Kall
avoyn ota opaApara.

H mapouoa epyaocia eotialel otig BeAtioTonolnoelg otov Topéa Tou Content discovery.

Ma tov AOyo auto, UAoTOLEiTal Pla onuacloAoyikr avalntnon. H onuacloAoyik avalitnon
S€xeTal wG eloob0 oTolXela TOU XPHOTN KOL EMLOTPEDEL ATTOTEAECLLOTA TTOU VAL £XOUV CUVADELQ LE QUTA.
AUTO TO metuyaivel epmAouTtilovtac ta eloaxOévta otolyeia pe AAAa oxeTikd. OAEC AUTEC OL OXEOELG
HETAEL TwV oTolXelwv mpaypatomolovvtal Ke tn cupBoAn pLag ovtoloyiag. Tédog, adou avaktnBolv
OAa Ta OXETIKA amoteAéopata, Taflvopouvtal BACEL TNG OXETKOTNTAC TOUG Kal TapoucLalovtal oTov
Xpnotn.

ErmutpooBeta, ekTOC TNG LAOTOINONG TOou semantic search, yla cuykpLtikoU¢ Adyoug uAomolnOnke
Kal pa oA avalntnon (simple search). H semantic kat n simple avalntrioslg cuykpivovtol Kat Ta
CUUMEPAOUATA 00OV 0dOPA TNV TTOLOTNTA KAL TTOCOTNTA TWV AMOTEAECUATWYV £ival epdavr). H simple
search aodaAwg sivat n amAovotepn Hopdn avalntnong mou Ba pmopoloe va uAomolnBei kat dev
OUYKpPLVETAL He AAAEG, OTIWG yLa Ttapadelypa tnyv elastic search.
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2.2.

2XEOLOLOUOC

H uvAomoinon plag mAatdopuag onuacloAoyikng avalntnong Eetalel S1APOPEC APXLTEKTOVLIKEG
ETUAOYEG.

1.

2.3.

Apxka, n avalntnon Ba akoAouBei to potifo tou stand-alone search engine, 6nwg e€nyeital
oto [39] . Ta document mou avalntei o xpriotng (blueprints otnv mpokeipevn), Bplokovtat EKTOG
NG Hnxavng avalntnong oe pia Baon dedopévwy Kat n semantic search gv kaAel kamota GAAN
punxowvn avalntnong yla va ta anokthioel (ta document), aAAd anAwg ekteAel query otn Baon.
Ta i6la ta document dev gival dppnkta cuvdedepéva Pe KAmola utdpxouoa ovtoloyia () to
avtiotpodo). AvtiBEtwe, mpoodépetal n eveliéio va oxedlaoTel ek VEOU pLa VEa ovtoloyia He
Baon T avayKeg TNG avalntnong Kal ta Sedopéva ou Ba PEMEL va EMLOTPEPEL.

H Stadikaoia g avalitnong amokpUMTETAL Ao ToV Xpnotn, kabwg dgv unapxel StadopeTikn
ocupumneplpopad and tnv epapuoyr mPog Tov XpHotn avaloya e To 1606 avalnTtnong mou BEAeL
Va TIPOY LOTOTIOLH OEL.

H Soun tn¢ ovtoAoyiag mepthapBavel E€vav amAod okeAETO TOU SnULOUPYEL OXEOELG HETAEL TWV
otolyelwv. Aev €xouv oplotel properties ota otolxeia TG ovioAoyiog, aAAd €xouv OpLOTEL
OXEOELG UTIO-KAAONG (avTioToLya uTteEp-KAAONG) HETAEL TOUG.

H enmavénon (EumAoutionog Stolyelwv mpoc avalntnon) yivetal otatika. H edappoyn He ™

BonBela tng ovtoloyiag mpoomneAavvel Ti¢ hard-coded oxéoslg Twv eloayBEévtwy oTolxeiwv Kat
Snuoupyet pa Alota pe 0Aa ta otolyeia mou Ba aflomoinBouv otnv avalntnon tng Baonc.

H avalitnon otn Baon eival eniong hard-coded. Ta slcayxBévta otolyeia pall He Ta oTolKEla
gumAouTtiopol avalntwvtal 6Aa pall kot ontolodnmote document MepLEXEL €0TW Kal €va Ao
QUTA, EMLOTPEDETAL.

H O&wdwkaoia Boabuoldynong (BabBuohoynon otolyeiwv kol  blueprints) emtpémet

TapapeTponoinon 6oov adopd tic LeETPKEC. KaBe otolxeio £xet €vav S1kd Tou Babuod avaloya
LLE TN ONUOVTLKOTNTA TOU O OTMOL0G TMAPAUETPOTIOLE(TAL.

MAoriynon

Me Baon ta mapandavw, vAomolndnke n edapuoyn tng mapouvoag gpyaciac. H spapuoyn

okoAoUBel TNV apyiltektovikr) tou REST-API kal eival uAomownpévn wg éva Spring-Boot microservice.

Eniong, o xpriotng umnopei va xpnolpomolnoeL tnv epapuoyn eite pe éva HTTP GET request, eite amno to

vAomotnpuévo front-end.

O xpnotng mpayuatonolei pia avalntnon pe Baon kamola opiopoata (tags) kot emBupel va Tou

emotpadel €va ouvolo amod blueprints taflvopnuéva wg mpog tn ocuvadeld touc. Ta blueprints

amoteAouvtal amno tags. ZToxo¢ TN uAomoinong eivat 6tav o xprotng Balel wg eloodo kamola tags, va
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UNV tou emotpedovtal povo blueprints mou ta mepléxouv autolola, aAAa kot blueprints mou
TLEPLEXOUV tags OXETIKA LLE QUTA TIOU ELCAYAYE 0 XpNoTNG, Taflvounuéva pe BAaon to mooo akpLpn ivat.
MNna napadeyua, os pa avoalntnon pe tags Doctor, Smoker, To blueprint [Doctor, Smoker, Pregnancy]
€xeL uPnAotepn Babuoloyia (peyaliutepn ouvadela) and to [Doctor, Asian, Female] kat dpa 6a
eudaviotel uPnAotepa Adyw TG Taflvonon .

Emiong, yla tn oUYKPLTIKY MEAETN TNG ONUACLOAOYLKAG avalnTtnong uAomotntnke Kot n amin
avalntnon kat éva front-end oto omolo pnopet o xprotng va Ti¢ aflomoliosl apdoTepeG.

JUUMEPAOUATIKA :

H simple avalitnon sniotpédel ta blueprints mou meptéxouv Hdvo ta tags mou £xouv eloayBOel.
Avtiotolxa, Kat n taflvopnaon mou cuPALVEL OTNV TIPOKELUEVN TEPITTwon adopd Lovo Tto MARBog Twv
tags mou meplExet kaBe blueprint, SnAadn, £va blueprint mou mepLéxel 2 tags amd auTA OV ELONYAYE O
XPNOTNG EXEL LLKPOTEPO BaBUO amod £va mou mepLéxel 3 amnod ta tags.

Ma tnv vhomoinon tng semantic avalitnong oxedldotnke pla ovioAoyia n omoia opilet Tig
OXEOELC METALL TWV OTOWELWV ToU Sopouv Ta blueprints. OL oX€0ELg QUTEG €lval OXECELG METALY
KAdoewv (KAdon-umokAdon-unepkAdon) onweg kat individuals mou avikouv oe kamoita kAdon. lNa
napadelypa, to Doctor €ival umo-kAAOn TOu oTolxelou Person, Omwc¢ kat To FamilyDoctor eival
uTtokAdon tou mediou Doctor. ETal, Ta apXLkd, tags mou elofyaye o Xprotng eUmAouTtilovtal pe aAa
HEOW TWV OXECEWV TIOU TIPOKUTITOUV QIO TNV OVIoAoyia.

H glpeon autwv Twv emunpocBetwy tags yivetal akoAoubBwvtag pia oslpd kavovwy. Etal, yla
nopadelypa av o xpnotng avalntnoel to tag Doctor, Ba tou emotpadouv kal blueprint mou
neptAappavouv kat To tag Person (wg umep-kAdon tou Doctor). Aleupuvetal dSnAadn, to mARBog Twy
gloaxBevtwy tags pe aAAa tags Ta omola £Xouv KAToLo OXEon HE Ta eloaxBevta (Omwc SleupUveTaL Kal
To MANB0¢ Twv entotpedouevwy blueprints).

H semantic avalntnon mépa amnod tn Slevpuvon Twv Opwv MPETEL VAL UAOTIOLEL KAl TO cUOTN A
taélvounong-fabuoloynong mou avadépBnke mponyoupévwe. Na nmapadewyua, o Neurologist €xel
superclass tnv kAdcon Specialist, Tou €xeL superclass tnv kKAdon Doctor. Mwa avalitnon Ue tag to
Neurologist Ba mpémnel va eniotpédel blueprints mou meplappavouv wg otolxeio to Neurologist e
vPnAotepn Babuoloyia amd autd mou mepLExouv Tov Specialist, mou Ba €xouv emiong uPnAdtepn
BaBuoAoyia anod autd rmou nepLExouv Tov Doctor.

TéNog, mépa amo tn cuvadela twv tags onuavtikd polo otn BabuoAoynon evog blueprint
KATEXEL O OPLOUOC TV oToLlXElWV Tou. OTav 0 XpAotng eLoAyeL 5 tags, elval o mbavo va ePLUEVEL Eva
blueprint pe 5 pepika Tatpldopata ar’ ot éva blueprint pe 2 akplfn talplacpara.

H semantic avaltnon v téAeL:

e EpmAoutilel ta tags pe ta omoia yivetal avalntnon otn Bdon twv blueprints pe yvwuova tnv
ovtoloyia.

e EumAoutilel LlepapXlka. e kAOe tag ite TO €lonyaye 0 XpNotng, £ite mpogkuPe HEOW TNC
ovtoloyiag avtiotolyiletal évag Baduoc.
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e BaOuoloyei 1o kdOe blueprint. H BaBuoloyia autrh mpokUMTEL HECW MLOG POPHOUAAG TTOU
TIPOOUETPAEL TOV BaBOuO Tou KABE tag Eexwplotd, aAAA Kol TOo TARB0G TWV TALPLACUATWV.

Ito kepaAawo 3. ANAAYZIH yivetal n Bewpntikn avaluon micw amd ta BooKA KOUUATIO TNG
vAomoinong. ZuykekpLlUéva, HeAeTATOL N Sladikaoio Tou EUTTAOUTIONOU Twv tags (3.1. EpumAouTtiondg
Ztoxelwv mpog avalnitnon), omwce kat n Babuoloykn Lepapxia Toug Kal n mpokuntouoca GopUouAa
BaBuoAdynong twv blueprints (3.2. BaBuoAdynon otoweiwv kat blueprints).

310 Kepahalo 4. Y avaAUetal To KOMUATL TNG uAomoinong ywa to YAomoinon Front-End, tnv
YAomoinon Ovtoloyiag kat to YAormoinon Back-End. H avdaluon auth yivetal yla kabe Eexwplotn

KAdon/apxeio mou €xouv AUECO AVTIKTUTIO OTNV EKTEAEDCN TNG EPAPHOYNAC.
2tn ouvéxela, e€etalovtal ta 5. AMNOTEAEZMATA tng ektéAeong tng semantic avalitnong

OUYKPLTIKA pE TNV simple avalntnon. Autd sival eite moootikd (5.1. MNoootikog €Aeyyoc), dnAadn,

adopouv ylo mapadelypa TANBOC AMOTEAECUATWY Kal TaxUTnta ektéAeong, €ite mototika (5.2.
MoLoTikog EAeyY0Q).

TéAog, ouvoyilovral ta ZYMIEPAIMATA, avaluovtal MeAAOVTIKEC ETIEKTAOELS Kal TopatiBetal o
KQAIKAZ.

2.4. Em\oyn epyaAsiwv

MNa tnv vlomoinon tng €papUoynG Kol CUYKEKPLUEVO TG semantic avalntnong apxika,
ETUAEXONKE N xprion tng Java péow tou Spring Boot framework. H amAotnta, aAAd Kot oL SuvaTtoTNTES
Tiou tpoodEpovtal amnod to Spring-Boot to kablotouv eUKoAn emiAoyn 6cov adopad Ti¢ Java epapUoyEC.
Eniong, xpnotwuomnot®nke pia REST-AP| apXLTEKTOVIKN WC AmAr web-apXITEKTOVLIK.

H Bdon em\éxBnke va gival un-oxeotakn, dnAadn va ivat pia NoSQL Bdon Kot cuyKekpLUEVA
n MongoDB.

MNa tov oxedlaouo tng ovroAoyiag xpnowponotibnke n OWL2 péow tou epyaleiov Protégé. H
ovtoloyia €ylve reason pe tov Pellet (Reasoner) kat aflomoleital otnv epappoyrn péow tou framework

Apache Jena.
Eniong, yla tov oxedlaopo tou front-end oxedidotnke po anAn oeAida pe tn BonBeia HTML

ko Javascript, n omoia otéAvel HTTP GET attrjpata oto standalone microservice.
TENOG, yla TIg peTpoelg aglomolibnke to Apache JMeter.
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3. ANAAYzH

3.1. EWmAOUTLOMOC ZTOLXELWV TIpOC avalTnon

Onwg avadpepOnke kat otnv APXITEKTONIKH, o eumAouTiopog yivetal otatikd. Mo KaBe
eloaxBév tag akohouBeital pla Stadkaoia pe tnv onola Bplokovtal OXETIKA HUE aUTO tags (OUYyEVIKA
Tou). Adou BpeBouv autd ta tags, pall pe ta swoaxbévia, amoteAouv To cUVOAO Twv tags mou Ba
TLEPACOUV OTO query yla tn Baon (oeA. 20).

Me tnv elcaywyn €vog tag amod tov Xpnotn, EAEYXETAL OV UTIAPXEL OTNV ovtoloyia Kal av eivat
Class ) Individual. Av 8ev eival timota ano ta dUo, onuaivel mwc Sev EPLEXETAL OTNV OVIOAoyia Kal
npodavwe ayvoeital. AvaAoywe TL amo ta SUo €ival, UTIAPXEL KLa OELPA KOVOVWVY TTIOU OVOKTWVTOL OL
“ouyyeveic” tou otolxeiou autou kat BaBuoloyouvtal (BaBuohoynaon). Ot ouyyeveic autol ival Ta

otolyela mou Ba epmAoutioouv TNV avalntnon. Ol KAVOVEC JLE TOUG OTIOLOUG ETUAEYOVTAL OL CUYYEVELG
elval TomoBetnuévol pe oepa epBivouvcag onuaciag. O cuyyevhG EVOC OTOLXELOU TIOU LKOWVOTIOLEL TOV
TPWTO Kavova, Babuoloyeital uPpnAotepa Ao onmoLlovSrTIOTE CUYYEVH), OTIOLOUSHTIOTE OToLXElOU TTOU
LKOVOTIOLEL TOV SEUTEPO KAVOVA K.ATL.

Ot kavoveg evtorilouv 800 SLadopETIKEC TTEPLMTTWOELC, TO ELcaxBEV oTolxeilo va eivatl individual
n class:

3.1.1. Awadikaoia epnAoutiopov pe Baon ewocaxBév-tag individual

Kata oslpd amo avtd pe vpnAotepn Babuoloyia og autd He TN XAUNAOTEPN, OL KOVOVEC yLa
€va individual Ba emiotpéouv:
1) Tnv kKAdon otnv omola avikel To individual kal 0L omoladnmote UTeEp-KAAON AUTAG.
2) Ta siblings tou individual, 6nAadn, ta individuals Tng kKAdong mou avrkel to eloaxBév individual kat
oOxL ta individuals omoloudnmote subclass Tng KAAonG AUTAC.
3) T€AoG, OAEG TIC UTtEP-KAAOELC TNG KAAong Tou individual kat Oyt povo tnv Apecn umep-KAAon aAAd kot
UTtEP-KAQOELG QLUTAG.

Nivakaoc 3-1 : Kavovec spumhoutiopou Individual
Zuyyévela

Individual (input)

Direct class tou individual

Direct siblings Tou individual

OAeg oL superclasses TnG KAAoONG
tou individual
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MNa mopadetypa pia avalntnon pe tag Asian Ba givat:

Nivakog 3-2 : Mapddsypo eUmAouTIopoU yio to tag Asian (Individual)

Relationship tags

Individual Asian

Class of individual Ethnicity

Sibling of individual American_Indian_or_Alaska_Native,

Black_or_African_American,
Caucasian_or_White,
Hispanic_/_Latino,
Native_Hawaiian_or_Other_Pacific_Isla
nder

Superclasses ¢ kAdong Ttou | Demographics

individual

3.1.2. Aladikacia epnAouTticpol pe Baon slooaxBEv-tag class

Kata oelpd and avta pe unAotepn Babuoloyia o autd Pe Tt XapnAdTEPN, Ol KAVOVEC yLa
€va class Ba emiotpéPouv:
1) Tig GpEeoeC UTTO-KAAOELG TNG KAAONG Kal OXL UTIO-KAAOELG TWV UTIO-KAACEWV.
2) Ta individuals tTn¢ kAdong Kat oxL ta individuals omoloudnnote subclass Tn¢ kKAdong.
3) TéAOG, OAEG TLC UTEP-KAQOELG TNG KAAONC KAl OXL LOVO TNV AUECH UTEP-KAAON OAAA KAl UTIEP-KAAOELG
QUTAC.

Nivakac 3-3 : Kavoveg spurmhoutiopou Class
Zuyyévela

Class (input)

Direct subclass tou class

Direct individual tou class

OAa ta superclasses tou class

MNna noapadelypa pia avalntnon pe tag Doctor Ba eivat:

Nivakog 3-4 : Mapadswypa eprmAoutiopou yia to tag Doctor (Class)

Relationship tags
Class Doctor
Direct subclass of class FamilyDoctor, Specialist
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Individual of class

Superclass Tou class Person

3.1.3. Z0voyn EumAoutiopov

Ev téAel Ta tags mou Ba mpokuPouv yla avalntnon otn Baon pe elcaxBévta tags ta Asian kot
Doctor Ba sivat :

Simple search : {Asian, Doctor}

Semantic search : {Asian, Ethnicity, American_Indian_or_Alaska_Native, Black_or_African_American,
Caucasian_or_White, Hispanic_/_Latino, Native_Hawaiian_or_Other_Pacific_Islander , Demographics,
Doctor, FamilyDoctor, Specialist, Person}

Elvat epdavég nmwg otnv 2" mepimtwon, n avalntnon Oa eival ektevéotepn adou Oa
xpnowomnownBolv ta eloaxBévta tags, aAAd Kal autd Tou mpoékuPav amd tn Sadlkacia Tou
gUmMAouTIopOU. Me autdv Tov TPomo, Ba umdpyel MOAU peyaAutepo mANBocg amod blueprints mou Ba
emotpadouv oTov XpnHoTn.

MPOKUTTEL £TOL N AVAYKN TAEWVOUNOHG TOUG e BAON TO TOCO CXETIKA ELVAL LE TA ATOTEAECHATA
Tou emntd o Xpnotng. MNa tov Adyo auto, Snuioupynbnke to cvotnua Babuoldynong twv blueprints
TO OTtOl0 OTNPLIETAL OTN CUYYEVELD TWV tags Tou epmAouTilouv TNV avalntnon Ue Ta apxka, tags Kot
ToV BB TNG CUYYEVELOG OIUTAG.

3.2. BaBuoAoynon otowxeiwv kot blueprints

Mépa amod Tov eUMAOUTIONO TN avalntnong Le Kawvoupla otolxela (6oov adopad tnv semantic
avalntnon), umapxel avaykn taflvopnong kat Boabuoldynong avetdptnta amd to £ido¢ NG
avalntnonc.

Onwg avadépbnke kat otnv BabBuoAoynon otoxelwv kat blueprints, n BaBuoAoynon eival
TIOLPOLLLETPOTIOLAOLUN. AUTO onpaivel mwg o Babuog tng kabe oxéong Unopel oAU amAd va aAAAEeL Kat
KaTtd ocuvemela va BaBpoloynBouv pe Stadopetiko tpomo ta blueprints mou emotpédovral.

H BaBpoAoynon xwpiletal oe U0 Koppatia:

1) Tn BaBuoAoynon tou kKABe otolyeiou EExwpPLOTA OVAAOyQ LE TN CUYYEVELA TIOU £XEL UE TO
eloaxBév otolxelo

2) Tn BaBuoAoynon tou kABe blueprint pe Baon Toug empépoug Babuoug Twy otolxeiwyv Tou.
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3.2.1. BaOpoAdynon kAOe ototxeiov e Baon tn cuyyEvela HE TO tag

OL UTIAPXOVTEG KAVOVEG EUMAOUTLOMOU €lval umeUBuvoL Kal yLa TNV avabeon evog LEpap)LKOU
ocuotnuatog BabuoAoynong. Adol ol Kavoveg opioouv He mola otolxela Ba eumAouTioTouV Ta nén
umapyovta otolxeia (EUmAoutiopocg), eAéyxouv Ta otolyeia autd, SnAadn, Tt eldoug oxéon €xouv Ue Ta

eloaxBévta otolxela-tags kal toug avtiotolyilouv évav Babuo, mou o peyalutepog Babuog avtiotolxet
Kal oe akplBéotepn ouoyxéton. OL kavoveg mou uAomolnBnkav eviomilouv 800 SLaPOPETIKES

TIEPUTTWOELG, TO eloayBév tag va eivat Class ) Individual.

Individual : Av to elocaxbév tag ival Individual, to tag evog blueprint tou eival (610 pe to eloayxBev €xel
BaBuo 100, av sivat idlo pe TNV KAGon otnv omola avikel to elcaxBév individual, Ba €xel Babud 80 kat
avtiotolya, av eivat pe sibling Tou elcaxBévtog (6nAadn, individual Tng kKAaong Tou elcaxBévtog), Ba
€XeL Babuo 71 kat téAog, av eivat idlo pe kamoLla UTtep-KAAGN TNG KAAONG Tou eloaxBévtog (superclass),

ue Babuo 59.

Nivakocg 3-5 : BaBuoAoyia ava kovova eprmAoutiopou yia individual-tag

class

Relationship Rank
Individual 100
Class of individual 80
Sibling of individual 71
Superclass of individual’s | 59

‘Etol, to Individual Asian (BaBuocg 100) Ba epmAoutioTel Ye To otolxeio Ethnicity wg KAAon otnv omola
e

avikel  (BaBudg  80),

Ta

American_Indian_or_Alaska_Native,

siblings tou (BaBuog 71) kat pe to Demographics wg umtepkAdcon tou Ethnicity (BaBuog 59).

MNivakoc 3-6 : BaBuoAoyia Kot otolyeio epmAouTlopoU yia sloaxBev tag Asian

Relationship rank tags

individual 100 Asian

Class of individual 80 Ethnicity

Sibling of individual 71 American_Indian_or_Alaska_Native,
Black_or_African_American,
Caucasian_or_White, Hispanic_/_Latino,
Native_Hawaiian_or_Other_Pacific_Islander

Direct superclass of | 59 Demographics

individual’s class
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Black_or_African_American, Caucasian_or_White, Native_Hawaiian_or_Other_Pacific_Islander wg




Class : Av to eloaxBév tag eivat Class, to tag evog blueprint mou eival iSlo pe to eloaxbev, €xel Babuod
100, av sival (6o pe umo-kAdon (subclass) Tou eloayxBévrog, Ba €xel Babud 80 kal avtiotolya av givatl
(6to pe individual tou eloaxBévrog, Ba €xel Babuod 71 katl téAog, av lval dlo Ue KATola unep-KAAoN
Tou eloayxBEvtog (superclass), pe Babuo 61.

Nivakocg 3-7 : BaBuoAoyia ava kovovo. eprmAoutiopou yia class-tag

Relationship rank
Class 100
Direct subclass of class 80
Individual of class 71
Superclass of class 61

‘Etol, to tag Doctor (BaBudg 100) Ba eumAouTioTel pe ta otowxeio FamilyDoctor kal Specialist w¢
subclasses (BaBuoi 80) kaL pe To otolxeio Person w¢ superclass (BaBuog 61). Avtiotolxa, to tag
SmokingStatus (BaBuog 100) Ba epmAoutiotel pe ta Ex-Smoker, Never_Smoker, Smoker wc¢ individuals
(BaBpot 71).

Nivakoc 3-8 : BaBuoAoyia Kol otolyeia epmAoutiopou yia elooyBév tag Doctor

Relationship rank tags

Class 100 Doctor

Direct subclass of class 80 FamilyDoctor, Specialist
Individual of class 71

Direct superclass of class 61 Person

3.2.2. BaOpoAdynon tou blueprint pe Bdaon toug BaBpolg twyv tags

Adou gpmAouTtiotel To mMARBOoG Twv otolxeiwv mou Ba avalntnBet otn Baon kot Babuoloynbel
TO KAOe oToLXElO EEXWPLOTA, MEVEL TO KOUUATL TNG BaBpoAdynong Twv blueprints. Apxikad, o Babuoc tou
kAOe blueprint Ba mpénel va e€aptdtal amno ta EMUEPOUE OTOLXELA, OTIOTE TIPOKUTITEL WG TO ABpoLloud
TOUG:

n
Z Gi
i=0
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Gi: O BaBuog tou kabe tag mou mepléxetal oto blueprint. Aopadwg, av kamolo otolxeio tou blueprint
Sev avn kel 0To oUVOAO TwV tags (EUMAOUTIOMEVO KOl Un), SEV TPOCUETPATAL.

To mARBoc¢ twv tags Opwc, Ba mpémnet va dtadpapatilel onpavtiko poio otn BabuoAdynon tou
blueprint. Eva blueprint mou €xeL mévte avtiotolyieq acdhaAws Ba MPEMEL va TIPOTLUATOL OO KATIOLO
TIOU €XEL HOVO pia. Ouwg, ev Ba mpémel povo 1o MANBOG TWV avTLoTollwY va KaBopilel amoAuta T
BaBuoAoyia evog blueprint. AnAadn, éva blueprint mou epiléxet 3 akpPn tatplaopata (mepléxel 3 tags
oo aUTA TIoU elonxOnoav) Ba MPEMEL va TPOTLUATAL OO VA TIOU TIEPLEXEL 4 HEPLKA (TtEpLEXEL 4 tags
OUYYEVIKA HE QUTA IOV LonxBnoav). Mo auTthv TV Kavovikomnoinon tou Babuou, dgv xpnollomnoleitat
otn ¢popuouAa povo to abpolopa twv Pabuwv OAwv tTwv otolxeiwv, aAAd to aBpolopa autd Ba
Slatpeital pe to mARBog Twv otolxelwv mou mepLéxel To blueprint. Etol, Ba mpotiunOet €va blueprint pe
3 akplpn talplaopata anod Eva Ue 4 PEPLKA.

iz Gi
N
Gi: O BaBuog tou kabe tag mou mepléxetal oto blueprint. AodbaAwg, av KATOLo oToLElo Tou blueprint
8€V aVNKEL 0TO GUVOAO TwV tags (EUMAOUTIOUEVO Kal ), SEV TPOCUETPATAL.
N: To mAB0o¢ Twv otolxeiwv tou blueprint.

