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SUMMARY

Creating business vocabularies and rules is a difficult process, but ontologies is a different
case with its strict structure policies and specialised tools with logic and syntax checkers. As a
result of this there‘s a wider range of ontology examples created. So it‘s wise not to start creating
business rules and vocabularies from scratch, but take an existing ontology and transform it to
business vocabulary and rules. But there is no reliable solution how to achieve this transformation.
This masters thesis examines the possibility of transforming a particular subject area ontology into
SBVR business vocabularies and rules and describes the proposed methodology for transforming
OWL2 described ontology into SBVR. The methodology allows the transformation of OWL
syntax elements without individuals. Activity diagrams and functional equations were used for
describing the methodology in formal manner. The created methodology was successfully
implemented in a prototype tool. A conclusion was drawn from the experimental results, that if
the ontology element set does not exceed the defined rules set and the ontology itself is not
ambiguous, the created methodology can be held as correct and can be used in business and

information system creation processes.
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SANTRAUKA

Veiklos Zodyno ir taisykliy kiirimas — sudétingas procesas. Tuo tarpu ontologijos turi
daug griez¢iau apibrézta struktirg ir specializuotus jrankius logikos ir sintaksés tikrinimui, todél
egzistuoja daug iSsamesniy ir platesniy sri¢iy ontologijy pavyzdziu. D¢l to tikslinga veiklos zodyna
ir taisykles nepradéti kurti nuo nulio, o transformuoti jau esama ontologija. Tac¢iau dar néra sukurty
sprendimy, kurie leisty gauti veiklos Zodyna ir taisykles i§ sukurtos ar jau egzistuojancios
ontologijos. Magistro baigiamajame darbe iSkeltas tikslas sukurti metodika, kurig naudojant, bty
galima transformuoti OWL2 ontologijas j veiklos zodynus ir taisykles, bei sukurti eksperimentinj
prototipg. Darbe analizuojamos tam tikros dalykinés srities ontologijy transformavimo galimybés
1 SBVR veiklos Zodynus ir taisykles, apraSyta siiloma OWL j SBVR transformavimo metodika.
Algoritmas leidzia transformuoti OWL schemg be individy elementy. Formaliam sudarytos
metodikos veikimo principy apraSymui panaudotos veiklos diagramos ir funkcinés lygtys. Sukurta
transformavimo metodika buvo panaudota prototipo programinéje jrangoje ir patikrintas jos
veikimas. I§ eksperimento metu gauty rezultaty galima teigti, kad kai elementy aibé nevir$ija
apraSyty taisykliy transformacijos aibés ir transformuojama ontologija yra korektiSka,

transformacijos metodika veikia teisingai ir j3 galima naudoti verslo ir sistemy kiirimo procesuose.
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TERMINU IR SANTRUMPU ZODYNAS

Ontologija — tai esminiy dalykinés srities esybiy ir jy semantiniy rySiy aprasSymas.

OWL (angl. Ontology web language) OWL (angl. Ontology web language) — semantinio
zyméjimo kalba, skirta ontologijoms vaizduoti internete.

SBVR (angl. Business Rules Generation from Natural Language Specification) — Veiklos
zodyno ir veiklos taisykliy semantikos standartas.

XML (angl. Extensible  Markup Language) yra W3C rekomenduojama bendros
paskirties duomeny strukttiry bei jy turinio aprasomoji kalba. Pagrindiné XML kalbos paskirtis yra
uztikrinti lengvesnj duomeny keitimasi tarp skirtingo tipo sistemy, dazniausiai sujungty internetu.

RDF (angl. Resource Description Framework Site Summary)

OMG grupé (angl. Object Management Group) — atvira tarptautiné, ne pelno siekianti
organizacija leidzianti standartus ir jvairius sprendimus verslui.

W3C (angl. World Wide Web Consortium) — saitynui skirty programinés jrangos
standarty leidimo konsorciumas.

XMI (angl. XML Metadata interchange) yra OMG standartas metaduomeny apsikeitimui
naudojant XML.

XSD (angl. XML sheme definition) xml schemos aprasas.
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IVADAS

Darbg rasé Kauno technologijos universiteto studentas Artiiras Kaunas, studijuojantis
magistratiros INFORMACINIU SISTEMU INZINERIJOS studijy programa Informatikos
fakultete.

Darbo problematika ir aktualumas

Veiklos zodyno ir taisykliy semantika (SBVR) suteikia lingvistinj biidg semantiskai
apibudinti verslo koncepcijas ir nurodyti veiklos taisykles [1]. Lingvistinis Ziniy apraSymo
metodas leidzia verslo Zinias i§transliuoti per teiginius, o ne diagramas. Zinome, kad diagramos ir
schemos puikiai tinka apraSant organizacines struktiiras ar elgsenas, taCiau jos yra nepraktiskos
kaip pagrindiné priemoné nustatant zodynus ir iSreiskiant veiklos taisykles.

Keletas mokslinés bendruomenés nariy jau atpazino, kokig naudg gali duoti SBVR ir
OWL konvertavimas ir atitikimo tikrinimas [2], [3], [4], [5]. Ontologijy struktiiros tikrintojai gali
automatiskai padéti nustatyti verslo modelio vientisumg. Ontologijos taip pat naudojamos
analitingje dalyje kuriant programing jrangg verslui valdyti.

Siame tyrime sprendziama OWL 2 transformavimo j SBVR specifikacija problema.
Naudojantis dabartinémis priemonémis ir jrankiais, néra galimybés OWL 2 kalba aprasSyta
ontologija transformuoti j veiklos Zzodyna ir veiklos taisykles uztikrinant korektiSkuma ir
transformacijos pilnuma. Kadangi sukurty ontologijy aibé zZymiai didesné, nei veiklos zodyny ir
veiklos taisykliy, tikslinga pasiimti jau sukurta ontologija ir ja transformuoti j veiklos zodyna,
tokiu atveju sutaupoma daug laiko ir Zmogiskyjy iStekliy. Transformacijai i§ SBVR ; OWL
sukurtas jrankis S20, tac¢iau norint transformuoti ontologijas jrankio néra, todél reikalinga
taisykliy aibé leidzianti transformuoti ] SBVR.

Darbo tikslas ir uZdaviniai

Sudaryti galimybes jvertinti OWL 2 ir SBVR specifikacijy tarpusavio transformacijy
korektiSkumg ir iSsamumg, sukuriant automatizuoto eksperimentinio tyrimo informacinés
sistemos prototipa, kuris leisty transformuoti dalykings srities ontologijas, uzra§ytas OWL 2 kalba,
i tos srities SBVR veiklos zodynais bei taisyklémis. Siam tikslui pasiekti iskelti uzdaviniai.

Darbo uzdaviniai:

1. ISanalizuoti:
1.1. Ontologijy OWL 2 kalbos sgvokas;
1.2. SBVR veiklos zodyny ir taisykliy savokas;
1.3. OWL 2 ir SBVR elementy tarpusavio atitikimo ir transformavimo taisykles, apraSytas

mokslinése publikacijose;
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1.4. Galimas realizacijos technologijas.
2. Sudaryti ontologijy i veiklos taisykles ir Zodynus transformavimo metodika, suprojektuoti ja
realizuojant]j prototipinj jrankj;
3. Realizuoti prototipa, leidziantj atlikti ontologijos transformavima j veiklos Zodyng ir taisykles;
4. Atlikti eksperimentg prototipo tinkamumui jvertinti;
5. Apibendrinti tyrimo rezultatus.
Darbo rezultatai ir jy svarba
Problemai spresti sukurta automatizuoto OWL 2 j SBVR modeliy transformavimo
metodikg, bei eksperimentinis prototipas kuris suteikia vartotojams galimybe transformuoti
ontologija i veiklos Zodyng ir taisykles be dideliy laiko iStekliy, uZtikrinant modeliy korektiskuma
ir tarpusavio atitikima.
Darbo struktiira
Darbg sudaro keturi skyriai. Pirmame skyriuje apraSoma tyrimo tikslas, sritis, objektas,
uzdaviniai, esami sprendimai ir analizés iSvados. Antrame skyriuje aprasomas transformacijos
algoritmas, dalykinés srities modelis. Treciame skyriuje apraSomas realizacija, naudotos

technologijos, testavimo modelis. Ketvirtame skyriuje apraSsomas eksperimentas ir jo rezultatas.

12



1. OWL 2 IR SBVR TRANSFORMAVIMO PROBLEMINES SRITIES ANALIZE

1.1. Analizés tikslas

Analizés metu siekiama iSanalizuoti ontologijy OWL 2 kalbos savokas, taip pat
lygiagreciai analizuojamos ir SBVR veiklos zodynai ir taisyklés, siekiant sukurti tarpusavio
atitikimo ir transformacijos taisykles, kurios naudojamos, kuriant jranki skirtg Siy metamodeliy

transformacijai.
1.2. Tyrimo objektas, sritis ir problema

1.2.1. Tyrimo objektas

Tyrimo pagrindinis objektas yra ontologijy OWL 2 transformacijos j SBVR veiklos

zodynus ir taisykles atlikimo procesas.
1.2.2. Tyrimo sritis

Norint jvertinti §j procesg reikia iSnagrinéti ontologijy kalbg OWL 2, SBVR metamodelj,
OWL 2 ontologijy ir SBVR veiklos Zodyny tarpusavio transformacijas, Siy transformacijy

korektiSkumg ir iSsamuma.
1.2.3. Problema

Siame tyrime sprendziama OWL 2 transformavimo j SBVR specifikacija problema.
Naudojantis dabartinémis priemonémis ir jrankiais, sunku palyginti dviem skirtingais
metamodeliais (OWL 2 ir SBVR) grindziamas dalykinés srities specifikacijas ir uztikrinti
informacijos nepraradimg pereinant nuo vieno apraSymo biido prie kito. Dalykinés srities
apraSyma kartais tikslinga pradéti nuo vieno arba kito vaizdavimo biido — Kartais tikslinga kurti
ontologijas, kartais veiklos zodynus ir taisykles, o véliau tuos apraSymus transformuoti arba |
veiklos Zodynus, arba j ontologijas. Sioms transformacijoms yra sukurtas jrankis SBVRToOWL?2.
Taciau ontologijoms transformuoti tikslios metodikos néra, todél reikalingas taisykliy bei
rekomendacijy rinkinys, kuris apibrézty kaip transformuoti OWL2 modelius j veiklos Zodynus ir
taisykles SBVR.
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1.3. OWL 2 ir SBVR sandary analizé

1.3.1. OWL 2

Ontologijos — tai esminiy dalykinés srities esybiy ir jy semantiniy rySiy apras§ymas.
Ontologija turi daug apibrézimy. Ontologija (didzioji ,,0) yra filosofiné disciplina; ontologija
(mazoji "o") yra specifinis artefaktas, sukurtas norint apibréZti numatytg Zodyno prasme [6]. Pasak
Borst, ontologija yra visuotinai pripazinta ir aiSkiai iSreikSta formali konceptualizacijos
specifikacija (angl. explicit and formal specification of shared conceptualization) [7].

OWL - semantiniu zym¢jimu pagrijsta tinklo ontologijy kalba, sukurta programoms
kurios apdoroja informacijg, naudoti [8], 0 ne tik ja pateikia Zmonéms. Pagrindiné paskirtis —
ontologijas vaizduoti saityne (WWW). OWL buvo sukurta RDF pagrindu siekiant iSplésti
semantines RDF galimybes, todél pasizymi geresne technine interpretacija, nei kitos kalbos tokios
kaip: XML, RDF ir RDF schemos [9]. Tai pasickiama su papildomu Zzodynu ir formaligja
semantika. OWL turi tris sudétingéjancias kalbas: OWL lite, OWL DL ir OWL full. [10]

OWL 2 — tai 2009 m. konsorciumo WC3 patvirtintas ontologijy kalbos aprasymo
standartas (Siuo metu naudojama 2012 m. versija).

OWL 2 ontologijos struktiira pateikta 1.1 pav.. Pagrindinis OWL2 ontologijos

komponentas yra aksioma. Be aksiomy, ontologija turi anotacijas ir gali importuoti kitas

ontologijas.
limports
* , ponotationAnnotstions
* * -
Ontol Annotat
fefireclyimparts ooy nnotation
ontology Annctations
x
axiomannaotations
ortalogylRl
0.1
0.1 | R x Axiom
versionlRl axioms
x
directlylimportsOntalogy

1.1 pav. OWL 2 ontologijos struktiira [10]

14



PAGRINDINIAI OWL2 ONTOLOGIJOS KONCEPTAI

Pagrindiniai OWL2 konceptai, atitinkantys dalj SBVR koncepty, yra pavaizduoti 1.2 pav.
OWL 2 ontologija susideda i§ aksiomy. Pagrindinis OWL2 ontologijos metamodelio konceptas yra
OWL2 klasé (angl. Class), kuri yra ClassExpression poklasis.

entitylRl [versionlRl
1 0.1

Rl ontologyIRl
0.1

axioms |*

- |

|I]isj|:|in1Unil:|n | |SuhCIassOf | |Equiua|en1Classes | |DisjointCIasses|

classExpressions
2.k
subClgssExpression 1 Cl Expression

superClassExpression 1 Entity Individual
digjoirtClassExpressions 2 *

C'aSSJI Class | |0hjec~tpmperty| |I]a‘taPruperty | |I]atatype | |Namedlndiuidual|
1

clazsExpressions
2.k

1.2 pav. Axioms, Entities and Individuals poklasiai OWL 2 metamodelyje [10]

Ontologijos ir OWL 2 esybés (Classes, ObjectProperties, DataProperties, Datatypes ir
NamedIindividuals) yra identifikuojamos naudojant IRl (angl. Internationalized Resource
Identifiers). IRI skiriasi nuo URI (interneto adreso) tuo, kad IRI gali turéti bet kokius simbolius.

Kad biity lengviau suprantama nagrinédami ontologijas naudosimes ,,Kompiuteriy
ontologija®, aprasancia kompiuterius ir jy komponentus, bei sarysius tarp jy. Ontologijy esybés:

— klasés (angl. Classes) apibréziamos kaip individy aibés. Kompiuteriy ontologijoje

klases atitinkg kompiuteriy tipy klasifikacija: stalinis, nesiojamasis, delninis.
— individai (angl. Individual) vaizduoja tam tikros srities objektus, pvz: Mac ir
MacBook, priklausantys atitinkamoms klaséms stalinis ir nesiojamas.

— savybés (angl. Properties) yra binariniai individy rysiai, t.y., jos sujungia du
individus tarpusavyje . ObjectProperties jungia klasiy egzempliorius (individus),
DataProperties jungia klasiy egzempliorius su duomeny egzemplioriais (atributais),

kurie turi tam tikrus duomeny tipus (DataType).

15



1.3.2. SBVR

Veiklos Zodyno ir veiklos taisykliy semantikos standartas SBVR (angl. Semantics of
Business Vocabulary and Business Rules) yra OMG grupés sudarytas standartas veiklos taisykléms
specifikuoti ribota natiiralia kalba [1]. SBVR standartas apibrézia metamodelj, kuris formaliai
apraso veiklos zodynus ir veiklos taisykles. Pirmas zingsnis, pradedant kurti informacing sistema,
yra apsibrézti kompiuterizuojamos veiklos zodyng ir taisykles. SBVR taikymas neapsiriboja vien
tik verslo sprendimais, jo taikymo sritys apima bet kokig veiklg (valstybés valdyma, sveikatos
apsauga, teise, ir t. t.).

SBVR specifikacija apibrézia veiklos Zodyno (angl. business vocabulary), veiklos
taisykliy (angl. business rules) ir veiklos fakty (angl. business facts) metamodelj, skirtg aprasyti
veiklos modeliams. Veiklos Zodynai ir veiklos taisyklés uzraSomi tekstu, taciau turi ir formaly
aprasSyma, kuris XMI schemos formatu leidzia veiklos Zodynus ir taisykles apdoroti kompiuteriu.

Prasmg¢ vaizduojanti SBVR metamodelio dalis pateikta 1.3 paveiksle.

I meaaning |

.r_"r‘_~.

[ I ]

| concept | | question | | proposition |

| thing I s
| | et
I noun concept | | vaerb concept |

o spuodsalca p

lr .T. N A'IB
i genaral individual
unitary noun concept verb concept wvarb concept
alzo: unitary concept
= x T
T | | unitary vaerb
concaept
individual genaral concept I verb concept role I
noun concept also: geanaral
also; individual noun concept
concept £|}, | |
characteristic binary verb
concept type alzo: unary verb concept concept

1.3 pav. SBVR prasmés metamodelis [1]

Veiklos zinias SBVR [11] susistemina j veiklos Zodynus, kurie apima visus konceptus,
kuriuos organizacija ar bendruomené naudoja veikloje. Zodynai yra sudaryti i jragy — vienai
sgvokai skiriamas vienas jraSas. JraSas prasideda sgvokos pavadinimu, be to, sgvokai apibtidinti

gali biiti panaudoti laukai, aprasyti 1.2 lenteléje.
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1.1 lentelé. SBVR Zodyno elementus apibtuidinantys laukai

Laukas ApraSymas
SBVR zodyno Pirminé koncepto forma: terminas (daiktavardinis konceptas) arba
elementas veiksmazodiné forma (veiksmazodinis konceptas)
Definition Savokos (koncepto) apibrézimas formalia arba laisva Zmogui suprantama
kalba
Source Koncepto Saltinis — zodynas arba dokumentas

General Concept

Bendresnis konceptas, leidZiantis sudaryti elementy apibendrinimo

hierarchijas

Concept Type Koncepto tipas — nurodoma, kai norima patikslinti koncepto tipa
Note Pastabos
Synonym Koncepto sinonimai

Synonymous Form

Sinoniminé forma (taikoma veiksmazodiniams konceptams)

See

Jei zodyno elementas yra sinonimas arba sinoniminé forma, ¢ia nurodoma

pirminé forma

PAGRINDINIAI SBVR KONCEPTAI

SBVR konceptai yra suskirstyti j dvi pagrindines grupes: veiklos Zodyny konceptus ir

veiklos taisykliy konceptus.

Veiklos zodyno konceptai (1.4 pav.):

— bendriniai konceptai (angl. General concept), iSreiskiami bendriniais daiktavardziais,

klasifikuojanciais objektus pagal jy bendras savybes.

— Individualts konceptai (angl. Individual concept) isreiSkiami tikriniais daiktavardziais.

— Veiksmazodiniai konceptai

(angl. Verb concept) isreiskiami veiksmazodinémis

formomis, apibiidinanciomis rysj tarp dviejy daiktavardiniy koncepty. Veiksmazodiniai

konceptai yra skirstomi:

— Asociacija — tai bendriausias veiksmazodinis konceptas, kuris turi du vaidmenis (tas

pats veiksmazodis gali buti naudojamas su jvairiais vaidmenimis ir kiekvienu atveju

turés skirtingg prasm¢ (pvz., ,,darbuotojas dirba organizacijoje ir ,,darbuotojas dirba

mokytoju®.
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— Dalies-visumos (angl. partitive veiksmazodinis konceptas)  — tai binarinis

veiksmazodinis konceptas, kuris nusako, kad vienas objektas yra kito objekto dalis.
— Savybeés asociacija, kuri nusako bendrinio koncepto savybe.

— Kategorizavimo fakto tipas nusako, kad vienas objekto tipas yra specifinis Kkito,

bendresnio objekto tipo atzvilgiu.

— Vaidmenys (angl. Role) isreiskiami daiktavardziais, t.Y., daiktavardiniais konceptais
atitinkanciais bendriniy koncepty atlickamas funkcijas, dalyvavimg ar panaudojimg tam
tikroje situacijoje.

— Veiksmazodinio koncepto vaidmuo (angl. verb concept role) reiskia vaidmenj, kurj

bendrinis konceptas atlieka rySyje.

is coextensive with » specializes »

- generalizes
4{ concept

| - |

noun concept | ‘ verb concept‘ )
incorporates

N\ f AN v

role A
- ranges over 5N

generalconcept| | verb concept role}%
role

characteristic

1.4 pav. SBVR metamodelio koncepty fragmentas [1]
1.3.3. Lyginamoji esamy sprendimy analizé

Norint sukurti korektiSkas ir pilnavertes transformavimo taisykles reikalinga iSnagrinéti
dabartinius transformacijos sprendimus. Darbo vykdymo metu transformacijos, vieSai prieinamy,
programiniy sprendimy néra, todél nagrinéjami kiti sprendimai apraSantys galimus transformacijos
budus ir taisykles.

Ne vienas mokslinés bendruomenés narys jau pastebéjo, kad ontologijos ar veiklos
zodynai reikalauja papildomo funkcionalumo ir kiek vienas modelis atskirai nepatenkina poreikiy,
taciau galimybé juos abu naudoti kartu pasalina Sig problemg ir suteikia naujas galimybes. Todél
pradétos kurti metodikos ir taisyklés transformuoti ontologijoms j veiklos zodynus [12], [13] ir

prieSingos transformacijos — veiklos Zodynai ir taisyklés ] ontologijas [3], [14]. Nors
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transformacijy autoriy tikslai skirtingi, nuo galimybés patogiau raSyti SPARQL uzklausas
ontologijoms [3] ar tiesiog sudaryti galimus elementy transformavimo variantus [12], [13] iki
patikimo biuido atvaizduoti lietuviy kalbai semantiniame tinkle [3], [14]. Visi aprasyti
transformavimo metodai pateikia tiksly taisykliy rinkinj kuriuo reikéty vadovautis. J. Karpovic¢
[12] savo darbe pateikia detaliausig transformacijos metodikg su 31 transformacijos taisykle,
apimancia visg elementy aibe 1§ zodyny ir taisykliy pusés, taciau Sios taisyklés apraso prieSingos
krypties transformacija nei kuriama metodika Siame darbe. Tuo tarpu E. Reynares [13], pateikia
septyniolika transformavimo taisykliy su papildomomis vidinémis sglygomis, tac¢iau darbe veiklos
zodyny ir taisykliy taisyklingumui skiriama maziau démesio, o tik stengiamasi padengti kuo
daugiau pavieniy elementy, transformacija taip pat vykdoma i prieSingg pus¢, nei kuriama Siame
darbe. G. Kris¢itiniené (Bernotaityté) [3] savo metodikoje pateikia keturiolika transformacijos
taisykliy, kurios autorés teigimu pakankamai padengia OWL 2 schema, kad biity atvaizduota visa
struktlira ir biity galima kurti SPARQL uZklausas remiantis suformuotu veiklos Zodynu ir
taisyklémis, todél visiSkai neskiriama démesio teiginiams ir objekty kardinalumams. Taciau
autoré toliau plétoja taisykles kitoje publikacijoje [14] ir taisykliy rinkinj praplecia iki dvideSimt
SeSiy, kuriose jau labiau gilinasi, ne tik ] pavienius elementus, bet ir | jy grupiy galimas
transformacijas. Kaip jau buvo minéta autorés pateikta metodika iSsiskiria tuo, kad akcentuojamos
lietuviy kalbos transformavimo galimybés. Visos publikacijos aptaria, kad metamodeliai turéty
buti sudaryti naudojant gergsias praktikas ir turi biiti taisyklingi taciau, dé¢l lietuviy kalbos
sudétingumo akcentuojama, kad bitinos papildomos anotacijos nurodancios bendrines zodZziy

formas, tam kad buty tiksliausiai atlikta transformacija.

