Valsts pétijumu programma
“Inovativu daudzfunkcionalu materialu, signalapstrades un informatikas

tehnologiju izstrade konkurétspéjigiem zinatnu ietilpigiem produktiem”

Projekts Nr. 5 UZ ONTOLOGIJAM UN MODELU
TRANSFORMACIJAM BALSTITAS JAUNAS
INFORMACIJAS TEHNOLOGIJAS UN TO LIETOJUMI

|zpildita;i:
- LU Matematikas un informatikas institats (LU MII) ,
vad. J.Barzdins — Projekts Nr.5.1
- RTU Datorzinatnes un informacijas tehnologijas fakultate (RTU DZITF),
vad. J.Grundspenkis — Projekts Nr.5.2



Filozofisks ievads: dabas zinatnes un
datorzinatnes (“soft” dala)

Dabas zinatnieks
(inZenieris)

Datorzinatnieks
(par “miksto” [soft] dalu)

LU MIl un RTU DZITF pétijumu virziens jau ilgus gadus — modeléSana, zinaSanu attéloSana



Projekta fons (“background”) 1

ModeléSana, Vienota modeléSanas valoda UML: OMG uzsaukums 1992, UML1.5
(1995), UML 2.1 (2008). Ri1ki. Rezultata iznacis parak sarezgtti. Stereotipi un profili.

Jauna modeléSanas paradigma — doménspecifiskas valodas (DSL). Probléma: ka atri
un léti uzbavét DSL rikus. Lidz Sim — universalu DSL, kuru var konfigurét. Labi tikai
[1dz zinamai robezai.

Jauna ideja sistému programmaturas buvei — Modelu vadita arhitektira (MDA, ari
MDE): OMG uzsaukums 2000, pirmais priekslikums 2001: Platform Independent
Model (PIM) , Platform Specific Model (PSM), vélak art CIM - Computation
Independent Model (1steniba pats sakums —sisteémas biznesa modelis )

MDA pamatu pamats — modelu transformaciju valodas, OMG uzsaukums 2002,
pirmais “draft” priekSlikums 2004, oficialais variants MOF QVT 2008, tacu tas, tapat
ka UML, iznaca |oti sarezgits, uz So bridi aizvien neeksisté efektiva realizacija.
Soreiz art més paguvam ielekt vilciena: transformaciju valoda MOLA, pirmas
starptautiskas publikacijas jau 2004, efektivas realizacijas sakot ar 2008 iepriek3€jas
VPP ietvaros, nodrosSinaja dalibu ES 6. letvarprogrammas projecta No.033596
“‘Requirements Driven Software Development System (ReDSeeDS)”, 2006 — 2009

lepriekséjas VPP ietvaros ari. GrTP: Transformation Based Graphical Tool Building
Platform — pilniba balstits uz MM un MT

Un pirmie praktiskie lietojumi Latvijas informatikas razotnés:
Projektu izvertéSanas DSL un atbilstoSais grafiskais riks (iegtts ar musu platformu)



Projekta fons (“background™) 2

No otras puses, Al joma tika izstradatas un attistitas zinaSanu attéloSanas metodes
un valodas (vél pirms UML), pieméram, konceptualie grafi, konceptu kartes, forméjas
ontologijas jédziens (Gruber,..), paradijas pirmas ontologiju valodas, ka DAML+OIL,
biologu un mediku vajadzibam Stenfordas universitate tika izstradats riks Protege
zinasanu attéloSanai, ieguva lielu popularitati

2001 paradijas slavenais Tim Berners-Lee, James Hendler and Ora Lassila raksts
“Semantic Web” , kur formalas ontologiju valodas bija izvirzits ka viens no
pamatuzdevumiem. Un sakas!

Vispirms RDF, tad ontologiju valoda OWL

Patreiz OWL 2 un Protege 4.1 (pagaidam beta versija), kas apkalpo OWL2

OWL un UML (MOF) — abi bija iznakusi |oti lidzigi, bet ne gluzi!

Fundamentala probléma: skats uz OWL ar “UML acim”, jo tikai UML ir laba grafika,
un cilvéks viegli uztver tikai grafiskus attélojumus

UML profils priek§ OWL, 2008, 2009 — nav érts (un arT sargats ar ASV patentu)
Problema: UML+OWL

Jauna MDA paradigma, balstita uz OWL?



Projekta merkis un pamatuzdevumi

|zpétit uz ontologijam, metamodeliem un modelu transformacijam balstitas jaunas
informacijas tehnologijas, aprobét to lietojumus uz realiem, Latvijas tautsaimnieciba
svarigiem uzdevumiem.