MNa napadetypa avri va BabpoloynBouv 2 blueprint wg:

100 + 100 + 100 < 80 + 80 + 80 + 80
MpokUTTEL:

100+100+100> 80+ 80+ 80+ 80
3 4

Ouwg, av og pLa simple avalntnon Bpebel éva blueprint pe 1 otolyeio mou va Talplalel pe Eva
eloaxBév otolxeio (dpa BaBuodc=100/1=100) kat éva blueprint pe 2 otolyeia mou va talplalouvv pe Vo
eloaxBévra otolela (apa Rank=(100+100)/2=100), Ba €xouv tnv idla Babuoioyia. OUCLACTIKA OUWG,
10 2° blueprint tapLalet oAU KAAUTEPO OO TO MPWTO KABwWG Katadepe va Talplatel Baoel 2 tags. Etol,
yla va ipoodidetal peyalvtepn Babpoloyia o peyaAUTepPO aplOuo Talplacpatwy (xwplc wotdoo, va
anaAeldpBel n kavovikomoinon) mpenel 6co avéavetal to peEyebog tou blueprint, va pnv avavetoat
oVaAOYLKA O TtapavopaoTnc. EmAEXBnke n xprion tng pllag yla autov tov Adyo. MPokUTTEL N TEAKN
dopuoula Babuoldynong twv blueprint wg €nc:
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Nivakog 3-9 : AAvoplBpuoc urtodoylopoU Babuou blueprint

n -
i=o Gl

VN

Gi: O BaBuog tou kaBe tag mou nepléxetal oto blueprint. AodaAwg, av KATOLO OTOLXELO TOU
blueprint §gv avrikel oto cUVoOAO Twv tags (EUTTAOUTIONEVO Kal Un), Sev MPooUETpATOL

N: To mARB0o¢ Twv otolxeiwv Tou blueprint.

‘Etol, evw To blueprint pe 1 otolxeio Ba £xel maAl Babuod 100, auto pe ta 2 otolxela Ba €xel Babuod
141,421, evw auto pe ta 3 Ba €xel 173,205.

3.2.3. Atadikacia BaOpoAdynong

Eniong, 6cov adopa t Stadikacia tng BabuoAdynong umapxouv oL €€AG KAVOVEC AOYLKNG TTOU
akoAouBouvtat :

- KaBe sloaxbév tag Snuioupyet Eva tag group, pla opada ano tags SnAadn, mou nepthapfavouv
TO 1610 KaBwG Kot AAAQ tags ToU TPOKUTITOUV UE EUMAOUTIONO UE BAon auTo.

- T kaBe blueprint xpnowpomnoleital povo pa popa Eva tag group.

- O BaBuodg mou mpokumntel oto kKABe blueprint, mpokUMTeL anmd TNV KataAAnAdtepn emdoyn
otoxelov amo kabe tag group, dapa b6ev pmopel va oaflomonBel pla greedy Aoyikn
BaBuoAdynong mou to 1° (f kat peyaAUTePO) Taiplaoua ival Kot To KOAUTEPO.

‘Eotw avalntnon ue tags Gynecologist, Doctor kal to blueprint

‘ FamilyDoctor, Doctor, Psychiatrist, MedicallmagingTest, OralTest ‘

Ao to tag Gynecologist TpokUTITOUV Ta £€NG OTOLXELQ:
‘ Gynecologist(grade 100), Person(61), Doctor(61), Specialist(61) ‘

Ao to tag Doctor mpokUTTouv ta €€N¢ oTolxela:
‘ Doctor(grade 100), Specialist(80), FamilyDoctor(80), Person(61) ‘

MNa tov Baduo tou blueprint Ba xpnotpomnownBouv Ta
(Doctor(61) + FamilyDoctor(80))

= 63.057117
V5
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Aev Ba xpnotpomotnBel SnAadr), 2 popég to tag group tou Doctor (Doctor(100)+FamilyDoctor(80)), oUte
Ba xpnowuomnolnBet to tag Doctor ano to Doctor tag group, KabBw¢ auto dev Ba enéotpede TO LOAVIKO
OTOTEAEC QL.

(mapadeypa Swadikaciag ektéheong BabuoAdynong: Mivakag 4-14 : Mapddelypa okoAouBLOKAG
ektéAeoncg dynamicGrade)

3.2.4. YOAOYLOMOG TWV HETPLKWV

H emloyn twv Babuwyv, Twv cuyyevwv Tou tag mou emotpeédovtal, alAd Kal tTnG KaBauTAg
LEPAPXLAC TWV KAVOVWYV E(vVaL KATL TTAPAUETPOTIOL|OLUO Kal EEAPTATOL ATIO T AVAYKEG KAl TOV OKOTIO
Tou TPOPANUATOC. ZTta TAAiol TNG TAPoUoag SUTAWMOTLKAG, OL HETPLKEG €TUAEXONKAV WOTE va
LKOVOTIOLOUV KATIOLOUG AOYLKOUG KOVOVEG.

Ooov adopa tn Pabuoloyia twv tags, adol emAEXOnKav oL OXECEL PE TIC Omoie¢ Ba
eumAoutilovtal ta tags (yia mapadetypa sub-classes tou doouévou class i siblings tou doouévou
individual) kot tagvoundnkav amoé ta mo onuavtika (peyaAog Babuog) ota AlyoteEpa CNUAVTLKA,
Enperne va emAexBoUv Kat oL TeAkol Babpoi mou Ba tormoBetnBouv. MNa Tov Adyo auTo apxKa, n TANPNG
avtiotoiylon eloaxBévrog-tag kat blueprint-tag yla Adyoug eukoAiag opiotnke 100. Ot Aoyikol KaVOVEG
HUE TOUG omoloug mpokUnmtouv ot BaBuol e€aptwvtal amd tnv ulomoinon, opkel va €xouv wg
amotéAeopa Babuoug os yvnoiwg pBivouoa oelpd. OL Kavoveg oL omoiol eMAEXBNKav yLa TV emAoyn
TWV UETPLKWV OVTLOTOLYOUV OTLG TIAPOKATW OXECELC:

(Oewpettal nwg To elcaxBEv tag £xel Babuo 100, tag cuyyévelag mpwtou Babuol €xouv Babuo a, 2°°
BaBuouL €xouv Babuod b kat 3°° Babuou €xouv Babuo c.)

1) e avalntnon pe Soopéva 2 otolxeia-tags, £va blueprint mou mepléxel 1 tag mou talplalel akplBwe
HE €va amo Ta slwooaxBévra, va €xel yaunAotepo Babuo amd éva blueprint mou €xel 2 tags mou
T(POKUTITOUV OO CUYYEVELA UE Ta EloaxOévta (tnv 2" KAaTd oElpA CUYYEVELQL).

1x100 2Xb

A 2

b > 70.71

2) e avalntnon pe doopéva 5 otolxeia-tags, éva blueprint mou mepiléxel 3 akppn taipla va €xel
XaunAotepo Babud amo éva mou €xeL tags TIoU TIPOKUTITOUV o cuyyeévela (1°Y Babuov).

5Xa 3X100

5

a > 77.46
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3) Ze avalntnon pe doouéva 3 otolxeia-tags, Eva blueprint mou mepléxet 3 tags mou MPOKUTITOUV e
ouyyévela (1°° BaBuou) va €xet ubnAdtepo Babuo amnd éva blueprint mou meptéxel 1 akplBEg Taipt kat
2 pe ouyyévela (éva 1°° kal éva 3°° Babuou) otav kat ta 3 Soouéva tags mapaméunouy o€ class tng
ovtoAoyiag kat xaunAotepo Babuo dtav napamnéunouy oc individual.

MNa class:
3Xa 100+c+ a

B3

Mna individual:
3Xa 100+c+ a

B0

BAoeL TwV KOVOVWVY QUTWV, ETUAEYOVTAL OL TTOPAKATW TIUEC, OTIWG opilovTal OToV KWoLKaA:
public final static int DEFAULT_PARENT_TAG_RANK = 100;

public final static int RANK_CLASS_SUBCLASS = 80;
public final static int RANK_CLASS_INDIVIDUALS = 71;
public final static int RANK_CLASS_SUPERCLASSES = 61;

public final static int RANK_IND_DIR CLASS = 80;
public final static int RANK_IND_SIBLINGS = 71;
public final static int RANK_IND_SUPERCLASSES = 59;

3.2.5. Zuvoyn BaBpoAdynong

H Stadikaocia tng fabuoAloynong eival appnkta ouvdedepévn pe tn Stadikaoia UMAOUTIONOU.
Adou emiAexBoUV oL OXECELG EUMAOUTLOLOU, TIAPOUEVEL LOVO 1 AVTLOTOLXLON TWV KOTAAANAWY HETPLKWV
otnv KaBe oxéon. OL oxéoelg (Aoylkol Kavoveg) Tig omoieg Ba kavomolel o kaBe Babuog Ba mpémel va
elval amotéAeopa TPOOEKTIKAG avaAuong, kabwg kabopilouv ONUAVTIKA TO ONMOTEAECUA TNG
taflvopnong.

3.3. Zuvoyn avaAuong

JUUMEPAOUATIKA, Ta amoteA£éopata Ta onoia Ba emotpadolv otov xprotn (Kot N oelpd Tou )
efaptwvtal amno:
1. Toug kavoveg eunAoutiopol (6nAadn, To 1L Ba emotpédetal anod tn Bdaon)
2. Tnv emloyn AOYIKWV Kavovwv yla toug Babpolg mou avtiotolxilovtal oToug KavOVeG
EUMAOUTLOLOU
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3. Toug BaBpoug mou avtiotolyilovtal 0TOUC KAVOVEG EUTTAOUTIOHOU (OTIWE MPOKUTITOUV OO TOUG
AoyLkoUG KOVOVEG)
4. Tov oXedLaouo tng ovroloyiag

O oxeblaopog tng ovtoloyiog Ba etetaotel oto kepalalo YAomoinon Ovtoloyiag, map’oAa autd
e€aptatal Kuplwg amnod tnv eumnelpia tou ontology expert. Eival emloyr) tou ontology-expert mwg Ba
oxeSLA0EL TNV OVTOAOYLa KOL KATA CUVETIELD TTOLEG OXEOELG Oa alomoL0EL 0TO CUOTN A EUMAOUTIOUOU
KOL LLE TIOLAL OELPA ONUACLOG. Oa ATOV CUVETO OUWG, OL TTAPATIAVW TIOPAYOVTEC TTou Slapopdwvouy Thy
TOLOTNTA TWV ATOTEAECUATWY VA €lval amoppola GUAAOYIKNG OKEYNG Kol LEAETNG.

Elval mpodaveég Aoumodv, mwg n Aoy TWV KAVOVWY EUTAOUTLONOU, N TAELVONGT) TOUG KOTA OELpA
onuaoiag, ol Babuol mMou Toug avtlotolyouy, akopa Kal n ¢opuouAa kabauth mou opiletal yla Tn
BaBuoAdoynon twv blueprints e€aptwvtal and tnv ekAoToTe UAOTOLNON.

Ma napddelypa, yLo Tig avaykes aAAou npoBAnuatog pnopet otnv ¢popuouvAa va aflomolovvtay n
3" pia avti TNg 2" pe amotéAeopa va auEavovtayv n e€dptnon anod to mAnBoc tTwv tags.

Mrmopel emiong va xpnolpomolouviav pia tafvoulon pe Stadopetikols Babuoug, Omou yla
napadelypa to superclass plag kAaong Ba ixe unAotepn Babuoloyia and to avriotolyo subclass n
UMopEL va pnv emotpEdovtayv Kav ta subclasses.

TéAog, umopel to query otn Baon va oxediaotel dadopetika (BA. MongoApp.java). Avtl va

xpnowuornotlovvtal 6Aa ta tags, SnAadn, Kal autd mou lonxBnoav Kol auTtd mou tpoékuayv anod tov
EUMAOUTIONO, UTtOpEL va xpnaotponotnBouv povo ta devtepa. Mmopel emiong to query avti va avalnta
blueprints ou va TepLlEXouV OMOLOSHTIOTE €K TOU CUVOAOU TwV tags (eloaxBévta Kal amo UMAOUTIONO),
va avalntd blueprints ou va neptéxouv akplpwg Eva tag amno kabe tag group.
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4. YAONOIHzH

4.1. YAomoinon Front-End

ITOX0C TNG SUMAWUATIKAG gpyaciog eival n dnuoupyia plag REST-API epapuoynG. ZUVEMWG
o600V adopad To KopuatL Tou Front-End &nuoupyndnke éva anhd web page yla eukoAia xpriong Twv
Vo popowv avalntnong. XpnowdomolBnke éva Baoikd index.html apyeio diakoopnuévo pe éva
stylesheet apxeio kat n oénola eneepyacia oto front-end yivetal pe ) xprion €vog javascript apyeiou.
MNavw oto index.html xpnolpomnoBnke éva €towuo Bootstrap B€ua, to Grayscale [26] .

4.1.1. Index.html

MNapatnpwvtag to index.html apxeio, ¢paivetal mwg n oBévn xwpiletal oe dVo opllovria
Koppatia, evw to 6eUTePO opllovTio o Tpila katakopuda. To MPwTo opl{OVILO KOPUATL KaAwaoopilel
TOV Xprotn otn oeAida.

210 8eUTEPO KOWUUATL, TO TPWTO HEPOC TtepAaUPBAVEL €va text-box pe ovopa Tag 1 kot amd KATw
600 lelyn KoUMWV, €va ylo TIPOooBnKn Tieplexoévou, éva yla adaipeon kat Suo yla avalntnon,
simple kal semantic. To 6eUTEPO KOUUATL YEUIlEL Evav TlVOKA SUVOULKA UE OTOLXElD PETA Qo pia
simple avalntnon otn Baon. To Tpito KOUUATL avtioTolxa, YeUilel Eévav Ttivaka SUVAULKA LE OTOLXEla
HETA amo plo semantic avalitnon otn Baon.

MNapakatw ¢aivovral ta 3 koutlad <div> kal Ta stylesheet Touc:

Nivakac 4-1 : Stylesheet ywa to front-end

first { .second { .third {
width: 20%; width: 39%; width: 39%;
float:left; /* add this */ float: left; /* add this */ float: left; /* add this */
} margin-left : 5px; margin-left : 5px;
font-size: 0.8rem; font-size: 0.8rem;
} }
<div class="first"> <div class="second" <div class="third"
<form id="frm1""> id="simple_div"> id="advanced_div"">
Tag 1: <input type="text" <h4 style="text-align: <h4 style="text-align:
id="tagl" center">Simple Search center">Semantic Search
style="width:100%" ><br> Results</h4> Results</h4>
</div> </div>
</form>
<button style="margin-
left:30%; width:30px;
height:30px; border-
style:none;"
onclick="addInputTag()"
class="btn_add"></button>
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<button style="margin-
left:10%; width:30px;
height:30px; border-
style:none;"
onclick="deleteInputTag()"
class="btn_rem"></button><br>
<br><br>

<button
style="display:inline-block"
onclick="simpleSearch()">Simp
le Search</button>

<button
style="display:inline-block"
onclick="semanticSearch()">Se
mantic
Search</button><br><br>

</div>

Ev TéAeL n elkOVA TTOU TTAPOUCLATZETAL OTOV XPOTN €Lval N MAPAKATW:

Here, we can compare the difference between running a simple search and an semantic search.
Simple search : Given some tags, blueprints containing the exact tags will be returned.
Semantic search : Given some tags, blueprints containing the exact tags, as well as their superclasses, subclasses, siblings or individuals will be returned.

Tag 1: Simple Search Results Semantic Search Results

|
+

Simple Search | Semantic Search

Ewkéva 4.1 Apxikn o9ovn

Me tn BonBela tou javascript apxeiou, o Xp)oTNG UMOPEL VoL KAVEL TIG AKOAOUBEC EVEPYELEG:
Matwvtag To KOUWTL TPOoBNKNG EPLEXOUEVOU, O XPOTNG UIOPEL va Snuioupynoel kawvoupla redia-
tags yla va ta yepiosel. Mmopel va €xetL To moAU 7 nebla-tags.
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Ewkova 4.2 Kouuri mpooBnkng mepLexoueévou

Matwvtag To Kouuni adaipeong meplexouévou, o xpnotng unopel va Staypael media-tags. Navra Ba
unapyet 1 nedio-tag.

Ewkova 4.3 Kouurti apaipeonc mepleyouevou

Mmopel va elodyel o€ kamolo nedio Tag karmolo otolxeio mou Ba BeAe va avalntroel.
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Ewkova 4.4 MNebia etoaywyng tags

Matwvtag to kouumi yla amAn avalntnon, Eekwva n dtadikaaoia tou simple search (MyController.java)
ue Baon ta tags mou €xel BaAel o xpriotn¢. OAa ta media-tags MPEMEL val TIEPLEXOUV TLUN.

simple search | fe o |

Ewkova 4.5 EktéAeon simple search
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Here, we can compare the difference between running a simple search and an semantic search.
Simple search : Given some tags, blueprints containing the exact tags will be returned.
Semantic search : Given some tags, blueprints containing the exact tags, as well as their superclasses, subclasses, siblings or individuals wﬁll be returned.

Tag 1: Simple Search Results Semantic Search Results

Doctor

Tag 2

5f465d52a93bfd39b41064d8 |Psychiatrist] - 7.071068

, Indes: [BodyMassIndex, Doctor, PregnancyOutcome,

5f465d52a93bfd39b41064a5 (Twins, TestType] - 7.071068
Index: [interventionReason, Black_or_African_Am
Doctor, Student] - 7.071068
Simple Search Index:
Semantic Search
Ind

Index:

Index:
5f465d52a93bfd39b4106466

Index: [Doctor, fribrinogen, MedicallmagingTest,
5f465d52a93bfd39b4106461 [TestName, Other] - 7.071068

Ir

T e ——

Ewkova 4.6 AntoteAéouata ektéAeonc simple search

Matwvtag¢ Tto Kouumi yla semantic avalntnon, fekwa n Swadlkacio Tou semantic search
(MyController.java) pe Baon ta tags ou €xeL Balel o xpriotng. OAa ta edia-tags MpEMEL va MEPLEXOUV

.

' Semantic Search |

Ewkova 4.7 EktéAeon semantic search
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Here, we can compare the difference between running a simple search and an semantic sear:

Simple search : Given some tags, blueprints containing the exact tags will be returned.

Semantic search : Given some tags, blueprints containing the exact tags, as well as their superclasses, subclasses, siblings or individuals will be returned.

Tag 1
Doctor
Tag 2
)

Simple Search

Semantic Search

Simple Search Results

Semantic Search Results

Index: mokingStatus, Pregnancy, Doctor,
5f465d52a93bfd39b4105abc |interventionReason] - 12.727922

Indesx: [Doctor, Examination, UrineTest, SmokingStatus,
5f465d52a93bfd39b4105e53 |Pulmonologist] - 12.727922

Index: [Doctor, OtherSpecialist, SmokingStatus, Sur;
5f465d52a93bfd39b4105fcb |12.727922

Index: [Doctor, Ex-Smoker, OtherOccupationStatus] -
5f465d52a93bfd39b41061ac |11.313708

Indesx: [Doctor, Ex-Smoker, Occupation,
5f465d52a93bfd39b4105d32 |OtherPregnancyOutcome] - 11.313708
Index: [BodyMasslndex, Caucasian_or_White, Ex-Smoker,

5f465d52a93bfd39b4106020 |Doctor, EducationLevel] - 11.3

[Gastroenterologist, prothrombi
Index:

Spontaneous_abortion_/_Miscarriage, Doctor, Ex-
5f465d52a93bfd39b4105a5f

Smoker] - 11.313708
Index: MedicallmagingTest, Ex-Smoker, UrineTest,
5f465d52a93bfd39b4105e49 |Doctor, OutcomeUnit] - 11.313708

Ewkova 4.8 AnoteAéouara ektéAeong semantic search
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4.1.2. Javascript.js

210 apxeio auto vAomolouvtal 5 armAEG CUVAPTNOELS Yia eEUTINPETNON Tou index.html
addInputTag: Exovtog KpatioeL Tov Twpvo aplBud ano nedia-tags, 0tav KaAeitaL autrh n ocuvaptnon
av ta nedla-tags eivat Alyotepa amnod 7, mpoobétel 1.

deletelnputTag: Exovtag kpatrioel tov Twpwvd aplbud amod media-tags, otav KoAeltal auti n
ocuvaptnon av ta nedia-tags eivat neplocdtepa ano 1, adatpei ta media mouv €xouv npootebeil, SnAadn,
€va Kevo <br>, To meblo-tag kal to Gvopa tou mediou.

addTable: Me tnv kKAjon aUTAG TNE CUVAPTNONG TIEPVAVE WG TAPAETPOL 2 LeTaPANTEC. Eva apxeio json
kat éva id. To id autod, avadépetal oto nedio tou index.html (<div>) mou Ba phoevroet Evav mivaka.
O niivakag mou Ba SnuioupynBel €xel SU0 OTAAEG, pia TEPLEXEL Eva AVAYVWPLOTIKO yla kdBe document-
blueprint mou éxeL emwotpadel and tn Baon kal n @AAn neplExel to document-blueprint. Kat ot Vo
OTHAEG MPOKUTITOUV ATTO TO jSON APXELO TIOU £XEL TTEPACEL WG TTAPAUETPOC.

simpleSearch: Me tnv KAon auTr¢ TNG CUVAPTNONG, AVAKTWVTOL OL TLMEC TwV MeSlwv-tags Kal pue Baon
auta, kaAeital to endpoint/simple. Ave€aptnta anod to mAnbog twv nediwv-tag mou Oa €xeL yepioet o
XPNotTnG, N ocuvaptnon Kalel To endpoint pe entd tags, Oomou ooa media dev €xouv GUUMANPWOEL
armoktoUV Kevi TN (aAAad opilovtal oto http request). 2tn cuvéxela, ekteleital fetch oto endpoint,
KOL N amavinon tou, €va apXeio json, TMEPVAEL WE TAPAUETPOC O KANon tng addTable pall pe to
KATAAANAO avayvwPLOTIKO yLla To Ttedio tou index.html.

To Fetch API, mou xpnotuormoleital yia tnv kKAon tou back-end endpoint, eivat éva evxpnoto
Javascript interface yia HTTP Requests. ZuykekpLuéva, yivetat to fetch oto back-end
const response = await fetch('http://localhost:8090/simple'+fetcher);
Kall otav emotpadel n anavinon, auth enefepyaletal wg json
const advancedlson = await response.json();

semanticSearch: Me tnv KAjon QUTAG TNG CUVAPTNONG, AVAKTWVTAL OL TIUES TwV Tedlwv-tags Kal pe
Baon autad, kaAeital to endpoint/semantic. Ave€aptnta anod 1o mAnBog twv nediwv-tag mou Ba £xel
yeuloel o xprotng, n ouvaptnon koAel to endpoint pe emtd tags, omou oca mebia dev €xouv
oUUMANpwOel amoktouv kevn TLun (aAAa opilovtat oto http request) 2tn ouvexela, ekteAeital fetch oto
endpoint, KoL n amAvInon Tou, £vVa oPXELO json TIEPVAEL WG TTAPAETPOG o€ KANon tng addTable pali pe
TO KATAAANAO aVOyVWPLOTIKO yLa To Ttedio tou index.html.

Avtiotolya pe to simpleSearch, kat edw n emkowvwvia pe to back-end yivetal pe fetch
onst response = await fetch('http://localhost:8090/semantic'+fetcher);
Kall otav emotpadel n anavinon, auth ensfepyaletal we json
const advancedlson = await response.json();
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4.2. YAomoinon OvtoAoyioag

H ovtoAoyia xpnotpomnotfnke otnv amAoVotepn TNG Lopdr Xwplg va 0ploToUV OXECELG HETALUY
TwV KAAoewV 1 Kal Twv individuals. Ol ox€oelg oL omoieg xpnoonodnkayv ival autég mou opilouv
HLa KAAon wg umo-kAdon (subclass) piag aAAng kAaong (avtiotowa n dgUtepn KAACN WG UTEP-KAAON
™G MPWTNG KAdong) kat éva individual wg matdi plag kAaong.

‘Etol, Sltapopdwvetal Evag “okeAeTOC” e BAon TOV OMOL0 TIPOKUTITOUV CUYYEVELEG UETOEL TWV
otolelwv. Onwg avadépbnke kol vwpitepa, n ovtoloyila otnpiletal oe atpikad Sedopéva Kal
ouyKekplpéva oe blueprints Tou e-health koppatiov tou DITAS project.

Me Baon ta doopéva blueprints Tou project, anopovwBnkav otolxeia kal dnpovpyndnkav e
™ BonBela Tou Protégé classes katl individuals ta omoia otoxeUouv va gumAouticouv TV avalntnon
TOU Xpnotn.

To TILO ONUAVTIKO XOPAKTNPLOTIKO TNC EPAPHOYNG AUTHC lval mwe n avalntnon ivat ontology-
agnostic. H uhomoinon t¢ ebappoyng SnAadn, eivat avegaptntn twv dedopévwy mou emotpédovtal
and TN Baon fn amd TNV OVIOAOyia TOU XPNOLUOTOLE(TAL yla va TIPOKUOUV CUYYEVELEG UETAEV
otoxeiwv. H epappoyn unopei va Sexbel oav elcodo dtadopeTikég ovtoloyieg, avaloya e TO OTOLXELQ
™¢ Bdaong dedopévwy, omwe Ba Tig £xeL oxedlaoel 0 ekAoToTE ontology expert.

T€Aog, n ovtohoyia MEpa amd ta otolxeia mou meptAapBavel Sev MPEMEL va TIEPLEXEL AOYIKA
AaBn. MNa tov Adyo auto Ba xpnotponolnBei £vag reasoner, o Openllet reasoner (1.1.5.1. Reasoner). O

Openllet eivat évag reasoner tng OWL 2 ypappévog o€ Java kot oxedLaotnke mavw otov Pellet reasoner

[37].

MNapakdatw ¢ailvetal pa ypadlkn avanapaotacn tng ovioAoyiag xpnoponowwvtag to VOWL plugin
Tou Protégé, omwce kal ta entities oe devdpikn dopn.
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VOWL Viewer:

Ewova 4.9 : Ontikn avamapdotaon tne ovtoAoyiag ue Protégé-VOWL
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Classes

Class hierarchy:

¥ 0 owl:Thing
¥ @) Demographics

- & EducationLevel
@ Ethnicity
@ Gender

@ OtherGender

» @ Occupation
----- @ Diagnosis
v () Examination

----- @ HealthcargVisit
v @ Interventions

k- () Chemotherapy
k- ) Medication

k- () Radiation

B Surgery

V- ) Person

¥

b Specialist
¥ Gender

@ OtherGender
----- @ Nurse

----- @ Patient

- Pregnancy

p- ) PregnancyOutcome
----- @ Region

----- @ SmokingStatus

Ewkova 4.10 : Aevépikn avanapdotacn tn¢ ovtodoyiog e Protégé
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4.2.1. YAomotnpévn ovtoloyia

I1n ouveéyela dpaivetal 6An n vAomolnuévn oviohoyia. Ta otolxela mou Bpiokovtat otn SeUTepPn
otnAn eival sub-class tou teAeutaiou otolyeiov TG MPWTNG OoTNANG, Ta oTolXela TG TPLTNG sub-class
Tou TeAeutaiou otolxeiou tng SeutePNG KaL avtiotolya otnv te€Ttaptn othAn. Ta individuals piag kAdong
TtomoBetouvtal oTnV (6Ll ypappn He TNV KAAon mou avikouv oAAd og Suthavr otiAn. OL KAACELS TNG
OVTOAOYLOG ONUELWVOVTOL WE evw Me ta individuals pe ®. Etol, ylwa mapddelypa n KAdon

n u

“Demographics” €xeL sub-class to “BodyMassindex” mou €xetindividuals ta “normalWeight”, “obesity”,

n u

“overweight”, “underweight”.