1.2 lentelé. Esamy sprendimy palyginimo lentelé

Taisykliy | Abipusé Reikalingas specialiai
skaiCius tranformacija | paruosta ontologija/zodynas
G. Kris¢itniené [14] 26 Ne Taip
J. Karpovi¢ [12] 31 Taip Taip
E. Reynares [13] 17 Ne Ne

Visi analizuoti sprendimai pabrézia, kokie svarbiis veiklos zodynai ir taisyklés bei
ontologijos semantiniame tinkle. Ontologijos ir Zodynai teikia daug privalumy ir abu modeliai

papildo vienas kita, suteikdami papildomy galimybiy ir funkcionalumo, todé¢l reikalingas

-----

publikacijoje, J. Karpovi¢ [12] sprendimas placiausiai apraso, ne tik transformacijg, taciau ir patj
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atitikimg tarp metamodeliy. Bet dél to, kad OWL 2 kalba ne tokia ekspresyvi, lyginant su SBVR,
atvirkstiné transformacija nereikalauja tokio kiekio taisykliy, tacCiau kaip transformacijos
metodikos pagrindu remiamasi J. Karpovi¢ taisykliy rinkiniu ir naudojamos rekomendacijos kaip

turéty biti transformuojami pavieniai elementai.
1.3.4. OWL 2 ir SBVR elementy tarpusavio atitikimo ir transformavimo taisykles

Ontologijos ir veiklos Zodynai, dvi skirtingos, bet vienoda logika pagristos kalbos turi
savo atitikmenis viena kitoje. Norint transformuoti ontologijas j veiklos zodynus su taisyklémis,
butina atlikti palyginimo analiz¢ suvedant atitinkan¢ius elementus, bei atitikimo taisykles. [3]

Didziausi i$Siikiai tikrinant ontologijos atitikimg veiklos zodynui ir taisykléms yra kalby
neatitikimas ir sinoniminés formos [5]. SBVR aprasomas naudojant vieting kalbg, todél Siuo
atveju, naudojant lietuviy kalbg transformacija yra itin sudétingas procesas. Norint transformuoti
ontologijas paraSytas lietuviy batina naudoti papildomus elementus komentarus (angl owl:label),
kuriuose nurodoma lietuviska elementy reikSmé.

Sios modeliavimo kalbos taip pat i$siskiria savo palaikomy kintamyjy tipy aibe, nes
SBVR palaiko tik sveikgsias reikSmes, trupmeninius skaicius ir tekstines vertes. Tuo tarpu OWL
2 pasizymi placia aibe kintamyjy tipu, jskaitant ir XSD.

1.2 lenteléje aprasSomi esybiy atitinkanciy tarp SBVR ir OWL 2 metamodeliy. Elementai
néra vienareikSmiai atitikmenys, jie labiau atspindi atitikimo galimybg, nes SBVR gali lanks¢iau

apibudinti bet kokig veiklg ar daikta, net OWL, nes néra taip grieztai apibréZta.

1.3 lentelé. SBVR ir OWL2 atitikmeny matrica [15]

OWL2 SBVR

Ontology, entity IRI, AnnotationLanguage vocabulary, namespace URI, language
Class general concept

NamedIndividual, ClassAssertion individual concept, classification

individas, klasifikacija

ObjectProperty Association
asociacija
DataProperty property association

savybiy asociacija

SubDataProperty property association hierarchy

savybiy asociacijos hierarchija

DataProperty Characteristic

charakteristika
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owL2

SBVR

ObjectPropertyAssertion

Fact
faktas

SubClassOf

Categorization
kategorizacija

SubClassOf, ObjectAllValuesFrom

necessity statement

bittinumo pareiskimas

SubClassOf, ObjectSomeValuesFrom

necessity statement

bitinumo pareiskimas

SubClassOf, ObjectMinCardinality

necessity statement with at-least-n quantification
butinumo pareiskimas su bent-jau-n kiekybés

nurodymu

SubClassOf, ObjectSomeValuesFrom

necessity statement with existential quantification
bitinumo pareiskimas su egzistenciniu kiekybés

nurodymu

SubClassOf, ObjectMaxCardinality

necessity statement with at-most-n quantification
bitinumo pareiskimas su daugiausia-n kiekybés

nurodymu

SubClassOf, FunctionalObjectProperty

necessity statement with at-most-one quantification

biitinumo pareiskimas su vienu kiekybés nurodymu

SubClassOf, ObjectExactCardinality

necessity statement with exactly-n quantification

bitinumo  pareiskimas su  tiksliai-n  kiekybés

nurodymu

SubClassOf,
ObjectMaxCardinality

ObjectMinCardinality,

necessity statement with numeric range quant

bitinumo pareiskimas su kiekybiniais réZiais

SubClassOf, DataExactCardinality

concept incorporates characteristic

konceptas turi savybes

EquivalentClasses

association ‘concept is_coextensive_with concept'

asociacija, konceptas lygiavertis su

EquivalentClasses, SubClassOf, DisjointUnion

Segmentation

kategorizacija

ObjectProperty, InverseObjectProperty

verb concept, inverse verb concept

veiksmazodinis konceptas, atvirkscias

veiksmazodinis konceptas

SubObijectPropertyOf

verb concept categorization
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owL2 SBVR

veiksmazodinio koncepto paveldéjimas

ObjectHasSelf purely reflexive verb concept
TransitiveObjectProperty transitive verb concept
ObjectProperty, partitive verb concept

SubObjectPropertyOf(ObjectProperty
partitive_object_property)

Class, SubclassOf, EquivalentClasses verb concept role, verb concept

1.4. Realizacijos technologijy analizé

Norint transformuoti Siuos du meta modelius reikalinga automatizuota transformacijy
kalba galinti, padengti sukurtas taisykles. Palyginimui paimtos dvi rinkoje pla¢iai naudojamos
butent transformacijoms sukurtos kalbos:

e QVT (angl Query/View/Transfromation)
e ATL (angl ATLAS transformation language)

14.1. QVT transformacijuy kalba

Modeliy transformacija yra pagrindinis metodas, naudojamas modeliais gristoje
architektiiroje [16]. Kaip matyti i§ pavadinimo QVT (angl. query/view/transformation), OMG
standartas apima transformacijas, rodinius ir uzklausas kartu. Modelio uzklausos ir modelio
rodiniai(views) gali biiti vertinami kaip specialios riisies modelio transformacijos. Modelio
transformacija yra programa, kuri veikia naudodama kitus modelius.

Qvt standartas apibrézia tris modeliy transformacijos elementus. Visi jie veikia Meta-
Object Facility (MOF) 2,0 meta modeliu; transformacijos Serdis apibiidina, kokie meta modeliai

naudojami transformacijoje. Qvt standartas integruoja OCL 2.0 standartg ir iSplecia ji su blitinomis
Relations (rysiai)

Operational mappings Black Box

(vykdomasis suriSimas) (Juodoji deze)

Core (Serdis)

funkcijy.

1.5. pav QVT struktiiriné schema
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Qvt-vykdomoji(angl QVT-Operational) kalba yra kalba skirta raSyti vienakryptes
transformacijas tarp skirtingy meta modeliy.

Qvt-Santykiy(angl QVT-Relations) sluoksnis yra deklaratyvi kalba, skirta leisti tiek
vienkryptes tiek dvikryptes transformacijas. Transformacija jkiinija nuosekly rysj tarp dviejy meta
modeliy. Sios transformacijos gali bati vykdomos tikrinimo rézimu (angl checkonly), tada
tikrinami abu modeliai ir grgzinama informacija tik ar jie atitinka vienas kita (true/false).

Qvt Serdis (angl Core) apraso transformuojamy meta modeliy struktiirines savybes
elementus ir sarysius tarp jy. Transformacijai butini du Serdies elementai aprasantys abu meta
modelius. Siuo atveju naudojama SBVR.core ir OWL.core aprasai, kuriuos suteikia OMG
korporacija.

Galiausiai yra mechanizmas vadinamas Qvt-juodoji déz¢é (angl BlackBox), kuri vaizduoja
kitus elementus uz transformacijos riby iSreikStus kitomis kalbomis (pavyzdziui XSLT arba
XQuery), kurie naudojami kaip pagalbiniai jrankiai transformacijoms atlikti.

Nors QVT ir aprepia daug transformavimo galimybiy, ji neaprépia visko, kas laikoma
transformacijomis. Pavyzdziui QVT nepalaiko jokios transformacijos kai verCiama i$ arba |
tekstinj modelj, nes kiek vienas QVT transformuojamas modelis turi biiti apraSomas MOF 2.0

modeliu.
1.4.2. ATL transformacijuy kalba

ATL - ATLAS transformavimo kalba (angl. ATLAS Transformation Language) yra
modeliy transformavimo kalba ir jrankiy rinkinys, kuris sukurtas ir naudojamas Eclipse aplinkoje.
Si transformavimo kalba buvo sukurta kaip atsakas j QVT stengiantis praplésti jau esamos kalbos
funkcionalumg ir panaudojamumg. Taip pat kaip ir QVT, ATL naudoja MOF ir Ecore meta
modeliai transformuojamy modeliy apibiidinimams. Todél tiek $altinis, tiek rezultatas privalo

turéti Ecore apraSymus, ko pasekoje ATL taip pat negali transformuoti tekstiniy modeliy.

/v MOF

Saltinio Rezultato
OWL Ecore SBVR Ecore
ATL
f
Saltinis2Rezultatas
Saltinis OWL ~ p------------------- » Rezultatas SBVR
Transformacija

1.6 pav. ATL transformacijos schema
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D¢l to kad ATL yra bandymas praplésti QVT kalba, joje transformacijy sluoksnis taip pat
apraSomas deklaratyvia kalba, skirta leisti tiek vienkryptes tiek dvikryptes transformacijas ir
apraso rysj tarp dviejy meta modeliy. Taciau siekiant padaryti transformacijy kalba universalesne
ir jgyvendinti moduliskuma, ALT atsisaké transformacijos validavimo ir tie patys elementai gali

buti transformuojami n karty.
1.4.3. ATL ir QVT palyginimas

Norint palyginti transformacijy kalbas reikia i$sikelti tam tikrus kriterijus pagal kuriuos
lyginamos kalbos: darbiné aplinka, naudojimo paprastumas, dokumentacija.

Darbiné aplinka. Abi transformacijy kalbos vykdomos Eclipse aplinkoje. Tiek QVT,
tieck ATL turi savo jskiepius programinio kodo redagavimui, ta¢iau QVT programinio kodo
atpazinimas turi platesnj funkcionalumg ir atpazysta netik vardines sritis, bet ir iSorinj naudojama
programinj koda.

Naudojimo paprastumas. QVT kalba transformuojant kiek vieng elementg vykdo
tikrinima ar elementas dar netransformuotas ir apsaugo nuo perteklinio elementy kiekio, kuris gali
padaryti galutinj rezultata nepanaudojamg. ATL transformacijy kalba Sio tikrinimo neturi ir esant
neefektyviam panaudojimui kuria perteklinius elementus.

Dokumentacija. QVT kalba pasizymi panaSumu j Java programavimo kalba, todél jai
patogiau ir lengviau galima rasti pavyzdziy. Abi kalbos turi dokumentacijas, taciau QVT
dokumentacija pateikiama oficialioje specifikacijoje, kai tuo tarpu ATL naudoja Wiki puslapj,
kuriame lyginant su QVT specifikacija yra sudétingiau naviguoti, nes informacija iSkaidyta per
aibe Saltiniy.

Po realizacijos technologijy analizés nusprgsta, kad prototipinis jrankis bus realizuotas
QVT transformacijy kalba, dél jo geresnés darbinés aplinkos, lengvesnio panaudojimo ir platesnés

patogiau pateiktos dokumentacijos.
1.5. Tyrimo objekto naudotojuy analizé

Tyrimo rezultato, OWL 2 j SBVR transformavimo informacinés sistemos, naudotojy aibe
sudaro aukstos kvalifikacijos informaciniy technologijy, analitiniy sri¢iy specialistai gebantys
naudotis sudétinga programine jranga ir be didesniy nesklandumy naudotis P] net ir be grafinés
s3sajos, jeigu ji pakankamai aiSkiai dokumentuota. Pagrindiné naudotojy patiriama problema, tai
kad transformuoti OWL ; SBVR galima tik ZmogisSkyjy resursy pagalba, o tai uZima daug laiko ir

kaip bet koks zmogaus atliekamas darbas yra neefektyvus ir neatsparus klaidy jsivelimui.
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1.6. Darbo tikslas, uZdaviniai, planas ir siekiami privalumai

1.6.1. Darbo tikslas

ApraSyti metodika skirta transformuoti i§ OWL 2 j SBVR uztikrinant specifikacijy
tarpusavio transformacijy korektiskuma ir iSsamuma, sukuriant eksperimentinio tyrimo prototipa,
kuris leisty transformuoti dalykinés srities ontologijas, apraSytas OWL 2 kalba, j tos srities SBVR

veiklos Zodyna su taisyklémis. Siam tikslui pasiekti iskelti uzdaviniai.
1.6.2. Darbo uzdaviniai

1. ISanalizuoti:
1.1. Ontologijy OWL 2 kalbos savokas;
1.2. SBVR veiklos zodyny ir taisykliy sgvokas;
1.3. OWL 2 ir SBVR elementy tarpusavio atitikimo ir transformavimo taisykles, apraSytas
mokslinése publikacijose;
1.4. Galimas realizacijos technologijas.
2. Sudaryti ontologijy i veiklos taisykles ir Zodynus transformavimo metodika, suprojektuoti ja
realizuojant] prototipinj jrankj;
Realizuoti prototipa, leidziant] atlikti ontologijos transformavima j veiklos Zodyna ir taisykles;
4. Atlikti eksperimentg prototipo tinkamumui jvertinti;

Apibendrinti tyrimo rezultatus.
1.6.3. Siekiami privalumai

Tyrimo metu sukurtas transformavimo jrankis suteiks vartotojams galimybe
transformuoti ontologija j veiklos Zodyna be dideliy laiko istekliy, uztikrinant modeliy tarpusavio

atitikima.
1.7. Siekiamo sprendimo apibréZimas

Problemai spresti sukurta metodika apibrézianti taisykliy rinkinj kuriuo reikia vadovautis
transformuojant ontologijas | veiklos zodynus ir taisykles. Metodikos taisyklés panaudotos

eksperimentiniame jrankyje vykdanc¢iame transformacijg.
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1.8. Analizés iSvados

Darbe buvo apzvelgtos problemos, susijusios su dalykinés srities ontologijy, veiklos

zodyny ir taisykliy naudojimu, detaliau nagrinéjant jy tarpusavio atitikimg ir transformacijos

galimybes. Analizés metu padarytos tokios iSvados.

1.

Ontologijos yra perspektyvus ir jgyvendinamas biidas patobulinti ir supaprastinti Ziniy
modeliy kiirimg ir naudojimg informacinése sistemose, taciau verslo pasaulyje Zodynai
ir veiklos taisyklés yra daug lengviau suprantami nenaudojant papildomy jrankiy, todél
reikalinga transformacijos galimybeé.

Remiantis analize sudarytas algoritmas leidziantis transformuoti OWL metamodel; }
veiklos zodynus ir taisykles.

ISnagrinéjus literatiiros Saltinius, galima daryti i§vada, kad Siuo metu néra standarty, kaip
turéty vykti ontologijy transformacija | veiklos Zodynus su taisyklémis, taciau yra
pavyzdziy kuriy pagrindu galima sukurti savo ontologijy transformacijos metodika.
Realizacijos technologijy analizé pardodeé, kad QVT kalba yra pranaSesné, nei ATL, todél
prototipo realizacijai ir pasirinkta $i QVT kalba.

Analizés metu nustatyta, kad Siuo metu néra egzistuojanéiy sprendimy galinciy
transformuoti ontologijas i veiklos Zodynus ir taisyklé. [vertinus situacija, nuspresta, kad
toks jrankis yra reikalingas veiklos analitikams ir ekspertams norint aprasyti tg pacig sritj

dviem meta modeliais.
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2. Ontologiju transformacijos j veiklos Zodynus ir taisykles prototipo reikalavimai

2.1. Transformacijos jrankio panaudojimo atvejai

Prototipo paskiriai geresniam supratimui pateikta bendros veiklos diagrama 2.1
paveiksle. Sistemos paskirtis transformuoti OWL meta modeliu apraSytas dalykines sritis
transformuoti | SBVR modelio apragus. Siuo metu atliekant transformacijas iSeikvojama per daug

zmogiskyjy iStekliy ir darbas neefektyvus.

IT Ekspertas S Eksperimentiné OWL2
transformacijos j SBVR Sistema

OWL- OWL XMI transformatorius & | SBVR XMI - SBVR transformatorius &

?

Kurti dalykinés
srities
onntologijy

i X
OWIL failas

!
OWL XMI

{ Transformuoti
[ ‘
formata

OWIL XMI failas

Atlikti OWL | SBVR
Transformacija : Atlikti
OWL j SBVR
Transformacija

SBUR XMI |

J

SBVR XMI j
SBVR

—

| Transformuctas
SBVR failas

‘ Transformuoti

2.1 pav. Bendras veiklos procesas

Detaliau numatomos ontologijy ir veiklos Zodyny eksperimentinio tyrimo prototipo
vartotojy aibés savybés ir funkcijos apibréztos panaudojimo atvejy diagramoje. Sistemos
vartotojai gali ] sistemg kelti savo Ontologijy failus, kurie véliau naudojami transformacijoms.
Generuojami veiklos zodyny ir taisykliy failai kurie gaunami transformavus parinktg jkeltg failg.

Panaudojimo atvejy diagrama pateikta 2.2 paveiksle.
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Ontologijy ir veiklos Zdoyny bei taisykliy transformacijy prototipas

ekt O failus
— ol

—~1 -ﬂ_ﬂ_‘-’-ﬂ_-’_’_d—_
Veikios analitkas | T ——— S
IT Ekspertas <; Transformuoti Ontologijg ____:)
INCIITes ——=— Y — = = __«includes
//____~—~—— __‘{"'-:; {zinclude» I N .
(¢ Generuoti SBVR XMl schema ~Ge i a
€ ___,r> B N ¢ E_E;_e_n_eruotl OVVL XMI schir_n_a___)

_ T PasirinktiOWLfaila - _
— e

2.2 pav. Kompiuterizuojamy panaudojimo atveju diagrama

Tkelti OWL failus. Si funkcija numato kliento OWL faily kélima j transformacijo jrankj.

Panaudojimo atvejo ,, Jkelti OWL failus specifikacija pateikiama 2.1 lenteléje.

2.1 lentelé PA ,Jkelti OWL failus* specifikacija

Panaudojimo atvejis Ikelti OWL failus

Numeris PAl

Aktorius Klientas

Sistema Ontologijy transformacijos ] veiklos Zodynus ir taisykles
irankis

SuZadinimo salyga: Klientas pasirenka jrankio funkcija Jkelti OWL failg

PriesS sglyga -

Pagrindinis jvykiu srautas Sistemos reakcija ir sprendimai

1.Klientas pasirenka norimg jkelti|l.1. Jei kliento failo dydis nevirSija apribojimy ir atitinkg)
OWL failg. reikiamg formatg, tai failas sékmingai nuskaitomas ir|

ikeliamas transformacijai.

Po salyga Naujas kliento failas paruostas transformacijai

Alternatyvos (nesékmés atvejai) [[Svedamas informacija apie nes¢kmingg nuskaityma

\Vykdymo variantai Klientas pasirenka norimg jkelti OWL faila.

Veiklos taisyklés 1. Failo dydis nedidesnis nei 10MB
2. Failo formatas .OWL.xmi
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Transformuoti ontologija. Si funkcija numato kliento OWL faily pateikty xmi formatu
transformacijg j SBVR xmi failg. Panaudojimo atvejo ,, Jkelti OWL failus* specifikacija pateikiama

2.1 lentel¢je.

2.2 lentelé PA ,,Jkelti OWL failus“ specifikacija

Panaudojimo atvejis Ikelti OWL failus

Numeris PAL

Aktorius Klientas

Sistema Ontologijy transformacijos i veiklos zodynus ir taisykles
irankis

SuZadinimo salyga: Klientas pasirenka jrankio funkcija Transformuoti ontologija

PriesS sglyga -

Pagrindinis jvykiy srautas Sistemos reakcija ir sprendimai

1.Klientas transformuoja pasirinktafl.1. Jvyksta failo transformacija ir naujas suformuotas

failg. zodynas iSsaugomas darbinés aplinkos Sakninéje direktorijoje

Po salyga Suformuotas transformuotas failas

Alternatyvos (nesékmés atvejai) |[[Svedamas klaidos praneSimas

Vykdymo variantai Klientas pasirenkg norima transformuoti OWL.xmi failg ir|

spaudZia paleidZia funkcija.

Veiklos taisyklés 1. Vartotojas privalo pasirinkti tinkamg owl.xmi fialo

tipa. Jei vartotojas pasirenka kito tipo faila, sistema]

nevykdo transformacijos

2.2. Transformacijos jrankio nefunkciniai reikalavimai

Transformacijos jrankio nefunkciniai reikalavimai Transformacijos jrankiui buvo i8kelti
Sie nefunkciniai reikalavimai:
e Sistema turi veikti patikimai, t.y. jos darbas neturi biti nutraukiamas ir duomenys negali
biiti sugadinami del ontologinio apraSo sintakses klaidy.
e Sistama privalo veikti nepriklausomai nuo naudojamos platformos, t.y. turi biiti galimybé

ja naudotis jvairiose operacinése sistemose.
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3. Ontologiju transformacijos j veiklos Zodynus ir taisykles algoritmo formalus aprasas

3.1. Transformacijos metodika

Esmin¢ darbo dalis tai visuma taisykliy ontologijy transformacijai j veiklos Zodynus ir

taisykles. Kuriant metodikg stengtasi apimti kuo daugiau OWL2 ontologijy elementy ir surasti

jiems visiems atitinkamas reikSmes veiklos Zodynuose ir taisyklése.

Pagal 3.1 paveikslag matome paryskintus ontologijos schemos diagramos elementy tipus,

kurie apimami transformacijos metodikos.

Paveiksluose 3.2 ir 3.3 detalizuojamos objekty

savybés. Kaip matome 1§ ontologijos pusés apimama didzioji dalis baziniy elementy, visiskai

netransformuojami tik individy elementai.

||0ntology|
ertityIRl |versioniRl
1101 axioms |*
T Axiom
0.1
| | g |
SubClassOf EquivalentClasses DisjointClasses

l DisjointUnion

disjointClassExpressions 2.*

classExpressions
12

2

subClassExpression 1
superClassExpression 1

ClassExpression

class

classExpressions

Entity Individual
Class ObjectProperty | |DataProperty | [ Datatype | |Hamedindividual

1

3.1 pav. Metodikos transformuojami elementai bendri

classExpressio n_J ClassExpression

“1

classExpression

1

™

A

1

I
ObjectAllValuesFrom

1

ObjectSomeValuesFrom

| ObjectHas Self

| ObjectHasValue

bjeqtproperf, qxpression

individual

-

objectPropertyExpression

objectPropertyExpressior? A
1 J ObjectPropertyExpression

1

Individual

objectPropertyExpression

3.2 pav. Metodikos transformuojamy objekty savybiy detalizacija
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Axiom

pa
‘ ObjectPropertyAxiom ‘

)

EquivalentObjectProperties | 4| ObjectPropertyDomain

DisjointObjectProperties H domain |1

SubObjectPropertyOf | Elaas eSS |
range |1
syperObjectPropertyExpression
1.7 |1 subObjectPropertyExpress|on ObjectPropertyRange
ObjectPropertyExpression

o |InverseObjectPr0perties

~] «

il
1objectPropertyExpression2
1objectPropertyExpressiont

3.3 pav. Metodikos transformuojamy objektu savybiu detalizacija 2

Metodikos transformacijos taisyklés aprasytos priklausomybés lygtimis. Kaip pavyzdj

paimame poklasiy transformacijos aprasa, taisykle T2 ir jg isnagrinésime-

Aprasas: suformuoti SBVR veiksmo koncepta klasiy sarysj, atitinkantj sarys;j tarp klasiy.