Uz ontologijam un modefu transformacijam balstitas | X | X [ X | X | X] X] X | X X| Xf X| X
jaunas informacijas tehnologijas un to lietojumi e L L

1.1zpétit un talak attistit modeju vaditas arhitektiras X[ X | X [X
ontologiskos pamatus (LU Mil)

2.1zstradat uz ontologijam un modelu transformacijam X [ X | X]| X[ X[ X
balstitu atvertu doménspecifisko riku bives platformu
(GRADE-2) (LU MII)

3.1zstradat uz ontologijam un modeju transformacijam X[ X| X| X
balstitu plasa profila sistemu baves tehnologiju un tas
atbalsta rikus (GRADE-3) (LU MII)

4.1zstradat uz ontologijam balstitas metamodelésanas X| X[ X [ X[ X| X]| X] X
metodes, ieklaujot tajas kontrolétas dabigas valodas
un grafikas elementus (LU Mil)

5.1zstradat problemsféru specifisku ontologiju un X | X[ X[ X | X] X X| XX X
zinasanu struktaras modeju savstarpéjas
transformacijas procediras, atbalsta riku un zinasanu
struktiras modelu salidzinasanas un novértéSanas
metodes (RTU DZITF)

6.l1zstradat izkliedeta maksliga intelekta un Web X | X X[ X| X| X
tehnologijas balstitu ietvaru, kura lietoti Web servisi,
ontologijas un agentu komponentes (RTU DZITF)




Planotie rezultati
(visa projekta ietvaros)

Tiks izstradata originala sisttmu metamodeléSanas metode balstita tieSi uz
ontologijam (nevis uz MOF, ka [idz sim), un augsta limena transformaciju valoda, kas
stradas pa tieSo ar ontologljam ka arT §Ts transformaciju valodas efektiva reallzacua

DSL riku viena no sarezgitakaja problémam ir to atvértibas probléma, t.i., tos ir grati
integrét jaunas informacijas sisteémas. ST projekta ietvaros tiks izstradata orlglnala
DSL riku koncepciju, kas balstisies tikai uz ontologijam un modelu transformacijam,
tada veida padarot $os DSL rikus viegli integréjamus citas sistémas.

Tiks kardinali paplasinata DSL riku ideja, izstradajot doménspecifisko riku vieta
domeénspecifisko sisteému koncepciju, kuras, tapat ka DSL riki, tiks definétas ar
metamodeliem un modelu transformacijam, tada veida padarot to izstradi daudz
efektivaku (pietiks vienreiz realizét Sadu metasistému, lai konkrétas sistémas iegttu
ka specialus gadijumus).

Tiks izstradati originali grafu izvietoSanas algoritmi, kas nodrosinas sarezgitu
ontologiju uzskatamu grafisku attélojumu.

Tiks izstradati lielu ontologiju grafiskas attéloSanas Itdzekli, tai skaita ontologiju
grafiskais redaktors.

Tiks izstradats prototips, kas demonstrés izkliedéta maksliga intelekta un timek|a
tehnologiju potencialas iespéjas. Prototips tiks aprobéts Latvijas tautsaimnieciba
biznesa procesu parvaldibas, apdroSinasanas, logistikas, e-komercijas un/vai
apmacibas (e- un m-) jomas.



Projekta 5.1
2010.gada pamatuzdevumi

|zpetit un talak attistit modelu vaditas arhitekturas
ontologiskos pamatus

|zstradat uz ontologijam un modelu transformacijam
balstitu atvéertu domenspecifisko riku bives bazes
arhitektaru

|zstradat uz ontologijam balstitas metamodelesanas
metodes, ieklaujot tajas kontrolétas dabigas valodas un
grafikas elementus - priekSizpéte (péc plana sakums
2011)



Projekta 5.1
sasniegtie rezultati
2010.gada



1. Izstradata ontologiju grafiskas attéloSanas
valoda un tas atbalsta riks OWLGrEd

OWLGTrEd ir izstradata uz Vienotas modeléSanas valodas UML bazes ka Sis valodas
“hard extension”, ta precizi atbilst jaunakas ontologiju valodas OWL2 prasibam (skat.
turpmakos slaidus)

OWLGrEd pamata ir OWL2 prezentacijas metamodelis, kas art izstradats dota projekta
ietvaros (skat. turpmakos slaidus)

|zstradats |oti attistits OWLGrEd grafiskais redaktors (izmantojot ieprieksejas VPP
ietvaros izstradato un 2.uzdevuma ietvaros talak attistito riku baves platformu TDA)

|zstradats eksports/imports uz Protege 4.1 (sekos demonstracija)

|zveidota rika majas lapa, riku eksperimentali lieto (spriezot péc lejupielazu skaita un
jautajumiem) >100 lietotajiem pasaulé (lai sekmétu rika lietoSanu, “Quick Start Guide” ir
uzrakstijis un atlavis ievietot misu majas lapa viens no pazistamakajiem cilvékiem
pasaulé ZinaSanu inZenierijas joma — Bill DeSmedt).