Mivakag 4-2 : YAomotnuévn ovioAoyia

Demographics

BodyMassIndex ® normalWeight
® obesity
® overWeight
@ underWeight
Education
EducationLevel @ OtherEducationLevel
* Primary
@ secondary
* Tertiary
Ethnicity ® American_Indian_or_Alaska_Native
® Asian

® Black_or_African_American

# Caucasian_or_White

@ Hispanic_/_Latino

@ Native_Hawaiian_or_Other_Pacific_Islander

Gender

Female

Male

OtherGender

Occupation

Employed

OtherOccupationStatus

Retired

Student

Underage

Unemployed

Diagnosis

Examination

Outcome

OutcomeFormat

OutcomeUnit

OutcomeValue

OutcomeAssessment

TestName
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antiThrombin
cholesterol
fribrinogen
haemoglobin
plateletCount
prothrombinTime
totalWhiteCellCount
TestType
Biopsy
BloodTest
MedicallmagingTest
OcularTest
OralTest
OtherTest
UrineTest
HealthcareVisit
Interventions
Chemotherapy
chemotherapyReason
Medication
interventionReason
pharmaceuticalDrug
Radiation
radiationReason
Surgery
surgeryReason
Person
Doctor
FamilyDoctor
Specialist
"ENT_(Ear,_Nose,_and_Throat)"
Dentist
Dermatologist
Endocrinologist
Gastroenterologist
Gynecologist
Hematologist
Nephrologist
Neurologist
Ophthalmologist
OtherSpecialist
Psychiatrist
Pulmonologist
Gender
Female
Male
OtherGender
Nurse
Other
Patient
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Pregnancy

PregnancyOutcome

Abortion

Induced_abortion

Spontaneous_abortion_/ Miscarria
ge

OtherPregnancyOutcome

Single

Stillborn

Twins

Region

SmokingStatus | @ Ex-Smoker
® Never_Smoker
® smoker

4.3. YAomoinon Back-End

To Back-End ulomouOnke pe xprion tou Spring Boot. Adou Tto standalone Spring Boot
Microservice tou Spring Boot ekklvrjo€lL Kavovika, e€untnpetel attrjpata oto localhost otnv mopta mou
€xeLoplotel oto application properties, 5nAadn, otnv npokeipevn, tnv 8090. OL KANOELG IOV €UTNPETEL
1o back-end €ivat 800, To simpleSearch kat to semanticSearch.

Kal otig Suo meputtwoelg, otnv JenaReasoner.java kKAdon enefepydlovtal To TEPACUEVA WG
mapapeTpol media-tags kat dnuioupyeital éva TagArray.java mou yla KaBe éva amod autd nepthapBavet
€va tagGroup to omoio mepl\apfavel ta dla kol (otnv mepimtwon tou semantic search) ooca
TIPOKUTITOUV LECW TOU EUMAOUTIOMOU yla KABe éva amnd autd. Emiong, kot ot U0 MEPUMTTWOELC, adou
avaAuBouv ta nebia, yivetat pla kAon otn Bdon tng MongoDB, n omola emiotpédel OAEG TIG eyypadEC-
documents mou meplExouv kAmowo amd ta tags. TEAog, ta amoteAéopata Babuoloyouvtal Kal
taflvopouvral pe Baon avtn tn Babpoioyia kat enotpédovral oto front-end.

H povn, aAAd onpavtikn Stagdopd tou semanticSearch pe to simpleSearch, elvat to yeyovog nwg
TipLv yivel kKAnjon otn Bdaon, xpnolponoleitat n vAomolnpeévn ovioAoyia yla Tnv eVPeon tags OXETIKWV
HE Ta AdN uTdpYoVTA UE ATIOTEAECUA TNV EUMAOUTIOMEVN avalitnon otn Bdaon.

4.3.1. DiplomaServiceApplication.java

AUt n KAAon €lvat n KAAon Tou ePLEXEL TNV Main method yia tnv ektéleon Tou Spring-Boot
standalone.
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To @SpringBootApplication annotation tng kAaong untodeikvuel pLa configuration kKAaon mou
SnAwvel pla A meplocotepe¢ @Bean pebodouc. To annotation autod eival éva BoAlkd annotation
tooduvapo pe tn dnAwon twv[27] :

e @EnableAutoConfiguration: YmodeikvueL oto Spring Boot va apyioel va mpooBétet beans Baoel
TwV pubuioewv tou classpath, aAAa beans kat dtadopeg property pubuioels. Na mapadeyua,
av To spring-webmvc eival oto classpath, auto to annotation onuewwvel tnv epappoyn ws web
edappoyn Kal evepyomolel otolxelwdelg oupmnepldpopeg [28] . Ev TEAEL, €vepyomolel Tov
uUnxaviopo tou auto-configuration tou Spring Application Conext, mpoonaBwvtag va pavieet
Kal va. puBpicel beans mou mBavwg Ba xpelaotouyv [29] .

e @ComponentScan: YroSelkvUeL oto Spring va Koltael yia dAAa components, configurations
KaL services oto com/example package [28] .

e @Configuration: Inuelwvel TNV KAAON wW¢ TNYN yla oplopols Twv beans yia to application
context [28] .

4.3.2. AsyncConfiguration.java

H AsyncConfiguration opilel kat mapapetponolei to Multi-threading tng ebappoyng.
JUYKEKPLUEVA N KAAON €lvalL OpLOPEVN WC:

@Configuration
@EnableAsync
public class AsyncConfiguration {

To annotation @Configuration umodnAwvel wg n KAAon elvat mnyn ywa bean opilopata yla to
application context.

To @EnabledAsync evepyomnolei tn Suvatotnta tou Spring va ektedel @Async pebodouc oe Eva
thread pool oto mapaoknivio. Etol, otav kaAesital n péBodog pa kKAaong pe to @Async annotation,
Snuoupyeital (cUpudwva Pe TNV MOPAUETPOTOinon OMwe dailveTal Kal MapaKATw) &va KalvoupLo
thread yiwa tnv e€unnpétnon tngc.

H kAaon emniong mpooapuolel tov Executor opilovtag €va véo bean. H pébodog ovopaletat
taskExecutor, adoU auto gival To ovoua tng peBodou mou YPaxvel To Spring [32] .

ZTnV NPokKeipevn mepintwon, meplopiletal o aplOuog twv threads mou ekteAovvtal TautOXpOVa

ota 20 kal to péyebog ¢ oupdg (queue) ota 300
executor.setCorePoolSize(20);
executor.setMaxPoolSize(20);
executor.setQueueCapacity(300);

O ThreadPoolExecutor Ba mpocapuocel avtopata To peyebog tou pool cupdwva pe tTa opla
Tou €xouv 1eBel anod 1o corePoolSize kot maximumPoolSize. Otav umoBaAAetal pla véa Siepyacia
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otnv pEBodo execute(java.lang.Runnable) kat tpéxouv Awyotepa amod corePoolSize threads,
Snuoupyeitat éva katwvouplo thread yla va eEUTINPETOEL TO aitnua, akopa Kal av aAAa evepyd thread
elval adpavn. Av umdpyxouv mepLocotepa amod corePoolSize aAA& Alyotepa amd maximumPoolSize
threads mou tp€xouv, katvouplo thread Ba nuioupynOet udvo av n oupad (queue) ival yepatn.

@¢tovtag ota corePoolSize koL maximumPoolSize tnv 6la Tun, Snuoupyeitat éva thread pool
kaBopLopévou peyéboug. [33]

4.3.3. MyController.java

H MyController, eivat n kAdon tou Controller mou e€unnpetet to Front-End.

To @RestController sival éva composed annotation 1o onoio cuvbualel ta @Controller kat
@ResponseBody yla va unodnAwoel €vav controller tou omoiou n kdBe péBodog kKAnpovopuel to
@ResponseBody annotation kat cuvenwcg ypadet ancubeiag oto response body [34] . AnAwvel emiong,
OTO Spring WG MPETEL VA YUPVAEL TO emLoTpedOpevo String ameuBeiag miow o auTtdv TIOU £KAVE TO
aitnua [35].

Elval emiong, yvwoto wg stereotype annotation. NapaBétel otolyeia yla émolov Stafalel Tov
Kw&LKa Kal yla To Spring mwg n kKAdon (mou eival annotated) €xel €vav CUYKEKPLUEVO pOANO. Z€ QUTH TNV
nepimtwon n kAaon eivat évag web @Controller omote to Spring Ba to AdPel umoYwv otav
enefepyaletal eloepyxopeva web atrtiparta [35] .

ITn ouvéxela mavw amo kabe endpoint (simple yia simple search kat semantic yia semantic
search) éxouv npootebel Ta annotations :

@CrossOrigin(origins = "*")

@RequestMapping(value = "/simple"”, method = RequestMethod.GET)
Kot

@CrossOrigin(origins = "*")

@RequestMapping(value = "/semantic", method = RequestMethod.GET)
avtiotolya.

To Cross-Origin Resource Sharing (CORS) eival évag pnxaviopog mou XpnoLuomnolel mpooBeteg
HTTP erukedalidec wote ot puANopETPNTEC Vo Swaoouv otnv web ebappoyn mou TpEXEL o€ €va origin,
npooBaon oe dedopéva amod aiAo origin. H ebappoyn Kavel cross-origin HTTP attrjpata otav atteitat
KAmolov Topo e Sladopetikd origin (domain, mpwtokoAAo, mopta) and to Sikd tou. N Adyoug
aodadeiag, ol Ppulopetpntég meplopilouv cross-origin HTTP autiuata amd script, omwg otnv
nepimtwon tou front-end mou yivetal xprion tou Fetch API [31] . Me to @CrossOrigin(origins = "*")
annotation, emtpenetal n npocPacn ano onoldnmote origin.

To @RequestMapping annotation nmpoodépel “routing” mAnpodopia. Evnuepwvel to Spring
Twe KaBe HTTP request pe path “/” nmpénet va ouvdebel pe tig "/simple" kat "/semantic" pebodouc.[2]
Me tn Xprion autol Tou annotation, mpoodlopiletal To path to omoio mpémet va kKAnBel amnd to front
end yLa Tnv uAomoinon tou KABe service tou controller to omoio opiletatl wg RequestMethod.GET.
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‘EtoL av kAmoLlog o€ €vav GUANOUETPNTA 1 LECW EVOG app KAAEOEL TO
localgost:8090/simple

Ba yivel pla kAnon mpog to standalone mou Ba avakateuBuvBel otnv unnpeoia
public String simple

EVW avTioTolya To
localgost:8090/semantic
otnv

public String semantic

Audotepeg oL umnpeoiec-péBodol, sival amapaitnto va kAnBouv amno to front-end pe 7 mapapéTpou,
Ue ovopata tagl,tag?,tag3,tagd,tag5,tagb,tag7. EtoL, evOEIKTIKEG KANOELG Ba elval ot:

http://127.0.0.1:8090/simple?tagl=Doctor&tag2=&tag3=&tagd=&tag5=&tagb=&tag7=
http://127.0.0.1:8090/semantic?tagl=Doctor&tag2=&tag3=&tagd=&tag5=&tagb=8&tag7=

OTOU EVW XPNOLUOTIOLELTOL LOVO €va Oplopa-tag, To tagl=Doctor, opl{ovtal Kot OAa Ta UTTOAOLTIA LUE
KEVN TLUN.

Adou npaypatomnolnBei n KAnon, oL MOPAUETPOL UItaivouv og évav Tivaka Kal yivetal n KAnon
NG avtiotolxng uebddou (simpleSearch i semanticSearch) evog JenaReasoner object. Adou, onwg
daivetal kal mopakdtw, ol HEBodoL simpleSearch kat semanticSearch tou JenaReasoner eivat
OpPLOUEVEG WG @ASsyNC, kKABe request tou front-end dnuloupyel kawvoluplo thread.

4.3.4. TagObject.java

To TagObject eival pia BonBntiki kKAdon yla to JenaReasoner. XpnolWOTOLE(TAL yla TNV
arnoBrikevon kABe tag, To omoio Ba avikel péoa o€ éva tag group, Kot mepAapBAveL To OGvoua Tou,
name, koL tov Babuo mou Ba tou kataxwpnOet, rank.

public String name ;
public int rank;

4.3.5. TagArray.java

public ArraylList<ArrayList<TagObject>> tagGroup = new ArraylList<ArrayList<TagObject>>();
public int numberOfArgs 9;
public boolean[] isUsed = new boolean[7];
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http://127.0.0.1:8090/simple?tag1=Doctor&tag2=&tag3=&tag4=&tag5=&tag6=&tag7
http://127.0.0.1:8090/semantic?tag1=Doctor&tag2=&tag3=&tag4=&tag5=&tag6=&tag7

MNa kaBe avalntnon, adol Snuoupyeital kawvouplo JenaReasoner object, dnuloupyeital kot
kalwvouplo TagArray object. Autd mepléxel mAnpodopieg yla ta elcaxBévia amd tov xpnotn tags.
Anoteleital amno éva Array amno Arrays (tagGroup) mou nepléxouv otolxeia TagObject, omwg eniong tov
aplOuod Twyv elocaxbévtwy tags (numberOfArgs) kat to BonBntikd Boolean array isUsed.

Itnv mepimtwon tou simpleSearch, to epdwAevpévo Array mepllappavel povo éva oToLxElo,
0UTO ToU TomoBEeTAONKE e TNV KAjon Tou endpoint.

ITnv mepintwon tou semanticSearch, 1o epdpwAevpévo Array PE MPWTO OTOLXELO AUTO TOU
TomoBetnOnke Ue TNV KAon tou endpoint (parent), yeuilel OAQ T CUYYEVIKA OTOLXELDL AUTOU OTIWG
TIPOKUTITOUV amod tov epmAouTiopd (PA. 3.1. EumAoutiopoc rtolyelwv mpocg avalitnon) HEow TNG

ovtoAoyiag.

JUVETIWG, To tagGroup MEePLEXEL arrays, TIOU TO KABE array avILMPOOWIEVEL €val group amo tags
HE TIPWTO QUTO TOU XPNOTN Kol (oTnVv mepinmtwaon tou semantic search) ouyyeveig tou tag autou. MNa
napadelyua, av to endpoint kKAnBel pe napapétpoug Smoker, Doctor. MpokUMTOULV:

Nivakac 4-3 : SimpleSearch : argArray ywa input tags Smoker, Doctor

argArray
tagGroupl Smoker
tagGroup2 Doctor

Nivakac 4-4 : SemanticSearch : argArray ywa input tags Smoker, Doctor

argArray

tagGroupl Smoker, SmokingStatus, Ex-Smoker
Never_Smoker

tagGroup?2 Doctor, FamilyDoctor, Specialist, Person

Omnou 1o tag Smoker (Individual) €xel wg Class to SmokingStatus kal wg siblings ta Ex-Smoker,
Never_Smoker xaL to tag Doctor (Class) €xeL w¢ subclasses ta FamilyDoctor kai Specialist evw wg
superclass 1o Person.

Ta enpépouc otolxela tou kABe tagGroup eival tumou TagObject (omwg £xel oplotel oto
TagObject.java). Etol, to KaBe tag-cuyyeving cuvodeVETAL OO TO OVOUA KoL TOV BaOO TOU. INUOVTLIKO

KOMUATL TNG UAOTIOLNONG €lval To Yyeyovog twG To kaBe group eival e€apxng tagvopnuévo os dpbivouvoa
o€lpa pe Baon tov Babuo twv TagObjects. Auto emttuyydvetal peoa otnv semanticSearch, peBodo tng
JenaReasoner kAdong, Kat eival anapaitnto yia tnv dynamicGrade pébodo.

Kata cuvémela otnv nepinmtwon tou swcaxbévrog tag mou eival individual, to tag group tou Ba
EXeL TNV popdn (yia 6oa amod Ta mopaKATw CTOLXELO UTTAPXOUV):

Nivakac 4-5 : Mopdn otolxelwv tou tag group evoc individual (semantic search)
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tagGroup | Individual | Direct | Sibling | Sibling | Sibling Superclass | Superclass | Superclass

Class 1 2 3 1 2 3 .

KOl avTioToL o oTNV TEPUMTWON Tou eloaxBévtog tag mou eival class, To tag group tou Ba €xeL tn popdn
(Yio 600 amo ta mopakATw OTOLXELQ UTIAPXOUV)

Mivakag 4-6 : Mopdr otolyeiwv tou tag group vog class (semantic search)

tagGroup | Class | Direct | Individual | Individual | Individual | Superclass | Superclass | Superclass

Subclass 1 2 3 1 2 3

AVTIO£€TWG, oTnV mepintwon tou simple search, To tag group Ba €xeL tn popdn:

Mivakag 4-7 : Mopdr otolyeiwv tou tag group oc simple search
tagGroup | Class/Individual

To kaBe véo spdwAsupévo Array (tagGroup) apxlkomoleitat pe tTnv KAnon tng addParentTag
TIOU ELOAYETAL TO aPXLKO tag (r.x Smoker ) Doctor) kot o BaBuog Tou. ITn GUVEXELQ, Ta UTIOAOLTA tags
gloayovtal e xpnon tng addChildTag pe Baon to index tou otolxeiou matépa (m.x index tou Smoker
gilva 0 evw tou Doctor sivat 1).

To mpwto otolxeio Tou KABe epdpwAevpévou Array eTIOTPEPETAL LE TNV KANON TNG getParent
HneBodou, evw OAa Ta OTOLXELQ UTTOPOUV VO TIPOOTIEAACTOUV LIE XPH 0N TWV:

public int getChildRankByIndex(int parentIndex, int index)
Kot
public String getChildNameByIndex(int parentIndex, int index)

TIOU ETILOTPEPOUV TO Ovopa Kot Ttov Babud tou otolxeiou avtiotolya, ue Baon to tag group oto omoio
BploKETAL KOIL TO TIOLO KATA OELpA oTolXElo InTeital.

‘Etol, ev TéAeL Ta tag groups yla tags Smoker,Doctor sival :

Nivakoc 4-8 : Tag groups yio. tags Smoker kat Doctor.

tagGroupl | | Smoker | 100 SmokingStatus | 80 Ex-Smoker | 71 Never_smoker | 71

tagGroup2 | | Smoker | 100 FamilyDoctor | 80 Specialist | 80 Person | 61
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LE TOUG avtiotolyoug Babpolg onwe mpokUTTouV amo tnv BaBuoAdynon otolxeiwv kat blueprints.

H sizeOfArgs pébodog emiotpédel Tov aplOpo Twv epdwAevpévwy Arrays, dnAadn, To mAnbog
Twv eloaxBévtwy tags.

To isUsed array xpnolwuomnoleitat otnv private static float dynamicGrade (String blueprint,
TagArray tagGroups) kal Ba avaAuBel mepaltépw ekel.

4.3.6. ResultDocument.java

public String doc;
public float grade;
public String id;

H kAaon ResultDocument avtutpoowneVeL Ta oTolxela evog blueprint Ta onola enotpédovral
amo To microservice oto front-end. Auto To object mepléxel 3 otoleia :
doc: To omnolio nepléxel to blueprint omwc nepiéxetat otnv MongoDb.
grade: To omoio mepléxel tov Babuo tou blueprint omwg mpoékupe peta tig dtadikaoieg otnv
JenaReasoner kAdon.
id: To id mou £€xeL 606el oo object péoa otnv MongoDb. Auto emiotpédetal Kupiwg yla va pavei n
Hovadikotnta tou blueprint, aAAd Kal yla va pumopet kamolog va. avalntriosl apeoca to blueprint otn
Baon ue to id Tou.

OL péBobdol mou vlomolouvtal oTnV KAAoN amoteAouv Tov constructor tou ResultDocument
object, kaBwg kat get/set ueBodouC.

4.3.7. MongoApp.java

H kAaon auth eivatl umevBuvn ya tn ocuvdeon pe tn Baon tng MongoDb kal to query og authv
Kal mopdAAnAa ene€epydletal ta documents mou emioTpEdovTal PV UE TN CELPA TNG T ETUOTPEYEL
otnv kKAdon JenaReasoner, n omola TNV KAAECE.

4.3.7.1. Anpuoupyio cUVEEGNC

ApxK@, n kKAaon opiletol wc:

@Async

public class MongoApp {

OUVETWG, KABe object TuUou MongoApp avtiotolxel kal o€ Stadopetikd thread.
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2Tn OUVEXELX, opilovTal oL amapaitnTeC MAPAUETPOL, OL omoieg Ba xpelaoTtouV yla Tn oUVEEDON UE TNV
MongoDb:

static final String MONGO_DATABASE_NAME = "myDatabase";

static final String MONGO_COLLECTION_NAME = "blueprints";

static final String MONGO_IP = "localhost";

static final String MONGO_PORT = "27017";

To ovopa ¢ Baong eival myDatabase kal xpnowuomnoleitat to collection blueprints. H Baon
elvaL mpooBaoiun péow tou localhost (127.0.0.1) otnv nopta 27017.
O constructor tng KAaong Snuloupyel €toL pa ouvdeon pe tnv MongoDb, n omnola teppatiletat

HETA TNV EKTEAECN TOU query otn BAon KoL TNV MpwLun eneepyaacia twv blueprints mou enotpédovral.
mongoClient.close();

Ta mapandvw o€ cuvdLOOUO e TO @Async annotation kavouv kdBe MongoApp object va Bpiloketatl
oe Eexwploto thread, To omolo €xeL tn dikr Tou ouvdeaon pe tn Baon t¢ MongoDb.

4.3.7.2. Query

Me tnv kKArjon tn¢ uebodou public void query(TagArray tag array) YIVETaLTO query otn Bdon
™¢ MongoDb. H kAdon avakta ta blueprints mou mepléxouv onmolodnmote and OAa Ta CTOLKElQ TTOU
unapyouv oto TagArray object, eite mpoKeLTaL yla Ta apXLka, ou avalntnoe o xpnotng (etoaxbevta),
€lTe yla oUYYEVELG TOUC, TTOU TTIPOOTEDBNKAV apyoTepa (aTtd EUMAOUTIONO).
Ma va To METUXEL AUTO, To query kavel find otn Baon entotpédovrag ta blueprints mou €xouv ota tags
TOUC KAmolo amod ta otolyeia tou TagArray. Juvenwc, yla kaBe otolxeio TagArray Pprtiayvetal éva
HEHOVWUEVO BasicDBObject object otnv popdn [{"tags": "TagArrayName"}.
for( ArraylList<TagObject> y : tag_array.argArray) {

for (TagObject h : y) {

BasicDBObject tmpquery = new BasicDBObject("tags",h.getName());
advQuery.add(tmpquery);

MNa napdadelypa yla input tag Doctor, mpokUTTeL TO tagArray:
Doctor = FamilyDoctor = Specialist 2 Person

Onote, yla va Bpebolv ta blueprints mou meptéxouv omolodAMOTE amo Ta mapaAnavw 4 tags, TPOKUTITEL
0 TEALKOG KOPHOC TOu query pe tn BoriBeta tou Sor opiopartoc:

{"Sor": [{"tags": "Doctor"}, {"tags": "FamilyDoctor"}, {"tags": "Specialist"}, {"tags": "Person"}]}

Kol To query Ttou ev TéAeL Ba tp£€el otnv MongoDB Ba £xetL tTnv popdn:
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db.blueprints.find({"Sor": [{"tags": "Doctor"}, {"tags": "FamilyDoctor"}, {"tags": "Specialist"}, {"tags":
"Person"}]})

21N OUVEXELQ, XPNOLULOTIOLOUVTAL OL LETAPBANTEG List<String> ids KalList<String> blueprints
yla TNV anoBnkeuvon tou kabe blueprint kat Tou id Tou. MNa napadetypa, Vo anod ta blueprints mou Ba
emotpadouv yla to tag Doctor péow TN semantic avalitnong Ba sival ta:

Nivakoc 4-9 : MNapadswypa blueprints onwc smotpédovtat and tnv MongoDb

{ {
"id" o "id"
Objectld("5f465d52a93bfd39b4105997"), Objectld("5f465d52a93bfd39b4105969"),
"tags" : [ "tags" : [
"Unemployed", "UrineTest",
"surgeryReason", "Stillborn",
"FamilyDoctor" "Specialist",
] "Male",
} "Twins"

]

}

Amo6 auta ta blueprints, TpokUTITOUV Ta arrays List<String> ids Kol List<String> blueprints:

Nivakoc 4-10 : List blueprints Omw¢ MPOKUTTEL Ao To Ttopadeypo Twv emotpadEviwy blueprints

blueprints

"[Unemployed,surgeryReason,FamilyDoctor]" | "[UrineTest,Stillborn,Specialist,Male, Twins]"

MNivakog 4-11 : List ids Omw¢ IPOKUTTTEL A0 TO APASEYUO TwV eTiotpadEviwy blueprints

ids
"5f465d52a93bfd39b4105997" "5f465d52a93bfd39b4105969"

Ta omoia avaktwvtal anod tnv retrieveAndGradeBlueprint tng JenaReasoner KAAONG yLo TEEPALTEPW
enefepyaocia.
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4.3.8. JenaReasoner.java

To object JenaReasoner e t BonBela twv TagObject, TagArray, ResultDocument, MongoApp
vAorolel OAn TNV Aoyikn Kat yla ta Suo idn avalntnong.

4.3.8.1.1. public static List<String> removeNs (String thestring, String myns)

KaBe otolxelo amoBnkeletal otnv ovtoloyia €xoviag wg mpoBepa to namespace Tou. H
uEBodog autr, «kabapilel»y OAa ta otolxela mou emotpeédel n ovrohoyia, Class f Individual,

adalpwvtag Toug omoLodNoTe hamespace ponyeitat. Ta namespaces mou adalpel eivat ta:
String owlns = "http://www.w3.0rg/2002/07/owl#";

String rdfns = "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#";

String rdfns2 = "http://www.w3.0rg/2000/01/rdf-schema#";

Ta onola eivat cuvbedepéva pe tnv OWL kat to RDF. Adatpel emiong, To namespace tng UAOTIOLNPEVNG
ovtoAoyiag kaBautng:
http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#

‘Etol, yla mopadelypa and To oTolKeio
http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Person
Ba mapapeivel povo to

Person

MoAurmAokotTnTal

H moAumAokotnta tng uebddou sivar O(1).

4.3.8.1.2. public static List<String> ontologylterator (final Iterator<?> 1, String myns)

H pébodog autn, pe oplopa €vav lterator, eniotpédel €va Arraylist pe 0Aa ta otoweia tou
Iterator. Av péoa ota otolyeia mouv Ba mepacTtouy, eival ta oTolxeia tng oviohoyiag Thing /kat Nothing
Ta ayvoel. Emiong, Ta otolyeia emotpEdovtal xwpic to namespace (meptéxetal n wEBodog public static
List<String> removeNs (String thestring, String myns)).
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MoAurtAokotTnTal

H moAumAokotnta tng ueboddou sivar O(N).

4.3.8.2. Avalitnon

4.3.8.2.1. public static void simpleSearch(final String[] args,boolean ignoreNs)

H néBodog simpleSearch eival pia and TG 2 keviplkeg pebddoug mou kaAouvtal and Tov
MyController.java.

KAnon the pebodou

Apxlkad, To @Async annotation emTpEmnel Tn dSnuloupyia plag acuyxpovng uebodou. Etot, yla
kaBe kKAnon tng pebodou dnuloupyeital kat kawvouplo thread.