<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti ir abu
elementai klasés tipo.

T.: transform(classi: SubClass, class;: SuperClass, SubClassOf (classs, class;)) — SBVR koncepty
hierachiné asociacija

Pvz.: transform( ‘lorry’, Vehicle’, SubClassOf(“lorry’, vehicle’)) —

lorry
General concept: vehicle

Visos lygtys susideda iS:
e apraso — trumpai pateikiamas transformacijos taisyklés veiksmas ir tikslas
e precond — reikalinga salyga taisyklés vykdymui, apraso transformacijos salyga
arba kokia taisyklé jau turi biti jvykdita prie§ vykdant $ig.
e transformacijos nariy — pateikiami elementai kurie transformuojami i$ ontologijos
ir jy tipai, pavyzdingje taisykléje turime Klases atpindinéius elementus (class;:
SubClass, class,: SuperClass), taciau Sie parametrai néra apriboti vien klasémis, jie gali

buti bet kokio tipo OWL elementai, pvz.: duomeny savybés, objekty savybés,

kardinalumai ir t.t.
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e sarysio tarp elementy — jeigu egzistuoja rySys tarp elementy, tai jo iSraiska
pateikiama OWL elementy asociacijos elementu (SubClassOf (class;, classy)).

Asociacija iSreiSkiantiems elementams, kaip parametrai gali biiti paduodamos ir kitos

asociacijos, jeigu tai reikalinga elementy komplektui transformuoti,
e gaunamas transformuotas SBVR rezultatas — apraso sakinio tipa kuris gaunamas

jvykdZius transformacijos taisykle(SBVR koncepty hierachiné asociacija).
3.2. Transformuojamy ontologiju kokybiniai reikalavimai

Norit, kad sukurta metodika transformuotos ontologijos rezultatas buity patikimiausias,
keliami tam tikri reikalavimai jos aprasui. Visy pirma ontologijos aprasas turéty buti validus ir be
loginiy klaidy ir prieStaravimy. Duomeny ir objekty savybés turéty turéti nustatytas tiek srities,
tiek diapazono reikSmes. Rekomenduojama angly kalba, dél kuriamy sarysio elementy, kad buty
teisingai iSreik$tos pilnosios tekstinés savybiy formos zodynuose. Taip pat patartina elementams
naudoti etikeCiy (angl. label) anotacijas, nurodant bendring elemento teksting formg tam, kad biity
iSgauta lengviausiai suprantama ir teisingiausia zodyno iSraiska, ta¢iau jy nesant, naudojamos
tekstinés iSraiSkos aprasytos paciame elemente. Norint transformuoti ontologija apraSyta lietuviy
kalba reikalingas papildomas lemavimo servisas, kuris néra naudojamas Siame darbte, todél
ontologijy aprasyty lietuviy nerekomenduojama transformuoti, nes veiklos zodynas ir taisyklés

bis sunkiai skaitomos ir logiskai nesuprantamos.

3.3. Sprendimo specifikacija

OWL2 transformacijos | SBVR realizacijos algoritmas matomas 3.4 paveiksle. Veikla
pradedama nuo Ontologijos transformacijos j Zodyna. Pirmiausia transformuojamos ontologijos
klaseés. Tikrinama ar egzistuoja vaikinés klasés, jei taip, tai sukuriamas ,,Is a* elementas, kuris
naudojamas tekstinése israiSkose atvaizduojant elementy hierarchijg (pvz: sunkvezimis Is a
transporto priemone.) su transformuotais poklasiais. Transformavus poklasius vél analogiSkai
tikrinama ar yra nesusikertanciy klasiy elementy ir jei jie rasti sukuriama tekstiné iSraiska ,,Is*,
kuri naudojama nesusikertanciy klasiy transformacijos metu, tekstinei iSraiSkai atvaizduoti.
Sekanciuose zingsniuose transformuojami objekty savybiy elementai, objekto kai kurios reik§més
i§ (angl ObjectSomeValuesFrom), funkcinés objekty savybés, po jy seka minimaliy, maksimaliy
ir tiksliyjy kardinalumy apribojimai. Prie§ transformuojant duomeny savybiy elementus,
konvertuojami visi duomeny tipai. Analogiskai kaip ir su vaikinémis klasémis pries konvertuojant
ekvivalencias klases tikrinama ar tokiy elementy kiekis didesnis uz nulj ir sukuriamas

,»1S_coexistive with* elementas, kuris véliau naudojamas ekvivalenciy klasiy tekstinei iSraiskai.
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Visa detalesné¢ kiek vieno elemento transformacija

atvaizduotos paveikslais nuo 3.5 paveikslo iki 3.16.

( Transformuoti OWL | SBVR

I:J- Sukurti koncepcing schemag

| Transformuoti klazes : Transformuoti klase

| Sukurti ls_a : Sukurtils_a

| Transformuoti poklasius : Transformuoti poklasius

| Sukurti Is : Sukurtils

Transformuoti nesusikertandias klases : Transformuoti
nesusikertancias klases

th

|

Transformuoti objekto savybes : Transformuoti objekto
savybe

pateikiama veiklos diagramose, kurios

th
Transformuoti objekto kai kurios reiksmes i5 :
Transformuoti objekto kai kurios reikéEmeés is
th
r

|

‘ Transformuoti funkcines objekty savybes : Transformuoti

funkcine objekto savybe

th
Transformuoti objekto minimalius ir maksimalius
kardinalumus : Transformuoti objekto minimalius ir
maksimalius kardinalumus
th

| Transformuoti duomeny tipus : Transformuoti duomeny tiNJ

th

Transformuoti duomeny savybes : Transformuoti duomenuy i
savybe
th
o
Transformuoti objekty tikslive kardinalumus :
‘ Transformuoti objekto tiksly kardinaluma
th
Transformuoti duomeny tikslivs kardinalumus :
‘ Transformuoti duomeny tiksly kardinalumag
th

| Sukurti is_coextensive_with

th

: Sukurti is_coextensive_with J

Transformuoti ekvivalencias klases : Transformuoti
‘ ekvivalentias klases

th

1

(" Transformuoti objektas turi save : Transformuoti objektas
‘ turi save
th

3.4 pav. Bendriné transformacijos veiklos diagrama
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3.5 paveiksle pavaizduota klasiy transformacijos veiklos diagrama. Kiek vienai Kklasei
sukuriamas objekto tipas ir tekstiné iSraiSkg, tada kuriami Zyméjimo ir termino elementai, kurie
sujungia objekto tipa su tekstine iSraiSka. Sekanciame Zingsnyje tikrinama ar klasé turi tévinj
elementa, jeigu tévinis elementas rastas, tai objekto tipui papildomai uzdedamas pozymis rodantis

] tévine klase.

Aprasas: suformuoti bendrajj koncepta, atitinkantj klasg.

T1: transform(class:Class) — SBVR bendrasis konceptas
Pvz.: transform(‘vehicle’) — vehicle

Transformuoti kalse | objekto tipg
Sukurti klasei teksting iZraitky
Sukurti Zymejima

Sukurti terming

Atnaujinti koncpecine schema

Ar klase
turiteva?

Taip

Hustatyti bendraja reikEme j tévinj
objekto tipg

'J!')

3.5 pav. Klasiy transformavimo veiklos diagrama

3.6 paveiksle matoma poklasiy transformavimo veiklos diagrama. Kadangi ne visais
atvejai kuriami vienodi elementai, tai prie§ pradedant transformacija, tikrinama ar poklasio tévinis
elementas yra klasés tipo.

Kai tévinis elementas klasés tipo(Saka ,, Taip®), tai sukuriamas kategorizacijos fakto tipas

(angl categorizationFactType), kuris nurodo sarysj tarp elementy, abi klases pavercia j roles. Po
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to kai atnaujinama koncepciné schema, sukuriami Zyméjimo (angl designation) ir termino (angl
term) elementai riSantys tekstines iSraiskas su rolémis, tada sukuriamas elementas su pilnu tekstu
kuris atspindi tévinés klasés rysj su vaikine klase ir sukuriame vietos i§skyrimo (angl PlaceHolder)
elementus, kurie nurodo kuris teksto dali atspindi kurig role.

Kai tévinis elementas objekto visos reik§més i$ (angl ObjectAllValueFrom) tipo (Saka
,,Ne“), kuriamas asociatyvus fakto tipas (angl AssociativeFactType), nurodantis kitokj sarysj, tarp
elementy. Kuriamos rolés abiem transformacijos elementams. Kadangi objekto visos reik§meés i$
(angl ObjectAllValueFrom) atspindi apribojimo veiksmag, kuriami atominés formuluotés (angl
AtomicFormulation) elementai, su savo kintamaisiais (angl Variable), roliy dalyvavima
apribojime apibréziame roliy susiejimo (angl RoleBinding) elementais, tada kuriamas
egzistencinis kiekybiskumas (angl ExistensialQantification) ir batinumo formuluoté (angl
NecessityFormulation) apibrézianti rolés egzistavimui reikalingas salygas. Po to kuriami
atitinkami fakto simbolio (angl FactSymbol), sakinio formuluotés (angl SententialForm), teiginio

(angl Statement) ir pasitilymo (angl Proposition) elementai.

Aprasas: suformuoti SBVR veiksmo koncepta klasiy sarysj, atitinkantj sarysj tarp klasiy.

<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti ir abu
elementai klasés tipo.

T,: transform(classi: SubClass, class,: SuperClass, SubClassOf (class:, class;)) —  SBVR koncepty
hierachiné asociacija

Pvz.: transform(‘lorry”, ‘vehicle’, SubClassOf(‘lorry’, ‘vehicle’)) —

lorry
General _concept: vehicle

Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkanc¢iy asociacijos rysj.

<precond>: SuperClass elementas ObjectAllValuesFrom tipo.

Ts: transform(classi: Class, class;: Class, classs: Class, ObjectAllValuesFrom(class:, quantifiers, class,, classs))
— SBVR veiklos taisyklé aprasanti koncepto sandarg

Pvz.: transform(’lorry’, engine’, ‘diesel Engine’ , ObjectAllValuesFrom(’Lorry’ 1, * Engine’,
‘diesel Engine’)) —

It is necessary that lorry contains engine that is diesel_engine
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Tévinis

elementas
klazes tipo?
Me (Objekto visos reik3meés i8)
e )

\[ Taip
| Sukurti asociatuvaus fakto tipg J | Sukurti CategorizationFactType ,]
[r Transformuoti poklasj | role J
P \J,- . |".Transformuoti superClassExpresion to Role J
| Transformuoti ObjectAllValueFrom to Role J ;
| Atnaujinti koncpecine schemg J

\L | Transformuoti subClassExpresion to Role J
| Sukurti atomine formuluote ,]
[ Sukurti po kintamaji kiek vienai rolei | ( Afnaupnti koncpecing schema )

Sukurti po rolés susiejima kiek vienam '
kintamajam
= \'llr B o - [ - . - - B

[J Sukurti egzistencinj kiekybigkuma _J | Sukurti zymejima kiek vienai rolei j
[f- Sukurti bdtinumo formuluote J

J, ['. Sukurti po terming kiek vienai rolei j
( Sukurti fakto simbolj )
Sukurti sakinio f luot ' - -
\ RRE e T AOTG ,] | Sukurti sub ir super klasiuy tekstines

,l, | iZraizkas
( Sukurti teiginj ,]

| Sukurti pasidlyma | Sukurti po vietos isskyrimg kiek vienai rolei J

L )

$

3.6 pav. Poklasiy transformavimo veiklos diagrama

3.7 paveiksle pavaizduotas nesusikertan¢iy klasiy (angl DisjointClass) transformavimo
algoritmas. SarySio iSreiSkimui tarp klasiy kuriamas asociatyvaus fakto tipo (angl
AssociativeFactType) elementas, abi klasés tada kei¢iamos j rolés elementus, abejoms roléms
kuriama po kintamajj (angl Variable) ir rolés susiejimo (angl RoleBinding) Elementg. Antrai rolei
kuriamas egzistencinio kiekybiskumo (angl ExistentialQuantification) elementas, o pirmai

universalaus kiekybiskumo (angl UniversalQuantification), po to kuriami loginis neiginys (angl
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LogicalNegation),  pasitlymas

(angl  Proposition),  batinumo

NecessityFormulation) ir teiginys (angl Statement).

formuluoté

Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkan¢iy nesusikertanciy klasiy rys;.

(angl

<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti ir abu

elementai klasés tipo.

T transform(classi: Class, class.: Class , Disjoint(class, class,)) — SBVR veiklos taisyklé aprasanti

nejmanomumo salyga

Pvz.: transform(’lorry’, ‘motorcycle’

, Disjoint(’lorry’, ‘motorcycle’)) —

It is impossible that lorry is motorcycle

Sukurti azociatuvaus fakto tipg ,.I

~ Sukurti po role kiek vienai nesusikertangiai |
klasei J

Sukurti po kintami:i[ kiek vienai rolei ,-I
Sukurti rolés susiejima kiek vienai rolei ,.I
Sukurti egzistencin kiekybitkuma J
Sukurti batinumo formuluote ,.I
Sukurti teiginj jl

Sukurti loginj neiginj ,J

Sukurti pasidlyma ,.I

Sukurti universaly kiekybiskuma ,I

&

3.7 pav. Nesusikertan¢iy klasiy transformavimo veiklos diagrama
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3.8 paveiksle pavaizduota objekto sgvybés (angl ObjectProperty) transformacijos veiklos
diagrama.Veiksmai pradedami sukuriant objekto savybés tekstine iSraiSkg ir tikslg. . Sarysio
iSreiSkimui tarp klasiy kuriamas asociatyvaus fakto tipo (angl AssociativeFactType) elementas.
Objekto savybés sritis ir diapazonas (angl ObjectProperty Domain, Range) elementai keciami |
rolés elementus. Roléms sukuriama po tikslg, teksting iSrais$ka, sgkinio formuluote (angl
SententialForm) su vietos iSskyrimo (angl placeHolder) elementais ir jy teigiamomis sveikosiomis

(angl positivelnteger) reikSmémis.

Tikslas: suformuoti veiksmazodinj koncepts, atitinkantj priklausomybés rysj tarp klasiy.
<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti.

Ts: transform( class:: Class, class,: Class, objProperty: ObjectProperty, Association(objProperty,class;,
classz)) — SBVR veiksmazodinio koncepto asociacija

Pvz.: transform( ‘lorry’, ‘professional_driver’, ‘is driven_by’, Association(‘is_driven_by’, ‘lorry’,
‘professional_driver’)) — lorry is_driven_by professional_driver

38



Sukurti objekto savybei tekstine iZraisky
Sukurti Zymeéjima
Sukurti azociatuvaus fakto tipg

Transformuoti objekto savybés =ritj j role

Transformuoti objekto savybés diapazong j
role

L

Sukurti po Zyméjima kiek vienai rolei

Sukurti terming kiek vienai rolei

Sukurti vietos isskyrima kiek vienai rolei

Sukurti po teigiama reiskme kiek vienam
vietos isskyrikliui

L

Sukurti fakto simbaolj

[

Sukurti sakinio formuluote

|

[:!;l
3.8pav. Objekto savybiy transformavimo veiklos diagrama

3.9 paveiksle pavaizduota objekto kai kurios reik§més i§ (angl ObjectSomeValueFrom)
transformavimo veiklos diagrama. Veikla pradedama nuo atominés formuluotés (angl
AtomicFormulation) elemento sukiirimo, kuris rodo j taikomus apribojimus, kadangi objekto
savybés (angl ObjectProperty) jau transformuotos, tai paimama transformacijos reik§mé, kuri
naudojama tolesniy elementy sarySiuose. Sukuriame ne neigiamg sveikg skaiciy (angl
NonNegativelnteger), kuris nurodo, skaiting kardinalumo reikSmé. Atitinkamai sukuriame
universalaus kiekybiskumo ir teiginio (angl Statement, UniversalQuantification), kintamuosius ir
rolés susiejimg (angl RoleBinding). Kardinalumas aprasomas egzistencinio keikybiskumo (angl
ExistentialQauntification)  elemente  su  atributu  minimalus  kardinalumas  (angl

minimumCardinality), kuris rodo j auks¢iau sukurtg ne neigiamg sveika skaiciy.
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Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkanéiy asociacijos ry§j su egzistenciniu
reikalavimu.

Te: transform(class:: Class, class,: Clas, ObjectSomeValuesFrom(class;, class;)) — SBVR veiklos taisyklé
aprasanti koncepto sandarg

Pvz.: transform( ‘vehicle’, ‘engine’, ObjectSomeValuesFrom(‘vehicle’, ‘engine’))— It is necessary that
vehicle contains engine

|: ' Sukurti atoming formuluote

Gauti asociatuvaus fakto tipa : Transformuoti objekto savybe

rh..-'

| Sukurti ne neigiama sveika skaiciuy

( Sukurti teiginj

" Sukurti egzistencinj kiekybiskuma su minimalaus kardinalumao
reikEme

|

( Sukurti pasiidlyma

|: ' Sukurti universaly kiekybiskuma

|: ' Sukurti batinumo formuluote

( Sukurti po kintamajj kiek vienai rolei )

[' Sukurti po rolés susiejima kiek vienam kintamajam

&

3.9 pav. Objekto kai kurios reik§més i§ transformavimo veiklos diagrama

3.10 paveiksle, kuriame atvaizduota funkcinés objekto savybés (angl
FunctionalObjectProperty) transformavimo veiklos diagrama, veiksmy seka atlickama tokia pat,
kaip ir paveiksle 3.9, tik vietoje egzistencinio kiekybiskumo kuriamas maksimalaus kiekybiskumo
(angl AtMosNQuantification) elementas su maksimalaus kardinalumo (angl maximumCardinality)

atributu.
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Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkanéiy asociacijos ryS§j egzistenciniu
reikalavimu su maksimaliu kardinalumu.

Tz transform( class;: Class, classs: Class, objProperty: ObjectProperty,
FunctionalObjectProperty(objProperty, class:, class;)) — SBVR veiklos taisyklé aprasanti
veiksmazodinio koncepto asociacijg su kardinalumo nurodymu

Pvz.: transform( ‘lorry’, ‘professional_driver’, ‘is_driven_by’, FunctionalObjectProperty(‘is_driven_by’,
‘lorry’, ‘professional_driver’))— It is necessary that lorry is_driven_by at_most 1 professional_driver

|: ' Sukurti atoming formuluote

" Gauti asociatuvaus fakto tipa : Transformuoti objekto savybe N

rh..-'

[. Sukurti ne neigiamag sveika skaidiy

( Sukurti teiginj

Sukurti egzistencinj kiekybiskuma =u minimalaus
kardinalumo reikime

i

( Sukurti pasidlyma

| Sukurti universaly kiekybiskuma

| . Sukurti bitinumo formuluote

| Sukurti Rolei po kintamajj

| Sukurti kiek vienam kintamajam po rolés susiejima

&

3.10 pav. Funkciniy objekto savybiu transformavimo veiklos diagrama

3.11 paveiksle atvaizduotas minimalaus ir maksimalaus kardinalumy transformavimo
algoritmo veiklos diagrama. Kadangi minimalus ir maksimalus kardinalumai yra objekto savybés
(angl objectProperty) dalis, kuris jau yra transformuotas, tai paimame, gautg rezultatg ir kiek

vienai rolei sukuriame kintamajj (angl Variable) ir rolés susiejimo (angl RoleBindig) elementus.
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Sekaniame zingsnyje kuriame universalaus kiekybiskumo, pasialymo ir teiginio (angl
UniversalQuiantification, Proposition Statement) elementus. Pereiname prie sglygos elemento,
kuris tikrina ar klasé turi maksimaly ir minimaly apribojima:

Kai klasé apribota minimaliu ir maksimaliu kardinalumu tokiu atveju patenkame j Saka
., Yes“, kurioje kuriami du ne neigiamo sveikojo skaiciaus (angl NonNegativelnteger) elementai su
atitinkamomis minimalia ir maksimalia reikSmémis ir po to kuriamas skaiciy srities kiekybiskumas
(angl NumericRangeQuantification), kuris ir nurodo klasés kiekinius apribojimus.

Kai klasé apribota tik vienu kardinalumu patenkame i ,,No*“ Saka, kurioje sukuriamas
vienas neigiamo sveikojo skai¢iaus (angl NonNegativelnteger) elementas su kardinalumo reik$me.
Tada tikriname ar maksimalus kardinalumo apribojimas. Jeigu maksimalus -  kuriame
maksimalaus kiekybiskumo (angl AtMostNQuantification) elementa. Jeigu minimalus - kuriame

minimalaus kiekybiskumo (angl AtLeastNQuantification) elementa

Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkan¢iy minimalius ir maksimalius kardinalumus

Te: transform( class:: Class, class;: Class, minQuantifier;:MinCardinality, maxQuantifier;:MaxCardinality
CardinalityMinMax(class;, minQuantifiers, class;, maxQuantifier:)) — SBVR veiklos taisyklé aprasanti
elementy sandarg su minimaliais ir maksimaliais kardinalumais

Pvz.: transform(’Lorry’, ‘Side_Mirror’,4,null, CardinalityMinMax ("Lorry’,4, ‘Side_Mirror’,null)) —

It is necessary that Lorry has at_least 4 Side_Mirror

Pvz.: transform(’Car’, ‘Wheel’,null,4, CardinalityMinMax ("Car’,null, ‘Wheel’,4)) —

It is necessary that Car contains at_most 4 Wheel

Pvz.: transform(’high_utility vehicle’, ‘axle lock’, 2, 9, CardinalityMinMax(’high utility vehicle’ 2,
‘axle lock’, 9)) —

It is necessary that high_utility vehicle has at_least 2 and at_most 9 axle_lock
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Objekto

savybé turi
l minimaly ir

Gauti asociatuvaus fakto tipg : maksimaly

Transformuoti objekto savybe ‘ W apribgjimus?
rth ] - Ne
o Tai
|"5ukurti po kintamajj kiek vienai rolei | . .
b | Sukurti ne neigiama sveikg | | Sukurti kardinalumui ne
‘ skaiciy min ir maks ‘ | neigiama sveika skaiciy
kadinalumams

Sukurti po rolés susiejima kiek |
vienam Kintamajam |

Turi tik
) \J,. ) maksimaly
[ Sukurti universaly kiekybizkuma | ( Sukgﬂi skaiciy srities ! ! apribojimg?
~ ‘ kiekybizkuma su apribojimu ‘ - ‘

reikEmemis Taip

- Ne
[ Sukurti pasidlyma ]
_ _Sukurti minimalaus | " Sukurti maksimalaus
( Sukurti teiginj ) kiekybiskumo elements | kiekybigkumo elements |

3.11 pav. minimalaus ir maksimalaus kardinalumy transformavimo veiklos diagrama

3.12 paveiksle, kuriame atvaizduota objekto tikslaus kardinalumo (angl
ObjectExactCardinality) transformavimo veiklos diagrama, veiksmy seka atlickama tokia pat,
kaip ir paveiksle 3.9, tik vietoje egzistencinio kiekybiskumo (angl ExistentialQuantification)
kuriamas egzistencinio kiekybiskumo elementas su minimalaus kardinalumo (angl

minimumCardinality) atributu.