Skat. http://owlgred.lumii.lv

Valoda OWLGrEd un minétais riks dod iespéju netrividlas ontologijas uzskatami attélot
un veidot izpratni par tam (sekos demonstracija)

|zstradatas un uz realiem piemériem parbauditas metodes relaciju datu bazu importam
uz OWL ontologijam

Valodas un rika pirmie lietojumi jau ir atklajusi talakas problémas, kas jarisina — pamata
tas ir saistitas ar nepiecieSamibu péc attistitiem grafisko ontologiju parbives
(“refactoring”) lidzekliem

Nakama probléma, kas jarisina — UML stereotipu analoga ievieSana OWL-a (talak
attistot OWL2 anotacijas tipa jedzienu)



http://owlgred.lumii.lv/

OWL grafiskas prezentacijas MM

1
UMLOWL
1
UMLOWLCore
(subset of UML 2.1 metamodel)
)
|
:<<import>>
|

UMLOWLCoreExtension
("hard" extension of UML 2.1 metamodel)

|

|

|

|

. [
<<import>>
|

|
v

UMLOWLDataType




1

UMLOWLCore
NamedElement ~
r name :String [0..1] [
JAN
* 0.1
Property opposite
lower :Integer [0..1] 0.1
GeneralizationSet 'upper:UnIi'mitedNaturaI [0..1] | subsettedProperty )

isCovering :Boolean isComposite :Boolean *

isDisjoint :Boolean

— memberEnd
* |generalizationSet 2 {ordered} a
generalization|*
| Generalization navigableEnd {subsets memberEnd}
* * 1.2
Type type *
0.1 .
0.1[type specific|1 * lownedAttribute 1 |definingFeature | Association
| Class general {ordered} 0.1
1
L
0.1
|__DataType | > Classifier K
0..1|classifier L
instance Siot

InstanceSpeciﬁcationhwninglnstance *

1 linstance

slot

ValueSpecification

value

*

[ 1

* {ordered}

InstanceValue | |LiteraISpeciﬁcation|

IowningSIot
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—1

UMLOWLC oreExte nsion
Annotation annot
type :String * ]
value :String .
annot * N
language :String [0..1] [+ equialPr
* |lannot *_| (from UM LOWL Core)
keyPropery|E.g. p, pl, p2
* equivalCl|* * 1 |onProperty 1|onProperty
Class disjointCI
(from UM LOWL Core) *
1|class
ObjectProperty DataProperty
Eg: qql,q2 Eg: d
isSymmetric :Boolean isFunctional :Boolean
isAs ynmetric :Boolean 1 [onProperty
isReflexive :Boolean
* islmeflexive Boolean onProperty
different|* isTransitive :Boolean 1
= isFunctional :Boolean element
(Object) ’ ame fisinverseFunct:Boolean |* {ordered}
- 1 |onProperty
N 1 |instance
. subProperyChain|*
Proj hainExpr|
* | InstanceRefere nce EAgl:peqr;y(; @ .
ownedElement _—
1
EnumBExpr
E.g. {Germany, France, Italy}
equival
super[*  disjoint|* *
Class BExpression S
Eg: c,cl,c2

Eg. (cl

and c2)

| AndExpr | | OrExpr

E.g: (clor c2)

ClSomeExpr
E.g.: (qsomec)

Class SomeAllExpr

Cardinality
value :Integer
N

CIAIExr
E.g: (qonly ¢

Eg: (p m

MinCard | | MaxCard | |

ExactiCard

in 3 cl)

Eg.: (p max 9 c2) E.g: (p exactly 7 c)

Eg:t

(from UM LOWL DataType) |1

OWLDataType range

—

Has Value Expr
E.g: (d value 75)

DataSomeAllExpr

(d value true)
(d value "Smith")
(d value "2.5"Mdecimal)
(q value Smith)
alue G

DatSomeExpr
E.g.: (d some t)

DatAllExpr
Egi(donly t) |

ValueSpecification
(from UM LOWL Core)

*

negativeValue

owningSlotForNegativeValu

Slot
(from UM LOWL Core)
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—1

OWLPrimitive Datatype
JAN

decimal date

UMLOWLDataType
DataType
(from UM LOWL Core)
UMLOWLDatatype
pu— PN
1]arg2 1|arg1 1|arg
0WLUserDeﬁnedDa1atype|
T
AndOrDatatyoe | NotDatatype DatatypeRestriction EnumerationDatatype
Eg.: nott Eg: (integer[>= 15,< 50]) E.g: {3,7,"2.5"Mdecimal, "ccc"}
(string[maxLength 257) r 3
(string[pattern ...])
T
AndType OrType I,"
E.g: (tland t2) E.g: (tlor t2) /
!
IIII
/ LiteralSpecification
baseType|1 /! (from UM LOWL Core)