Onwg kKAnBnke amo tov MyController, n simpleSearch kaAsital pe oplopa €vav mivaka ano
arguments-tags. Xtn ouvéxela, yivetal n emefepyacio Twv arguments-tags, adou n kArjon tou controller
yivetal pe oha ta medila va €xouv KAmola TLUR, €0Tw Kol Kevo string. Alaxwpilovtal Aoutov, ta
arguments TTou €XOUV TIUN KE AUTA TTOU SV £XOUV Kal TpoaotiBevtal oto object: TagArray tagsArray
1o omnolo mephapPavel Ta tagGroups (otnv nepimtwon tou simple search kaBe tagGroup Ba €xeL povo
€va oTolyelo-tag, To eloaybEv).
tagsArray.addParentTag(val);

retrieveAndGradeBlueprint

ZTn ouvéxela, yivetal n avaktnon-Babuoldynon-tafivounon twv blueprints pe tnv KARon tg
private  static List<ResultDocument> retrieveAndGradeBlueprint (TagArray tag_array, int

numberOfinputTags) Kal ta anmoteAéopata ekxwpouvtal o€ pia Alota tumou ResultDocument.java.
List<ListResultDocument> ret2 = retrieveAndGradeBlueprint (tagsArray,numOfTags);

JSON

TéNog, Snuloupyeital éva String to omolo mepléxel oe JSON popdr T AmMOTEAECUATA TTOU €V
TéAeL Ba BEoouv Vv petaPfAntn simple_search_blueprints ywa tov xprjotn.
setSimple_search_blueprints(jsoned);

To teAko json amoteAeital and 2 otoleia-arrays, to blueprint kat 1o id. Ta arrays autd
avtiotolyilovtal éva mpog éva, SnAadn, To mpwto id aviiotolxel oto mpwTto blueprint kot opolwg ta
uTtdAoumna petall touc. Etol, ev téAeL, mpokumtel €va JSON tn¢ popdngc:

{
"blueprint"” : ["Single, Outcome, Doctor] - 57.735027 ", " [Male, Doctor, Dermatologist] - 57.735027 "],
"id" : ["5f465d52a93bfd39b4105e54"," 5f465d52a93bfd39b4105a2e"]

}
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To omoio umodelkvuel wg Tto blueprint [Single, Outcome, Doctor] pe id 5f465d52a93bfd39b4105e54
€xetrank 57.735027, kat to blueprint [Male, Doctor, Dermatologist] pe id 5f465d52a93bfd39b4105a2e
€xeLrank 57.735027.

MoAurtAoKkotTnTol

MNa aplBuod seloaxbéviwy tags A (LEXPLKAL 7 oTnV UAOTIOLNGN), TTOU TO KABe éva Ba dnuloupynoet
€va tag Group pey€Boug M kat Ba utoAoylotel o BaBuog blueprints pe aplBuo tags B (LExpL KaL 7 otnv
vAormoinon) kat mARBog N, n moAumAokotnta TnG simple avalitnong MPOKUTTEL:

Mépa amod To KOUMATL TNG eMetepyaoiag Twv eloaxBéviwy tags, mou €xel moAuTthokotnta O(A)
KOl TO KOMMATL TNG private static List<ResultDocument> retrieveAndGradeBlueprint (TagArray
tag_array, int numberOfinputTags), mou €xetL moAumAokotnta O(NMB) (Omw¢ dpaiveTal Kol TOPaAKATW),
n simple kat n semantic avalritnon dev £€xouv GAAa Kowva. Ev TEAEL, TPOKUTITEL I TTOAUTTAOKOTNTA TNG
simple avalntnong O(NMB). KaBwg, opwg, Ta tag group otnv simple avalntnon mepléxouv povo 1
opLopa, To elcayxBév tag, M=1 kat apa n moAumAokotnta kataAnyet O(NB) .

4.3.8.2.2. public static void semanticSearch

H pébodog semanticSearch eival pia and TG 2 Keviplkég pebodoug mou kahouvtal amd Ttov
Controller.

KARon the nebodou

ApxK@, To @Async annotation emwtpénel tn dSnuloupyla plag acvyxpovng pebodou. Etol, yla
KABe kAon tng uebBodou dnuioupyeital kat kawvouplo thread.

AkplBwc avtiotowa pe tnv simpleSearch, n semanticSearch koAsital pe 6plopa €vav mivaka
amo arguments-tags. Kat og autn tnv péEBodo enefepyalovrat-diaywpilovtal ta arguments mou €xouv
TLUA oo AUTA TToU SV £X0OUV Kal TPOoTiBevTal ota List<String> inputTags Kol TagArray tagsArray,
To omoio nephapPavel ta tagGroups (otnv mepimtwon tou semantic search kdBe tagGroup Ba €xeL To

eloaxBév otolyeio-tag aAAd kot 6oa Ba tpokUPoUV HECW TOU EUNMAOUTIOUOD).
inputTags.add(val);
tagsArray.addParentTag(val);

EpmAoutiopog Ue Baon tnv ovtoloyia

To otdadlo auto, éva amd ta mo Boaowd otadla tou semantic search, meplappavel tov
EUMAOUTLONO TwV tags-arguments, Tou €xouv £pBeL w¢ input pe AAAa tags mou cuvdéovtal Ue Ta TpwTa
HEOW TNG UAoToLnpévng ovtoAoyiag (BA. EUmAoUTIONOG 2TolXelwv Tpog avalntnaon).

KaBe otolxeilo-tag, epocov mepléxetal otnv ovioloyia pmopel va eival éva class n éva
individual. AvaAoyw¢ molo amd ta Vo eival, UTIAPXEL MLO OEPA KOVOVWVY, OTIOU OVOKTWVIAL Ol
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OUYYEVEIG Tou otolyeiou autol kot BaBpoAoyouvtal. Ol KavOveg elval TomoBetnuévol Pe oelpd
dOivouoag onpaociag (BA. BaBuoAdynon otowxeiwv kat blueprints). Etol, o cuyyevrg evog otolxeiou mou
LKOVOTIOLEL TOV MPWTO Kavova, BabuoAoyeital uPpnAdTEPO OO OTIOLOVENTIOTE CUYYEVH, OTIOLOUSATIOTE
oTolyelou Tou kavomolel Tov SeUTepo kavova. OL Kavoveg kat ol BaBuoioyieg eivat:

Nivakog 4-12 : Kavovee, BaBpoloyiec kot uéBodol Tou YpNoLUOTIOLOUVTAL VL0 TOV EUTTAOUTIONO EVOC

individual (rt.x Asian)

relationship rank Method used

individual 100 tagind

Class of individual 80 directClasses = TagInd.listOntClasses
Sibling of individual 71 directClasses.listInstances(true)
Superclass of individual’s | 61 DirectClasses.listSuperClasses(false)
class

Nivakocg 4-13 : Kavovee, BaBuoloyiec kot uéBodol Tou XpnoLLOToLOUVTAL YLOL TOV EUTTAOUTLOUO EVOC

class (rt.y Doctor)

Relationship rank Method used

Class 100 tagClass

Subclass of class 80 TagClass.listSubClasses(true)
Individual of class 71 tagClass.listinstances(true)
Superclass of class 59 tagClass.listSuperClasses(false)

To amnotéleopa kaBe pebBodou tou Jena framework (BA. Apache Jena), mou TPEXEL MAVW OE
karmowo OntClass 1 Individual, emotpédel pa Alota amd otowxela-ouyyevelg, ta omoia
npoonehavvovtal pe tn Ponbela tng neBodou ontologylterator. ETol, opxIKA, XPNOLLOTOLETAL TO
framework tng Jena yia 6Aa Ta amapaitnTa oTOLELO-CUYYEVELG Kal LETA TO KABOe éva TomoBeteital pe

Tov avtiotolyo Babuo oto tag group tou (auTo mou £XEL WE MATEPQ TO eloaxOEv otolxeio-tag).

Individual

Itnv nepimtwon tou Individual: to individual avrket og pia kAdon (1" ouyyévela). Etol, Ba €xel
kat siblings, &nAadn, individuals Tn¢ kKAdong otnv omoia avikel (2" ouyyévela), OTwWE KAl UTIEPKAACELG,
6nAadn, KAAoELG oTLG oTtoleg avikel n kKAdon tou individual (3" cuyyévela). Etol, adou Bpebel n kAdon
otnv omolia avrkel to individual, ekteAeital o ontologylterator ywa tnv evpeon twv siblings kat Twv
superclasses.

Apa, apxLka, Bploketal n kKAaon otnv onola avikel to individual (6mou to true uTTOSNAWVEL TTWG
Ba emotpadel povo n kAaon otnv onoia avrket to individual kot 0xtL utep-KAAOELG AUTNC):
OntClass directClass = tagInd.getOntClass(true);
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tagsArray.addChildTag(index, removeNs(directClass.toString(),mynamespace),
RANK_IND_DIR_CLASS);

Adou ekxwpnBel oto tagsArray, emotpédovral OAa Ta instances Tng KAdong, apa siblings tou individual
(6mou to true umodnAwvel mwg Ba emotpadolv povo ta Instances tng directClass kat oxt Instances

UTTOKAQCEWV TNG):
List<String> tmp2 = ontologyIterator(directClass.listInstances(true),mynamespace);

Kol KaBe sibling elc€pyetal oto tagsArray kal ekxwpeital n Babuoloyia Tou.
for (String m : tmp2) {
tagsArray.addChildTag(index, m, RANK_IND_ SIBLINGS);

}

Kal avtiotoya ylwa ta superclasses tng kAaong otnv omoia avrkel to individual (6mou to false
unodnAwvel twg dev Ba emotpadouv POVo oL AUECEC UTTEP-KAACELG, AAAA KOl UTEP-KAQOELG TWV UTIEP-

KAQOEWV):

tmp2 = ontologyIterator(directClass.listSuperClasses(false),mynamespace);
for (String m : tmp2) {

tagsArray.addChildTag(index, directClass.toString(), RANK_IND_DIR_SUPERCLASS);
}

Class

Mo amAda otnv mepintwon tou class: to class €xel kamolwa subclasses amd ta omoia
emotTpédovtal povo autd mou ival 1ou Babuou, dev sivat dnAadn, subclass evog subclass tou class.
21N ouvéxela, erotpédovtal ta individuals Tou class (2" cuyyévela) kal TEAOG, OAEG OL UTIEPKAAOELG,
6nAadn, KAAoelG oTIG omoleg avAkel To class aAAAd kal oL uTtep-kKAAOELG Toug (3" ouyyévela). Etol,
ekteAeltal o ontologylterator yla Tnv EUPECH TWV MOPATIAVW CUYYEVWV ToU class.

AVAKTNON TWV UTIO-KAACEWV TNG KAAONG KOL TNV eKxwpnon otov tagsArray pali pe tn fadbpoioyia Toug
(6mou to true vumodnAwvel wg Ba emotpadolv povo ta dpeoa subclasses tou class kot oxtL Ta

subclasses twv subclasses):

List<String> tmp = ontologyIterator(tagClass.listSubClasses(true),mynamespace);
for (String m : tmp) {

tagsArray.addChildTag(index, m, RANK_CLASS_SUBCLASS);
}

Avaktnon twv individuals (6mou to true umodnAwvel mwg Ba enotpadouv poévo ta individuals tou tag

Class kat oxt ta individuals Twv umtokAdcewv Tou):

tmp = ontologyIterator(tagClass.listInstances(true),mynamespace);
for (String m : tmp) {

tagsArray.addChildTag(index, m, RANK_CLASS_INDIVIDUALS);
}
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AvAKTnon tTwv UTEp-KAAOEWV (OTou To false uTIOSNAWVEL TwG Ba emotpadouv Kat Ta superclasses

Twv superclasses Tou class, 6nAadn, oxL povo ta dueoa superclasses tou):

tmp = ontologyIterator(tagClass.listSuperClasses(false),mynamespace);
for (String m : tmp) {

tagsArray.addChildTag(index, m, RANK_CLASS_DIR _SUPERCLASS);
}

KaBe dopa mou Bpiloketal kamolo katvolplo tag (m.x n uro-kKAdon evog tag), Snuloupyeital éva
TagObject kaL mpootiBetal oto TagArray object: tagsArray. Autd to TagObject £xeL éva index
avaAOywe e TO TIOLo £lval To apyLko tag amo to onoio MPoEKUE, TO OVOUA TOU Kal To rank tou.

retrieveAndGradeBlueprint

Itn ouvéxela, adol oAokAnpwbBel n Sladikacia Tou €UMAOUTIOHOU Twv tags, YIVETAL n
avaktnon-pabuoAoynon-tafivopunon twv blueprints pe Vv  KAARon NG private  static
List<ResultDocument> retrieveAndGradeBlueprint (TagArray tag_array, int numberOfinputTags) kot ta

anoteAéopaTa ekYwpouvtal o€ pLa Alota tumou ResultDocument.java.
List<ListResultDocument> ret2 = retrieveAndGradeBlueprint (tagsArray,numOfTags);

JSON

TéAog, Snuioupyeital €va String, To omoio nepléxel oe JSON popdr Ta amoteAécpATO TTOU €V
Té\el Ba BEoouv TNV petaPAntr) semantic_search_blueprints yia Tov xpriotn.
setSemantic_search_blueprints(jsoned);
To teAIkO json amoteAeital ano 2 otolyeia-arrays, to blueprint kat to id. Ta arrays autd avtiotolyilovrot
€va mpog €va, dnAadn, To mpwTto id avrlotolyel oTo MPwWTOo blueprint Kal opowg Ta UTIOAOLTTA HETAEY
Touc. Etol, teAka, mpokumrtel éva JSON tng popdngc:
{
"blueprint"” : ["Single, Outcome, Doctor] - 57.735027 ", " [Male, Doctor, Dermatologist] - 57.735027 "],
"id" : ["'5f465d52a93bfd39b4105e54"," 5f465d52a93bfd39b4105a2e"]
}
To onoio umodelkvuel wg to blueprint [Single, Outcome, Doctor] pe id 5f465d52a93bfd39b4105e54
€xetrank 57.735027, kai to blueprint [Male, Doctor, Dermatologist] pe id 5f465d52a93bfd39b4105a2e
€xeLrank 57.735027.

MoAurmtAokotTnTal

MNa aplOuod eswooaxbévtwv tags A (U€xplL kaL 7 otnv uAomoinon), O6mou 1o kdBe €va Oa
dnuoupynoel éva tag Group peyéBoug M kat Ba urtoAoylotetl o BaBuog blueprints pe aplOuo6 tags B
(uéxpL kaL 7 otnv vuhomoinon) kat mMARBog N, n oAumAokotnta TG semantic avaltnong MPOKUTITEL:
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Mépa amo To KOUUATL TNC enefepyaoiac Twv elcaxbéviwy tags, mou £xetl moAumAokotnta O(A) kat To
KOUUATL TNG private static List<ResultDocument> retrieveAndGradeBlueprint (TagArray tag_array, int
numberOfinputTags), mou €xeL moAumAokotnta O(NMB), omwg daivetal Kal mopakdtw, N semantic
avalntnon €xel eMUTAEOV KL TO KOMMATL €UMAOUTIOMOU Twv tagGroups Kol Tou reasoning tng
ovtohoyiag. Emiong, onuavtiki Sitadopd eival nwg to mARBo¢ twv blueprints N tng semantic
avalntnong elvat Katd oAU peyaAlTepo and autod Tou MARBoug tng simple avalntnong, kabwg éxouv
emotpadetl blueprints, mou mepléxouv MOAAG TEPLOCOTEPA tags, TA OMola MEPLEXOVTAL OTA tag groups.
Evw, mpakTikad oL Slepyacieg, MOV PAYUATOMOLOUVTOL TAVW OTNV ovioAoyia, Sev emnpedlouv
dlaitepa TV MOAUTAOKOTNTA TNG Ssemantic search, amoteAoUv €vav ONUAVIIKO TapAyovia
kaBuotépnong (ZUvoyn moootikoU eAéyxou), adol n kabBuotépnon tng semantic search paivetat va
elvatL untepdutAdota tng simple search, kaBwg avgavetal o xpovog eKTEAEONG akOMA Kot katd 100ms.

4.3.8.3. BaBuoAoynon

4.3.8.3.1. private static List<ResultDocument> retrieveAndGradeBlueprint (TagArray tag array, int

numberOfinputTags)

H retrieveAndGradeBlueprint, 0w uTTOSNAWVEL KOL TO OVOUA TNG, ETULOTPEDEL amd TN Bdaon ta
blueprints mou xpetalovtat kat ta Babpoloyel.

Avaktnon Blueprints and MongoDb

H retrieveAndGradeBlueprint avaktd ta blueprints mou mepléxouv onolodnmote and OAa ta
tags ta omola untdpyxouv oto TagArray object, elte mpoKeLtaL yla Ta apXLKd, Tou aval)Tnoe o XpRotng,
elte yLa ouyyeveic Toug, Tou PooTEBNKaV apyoTepa.
la va To TETUXEL AUTO Xpnotpormnolel tnv MongoApp.java kKAdon:

MongoApp mongoQuery = new MongoApp();
mongoQuery.query(tag_array);

blueprintsString = mongoQuery.getBlueprints();
idsString = mongoQuery.getIds();

Me TNV eKTEAEON TWV MOPATIAVW EVTOAWV dnuloupyeital Kal KAelvel éva katvouplo thread yla
Vv €fumnpétnon evog véou connection otnv MongoDb, ekteAeital To query Kol €MLOTpEPovTaL Ta
blueprints kat ta id Toug ota avtiotowa blueprintsString kat idsString arrays.

Npostowuacia yia BabuoAdynon blueprints
To k@Be blueprint mou €xeL avaktnBeil and tnv MongoDb Ba pmel otov mivaka List<String>

blueprintsString kat to id Tou blueprint otov mivaka List<String> idsString.

KaBe blueprint Ba BaBuoloynBet
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float dynamic_grade = dynamicGrade(blueprintsString.get(blueprintIndex), tag_array);

0 BaBuog autog Ba Salpebel pe tnv teTpaywvikn pila tou MANRBou¢ Twv otolxelwv tou blueprint

int numbOfBluepTags = blueprintsString.get(blueprintIndex).split(",").length;
float grade = (float) (dynamic_grade / (Math.pow(numbOfBluepTags, 1.0/RO0T_TO_DIVIDE GRADE

)));

kal Ba dnuioupynBel €va kalwvoUplo oOTolElo OTNV ArraylList<ResultDocument> result = new
ArraylList<ResultDocument>(); Alota pe ta ResultDocument objects, mou Ba nepléxet to blueprint, tov
BaBuo tou kat To id Tou

result.add(newResultDocument(blueprintsString.get(blueprintIndex),
grade,idsString.get(blueprintIndex)));

TéNog, o mivakag mou meptéxel ta ResultDocument objects 6a tafvounBel pe kAon tng sort
sort (result,@,result.size()-1);

MoAurtAokotTnTal

MNa aplOuod eswooxbévtwv tags A (U€xpl kaL 7 otnv uAomoinon), omou 1o kdBe €va Oa
dnuloupynoetl éva tag Group peyéBoug M kat Ba umoAoylotel o BaBuog blueprints pe aplBuo tags B
(uéxpL kot 7 otnv ulomoinon) kat mMARBo¢ N, n TMOAUTAOKOTNTA TPOKUTITEL (OMw¢ daivetal Kal
Tapakatw Bacel tng moAumAokotntag tng dynamicGrade) : N*O(dynamicGrade)= O(NMB).

4.3.8.3.2. private static float dynamicGrade (String blueprint, TagArray tagGroups)

O oxedloopog pe tov omoio Pabuoloyeital to kabe blueprint akoAouBel tn Aoywkr Tou
Suva kol TMPOYPAUUATIONOU. AUTO YIVETOL KOBWG TIPETEL VA OVTIUETWITLOTOUV SLAPOPEC MPOKANOELG
TIOU TIPOKUTITOUV Katd tn BabuoAoynon.
MNa mopddelypa, £0Tw NMWE Ue eloaxbévta tags

Doctor, Smoker, Nurse

npénet va BabpoloynBouv ta blueprint

FamilyDoctor, Smoker, Ex-Smoker

Person, OtherPregnancyOutcome, Nurse, FamilyDoctor

Itnv mepimtwon tou semantic search, to TagArray yla ta swoaxfévra tags Kol TOUG QVTIOTOL(OUG
BaBuou¢ toug Ba eivat:

Doctor (100)-> Specialist (80)—> FamilyDoctor (80)—> Person (61)

Smoker (100)—> SmokingStatus (80)—> Never_Smoker (71)-> Smoker (71)=> Ex-Smoker (71)

Nurse (100)-> Person (61)
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(H enaveupavion tou Smoker péooa oto TagArray Oev eAéyxetar yia AOyou¢ amAotntac¢ kol
mmoAurntAokotntac kot Sev emnpealel kaBoAou to amotéAsoua.)

Ano kaBe tag group, dnAadn, elcaxBév tag Kal auTA OV TPOKUTITOUV o aUTO tag, Ba mpEmel
Vo XpnoLldormoleital povo €va tag ywa tn PabuoAoynon tou blueprint. Etol, 6ev yivetal va
xpnotwomnownBet kat To Smoker koL to Ex-Smoker yia 1o blueprint 1) tou mapadeiypartog.

Entiong, mpémnel va yivel n cwotr enAoyn yla to oo molo tag group Ba BabuoioynOei to kabe
tag. MNa napadeypa oto blueprint 2) to tag Person pnopei va BaBpoAoynBetl kat amo to tag group Tou
Doctor kal amno to tag group tou Nurse.

Av BaBuoloynbet amno to tag group tou Doctor
Grade= 61 (Person, Doctor group) + 100 (Nurse, Nurse group) =161

Av BaBuoloynBel ano to tag group tou Nurse
Grade= 61 (Person, Nurse group) + 80 (FamilyDoctor, Doctor group) = 141

Mpokumtel Aowtdv, n avaykn eVvpeong tou Savikou cuvduaopol yla peéylotn Pabuoloyia. H
Sadikacia mou ekteAel n dynamicGrade eival n €€ng:

Aebopévou evog blueprint, n Stadikacia Payvel yla talTion kamolou tag tou blueprint pe
KAToLo tag amo ta tag groups. Tautdxpova, To tag group to omnoio efetaletal kabe bopd mMPEMeL va
unv xpnotpomnoteitatl Aén ya tn fabuoAoynon kamotou aAAou otolxeiou tou blueprint. Auto

eAEyXETAL UE TO
if (tagGroups.isUsed[tagGroupIndex])
continue;

Otav BpeBOet To tag (kal To tag group) mou tautiletal pe kamolo tag tou blueprint, tote to tag group
TiBetal w¢ used tagGroups.isUsed[tagGroupIndex]=true;. O BaBuog tou tag (amd to tag group)
ELOEPXETAL O€ ULa HeTABANTH o Kpatdel tov Babuod tou blueprint, float tmpgrade = tagRank;, TO
tag adatpeital and to blueprint kat kaAeital Eava n dynamicGrade, mpocBétovtag tov Babuod mou
ETOTPEPEL otnV peTaPAnT HE Tov TponyoUuevo BaBud tmpgrade +=  dynamicGrade(tmpBlueprint |,
tagGroups);.
T€Aog, 0 BaBuOC MoU MapaApEVEL Elval O HEYLOTOC
if (tmpgrade>maxgrade)

maxgrade=tmpgrade;

MNa noapadeypa:
MNa tn BabuoAodynon tou 1) [FamilyDoctor, Smoker, Ex-Smoker] pe tags Doctor, Smoker kal tagGroups:

Doctor (100)-> Specialist (80)—> FamilyDoctor (80)—> Person (61)
Smoker (100)-> SmokingStatus (80)—> Never_Smoker (71)-> Smoker (71)=> Ex-Smoker (71)
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MPOKUTTEL 0 MOPAKATW TtivaKkag akoAouBlakng ektéAeonc. H koAwva “Eminedo nesting” kabopilel to
nooco “Babla” Bpioketal n Sladikacio pe TI¢ epdwAevpéveg kKAnoelg tng dynamicGrade. H koAwva
“EvépyeLa” TIG EVEPYELEG TTOU YivovTtal o€ ekelvo To Bripa tng ektédeonc, n “blueprint” to blueprint mou
Bploketal ocav Oplopa otnv ekaotote dynamicGrade, to “tmp-grade” tnv Tun TnNG METABANTAG tmp-
grade o€ ekelvo To Brpa TNG EKTEAEONC KaL Ta 2 groups urtoSnAwvouv TNV T tou array isUsed yla to
Doctor tagGroup kal to Smoker tagGroup avtiotolya.