Tikslas: suformuoti rinkinj veiklos taisykliy, atitinkan¢iy tikslius kardinalumus .

To: transform( class:: Class, class;: Class, quantifieri:Cardinality, ExactCardinality(class:, class;,
quantifier1)) — SBVR veiklos taisyklé aprasanti elementy sandarg tiksliu kardinalumu

Pvz.: transform(’lorry’, ‘tachograph’, 1, ExactCardinality(lorry’, ‘tachograph’,1)) —

It is necessary that lorry contains exactly 1 tachograph
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Sukurti atomine formuluote

Sukurti ne neigiama sveika skaidiy )

Gauti asociatuvaus fakto tipg : Transformuoti objekto savybe '
th

Sukurti Rolei po kintamajj

Sukurti kiek vienam Kintamajam po rolés susiejimg

Sukurti egzistencinj kiekybiZkuma su minimalaus kardinalumo
reikéme

Wy

Sukurti teiginj

Sukurti universaly kiekybiskuma

Sukurti batinumo formuluote

P Y P L Lt Lt £ Lt Lt

Sukurti pasidlyma

3.12pav. ObjectExactCardinality transformavimo veiklos diagrama
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3.13 paveiksle pavaizduota duomeny tipo (angl DataType) transformavimo veiklos
diagrama. Duomeny tipai naudojami duomeny sgvybiy (angl DataProperty) transformacijose, visi
duomeny tipai (integer, boolean, double ir t.t.) esantys ontologijoje yra transformuojami j objekto

tipo (angl objectType) elementus su terminais ir tikslo elementais, bei tekstinémis iSraiSkomis.

Transformuoti duomenuy tipg | objekto

tipg

Sukurti tekstine iSraiska
Sukurti terming

Suburti Zymejima

Atnaujinti koncpecing schema

|!)
3.13 pav. DataType transformavimo veiklos diagrama

3.14 paveiksle pavaizduota duomeny sgvyvés (angl DataProperty) transformavimo
veiklos diagrama. Prie§ pradedant transformacijg, tikrinama ar duomeny savybé yra loginio tipo
savybe, jeigu taip, tai tikrinama ar yra toks tikslaus duomeny kardinalumo (angl
DataExactCardinality) elementas, kurio range yra transformuojamas duomeny savybés elementas,
jeigu yra, tai transformacija nutraukiama ir elementas transformuojamas véliau. Jeigu viena i$ $iy
salygy graZzina neigiamg rezultata, tada transformacija vykdoma ir duomeny savybe
transformuojama j objekto tipa (angl objectType), kuriam sukuriamas terminas, zyméjimas ir
tekstiné iSraiska. Toliau kuriamas yra savybé fakto tipo (angl IsPropertyFactType) elementas
nurodantis sarysj su klase. Duomeny savybés sritis ir diapazonas (angl DataPropertyDomain,
DataPropertyRange) konvertuojami j roles, kurioms sukuriamos po termino ir tikslo elements.
Atnaujinus koncepcing schema, kuriama pilna duomeny sgvybés tekstiné israiska ir fakto simbolis

(angl factSymbol). Sukuriamos teigiamo sveikojo skaiCiaus (angl positivelnteger) elementai
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nurodantys roliy vietg tekstinéje iSraiSkoje ir jraSomos vietos iSskyriklio (angl PlaceHolder)

elemento atributuose.

Tikslas: suformuoti charakteristikg, atitinkan¢ig duomeny savybe

T1o: transform( class:Class, dataProperty:: DataProperty) — SBVR konceprto charakteristika
Pvz.: transform( ‘engine’, ‘is_forced_induction’) — engine is_forced_induction

Ar duomeny
savybés tipas yra
leginis?
e 5
b Taip
Egzistuoja duomeny
tikslus kardinalumas
kurio =ritis yra
W duomany savybe?
Ne ~ Taip @

MNe

( Sukurti Zymé&jima kiek vienai rolei

* ( Sukurti po termina kiek vienai rolei

\ L um\lllto objectType _,-I [' Atnaujinti koncpecing schemag
I S i Sukurti duomeny savybes tekstine
\l/ _ izraizka
P : , ~ j T :
! Sukurti terming [ Sukurti duomenu savybés fymeéjima ]

] ﬁ" " ]

§ Sukurti Zymejimg ) ( Sukurti vietos iEskyrima
( Sukurti IsPropertyOfFactType ) ( Sukurti fakto simbolj

|' ot d"c'rgrz"“ savybes sriti | | (" sukurti srities teigiama reiskme

| i g ]
| Transformuoti duomeny sgvybes ] s = = =
| diapazona j role | | Sukurti diapazono teigiama reiskme

\ )

3.14 pav. Duomeny savybiy transformavimo veiklos diagrama

3.15 paveiksle pavaizduota tikslaus duomeny kardinalumo (angl DataExactCardinality)
transformavimo veiklos diagrama. Transformuojant duomeny savybe (angl DataProperty), kai
savybé yra loginio tipo, kuriamas charakteristikos (angl. Charasteristic) elelemtas, turintis tik
vieng role transformuotg i§ duomeny savybés. Rolei ir klasei sukuriami tikslo ir termino elementai.

Atnaujinus koncepcing sukuriama tekstiné israiSka su atitinkama sakinio formuluote (angl
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SententialForm) vietos iSskyriklio (angl PlaceHolder) ir fakto simbolio (angl FactSymbol)

elementais.

Tikslas: suformuoti apimancig charakteristika, atitinkan¢ig duomeny savybeg

T transform( class:Class, dataProperty:: DataProperty, Incorporates(class:,dataProperty:)—
SBVR jtrauktoji charakteristika

Pvz.: transform( ‘engine’, ‘is _ForcedInduction’ Incorporates(‘engine’, ‘is ForcedInduction’)) —
concept “engine " incorporates characteristic “engine is_Forcelnduction

( Sukurti charakteristika

" Transformuoti duom enuy savybes sritj j
Role

!

( Sukurti Zyméjima

| Sukurti terming

| Sukurti Zymejima charakteristikai

|" Atnaujinti koncpecing schema

( Sukurti fakto simbolj

| Sukurti zakinio formuluote

" Sukurti teksting iSraizka charakteristikai |

)

f ' Sukurti vietos isskyrima ]

3.15 pav. Duomeny tikslaus kardinalumo transformavimo veiklos diagrama

3.16 paveiksle pavaizduota Ekvivalen¢iy klasiy transformavimo veiklos diagrama.
Transformuojant ekvivalencias klases galimi du variantai, kai yra tik ekvivalencios klasés arba kai
ekvivalencios klasés yra narés nesusikertanéiy klasiy sajungoje (angl DisjointUnion).

Transformuojant tik ekvivalencias klases sukuriamas asociacijos fakto tipo (angl

AssociativeFactType) elementas, rolés kuriamos i$ atitinkamy klasiy. Sukuriamas Zyméjimas (angl
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Designation) su nuoroda j ,,is_coexistive_with* teksta. Ekvivalencios klasés isreiSkiamos pilna
tekstine iSraiSka ir sukuriama sakinio formuluoté (angl SententialForm) su vietos i§skyrimo (angl
placeHolder) elementais ir jy teigiamomis sveikosiomis (angl positivelnteger) reikSmémis
nurodanc¢iomis roliy pozicijas tekstinéje iSraiskoje.

Kai ekvivalencios klasés yra narés nesusikertanciy klasiy sgjungoje, tada kuriamas
segmentacijos elementas. Klasés transformuojamos j segmentacijos kategorijy tipus (angl
Segmentation Category), Sios klasés priskiriamos segmentacijai. Segmentacijai sukuriamas
individualus konceptas (angl IndividualConcept). Klaséms kuriama po teksting iSraiska, terming
ir tikslg. Segmentacijos ir individualaus koncepto elementams sukuriamas vardo elementas.

Atlikus visus veiksmus atnaujinama koncepciné schema.

Tikslas: suformuoti sinoniminius konceptus, atitinkancius ekvivalencias klases.

<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti.

Ti2: transform( classa: Class, class.: Class, Equivalent (class:, classz)) — SBVR koegzistuojanciy koncepty
asociacija

Pvz.: transform( ‘fuel’, ‘gas’, Equivalent (‘fuel’, ‘gas’)) —

fuel is_coextensive with gas

Tikslas: suformuoti konceptus, atitinkanéius klasiy segmentacija.

Tis: transform( SegmentClass:: Class,class:: Class, class;: Class,Equivalent(SegmentClass; DisjointUnion
(classy, classz))— SBVR koncepty segmentavimo asociacija
Pvz.: transform( ‘vehicle drive train’, ‘front wheel drive’,’ front wheel drive‘
Equivalent(‘vehicle drive_train’ Disjointunion (‘front_wheel drive’,  front wheel drive"))
Vehicle by drive train

ity: Segmgntation for general concept vehicle that subdivides vehicle
by vehicle drive train

front wheel drive
vehicle
is _included in Vehicle by drive train
rear wheel drive
vehicle
is included in Vehicle by drive train
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Aryra nesusikertancios
sdjungos elementas, kurios
narys bity ekvivalencios

klazés?
Taip Ne
T _"1(
( Sukurti kategorizacijos tipg klaséms naréms )
Sukurti asociatuvaus fakto tipg )
( Sukurti segmentacija )
Transformuoti kiek vieng klaseg j role )

Transformuoti kiek viena nesusikertandia klase | segmentacijos '
kategorijg

Sukurti Zymeéjima J

( sukurti individualy koncepta )

Sukurti sakinio formuluote )

Sukurti tekstine iSraiska, terming, Zymeéjima kiek vienai '
ekvivalenciai klasei

Sukurti po vietos isskyrima kiek vienai klasei )
( Sukurti vards individualiam konceptui )
o )
( Atnaujinti koncpecine schema )

®

3.16 pav. Ekvivalen¢iy klasiy transformavimo veiklos diagrama
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3.17 paveiksle pavaizduota objektas turi save (angl. ObjectHasSelf) savybés
transformavimo veiklos diagrama. Transformuojant savybe sukuriamas objekto tipas ir jam
priskiriamas objekto savybés instancija. Sukuriama tekstine iSraiSka su reikSme
,purely reflexive verb concept®. Objekto tipui sukuriamas terminas ir zyméjimas. Atlikus visus

veiksmus atnaujinama koncepciné schema.

Tikslas: suformuoti konceptus, atitinkanéius saves turéjimo savybe.
<precond>: egzistuoja sukurti du bendrieji konceptai, suformuoti pagal taisykle Ti.

Tia: transform( classi: Class, classy: Class, ObjectHasSelf (classs, class;)) —  SBVR reflektyvus
veiksmazodinis konceptas

Pvz.: transform( ‘replaceable _part’, ‘replacing part’, ObjectHasSelf( ‘replaceable part’,
‘replacing part’) —

replaceable part

General concept: vehicle part

replacing part

General concept: vehicle part
replaceable part has replacing part

Concept type: purely reflexive verb concept

|" Gauti asociatuvaus fakto tipq : Transformuoti objekto savybe

# )

" Sukurti obejkto tipg elementui objektas turi =ave ir nustatyti asociatyvy |
| fakia kaip instancijg ‘

]

[ . Sukurti tekstine israizka “purely_reflexive_verb_concept”

[ . Sukurti terming objekto tipui

( Sukurti Zyméjima

[. Atnaujinti koncpecing schema

A

3.17 pav. Objektas turi save savybés transformavimo veiklos diagrama
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4. ONTOLOGIJU TRANSFORMACIJOS | VEIKLOS ZODYNUS IR TAISYKLES
PROTOTIPO EKSPERIMENTINES REALIZACIJOS PROJEKTAS

4.1. Sprendimo architektiira

Kadangi transformacijos jrankis, yra siauro funkcionalumo, jj kurti kaip atskirg jrankio

néra praktiska, todél pasirinktas sprendimas jj integruoti kaip jskiepj 1 SBVR teksto redaktoriy.
4.1.1. Loginé sprendimo architektiira

Sistemos loginé architektiira susideda i§ SBVR teksto redaktoriaus, kuris naudoja faily
posistem¢ failams nuskaityti ir saugoti ir transformacijy posisteme, kuri atlieka transformacijos
algoritma. Ontologijy transformacijos | veiklos Zodynus ir taisykles loginé architektiira su ja
sudaran¢iais elementais pateikiama sistemos architektiiros 4.1 paveiksle. Siame darbe
realizuojama transformacijy posistemé, kuri véliau naudojama teksto redaktoriuje.

|
SBVR xtext teksto redaktorius

I 1
Vartotojo sasaja | wses | Faily posistemé
I ]
Veiklos logika wses | Transformacijy posistemeé

4.1 pav. Sistemos loginé architektiira

4.2. Projekto klasiy modelis

Sukurtos realizacijos klasiy diagrama pavaizduota 4.2 paveiksle. Transformacinis
prototipas realizuotas naudojant vieng klas¢. QVT kalboje metodai neturi privatumo apibrézimo,

todél visi metodai, pavaizduoti be privatumo simboliy ( +, -, #)
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TransformacijaMain

KoncepcineSchema
Positinintegers
PositinintegerD
PositinintegerP
PositinintegerDisC
PositinintegerEqC
ls_a_Text

Is_Text

Turi_text
equivalent_text

helper checkSubClasses (in mainitem: SubClassOf, in innerltem: SubClassOfin mappeditem: Sequence(SubClassOf) inout found:Boolean) : Boolean{)()
helper checkDataPropertyParent (in dataProperty: DataPropertyin dataExactCardinality: Sequence(DataExactCardinality)) : Boolean()()
helper getPositivelnteger (in str. String, in str2: String) : Positivelntager()

helper getStartingCharacterPosition( str: Siring, str2 : String ) © Integer

helper createPositivelntegerTextValueForSubClass( textValue : String ) : Positivelnteger

helper createPositivelntegerTextvalueForDisjointClasses( texfvalue : String ) : Positivelnteger

helper createPositivelntegerTextValueForDisjointClasses( texfValue : String ) . Positivelnteger

helper createPositivelntegerTextValueDataProperty( textValue : String ) : Positivelnteger

helper createPositivelntegerTextValueForEquivalentClasses( textValue : String ) : Positivelnteger

helper createPositivelntegerTextvalueForObjectProperty() : Positivelnteger

helper setFactTypeTextValue( start : String, verb : String, endas : String ) : Text

helper getFactTypeTextValuel start : String, verb : String, endas : String ) : String

helper setiriLexvaluefromString( line : String ) : String

helper DataProperty: setDataPropertylriLexValue() - String

helper ObjectPropery::setObjectPropertylrilLexValuel) : String

helper setObjectPropertylriLexvalue2( line : String ) - String

helper Datatype: setDatatypeFromliriLexValue() - String

query Datatype: getSBVRType( typeMame : String ) : String

mapping Class:classToText(): Text

mapping ObjectProperty objectPropertyToTexd() - Text

mapping DataProperty:dataPropertyToText() : Text

mapping TransitiveObjectProperty:transitiveObjectProperyToText() : Text

mapping ReflexiveObjeciProperty: reflexiveCbjectProperyToText() - Text

mapping Irreflexive ObjectProperty:irreflexive ObjectPropertyToTest() : Text

mapping AsymmetricObjectProperty:asymmetricObjectPropertyToText() : Text

mapping SymmelricObjectProperty:symmetricObjectProperyToTex() : Text

mapping FunctionalObjectProperty:functionalObjectPropertyToText() : Text

mapping InverseFunctional ObjectProperty:inverseFunctionalCojectPropertyToText() : Text

mapping Datatype::dataTypeToText() : Text

mapping Class:classToObjeciType() : ObjectType

mapping Class:classTolndividualConcepti) : IndividualConcept

mapping SubClassOf:subClassOfToFactTypeRole() : FactTypeRole

uperClassOfToFactTypeRole() : FactTypeRole

ubClassOfToSentencialForm() : SententialForm when {self superClassExpression.ocllsTypeOfiClass )}
mapping SubClassOf : superClassOfTeSentencialForm() : SententialForm when {self.superClassExpression.oclisTypeOfClass)}
mapping SubClass0f:subclassofToCategorizationFactType () :CategorizationFactType when {self superClassExpression.ocllsTypeOf{Class)}
mapping SubClassOf:subClassOfToPlaceholderBegin () Placeholder when {self superClassExpression.ocllsType Of(Class)}
mapping SubClassOf:subClassOfToPlaceholderEnd () Placeholder when {self.superClassExpression.ocllsTypeCf(Class)}
mapping SubClassOf superClassOfToPlaceholderBegin () Placehalder when {self superClassExpression. ocllsTypeCOfiClass)}
mapping SubClassOf:superClassOfToPlaceholderEnd (): Placeholder when {self superClassExpression.ocllsTypeOf(Class)}
mapping SubClassOf: subclassofToAssociativeFactType() | AssociativeFaciType

when{self superClassExpression.ocllsTypeOf{ObjectAllValuesFrom)}

mapping ObjectAllValuesFrom:ObjectallValuesFromDomainToFactTypeRole() : FaciTypeRole

mapping ObjectallValuesFrom:ObjectallvaluesFromRangeToFactTypeRole() : FactTypeRole

mapping ObjectProperty-objectPropertyDomainToFactTypeRole() : FactTypeRole

mapping ObjectProperty:objectPropertyRangeToFactTypeRole() : FactTypeRole

mapping ObjectProperty: objectProperyToAssociativeFactType() : AssociativeFactType

mapping ObjectProperty - objectPropertyOfToSentencialForm() : SententialForm

mapping ObjectProperty:objectPropertyToPlaceholderBegin (): Placeholder

mapping CojectProperty:objectPropertyToPlaceholderEnd (): Placehalder

mapping TransitiveObjectProperty:transitiveObjectProperyToObjectType() :0bjeciType

mapping ReflexiveQbjectProperty:reflexiveCbjectPropertyToObjectType() :0bjectType

mapping IrreflexiveObjectPropery:irreflexive ObjectPropertyToObjectType() :ObjeciType

mapping AsymmetricObjectProperty:irreflexiveObjectProperyToObjectType() :0bjectType

mapping SymmetricObjectPropery:irreflexive0bjectPropertyToObjectType () :0bjectType

mapping FunctionalObjectProperty:functional®bjectPropertyToObjeciType() :0bjectType

mapping InverseFunctionalObjectProperty: inverseFunctionalObjectPropertyToObjectType() : ObjectType

mapping DataProperty: dataProperyToObjectType(): Role

mapping DataProperty::dataPropertyDomainOfToFactTypeRole() : FaciTypeRole

mapping DataProperty:dataPropertyRangeOfToFactTypeRole() | FactTypeRole

mapping DataProperty :dataPropertyofTolsPropertyOfF actType () IsProperyOfFactType

mapping Datatype::dataTypeToObjectTypel) :ObjectType

mapping DataProperty:dataPropertyTePlaceholderBegin (): Placeholder

mapping DataProperty dataPropertyToPlaceholderEnd (): Placeholder

mapping DataProperty : dataProperyOfToSentencialForm() : SententialForm

mapping EquivalentClasses  equivalentClassesToAssociativeFactType()AssociativeFactType

mapping AnnotationAssertion:: annotationAsserdionToValue() : Text when { self annotationProperty entitylR| |lexicalalue = labelValue}
mapping DisjointClasses : disjointClassesToAtmicFormulation() : AtomicFormulation

mapping DisjointClasses: disjeintClassesToAssociativeFactType() : AssociativeFactType

mapping Class:classOfToFaciTypeRole() : FaciTypeRole

mapping Class:disjointClassToPlaceholderBegin (): Placeholder

mapping Class:disjeintClassToPlaceholderEnd (in textvalue: String): Placeholder

mapping DisjointClasses : disjointClassesToSententialForm(): SententialForm

mapping DisjointClasses :: disjointClassesToRoleBinding(): RoleBinding

mapping DisjointClasses = disjointClassesToText(): Text

mapping ObjectMinCardinality :: objectMinCardinalityToAtemicFermulation() : AtomicFormulation

mapping ObjectMaxCardinality :: objectMaxCardinalityToAtomicFormulation() : AtomicFormulation

mapping ObjectSomeValuesFrom :: objectSomeValuesFromToAtomicFormulation() : AtomicFormulation

mapping FunctionalObjectProperty :: functionalObjectPropertyToAtomicFormulation() : AtomicFermulation

mapping ObjectExactCardinality - objectExactCardinalityToAtomicFormulation() : AtomicFormulation

mapping objectMinAndMaxCardinaliyToAtomicFormulation{in MinCard: ObjectMinCardinality, in MaxCard: ObjectMaxCardinality) : AtomicFormulation
mapping ObjectType : objeciTypeToVariable() : Variable

mapping ObjectHas5elf - ObjectHasSelfToObjectType() - ObjeciType

mapping DataExactCardinality:: dataExactCardinalityToCharacteristic{):Characteristic

mapping DigjointUnion::DisjeintUnionTeSegmentation():Segmentation()

4.2. pav. Realizacijos kalsiy diagrama

52



5. SPRENDIMO REALIZACIJA IR TESTAVIMAS

5.1. Sprendimo realizacijos ir veikimo aprasas

Norint atliki Ontologijy transformavimg j veiklos zodynus ir taisykles reikalinga speciali
OMG grupés sukurta programavimo kalba skirta specialiai transformacijoms vykdyti. Pagal
transformuojamus modelius palankiausia programavimo kalba QVT, kuri pagrista Java kalbos
pagrindu ir realizuojama naudojant ,,Eclipse® kirimo aplinkg (IDE). Projektinis sprendimas
realizuotas naudojant QVTo transformacijy kalbg 3.5 versija.
5.2. Testavimo modelis, duomenys, rezultatai

Testavimas atliekamas kuriamam eksperimentiniam prototipui suteikiant OWL XMI
failus, jie tada yra transformuojami ir lyginami su Veiklos Zodynus ir taisykles i ontologijas
transformuojancio jrankio jvesties failais. Lyginamas elementy kiekis ir jy tarpusavio sarysis
leidzia nustatyti transformacijos korektisSkuma ir pilnuma.

Testavimo jvesties failai ir gauti rezultatai pateikiami 9.5 priede.Analizuojant rezultatus
matome, kad gauti failai yra identiSki, nes abiejuose XMI failuose gautas vienodas atitinkamy
elementy kiekis su tokiais pat sarySiais, todél galima teigti, kad su Siais testinais duomenimis

eksperimentinio tyrimo IS transformavimo algoritmas veikia sékmingai.