T ownedLiteral|{ordered}

ki | UML OWL LiteralSpecification |

i

/
,// | | |
/ LiteralDecimal LiteralGDay LiteralGYear|
) value :decimal value :gDay value :gYear
/
/ LiteralDate
I/ LiteralGMonth value :date LiteralDuration
// Value :gMonh — value :duration
/ iteralTime | n
! LiteralDateTime value :ime thleraI_GJeadeAI:ntt:
value :dateTime l/ value -gYearvon
Literalinte ger - - ( LiteralBoolean
value :Integer LiteralString value Boolean LiteralFloatingPoin{
value :String value :float

<Datatype>:="integer | 'decimal’|‘float'| 'string"

<WhiteSpace> - - - one or more blanks
<pattemLiteral> and <langPatternLitral --- see
http:/Mmww.w3.org/TR/xmIschema-2/#regexs

<facet>:="length’ | 'minLength’| 'max_Length’|'pattem’ | langPattern’| '<="|'<" | '>="|'>'
<restrictionValue>::= <integerLiteral> | <decimalLiteral> | <floatingPointL iteral> | <patternLiteral> | <langPatternLiteral>

http:/Awww.w 3.0rg/TR/2008 WD-rdf-text-20081202/#D efinition_of_the_rdf:text_Datatype

<datatype Restriction>::=<Datatype>T'<facet><WhiteSpace ><restrictionValue> {,'<WhiteSpa ce><face t><WhiteSpa ce><restriction Value>}"
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Ontologiju piemer;

Sakuma Protege riks tika veidots, lai varétu érti veidot ontologijas
biologijas un medicinas jédzienu precizakai definéSanai.

Tagad arvien vairak ontologijas sak lietot fizikas, astronomijas un citu
zinatnu pamatjédzienu precizakai defineéSanai. Mérkis parasti ir definét
jédzienus tik precizi, lai dazadu pétnieku grupu eksperimentu
rezultatus varétu kopa apstradat daléji automatizéti, nebaidoties no
parpratumiem.

Sts ontologijas parasti ir logiski sarezgitas, tadél to grafiska attélosana
ar klasu diagrammam lidzigu notaciju ir |oti vajadziga.

Aplikosim dazus piemérus.
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Thing {owl}

A

Person
key = personID

personID:integer[1]
sex:Gender
weight:(integer[> "3" , <="150"])

age:Agelnteger
nickname:ShortString{func}

Level

={First, Second ,

]}elates

Course

credits: ({2, 4, 6})

name:string[1.."] Third} evel {func}|courseName:string
. ; levelName:StudyLevel : A
AcademicStaff T | levelCode:({1, 2 , 3}) teaches takes !
. ! =7 7 ~ {<relates} {<relates} )
! <<instandeOf>> |} ~ 7 !
| - |/<5n>(s nceOf?szirqstancbOf»\\ {<>takes}) {<>teaches} :
) Third JI g g ——— ) R a1
: levelCode =3 ____S___d — " ""VFT't """"""" T
levelName = €con irs —
by | ErN: levelCode = 2 TevelCode = 1 <<disjoint>= |
:<<equivalent>> leveIName = leveIName =
| "master" "bachelor"
Il
Teacher _
= Asisstant sTaughtBy
or 1
AssistantProfessor Student /|| OptionalCourse
or Professor myTeacher {>takes o isTaughtBy} | stSalary:StrangeSalary|
isPhD:boolean 4 :
I CariStudent |
| = Student |
SmithStudent and (stSalarysome :
= Student decimal[< "50") [
and (myTeacher and (name value :
value Smith) "CarlSmith") :
|
= SO R _ Professor isTaughtBy only :
AssistantProfessor|, : <isPhD value true \
I Asisstant ~ |
: : ; <<irfstance Of>>" :
| | | Smith !
o | l name = YoungProfessor |
P ! EmeritusProfessor| | "CarlSmith" = Professor <<disjoint>>!
<<disjoint>ﬁ < age some integer[> | [name <> and (age some
"65"] "JohnSmith" Smalllnteger) MandatoryCourse
<<DataType>> <<DataType>> <<DataType>> <<DataType>> <<DataType>> <<DataType>>
StrangeSalary Gender Agelnteger ShortString Smalllnteger StudylLevel
(decimal[>"200", <"400"| |{"female", "male"} integer[<="100"] string[minLength integer[< "35"] {"bachelor",
or decimal[< "100"]) "2" , maxLength "doctor", "master"}
"10"]
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<<Label> <<Comment>>
,1PP _|"Example person”