(BA. Nivakag 3-5 : BaBuoloyia ava kavova epmAoutiopoU yia individual-tag, Nivakag 3-7 : BaBuoloyia
ova Kavova emAouTIopoU yla class-tag kat kavoveg BaBuoAdynong)

Nivakoc 4-14 : Napddsypa akohouBaknc ekteAeonc dynamicGrade(tags={Doctor,Smoker})

Eninedo , . tmp- | Doctor | Smoker
. Evépyela blueprint
nesting grade | Group | Group
Apxkn kKAnon .
0 dynamicGrade([FamilyDoctor, [FamilyDoctor, Smoker, 0 Not Not
Ex-Smoker] used used
Smoker, Ex-Smoker])
Avtiotoiyion FamilyDoctor [FamilyDoctor, Smoker,| 0+80
0
Doctor Group > used Ex-Smoker] =80
1 KAnon dynamicGrade([Smoker, Ex- [Smoker, Ex-Smoker] 0
Smoker])
Avtiotoiyxion Smoker =
1 Xton [Smoker, Ex-Smoker] 0+100
Smoker Group = used 100
2 KAnon dynamicGrade([Ex-Smoker]) [Ex-Smoker] 0
Ermiotpodn(0)
2 tmpgrade=0+100 [Smoker, Ex-Smoker] 100
Smoker Group = Not used
tmpgrade (100) >maxgrade (0
1 Pe (100) 8 ©) [Smoker, Ex-Smoker] 100
maxgrade=100
Avtiotoixion pe 2° Smoker
1 Xton K [Smoker, Ex-Smoker] 0+71
Smoker Group - used =71
2 KAnon dynamicGrade([Ex-Smoker]) [Ex-Smoker] 0
Ermiotpodn(0)
1 tmpgrade=0+71 [Smoker, Ex-Smoker] 71
Smoker Group = not used
tmpgrade (71) <maxgrade (100
1 Pe (71) 8 (100) [Smoker, Ex-Smoker] 0
maxgrade=100
EUpeon avtiotoixlo € Ex-Smoker
1 peon Xtone 1 [Smoker, Ex-Smoker] 0+71
Smoker Group = used =71
2 KAnon dynamicGrade([Smoker]) Smoker] 0
Ermiotpodn(0)
1 tmpgrade=0+71 [Smoker, Ex-Smoker] 71
Smoker Group = not used
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tmpgrade (71) <maxgrade (100)

[Smoker, Ex-Smoker] 0
maxgrade=100
Ermiotpodn(100)

_ [FamilyDoctor, Smoker,
tmpgrade=100+80 Ex-Smoker] 80
Doctor Group = not used
tmpgrade (180) >maxgrade (0) [FamilyDoctor, Smoker, 180
maxgrade=180 Ex-Smoker]

Avtiotoixion Smoker [FamilyDoctor, Smoker, | 0+100=

Smoker Group = used Ex-Smoker] 100

KAnon .

dynamicGrade([FamilyDoctor, Ex- [FamilyDoctor, Ex- 0
Smoker]

Smoker])

Avtiotoixion FamilyDoctor [FamilyDoctor, Ex- 0+80

Doctor Group > used Smoker] =80

KAnon dynamicGrade([Ex-Smoker]) [Ex-Smoker] 0

Ermtiotpodn(0) ]

tmpgrade=0+80 [FamilyDoctor, Ex- 80
Smoker]

Doctor Group = Not used

tmpgrade (80) >maxgrade (0) [FamilyDoctor, Ex- 30

maxgrade=80 Smoker]

Eruotpodn(0)

_ [FamilyDoctor, Smoker, Not Not
tmpgrade=100+80 Ex-Smoker] 180 used used
Smoker Group = Not used
tmpgrade (180) >maxgrade (0) [FamilyDoctor, Smoker, 180 Not Not
maxgrade=180 Ex-Smoker] used used
Avtiotoixion 2°° Smoker [FamilyDoctor, Smoker,| 0+71
Smoker Group - used Ex-Smoker] =71
KAnon .
dynamicGrade([FamilyDoctor, Ex- [FamilyDoctor, Ex- 0

Smoker]
Smoker])
Avtiotoixion FamilyDoctor [FamilyDoctor, Ex- 0+80
Doctor Group = used Smoker] =80
KArjon dynamicGrade([Ex-Smoker]) [Ex-Smoker] 0
Ermiotpodn(0)

_ [FamilyDoctor, Ex-
tmpgrade=0+80 Smoker] 80
Doctor Group = Not used
tmpgrade (80) >maxgrade (0) [FamilyDoctor, Ex- 80
maxgrade=80 Smoker]

Ermiotpodn(0) .
tmpgrade=71+80 [FamilyDoctor, Smoker, 151

Smoker Group = Not used

Ex-Smoker]
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5 tmpgrade (151)<maxgrade (180) [FamilyDoctor, Smoker, | o
maxgrade=180 Ex-Smoker]
Avtiotoixion Ex-Smoker [FamilyDoctor, Smoker,| 0+71
0
Smoker Group —> used Ex-Smoker] =71
KAnon .
1 dynamicGrade([FamilyDoctor, Ex- [FamilyDoctor, Ex- 0
Smoker]
Smoker])
1 Avtiotoixion FamilyDoctor [FamilyDoctor, Ex- |0+80=8
Doctor Group = used Smoker] 0
2 KAnon dynamicGrade([Ex-Smoker]) [Ex-Smoker] 0
Ermiotpodn(0) .
1 tmpgrade=0+80 [FamilyDoctor, Ex- 80
Smoker]
Doctor Group > Not used
1 tmpgrade (80)>maxgrade (0) [FamilyDoctor, Ex- 20
maxgrade=80 Smoker]
Ermtiotpodn(0)
_ [FamilyDoctor, Smoker, Not Not
0 tmpgrade=71+80 Ex-Smoker] 151 used used
Smoker Group = Not used
tmpgrade (151) >maxgrade (180) [FamilyDoctor, Smoker, Not Not
0 180
maxgrade=180 Ex-Smoker] used used
- Ermuotpodn(180) - - - -
Inueiwon

O Slaywplopog Twy tags péoa otnV blueprint petaBAntn yivetal pe tn BorOela String operations.
JUYKEKPLUEVA, Yl Tov Slaxwplopd twv tags mou PBpilokovtal péca oto blueprint adalpolvtal ta
brackets kal xwpilovtal petal toug pe Baon To KOUUA.

tmpBlueprint = tmpBlueprint.replace("[", "");
tmpBlueprint = tmpBlueprint.replace("]", "");
String[] elementdoc = tmpBlueprint.split("”, ");

Eniong, yla tnv epdpwAeupévn kAnon tou blueprint, ebdoov npémnel va adatpebel To tag mou taiplage,
EKTEAOUVTAL TA TTOPAKATW:

tmpBlueprint = tmpBlueprint.replace("["+stringIter+", ", "[");
tmpBlueprint = tmpBlueprint.replace(”, "+stringIter+"]1", "]");
tmpBlueprint = tmpBlueprint.replace(", "+stringIter+", ", ", ");
tmpBlueprint = tmpBlueprint.replace("["+stringIter+"]", "");

MNa autoug toug Adyoug, Ba TPEMEL va MRV XPNOLUOTIOLOUVTAL OTOLXElA TNG ovtoAoyiag mou va

o n

neplEéxouv koppa “,” i bracket “[, ”]1” (BA. YAomoinon Ovtoloyiac).
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MoAurtAokotTnTal

MNa aplOuod eswooxbévtwv tags A (UéxplL kaL 7 otnv uAomoinon), o6mou 1o kdBe €va Oa
Snuoupynoet éva tag Group peyéBoug M kat Ba umoAoyLlotel o BaBuog evog blueprint pe aplBuod tags
B (LEXpL KaL 7 otnv UAomoinon) n toAumAokotnta pokuTtel: O(A*M*B), adou yla kabe otolyeio Tou
blueprint 6a mpooneAaotouv 6Aa ta tagGroups Kal OAa ta tags avtwyv. Kabwg, opwg, To A aveédptnta
amo TNV uAomoinon Ba elval apKETA ULKPO, N TTOAUTTAOKOTNTA €V TEAEL elval O(MB).

4.3.8.4. Tafwvounon

AdoU olokAnpwBel n BabuoAoynon twv Result Documents, autd tafvopouvtal ywa va
emotpadouv. H taflvopnon yivetal pe xprion t¢ quicksort, n onoia amnoteAeitatl anoé Svo pépn, to sort
Kall To partition. Ta Result Documents talvopouvtal pe Baon tov Babuo tou kaBe Document.

4.3.8.4.1. private static void sort(ArrayList<ResultDocument> res, int low, int high)

H sort pébodoc kaleitat avadpoukd, adou kabopioel to pivot otolxeio pe Ponbela NG

partition, EavakaAel Tov eauTO TNG yla va Taglvourost Ta SU0 UTIO-PEPN TOU TivaKa.
sort(res, low, pi-1);
sort(res, pi+l, high);

4.3.8.4.2. private static int partition(ArraylList<ResultDocument> res, int low, int high)

H partition uéBodog apxikd, EMAEYEL WG pivot oTOLKELD, TO TEAEUTALO OTOLXELO TOU UTTOTIVA KO
float pivot = res.get(high).getGrade();
KOL OTN OUVEXELA yla KAOe oTolyelo eAEYXEL AV lval PLKPOTEPO 1 HEYAAUTEPO TOU pivot Kal Ta ava-
Slatdooel. TéNog, emiotpédel To pivot otolyeio.

MoAurtAokotTnTal

H quicksort avadpopuikd xwpilel évav mivaka oe 2 puépn pe Bdaon €va pivot otolxeio. Omolo
otolxelo Tou mivaka eival HikpoTteEPO amo To pivot otolxeio, Oa petadepOel 0To MPWTO UGS TOU TTivaka,
EVW OMoLo eival peyaAltepo, oto deuTePO ULoO. ETol, KaBwg Kal autd ta 2 pépn xwpilovtal o dAAa
UTTOUEPN HEXPL VA UNV XwpileTtal aANo o mivakag, n quicksort ava-dlatdoel 6Ao Tov Tivaka os avfovoa
oclpa.

H avadataén ovuty €xet moAumhokotnta O(N*lognN). Autd mpokUmtel w¢ €€AG:
Av untoB€oou e w¢ avta To pivot otolxeio eival to xelpotepo duvato, dnAadn, oxL n Slapecog aAAG
TO HEYOAUTEPO N ULKPOTEPO OTOLXELD, TOTE yLa KAOE Staxwplopo tou mivaka (N Staxwplopol) Ba mpémet
va poomehactolv OAa ta otolxeia, dpa O(N?).

KaBwg, Opwg, av emAéyetal Tuxaia To otolxeio eival anibavo va cu el KATL TETOLO, UTTOPOUUE
va Bewprooue Mw¢ KOt PECO Opo Ba emAéyeTal wg pivot oToLXElO KATIOLO KOVIA OTO UECOV TOU
Ttiivaka, TOTe oL Staxwplopotl ou Ba xpelaotel va yivouv eivat logN. Auto mpokUmtel, kabBwe o Tivakag
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puey€boug N, yla va dtaxwplotel oe povadiaio koppdtia, Bo XpelaoTel va PpoomeAAoTEL OAOKANPOG
logN ¢dopég (tautoonuo pe to UPog dSuadikou-6évépou pe N pUAAQ).

5. AIOTEAEZMATA

Me tnv oAokArpwan tn¢ uAomoinong paivetal n dtadopd avapeca otnv simple avalitnon KaLtnv
semantic avalitnon. Ita mAaiola tnN¢ mapovoag SIMAWUATIKAG epyaciag, onwg €xel avadepOel Kat
vwplitepa, xpnolpomnotnonke pLla ovtoloyia Baoiopévn oe atpika Sedopéva. Eniong, Snuiovpyndnkav
3000 blueprints otn Baon tng MongoDb mou mepléxouv 6POUC TTOU ATOVTWVTOL OTNV ovtoAoyia. To
kaOe blueprint, £€xeL Tuxaio aplOUO oTtoleiwv-tags amo 3 €wg kal 7.

Apxika, Ba e€etaotouv dladopég oe Gyko SeSOUEVWY Ko TaXUTNTA EKTEAEONG.

5.1. Noootikocg EAeyxog

5.1.1. JMETER

Oocov adopd ta moootikd amoteAéoparta, afilet va efetaotel n Siadopd otn SlapKela
eKTEAEONC TWV SV avalntioewy, aAAd kal tn Sltadopd otov Oyko Twv blueprints ou enotpédovral.

Me tn BonBeila tou JIMETER mpaypatonolibnkav LeTproels mavw o€ dlddopeg pebddoug tng
ovtoloyiag. Zuykekpluéva, oxediaotnkav dvo jmx apxela, €va yla tnv ektédeon 7000 simple
avalntnoswy Kal éva yla tnv ektéAeon 7000 semantic avalntioswv.

OL 7000 autég avalntnoeslc xwpiotnkav o 7 thread groups twv 1000 avalntioewV Kal yla Ta
U0 apyeia. To 1° group avalntiocwv nepLéxel avalntnoelg ue 1 éplopa, to 2° group avalntnoewy
TeEPLEXEL avalnTtAoelg Ye 2 oplopata, to 3° pe 3 kAm. To kdBe group ekteAeital Alyo PETA TO
T(PONYOUHEVO, WOTE Ta logs va pmopouv eUkoAa va opadomnonBouv yla kA group ektéAeonc.

Emtiong, To kaBe thread group ektelel Tic avalntioelg pe 2 threads xwpig kamola kabBuotépnan.
ExktedoUvrtal 6nAadn, 2 threads oto jmeter, 6mou to kdBe éva Ba ekteAéoel 500 avalnTtnoslg yla Kabe
thread group.
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HTTP Request

Nami

ding: | UTF-8

Content-Type

Ewkoéva 5.1 Jmeter

Me tnv ektéAeon tou JMETER napatnpribnke évtwg n semantic search va Stapket peyoAltepo
XPOVIKO Sldotnua kot péco Opo. Emiong, mapatnpouvral Siaitepa pEYAAEC Max TLUEC. AuTO
odeiletal KUuplwg 0TO YEYOVOGS TWE av N edappoyr MOPAUEIVEL VEVEPYH VLA APKETH WA, N dnuloupyia
connection pe ™ Baon t™¢ MongoDb kot to query kaBuotepouv mapamnavw. Emiong, éva anod ta
XOPAKTNPLOTIKA TNG Java elval mwg o KwdLkag €xel KAAUTEPN emMiboon 000 MEPLOCOTEPO eKTEAE(TAL. M
QUTO ToVv AOYyOo, O0tav ektedouvtal Stadopa benchmarks vmoloyiletal éva pikpd warm-up period mou
va 6ivel otov compiler tn Suvatotnta va mapagel Wbaviko kwdika [36] . Map’dAa autd, oL Omolot
UTTOAOYLOMOL KOl YPODLKEG £YLVAV OlYVOWVTAC TO KOPMUATL TOU warm-up, SnAadr, cupnephappfavovrtog
OUTEG TLC apXIKEC KaBuoTtepnoelg, KaBwC UTtApXEL Mepimtwon n epoappoyr va €XeL TEPLOSOUG TTOU va
€XeL “kpuwoel”.
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MEoOG KoL LEYLOTOC XPOVOC EKTEAECNG QVAL
aplOuo inputs - simple search
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Ewova 5.2 Simple search Jmeter amoteAéouata
MEoo¢ Kal LEYLOTOG XPOVOC EKTEAEDONG QVAL
aplOuo inputs - semantic search
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Ewkova 5.3 Semantic search Jmeter anoteAéouara

H Stadpopa otov xpovo ekTEAeoN Twv SUO avalnTr)OEWV ETUKEVIPWVETAL OE 3 KOMUATLA:
e EvEpyeleg MAVW OTNV ovtoAoyia (EUMAOUTIOUOG KaL reasoning)
e Avaktnon kat BaBuoloynon blueprints (retrieveAndGradeBlueprints)
e Anuwoupyia JSON String

5.1.2. Evépyeleg MAVW oTNV OVToAoyia

OL eVEPYELEC TIOU TPAYLATOTIOLOUVTOL TTAVW OTNV ovioAoyia meptlapBavouv to Stafacpa Kal
TO reasoning tng ovtoloyiag,
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model = ModelFactory.createOntologyModel(PelletReasonerFactory.THE_SPEC);
model.read(myont);

Reasoning ovtoAoyiag, Sitapkela

Xpbvog (ms)

0 1000 2000 3000 4000 5000 6000 7000 8000
Avalntnoelg

Ewova 5.4 Xpovikn Siapkela tou reasoning tng ovroloyiag yia kade éva amd ta 7000 request

KaBw¢ KaL TNV eUPECN TWV CUYYEVWY TwV tags
OntClass tagClass = model.getOntClass(mynamespace + taglter);

KOl CUYKEKPLUEVA OTNV MEPLMTWON Ttou To tag eival individual
Individual tagInd = model.getIndividual(mynamespace+taglter);

OntClass directClass = tagind.getOntClass(true);

List<String> tmp2 = ontologylterator(directClass.listInstances(true),mynamespace);
tmp2 = ontologylterator(directClass.listSuperClasses(false),mynamespace);

€VW OTNV TEPLMTWON Ttov TO tag sival Class

List<String> tmp = ontologylterator(tagClass.listSubClasses(true),mynamespace);
tmp = ontologylterator(tagClass.listSuperClasses(false),mynamespace);

tmp = ontologylterator(tagClass.listinstances(true),mynamespace);
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EpmAouTtiopog ovtoloyiag, Stapkela

80

70

Xpovog (ms)

0 1000 2000 3000 4000 5000 6000 7000 8000
Avalntnoelg

Ewova 5.5 Xpovikn SLtapkeLa ToUEUMAOUTIOUOU TNG ovtodoyiag yta kade va amo ta 7000 request

H Stadikaocia tn¢ eloaywyng Kal Tou reasoning tng ovtoloyiag mpoékue mepimov 8ms katd
HECO 0pOo, VW N Sladikacio EUMAOUTIONOU TwV tags Katd pEco 0po 16ms. Kat ot SUo dadikaacieg mou
TIPOYLLOTOTIOLOUVTAL OTNV ovtoAoyia, Sev MpooBETouv Peyaln KaBuoTtépnaon, EVw Kal OE TIEPLTTWOELG
HeyoAUTEPWV ovtoloylwv ot Stadopég Ba eival pKPEG.

5.1.3. Avaktnon ko Ba®poAoynon blueprints

AwoBnty eivat n  Swadopa otnv  pEBobo  private static  List<ResultDocument>
retrieveAndGradeBlueprint (TagArray tag_array, int numberOfinputTags). Autr} amoteAeital amno 3
KUpLEG UTto-UEBOSoug/Sladikaoieg :

5.1.3.1. MongoDb query :

2tn Stadikacio Tou query, KaBw¢ umapxeL TOAU HeyaAUTEPOG aplBuog tags mou avalntwvtol
0oTn onNUAcLoAOYLK avalntnon, avtiotolxo Ba emotpadolv MOAU TEPLOCOTEPA QATMOTEAECUOTA.
JUYKEKPLUEVA, eVw oTtnv simple avalntnon emniotpédovtal Kata péco O6po 477 blueprints oe 15ms
XPOvo, otnv semantic eriotpédovrtal 1135 blueprints oe 36ms xpovo. AvtiBeta, To yeyovog OTLTO query
daivetal va Stapkel meplocotepo, SeSOUEVOU OTL ETILOTPEPEL TIEPLOCOTEPA ANMOTEAECHATA, ELvOL KATL
avanodekto aAAd Bepito, Sedopévou OTL oTa MAALOLO TWV OTOXWV Tou TPoPANUATOoG mou e¢etaletal

glval n enotpodn neplocdteEpwV blueprints.
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Eniong, n pelwon Tng avénong Tou aplBpol TwV AMOTEAECUATWY TIOU EMLOTPEPOVTOL LETA T 5
tags, onwg ¢aivetal oto daypappa Ewkova 5.7, odeiletal oto OTL ota 6 tags Exouv emiotpadel dN
TIAPATIAVW OTTO TLG HLOEC eYYPadEC TNG Baong (mapamdavw ané 1600/3000). Av n Baon dedopévwy ixe
TEPLOOOTEPES eyypadeG, AoylKA N av€non Twv eMOTPEPOUEVWY amoTeEAEoUATWY Ba NTav Ue tov (6o

pubuo.

Awdpkela query ava aplOuo tags
70
60
50
40
30

20 4./.——-_.
—C——=

10

Méaoog xpovog (ms)

1 2 3 4 5 6
AplBuog input tags

~

=—@=Simple search  ==@=Semantic search

Ewkova 5.6 Méan xpovikn Stapketa ektéAeong select query yia 1000 request ava aptduo tags

Méooc aplBuoc blueprints ava aplbuo input tags

1800
1600
1400
1200
1000
800
600
400
200
0

Méoog aplBuog blueprints

=
N

3 4 5 6
AplBuog input tags

~

e Simple search === Semantic search

Ewkova 5.7 Méoaog aptuog blueprints mou entotpépovtat ano to query yia 1000 request ava aptduo tags
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5.1.3.2. dynamicGrade :

2tn Swadikacio Tou dynamicGrade mapouaotdletal Stadopd oto mMANBo¢ Twv blueprints, aAld
Kal otov aplOpd twv tags mou mpoomeAavvovtal yla va Paduoloynbel to kaBe blueprint.
JUYKEKPLUEVQ, EVW OTNV simple avalitnon umapxouV Katd HECO Opo 4 tags, SnAadn, 6ca EUmalvay wg
input e€apxng, otnv semantic untdpyouv 16.

ApBuoG tags oto query wg pog input-tags

= = N N w
o (6] o (6] o

ApBuoc tags oto query
(9]

|

1 2 3 4 5 6 7
AplBuog input tags

e Simple Search Semantic search

Ewkova 5.8 Méoog aptduocg tags mou meptéyovrat oto query yia 1000 request ava aptduo tags

H dynamicGrade w¢ €k toutou, evw otnv simple avalitnon dlapkel katd Yéco 6po 2ms (n
ektéAeon tou dynamicGrade oe 6Aa ta blueprints), otnv semantic avalntnon Sdwopkel 9ms. Mevika
6nAadn, n dynamicGrade 6co auvfavovtal ta tags, aufavetal EKBETIKA, av KAl yLa ULKPEG OVTIOAOYIEG N
Kal Baoelg dedopévwy (O0nwe oto mapaddetypa) dev emnpedlel APKETA T XPOVLKN SLAPKELX EKTEAEDNCG.
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Awdpkela dynamicGrade ava aplOuo tags

N
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AplBuog input tags

=—@=Simple search  ==@=Semantic search

Ewova 5.9 Méan Stapketa ektédeans adpoiouatoc twv dynamicGrade yia 1000 request ava aptduod tags

5.1.3.3. sort:

Ztn Sadikaocia tou sort n povn Siadopd €ykeltal otov aplOpod twv blueprints mou €xouv
ermuotpadel. Qaivetal mwg otnv semantic avalitnon, to peyalutepo mANBoG blueprints kdvel tnv
avalntnon va kabuotepel katd 1ms (katd pEco 0po), Evavil Tng simple avalitnong mou kabuotepel
katd 0.5ms (katd péco 6po). Mpaktikad n tagvounon dlapkel to SuMAdcLo otnv semantic avalitnon,
OUCLOOTLKA OHWG, (0TO Ttapadelypa) o Oykog Twv SeSopuévwy gival TOCO ULKPOG Tou Sev £XEL Kauia
onuaota.

Awdpkela sort ava aplOuo tags

~N
5

N

Méoog xpovog (ms)
-

o
5

o

1 2 3 4 5 6 7
ApBuog input tags

=@=Simple search  ==@==Semantic search

Ewkova 5.10 Méon xpovikn dtapketa taévounong yia 1000 request ava aptduo tags
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Ev téAel, 6An n Stadikaoia tng retrieveAndGradeBlueprint otnv simple avalitnon Stapkel kata
HETO 0po 28ms, eVvw oTnNV semantic avalitnon Katd pEco 0po 63ms. Emiong, dpaivetal mwg n péEBodog
Sev ennpedletal ouTe and tov aAyoplbuo tng BabuoAloynong, ouTe amo To sorting, aAAd Kuplwg anod
To query otnv MongoDb. B€Bala, 6nwg daivetal kat oto ypadnua, 660 auvfavetal o aplBuog Twy tags,
1000 aufdvetal kat n dtadopd petafL Twv dUo avalntrioswy, OMou ota 6 Kal ota 7 tags n dtadopa
elval dumhdola, pe tnv simple péBodo va dlapkel péxpt ko 30ms, evw n semantic péxpt kat 60ms.

Awapkel retrieveAndGradeBlueprints ava aplBuo
tags

~N
o

ms)

Méaoog xpovog (
R N W D U O
O O O o o o o

AplBuog input tags
=@="Simple search Semantic Search

Ewkova 5.11 Méon xpovikrj Stapkela ekTéAeanc tou query, twv dynamicGrade kat tou sort yia 1000 request ava aptduo tags

5.1.4. Anuwovpyia JSON

T€Aog, onuavtikn eival n Stadopad tng Stadikaociog tTng dnuiovpyiag tng String petafAnTig mou
nepLEXeL To JSON, n omola kat ot Suo puebBodoug mpoobEtel apket kaBuotépnon Kal SLopkel otnv
nepimtwon tng simple avalitnong 10ms katd PEoo 6po, EVw oTNV MepiMTwon tng semantic avalntnong
67ms. MdAALota, otnv mepimtwon twv 7 tags n Stadopd dtdvel oto onuelo n jsonize va MPOCOETEL

125ms kaBuotépnon katd pEco 6po ota blueprints Tng semantic avalntnong, evw HOAL 24ms ota
blueprints tng simple.
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Awapkela dSnuovpyiag JSON String
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Ewkova 5.12 Méon xpovikn SLapkeLa UETATPOTG anmoteAeouatwy o€ JSON popen yta 1000 request ava aptduo tags

Juvoyifovtag kat aBpoilovtag tn Stapkela twv Stadikactwy, SnAadn, reasoning ovtoAoyiag,
EUMAOUTIONOG ovtoAoyiag, retrieveAndGradeBlueprint kat JSON creation, n dtadopd petaty simple
avalntnong kat semantic avalitnong eivatl twg n simple avalitnon ekteAeital ota 55ms katd pEco
0po, evw n semantic ota 139ms katd pPECO Opo. Ol TIHEC auTéEC dev elval eVOEIKTIKEG, KOOwWG
neplA\apuBdavouv To akpaio oevdplo tou evog tag. Daivetal SnAadn, mwg and ta 4 tags Kol Mavw,
umapxeL paydaia avénon tng kabuotépnong, n onoia ayyilel péxpt kat ta 100ms Stadopad (katd péco
0po).

B£Bala, Omwc emwOnKe mapandavw, N kKupla Stadopd EYKELTA OTO query TIOU TIPAYLATOTOLE(TaL
otn Baon dedopévwy kal otn Stadikaoia tng Snuouvpyiag tou JSSON-string. Map’oAa autad, yio pa Baon
6ebopévwy Twv 3000 otolyeiwv Kat yla avalnTtioelg pExpL 7 tags dev eival peyaAn Slapkela ektéAeong
(Ayotepo amod 1 deutepOAemto).
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Searches
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e Simple search Semantic search

Ewkova 5.13 Méon ouvoAikn ypovikn Stapketa eKTEAEonG Twv avalntiocwy yia 1000 request ava aptduo tags

5.1.5. Zuvoyn moooTtikoU eAEyxou

Ev télel, oL Sladikaocieg mou adopouv TNV enefepyacia tng ovtoAoylog eMIPEPOUV OXETIKA
HLKPN KoBUOoTEPNON, VW O HEYAAUTEPOC OYKOC amod tags, TIOU OUVETAYETOL HEYOAUTEPO OYKO
blueprints, emupEpel pa kabuotépnon kal ota mMAaiola TNG avaktnong, aAAd kot ota mAaiola ¢
enefepyaoiag, omou daivetal nwg n Sadkacia mou avfavel meplooodTEPO TNV KaBuoTEPNON TNG
€KTEAEONC €lval n jsonize. Mépav tnG omolag BeAtiotonoinong unopel va enttevxBel otov TOUE TNG
TaxUTNTAC, 0TOXOG TNG semantic avalntnong eivat va mpoodEPeL LEYAAUTEPO (EUMAOUTIONEVO) KOL TILO
OVTUTPOOWTEUTIKO (BaBuoloynuévo) ocuvolo amo blueprints.

Eniong, epdoov n mMoAUTTAOKOTNTA TNG EKTEAEONC OANG TNG Stadikaaoiag dev eival peyaAn, aAla
n kaBuotépnon daivetal va avfdvetal avaloylkd akopa Kat yio Baon dedouévwy peyéboug 100.000
blueprints, n ektéAeon 6ev Ba femepdoel Ta 10 SeutepOAemTa MPAYHA TIOU TNV KAVeL real-time
epappuoyn. MNa va enitevxbel mepattépw optimization Ba unmopovoe va neploplotel n Stadkaoia Tng
Snuoupyiag tou JSON-string (rou givat n peyaAUTEPN XPOVLIKA) OTO VOl ETILOTPEPEL TEAKA Ta tpwTa 10,
20 1} akopa kat 100 amoteAéoparta.

T€Aog, ta anoteAéopata deiyvouv nwc ta blueprints mou emotpédpovrat ival moANamAdaoia Kat
HAALOTA N AUENON TWV AOTEAECUATWY €lval mepimou (on tng kabuotépnong mou mpootiBetal, Wilwg
000 aufavetal o aplBuoG Twy tags mou elodyovrtal, dnAadn, :

ApOuog_blueprints_pe_semantic_search  Sidpkela_sktéAeong_pe_semantic_search

Ap1Bpog_blueprints_pe_simple_search - Suapkela_ektédeonc_e_simple _search
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Aoyoc blueprints kat xpovikng StapkeLag yla
semantic wg npog simple avalAtnon
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AplBuog input tags

=@=Blueprints(Semantic/Simple) Duration(Semantic/Simple)
Ewova 5.14 Adyoc uéoou mAnBou blueprints ko uéong Stapkeiag semantic kat simple search yia 1000 request ava aptduo tags

Amo ta 5 input tags kat mavw, n Stapketa paivetal va eivat peyaAutepn. Autod odelletal KUPLWG
OTO Yeyovog nws evw n dynamicGrade aufdvetal oe Sldpkela 600 aufdvovtal Ta input tags,
TauToXpova n molkhopopdila TG Bacng mou xpnowlomnolndnke neplopiletal, kKabwg eniotpedpovral
TIEPLOCOTEPQ MO TA Lo blueprints tn¢ Baonc.