5.1 lentelé. Testavimo rezultatai

Elemento tipas Kiekis i§ S20 Kiekis iS prototipo
transformatoriaus
AtomicFormulation 1 1
ConceptualSchema 1 1
Concept 3 3
Designation 5 5
FactSymbol 1 1
NecessityFormulation 1 1
NonNegativelnteger 1 1
NumericRangeQuantification 1 1
Placeholder 1 1
Positivelnteger 2 2
Proposition 1 1
RoleBinding 2 2
SententialForm 1 1
Statement 1 1
Term 4 4
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Text

UniversalQuantification

Variable
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6. EKSPERIMENTINIS OWL TRANSFORMACIJOS I SBVR TYRIMAS

6.1. Eksperimento planas

Eksperimentinio tyrimo metu tiriami, pagal Siuo darbu aprasyta transformacijos metodika
sukurto, transformatoriaus iSvesties rezultatai. Norit uztikrinti transformacijy vientisuma,
informacijos korektiSkuma ir duomeny iSsaugojima, i§ ontologijy sukurti zodynai ir taisykles,
naudojantis s2o transformatoriumi, yra transformuojami atgal i ontologijas ir tikrinama ar buvo
prarasta duomeny, jei taip tai kiek ir kokiy. Eksperimentui naudojama transporto priemoniy
ontologija, kuri buvo naudojama aprasant transformavimo taisykles taip pat agenty ir foto jrangos
zodynas su atitinkan¢iomis ontologijomis paimtomis 1§ S20 transformacijos pavyzdziy, kad biity

galima jvertinti transformacijos pilnuma.
6.2. Eksperimento rezultatai

Pirma eksperimento dalis pradedama naudojantis sukurta transporto priemoniy
ontologija. Eksperimento tikslas parodyti taisykliy transformacijy rezultatus, pateikiant 6.2 lentele
su taisyklés nuoroda, jvesties ontologija, interpretuota veiklos zodyno ir taisyklés dalimi ir s20
transformatoriumi gautg atgalinés transformacijos elementa.

Transporto priemoniy ontologijos parametrai pateikti 6.1 lenteléje. Klasiy struktiirg

atspindinti schema pateikta 6.1 paveiksle.

6.1 lentelé. Transporto priemoniy ontologijos metrikos

Metrika Kiekis
Aksiomos 252
Loginés aksiomos 61
Klasés 31
Objekty savybés 11
Duomeny savybés 5
Individai 0
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motorcycle

T
is__motorcycle 1<<disjoint>>

I
_tachograph

gear box Jcontainsiigearibox {<contains__component{}} I |

contains__tachograph

1
1
1
—
| lorry

{func}, ;sidnvenibyiiproiess ional_driver

professional driver

car

contains__seat

1.9

wheel

contains__wheel _I

seat I

/

vehicle !

is_used_by__wehicle

contains__engine

yonly

r

ontains__component

[

,—J component
I
I<<equivalent>>
has__axle_lock 2..9[ axle lock i
1 —gas |
: <<equiva|ent>>|
vehicle_ 1
N——— high_utility_ material ' fuel
vehicle '
vehicle part !
\ <has__replacing_ :
functional_verb part}some self |[drive train part |
corcept |
1 f heel
replaceable_ | Lk ! wra‘rli‘:/e -
part engine part vehicle_by
—] (O peatepedna e front_wheel_ @I
replacing part drive I
I::I engine
chail is_forced_induction:boolean[1] rear_wheel_
contains__chain| drive
1.4
motrocycle
6.1 pav. Transporto priemoniy ontologijos klasiy schema
6.2 lentelé. Transporto priemoniy ontologijos tranformacijos rezultatai
Taisyklé Ivesties ontologijos elementas Gauto XMI interpretuotas | Atgalinés transformacijos
SBVR teiginys rezultato elementas
T1 Class( <ns:s2o#vehicle>) vehicle Class( <ns:s2o#vehicle> )
T2 SubClassOf(  <ns:s2o#lorry> | lorry SubClassOf(  <ns:s2o#lorry>
<ns:s2o#vehicle> ) General_concept: vehicle | opo.soouyehicle> )
T3 SubClassOf(  <ns:s2o#lorry> | It is necessary that lorry | SubClassOf(  <ns:s2o#lorry>
ObjectAllValuesFrom( cgntalns Mthat 1S ObjectAllValuesFrom(
_ _ diesel_engine _ )
<ns:s2o#contains__engine> <ns:s2o#contains__engine>
<ns:s2o#diesel_engine>) ) <ns:s2o#diesel_engine>) )
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Taisyklé

Ivesties ontologijos elementas

Gauto XMI
SBVR teiginys

interpretuotas

Atgalinés transformacijos

rezultato elementas

T4 DisjointClasses( It is impossible that lorry is | DisjointClasses(
<ns:s2o#lorry> motorcycle <ns:s2o#motorcycle>
<ns:s2o#motorcycle> ) <ns:s2o#lorry>)

T5 ObjectProperty( lorry is_driven_hy ObijectProperty(
<ns:s2o#is_driven_by professional_driver <ns:s2o#is_driven_by
_professional_driver>) _professional_driver>)

T6 SubClassOf( It is necessary that vehicle | SubClassOf( <ns:s2o0#vehicle>
<ns:s2o#vehicle> contains engine ObjectSomeValuesFrom(
ObjectSomeValuesFrom( <ns:s2o#contains__engine>
<ns:s2o#contains__engine> <ns:s2o#engine>) )
<ns:s2o#engine>) )

T7 FunctionalObjectProperty( It is necessary that_lorry FunctionalObjectProperty(
<ns:s2o#is_driven_by EE)C;QSZ?QE? Z:i_vn;?St 1 <ns:s2o#is_driven_by
_professional_driver>) _professional_driver>)

T8 SubClassOf( It is necessary  that | SubClassOf(
<ns:s2o#high_utility vehicle Qti?real;:i | i2tv a\;?jhizltimostha; <ns:s2otthigh_utility_vehicle>
> ObjectMinCardinality( 2 | axle lock ObjectMinCardinality( 2
<ns:s2o#has__axle lock> <ns:s2o#thas__axle lock>
<ns:s2o#taxle_lock>)) <ns:s2o#taxle_lock> )
SubClassOf( )SubClassOf(
<ns:s2o#high_utility vehicle <ns:s2o#high_utility vehicle>
> ObjectMaxCardinality( 9 ObjectMaxCardinality( 9
<ns:s2o#has__axle_lock> <ns:s2o#thas__axle_lock>
<ns:s2o#axle_lock>)) <ns:s2o#axle_lock>))

T9 SubClassOf(  <ns:s2o#lorry> | It is necessary that lorry | SubClassOf(  <ns:s2o#lorry>
ObjectExactCardinality( 1 | contains —exactly 11 qpieneyactcardinality( 1

_ tachograph _
<ns:s2o#contains_ <ns:s2o#contains_
_tachograph> _tachograph>
<ns:s2o#tachograph>) ) <ns:s2o#tachograph>) )

T10 Declaration(  DataProperty( | engine is_forced_induction | Declaration( DataProperty(

<ns:s20# is_forced_induction

>))

<ns:s2o#is_forced_induction>

))
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<ns:s2o#vehicle_part>
ObjectHasSelf( <ns:s2o#has_
_replacing_part>) )

vehicle part
replacing part

vehicle part
replaceable part has
replacing part

purely reflexive
verb concept

Taisyklé Ivesties ontologijos elementas Gauto XMI interpretuotas | Atgalinés transformacijos
SBVR teiginys rezultato elementas
T11 SubClassOf( concept “engine” | SubClassOf( <ns:s2o#engine>
<ns:s2o#tengine> !nco_rporates characteristic DataExactCardinality( 1
o _engine i ) .
DataExactCardinality( 1| is_forced_induction’ <ns:s2o#is_forced_induction>
<ns:s2otis_forced_induction < XMLSchema#boolean>) )
> < [XMLSchemattboolean> )
)
T12 EquivalentClasses( fuel is_coextensive_with gas | EquivalentClasses(
<ns:s20#gas> <ns:s20#fuel>) <ns:s2o#fuel> <ns:s2o#gas> )
T13 DisjointUnion( Vehicle by drive ter | DisjointUnion(
ain
<ns:s2o#vehicle_by drive_tr <ns:s2o#vehicle_by_drive_trai
ain> segmentation for n>
general concept
<ns:s2o#front_wheel drive> | vehicle that <ns:s2o#front_wheel_drive>
. subdivides vehicle .
<ns:s2o#rear_wheel_drive>) | <ns:s2o#rear_wheel_drive>)
vehicle drive train
front wheel drive
vehicle
is included in
Vehicle by drive ter
ain
rear wheel drive
vehicle
is _included 1in
Vehicle by drive ter
ain
T14 SubClassOf( replaceable_part SubClassOf(

<ns:s2o#vehicle_part>
ObjectHasSelf( <ns:s2o#has_
_replacing_part>) )

Antroje eksperimento dalyje paimta paskoly ontologija [15], kurios schema atvaizduotas

6.2 paveiksle transformuojama naudojantis sukurtu eksperimentiniu jrankiu ir transformuota S20

transformatoriumi atgal j ontologijg ir lyginama su pradine ontologija. Palyginimo rezultatai

pateikti 6.3 lenteléje.

6.3 lentelé. Paskoly ontologijos transformacijy metrikos
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Metrika

Agenty ontologija

Atgalinés transformacijos rezultatas

Aksiomos

303

303

Loginés aksiomos

85

85

Klasés

24

24

Objekty savybés

10

10

Duomeny savybés

20

20

Individai

0

0

reliable_loan

loan

am ount:decimal

request__loan

reum__loan
S ——)
S

is_reques e d:boolean
is_oustanding:boolean
is_isued:boolean
is_returne d:boolean

re quest_date:in e ger
retum_date:inte ger

own__bail 1

real estate P regular_loan
address string K duration:integer
debtor
price:decimal T
is_bail:boolean

checks_validity_of _loan

checks_reliability_of__loan

is_given_by__bank

<<equivalent>>

instant_loan

special_conditions:string
1
<<equivalent>>

loans_by_loan_urgency_type

bank
bank_code sting
is_contained _in__bank 1

territory

area:decimal
forest parcel

is_parkboolean

| parent_bank ” owner |

loans_by status_type

outstanding _loan

issued loan

accepted loan
acce pt_date:integer

rejected_loan
reason:string
reject_datinteger

returned loan

own__account 1.5

account

account_num ber:string

person

is_got by debtor 1

| —
——— 1

person_cod e:string

is_owned_by_owner 1

6.2 pav. Paskoly ontologijos schema [15]
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Paskutingje eksperimento dalyje paimame ontologija su elementais, kurie néra
transformuojami aprasytos metodikos. Siam tikslui naudojama foto jrangos ontologija [15], kurios

metrikos pateiktos 6.4 lenteléje.

6.4 lentelé Foto jrangos ontologijos charakteristikos

Metrika Kiekis
Aksiomos 639
Loginés aksiomos 214
Klasés 45
Objekty savybés 35
Duomeny savybés 14
Individai 11

Transformavus ontologija sukurtu prototipiniu jrankiu, gauname XMI failg, taciau jo
transformuoti atgal j ontologija nepavyko, todél 6.5 lenteléje lyginame gauto failo elementus, su

foto jrangos ontologija atitinkancio zodyno ir taisykliy XMI failu.

6.5 lentelé. Foto jrangos veiklos Zodyno ir taisykliy XMI faily palyginimas

Elementas Kiekis is ontologija | Kiekis i prototipo jrankio
atitinkancio failo XMI
AtLeastNQuantification 1 1
AtMostNQuantification 7 7
AtomicFormulation 53 33
CategorizationScheme 1 1
ClosedProjection 14 0
ConceptualSchema 1 1
concept 164 165
role 183 167
Conjunction 1 0
Designation 376 367
Disjunction 3 0
ExactlyNQuantification 6 6
ExistentialQuantification 19 17
FactSymbol 125 127
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Elementas Kiekis is ontologija | Kiekis i$ prototipo irankio
atitinkancio failo XMI
IndividualConcept 2 0
InstantiationFormulation 12 0
LogicalNegation 10 7
Name 16 1
NecessityFormulation 28 32
NonNegativelnteger 19 25
NumericRangeQuantification 1 1
Placeholder 247 248
Positivelnteger 25 131
Proposition 28 32
RoleBinding 106 66
Segmentation 2 1
containsCategory 6 3
SententialForm 125 127
Statement 30 32
Term 235 240
Text 243 276
UniversalQuantification 36 32
Variable 94 35

Pagal gautus palyginmo rezultatus matome, kad elementy kiekis néra vienodas abejuose
XMI failuose. Dél jrankiy, galin¢iy apdoroti Siuos XMI failus ir transformuoti j Zodynus, stokos
palyginimas sudétingas procesas ir gali ne iki galo iSaiskinti problemas. Taciau §is gautas
rezultatas vis tiek padés atskleisti darbe aprasytos transformacijos neapimtus elementus.

Analizg¢ pradedame nuo elementy kurie neturéjo visiskai jokio atitikmens gautame
rezultate uzdara projekcija (angl. ClosedProjection), konjukcija (angl Conjunction), disjunkcija
(angl. Disjunction), indivualus konceptai (angl. IndividualConcept) ir momentiné formuluoté
(angl. InstantiationFormulation) visi gaunami transformuojant koncepty apraSus (angl.
Definition). Konceptai su tokiais aprasais dar vadinami individualiais konceptais. Pagal elementy
trukumg galime tegti, kad jie visiSkai netransformuojami. Dél §iy netransformuojamy elementy

gauname mazesnj ir atominiy formuluociy skaiciy, nes ontologijoje aprasyta net 13 individy. Rolés
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elementai kaip ir roliy priskyrimas ir Kintamieji tiesiogiai susjj¢ su atominémis formuluotémis, dél
to jy gauti kiekiai atitinkamai mazesni.

Kaip jau buvo minéta ontologijos reikalavimy skyriuje, ontologijos savybés privalo turéti
nustatytas tiek diapazono, tiek srities reik§mes, bet Sioje ontologijoje yra savybé be srities
reikSmes, todél gaunamas nekorektiSkas konceptas, dél kurio, lyginant su pradiniu Zodynu,
gauname vienu konceptu daugiau, kuris risasi su vietos i§skyrimo, teigiamo skaic¢iaus ir kintamojo
elementais ir padidina jy kieki.

Egzistencinio kiekybiskumo (angl ExistentialQuantification) elementai naudojami
aprasant sandaros bitinumg arba nesusikertancius elementus ir atspindi taisykles. Perziiiréjus
taisykliy komplekta pateikta priede 9.6, matome, kad egzistuoja dvi taisyklés aprasancios
koegzistavimo ir nesusikirtimo sarySius tarp individy, dél Sios priezasties gauname dviem
egzistencinio kiekybiskumo elementais maziau nei pradiniame faile Sie elementai kiek vienas
siejami su pora butinumo formuluoéiy ir jie atitinkamai su ne neigiama sveikgja reikSme,
pasiulymu, sakinine forma ir teiginiu.

Pagal teigiamy skai¢iy kiekj matome, kad transformacijos prototipas veikia neefektyviai
resursy pozifiriu, nes generuoja perteklini teigiamy sveikiijy skai¢iy elementy aibe. Si problema
iSkyla dél to, kad QVTo prieSingai nei kitus elemetus, kuriy transformacijas tikrina, kad nebiity
transformuojamas elementas du kartus, sveikuosius skaicius ji kuria kiek vieno kreipimosi metu,
todél sukuriamas aibé elementy su vienodomis reikSmémis.

Segmentacijos ir kategorizacijos elementy kiekis taip pat mazesnis, tai vyksta dél to, kad
ontologija segmentuoja elementus dvejomis grupémis, taciau vienoje i§ segmentacijos grupiy

apraSoma concepty segmentacija, o kitoje individy segmentacija.
6.3. Sprendimo veikimo ir savybiy analizé

Darbo metu sukurta metodika ir prototipinis jrankis, kuris leidZia atlikti ontologijos
aprasytos OWL2 kalba XMI formatu, transformacijg i veiklos zodynus ir taisykles. Eksperimento
metu naudojant prototipinj jrankj buvo transformuotos trys ontologijos, viena sukurta taisykliy
teisingumui parodyti ir dvi i$ interneto paimtos ontologijos. Transformacijos metu transformuojant
pirmas dvi ontologijas ir jvykdZius gauto rezultato atgaling transformacija matome, kad ontologija
liko struktiiriSkai nepakitusi ir metodika panaudota prototipiniame jrankyje suveiké kaip ir
planuota. Tac¢iau vykdant treciosios ontologijos transformacijg gautas failas nebuvo korektiskas,
todel jis buvo lyginamas XMI formatu su veiklos Zodynu ir taisyklémis atitinkanciais

transformuota ontologija. IS gauty rezultaty galime teigti, kad ontologijoje esant elementy, kurie
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néra transformuojami apibrézta metodika, susidaro situacija, kad kai kurie elementai yra
interpretuojami ir netransformuojami arba transformuojami j kito tipo elementus. IS eksperimento
nustatyta, kad taisyklés visiskai nedengia koncepty aprasy (angl. Definition) ir i§Saukiamos kirtinés
situacijos kai ontologijoje egzistuoje bet kokie individy elementai. Taip pat nustatyta, kad
reikalinga papildoma realizacijos optimizacija galinti tikrinti jau sukurtus elementus, kurie néra
automatiskai tikrinami pacios QVT kalbos derintuvo. Norint sukurti metodika, kuri atlikty visy
galimy ontologijos savybiy transformacija | veiklos zodynus ir taisykles reikéty laikytis ty paciy
principy kaip apraSomos $io darbo taisyklése.

Pagal gautus transformacijy rezultatus, galima teigti, kad transformavimo taisyklés
veikia korektiSkai ir transformacija naudojant S20 ir Sio darbo metu sukurta transformatoriy,
galima vykdyti j abi puses, kai ontologijose néra elementy kurie netransformuojami $ios metodikos
aprasytomis taisyklémis. Taciau norit pilnai iStirti sukurta sprendimg reikalingas papildomas
jrankis gebantis transformuoti ontologijas | XMI formata, nes dabartinémis saglygomis sudétinga
kurti jvesties duomenis. Taip pat norint patikimai naudoti transformatoriy biitina praplésti individy

ir aprasy transformacijos galimybes.
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7. ISVADOS

Ontologijy panaudojimas jvairiy sri¢iy informaciniy sistemy kirime tampa vis

populiaresnis, ypatingai sudétingesnése, taciau jos sunkiau suprantamos ir néra tokios intuityvios

kaip veiklos zodynai ir taisyklés. Siame darbe buvo analizuotas procesas, kaip tam tikros dalykinés

srities ontologijos aprasas OWL2 galéty biiti transformuotas j lengviau suprantamg veiklos Zodyna

ir taisykles. Apibendrinant visus darbo rezultatus suformuotos tokios iSvados:

1.

Atlikus analize galima teigti, kad ontologijos ir veiklos zodynai ir taisyklés
inovatyvios technologijos kuriy naudojimas tik augs, taciau dél lengvesnio veiklos
zodyny ir taisykliy suprantamumo, reikalinga transformacijos i§ OWL2 ; SBVR
metodika

Literatiiros Saltiniy analizé parodé, kad néra standarto kaip turéty buti vykdomas
ontologijy transformavimas j veiklos Zodynus ir taisykles, taciau pateikiami
patikimi algoritmai, kuriais galima remtis.

Sukurta metodika pranaSesné uz kitus nagrinétus sprendimus, nes nereikalauja
jokiy papildomy elementy kirimo ir veikia be rankinio jsikiSimo, kai
transformuojama ontologija yra korektiska.

Sukiirus transformacijos metodika naudojant] transformatoriy matome, kad
efektyviai galima transformuoti, pagrindines OWL2 schemos konstrukcijas, bet
metodika dar reikia plésti.

Eksperimento metu transformuojant tiek transporto, tiek paskoly ontologijas,
gauti puikiis transformacijos rezultatai ir nulinis duomeny nutekéjimas
transformacijos metu, bet metodika galima laikyti patikima tik jeigu ontologijos
elementy aib¢ atitinka taisykliy aibe.

Sukurta metodikg galima efektyviai taikyti verslo ir sistemy kiirimo procesuose,
taciau, kad pilnai bty palaikoma visa OWL2 elementy aibé metoda dar reikia
tobulinti, praplésti duomeny savybiy transformavimo galimybes, pridéti

lemavimg norint naudoti lietuviy kalba.
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9. PRIEDAI

9.1. priedas. Transporto priemoniy Zodynas ir taisyklés

vehicle

lorry

General concept: vehicle
motorcycle

General concept: vehicle
car

General concept: vehicle

vehicle drive train
Concept type: categorization type
Necessity: is for general concept vehicle

Vehicle by drive train

Necessity: segmentation for general concept vehicle that subdivides vehicle
by vehicle drive train

front wheel drive

General concept: vehicle

Necessity: is included in Vehicle by drive train
rear wheel drive

General concept: vehicle

Necessity: is included in Vehicle by drive train
four wheel drive

General concept: vehicle

Necessity: is included in Vehicle by drive train
all wheel drive

General concept: vehicle

Necessity: is included in Vehicle by drive train

fuel
gas
fuel is coextensive with gas

gas 1s used by vehicle

vehicle weight
General concept: integer

vehicle has vehicle weight
Concept type: property association

vehicle material
vehicle material is light weight
vehicle model
name
model name
vehicle model has name
Concept type: property association
vehicle model has model name
Concept type: property association
General concept: vehicle model has name

high utility vehicle
axle lock
high utility vehicle has axle lock

67



engine

diesel engine
vehicle contains engine

seat
car contains seat

product
component
product contains component
gear box
vehicle contains gear box

General concept: product contains component

engine 1is forced induction
concept “engine’ incorporates characteristic ‘engine is forced induction’

vehicle part
engine part

drive train part

General concept: vehicle part

General concept: vehicle part

other part

replaceable part

General concept: vehicle part

General concept: vehicle part
replacing part
General concept: vehicle part

replaceable part has replacing part
Concept type:

purely reflexive verb concept

professional driver
lorry is driven by professional driver

wheel
vehicle contains wheel

tachograph
lorry contains tachograph

motrocycle
chain
motrocycle contains chain
Concept type: partitive verb concept
Concept type:
Concept type:

It
It
It
It
It
It
It
It

is
is
is
is
is
is
is
is

transitive verb concept

asymmetric verb concept

necessary that lorry contains engine that is diesel engine
necessary that vehicle contains engine
impossible that lorry is motorcycle

necessary
necessary
necessary
necessary
necessary

axle lock
It is necessary

that
that
that
that
that

that

motrocycle contains at least 1 chain

lorry is driven by at most 1 professional driver
car contains at least 1 and at most 9 seat

lorry contains exactly 1 tachograph

high utility vehicle has at least 2 and at most 9

vehicle contains at most 16 wheel
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9.2. priedas. Transporto priemoniy ontologija

Prefix( xsd:=<http://www.w3.0rg/2001/XMLSchema#> )

Prefix( ns:=<http://isd.ktu.lt/semantika/> )

Ontology( <http://isd.ktu.lt/semantika/>

Declaration( AnnotationProperty( <ns:#label_sbvr>))

Declaration( AnnotationProperty( <ns:#label>) )

Declaration( Class( <ns:#vehicle>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle> "vehicle"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#vehicle>
"vehicle"@en)

AnnotationAssertion( <ns:#label> <ns:#vehicle> "vehicle" )

Declaration( Class( <ns:#lorry>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#lorry> "lorry"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#lorry> "lorry"@en )
AnnotationAssertion( <ns:#label> <ns:#lorry> "lorry" )

Declaration( Class( <ns:#motorcycle>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#motorcycle> "motorcycle"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#motorcycle>
"motorcycle"@en )

AnnotationAssertion( <ns:#label> <ns:#motorcycle> "motorcycle" )

Declaration( Class( <ns:#car>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#car> "car"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#car> "car"@en )
AnnotationAssertion( <ns:#label> <ns:#car> "car" )

Declaration( Class( <ns:#fuel>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#fuel> "fuel"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#fuel> "fuel"@en )
AnnotationAssertion( <ns:#label> <ns:#fuel> "fuel")