Person - <<EnumeratedClass>>
key: persomD L -- <<Comment>> {isCompIete}
name:string[1.."] | ____| Sstabel> [ for relates Level
nickname:ShortString{func} ‘/'for nickname "Connection between" levelCode:({1, 2, 3})
personlD:integer[1] nck \ levelName:StudyLevel
age:Agelnteger N T JevelTo1
weight:(integer[> 3, <= 150]) \ :
sexGender =0 0[TT T - --—------ | )

i i = I
|
\ elates
T Course
< <> stri
Student takes {<relates} {<>teaches gf:éisz{zm“e.g;;mg
stSalary:StrangeSalary| A0 -0
teaches
{<relates}
) {<>takes}
myTeacher {>takes o is TaughtBy] Teacher sTaughtBy
isPhD:boolean 1
<<equivalent>> : I {disjoint}
|- - — - - Soequvalentr_
- disjoint complete
AcademicStaff {dlejolng {eomplete}
| | MandatoryCourse OptionalCourse
Asisstant Professor <isTaughtBy only Professor
<isPhD value true
N
AssistantProfessor| ! -
/ EmeritusProfessor
/ | < age some integer[> 65]
SmithStudent /
= Student and (myTeacher value Smith) /
Smith:
CarStugors T —
= Student and (name value "CarlSmith") name <> "JohnSmith"Mstring
and (stSalary some decimal[< 50])
FirstLevel Second:Level Third:Level
levelCode = 1Minteger levelCode = "2"Minteger levelCode = 3Minteger
levelName = "bachelor"string| | leveIName = "master"™string | |leveIName = "doctor"™string

<<DataType>> <<DataType>>
ShortString Agelnteger <<Enumeration>> <<DataType>> <<DataType>>
string[minLength 2, maxLength 10]| |integer[<= 100] Gender Studyl evel Smallinteger
"male"” {"bachelor", "master", "doctor"} | |integer{< 35]
<<DataType>> female

StrangeSalary
decimal[< 100] or decimal[>200, < 400]




Kvantu mehanikas ontologija

quONTOm — autors M. Skulimowski, Faculty of Physics and Applied
Informatics, University of Lodz, Poland
http://merlin.phys.uni.lodz.pl/qQUONTOM/qUONTOmM_ OWL2v2.owl

Meérkis — izveidot automatizétu publikaciju un eksperimentu rezultatu
analizes sistému, kas spétu tos ievietot kaut cik adekvati zinasanu baze,
ka art nodroSinat “semantiskaku” meklésanu. (M. Skulimowski, An OWL
Ontology for Quantum Mechanics, OWLED 2010)

Ontologija satur kvantu mehanikas pamatjédzienus un nepiecieSamos
matematikas jédzienus. Ontologija izveidota valodas OWL jaunakja
versija.

Ontologiju paredzeéts talak paplasinat.
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http://merlin.phys.uni.lodz.pl/quONTOm/quONTOm_OWL2v2.owl

Ontologija OWLGrEd rika

obtainValue |is DescribedBy
funcy ffunc)

ing {owl} 's ElementOf {asym} {irrefi}
isDefinedOn_{funcy| StoPTMme:ime{func} S GenerawaBy [anc]

startTim e:tim e{func}
AN element2_{func)p, ffomt (sym) and) Gnvh

asAdjoint [1]

m eas urementOf [1]

<<DataType>>
time {XMLSchema)

measurementon [1]

is GeneratedBy| is Des cribedBy
] ]
N

=~ Mesurement
key=

meas urementOn

key=

m eas urementOf

<probability exactly

1 Literal

1

<<versioninfo>>
"

FirsOrderDifferential Equation|

isElementof (11]  HilbertSpace

is ElementOf some [1

meas urementRes ult
{>measurementOf o
sRepres entedByo hasEigenValue}

Observable asEigenvalue {asym} {irrefl}y

[N meas urementO

| correspondsTd|
' some
i .1
|

’}[ CommutatorValue
i
i  measurementOfo meas ure mentOn elementt obtainValue
A || edustonto isr tedBy o hasEigenVector) {asym} func} o
toni '
i
; . 0
rSp—r | n comespondsTo some [1.. TasEigenvecior (@sym} (rrefl} “'L’:c))
i
i
|

") [complexEigenValug] lﬁ"ep pend ) i
s Des aribedBy]

|
'
|
'
|
'
|
'
'
'
!
T
'
'
'
'
'
'
'
'
'
'
'
|
'

Senerateagy| MhAISEE

key= startTime
key= stopTime

ZeroCommutatorRel
<oblainValue value 2ro

obtainValue

only <stariTime exactly 1
some Literal U]
1.1 <stopTime exactly 1

Literal

_Selde' intOpera element?| element!

i
isRepresentedBy {func} {in jolntecme P p

H Self
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Astronomijas ontologija (IVOA)

IVOA - International Virtual Observatory Alliance (http://www.ivoa.net/cqgi-
pin/twiki/bin/view/IVOA/\WebHome), piedalas 17 valstis un ESA

IVOA mérkis ir standartizét jedzienus un mérijjumu datus, kas saistiti ar
Virtualas Observatorijas projektu (Virtual Observatory).