H Sidpkela ektéAeong tng semantic search ¢aivetal va eival katd YEco 0po 2,96 ¢dopEg
peyoAUtepn tng simple, evw ta blueprints mou emotpédovral 2,55 dpopég meplocodtepa.

AtileL va onuewBel emiong edw, nMwg 600 aufavetal o aplBPog Twv sloaxBéviwy tags,
au&avovtal kal ta blueprints mou enotpédovtal o Babuod mou ota 5-6 tags, emiotpédovral Ta pLod
documents tn¢ Baonc. Av n Baon eixe peyaAltepo mANBoc and documents, dpa Kal PeyaAUTePn
T[OlKL)\OLlOpd)ILa, (0] }\(')VOC Ap16uc’)g_blueprints_ue_semantic_search/ Ap1Opdg_blueprints_pe_simple_search Oa EILXE MEV(IN'JTEPF]
T, kabwg Ba avéavovtouoay mepaltépw ta documents t¢ semantic avalntnong.

5.2. Molotkog €Aeyxocg

H semantic avalitnon BeAtwiwvel tnv simple avalitnon o€ 2 onUAVTLKOUG TOUElG. EpmAouTilel
Ta anoteAéopata BAoel cuyyEvelag Twv SoopEvwy tags, n omola TIPOKUTITEL Ao Lo OVTOAoyia Kal Ta
BaBuoAoyel emiotpédovtag Ta Mo oxeTkd pwta. Hén eival epdavrig n dStadopd twv blueprints mou
emotpEdovtal otig 2 meputtwoelg (Etkova 5.7 Méooc aplBuoc blueprints mou eniotpédovral anod 1o

guery yta. 1000 request ava aplOuo tags)

AUO Hey£€On yla TN PETPNON TNG MOLOTNTAC TWV ONMOTEAEOUATWY Hlag avalntnong sival n
akpiBela kal n akpiBela_avakAnong, omwc opilovral MopaKATW:

AplOuds_avaktwuevwv_oyetikwv_documents

akpifeia = ; ;
pib AptBuog_avaxktousvwv_documents
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AplBuods_avaktwuevwv_oyeTikwv_documents

4 r’ A —
akplfeia_aviicinong AptOuds_oyetikwv_documents

AodaAwg kat ta SUo peyEOn Wavika Ba mpénel va eival ioa e to 1. Me tnv akpiBeia daivetal
TL TTOOOOTO TWV AVOKTWHEVWY documents elval OXETIKA Ue TNV oucia tng avalntnong, evw KE TNV
akpiBela_avakAnong nooa and oAa ta oxetikd documents tng Baong avaktwvtal. O mapdyoviag mou
Ba kabopioel 1o péyeBog NG akpiBeiag avakAnong elval to TOCO KOAN Kol TAAPNG €ival n
vAomolnuévn ovtohoyia, wote yla kaBe tag va eudavilovral OAa ta OXETIKA o€ auto. H akpiBeia
avéavetal péow NG BabuoAoynong. Oco kaAutepol eival ol kavoveg tng BabupoAoynong kat
KATAAANAOTEPQ ETUAEYUEVEG OL UETPLKEC, TOCO AUEAVETAL KAl N akpiBela.

AkoAouBouv kamola mapadeiypota ektéAeon mou emidelkviouy tn Stadopd petal Tou simple search
KoL Tou semantic search.

5.2.1. MARBo¢ anoteAscpatwv

Jtov Mivaka 11-1 ¢aivetalr nwg yw to tag Endocrinologist, emiotpédetal pévo Suo
amotéAeopata e To simple search, evw oAU neploodtepa (oTov Tivaka €xouv TomoBeTnBel Ta Mpwta
10) pe to semantic search.

Avtiotowa otov MNivaka 11-2 ¢aivetal nwg yia ta tag Endocrinologist kat fribrinogen (o.o.uia
yAukompwrteivn mou Snutoupyeitat oto oukwtt) EMLOTPEDOVTAL LOVO Tpla tags pe To simple search, evw maAL to
semantic search emotpédel peydAo aplBuo (maAL otov mivaka epdavidovral ta mpwta 10 ek Twv 634).

Nivakoc 5-1 : Napadswypo-1 6rmou semantic avalntnon smotpedel moAUTAnBEoTEPO amoTEAEOUATA

arno v simple

Tags

Endocrinologist

AnoteAéopata

Simple Semantic

[Endocrinologist, Pregnancy, Female, BloodTest] - 50.0 [Endocrinologist, Pregnancy, Female, BloodTest] - 50.0
[Chemotherapy, Endocrinologist, chemotherapyReason, | [Chemotherapy, Endocrinologist,
Neurologist, OtherTest] - 44.72136 chemotherapyReason, Neurologist, OtherTest] -

44.72136

[Specialist, SmokingStatus, Female] - 35.218365
[Doctor, Examination, Intervention] - 35.218365
[Doctor, TestName, Outcome] - 35.218365
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[Radiation, Specialist, Employed] - 35.218365
[Ethnicity, Doctor, OtherTest] - 35.218365
[radiationReason, Specialist, Induced_abortion] -
35.218365

[Education, haemoglobin, Doctor] - 35.218365
[Specialist, TestName, Diagnosis] - 35.218365

Nivakog 5-2 : MNapddswyua-2 onou semantic avaljtnon ermotpédel moAurAnO£otepa anoteAéopota

aro thv simple

Tags

fribrinogen Endocrinologist

AnoteAéopata

Simple Semantic

[BodyMassIndex, Person, fribrinogen] - 57.735027 [BodyMassIndex, Person, fribrinogen] - 92.95339
[Endocrinologist, Pregnancy, Female, BloodTest] - 50.0 [Doctor, Examination, Intervention] - 70.43673
[Chemotherapy, Endocrinologist, chemotherapyReason, | [TestName, surgeryReason, Person] - 70.43673
Neurologist, OtherTest] - 44.72136 [Specialist, TestName, Diagnosis] - 70.43673

[Doctor, TestName, Outcome] - 70.43673
[Examination, Employed, Person] - 70.43673

[Doctor, TestName, Outcome, OutcomeAssessment] -
61.0

[TestName, Gynecologist, Biopsy, Specialist] - 61.0
[Examination, OtherSpecialist, OtherTest, Doctor] -
61.0

[radiationReason, HealthcareVisit, TestName, Doctor]
-61.0

Elval mpodaveg amod ta 2 noapadeiypata nwe n simple avalntnon Sev elval apketh, KoBwG
ETUOTPEDEL EAAXLOTO ATIOTEAECUATO KOl QUTA UN-AVTUTPOCWIEVTIKA TG avalntnong. Emiong, kat ta 2
HEYEDN UETPNONG TOU TTOLOTIKOU €AEyxoU €xouv UPNAGTEPN TLUA OTNV MEPLMTWOon Tou semantic search.
MAALloTta, EVw 0 TIPOYUATIKOG aplOUOC TwV AnMOTEAECUATWY TIou eMLOTPEDEL N semantic search eivat
409 kot 634 avtiotola, oTtov TUMO elodaxOnke o apBuog 10, adol T AMOTEAECHATA OUTA
taflvopouvral Baoel tou Babuou Toug, apa ta mpwta 10 sival kot mBavwe Lo KOVTA O aUTO TIou
{ntoloe o xpnotnc. Emiong, mépa Twv oXETIKWV autwVv PeyeBwv (akpifela kat akpifela_avakAnong)
HEYAAN eival n dtadopad kal oto MANB0C Twv amoteAecpdatwy, 2 otnv simple évavtt 409 otnv semantic
kal 3 otnv simple évavtL 634 otnv semantic.
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Napadeiypal

2
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, o 10 , - tic = — 10
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relev_docs>10
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1
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: tic = 20 i el tic = ——
akpifeia_semantic = 0 axpifeia_avarxdnong_semantic = relon docs

relev_docs>7

5.2.2. MolotnNTta ANOTEAEGUATWY

Onwc npoavadpépBnke OUWE, aKOUA Kol av emLoTpadoUV apKeTd anoteAéopata, Sev onUalvel
TIWG ELvVaL OVTLITPOCWTEUTIKA aUTOU TTou avalntoloe o XproTnG.

MNna napadetyua, otov mivaka 11-3 evw o xpriotng avalnta blueprints oxetikd pe emepuPaocelg oe
€YKUOUC yuvaikeg, KabBw¢ kol TNV €ldIKOTNTA TOU YlATPpoU TOU TNV €KTEAECE, TAlpvel tuxaia
amoteAéopata, Oonwg [Specialist, SmokingStatus, Female] - 115.470055 kat [haemoglobin, Female,
Specialist] - 115.470055. AvtiBétwg e tn semantic search emiotpédovtal MoAU IO AVIUTPOCWTTEVTIKA
arnoteAéopata. Ailel va onuewwBel, mw¢ akopa kat to 19° otowxelo tou semantic search oto
napadeypa €xel upnAotepo Babud amnd 1o 1° otolkeio tou simple search. Emiong, n simple search
enéotpePe 487 évavtl 1994 amoteAeoUATWY TNG semantic.

Avtiotolya otov mivaka 11-4, evw o xpriotng avalnta blueprints mou nepléxouv dnuoypadikd
XOPOKTNPLOTIKA aoBevwv avaloya HE TO av €XOUV UTIAPEEL KATIVIOTEG, TIOU ETLOKENTOVTOL
OLKOYEVELAKOUG yLaTPoUG yia Tn Slevépyela KATmolag e€€Ttaong, maipvel tuxaio anoteAéopata Onweg
[Demographics, Psychiatrist, TestType] - 115.470055 [Nephrologist, TestType, TestName,
HealthcareVisit] - 100.0. AvtiB£twg, pe To semantic search emiotpédovrtal moAU Lo OVTUTPOCWIIEUTIKA
amoteAéopata. Afilel va onUelwBEL, W KAl OE AUTAV TNV TIEPLMTTWON HEXPL Kal To 16° otolxelo Tou
semantic search, £xeL unAotepo Babuod amno to 1° otoyeio tou simple search. Emiong, n simple search
enéotpee 591 évavtl 1860 amoteAeoUATWY TNG sSemantic.

Nivakac 5-3 : Nopadeyua-1 omou semantic avalntnon emotpEdbel akpLBEOTEPA AMOTEAECUOTO OTTO

v simple
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Tags

Pregnancy | Surgery Specialist Female
AnoteAéopata
Simple Semantic
[Specialist, SmokingStatus, Female] - 115.470055 [Person, Gynecologist, Surgery, Pregnancy] - 170.5
[haemoglobin, Female, Specialist] - 115.470055 [Person, Gynecologist, surgeryReason,
[Endocrinologist, Pregnancy, Female, BloodTest] - | PregnancyOutcome] - 150.5
100.0 [Gynecologist, Pregnancy, Female, BloodTest] - 140.0
[Gynecologist, Pregnancy, Female, BloodTest] - 100.0 [Endocrinologist, Pregnancy, Female, BloodTest] -
[Person, Gynecologist, Surgery, Pregnancy] - 100.0 140.0
[HealthcareVisit, Specialist, OutcomeAssessment, | [OtherSpecialist, surgeryReason, PregnancyOutcome] -
Pregnancy] - 100.0 138.56407
[Female, Specialist, Occupation, plateletCount] - 100.0 | [Nephrologist, Surgery, Gynecologist,
[Female, Other, Gender, Pregnancy] - 100.0 PregnancyOutcome] - 130.0
[Unemployed, Surgery, Female, | [Female, PregnancyOutcome, Dermatologist, Twins] -
Spontaneous_abortion_/_Miscarriage, Single] - | 130.0
89.44272 [Patient, Gynecologist, Surgery, PregnancyOutcome] -
[Specialist, Dentist, OutcomeValue, Biopsy, Pregnancy] | 130.0
- 89.44272 [Demographics, PregnancyOutcome, Neurologist] -

127.594406

[interventionReason, Surgery, Female,

MedicallmagingTest, Neurologist] - 125.21981

Nivakog 5-4 : Napadsypa-2 onou semantic avalitnon ermotpedel akpBECTEPA OTTOTEAECLATO ATO

v simple
Tags
HealthcareVisit | FamilyDoctor | Demographics | TestType SmokingStatus
AnoteAéopata
Simple Semantic
[Demographics, Psychiatrist, TestType] - 115.470055 [HealthcareVisit, BodyMassindex, BloodTest,
[Diagnosis, TestType, interventionReason, SmokingStatus] - 100.0 | Smoker] - 165.5
[OcularTest, TestType, Demographics, | [Never_Smoker, BodyMassindex, HealthcareVisit,
Black_or_African_American] - 100.0 BloodTest] - 165.5
[Nephrologist, TestType, TestName, HealthcareVisit] - 100.0 [HealthcareVisit, BodyMassindex, BloodTest, Ex-
[SmokingStatus, Caucasian_or_White, EducationlLevel, | Smoker] - 165.5
FamilyDoctor] - 100.0 [HealthcareVisit, Doctor, Ethnicity, OtherTest] -
[Asian, FamilyDoctor, Retired, Demographics] - 100.0 160.5
[TestType, FamilyDoctor, antiThrombin, Retired] - 100.0 [OutcomeValue, BodyMassindex, Ex-Smoker,

FamilyDoctor, MedicallmagingTest] - 148.0277
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[American_Indian_or_Alaska_Native,
FamilyDoctor] - 100.0

Region, TestType,

[Patient, HealthcareVisit, TestType, Ophthalmologist] - 100.0
[Demographics, cholesterol, Outcome, FamilyDoctor] - 100.0

[FamilyDoctor, Examination, Smoker, Ethnicity,
Interventions] - 139.53064

[Education, TestType, Doctor] - 139.14142
[Examination, Occupation, Person, HealthcareVisit,
Region] - 135.0585

[BloodTest, Ex-Smoker, BodyMassIndex] - 133.3679
[OutcomeAssessment, UrineTest, HealthcareVisit,
Education] - 130.0

5.2.3. Zuvoyn moLoTikoU eAEyxou

H Sladopad TG onpacloAoyikng amno tnv anAn avalntnon eivat epdavig. O xprnotng «IANPWVEL»

HeEYaAUTEPO MANOOG KAl TOLOTNTA ATOTEAECUATWY UE TaxUTNTA eKTEAEONC. MAAloTa, onwg daivetal

Kat otnv Ewova 5.14 Adyog pécou mAnBou blueprints kat péong Sdpkelag semantic kat simple search

yla 1000 request ava aplBuo tags), n dStadopd otnv taxvTnTa eKTEAECNC €ival avaloyn tng dtadopdg

ToU MARBOUC TWV AMOTEAECUATWY Kal av cuUPNLOTEL KAL N TOLOTNTA TWV OTMOTEAECUATWY (TpAyHO

SUOKOAX LETPHOLUO) O XPOVOG TIOU KTTANPWVEL» OVTLOTOLXEL O€ pLa TTOAU KaAUTtepn avalntnon. BERala,

av ywotav n avtiotolyn ouykplon tng semantic avalntnong pe kamnota aAAn avalntnon, onwg n elastic,

Ba dawvotav pikpotepn Stadopd we TPog Tov Xpovo ekTEAeon, aAAA Kal aAL Stadopd otnv moLdTnTA

TwV anoteAecpatwy (auth v ¢opd ta n kabe avalntnon Oa eixe SladopeTKA AMOTEAECUATA

avaloya Ue 1o €60o¢ Tou mpoBAAUATOC).
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6. ZYMIMNEPAZMATA

Ta op€AN MOU MPOKUTTOUV ATO TN XPHon MG semantic avalitnong, onwg e€etdotnkav ota
QIMOTEAEOOTA KoL OUYKEKPLUEVA oTo 5.2. (MoloTikog €Aeyxog), ivat n duvatdtnta yla enotpodn
HEYaAUTEPOU TTANBOUC AMOTEAECUATWY KAl I TIOLOTLKOTEPN BaBuoAdynor) Toug.

Eva akopa odelog eival n duvatotnta katakeppatiopol tn¢ Sladikaociag uvAomoinong. H
epappoyn eivat ontology-agnostic, 6nAadn, vAomolel tn onuactoloyiki avalntnon (kat tnv amAn)
Xwpic va emnpedletal anod 1o £i60¢ Twv dedopévwy mou emotpedel (mapd povo to format toug). Etoy,
yla TNV moLotnTta Twv amnmoteAecpdtwy umelBuvog eival o ontology expert, kaBwg o akplPng
oxedlaopog TnG ovioAoyiag Ba emipEpel avtiotolya akplpn amoteAéopata.

Eniong, av n onuacloAoyiki avalitnon 6ev cuykplBel pe por armAn, aAAd (Yo mopAadeLlypa) He tv
ehaotwkn (Elastic Search), mapouaotalel kat kamota akopa Betika otowxeia. H Elastic Search umoAoyilel
yla kaBe amotéAeopa €vav Babud pe €vav oaAyoplBuo (avtiotoya n semantic : Mivakag 3-9 :
AAyOpLOuoc umoloylwopou Babuou blueprint), o omolog mepléxel otolxeia, onwg inverse document

frequency (idf : av éva tag eudaviletal oe moAd documents aflomoleital Alyotepo) i koL term

75



frequency (tf : mooeg dopég epdaviletal éva tag oe €va document), ta omoia Sev xpelalovral otnv
T(POKELEVN VAoTOiNON.

Map’0Aa autd, €vag aKOUA TIPOTELVOUEVOG OXESLAOUOC €lval n UAOTIOLINGN TNG CNUAGLOAOYLKAG
avalntnong mavw otnv eAaotikn avalntnon. Mw vAomoinon dnAadn, n omoia Ba eumAouTtilel Ta
eloaxBévta oplopata Baoclopévn og pla ovtoloyia kal Oa mpayuatonolel tTnv avalntnon otn Baon pe
TN Xprion tng eAaoTikng avalntnong.

Juvoyilovtag n onupactoloyikn avalitnon npoodEpeL:

e MeyaAUtepo OYKO OMOTEAECUATWY: O EUMAOUTIONOG TWV £loaxBEviwy otolxeiwv pe GAAa

apeUdeP MPOOPEPEL TTEPLOCOTEPO ATIOTEAECHOTO.

e [Mowtikotepn tafvounon amnoteAeopatwv: H Stadikacia Babuoloynong tafvoust Baoet

OXETIKOTNTAC TA ATIOTEAECHATAL.

e Ontology-agnostic: H ulomoinpévn edapuoyy Oev eival oxedSloopévn mMaAvw O [

OUYKEKPLUEVN ovtoloyia i TUmo SeSopévwy.

e Afionoinon daAAwv avalntioewv: H onuacloloyikn avalntnon upmopel va Poaocilel tnv

avalntnon tng otn Baon dedopévwy mavw og AAAEG, OTwC n elastic search.

6.1. MEAAOVTIKEC ETEKTAOELC

Mta uAormoinon mou ebapuolel tn onuacloAoykn avalntnon €xel d1adopouc TOUELS OTOUG
omolou¢ pumopei va BeAtwBel otnpllopevn mavw otnv napoloa.

Apxwka, umopel n (hard-coded) Stadikacio eumAoutiopol va yivel mapapetponotioun. Na
emAéyetal 6nAadn, oto configuration moleg ouyyéveleg Ba aflomotlovvtal Kat pe Tt Babuo. Emiong,
umopel va opiletal o aplBuog Twy amoteAeopatwy mou Ba epdavifovrot TeEAKA.

Mo ovowdng enéktaon Oa Ntav n cuvduaotikr/uBpLdikn aflomoinon Tng onNUOCLOAOYLKNG HE
™V €AaoTikr avalitnon, Omou n onuocloAoyikr avalntnon eumAoutilel Ta tags Kal n €AAOCTIKN
KaAeltal va ektedéoel tnv avalntnon otn Baon dedopévwv. Ouowwdng eméktacn Ba ATov Kol N
TMEPALTEPW SuUVATOTNTA TOPAUETPOMOINONG TWV queries ToU Tpayuatonolouvtal otn Baon
Sebopévwv.

Entiong, n Suvatotnta mpoodopdg oTov XpHoThn MPoTAacswy yla avalitnon (Ma mapadsypa yo

eloobo “Docttor” = “Did you mean : Doctor?”), n Sduvatétnta ywa feedback amod tov xpriotn kot
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ovAaAuon Mavw ota enotpedopeva anoteAéopata aAld Kal otny dla tnv ovtoloyila Ba pmopouoe va

ETUPEPEL EKTMTANKTLKA QMOTEAEC AT,
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8. KQAIKAZ

8.1. Front-End

8.1.1. Index.html

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Document</title>
<script type="text/javascript" src="startbootstrap-grayscale-gh-pages/js/sandbox.js"></script>
<link type="text/css" rel="stylesheet" href="startbootstrap-grayscale-gh-
pages/bootstrap.min.css">

</head>
<body>
<style>
.wrapper {
width: 100%;
margin-left : 5px;
margin-right : 5px;
overflow: hidden; /*add this to contain floated children */

}
first {
width: 20%;
float:left; /* add this */
}
.second {
width: 39%;
float: left; /* add this */
margin-left : 5px;
font-size: 0.8rem;
}
.third {
width: 39%;
float: Lleft; /* add this */
margin-left : 5px;
font-size: @.8rem;
}
.btn_add {
background: url(startbootstrap-grayscale-gh-pages/assets/img/add.png) no-repeat;
background-size : 100%;
float: Lleft;
}
.btn_rem {

background: url(startbootstrap-grayscale-gh-pages/assets/img/remove.png) no-repeat;
background-size : 100%;
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float: Lleft;
margin-left : 5px

</style>
<title>Eeeela</title>
<h1l>Welcome!</h1>
<div class="wrapper">
<p>Here, we can compare the difference between running a simple search and an semantic
search.<br>
Simple search : Given some tags, blueprints containing the exact tags will be returned.
<br>
Semantic search : Given some tags, blueprints containing the exact tags, as well as their
superclasses, subclasses, siblings or individuals will be returned.
</p>

<div class="first">
<form id="frm1i"">
Tag 1: <input type="text" id="tagl" style="width:100%"><br>

</form>
<button style="margin-left:30%; width:36px; height:30px; border-style:none;"
onclick="addInputTag()" class="btn_add"></button>
<button style="margin-left:10%; width:36px; height:30px; border-style:none;"
onclick="deleteInputTag()" class="btn_rem"></button><br><br><br>

<button style="display:inline-block" onclick="simpleSearch()">Simple Search</button>
<button style="display:inline-block" onclick="semanticSearch()">Semantic Search</button><br><br>

</div>
<div class="second" id="simple_div">

<h4 style="text-align: center">Simple Search Results</h4>
</div>
<div class="third" id="advanced_div"">

<h4 style="text-align: center">Semantic Search Results</h4>
</div>

</div>
</body>
</html>

8.1.2. Sandbox.js

console.log('Inside Javascript');
var tagcnt=1;

const semanticSearch = async (tagl) => {
console.log("SemanticSearch[Start]");

if (!document.getElementsByTagName) return;
var tag = [];
var fetcher = "?";

for (j=0; j<6; j++){
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if (document.getElementById('tag'+(j+1))==null)
break;

if (document.getElementById('tag'+(j+1)).value==""){
window.alert("Fill all the tags or remove them!");

return;
}
tag[j] = document.getElementById('tag'+(j+1)).value;
}
for (w=0; w<j; w++){

if (w>0)
fetcher += "&";
fetcher += "tag"+(w+l)+"="+tag[w];
¥
for (w=j; w<7; w++)
fetcher += "&tag"+(w+1)+"=";

console.log('Fetching advanced search : /semantic'+fetcher);

const response = await fetch('http://localhost:8090/semantic’'+fetcher);

const advancedJson = await response.json(); //extract JSON from the http response
// do something with myJson

console.log('Putting all the values in the table');
addTable(advancedJson, "advanced_div");

console.log("SemanticSearch[End]");

}

const simpleSearch = async () => {
console.log("SimpleSearch[Start]");
if (!document.getElementsByTagName) return;

var tag = [];
var fetcher = "?";
for (j=0; j<6; j++){
if (document.getElementById('tag'+(j+1))==null)
break;
if (document.getElementById('tag'+(j+1)).value==""){
window.alert("Fill all the tags or remove them!");
return;
}
tag[j] = document.getElementById('tag'+(j+1)).value;

for (w=0; w<j; w++){
if (w>0)
fetcher += "&";
fetcher += "tag"+(w+l)+
}
for (w=j; w<7; w++)
fetcher += "&tag"+(w+l)+"=";

+tag[w];

console.log('Fetching simple search : /simple'+fetcher);

const response = await fetch('http://localhost:8090/simple'+fetcher);

const simpleJson = await response.json(); //extract JSON from the http response
// do something with myJson

console.log('Putting all the values in the table');
addTable(simpledson, "simple_div");
console.log("SimpleSearch[End]");

}

function addTable(thejson, table_id) {
console.log("AddTable[Start]");
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var myTableDiv = document.getElementById(table_id)
var myobj = document.getElementById(table_id+"1");
if (myobj)

myobj.remove();
var table = document.createElement('TABLE")
table.width = '95%";
var tableBody = document.createElement('TBODY")

table.border = '1';
table.id = table_id+'1';
table.appendChild(tableBody);

var heading = new Array();
heading[@] = "Blueprint"
heading[1] = "Values"

//TABLE COLUMNS

var tr = document.createElement('TR");

tableBody.appendChild(tr);

for (i = @; i < heading.length; i++) {
var th = document.createElement('TH")
th.appendChild(document.createTextNode(heading[i]));
tr.appendChild(th);

}

//TABLE ROWS
for (var i in thejson.blueprint) {
var tr = document.createElement('TR");

var td = document.createElement('TD")
td.appendChild(document.createTextNode("Index: "+thejson.id[i]));
tr.appendChild(td);

var td = document.createElement('TD")
td.appendChild(document.createTextNode(thejson.blueprint[i]));
tr.appendChild(td);

tableBody.appendChild(tr);
}

myTableDiv.appendChild(table);

console.log("AddTable[End]");

}

function addInputTag(){
console.log("AddInputTag[Start] with number of tags = "+tagcnt);
var container = document.getElementById("frml");

if (tagent>=7)
return;
//while (container.hasChildNodes()){
//container.removeChild(container.lastChild);
/1%
tagent++;
container.appendChild(document.createTextNode("Tag "+tagcnt));
var input = document.createElement("input");
input.type="text";
input.id="tag"+tagcnt;
input.style="width:100%";
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container.appendChild(input)
container.appendChild(document.createElement("br"));

console.log("AddInputTag[End] with number of tags = "+tagcnt);

}

function deleteInputTag(){
console.log("DeleteInputTag[Start] with number of tags = "+tagcnt);
var container = document.getElementById("frml");
if (tagent<2)
return;
tagent--;

//br

container.removeChild(container.lastChild);

//input

container.removeChild(container.lastChild);

//text

container.removeChild(container.lastChild);
console.log("DeleteInputTag[End] with number of tags = "+tagcnt);

8.2. Ontology

<?xml version="1.0"?>

<rdf:RDF xmlns="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#"
xml:base="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-20"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:xml="http://www.w3.org/XML/1998/namespace"”
xmlns:xsd="http://www.w3.o0rg/2001/XMLSchema#"
xmlns:obda="https://w3id.org/obda/vocabulary#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#">
<owl:0Ontology rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-

20"/>

<!--

LITITTITTT 7070777777777 7777777777777 777777777777777777777777777777777777777777717717177
/!