Declaration( Class( <ns:#gas>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#gas> "gas"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#gas> "gas"@en )
AnnotationAssertion( <ns:#label> <ns:#gas> "gas" )

Declaration( Class( <ns:#vehicle_material>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle_material> "vehicle_material"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#vehicle_material>
"vehicle material"@en )

AnnotationAssertion( <ns:#label> <ns:#vehicle_material> "vehicle material™)

Declaration( Class( <ns:#vehicle_model>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle_model> "vehicle_model"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#vehicle_model>
"vehicle model"@en )

AnnotationAssertion( <ns:#label> <ns:#vehicle_model> "vehicle model" )

Declaration( Class( <ns:#high_utility_vehicle>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#high_utility vehicle> "high_utility vehicle"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#high_utility vehicle> "high utility vehicle"@en)

AnnotationAssertion( <ns:#label> <ns:#high_utility_vehicle> "high utility vehicle™)
Declaration( Class( <ns:#axle_lock>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#axle_lock> "axle_lock"@en )
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AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#axle_lock> "axle
lock"@en)

AnnotationAssertion( <ns:#label> <ns:#axle_lock> "axle lock" )

Declaration( Class( <ns:#engine>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#engine> "engine"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#engine>
"engine"@en )

AnnotationAssertion( <ns:#label> <ns:#engine> "engine" )

SubClassOf( <ns:#engine> DataExactCardinality( 1 <ns:#is_forced_induction>
<http://www.w3.0rg/2001/XMLSchema#hboolean> ) )

Declaration( Class( <ns:#diesel_engine>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#diesel_engine> "diesel_engine"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#diesel_engine>
"diesel engine"@en )

AnnotationAssertion( <ns:#label> <ns:#diesel_engine> "diesel engine™)

Declaration( Class( <ns:#seat>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#seat> "seat"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#seat> "seat"@en )
AnnotationAssertion( <ns:#label> <ns:#seat> "seat" )

Declaration( Class( <ns:#product>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#product> "product”@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#product>
"product”"@en )

AnnotationAssertion( <ns:#label> <ns:#product> "product™ )

Declaration( Class( <ns:#component>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#component> "component"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#component>
"component"@en )

AnnotationAssertion( <ns:#label> <ns:#component> “"component™ )

Declaration( Class( <ns:#gear_box>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#gear_box> "gear_box"@en)

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#gear_box> "gear
box"@en )

AnnotationAssertion( <ns:#label> <ns:#gear_box> "gear box" )

Declaration( Class( <ns:#vehicle_part>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle_part> "vehicle_part"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#vehicle_part>
"vehicle part"@en )

AnnotationAssertion( <ns:#label> <ns:#vehicle_part> "vehicle part")

Declaration( Class( <ns:#engine_part>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#engine_part> "engine_part"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#engine_part>
"engine part"@en )

AnnotationAssertion( <ns:#label> <ns:#engine_part> "engine part")

Declaration( Class( <ns:#drive_train_part>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#drive_train_part> "drive_train_part"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#drive_train_part>
"drive train part"@en )

AnnotationAssertion( <ns:#label> <ns:#drive_train_part> "drive train part" )

Declaration( Class( <ns:#other_part>))
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AnnotationAssertion( <ns:#label_sbvr> <ns:#other_part> "other_part"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#other_part> "other
part"@en )

AnnotationAssertion( <ns:#label> <ns:#other_part> "other part")

Declaration( Class( <ns:#replaceable_part>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#replaceable_part> "replaceable_part"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#replaceable_part>
"replaceable part"@en )

AnnotationAssertion( <ns:#label> <ns:#replaceable_part> "replaceable part" )

Declaration( Class( <ns:#replacing_part>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#replacing_part> "replacing_part"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#replacing_part>
"replacing part"@en )

AnnotationAssertion( <ns:#label> <ns:#replacing_part> "replacing part" )

Declaration( Class( <ns:#professional_driver>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#professional_driver> "professional _driver"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#professional_driver> "professional driver"@en )

AnnotationAssertion( <ns:#label> <ns:#professional_driver> "professional driver™")

Declaration( Class( <ns:#wheel>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#wheel> "wheel"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#wheel> "wheel"@en
)

AnnotationAssertion( <ns:#label> <ns:#wheel> "wheel™ )

Declaration( Class( <ns:#tachograph>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#tachograph> "tachograph"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#tachograph>
"tachograph"@en )

AnnotationAssertion( <ns:#label> <ns:#tachograph> "tachograph™ )

Declaration( Class( <ns:#motrocycle>) )

AnnotationAssertion( <ns:#label_sbvr> <ns:#motrocycle> "motrocycle"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label>  <ns:#motrocycle>
"motrocycle"@en )

AnnotationAssertion( <ns:#label> <ns:#motrocycle> "motrocycle" )

Declaration( Class( <ns:#chain>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#chain> "chain"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#chain> "chain"@en
)

AnnotationAssertion( <ns:#label> <ns:#chain> "chain" )

Declaration( Class( <ns:#vehicle_by drive_train>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle_by drive_train>
"vehicle_by drive_train"@en)
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>

<ns:#vehicle_by drive_train> "vehicle by drive train"@en )
AnnotationAssertion( <ns:#label> <ns:#vehicle_by drive_train> "vehicle by drive train")
Declaration( Class( <ns:#functional _verb_concept>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#functional_verb_concept>
"functional_verb_concept"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>

<ns:#functional_verb_concept> "functional verb concept"@en)
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AnnotationAssertion( <ns:#label> <ns:#functional_verb_concept> "functional verb concept™)
Declaration( Class( <ns:#front_wheel_drive>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#front_wheel_drive> "front_wheel_drive"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#front_wheel _drive>
"front wheel drive"@en )

AnnotationAssertion( <ns:#label> <ns:#front_wheel_drive> "front wheel drive™)

Declaration( Class( <ns:#rear_wheel_drive>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#rear_wheel_drive> "rear_wheel _drive"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#rear_wheel_drive>
"rear wheel drive"@en )

AnnotationAssertion( <ns:#label> <ns:#rear_wheel_drive> "rear wheel drive" )

Declaration( Class( <ns:#four_wheel_drive>))

AnnotationAssertion( <ns:#label _sbvr> <ns:#four_wheel drive> "four_wheel _drive"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#four_wheel_drive>
"four wheel drive"@en )

AnnotationAssertion( <ns:#label> <ns:#four_wheel drive> "four wheel drive" )

Declaration( Class( <ns:#all_wheel_drive>))

AnnotationAssertion( <ns:#label_sbvr> <ns:#all_wheel _drive> "all_wheel drive"@en)
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#all_wheel_drive>
"all wheel drive"@en )

AnnotationAssertion( <ns:#label> <ns:#all_wheel_drive> "all wheel drive" )

Declaration( DataProperty( <ns:#is_forced_induction>))

DataPropertyDomain( <ns:#is_forced_induction> <ns:#engine>)

DataPropertyRange( <ns:#is_forced_induction>
<http://www.w3.0rg/2001/XMLSchema#boolean> )

AnnotationAssertion( <ns:#label_sbvr> <ns:#is_forced_induction> "is_forced_induction"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#is_forced_induction> "is forced induction"@en )

AnnotationAssertion( <ns:#label> <ns:#is_forced_induction> "is forced induction” )
Declaration( ObjectProperty( <ns:#contains__engine>))

ObjectPropertyDomain( <ns:#contains__engine> <ns:#vehicle> )

ObjectPropertyRange( <ns:#contains__engine> <ns:#engine>)

AnnotationAssertion( <ns:#label_sbvr> <ns:#contains__engine> "vehicle contains engine"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#contains__engine>
"vehicle contains engine"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__engine> "vehicle contains engine™ )
Declaration( ObjectProperty( <ns:#is__motorcycle>) )

ObjectPropertyDomain( <ns:#is__motorcycle> <ns:#lorry>)

ObjectPropertyRange( <ns:#is__motorcycle> <ns:#motorcycle> )

AnnotationAssertion( <ns:#label_sbvr> <ns:#is__motorcycle> "lorry is motorcycle"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#is__motorcycle>
"lorry is motorcycle"@en )

AnnotationAssertion( <ns:#label> <ns:#is__motorcycle> "lorry is motorcycle” )

Declaration( ObjectProperty( <ns:#is_used_by vehicle>))

ObjectPropertyDomain( <ns:#is_used_by _vehicle> <ns:#gas>)

ObjectPropertyRange( <ns:#is_used by vehicle> <ns:#vehicle>)

AnnotationAssertion(  <ns:#label_sbvr>  <ns:#is_used by vehicle> "gas is_used by
vehicle"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#is_used by vehicle> "gas is used by vehicle"@en)
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AnnotationAssertion( <ns:#label> <ns:#is_used_by vehicle> "gas is used by vehicle™ )
Declaration( ObjectProperty( <ns:#has__axle lock>))

ObjectPropertyDomain( <ns:#has__axle_lock> <ns:#high_utility_vehicle>)
ObjectPropertyRange( <ns:#has__axle_lock> <ns:#axle_lock>)

AnnotationAssertion(  <ns:#label_sbvr> <ns:#has__axle_lock> "high_utility_vehicle has
axle_lock"@en)

AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#has__axle_lock>
"high utility vehicle has axle lock"@en )

AnnotationAssertion( <ns:#label> <ns:#has__axle_lock> "high utility vehicle has axle lock™ )
Declaration( ObjectProperty( <ns:#contains__seat>))

ObjectPropertyDomain( <ns:#contains__seat> <ns:#car>)

ObjectPropertyRange( <ns:#contains__seat> <ns:#seat> )

AnnotationAssertion( <ns:#label_sbvr> <ns:#contains__seat> "car contains seat"@en )
AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#contains__seat>
"car contains seat"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__seat> "car contains seat™ )

Declaration( ObjectProperty( <ns:#contains__component>) )

ObjectPropertyDomain( <ns:#contains__component> <ns:#product> )

ObjectPropertyRange( <ns:#contains__component> <ns:#component> )

AnnotationAssertion(  <ns:#label sbvr> <ns:#contains__component> "product contains
component"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#contains__component> "product contains component@en )

AnnotationAssertion( <ns:#label> <ns:#contains__component> "product contains component" )
Declaration( ObjectProperty( <ns:#contains__gear_box>) )

ObjectPropertyDomain( <ns:#contains__gear_box> <ns:#vehicle>)

ObjectPropertyRange( <ns:#contains__gear_box> <ns:#gear_box>)

AnnotationAssertion(  <ns:#label_sbvr>  <ns:#contains__gear_box>  "vehicle contains
gear_box"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#contains__gear_box> "vehicle contains gear box"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__gear_box> "vehicle contains gear box" )
SubObjectPropertyOf( <ns:#contains__gear_box> <ns:#contains__component>)

Declaration( ObjectProperty( <ns:#has__replacing_part>) )

ObjectPropertyDomain( <ns:#has__replacing_part> <ns:#replaceable_part>)
ObjectPropertyRange( <ns:#has__replacing_part> <ns:#replacing_part> )

AnnotationAssertion( <ns:#label_sbvr> <ns:#has_ replacing_part> “replaceable_part has
replacing_part"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#has__replacing_part> "replaceable part has replacing part"@en )

AnnotationAssertion( <ns:#label> <ns:#has__replacing_part> "replaceable part has replacing
part" )

Declaration( ObjectProperty( <ns:#is_driven_by professional_driver>))
ObjectPropertyDomain( <ns:#is_driven_by__professional_driver> <ns:#lorry>)
ObjectPropertyRange( <ns:#is_driven_by _professional_driver> <ns:#professional_driver>)
AnnotationAssertion(  <ns:#label_sbvr>  <ns:#is_driven_by professional_driver>  "lorry
is_driven_by professional_driver"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>
<ns:#is_driven_by _professional_driver> "lorry is driven by professional driver"@en )
AnnotationAssertion( <ns:#label> <ns:#is_driven_by _professional_driver> "lorry is driven by
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professional driver")

Declaration( ObjectProperty( <ns:#contains__wheel>))

ObjectPropertyDomain( <ns:#contains__wheel> <ns:#vehicle>)

ObjectPropertyRange( <ns:#contains__wheel> <ns:#wheel>)

AnnotationAssertion( <ns:#label_sbvr> <ns:#contains__wheel> "vehicle contains wheel"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#contains__wheel>
"vehicle contains wheel"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__wheel> "vehicle contains wheel™)
Declaration( ObjectProperty( <ns:#contains__tachograph>) )

ObjectPropertyDomain( <ns:#contains__tachograph> <ns:#lorry>)

ObjectPropertyRange( <ns:#contains__tachograph> <ns:#tachograph>)

AnnotationAssertion(  <ns:#label sbvr>  <ns:#contains__tachograph>  "lorry  contains
tachograph"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>

<ns:#contains__tachograph> "lorry contains tachograph"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__tachograph> "lorry contains tachograph™ )
Declaration( ObjectProperty( <ns:#contains__chain>))

ObjectPropertyDomain( <ns:#contains__chain> <ns:#motrocycle> )

ObjectPropertyRange( <ns:#contains__chain> <ns:#chain>)

AnnotationAssertion( <ns:#label_sbvr> <ns:#contains__chain> "motrocycle contains chain"@en
)

AnnotationAssertion(  <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:#contains__chain>
"motrocycle contains chain"@en )

AnnotationAssertion( <ns:#label> <ns:#contains__chain> "motrocycle contains chain™)
SubClassOf( <ns:#vehicle_part> ObjectHasSelf( <ns:#has__replacing_part>) )
EquivalentClasses( <ns:#fuel> <ns:#gas> )

SubClassOf( <ns:#lorry> <ns:#vehicle>)

SubClassOf( <ns:#motorcycle> <ns:#vehicle>)

SubClassOf( <ns:#car> <ns:#vehicle>)

SubClassOf( <ns:#engine_part> <ns:#vehicle_part>)

SubClassOf( <ns:#drive_train_part> <ns:#vehicle_part>)

SubClassOf( <ns:#other_part> <ns:#vehicle_part>)

SubClassOf( <ns:#replaceable_part> <ns:#vehicle_part>)

SubClassOf( <ns:#replacing_part> <ns:#vehicle_part>)

EquivalentClasses( <ns:#vehicle> <ns:#vehicle_by drive_train>)

Declaration( Class( <ns:#vehicle_by drive_train>))

SubClassOf( <ns:#front_wheel_drive> <ns:#vehicle_by drive_train>)

SubClassOf( <ns:#rear_wheel _drive> <ns:#vehicle_by drive_train>)

SubClassOf( <ns:#four_wheel_drive> <ns:#vehicle_by drive_train>)

SubClassOf( <ns:#all_wheel _drive> <ns:#vehicle_by drive_train>)

DisjointUnion( <ns:#vehicle_by drive_train> <ns:#front_wheel _drive> <ns:#rear_wheel_drive>
<ns:#four_wheel _drive> <ns:#all_wheel drive>)

AnnotationAssertion( <ns:#label_sbvr> <ns:#vehicle_by drive_train>
"vehicle_by drive_train"@en)
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label>

<ns:#vehicle_by drive_train> "vehicle by drive train"@en )

AnnotationAssertion( <ns:#label> <ns:#vehicle_by drive_train> "vehicle by drive train™)
SubClassOf( <ns:#vehicle> ObjectAllValuesFrom( <ns:#contains__engine>
<ns:#diesel_engine>) )

SubClassOf( <ns:#vehicle> ObjectSomeValuesFrom( <ns:#contains__engine> <ns:#engine>) )
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SubClassOf( <ns:#motrocycle> ObjectSomeValuesFrom( <ns:#contains__chain> <ns:#chain>) )
FunctionalObjectProperty( <ns:#is_driven_by _professional_driver>)

SubClassOf(  <ns:#lorry> ObjectExactCardinality( 1 <ns:#contains__tachograph>
<ns:#tachograph>))

SubClassOf(  <ns:#high_utility_vehicle> ObjectMinCardinality( 2 <ns:#has__axle lock>
<ns:#axle_lock>))

SubClassOf(  <ns:#high_utility_vehicle> ObjectMaxCardinality( 9 <ns:#has__axle lock>
<ns:#axle_lock>))

SubClassOf( <ns:#car> ObjectMinCardinality( 1 <ns:#contains__seat> <ns:#seat> ) )
SubClassOf( <ns:#car> ObjectMaxCardinality( 9 <ns:#contains__seat> <ns:#seat>) )
DisjointClasses( <ns:#lorry> <ns:#motorcycle> )

)
9.3. priedas. Paskoly Zodynas ir taisyklés

loan

loan status type
categorization type
is for general concept loan

Loans_by status type
categorization scheme for general concept loan that
subdivides loan by loan status type

loan_urgency type
categorization type
is for general concept loan

Loans by loan urgency type
segmentation for general concept loan that subdivides
loan by loan urgency type
reliable loan
loan
valid loan

loan

real estate
asset
territory
person
bank
account
instant loan
loan
is included in Loans by loan urgency type
regular loan

loan
is included in Loans by loan urgency type
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rejected loan
General concept: loan
Necessity: is included in

accepted loan
General concept: loan
Necessity: is included in

issued loan
General concept: loan
Necessity: is included in

returned loan
General concept: loan
Necessity: is included in

outstanding loan
General concept: loan

Necessity: is included in

forest parcel

General concept: territory

Loans by status type

Loans_by status type

Loans_by status type

Loans_by status type

Loans by status type

debtor
Concept type: verb concept role
General concept: person
bail
Concept type: verb concept role
General concept: real estate
owner
Concept type: verb concept role
General concept: person
branch

Concept type: verb concept role

General concept: bank

parent bank

Concept type: verb concept role

General concept: bank

amount
General concept: number
Concept type: role

duration
General concept: integer
Concept type: role

special conditions
General concept: text

request date
General concept: integer
Concept type: role

return date
General concept: integer
Concept type: role



accept date
General concept: integer
Concept type: role

address
General concept: text
Concept type: role

price
General concept: number
Concept type: role

person_code
General concept: text
Concept type: role
bank code
General concept: text

Concept type: role

account number
General concept: text

reject date
General concept: integer
Concept type: role
reason
General concept: text
Concept type: role
area
General concept: number

Concept type: role

loan is given by bank
Synonymous form: bank gives loan

bank checks validity of loan
bank checks reliability of loan
loan is got by debtor

debtor request loan
debtor return loan

loan own bail
Synonymous form: bail is owned by loan

real estate is owned by owner

person own account
Synonymous form: account is owned by person

account is contained in bank
loan is requested

loan is isued
loan is returned
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loan is outstanding

forest parcel is park

real estate is bail

loan has amount
Synonymous form: amount of the loan
Concept type: property association

loan has request date

real estate has price

Concept type: property association
accepted loan has accept date

Concept type: property association
rejected loan has reject date

Concept type: property association
rejected loan has reason

Concept type: property association
regular loan has duration

Concept type: property association
instant loan has special conditions

Concept type: property association
loan has return date
Concept type: property association
real estate has address

Concept type: property association

Concept type: property association
person has person_ code

Concept type: property association
bank has bank code
Concept type: property association

account has account number
Concept type: property association

territory has area
Concept type: property association

It

It

It

It

It

It

It

is

is

is

is

is

is

is

necessary

necessary

necessary

necessary

necessary

necessary

necessary

that

that

that

that

that

that

that

loan is got by exactly 1 debtor
loan own exactly 1 bail

account is contained in exactly
person own at least 1 account
person own at most 5 account
loan is given by exactly 1 bank

real estate is owned by exactly

9.4. priedas. Paskoly ontologija

Prefix(ns:=<http://isd.ktu.lt/semantika/>)
Prefix(owl:=<http://www.w3.0rg/2002/07/owl#>)
Prefix(rdf:=<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>)

1 bank

1 owner
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Prefix(xml:=<http://www.w3.0rg/XML/1998/namespace>)
Prefix(xsd:=<http://www.w3.0rg/2001/XMLSchema#>)
Prefix(rdfs:=<http://www.w3.0rg/2000/01/rdf-schema#>)
Ontology(<http://isd.ktu.lt/semantika/s20>
Declaration(Class(<ns:s2o#accepted_loan>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#accepted_loan> "accepted loan")

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#accepted_loan> "accepted_loan"@en)

AnnotationAssertion(rdfs:label <ns:s2o#accepted_loan> "accepted loan"@en)
SubClassOf(<ns:s2o#accepted_loan> <ns:s2o#loans_by_status_type>)
Declaration(Class(<ns:s2o#account>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#account> "account"@en)
AnnotationAssertion(rdfs:label <ns:s2o#account> "account"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#account> "account'™)

SubClassOf(<ns:s2o#account>  ObjectExactCardinality(1  <ns:s2o#is_contained_in__bank>

<ns:s2o#bank>))

Declaration(Class(<ns:s20o#bail>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#bail> "bail"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#bail> "bail")
AnnotationAssertion(rdfs:label <ns:s2o#bail> "bail"@en)
SubClassOf(<ns:s20#bail> <ns:s2o#role>)

Declaration(Class(<ns:s20#bank>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#bank> "bank"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#bank> "bank")
AnnotationAssertion(rdfs:label <ns:s2o#bank> "bank"@en)
Declaration(Class(<ns:s2o#branch>))

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#branch> "branch")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#branch> "branch"@en)
AnnotationAssertion(rdfs:label <ns:s2o#branch> "branch"@en)
SubClassOf(<ns:s2o#branch> <ns:s2o#role>)
Declaration(Class(<ns:s2o#debtor>))

AnnotationAssertion(rdfs:label <ns:s2o#debtor> "debtor" @en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#debtor> "debtor"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o0#debtor> "debtor")
SubClassOf(<ns:s2o0#debtor> <ns:s20#role>)
Declaration(Class(<ns:s2o#forest_parcel>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#forest_parcel> "forest_parcel"@en)
AnnotationAssertion(rdfs:label <ns:s2o#forest_parcel> "forest parcel”@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#forest_parcel> "forest parcel”)
SubClassOf(<ns:s2o#forest_parcel> <ns:s2o#territory>)
Declaration(Class(<ns:s2o#instant_loan>))
AnnotationAssertion(<ns:s2o0#label_en> <ns:s2o#instant_loan> "instant loan")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#instant_loan> "instant_loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#instant_loan> "instant loan"@en)
SubClassOf(<ns:s2o#instant_loan> <ns:s2o#loans_by loan_urgency_type>)
Declaration(Class(<ns:s2o#issued_loan>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#issued_loan> "issued_loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#issued_loan> "issued loan™)
AnnotationAssertion(rdfs:label <ns:s2o#issued loan> "issued loan"@en)
SubClassOf(<ns:s2o#issued _loan> <ns:s2o#loans_by _status_type>)
Declaration(Class(<ns:s20#loan>))
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AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#loan> "loan")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#loan> "loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#loan> "loan"@en)
EquivalentClasses(<ns:s2o0#loan> <ns:s2o#loans_by loan_urgency_type>)
EquivalentClasses(<ns:s20#loan> <ns:s2o#loans_by_status_type>)

SubClassOf(<ns:s2o#loan> ObjectExactCardinality(1 <ns:s20#is_given_by bank>
<ns:s20#bank>))

SubClassOf(<ns:s2o#loan> ObjectExactCardinality(1 <ns:s20#is_got_by debtor>
<ns:s20#person>))

SubClassOf(<ns:s2o#loan> ObjectExactCardinality(1 <ns:s2o#own__ bail>

<ns:s2o#real_estate>))

Declaration(Class(<ns:s2o0#loans_by loan_urgency_type>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#loans_by loan_urgency_type> "Loans by loan
urgency type™)