IVOA ir vairakas darba grupas, starp kuram art Semantikas grupa.

Viens no Semantikas grupas rezultatiem ir Astronomisko Objektu tipu
ontologija (Ontology of Astronomical Object Types). Izstrade sakta no 2006.
gada, turpinas joprojam.

Ir aprakstoés dokuments (http://ivoa.net/Documents/WD/Semantics/AstrObjectOntoIogy-
20070219.html)

un OWL fails (versija 1.5 — 2010. g.,
http://www.ivoa.net/internal/[VOA/lvoaSemantics/ObjectTypes 1.500.owl).
Ontologija ieklauti astronomiskie objekti, par kuriem tiek veikti jebkadi
novérojumi un mérijumi. Pavisam ontologija ir 410 klases.

19


http://www.ivoa.net/cgi-bin/twiki/bin/view/IVOA/WebHome
http://www.ivoa.net/cgi-bin/twiki/bin/view/IVOA/WebHome
http://www.ivoa.net/cgi-bin/twiki/bin/view/IVOA/WebHome

=

=

T

I
2 o

—

,ﬁ.\

=R
|

==

20



NASA ontologija SWEET

NASA ontologija SWEET (Semantic Web for Earth and Environmental
Terminology) izstradata projekta SWEET ietvaros (http:/sweet.jpl.nasa.gov/),
ko finansé NASA un ESIP (Earth Science Information Partner Federation).
Projekta izstradataji ir NASA un JPL (Jet Propulsion Laboratory, CalTech,
USA), atbildigais ir NASA parstavis Rob Raskin.

Sobrid (2010. g. Sept.) aktuala ir versija 2.1 (http://sweet.jpl.nasa.gov/2.1/).
Ta ir publiski pieejama un satur vairak ka 6000 jédzienus, kas sagrupéti
200 sava starpa saistitas ontologijas. Ontologijas uzrakstitas OWL 1
valoda.

Ontologija aprakstiti visi svarigakie Zemes zinatnes jédzieni, to galvenas
saistibas sava starpa. Jédzieni ietver Zemes ka planétas sastavdalas un
Ipasibas, fizikas un kimijas pamatjédzienus, kas nepiecieSami So Tpasibu
skaidroSanai, biosféras pamatjédzienus (augu un dzivnieku sugas) un
dazadus procesus kas norisinas uz Zemes (meteorologiskus, seismiskus,
vulkaniskus u.c.). leviesti art laika un Tpasibu mérisanas jédzieni.
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2. lzstradats un eksperimentali parbaudits jauna
tipa repozitorijs darbam ar ontologijam

|zstradats jauna tipa repozitorijs, kas dazados metalimenus (no tradicionalas
metamodelésanas MOF viedokla raugoties) ,novieto” viena metaliment, un
taja pasa laika nodroSina tadu pasu atrdarbibu, ka sadalito metalimenu
repozitoriji

Jauna repozitorija metamodeli skat. talakos slaidos

Tas dod iespéju uzbuveét un efektivi realizét doménspecifisku (DSL)
transformaciju valodu darbam ar ontologljam t.sk. iepriekS&ja punkta minéto
grafisko ontologiju parveidojumu (“refactoring”) realizacijai

Repozitorija efektivitate parbaudita uz reala pieméra: Latvijas medicinas
registru eksporta no relaciju datu bazém uz RDF datu bazém, kas ir uz
ontologijam balstita Semantiska timekla pamatu pamats. Sis eksports tika
veikts ar transformaciju palidzibu ka starpnieku izmantojot minéto
repozitoriju. Atrdarbiba, pieméram,64 bitu procesoram uz 16Gb operativas
atminas bija augstaka méra apmierinosa. Tas nozime, ka minétais registrs
no atrdarbibas viedok|a pilnigi apmierina musdlenlgo ontologlju (ka,
pieméram, NASA) nepiecieSamos parveidojumus (‘refactoring”)

Sim noldkam talak attistita bazes transformaciju valoda LO darbam ar minéto
repozitoriju (un I1dz ar to darbam ar ontologijam)