// Object Properties

/!

L1177 7 7777707777777 7777777777777 777777777777777777777777777/77777771777/71771777717177

-->

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasAddress -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasAddress">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Demographics”/>
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<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Region"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasBodyMassIndex
-->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#hasBodyMassIndex">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Demographics”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#normallWeight"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#obesity"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#overWeight"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#underWeight"/>
</owl:oneOf>
</owl:Class>
</rdfs:range>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasDemographics -

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#hasDemographics">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-
ontology-206#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Demographics”/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasDoctor -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-

ontology-26#hasDoctor">

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Patient"/>

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Dentist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Dermatologist”/>
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<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Doctor"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Endocrinologist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#FamilyDoctor"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Gastroenterologist”/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Hematologist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Nephrologist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Neurologist"”/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#0phthalmologist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0therSpecialist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Psychiatrist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Pulmonologist"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-

ontology-20#ENT_(Ear,_Nose, _and_Throat)"/>
<rdfs:range>
<owl:Class>

<owl:intersectionOf rdf:parseType="Collection">

<rdf:Description

rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Gynecologist"/>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#hasGender"/>
<owl:allValuesFrom
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Female”/>

</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</rdfs:range>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasEducation -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasEducation”>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-2e#Demographics”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-
ontology-26#Education”/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasEducationLevel
-->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasEducationLevel ">
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<rdfs:subProperty0f
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#hasEducation"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Education”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therEducationLevel"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Primary"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Secondary"”/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Tertiary"/>
</owl:oneOf>
</owl:Class>
</rdfs:range>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasEthnicity -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasEthnicity">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Demographics"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#American_Indian_or_Alaska_Native"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Asian"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Black_or_African_American"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Caucasian_or_White"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Native_Hawaiian_or_Other_Pacific_Islander"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#H1ispanic_/ Latino"/>
</owl:oneO0f>
</owl:Class>
</rdfs:range>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasGender -->
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<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasGender">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"”/>
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#AsymmetricProperty"”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Demographics”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Female"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Male"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0therGender"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasOccupationStatus -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-

ontology-26#hasOccupationStatus"”>

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"/>

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-2e#Demographics”/>

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Employed”/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0therOccupationStatus"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Retired"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Student"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Underage"”/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Unemployed"”/>

</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasOutcome -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasOutcome"”>
<rdfs:subProperty0f
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#undertakeExamination"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#Examination"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#0utcome"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasOutcomeAssessment -->
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<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#hasOutcomeAssessment”>
<rdfs:subProperty0f
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#undertakeExamination"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0utcome"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0utcomeAssessment”/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasOutcomeFormat
-->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasOutcomeFormat">
<rdfs:subPropertyOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasOutcome” />
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Examination"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#0utcome”/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#0utcomeFormat"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasOutcomeUnit --

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasOutcomeUnit">
<rdfs:subProperty0f
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasOutcome™/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-
ontology-20#Examination"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-
ontology-20#0utcome"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-
ontology-20#0utcomeUnit"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasOutcomeValue -
->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-

ontology-26#hasOutcomeValue">

<rdfs:subPropertyOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasOutcome” />

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Examination"/>

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#0utcome"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0utcomeValue"/>
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</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasPersonStatus -
->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasPersonStatus">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Doctor"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#Nurse”/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0ther"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Patient"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasPregnancy -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasPregnancy ">
<rdfs:domain>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-20#Person"/>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-26#hasGender"”/>
<owl:allValuesFrom
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Female”/>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</rdfs:domain>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Pregnancy"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasPregnancyOutcome -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasPregnancyOutcome">
<rdfs:subPropertyOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#hasPregnancy"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Pregnancy”/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#PregnancyOutcome"”/>
</owl:0ObjectProperty>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasSmokingStatus
-->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#hasSmokingStatus">
<rdf:type rdf:resource="http://www.w3.o0rg/2002/07/owl#FunctionalProperty"”/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Ex-Smoker" />
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Never_Smoker"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Smoker"/>
</owl:oneOf>
</owl:Class>
</rdfs:range>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasSpecialty -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#hasSpecialty">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Doctor"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Specialist"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#hasTestType -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-

ontology-206#hasTestType">

<rdfs:subPropertyOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-
20#undertakeExamination"/>

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"”/>

<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Examination"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Biopsy"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#BloodTest"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#MedicalImagingTest"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#0cularTest"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-
ontology-26#0ralTest"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#0therTest"/>

<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#UrineTest"/>

</owl:0ObjectProperty>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#healthcareVisitAt
-->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#healthcareVisitAt">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#HealthcareVisit"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Specialist"”/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#subRegion0f -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#subRegionOf">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#TransitiveProperty"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Region"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Region"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#undertakeExamination -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#undertakeExamination">
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Patient"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Person"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Examination"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#tundertakeIntervention -->

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#undertakeIntervention”>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Patient"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Person"/>
</owl:0ObjectProperty>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#preg:hasDoctor --

<owl:0ObjectProperty rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#preg:hasDoctor">
<rdfs:subProperty0f
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-26#hasDoctor"/>
<rdfs:domain>
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<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Patient”/>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#hasGender"”/>
<owl:allValuesFrom
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Female"/>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</rdfs:domain>
<rdfs:range rdf:resource="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-26#Gynecologist"/>
</owl:0ObjectProperty>

<!--

L1117 T777 7777777777777 7777777777777777777777777777/777777/77/777777/7777771777/177177717177
//
// Classes

//

[I1117777777777777777777777777777777777777777777777777777771771777117177711777771171171117
-->

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Abortion -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Abortion">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#PregnancyOutcome” />
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Biopsy -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Biopsy">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-206#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#BloodTest -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#BloodTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#BodyMassIndex -->
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<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#BodyMassIndex">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Demographics"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Chemotherapy -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Chemotherapy ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Interventions"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Demographics -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Demographics"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Dentist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Dentist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Dermatologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Dermatologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Specialist”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Diagnosis -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Diagnosis"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Doctor -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Doctor">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Person"/>
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<owl:disjointWith
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Nurse"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Education -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Education”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Demographics"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#EducationLevel --

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#EducationLevel ">
<owl:equivalentClass>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therEducationLevel"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Primary"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Secondary"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Tertiary"/>
</owl:oneOf>
</owl:Class>
</owl:equivalentClass>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Education”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Employed -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Employed">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Endocrinologist -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Endocrinologist"”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Ethnicity -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Ethnicity">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Demographics”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Examination -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Examination”/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#FamilyDoctor -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#FamilyDoctor">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Doctor"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Female -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Female">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Gender"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Gastroenterologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
2o#Gastroenterologist”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Gender -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Gender">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Demographics”/>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Person"/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Gynecologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Gynecologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#HealthcareVisit -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#HealthcareVisit"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Hematologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Hematologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Induced_abortion
-->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Induced_abortion">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Abortion"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Interventions -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Interventions"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Male -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Male">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Gender"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#MedicalImagingTest -->
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<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#MedicalImagingTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Medication -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Medication”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Interventions"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Nephrologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Nephrologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Neurologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Neurologist"”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Nurse -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Nurse">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Person”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0ccupation -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0ccupation”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Demographics”/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0cularTest -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#0cularTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0phthalmologist -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#0phthalmologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0ralTest -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#0ralTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0ther -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0ther">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Person”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0therGender -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therGender">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Gender"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therOccupationStatus -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therOccupationStatus">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therPregnancyOutcome -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#0therPregnancyOutcome ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#PregnancyOutcome" />
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0therSpecialist -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#0therSpecialist">
<owl:equivalentClass>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasSpecialty"/>
<owl:qualifiedCardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#nonNegativeInteger">1</owl:qualifiedCardinality>
<owl:onClass
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Restriction>
</owl:equivalentClass>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0therTest -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0utcome -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0utcome">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Examination"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0utcomeAssessment
-->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0utcomeAssessment ">
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<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#Examination"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0OutcomeFormat -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0utcomeFormat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-26#0utcome”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0utcomeUnit -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0utcomeUnit">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-26#0utcome”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0utcomeValue -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0utcomeValue">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0utcome"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Patient -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Patient">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-26#Person"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Person -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Person">
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Person"/>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#hasDemographics"/>
<owl:allValuesFrom
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2626/3/untitled-ontology-
20#Demographics"/>
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</owl:Restriction>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2026/3/untitled-ontology-26#hasGender"/>
<owl:allValuesFrom>
<owl:Class>
<owl:unionOf rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Female"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Male"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#0therGender"/>
</owl:unionOf>
</owl:Class>
</owl:allValuesFrom>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Pregnancy -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Pregnancy”/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#PregnancyOutcome
-->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#PregnancyOutcome”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Pregnancy"”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Psychiatrist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Psychiatrist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Pulmonologist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Pulmonologist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

103



<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Radiation -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Radiation">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Interventions”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Region -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Region"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Retired -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Retired">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Single -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Single">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#PregnancyOutcome” />
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#SmokingStatus -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#SmokingStatus"/>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Specialist -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-26#Doctor"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Stillborn -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Stillborn">
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<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#PregnancyOutcome”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Student -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Student">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/20620/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Surgery -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Surgery ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Interventions”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#TestName -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#TestName">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Examination"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#TestType -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#TestType">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Examination"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Twins -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Twins ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#PregnancyOutcome” />
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Underage -->
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<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Underage ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/20620/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Unemployed -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#Unemployed” >
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#0ccupation”/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#UrineTest -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#UrineTest">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestType"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#antiThrombin -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#antiThrombin">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-26#TestName"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#chemotherapyReason -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#chemotherapyReason™>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Chemotherapy"/>
</owl:Class>

<!l-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#cholesterol -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#cholesterol ">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestName"/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#fribrinogen -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#fribrinogen">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestName"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#haemoglobin -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#haemoglobin">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestName"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#tinterventionReason -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-ontology-
20#interventionReason™>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Medication"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#pharmaceuticalDrug -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
2o0#pharmaceuticalDrug">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Medication"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#plateletCount -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#plateletCount”>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestName"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#prothrombinTime -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#prothrombinTime">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#TestName"/>
</owl:Class>
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#radiationReason -
->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#radiationReason">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Radiation"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#surgeryReason -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#surgeryReason">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Surgery"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#totalWhiteCellCount -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-ontology-
20#totalWhiteCellCount">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#TestName"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#ENT_(Ear,_Nose,_and_Throat) -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#ENT_(Ear,_Nose, _and_Throat)">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Specialist"/>
</owl:Class>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Spontaneous_abortion_/_Miscarriage -->

<owl:Class rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Spontaneous_abortion_/ Miscarriage">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-26#Abortion"/>
</owl:Class>

<l--
[11771777177777777777777777777777777777777777777777777777777777777777777777777717771777
//

// Individuals

//
[17177717777777777777777777777777777777777777777777777777777777777777777777777177777777
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<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#American_Indian_or_Alaska_Native -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#American_Indian_or_Alaska_Native">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Asian -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-20#Asian">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Black_or_African_American -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Black_or_African_American">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Caucasian_or_White -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Caucasian_or_White">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Ex-Smoker -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ex-Smoker">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#SmokingStatus"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#Native_Hawaiian_or_Other_Pacific_Islander -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Native_Hawaiian_or_Other_Pacific_Islander">
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<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Never_Smoker -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Never_Smoker">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#SmokingStatus"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-
20#0therEducationLevel -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/26020/3/untitled-
ontology-20#0therEducationLevel ">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#EducationLevel”/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Primary -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Primary">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#EducationLevel"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Secondary -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Secondary ">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#EducationLevel"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Smoker -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#Smoker">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#SmokingStatus"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Tertiary -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Tertiary">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#EducationLevel"/>
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</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#normaleight -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#normalWeight">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#BodyMassIndex"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#obesity -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#obesity">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#BodyMassIndex"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#overWeight -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#overiWeight">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#BodyMassIndex"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#underWeight -->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2620/3/untitled-
ontology-26#underiWeight">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-206#BodyMassIndex"/>
</owl:NamedIndividual>

<!-- http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#Hispanic_/_Latino
-->

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-26#Hispanic_/ Latino">
<rdf:type rdf:resource="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-
ontology-20#Ethnicity"/>
</owl:NamedIndividual>

<l--
[117717771777777777777777777777777777777777777777777777777777777777777777777777777771777
//

// General axioms

//
[11771777177777777777777777777777777777777777777777777777777777777777777777777777771777
-->
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<rdf:Description>
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#ALLDisjointClasses"/>
<owl:members rdf:parseType="Collection">
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Female"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-206#Male"/>
<rdf:Description
rdf:about="http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#0therGender"/>
</owl:members>
</rdf:Description>
</rdf:RDF>

<!-- Generated by the OWL API (version 4.5.9.2019-02-01T07:24:447) https://github.com/owlcs/owlapi -
->

8.3. Back-End

8.3.1. Application.properties

server.port=8090
logging.file.path=C:/Users/spappas/Desktop/diplomalLogs

8.3.2. pom.xml

<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0" xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance”
xsi:schemaLocation="http://maven.apache.org/POM/4.6.0 https://maven.apache.org/xsd/maven-
4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>
<parent>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-parent</artifactId>
<version>2.3.0.RELEASE</version>
<relativePath/> <!-- lookup parent from repository -->
</parent>
<groupId>com.diploma</groupId>
<artifactId>diploma-service</artifactId>
<version>0.0.1-SNAPSHOT</version>
<name>diploma-service</name>
<description>Spring boot service for Spyros' diploma thesis</description>

<properties>
<java.version>11</java.version>
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</properties>

<dependencies>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-data-rest</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web-services</artifactId>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>
<exclusions>
<exclusion>
<groupId>org.junit.vintage</groupId>
<artifactId>junit-vintage-engine</artifactId>
</exclusion>
</exclusions>
</dependency>
<dependency>
<groupId>org.apache.jena</groupId>
<artifactId>jena-core</artifactId>
<version>[3.10.0,3.10.99]</version>
</dependency>
<dependency>
<groupId>org.apache.jena</groupId>
<artifactId>jena-arq</artifactId>
<version>[3.10.0,3.10.99]</version>
</dependency>
<dependency>
<groupId>net.sourceforge.owlapi</groupId>
<artifactId>owlapi-distribution</artifactId>
<version>[5.1.9,)</version>
</dependency>
<dependency>
<groupId>org.jgrapht</groupId>
<artifactId>jgrapht-ext</artifactId>
<version>1.1.0</version>
</dependency>
<dependency>
<groupId>org.antlr</groupId>
<artifactId>antlr-runtime</artifactId>
<version>[3.5.2,3.5.99]</version>
</dependency>
<dependency>
<groupId>junit</groupId>
<artifactId>junit</artifactId>
<version>4.12</version>
</dependency>
<dependency>
<groupId>org.slfdj</groupId>
<artifactId>slf4j-api</artifactId>
<version>[1.7.25,1.7.99]</version>
</dependency>
<dependency>
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<groupId>org.slfdj</groupId>
<artifactId>slf4j-logdjl2</artifactId>
<version>[1.7.25,1.7.99]</version>

</dependency>

<dependency>
<groupId>org.slfdj</groupId>
<artifactId>jcl-over-slfdj</artifactId>
<version>[1.7.25,1.7.99]</version>

</dependency>

<dependency>
<groupId>log4j</groupId>
<artifactId>log4j</artifactId>
<version>[1.2.17,1.2.99]</version>

</dependency>

<dependency>
<groupId>org.slfdj</groupId>
<artifactId>slf4j-simple</artifactId>
<version>[1.7.25,1.7.99]</version>

</dependency>

<dependency>
<groupId>org.jfree</groupld>
<artifactId>jfreechart</artifactId>
<version>1.5.0</version>

</dependency>

<dependency>
<groupId>org.apache.commons</groupId>
<artifactId>commons-math3</artifactId>
<version>[3.6.1,3.6.99]</version>

</dependency>

<dependency>
<groupId>gnu.getopt</groupId>
<artifactId>java-getopt</artifactId>
<version>[1.0.13,)</version>

</dependency>

<dependency>

<groupId>org.eclipse.jetty</groupId> <!-- Used for the examples.

<artifactId>jetty-server</artifactId>
<version>9.4.18.v20190429</version>
</dependency>

<!-- Dependencies of dependencies -->

<dependency>
<groupId>org.apache.thrift</groupId>
<artifactId>libthrift</artifactId>
<version>[0.12.0,)</version>

</dependency>

<dependency>
<groupId>com.fasterxml.jackson.core</groupId>
<artifactId>jackson-core</artifactId>
<version>2.10.3</version>

</dependency>

<dependency>
<groupId>com.fasterxml.jackson.core</groupId>
<artifactId>jackson-annotations</artifactId>
<version>2.1@.3</version>

</dependency>

<dependency>
<groupId>com.fasterxml.jackson.core</groupId>
<artifactId>jackson-databind</artifactId>
<version>2.10.3</version>

</dependency>

<dependency>
<groupId>com.github.jsonld-java</groupId>
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<artifactId>jsonld-java</artifactId>
<version>@.12.3</version>
</dependency>
<dependency>
<groupId>com.google.inject</groupId>
<artifactId>guice</artifactId>
<version>4.2.2</version>
</dependency>
<dependency>
<groupId>com.google.guava</groupIld>
<artifactId>guava</artifactId>
<version>27.1-jre</version>
</dependency>
<dependency>
<groupId>commons-io</groupId>
<artifactId>commons-io</artifactId>
<version>2.6</version>
</dependency>
<dependency>
<groupId>javax.xml.bind</groupId>
<artifactId>jaxb-api</artifactId>
<version>2.3.0</version>
</dependency>
<dependency>
<groupId>com.github.galigator.openllet</groupId>
<artifactId>openllet-owlapi</artifactId>
<version>2.6.5</version>
</dependency>
<dependency>
<groupId>com.github.galigator.openllet</groupId>
<artifactId>openllet-jena</artifactId>
<version>2.6.5</version>
</dependency>
<dependency>
<groupId>org.mongodb</groupId>
<artifactId>mongo-java-driver</artifactId>
<version>3.12.5</version>

</dependency>
</dependencies>
<build>
<plugins>
<plugin>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-maven-plugin</artifactId>
</plugin>
</plugins>
</build>
</project>

8.3.3. Logback.xml

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

<appender name="consoleAppender" class="ch.qos.logback.core.ConsoleAppender">
<encoder>
<PatternLayout noConsoleNoAnsi="true"” disableAnsi="true"
pattern="%style{%d} %style{[%t]} %style{%-5level:} Zstyle{%msgikn%kthrowable{short}}"/>
</encoder>
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<filter class="ch.qos.logback.classic.filter.ThresholdFilter">
<level>debug</level>
</filter>
</appender>

<appender name="dailyRollingFileAppender"
class="ch.qos. logback.core.rolling.RollLingFileAppender">
<File>C:/Users/spappas/Desktop/diplomalLogs/diploma.log</File>
<rollingPolicy class="ch.qos.logback.core.rolling. TimeBasedRollingPolicy">
<FileNamePattern>C:/Users/spappas/Desktop/diplomalLogs/diploma.%d{yyyy-MM-
dd}.%i.log.gz</FileNamePattern>
<timeBasedFileNamingAndTriggeringPolicy

class="ch.qos. logback.core.rolling.SizeAndTimeBasedFNATP">
<maxFileSize>80OMB</maxFileSize>
</timeBasedFileNamingAndTriggeringPolicy>
<maxHistory>300</maxHistory>
</rollingPolicy>
<encoder>
<PatternLayout noConsoleNoAnsi="true" disableAnsi="true"
pattern="%style{%d} %style{[%t]} Z%style{%-5Level:} %style{smsgkn%throwable{short}}"/>
</encoder>
<filter class="ch.qos.logback.classic.filter.ThresholdFilter">
<level>debug</level>
</filter>
</appender>

<root level="info">
<appender-ref ref="consoleAppender" />
<appender-ref ref="dailyRollingFileAppender" />
</root>

<logger name="com.diploma"” level="debug"” additivity="false">
<appender-ref ref="consoleAppender" />
<appender-ref ref="dailyRollingFileAppender" />

</logger>

</configuration>

8.3.4. AsyncConfiguration.java

package com.diploma.diplomaservice;

import org.slf4j.Logger;
import org.slf4j.LoggerFactory;

import org.springframework.context.annotation.Bean;

import org.springframework.context.annotation.Configuration;

import org.springframework.scheduling.annotation.EnableAsync;

import org.springframework.scheduling.concurrent.ThreadPoolTaskExecutor;
import java.util.concurrent.Executor;

@Configuration
@EnableAsync
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public class AsyncConfiguration {

private static final Logger LOGGER = LoggerFactory.getLogger(AsyncConfiguration

@Bean (name = "taskExecutor")
public Executor taskExecutor() {

LOGGER .debug("Creating Async Task Executor");

final ThreadPoolTaskExecutor executor = new ThreadPoolTaskExecutor();

//sets the core number of threads in the pool
executor.setCorePoolSize(20);

//sets the maximum number of threads allowed
executor.setMaxPoolSize(20);

//sets the queue capacity
executor.setQueueCapacity(100);
executor.setThreadNamePrefix("Async Thread-");
executor.initialize();

return executor;

8.3.5. DiplomaServiceApplication.java

package com.diploma.diplomaservice;

import org.springframework.boot.SpringApplication;
import org.springframework.boot.autoconfigure.SpringBootApplication;

@SpringBootApplication
public class DiplomaServiceApplication {

public static void main(String[] args) {
SpringApplication.run(DiplomaServiceApplication.class,

}

8.3.6. MyController.java

package com.diploma.diplomaservice;
import java.net.UnknownHostException;

import org.slf4j.Logger;

import org.slf4j.LoggerFactory;

import org.springframework.web.bind.annotation.CrossOrigin;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RequestMethod;
import org.springframework.web.bind.annotation.RequestParam;
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import org.springframework.web.bind.annotation.RestController;

import com.diploma.searcher.JenaReasoner;

@RestController
public class MyController {

private static final Logger LOGGER = LoggerFactory.getLogger(MyController.class);

//CrossOrigin anotation gives the front end the ability to use the fetch method

@CrossOrigin(origins = "*")

@RequestMapping(value = "/simple", method = RequestMethod.GET)
public String simple(@RequestParam(name = "tagl") String tagil,
@RequestParam(name = "tag2") String tag2, @RequestParam(name

tag3,

@RequestParam(name = "tag4") String tag4, @RequestParam(name
tag5s,

@RequestParam(name = "tag6") String tag6, @RequestParam(name
tag7)

throws UnknownHostException {

long startTime = System.nanoTime();
LOGGER.info("[MyController] simpleSearch : START");

JenaReasoner simpleSearchJena = new JenaReasoner();

String[] theargs = new String[7];
theargs[0] = tagl;

theargs[1] = tag2;

theargs[2] = tag3;

theargs[3] = tag4;

theargs[4] tag5;

theargs[5] tagb;

theargs[6] = tag7;
simpleSearchJena.simpleSearch(theargs);

long endTime = System.nanoTime();

LOGGER.info("[MyController] simpleSearch : END. Elapsed time :

startTime)/1000000+"ms");

return simpleSearchl]ena.getSimple search blueprints();

}

//CrossOrigin anotation gives the front end the ability to use the fetch method

@CrossOrigin(origins = "*")

@RequestMapping(value = "/semantic", method = RequestMethod.GET)
public String semantic(@RequestParam(name = "tagl") String tagil,
@RequestParam(name = "tag2") String tag2, @RequestParam(name

tags,

@RequestParam(name = "tag4") String tag4, @RequestParam(name
tag5,

@RequestParam(name = "tag6") String tag6, @RequestParam(name
tag7)

throws UnknownHostException {

long startTime = System.nanoTime();
LOGGER.info("[MyController] semanticSearch : START");

JenaReasoner semanticSearchJena = new JenaReasoner();
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String[] theargs = new String[7];

theargs[0@] =
theargs[1] =
theargs[2] =
theargs[3] =
theargs[4] =
theargs[5] =
theargs[6] =

tagl;
tag2;
tag3;
tagé;
tag5;
tag6;
tag7;

semanticSearchJena.semanticSearch(theargs);

long endTime

LOGGER .info("[MyController] semanticSearch : END. Elapsed time :

startTime)/1000000+"ms" ) ;

= System.nanoTime();

return semanticSearchl]ena.getSemantic search blueprints();

8.3.7. JenaReasoner.java

package com.

import

import
import
import
import
import
import

import

import
import
import
import
import

import

import

public
{

java.

java.
java.
java.
java.

org.
org.

util.ArraylList;

util.Iterator;
util.List;
s1f4j.Logger;

diploma.searcher;

net.UnknownHostException;

util.Collections;

slf4j.LoggerFactory;

openllet.jena.PelletReasonerFactory;

org.
org.
org.
org.
org.

com.
com.

clas

static final

apache.jena.ontology.Individual;
apache.jena.ontology.OntClass;
apache.jena.ontology.OntModel;
apache.jena.rdf.model.ModelFactory;
springframework.scheduling.annotation.Async;

mongodb .DB;

mongodb.DBCollection;

s JenaReasoner

public final static

public final static
public final static
public final static

int ROOT_TO_DIVIDE_GRADE =2;

int DEFAULT_PARENT_TAG_RANK = 100;
int RANK_CLASS_SUBCLASS = 80;

int RANK_CLASS_INDIVIDUALS = 71;
int RANK_CLASS_SUPERCLASSES = 61;
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public final static int RANK_IND DIR_CLASS = 80;
public final static int RANK_IND_SIBLINGS = 71;
public final static int RANK_IND_SUPERCLASSES = 59;

private List<String> inputTags ;

private TagArray tagsArray;

//the variables that are returned to the controller and the front-end
private static String simple_search_blueprints;

private static String semantic_search_blueprints;

// path that the ontology resides
final static String myont = "C:\\Users\\spappas\\Diploma-Ontology.owl";

final static String mynamespace =
"http://www.semanticweb.org/spappas/ontologies/2020/3/untitled-ontology-20#";

// the variable refering to the ontology
OntModel model;

private static final Logger LOGGER = LoggerFactory.getLogger(JenaReasoner.class);

public static String getSimple_search_blueprints() {
return simple_search_blueprints;

public static void setSimple_search_blueprints(String default_search_blueprints) {
JenaReasoner.simple_search_blueprints = default_search_blueprints;

public static String getSemantic_search_blueprints() {
return semantic_search_blueprints;

public static void setSemantic_search_blueprints(String advanced_search_blueprints) {
JenaReasoner.semantic_search_blueprints = advanced_search_blueprints;

/*
* Implements a basic search in the mongodb database based on the user's tags.
* There is a query in the database returning documents containing at least one of the tags.
* Then, the grader grades the documents before returning the to the user
*/
@Async
public void simpleSearch(final String[] args)

{
LOGGER.info("simpleSearch : Start");

J] =-=mmeeeaaioiios START OF INPUT =~ —---mmmmmmmomome-

if (args.length > 0)

String tmpargs = "";
tagsArray = new TagArray();
for (String val:args) {
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if (val.isBlank()) {
continue;

}

tmpargs=tmpargs+val+
tagsArray.addParentTag(val);

LOGGER.info("The command line arguments are:"+tmpargs);

}
else
LOGGER.error("No command line arguments found.");
J] =mmmmemeeme—aaas END OF INPUT =~ —---mmmmmmmmmmmm-
YA START OF BLUEPRINTS RETRIEVE, GRADE AND SORT W -----------
______ */

long startTime = System.nanoTime();

LOGGER.info("simpleSearch retrieveAndGradeBlueprint : START");