AnnotationAssertion(rdfs:label <ns:s2o#loans_by loan_urgency_type> "Loans by loan urgency
type"@en)

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s20#loans_by loan_urgency_type>
"Loans_by loan_urgency_type"@en)

EquivalentClasses(<ns:s20#loans_by loan_urgency_type> <ns:s2o#loan>)
DisjointUnion(<ns:s2o#loans_by loan_urgency_type> <ns:s2o#regular_loan>
<ns:s2o#instant_loan>)

Declaration(Class(<ns:s2o#loans_by_status_type>))

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o0#loans_by_status_type> "Loans by status type")
AnnotationAssertion(rdfs:label <ns:s2o#loans_by status_type> "Loans by status type"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#loans_by status_type>
"Loans_by status_type"@en)

EquivalentClasses(<ns:s20#loans_by_status_type> <ns:s2o#loan>)
Declaration(Class(<ns:s2o#outstanding_loan>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#outstanding_loan> "outstanding_loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#outstanding_loan> "outstanding loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#outstanding_loan> "outstanding loan")
SubClassOf(<ns:s2o0#outstanding_loan> <ns:s2o#loans_by status_type>)
Declaration(Class(<ns:s2o0#owner>))

AnnotationAssertion(rdfs:label <ns:s2o#owner> "owner"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#owner> "owner")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#owner> "owner"@en)
SubClassOf(<ns:s20#owner> <ns:s20#role>)

Declaration(Class(<ns:s2o#parent_bank>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#parent_bank> "parent_bank"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#parent_bank> “parent bank")
AnnotationAssertion(rdfs:label <ns:s2o#parent_bank> "parent bank"@en)
SubClassOf(<ns:s2o#parent_bank> <ns:s2o#role>)

Declaration(Class(<ns:s2o#person>))

AnnotationAssertion(rdfs:label <ns:s2o#person> "person” @en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#person> “person"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#person> "person")

SubClassOf(<ns:s2o#person> ObjectSomeValuesFrom(<ns:s2o#own__account>
<ns:s2o#account>))
SubClassOf(<ns:s20#person> ObjectMaxCardinality(5 <ns:s2o#own__account>

<ns:s2o#account>))
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Declaration(Class(<ns:s2o#real_estate>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#real estate> "real_estate"@en)
AnnotationAssertion(<ns:s2o0#label_en> <ns:s2o#real_estate> "real estate™)
AnnotationAssertion(rdfs:label <ns:s2o#real_estate> "real estate"@en)
SubClassOf(<ns:s2o#real_estate> ObjectExactCardinality(1 <ns:s2o#is_owned by owner>
<ns:s20#person>))

Declaration(Class(<ns:s2o#regular_loan>))

AnnotationAssertion(rdfs:label <ns:s2o#regular_loan> "regular loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#regular_loan> "regular loan")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#regular_loan> "regular_loan"@en)
SubClassOf(<ns:s2o#regular_loan> <ns:s2o#loans_by loan_urgency_type>)
Declaration(Class(<ns:s2o#rejected_loan>))

AnnotationAssertion(<ns:s2o0#label_en> <ns:s2o#rejected_loan> "rejected loan")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#rejected_loan> "rejected_loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#rejected_loan> "rejected loan"@en)
SubClassOf(<ns:s2o#rejected loan> <ns:s2o#loans_by_status_type>)
Declaration(Class(<ns:s20o#reliable_loan>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#reliable_loan> "reliable_loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#reliable_loan> "reliable loan™)
AnnotationAssertion(rdfs:label <ns:s2o#reliable_loan> "reliable loan"@en)
SubClassOf(<ns:s2o#reliable_loan> <ns:s2o0#loan>)
Declaration(Class(<ns:s2o#returned_loan>))

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#returned_loan> "returned loan")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#returned_loan> "returned _loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#returned_loan> "returned loan"@en)
SubClassOf(<ns:s2o#returned_loan> <ns:s2o#loans_by_status_type>)
Declaration(Class(<ns:s2o#role>))

AnnotationAssertion(rdfs:label <ns:s2o#role> "role" @en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#role> "role"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#role> "role")
Declaration(Class(<ns:s2o#territory>))

AnnotationAssertion(rdfs:label <ns:s2o#territory> "territory" @en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#territory> "territory" @en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#territory> “territory")
Declaration(Class(<ns:s2o#valid_loan>))

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#valid_loan> "valid_loan"@en)
AnnotationAssertion(rdfs:label <ns:s2o#valid_loan> "valid loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#valid_loan> "valid loan")
SubClassOf(<ns:s2o#valid_loan> <ns:s2o0#loan>)
Declaration(ObjectProperty(<ns:s2o#checks_reliability of loan>))
AnnotationAssertion(rdfs:label <ns:s2o#checks_reliability_of _loan> "bank checks reliability of
loan"@en)

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#checks_reliability_of loan> "bank
checks_reliability _of loan"@en)

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#checks_reliability_of loan> "bank checks
reliability of loan")

ObjectPropertyDomain(<ns:s2o#checks_reliability_of _loan> <ns:s2o#bank>)
ObjectPropertyRange(<ns:s2o#checks_reliability_of _loan> <ns:s2o#loan>)
Declaration(ObjectProperty(<ns:s2o#checks_validity _of loan>))
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AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#checks_validity of loan> "bank
checks_validity_of loan"@en)

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#checks_validity of loan> "bank checks
validity of loan")

AnnotationAssertion(rdfs:label <ns:s2o#checks_validity_of _loan> "bank checks validity of
loan"@en)

ObjectPropertyDomain(<ns:s2o#checks_validity_of _loan> <ns:s2o#bank>)
ObjectPropertyRange(<ns:s2o#checks_validity_of _loan> <ns:s2o#loan>)
Declaration(ObjectProperty(<ns:s2o#is_contained_in__bank>))
AnnotationAssertion(<ns:s2o#label _sbvr> <ns:s20#is_contained_in__bank> "account
is_contained_in bank"@en)

AnnotationAssertion(rdfs:label <ns:s2o#is_contained_in__bank> "account is contained in
bank"@en)

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_contained_in__bank> "account is contained
in bank™)

ObjectPropertyDomain(<ns:s2o#is_contained_in__bank> <ns:s2o#account>)
ObjectPropertyRange(<ns:s20#is_contained_in__bank> <ns:s2o#bank>)
Declaration(ObjectProperty(<ns:s2o#is_given_by bank>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_given_by bank> "loan is_given_by
bank"@en)

AnnotationAssertion(<ns:s2o#label_en> <ns:s20#is_given_by__bank> "loan is given by bank™)
AnnotationAssertion(rdfs:label <ns:s2o#is_given_by bank> "loan is given by bank"@en)
ObjectPropertyDomain(<ns:s2o#is_given_by bank> <ns:s2o#loan>)
ObjectPropertyRange(<ns:s2o#is_given_by bank> <ns:s2o#bank>)
Declaration(ObjectProperty(<ns:s2o#is_got_by debtor>))

AnnotationAssertion(rdfs:label <ns:s2o#is_got_by _debtor> "loan is got by debtor"@en)
AnnotationAssertion(<ns:s2o#label_sbvr>  <ns:s2o#is_got by debtor> "loan is_got by
debtor"@en)

AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_got_by debtor> "loan is got by debtor")
ObjectPropertyDomain(<ns:s2o#is_got by debtor> <ns:s2o#loan>)
ObjectPropertyRange(<ns:s20#is_got_by _debtor> <ns:s2o#person>)
Declaration(ObjectProperty(<ns:s2o#is_owned by owner>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_owned_by _owner> "real estate is owned by

owner")

AnnotationAssertion(rdfs:label <ns:s2o#is_owned by owner> "real estate is owned by
owner"@en)

AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s20#is_owned_by owner> "real_estate

is_owned_by owner"@en)

ObjectPropertyDomain(<ns:s2o#is_owned_by owner> <ns:s2o#real_estate>)
ObjectPropertyRange(<ns:s2o#is_owned_by _owner> <ns:s20#person>)
Declaration(ObjectProperty(<ns:s2o#own__account>))

AnnotationAssertion(rdfs:label <ns:s2o#own__account> "person own account"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#own__account> "person own account")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#own__account> "person own account"@en)
ObjectPropertyDomain(<ns:s2o#own__account> <ns:s20#person>)
ObjectPropertyRange(<ns:s2o#own__account> <ns:s2o#account>)
Declaration(ObjectProperty(<ns:s2o#own__bail>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#own__bail> "loan own bail"@en)
AnnotationAssertion(rdfs:label <ns:s2o#own__bail> "loan own bail"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#own__bail> "loan own bail")
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ObjectPropertyDomain(<ns:s2o#own__bail> <ns:s2o#loan>)
ObjectPropertyRange(<ns:s2o#own__bail> <ns:s2o#real_estate>)
Declaration(ObjectProperty(<ns:s2o#request__loan>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#request__loan> "debtor request loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#request__loan> "debtor request loan")
AnnotationAssertion(rdfs:label <ns:s2o#request__loan> "debtor request loan"@en)
ObjectPropertyDomain(<ns:s2o#request__loan> <ns:s2o0#person>)
ObjectPropertyRange(<ns:s2o#request__loan> <ns:s2o#loan>)
Declaration(ObjectProperty(<ns:s2o#return__loan>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#return__loan> "debtor return loan"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#return__loan> "debtor return loan")
AnnotationAssertion(rdfs:label <ns:s2o#return__loan> "debtor return loan"@en)
ObjectPropertyDomain(<ns:s2o#return__loan> <ns:s20#person>)
ObjectPropertyRange(<ns:s2o#return__loan> <ns:s20#loan>)
Declaration(DataProperty(<ns:s2o#accept_date>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#accept_date> "accept_date"@en)
AnnotationAssertion(rdfs:label <ns:s2o#accept_date> "accept date"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#accept_date> "accept date™)
DataPropertyDomain(<ns:s2o#accept_date> <ns:s2o#accepted_loan>)
DataPropertyRange(<ns:s2o#accept_date> xsd:integer)
Declaration(DataProperty(<ns:s2o#account_number>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#account_number> "account_number"@en)
AnnotationAssertion(rdfs:label <ns:s2o#account_number> "account number"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#account_number> "account number")
DataPropertyDomain(<ns:s2o#account_number> <ns:s2o#account>)
DataPropertyRange(<ns:s2o#account_number> xsd:string)
Declaration(DataProperty(<ns:s2o#address>))

AnnotationAssertion(rdfs:label <ns:s2o#address> "address"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#address> "address"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#address> "address")
DataPropertyDomain(<ns:s2o#address> <ns:s2o#real_estate>)
DataPropertyRange(<ns:s2o#address> xsd:string)
Declaration(DataProperty(<ns:s2o#amount>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#amount> "amount"@en)
AnnotationAssertion(<ns:s2o0#label_en> <ns:s2o#amount> "amount")
AnnotationAssertion(rdfs:label <ns:s2o#amount> "amount"@en)
DataPropertyDomain(<ns:s2o#amount> <ns:s20#loan>)
DataPropertyRange(<ns:s2o#amount> xsd:decimal)
Declaration(DataProperty(<ns:s2o#area>))

AnnotationAssertion(rdfs:label <ns:s2o#area> "area"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#area> "area" @en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#area> "area")
DataPropertyDomain(<ns:s2o#area> <ns:s20#territory>)
DataPropertyRange(<ns:s2o#area> xsd:decimal)
Declaration(DataProperty(<ns:s2o#bank_code>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#bank_code> "bank code")
AnnotationAssertion(rdfs:label <ns:s2o#bank_code> "bank code"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#bank_code> "bank _code"@en)
DataPropertyDomain(<ns:s2o#bank_code> <ns:s2o#bank>)
DataPropertyRange(<ns:s2o#bank_code> xsd:string)
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Declaration(DataProperty(<ns:s2o#duration>))

AnnotationAssertion(rdfs:label <ns:s2o#duration> "duration@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#duration> "duration")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#duration> "duration"@en)
DataPropertyDomain(<ns:s2o#duration> <ns:s2o#regular_loan>)
DataPropertyRange(<ns:s2o#duration> xsd:integer)
Declaration(DataProperty(<ns:s2o#is_bail>))

AnnotationAssertion(rdfs:label <ns:s2o#is_bail> "is bail"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_bail> "is_bail"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_bail> "is bail™)
DataPropertyDomain(<ns:s2o#is_bail> <ns:s2o#real_estate>)
DataPropertyRange(<ns:s20#is_bail> xsd:boolean)
Declaration(DataProperty(<ns:s2o#is_isued>))

AnnotationAssertion(rdfs:label <ns:s2o#is_isued> "is isued"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_isued> "is_isued"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_isued> "is isued™)
DataPropertyDomain(<ns:s20#is_isued> <ns:s20#loan>)
DataPropertyRange(<ns:s20#is_isued> xsd:boolean)
Declaration(DataProperty(<ns:s20#is_outstanding>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_outstanding> "is_outstanding"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s20#is_outstanding> "is outstanding")
AnnotationAssertion(rdfs:label <ns:s2o#is_outstanding> "is outstanding"@en)
DataPropertyDomain(<ns:s20#is_outstanding> <ns:s2o#loan>)
DataPropertyRange(<ns:s20#is_outstanding> xsd:boolean)
Declaration(DataProperty(<ns:s2o#is_park>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_park> "is park")
AnnotationAssertion(rdfs:label <ns:s2o#is_park> "is park"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_park> "is_park"@en)
DataPropertyDomain(<ns:s20#is_park> <ns:s2o#forest_parcel>)
DataPropertyRange(<ns:s2o#is_park> xsd:boolean)
Declaration(DataProperty(<ns:s20#is_requested>))
AnnotationAssertion(<ns:s2o#label _sbvr> <ns:s2ot#is_requested> "is_requested"@en)
AnnotationAssertion(<ns:s2o0#label_en> <ns:s20#is_requested> "is requested™)
AnnotationAssertion(rdfs:label <ns:s2o#is_requested> "is requested" @en)
DataPropertyDomain(<ns:s2o#is_requested> <ns:s20#loan>)
DataPropertyRange(<ns:s20#is_requested> xsd:boolean)
Declaration(DataProperty(<ns:s2o#is_returned>))

AnnotationAssertion(rdfs:label <ns:s2o#is_returned> "is returned" @en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#is_returned> "is_returned"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#is_returned> "is returned")
DataPropertyDomain(<ns:s20#is_returned> <ns:s2o#loan>)
DataPropertyRange(<ns:s20#is_returned> xsd:boolean)
Declaration(DataProperty(<ns:s2o#person_code>))

AnnotationAssertion(rdfs:label <ns:s2o0#person_code> "person code"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#person_code> "person_code"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#person_code> "person code™)
DataPropertyDomain(<ns:s2o#person_code> <ns:s20#person>)
DataPropertyRange(<ns:s2o#person_code> xsd:string)
Declaration(DataProperty(<ns:s2o#price>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#price> "price")
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AnnotationAssertion(rdfs:label <ns:s2o#price> "price"@en)
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#price> "price"@en)
DataPropertyDomain(<ns:s2o0#price> <ns:s2o#real_estate>)
DataPropertyRange(<ns:s2o0#price> xsd:decimal)
Declaration(DataProperty(<ns:s2o#reason>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#reason> "reason"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#reason> "reason")
AnnotationAssertion(rdfs:label <ns:s2o#reason> "reason"@en)
DataPropertyDomain(<ns:s2o#reason> <ns:s2o#rejected_loan>)
DataPropertyRange(<ns:s20#reason> xsd:string)
Declaration(DataProperty(<ns:s2o#reject_date>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#reject_date> "reject_date"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#reject_date> "reject date")
AnnotationAssertion(rdfs:label <ns:s2o#reject_date> "reject date"@en)
DataPropertyDomain(<ns:s2o#reject_date> <ns:s2o#rejected_loan>)
DataPropertyRange(<ns:s2o#reject_date> xsd:integer)
Declaration(DataProperty(<ns:s2o#request_date>))
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#request_date> "request_date"@en)
AnnotationAssertion(rdfs:label <ns:s2o#request_date> "request date"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#request_date> "request date™)
DataPropertyDomain(<ns:s2o#request_date> <ns:s20#loan>)
DataPropertyRange(<ns:s2o#request_date> xsd:integer)
Declaration(DataProperty(<ns:s2o#return_date>))
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#return_date> "return date")
AnnotationAssertion(<ns:s2o#label_sbvr> <ns:s2o#return_date> "return_date"@en)
AnnotationAssertion(rdfs:label <ns:s2o#return_date> "return date"@en)
DataPropertyDomain(<ns:s2o#return_date> <ns:s20#loan>)
DataPropertyRange(<ns:s2o#return_date> xsd:integer)
Declaration(DataProperty(<ns:s2o#special_conditions>))
AnnotationAssertion(<ns:s2o#label _sbvr> <ns:s2o#special_conditions>
"special_conditions"@en)

AnnotationAssertion(rdfs:label <ns:s2o#special_conditions> "special conditions"@en)
AnnotationAssertion(<ns:s2o#label_en> <ns:s2o#special_conditions> "special conditions")
DataPropertyDomain(<ns:s2o#special_conditions> <ns:s2o#instant_loan>)
DataPropertyRange(<ns:s2o#special_conditions> xsd:string)
Declaration(AnnotationProperty(<ns:s2o#label_en>))
Declaration(AnnotationProperty(<ns:s2o#label_sbvr>))

)

9.5. priedas. Testavimo duomeny pavyzdiniai failai

Pavyzdinis testinis failas OWL.xmi:

<xmi:XMI xmi:version="2.0">

<owl2:0Ontology axioms="/4 /7 /11 /26 /27 /32 /14 /35 /36 /41 /16 /18 /19 /44 /45 /50 /20 /22" ontologyIRI="/1" versionIRI="/2"/>
<owl2:IR1 lexicalValue="http://isd.ktu.lt/semantika/s20"/>

<owl2:IR1 lexicalValue="http://isd.ktu.lt/semantika"/>

<owl2:AnnotationProperty entitylRI="/5" declaration="/4"/>

<owl2:Declaration ontology="/0" entity="/3"/>

<owl2:IR1 lexicalValue="ns:s2o#label_sbvr"/>

<owl2:AnnotationProperty entitylRI="/8" declaration="/7"/>
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<owl2:Declaration ontology="/0" entity="/6"/>

<owl2:IRI lexicalValue="ns:s2o#label_en"/>

<owl2:Class entitylRI="/10" declaration="/11"/>

<owl2:IR1 lexicalValue="ns:s2o#photo_camera"/>

<owl2:Declaration ontology="/0" entity="/9"/>

<owl2:Class entitylRI="/13" declaration="/14"/>

<owl2:IR1 lexicalValue="ns:s2o#white_balance_preset"/>

<owl2:Declaration ontology="/0" entity="/12"/>

<owl2:ObjectProperty entitylRI="/17" declaration="/16" domains="/18" ranges="/19"/>

<owl2:Declaration ontology="/0" entity="/15"/>

<owl2:IR1 lexicalValue="ns:s2o#has__white_balance_preset"/>

<owl2:0bjectPropertyDomain ontology="/0" objectPropertyExpression="/15" domain="/9"/>

<owl2:0bjectPropertyRange ontology="/0" objectPropertyExpression="/15" range="/12"/>

<owl2:SubClassOf ontology="/0" subClassExpression="/9" superClassExpression="/21"/>

<owl2:0ObjectMinCardinality cardinality="2" classExpression="/12" objectPropertyExpression="/15"/>

<owl2:SubClassOf ontology="/0" subClassExpression="/9" superClassExpression="/23"/>

<owl2:0ObjectMaxCardinality cardinality="9" classExpression="/12" objectPropertyExpression="/15"/>

<owl2:AnnotationProperty entityIRI="/25"/>

<owl2:IRI lexicalValue="ns:s2o#label_sbvr"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/24" annotationSubject="/9" annotationValue="photo_camera" annotationLanguage="@en"/>
<owl2:AnnotationAssertion ontology="/0" annotationProperty="/28" annotationSubject="/9" annotationVValue="photo camera" annotationLanguage="@en"/>
<owl2:AnnotationProperty entityIRI="/29"/>

<owl2:IR1 lexicalValue="http://www.w3.0rg/2000/01/rdf-schema#label"/>

<owl2:AnnotationProperty entityIRI="/31"/>

<owl2:IRI lexicalValue="ns:s2o#label_en"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/30" annotationSubject="/9" annotationValue="photo camera"/>

<owl2:AnnotationProperty entityIRI="/34"/>

<owl2:IRI lexicalValue="ns:s2o#label_sbvr"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/33" annotationSubject="/12" annotationValue="white_balance_preset"
annotationLanguage="@en"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/37" annotationSubject="/12" annotationValue="white balance preset"”
annotationLanguage="@en"/>

<owl2:AnnotationProperty entityIRI="/38"/>

<owl2:IR1 lexicalValue="http://www.w3.0rg/2000/01/rdf-schema#label"/>

<owl2:AnnotationProperty entityIRI="/40"/>

<owl2:IRI lexicalValue="ns:s2o#label_en"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/39" annotationSubject="/12" annotationValue="white balance preset"/>
<owl2:AnnotationProperty entityIRI="/43"/>

<owl2:IR1 lexicalValue="ns:s2o#label_sbvr"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/42" annotationSubject="/15" annotationValue="photo_camera has white_balance_preset"
annotationLanguage="@en"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/46" annotationSubject="/15" annotationValue="photo camera has white balance preset"
annotationLanguage="@en"/>

<owl2:AnnotationProperty entityIRI="/47"/>

<owl2:IR1 lexicalValue="http://www.w3.0rg/2000/01/rdf-schema#label"/>

<owl2:AnnotationProperty entityIRI="/49"/>

<owl2:IRI lexicalValue="ns:s2o#label_en"/>

<owl2:AnnotationAssertion ontology="/0" annotationProperty="/48" annotationSubject="/15" annotationValue="photo camera has white balance preset"/>
</xmi:XMI>

Atspindintis ontologija:

Prefix( xsd:=<http://www.w3.0rg/2001/XMLSchema#> )

Prefix( ns:=<http://isd.ktu.lt/semantika/> )

Ontology( <http://isd.ktu.lt/semantika/s20>

Declaration( AnnotationProperty( <ns:s2o#label_sbvr>))

Declaration( AnnotationProperty( <ns:s2o#label_en>) )

Declaration( Class( <ns:s2o#photo_camera>) )

AnnotationAssertion( <ns:s2o#label_sbvr> <ns:s2o#photo_camera> "photo_camera"@en )
AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schemat#label> <ns:s2o#photo_camera> "photo camera"@en )
AnnotationAssertion( <ns:s2o#label_en> <ns:s2o#photo_camera> "photo camera" )

Declaration( Class( <ns:s2o#white_balance_preset>) )

AnnotationAssertion( <ns:s2o#label_sbvr> <ns:s2o#white_balance_preset> "white_balance_preset"@en )
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AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:s2o#white_balance_preset> “white balance preset"@en )

AnnotationAssertion( <ns:s2o#label_en> <ns:s2o#white_balance_preset> "white balance preset™ )

Declaration( ObjectProperty( <ns:s2o#has__white_balance_preset>) )

ObjectPropertyDomain( <ns:s2o#has__white_balance_preset> <ns:s2o#photo_camera> )

ObjectPropertyRange( <ns:s2o#has__white_balance_preset> <ns:s2o#white_balance_preset> )