Atklata probléma: dot repozitorija metamodela semantikas precizu definiciju
(kopu-teorétiska Iiment, ka tas ir izdarits RDF gadijuma)
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EMOF metamodelis

Attribute

ownedAttribute

name : String

Generalization

* 0..1
general[ 1 specific| 1
Class

*

type| 1

DataType

name : String

|

Enumeration [

name : String

*

1

Association

memberEnd
{ordered} |2

AssociationEnd

name : String
isOrdered : Boolean
isComposite : Boolean
lower : Integer

upper : UnlimitedNatural

EnumerationLiteral

name : String

PrimitiveType

ownedLiteral
{ordered}

opposite
1
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Jauna repozitorija metamodelis

(vienkarsots)

: Azzociation

inverself

subclasst| |

[ Clazs <
riame: String
1 riz: String [0..1] dom
dom 1
1.*
range
J;r * type
L Ohbject
b - subij

1

Aftribute

D atatvpe

a4
/

AzzocLink

]

AtrLink

range

name; String

1 ftype

Data'Value

value: String

1J|:|I::uj




3. lzstradata valodas MOLA efektivaka realizacija

L1idz Sim MOLA realizacija tika lietots vienkarsais algoritms MOLA
Sablonu kompilacijai (algoritms satur 3 vienkarsus principus, kada kartiba
jameklé modela elementi, kas apmierinatu Sablona nosacijumus).

Vienkarsais algoritms strada |oti labi tipiskiem MOLA Sabloniem, kadu ir
vairakums, ja MOLU lieto modelbazétas izstrades (MDSD) uzdevumiem.
Tipiskas MDSD transformacijas apstrada ar modelus ar kokveida
struktdru, ir kompilacijas tipa un ietver lokalus parveidojumus un
nosacijumus.

Vispariga gadijuma vajag universalaku algoritmu, kas spétu izmantot
papildus informaciju par elementu precizakam kardinalitatém modelr. Sis
algoritms veido meklésanas planu (LSP), balstoties uz meklésanas
grafu, kura savukart meklé minimalo parklajoso koku (spanning tree).
Grafa Skautnu svarus liek heiristiski. Vislabak to var izdarit, ja metamodeli
pievienotas anotacijas (SINGLE, FEW, MANY). Parastas UML asociaciju
kardinalitates nedod pietiekamu informaciju — visas “*” liekas vienadas.

Skat. http://mola.mii.lu.lv 25
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MOLA language

Metamodel fragment

. Source metamodel

Tl il
name ; String (0.1 1
MOLA Diagram example & typed
. . ( Primitive Type M
link creation - + |mame String
Class 01 Py yTR——— perzistert : Boolean
. 1
parameter variable loophead 1
clazsTaTakie [0.1 property ToColumn 0.1
i@l Class :: - ; RDETabe ovvningTable * ROBColumn
foreach Ioop [1] ‘I@HDK' Boolean | name ; Sring 0.1 colunns [name: String
p < - Target metamodel
Instance creation
- ol Class la==ToTakle th : ROBTahle
pattern element - reference 4 — | text statement end symbol
oy ning Takble . .
start szjl owvnedAtribute i || variable cy\stralnt
RProperty  Ressscssssssssssss fcol: RDBColumn : X
._ 2 | |ipersistert=truey |propentyToColumn —ore = e | _ b@s@ﬁ#rue} }——[}g’\)

Y
[ e

s

loop variable|

pattern link

)/Jm . PrimitiveType |

A

e

I errarl"]

v

pattern element

( SetColumnTypel ool @t @iso) 3

The loop is executed over all Property instances which have

Primitive Type and belong to referenced Class instance if it

is already mapped to an RDBTable

call statement

showM=ag("Column creation

attribute assignment

:{ELSE} :

N

RS |
control flow

external call
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Typical patterns for MDSD tasks

Eam : Architecturalhdodel ep : Package
1 2
\\—\:{—,- Tzclkemel} {kemel}
package redquirenmert requirerert representation

Ipack : Requirements Package
TRequirements Speci

TRequirements Specifi

exist=UC : Requirement

cls : Constrained Language Scenar
TDescrptive Requirement Repres

e T e ] ™
@p :Package | i pecon p sPack:Fackage SN Achitecturalbiodel
{HEITIEI} ------------------- -: {KEITIEI} : {5¢|keme|}
packaged Elerment . "
» name:=Epack.name * -
: faqmemmeemnman. . 'artifact
allocationTarod o oL cwmedTracs |
., g || a't THSL l---------l--l
@ack-. Heqmremen'.csjl’a-?ka;e allcestion Soures AEsHan e N3 lsAlocatedTo
IRequirements Specifications} allocationTolML *  fsclkemell =
L T u
" : ,f
package | requiremert | requiremert | reprasartation
i@pack : Requiremerts Fackage ue : Requirement cls : Constrained Language Scenano
IRequirements Specifi TRequirements Specifica {Descriptive Requirement Represe