List<ResultDocument> ret = retrieveAndGradeBlueprint(tagsArray);

long endTime = System.nanoTime();

LOGGER.info("simpleSearch retrieveAndGradeBlueprint : END. Elapsed time : "+(endTime-
startTime)/1000000+"ms");

LOGGER.info("simpleSearch : END");

J* e END OF BLUEPRINTS RETRIEVE, GRADE AND SORT =~ ----------u--
_———— */

J* e START OF JSON CREATION ~ ---------mmmmmmm- */

/*

* Given an input of

* - blueprintl: [Doctor, Smoker, Patient] with a grade of 19 and an id of
5f465d52a93bfd39b4105f84 (as stored in MongoDb)

* - blueprint2: [Nurse, Gynecologist, Female] with a grade of 21 and an id of
5f465d52a93bfd39b41061d9 (as stored in MongoDb)

* The result JSON will be :

A

* "blueprint” : ["[Doctor, Smoker, Patient] - 19.0","[Nurse,
Gynecologist, Female] - 21.0"],

* "id" :["5f465d52a93bfd39b4105f84","5f465d52a93b+d39b41061d9" ]
*}
**/

long startJson = System.nanoTime();

String jsoned = "{\"blueprint\" : [";

String jsonedId = "";

jsoned += "\""+ret.get(ret.size()-1).getDoc()+" - "+ret.get(ret.size()-
1).getGrade()+"\"";

jsonedId += "\""+ret.get(ret.size()-1).getId()+"\"";

for (int i=(ret.size()-2); i»>=0; i--) {
jsoned += ",\""+ret.get(i).getDoc()+" - "+ret.get(i).getGrade()+"\"";
jsonedId += ",\""+ret.get(i).getId()+"\"";

}

jsoned += "], \"id\" : [";
jsoned += jsonedId;

jsoned += "]}";

setSimple_search_blueprints(jsoned);

long endJson = System.nanoTime();
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LOGGER.info("[simpleSearch] jsonize : json: "+jsoned);
LOGGER.info("[simpleSearch] jsonize : END. Elapsed time : "+(endJson-
startJson)/1000000+"ms" ) ;

}

* Implements a semantic search in the mongodb database based on the user's tags.
* Brings back the
* There is a query in the database returning documents containing at least one of the tags.
* Then, the grader grades the documents before returning the to the user
*/
@Async
public void semanticSearch(final String[] args) throws UnknownHostException
{
long semanticStart = System.nanoTime();
LOGGER.info("[semanticSearch] : Start");

[/ mmmmmmmmm e START OF ONTOLOGY INPUT+REASONING ~ --=--------------

LOGGER.info("[semanticSearch] : Reading and reasoning the ontology");
long ReasstartTime = System.nanoTime();

//create an empty ontology model using Pellet spec

model = ModelFactory.createOntologyModel(PelletReasonerFactory.THE_SPEC);
// read the file

model.read(myont);

long ReasendTime = System.nanoTime();
LOGGER.info("[semanticSearch] : Ontology reasoning. Elapsed time : "+(ReasendTime-
ReasstartTime)/1000000+"ms");

YA END OF ONTOLOGY INPUT+REASONING ~  -----------------

J] memmmmeemeaaaaas START OF INPUT =~ —---mmmommmomame-

// a variable containing the tags as inputted by the user
//managing the args. If an arg is empty (val.isBlank(), do not add it in the inputTags
or tagsArray
inputTags = new ArraylList<String>();
if (args.length > @)
String tmpargs = "";
tagsArray = new TagArray();
for (String val:args) {
if (val.isBlank()) {
continue;

}

tmpargs=tmpargs+val+
inputTags.add(val);
tagsArray.addParentTag(val);
}

LOGGER.info("[semanticSearch] : The command line arguments are:"+tmpargs);

}

else
LOGGER.error("[semanticSearch] : No command line arguments found.");

J] =-=mmeeeaaioiios END OF INPUT =~ mm--mmmmmmmmmem-

/] =mmmmmmmme—aaa ONTOLOGY ENRICHING OF THE TAGSARRAY ~  -=----cmooooooo-
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LOGGER.info("[semanticSearch] : Enriching from ontology : Start");
long ontStartTime = System.nanoTime();

int index = 0;

for (String tagIter : inputTags) {
LOGGER.debug("[semanticSearch] : "+inputTags+" iter:"+tagIter);
OntClass tagClass = model.getOntClass(mynamespace + taglter);

String forLog = "";
if (tagClass==null) {
YA INDIVIDUAL -=-----mmmmmmm - -
* If one of the tags is an individual get in the following order:
* 1) blueprints with the individual
* 2) blueprints with the direct class of the individual
*

3) blueprints with the siblings of the individual (individuals in
the same class)

*

4) blueprints with the direct superclass of the individual's class

**/

LOGGER.debug("[semanticSearch] : "+tagIter+" is NOT a Class");
Individual tagInd = model.getIndividual(mynamespace+tagIter);

// if tagClass==null, it means that the element is NOT a class (and not
an individual). It may not exist in general though
if (tagInd==null) {
LOGGER.debug("[semanticSearch] : "+tagIter+" is NOT a Class");
break;

/] === - > THE CLASS OF THE INDIVIDUAL: i.e individual Asian --

-> Class Ethnicity
OntClass directClass = tagInd.getOntClass(true);

tagsArray.addChildTag(index,
removeNs (directClass.toString(),mynamespace), RANK_IND_DIR_CLASS);

LOGGER.debug("[semanticSearch] : ["+tagIter+"] | Found the direct class
"+directClass.toString());

/] ----mmm - > THE SIBLINGS OF THE INDIVIDUAL: i.e individual Asian
---> individual Caucasian_or_White
List<String> tmp2 =
ontologyIterator(directClass.listInstances(true),mynamespace);
for (String m : tmp2) {
tagsArray.addChildTag(index, m, RANK_IND_SIBLINGS);

forLog = forLog+m+" ";

}
LOGGER.debug("[semanticSearch] : ["+tagIter+"] |

"+directClass.toString()+"--individuals-->"+forlLog);

/] =---mmmmmmm - > THE SUPERCLASSES OF THE INDIVIDUAL'S CLASS : i.e
individual Asian --. class Ethnicity --> superclass Demographics

tmp2 =
ontologyIterator(directClass.listSuperClasses(false),mynamespace);

forLog = "";

for (String m : tmp2) {
//store the superclasses (false means not only direct) in the
tagsArray
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RANK_IND_SUPERCLASSES);

superclasses-->"+forlLog);

else {

class!!!™);

tagsArray.addChildTag(index, directClass.toString(),

forLog = forLog+m+" ";

}
LOGGER.debug("[semanticSearch] : ["+tagIter+"] | "+directClass+"--

index++;
J¥ s - CLASS  ------memmememe--

* If one of the tags is a Class get in the following order:
* 1) blueprints with the Class

* 2) blueprints with the direct subclass of the Class

* 3) blueprints with the superclass of the Class

* 4) blueprints with the individuals of the Class

*

LOGGER.debug("[semanticSearch] : tagIter: ["+tagIter+"] is a

/] - > SUBCLASSES OF THE CLASS : i.e Doctor ---> Specialist
//store the subclass(es) in the tagsArray
List<String> tmp =

ontologyIterator(tagClass.listSubClasses(true),mynamespace);

individual Neurologist

superclass Person

>"+forLog);

forLog="";
for (String m : tmp) {
tagsArray.addChildTag(index, m, RANK_CLASS_SUBCLASS);

forLog = forLog+m+ 5

}
LOGGER.debug("[semanticSearch] : "+tagClass+"--subclasses-->"+forlLog);

/] === m - > INDIVIDUALS OF THE CLASS : i.e class Doctor --->

//store the siblings in the tagsArray
tmp = ontologyIterator(tagClass.listInstances(true),mynamespace);
forLog="";
for (String m : tmp) {
tagsArray.addChildTag(index, m, RANK_CLASS_INDIVIDUALS);

forLog=forLog+m+" ";

}
LOGGER.debug(" [semanticSearch] : "+tagClass+"--individuals-->"+forLog);

/] === m - > SUPERCLASSES OF THE CLASS : i.e class Doctor --->

//store the superclasses (false means not only direct) in the tagsArray
tmp = ontologyIterator(tagClass.listSuperClasses(false),mynamespace);
forLog="";
for (String m : tmp) {

tagsArray.addChildTag(index, m, RANK_CLASS_SUPERCLASSES);

forLog=forLog+m+" ";

}

LOGGER.debug("[semanticSearch] : "+tagClass+"--superclasses--

index++;
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J* emmmmeeeeeanaa END OF ONTOLOGY ENRICHING  --=----=--------- */

long ontEndTime = System.nanoTime();
LOGGER.info("[semanticSearch] : End of Ontology enriching. Elapsed time : "+(ontEndTime-
ontStartTime)/1000000+"ms");

J¥ mmmmmmm e RETRIEVE BLUEPRINTS, GRADE THEM AND SORT THEM ~  ------------ooom-
*/
* for each tag, there will be a ranking

* given the tags-ranking table, retrieveFromMongo will use logic AND queries meaning

* I will have a limit, how many results do i want??
if i want n-results do until n : use the combo of tagl, tag2,...tag7 with the

*

highest rank

* i.e tagl=Doctor(rank 10) --> superClass:Person(rank 4) --> subClass:Specialist(rank
3)

* tag2=Patient(rank 10) --> superClass:Person(rank 4)
tag3=Female(rank 10) --> superClass:Gender(rank 4)

* %

*/

long startTime = System.nanoTime();

LOGGER.debug("[semanticSearch] : retrieveAndGradeBlueprint : START");

List<ResultDocument> ret2 = retrieveAndGradeBlueprint(tagsArray);

long endTime = System.nanoTime();

LOGGER.debug("[semanticSearch] : retrieveAndGradeBlueprint : END. Elapsed time :
"+(endTime-startTime)/1000000+"ms");

J* e END OF BLUEPRINTS RETRIEVE, GRADE AND SORT ~  -------------
_———— */

J* e START OF JSON CREATION ~  ------------mmmm- */

/*

* Given an input of

* - blueprintl: [Doctor, Smoker, Patient] with a grade of 19 and an id of
5f465d52a93bfd39b4105f84 (as stored in MongoDb)

* - blueprint2: [Nurse, Gynecologist, Female] with a grade of 21 and an id of
5f465d52a93bfd39b41061d9 (as stored in MongoDb)

* The result JSON will be :

*

{

* "blueprint” : ["[Doctor, Smoker, Patient] - 19.0","[Nurse,
Gynecologist, Female] - 21.0"],

* "id" :["5f465d52a93bfd39b4105f84", "5f465d52a93bfd39b41061d9" ]
*}
* */

long jsonStartTime = System.nanoTime();
LOGGER.debug("[semantic] : Jsonize Start");

String jsoned = "{\"blueprint\" : [";

String jsonedId = "";

jsoned += "\""+ret2.get(ret2.size()-1).getDoc()+" - "+ret2.get(ret2.size()-
1).getGrade()+"\"";

jsonedId += "\""+ret2.get(ret2.size()-1).getId()+"\"";

for (int i=(ret2.size()-2); i»=0; i--) {
jsoned += ",\""+ret2.get(i).getDoc()+" - "+ret2.get(i).getGrade()+"\"";
jsonedId += ",\""+ret2.get(i).getId()+"\"";

}
jsoned += "], \"id\" : [";
jsoned += jsonedId;
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jsoned += "]}";
LOGGER.info("[semantic] : Jsonize end. Result :"+jsoned);

J* emmmmemmeeanana END OF JSON CREATION ~  ---------mmmmmnm- */

//setAdvanced_search_blueprints(jsonize(ret2));

setSemantic_search_blueprints(jsoned);

long jsonEndTime = System.nanoTime();

LOGGER.info("[semanticSearch] : Jjsonize : END. Elapsed time : "+(jsonEndTime-
jsonStartTime)/1000000+"ms");

long semanticEnd = System.nanoTime();
LOGGER.info("[semanticSearch] : THE END!!Elapsed time : "+(semanticEnd-
semanticStart)/1000000+"ms");

}
/*
* Iterate through the ontology, ignoring Thing and Nothing and removing the ns
*/
private static List<String> ontologyIterator(final Iterator<?> i, String myns)
{
LOGGER.debug("[ontologyIterator] : Start");
List<String> ret = new ArrayList<String>();
if (i.hasNext()) {
while (i.hasNext()) {
String tmp = i.next().toString();
if (myns!=null)
tmp=removeNs (tmp,myns);
//ignore Thing and Nothing
if (tmp.equals("Thing") || tmp.equals("Nothing"))
continue;
ret.add(tmp);
}
}
return ret;
}
/*

* Every element of the owl model has a url(ns) in front of it.

* Removing it in order to use them

**/

private static String removeNs(String thestring, String myns){
LOGGER.debug("[removeNs] : remove from "+thestring);

String owlns = "http://www.w3.0rg/2002/07/owl#";
String rdfns = "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#";
String rdfns2 = "http://www.w3.0rg/2000/01/rdf-schema#";

thestring = thestring.replaceAll(owlns, "");
thestring = thestring.replaceAll(rdfns, "");
thestring = thestring.replaceAll(rdfns2, "");
thestring = thestring.replaceAll(myns, "");

return thestring;
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/* First part queries mongodb database for each tag there is

* Second part, calls GradeDocument to grade each blueprint by its rank

*/

private static List<ResultDocument> retrieveAndGradeBlueprint(TagArray tag_array) {

LOGGER.info("[retrieveAndGradeBlueprint] : Start");

List<String> blueprintsString = new ArrayList<String>();
List<String> idsString = new ArrayList<String>();

ArrayList<ResultDocument> result = new ArraylList<ResultDocument>();

LOGGER.info("[retrieveAndGradeBlueprint] : Querying MongoDb");
long startQueryTime = System.nanoTime();
MongoApp mongoQuery = new MongoApp();

mongoQuery.query(tag_array);

blueprintsString=mongoQuery.getBlueprints();

idsString=mongoQuery.getIds();

long endQueryTime = System.nanoTime();

LOGGER.info("[retrieveAndGradeBlueprint] : Querying MongoDb finished. Elapsed time :
"+(endQueryTime-startQueryTime)/1000000+"ms");

LOGGER.debug("[retrieveAndGradeBlueprint] : blueprints returned:
(size="+blueprintsString.size()+") "+blueprintsString);
if (blueprintsString.size()==0) {
LOGGER.error("[retrieveAndGradeBlueprint] : Zero blueprints, returning...");
return null;

}

/* retrieve document for each tag Group

* for every blueprint, GradeDocument returns a calculated gradefloat

* every pair of blueprint-grade is added to the result(ResultDocument) list

* grade = calculatedGrade / N~(1/2), where N: number of inputs

*/

long startTime = System.nanoTime();

LOGGER.info("[retrieveAndGradeBlueprint] : Grading all the blueprints
(size:"+blueprintsString.size()+")");

for (int blueprintIndex=0; blueprintIndex<blueprintsString.size(); blueprintIndex++) {

float dynamic_grade = dynamicGrade(blueprintsString.get(blueprintIndex),

tag_array);

//Splitting the blueprint with the comma, there is an array whose size is
equals to the number of blueprint tags
int numbOfBluepTags = blueprintsString.get(blueprintIndex).split("”,").length;

float grade = (float) (dynamic_grade / (Math.pow(numbOfBluepTags,
1.8/ROOT_TO_DIVIDE_GRADE )));

result.add(new ResultDocument(blueprintsString.get(blueprintIndex),
grade,idsString.get(blueprintIndex)));

LOGGER.debug("[retrieveAndGradeBlueprint] : blueprint
("+blueprintsString.get(blueprintIndex)+") has a grade
("+dynamic_grade+"/root"+ROOT_TO_DIVIDE_GRADE+" ("+numbOfBluepTags+")="+grade);

}

long endTime = System.nanoTime();

LOGGER.info("[retrieveAndGradeBlueprint] : Grading ended. Elapsed time : "+(endTime-
startTime)/1000000+"ms. Elapsed per blueprint : "+((endTime-
startTime)/1000000)/blueprintsString.size()+"ms/bp");

startTime = System.nanoTime();
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sort (result,0,result.size()-1);

endTime = System.nanoTime();

LOGGER.info("[retrieveAndGradeBlueprint] : Sorting ended. Elapsed time : "+(endTime-
startTime)/1000000+"ms") ;

return result;

}

/*

* Given the blueprint, there is a recursion of the dynamicGrade where the point is to find
the max grade.

* ATTENTION : 1) Always take the highest rank tag from a tagGroup 2) Never take more than 1
tags from the same tagGroup

* i.e : tagGroupl) Doctor(rankl5)-Specialist(rank7) tagGroup2) Specialist(rank15) ,
blueprint:"Smoker,Doctor,Specialist

* the grade is 15(Doctor)+15(Specialist) and NOT :

* -15(Doctor)+7(Specialist)

* -15(Doctor)+7(Specialist)+15(Specialist)

*/

private static float dynamicGrade(String blueprint, TagArray tagGroups){
/*

* Find the first tag in the first tagGroup that matches a blueprint-element.

* Keep the grade and re-call the dynamicGrade without the element in the blueprint
and the tagGroup=isUsed(true)

* When the deepest call of dynamicGrade ends, recursively add the grades.

* Continue with the rest tags in the rest tagGroups until you find the highest grade

*/

LOGGER.debug("[dynamicGrade] : blueprint : "+blueprint);

float maxgrade =0;

String tmpBlueprint = blueprint;

// Since the blueprint String is like "[FamilyDoctor, Doctor, Patient]", remove the
brackets so it is "FamilyDoctor, Doctor, Patient"

// and can be split to each tag separately

tmpBlueprint = tmpBlueprint.replace("[", "");

tmpBlueprint = tmpBlueprint.replace("]", "");

//at this point, tmpBlueprint is like : "Doctor, Smoker, Patient"
// for each group of tags i.e 1) Doctor-->Person(SuperClass)-->Specialist(Subclass) 2)
Patient-->Person(SuperClass)
for (int tagGroupIndex=0; tagGroupIndex<tagGroups.sizeOfArgs(); tagGroupIndex++) {
// for each tag in the group i.e Doctor, Person, Specialist
if (tagGroups.isUsed[tagGroupIndex])
continue;
for (int tagIndex=0; tagIndex<tagGroups.tagGroup.get(tagGroupIndex).size();
tagIndex++) {

String tagName = tagGroups.getChildNameByIndex(tagGroupIndex,
tagIndex);
int tagRank = tagGroups.getChildRankByIndex(tagGroupIndex, tagIndex);

//if the blueprint contains the tagName AND the tagGroup has not been
already used
if (tmpBlueprint.contains(tagName) && tagName!="") {
tmpBlueprint = tmpBlueprint.replace("[", "");
tmpBlueprint = tmpBlueprint.replace("]", "");

//To access each tag of the blueprint, it is split removing the

comma and the space ", " and put into a String array
String[] elementdoc = tmpBlueprint.split(", ");
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//after splitting, use again the original form of the blueprint

in the replacement procedure

tmpBlueprint

blueprint;

//find which element of the blueprint is equal with the tagName

for (String stringIter :

elementdoc) {

if (stringIter.contentEquals(tagName)) {

the FamilyDoctor --> [Doctor, Patient]

tmpBlueprint.replace("["+stringIter+", ", "[");

the Patient --> [FamilyDoctor, Doctor]

"+stringIter+"]", "1");

the Doctor --> [FamilyDoctor, Patient]

"+str‘ingIter+“, ", ", ");

tmpBlueprint.replace("["+stringIter+"]", "");

the blueprint

tagGroups);

than the max hold it

}

LOGGER.debug("[dynamicGrade]
return maxgrade;

}

/*
* Implementing quicksort
*/

: blueprint :

tagGroups.isUsed[tagGroupIndex]=true;

//remove the tag-element from the blueprint
//case [FamilyDoctor, Doctor, Patient], removing

tmpBlueprint =

//case [FamilyDoctor, Doctor, Patient], removing

tmpBlueprint = tmpBlueprint.replace(",

//case [FamilyDoctor, Doctor, Patient], removing

tmpBlueprint = tmpBlueprint.replace("”,

//case [Doctor], removing the Doctor --> []
tmpBlueprint =

//recursively call dynamicGrade for the rest of

float tmpgrade = tagRank;
tmpgrade += dynamicGrade(tmpBlueprint ,

//found the grade until know. if it is greater

//either way, continue
tagGroups.isUsed[tagGroupIndex]=false;
tmpBlueprint = blueprint;
if (tmpgrade>maxgrade)
maxgrade=tmpgrade;
break;

"+blueprint+", Returning :"+maxgrade);

private static void sort(ArraylList<ResultDocument> res, int low, int high)

{
LOGGER.debug("[sort]

if (low < high)
{

/* pi is partitioning index, arr[pi] is

now at right place */

: from "+low+" to "+high);
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int pi = partition(res, low, high);

// Recursively sort elements before
// partition and after partition
sort(res, low, pi-1);

sort(res, pi+l, high);

}
}
/*
* Part of the quicksort implementation
*/

private static int partition(ArrayList<ResultDocument> res, int low, int high)

{
LOGGER.debug("[partition] : from "+low+" to "+high);

float pivot = res.get(high).getGrade();
int i = (low-1); // index of smaller element
for (int j=low; j<high; j++)

{
// If current element is smaller than the pivot
if (res.get(j).getGrade() < pivot)
{ .
it++;
// swap arr[i] and arr[j]
Collections.swap(res, i, j);
}
}

// swap arr[i+1] and arr[high] (or pivot)
Collections.swap(res, i+1l, high);

return i+1;

8.3.8. MongoApp.java

package com.diploma.searcher;

import java.util.ArraylList;
import java.util.Iterator;
import java.util.List;

import org.slf4j.Logger;
import org.slf4j.LoggerFactory;
import org.springframework.scheduling.annotation.Async;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import com.mongodb.DBObject;
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import
import

@Async
public

com.mongodb.MongoClient;
com.mongodb.MongoClientOptions;

class MongoApp {

static final String MONGO_DATABASE_NAME = "myDatabase";
static final String MONGO_COLLECTION_NAME = "blueprints";
static final String MONGO_IP = "localhost";

static final String MONGO_PORT = "27017";

private final Logger LOGGER = LoggerFactory.getLogger(JenaReasoner.class);
private DB database ;
private DBCollection collection ;

MongoClientOptions options;

MongoClient

mongoClient;

List<String> ids;
List<String> blueprints;

public List<String> getIds() {
return ids;

public void

setIds(List<String> ids) {

this.ids = ids;

public List<String> getBlueprints() {
return blueprints;

public void setBlueprints(List<String> blueprints) {

this.

}

blueprints = blueprints;

// constructor : creates the connection with the Mongo database PER THREAD
public MongoApp () {

this.
this.

blueprints = new ArraylList<String>();
ids = new ArrayList<String>();

LOGGER.debug("[MongoApp] : Setting the connection");

this
this

.options = MongoClientOptions.builder().socketKeepAlive(false).build();
.mongoClient = new MongoClient(MONGO_IP+":"+MONGO_PORT, options);

this.
this.

database = mongoClient.getDB(MONGO_DATABASE_NAME);
collection = database.getCollection(MONGO_COLLECTION_NAME);

LOGGER.debug(" [MongoApp] : Constructor return");

/* To query mongodb, a list of basicDBobjects is needed.

* Each element of the array list is like "tags" : "Doctor" or "tags" : "Patient”
* After adding them, with the use of $or it will be like :

* find({ $or : [{"tags":"Doctor"}, {"tags":"Patient"}]})

*/

public void query(TagArray tag_array){
LOGGER.debug("[MongoApp] : returner");
List<BasicDBObject> advQuery = new ArraylList<BasicDBObject>();
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BasicDBObject final_query = new BasicDBObject();

for( ArraylList<TagObject> y : tag_array.tagGroup) {
for (TagObject h : y) {
BasicDBObject tmpquery = new BasicDBObject("tags",h.getName());
advQuery.add(tmpquery);
}
}
final_query.put("$or", advQuery);
LOGGER.debug("[MongoApp] : Final_query : "+final_query.toString());

LOGGER.debug(" [MongoApp] : Querying DB");

long startTime = System.nanoTime();

DBCursor cursor2 = collection.find(final_query);
long endTime = System.nanoTime();

Iterator<DBObject> it2 = cursor2.iterator();
[/ mmmmmmmmmmeeeao END OF QUERY ~  —=--mmmmoommmoao-

//blueprints is a list containing each blueprint as its element
LOGGER.debug("[MongoApp] : End of Query, processing");

while(it2.hasNext()) {
DBObject tmp = it2.next();
this.blueprints.add(tmp.get("tags").toString());
this.ids.add(tmp.get("_id").toString());

LOGGER.debug("[MongoApp] : Query and process finished. Elapsed time : "+(endTime-
startTime)/1000000+"ms.");

// closes the connection with Mongo for the current thread.
mongoClient.close();
LOGGER.debug(" [MongoApp] : mongoClient.close()");

}

8.3.9. ResultDocument.java

package com.diploma.searcher;
public class ResultDocument {

public String doc;
public float grade;
public String id;

public String getId() {
return id;

}

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

public String getDoc() {
return doc;

public void setDoc(String doc) {
this.doc = doc;

public float getGrade() {
return grade;

public void setGrade(float grade) {
this.grade = grade;

public ResultDocument (String doc, float grade2, String id) {
this.doc = doc;
this.grade = grade2;
this.id = id;

8.3.10. TagArray.java

package com.diploma.searcher;
import java.util.ArraylList;
import java.util.Collections;
import java.util.List;

public class TagArray {
/*
* tagGroup represents the group that is created from each tag which is :
- the tag alone, if the simple search is used
- tag's superclass/subclass/individuals/siblings/class if the semantic search is used
i.e tag: Doctor, Patient
simpleSearch
tagGroup[@]=[Doctor]
tagGroup[1]=[Patient]
semanticSearch
tagGroup[@]=[Doctor,Person,Specialist,FamilyDoctor]
tagGroup[1]=[Patient,Person]

* X X X X X ¥ ¥ ¥ ¥

*/

public ArraylList<ArraylList<TagObject>> tagGroup = new ArraylList<ArraylList<TagObject>>();
public int numberOfArgs = @; //number of tagGroups
public boolean[] isUsed = new boolean[7];

// creates a new tagGroup and the parent-tag (the one the user inputted)
public void addParentTag(String parent) {

ArraylList<TagObject> array = new ArrayList<TagObject>();

array.add(new TagObject(parent,JenaReasoner.DEFAULT_PARENT_TAG_RANK));

tagGroup.add(array);
numberOfArgs++;
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}

//inserts a relevant tag in the tagGroup

public void addChildTag(int parentIndex, String child, int rank) {
tagGroup.get(parentIndex).add(new TagObject(child,rank));

}

public int getChildRankByIndex(int parentIndex, int index) {
return tagGroup.get(parentIndex).get(index).getRank();

public String getChildNameByIndex(int parentIndex, int index) {
return tagGroup.get(parentIndex).get(index).getName();

public int sizeOfArgs() {
return numberOfArgs;

8.3.11. TagObject.java

package com.diploma.searcher;

public class TagObject{
/*
* A tagObject is the object created for any inputted or enriched tag.
* */
public String name ;
public int rank;

public TagObject(String name, int rank) {

this.name = name;
this.rank = rank;

public String getName() {
return name;

public void setName(String name) {
this.name = name;

public int getRank() {
return rank;

public void setRank(int rank) {
this.rank = rank;
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