AnnotationAssertion( <ns:s2o#label_sbvr> <ns:s2o#has__white_balance_preset> "photo_camera has white_balance_preset"@en )

AnnotationAssertion( <http://www.w3.0rg/2000/01/rdf-schema#label> <ns:s2o#has__white_balance_preset> "photo camera has white balance preset"@en )
AnnotationAssertion( <ns:s2o#label_en> <ns:s2o#has__white_balance_preset> "photo camera has white balance preset" )

SubClassOf( <ns:s2o#photo_camera> ObjectMinCardinality( 2 <ns:s2o#has__white_balance_preset> <ns:s2o#white_balance_preset>) )

SubClassOf( <ns:s2o#photo_camera> ObjectMaxCardinality( 9 <ns:s2o#has__white_balance_preset> <ns:s2o#white_balance_preset>) )

)

Eksperimentinio tyrimo IS gautas rezultatas:

<xmi:Fields xmlns:xmi="yourNamespaceHere" xmins:owI2="otherNamespace" xmins:SBVR="otherNamespace">
<AtomicFormulation id="_XWmfCdTPEeWnj45K7EEOEW" factType="_XWme89TPEeWnj45K7EEOEW" />
<ConceptualSchema id="_XWme8NTPEeWnj45K7EEOEW" xmins:p4="http://www.omg.org/spec/XM1/20110701"
xmins="http://www.eclipse.org/shbvr/1.0.0/SBVR">
<concept type="SBVR:ObjectType" id="_XWme8dTPEeWnj45K7EE0EW" />
<concept type="SBVR:ObjectType" id="_XWme8tTPEeWnj45K7EE0EW" />
<concept type="SBVR:AssociativeFactType" id="_XWme89TPEeWnj45K7EE0EW">
<role id="_XWme9NTPEeWnj45K7EEoEW" objectType="_XWme8dTPEeWnj45K7EE0EW" />
<role id="_XWme9dTPEeWnj45K7EEOEW" objectType="_XWme8tTPEeWnj45K7EE0EW" />
</concept>
</ConceptualSchema>
<Designation id="_XWme-NTPEeWnj45K7EE0EW" meaning="_XWme8dTPEeWnj45K7EEOEW" expression="_XWme9tTPEeWnj45K7EE0EW" />
<slas id="_XWme-9TPEeWnj45K7EE0EW" meaning="_XWme8tTPEeWnj45K7EEOEW" expression="_XWme-dTPEeWnj45K7EE0EW" />
<Designation id="_XWme_dTPEeWnj45K7EE0EwW" meaning="_XWme89TPEeWnj45K7EEoEW" expression="_XWme_NTPEeWnj45K7EEoEW" />
<Designation id="_XWme_tTPEeWnj45K7EE0EW" meaning="_XWme9INTPEeWnj45K7EEOEW" expression="_XWmeOtTPEeWnj45K7EE0EW" />
<Designation id="_XWmfANTPEeWnj45K7EE0EW" meaning="_XWme9dTPEeWnj45K7EEOEW" expression="_XWme-dTPEeWnj45K7EE0EW" />
<FactSymbol id="_XWmfCNTPEeWnj45K7EE0EW" meaning="_XWme89TPEeWnj45K7EE0EW" expression="_XWme_NTPEeWnj45K7EE0EW"
preferred="true" />
<NecessityFormulation id="_XWmfE9TPEeWnj45K7EEOEW" proposition="_XWmfEtTPEeWnj45K7EEOEW"
logicalFormulation="_XWmfEdTPEeWnj45K7EECEW" />
<NonNegativelnteger id="_XWmfCtTPEeWnj45K7EE0EW" value="2" />
<NonNegativelnteger id="_XWmfCOTPEeWnj45K7EE0OEW" value="9" />
<NumericRangeQuantification id="_XWmfENTPEeWnj45K7EE0EW" variable="_XWmfDtTPEeWnj45K7EE0EW"
scopeFormulation="_XWmfCdTPEeWnj45K7EE0EW" minimumCardinality="_XWmfCtTPEeWnj45K7EEoEW"
maximumCardinality="_XWmfCOTPEeWnj45K7EE0EW" />
<Placeholder id="_XWmfBdTPEeWnj45K7EE0EW" meaning="_XWme9NTPEeWnj45K7EEoEW" expression="_XWme9tTPEeWnj45K7EE0EW"
isAtStartingCharacterPosition="_XWmfAtTPEeWnj45K7EEo0EW" />
<Placeholder id="_XWmfBtTPEeWnj45K7EE0EW" meaning="_XWme9dTPEeWnj45K7EE0EW" expression="_XWme-dTPEeWnj45K7EEoEW"
isAtStartingCharacterPosition="_XWmfBITPEeWnj45K7EE0EW" />
<Positivelnteger id="_XWmfAtTPEeWnj45K7EE0EW" value="1" />
<Positivelnteger id="_XWmfBITPEeWnj45K7EE0EW" value="18" />
<Proposition id="_XWmfEtTPEeWnj45K7EEOEW" />

<RoleBinding id="_XWmfDdTPEeWnj45K7EE0EW" atomicFormulation="_XWmfCdTPEeWnj45K7EE0EW"
bindableTarget="_XWmfDNTPEeWnj45K7EEcEW" />
<RoleBinding id="_XWmfD9TPEeWnj45K7EEOEW" atomicFormulation="_XWmfCdTPEeWnj45K7EE0EW"

bindableTarget="_XWmfDtTPEeWnj45K7EE0EW" />

<SententialForm  id="_XWmfA9TPEeWnj45K7EE0EW"  meaning="_XWme89TPEeWnj45K7EEOEW"  expression="_XWmfBNTPEeWnj45K7EE0EW"
designation="_XWmfBdTPEeWnj45K7EEOEW _XWmfBtTPEeWnj45K7EEOEW" />

<Statement id="_XWmfFdTPEeWnj45K7EE0EW" meaning="_XWmfEtTPEeWnj45K7EE0EW" expression="_XWmfFNTPEeWnj45K7EEoEW" />

<Term id="_XWme99TPEeWnj45K7EE0EW" meaning="_XWme8dTPEeWnj45K7EEoEW" expression="_XWme9tTPEeWnj45K7EE0EW" preferred="true" />

<Term id="_XWme-tTPEeWnj45K7EEOEW" meaning="_XWme8tTPEeWnj45K7EE0EW" expression="_XWme-dTPEeWnj45K7EEoEW" preferred="true" />

<Term id="_XWme_9TPEeWnj45K7EE0EW" meaning="_XWme9NTPEeWnj45K7EEOEW" expression="_XWme9tTPEeWnj45K7EE0EW" />

<Term id="_XWmfAdTPEeWnj45K7EE0EW" meaning="_XWme9dTPEeWnj45K7EEoEW" expression="_XWme-dTPEeWnj45K7EE0EW" />

<Text id="_XWme9tTPEeWnj45K7EEoEW" value="photo_camera" />

<Text id="_XWme-dTPEeWnj45K7EE0OEW" value="white_balance_preset" />

<Text id="_XWme_NTPEeWnj45K7EE0EW" value="has" />

<Text id="_XWmfBNTPEeWnj45K7EE0EW" value="photo_camera has white_balance_preset" />

<Text id="_XWmfFNTPEeWnj45K7EE0EW" />
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<UniversalQuantification id="_XWmfEdTPEeWnj45K7EE0EW" variable="_XWmfDNTPEeWnj45K7EEoEW"
scopeFormulation="_XWmfENTPEeWnj45K7EE0EW" />

<Variable id="_XWmfDNTPEeWnj45K7EE0EW" rangedOverConcept="_XWme8dTPEeWnj45K7EE0EW" />

<Variable id="_XWmfDtTPEeWnj45K7EEoEwW" rangedOverConcept="_XWme8tTPEeWnj45K7EEoEW" />

</xmi:Fields>

Gautas S20 OWL xmi rezultatas:

<xmi:Fields xmIns:xmi="yourNamespaceHere" xmins:owl2="otherNamespace" xmIns:SBVR="otherNamespace'>
<AtomicFormulation id="_zhiZ4tTGEeWy8dwhQm454g" factType="_zhiZwdTGEeWy8dwhQm454g" />
<ConceptualSchema id="_zhCDcdTGEeWy8dwhQm454g™>
<concept type="SBVR:ObjectType" id="_zhhysNTGEeWy8dwhQm454g" />
<concept type="SBVR:ObjectType" id="_zhiZwNTGEeWy8dwhQm454¢g" />
<concept type="SBVR:AssociativeFactType" id="_zhiZwdTGEeWy8dwhQm454g">
<role id="_zhiZwtTGEeWy8dwhQm454g" objectType="_zhhysNTGEeWy8dwhQm454g" />
<role id="_zhiZw9TGEeWy8dwhQm454g" objectType="_zhiZwNTGEeWy8dwhQm454g" />
</concept>
</ConceptualSchema>
<Designation id="_zhiZONTGEeWy8dwhQm454g" meaning="_zhhysNTGEeWy8dwhQm454¢g" expression="_zhiZz9TGEeWy8dwhQm454g" />
<Designation id="_zhiZ09TGEeWy8dwhQm454g" meaning="_zhiZwNTGEeWy8dwhQm454g" expression="_zhiZOtTGEeWy8dwhQm454g" />
<Designation id="_zhiZ1dTGEeWy8dwhQm454g" meaning="_zhiZwtTGEeWy8dwhQm454g" expression="_zhiZz9TGEeWy8dwhQm454g" />
<Designation id="_zhiZ19TGEeWy8dwhQm454g" meaning="_zhiZw9TGEeWy8dwhQm454g" expression="_zhiZ0tTGEeWy8dwhQm454g" />
<Designation id="_zhiZ2d TGEeWy8dwhQm454g" meaning="_zhiZwdTGEeWy8dwhQm454g" expression="_zhiZ3NTGEeWy8dwhQm454g" />
<FactSymbol id="_zhiZ4dTGEeWy8dwhQm454g" meaning="_zhiZwdTGEeWy8dwhQm454g" expression="_zhiZ3NTGEeWy8dwhQm454g" preferred="true"
/>
<NecessityFormulation id="_zhjAONTGEeWy8dwhQm454g" proposition="_zhjA0tTGEeWy8dwhQm454g"
logicalFormulation="_zhjA0dTGEeWy8dwhQm454g" />
<NonNegativelnteger id="_zhiZ5tTGEeWy8dwhQm454g" value="2" />
<NonNegativelnteger id="_zhiZ59TGEeWy8dwhQm454g" value="9" />

<NumericRangeQuantification id="_zhiZ5dTGEeWy8dwhQm454g" variable="_zhiZ6dTGEeWy8dwhQm454g"
scopeFormulation="_zhiZ4tTGEeWy8dwhQm454g" minimumCardinality="_zhiZ5tTGEeWy8dwhQm454g"
maximumCardinality="_zhiZ59TGEeWy8dwhQm454g" />

<Placeholder id="_zhiZ3dTGEeWy8dwhQm454¢g" meaning="_zhiZwtTGEeWy8dwhQm454g" expression="_zhiZz9TGEeWy8dwhQm454g™
isAtStartingCharacterPosition="_zhiZ29TGEeWy8dwhQm454g" />

<Placeholder id="_zhiZANTGEeWy8dwhQm454g" meaning="_zhiZw9TGEeWy8dwhQm454g" expression="_zhiZ0tTGEeWy8dwhQm454g™

isAtStartingCharacterPosition="_zhiZ3tTGEeWy8dwhQm454g" />

<Positivelnteger id="_zhiZ29TGEeWy8dwhQm454g" value="1" />

<Positivelnteger id="_zhiZ3tTGEeWy8dwhQm454g" value="18" />

<Proposition id="_zhjAOtTGEeWy8dwhQm454g" />

<RoleBinding id="_zhiZ49TGEeWy8dwhQm454g" atomicFormulation="_zhiZ4tTGEeWy8dwhQm454g" bindableTarget="_zhiZ6NTGEeWy8dwhQm454g" />

<RoleBinding id="_zhiZ5NTGEeWy8dwhQm454g" atomicFormulation="_zhiZ4tTGEeWy8dwhQm454g" bindableTarget="_zhiZ6dTGEeWy8dwhQm454g" />

<SententialForm id="_zhiZ2tTGEeWy8dwhQm454g" meaning="_zhiZwdTGEeWy8dwhQm454g" expression="_zhiZ39TGEeWy8dwhQm454g"
designation="_zhiZ3dTGEeWy8dwhQm454g _zhiZANTGEeWy8dwhQm454g" />

<Statement id="_zhjA09TGEeWy8dwhQm454g" meaning="_zhjA0tTGEeWy8dwhQm454g" expression="_zhjAINTGEeWy8dwhQm454g" />

<Term id="_zhiZ0dTGEeWy8dwhQm454g" meaning="_zhhysNTGEeWy8dwhQm454g" expression="_zhiZz9TGEeWy8dwhQm454g" preferred="true" />

<Term id="_zhiZINTGEeWy8dwhQm454g" meaning="_zhiZwNTGEeWy8dwhQm454g" expression="_zhiZOtTGEeWy8dwhQm454g" preferred="true" />

<Term id="_zhiZ1tTGEeWy8dwhQm454g" meaning="_zhiZwtTGEeWy8dwhQm454g" expression="_zhiZz9TGEeWy8dwhQm454g" />

<Term id="_zhiZ2NTGEeWy8dwhQm454g" meaning="_zhiZw9TGEeWy8dwhQm454g" expression="_zhiZ0tTGEeWy8dwhQm454g" />

<Text id="_zhiZz9TGEeWy8dwhQm454g" value="photo_camera" />

<Text id="_zhiZ0tTGEeWy8dwhQm454g" value="white_balance_preset" />

<Text id="_zhiZ3NTGEeWy8dwhQm454g" value="has" />

<Text id="_zhiZ39TGEeWy8dwhQm454g" value="photo_camera has white_balance_preset" />

<Text id="_zhjAINTGEeWy8dwhQm454g" value="" />

<UniversalQuantification id="_zhjAOdTGEeWy8dwhQm454g" variable="_zhiZ6NTGEeWy8dwhQm454g"
scopeFormulation="_zhiZ5dTGEeWy8dwhQm454g" />

<Variable id="_zhiZ6NTGEeWy8dwhQm454g" rangedOverConcept="_zhhysNTGEeWy8dwhQm454g" />

<Variable id="_zhiZ6dTGEeWy8dwhQm454g" rangedOverConcept="_zhiZwNTGEeWy8dwhQm454g" />

</xmi:Fields>
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9.6. priedas. Foto jrangos veiklos Zodynas ir taisyklés

Photo_equipment
General_concept: vocabulary
Language: "en"
Namespace_URI: "http://isd.ktu.lt/Photo_equipment”

product

product contains product
Concept_type: partitive_verb_concept
Concept_type: transitive_verb_concept

product is_replaceable_by product
Concept_type: purely_reflexive_verb_concept

replacing_product is_replacing_product_for product
Concept_type: purely_reflexive_verb_concept

replaceable_product
Definition: product that is_replaceable_by product
Concept_type: verb_concept_role
General_concept: product

replacing_product
Definition: product that is_replacing_product_for product
Concept_type: verb_concept_role
General_concept: product

electronics_product
General_concept: product

creative_product
General_concept: product

other_product
General_concept: product

photo_camera

General_concept: electronics_product
digital_photo_camera

General_concept: photo_camera
film_photo_camera

General_concept: photo_camera

camera_model

photo_camera has camera_model

camera_model is_smart

camera_model is_fast

camera_model is_professional

concept "camera_model” incorporates characteristic “camera_model is_smart’
concept "camera_model” incorporates characteristic “camera_model is_fast’
concept "camera_model” incorporates characteristic ‘camera_model is_professional®



agent
Definition: agent is organization or agent is person
person
General_concept: agent
commercial_organization
General_concept: organization
other_organization
General_concept: organization
organization
Definition: organization is commercial_organization or organization is other_organization
General_concept: agent

agent has_produced product

Synonymous_form: product is_produced_by agent
product is_produced by agent

See: agent has_produced product

Concept_type: inverse_verb_concept

camera_maker
Definition: agent that has_produced photo_camera
Concept_type: verb_concept_role
General_concept: agent

agent has_created creative_product
General_concept: agent has_produced product

picture
photo
General_concept: creative_product

photo is_coextensive_with picture

photo is_taken_by photo_camera
Synonymous_form: photo_camera takes photo

photo_camera takes photo
See: photo is_taken_by photo_camera
Concept_type: inverse_verb_concept

person captured photo
General_concept: agent has_created creative_product
Synonymous_form: photo is_captured_by person
photo is_captured_by person
See: person captured photo
Concept_type: inverse_verb_concept
photographer
Definition: person that captured photo
Concept_type: verb_concept_role
General_concept: person

product is_accessory_of product

accessory
Definition: other_product that is_accessory_of product
Concept_type: verb_concept_role
General_concept: other_product

product has accessory
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Concept_type: asymmetric_verb_concept

time
time is_production_date_of product
Synonymous_form: product has production_date

production_date
Definition: time that is_production_date _of product
General_concept: time
Concept_type: verb_concept_role
time_value
General_concept: datetime
Concept_type: role

production_date is_production_date of product
Synonymous_form: product has production_date
product has production_date
See: production_date is_production_date_of product
Concept_type: inverse_verb_concept

time has time_value
Concept_type: property_association

feature
Concept_type: role
General_concept: number

product has feature
Concept_type: property_association

product_weight
Concept_type: role
General_concept: nonnegative_integer
General_concept: feature

product_price
Concept_type: role
General_concept: number
General_concept: feature

product_number
Concept_type: role
General_concept: number
General_concept: feature

product has product_number
Concept_type: property_association
General_concept: product has feature

product has product_price
Concept_type: property_association
General_concept: product has feature

product has product_weight
Concept_type: property_association
General_concept: product has feature

91



camera_weight
Concept_type: role
General_concept: nonnegative_integer
General_concept: product_weight

camera_price
Concept_type: role
General_concept: number
General_concept: product_price

bag_weight
Concept_type: role
General_concept: nonnegative_integer
General_concept: product_weight

photo_camera has camera_weight
Concept_type: property_association
General_concept: product has product_weight
photo_camera has camera_price
Concept_type: property_association
General_concept: product has product_price
camera_bag
General_concept: other_product
camera_bag has bag_weight
Concept_type: property_association
General_concept: product has product_weight
weight
Concept_type: categorization_type
Necessity: is_for general_concept photo_camera

Camera_by weight
Necessity: segmentation for general_concept photo_camera that subdivides photo_camera
by weight

lightweight_camera
Definition: photo_camera that has camera_weight less_than_or_equal_to 400
General_concept: photo_camera
Necessity: is_included_in Camera_by weight
moderate_weight_camera
Definition: photo_camera that has camera_weight greater_than 400 and has camera_weight
less_than_or_equal_to 800
General_concept: photo_camera
Necessity: is_included_in Camera_by_weight
heavy_camera
Definition: photo_camera that has camera_weight greater_than 800
General_concept: photo_camera
Necessity: is_included_in Camera_by_weight

flash
General_concept: electronics_product

photo_camera contains flash
Concept_type: partitive_verb_concept
General_concept: product contains product
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memory_card
General_concept: electronics_product
photo_camera contains memory_card
Concept_type: partitive_verb_concept
General_concept: product contains product
lens
General_concept: electronics_product
battery
General_concept: electronics_product
photo_element
Definition: photo_element is photographic_film or photo_element is digital sensor
General_concept: electronics_product
photographic_film
Definition: photo_element that is not digital _sensor
General_concept: photo_element
digital_sensor
Definition: photo_element that is not photographic_film
General_concept: photo_element

resolution
General_concept: positive_integer

digital_sensor has resolution
Concept_type: property_association

photo_camera contains battery
Concept_type: partitive_verb_concept
General_concept: product contains product
photo_camera contains lens
Concept_type: partitive_verb_concept
General_concept: product contains product
photo_camera contains photo_element
Concept_type: partitive_verb_concept
General_concept: product contains product

shooting_mode
digital_photo_camera has shooting_mode

memory_card_slot
General_concept: other_product
photo_camera contains memory_card_slot
Concept_type: partitive_verb_concept
General_concept: product contains product

white_balance_preset
photo_camera has white_balance_preset

photo_camera has_bag camera_bag
General_concept: product has accessory

photographer uses photo_camera

Synonymous_form: photo_camera is_used_by photographer
photo_camera is_used_by photographer

See: photographer uses photo_camera

Concept_type: inverse_verb_concept
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product is_rated_by agent
rating
product_rating
Concept_type: categorization_type
Necessity: is_for general_concept product
rating is_rating_of product
Synonymous_form: product has rating
product has rating
See: rating is_rating_of product
Concept_type: inverse_verb_concept

rating is_given_by agent

Product_by product_rating
Necessity: categorization_scheme for general_concept product that subdivides product by
product_rating
Top_rating
General_concept: rating
Good_rating
General_concept: rating
Acceptable_rating
General_concept: rating
top_rated_product
General_concept: product
Necessity: is_included_in Product_by_product_rating
average_rated_product
General_concept: product
Necessity: is_included_in Product_by_product_rating
low_rated_product
General_concept: product
Necessity: is_included_in Product_by product_rating

photo_camera photographed something
something is_presented_in picture

award
photo_exhibition
photographer has_participated_in photo_exhibition

award received_by photographer
award received_for photo
award received_in photo_exhibition

prize_value
Concept_type: role
General_concept: number
award has prize_value
Concept_type: property_association
first_name
General_concept: text
person has first_name
Concept_type: property_association

Nikon_D5100
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General_concept: photo_camera

Olympus_EPL5
General_concept: photo_camera

Jim

General_concept: person
John

General_concept: person
Gytis_Gudas

General_concept: person
G._Gudas

General_concept: person
Mike

General_concept: person
Photo 1

General_concept: photo
Jim has_produced Photo_1

G._Gudas

General_concept: person
Gytis

General_concept: first_name
G._Gudas has first_name Gytis

It is impossible that digital_sensor is photographic_film;

It is impossible that electronics_product is creative_product;

It is impossible that electronics_product is other_product;

It is necessary that rating is_given_by exactly 1 agent;

It is necessary that rating is_rating_of exactly 1 product;

It is impossible that digital_photo_camera is film_photo_camera;

It is necessary that photo_camera has at_most 1 camera_model;

It is necessary that photo_camera contains exactly 1 lens;

It is necessary that photo_camera contains exactly 1 photo_element;
It is necessary that photo_camera contains exactly 1 flash;

It is necessary that photo_camera contains at_most 2 memory_card,;
It is necessary that photo_camera contains at_least 1 memory_card,;
It is necessary that photo_camera contains exactly 2 battery;

It is necessary that photo is_taken_by at_most 1 photo_camera;

It is impossible that digital_photo_camera is film_photo_camera;

It is necessary that award received_in at_most 1 photo_exhibition;
It is necessary that award received_for at_least 1 photo;

It is necessary that award received_by at_most 1 photographer;
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It is impossible that Jim is John;

It is necessary that G._Gudas is Gytis_Gudas;

It is impossible that person is organization;

It is impossible that commercial_organization is other_organization;

It is necessary that photo_camera contains at_most 3 memory_card,;

It is necessary that photo_camera contains at_least 1 memory_card;

It is necessary that digital_photo_camera has at_least 2 shooting_mode;

It is necessary that photo_camera contains at_most 2 memory_card_slot;

It is necessary that photo_camera has at_least 2 and at_most 9 white_balance_preset;

It is necessary that digital_photo_camera contains photo_element that is digital_sensor;
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