W

bhw_CreatellseCaseinteractions(iEu:, [g:Pack, Eam) )
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Advanced LSP generation

np : NounPhrase spypce | N Hounlink nounLink nn : Moun
IPhrases} IPhrazes}
\d

2z
harne naun b target
. . .
*
. N .,
. -
- O‘ ’0‘
L]
. “ "
. *
. ., ¢
. .
. *
-
-

elerment

Minimal Spanning Tree
Chu-Liu/Edmonds algoritkim



4. Talak izstradata un praktiski pielietota DSL riku
bldvé Modelu transformaciju vadita arhitekttra (MDA)

Graph Diagram MV i =10
C# Graph Diagram — ra;: E:I T —— Dialog MM Dialog
i ra, lagram.omman ra lagramgeven H
Engine pLied e DialogEvent | [ DialogCommand Engine

1
"-L
\ / Database
Command Model Database MM Engine
The Main Head ransformations
Window Engine COI'EWM reviou
Multi-user
Multi-user MM ' i (::: ) @
Event Engine 0P
WK= enane Word I Domain MM

Repository

Pirmas publikacijas 2008, 2009,
bet 2010 detalizeétaka izstrade

J. Barzdins, S. Kozlovics, E. Rencis. The Transformation-Drivemn2 itecture.
Proc. of DSM’08 Workshop of OOPSLA 2008, Nashville, USA, 2008, pp. 60 — 63.
Engine for the Transformation-Driven Architecture. Proceedings of MDDAUI’'09
Workshop of International Conference on Intelligent User Interfaces 2009,
+J. Barzdins, K. Cerans, S. Kozlovics, E. Rencis, A. Zarins. A Graph Diagram 29
Sanibel Island, Florida, USA, 2009, pp. 29 — 32.



Graph Diagram A
Engine S

Head
Engine

TDA

Graph Diagram MM

sh

ema

Dialog MM

Repository

Dialog
Engine
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Presentation
Engine

Head
Engine

XML
Engine

Konkréts riks tiek ieguts:

Presentation MV Dialog MM

" Model

Dialog
Engine

ransformations

Datahase
Engine

i Database MM

o

Repository
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5. Realizéts art UNDO/REDO mehanisms:

Presentation

Engine Presentation MM Dialog MM E"f;::] %
Model
Head transformations
Engine ' Database
Database MM Engine
XML
Engine

#.._:-'—'_‘_‘-u_...‘

AN s

< .| Repository

Repository Proxy |€ >

Pl gt
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6. Izstradats grafisko riku definésanas
metamodelis un konfigurators

Pagaidam uz EMOF bazes

Pirma probléma, kuru nacas risinat — ka lietotajam saprotami definét
doto metamodeli

Nakama netriviala problema — ka precizi definét paplasinaSanas
punktus (Extension Points)

Un pedegji — ka uzbiveét lietotajam draudzigu konfiguratoru

Reizé arl tika identificétas ontologiju lietojumu priekSrocibas
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Tku definésanas metamodelis (fragments

Tool Definition Metamodel: The Core (Simplified)

GraphDiagramType

Key

name

name:String

Tool

name:String

defaultStyle| 1

first

1

Keyboard

0.1

ToolbarElement
name:String
picture:String
isVisible:Boolean

{ordered} %

Tool Definition Metamodel:

Extension Mechanism (Simplified)

[

RClickElement

PredefinedToolbarElement

]

AdvancedToolbarElement

Transformation

GraphDiagramStyle
layoutMode:Integer
my g 0..1]target {ordered}] * 0.1
source| * PaletteElement| | PopUpElement
ElemTvoe end {ordered} name:String name:String B
R yp picture:String isVisible:Boolean "'Aﬂer.t {ordered}
Created
n | After
PaletteLine Element {ordered}
1 1 Modified
ElemStyle optionalStyle 1 *
name:String . oElType EBI:rfr?;:t {ordered}
defaultStyle 1 start focusStalﬂ 0.1 W* Deleted
0.1 dEIType 1
CompartType AfterClick : 0.1
end name:String ComboBox ) choiceltemsGenerator
1 startValue:String ListBox
isinElement:Boolean
isinDialog:Boolean
isEditable:Boolean C:r:::;rt *
Created {ordered}
After 4 d*
new| 1.* Com_p.art {ordered}
Modified
EdgeTypeW 1|/dCompStyle 1/loCompStyle
NodeType
multiplicityConstraint:Multiplicity | €W
1 1.7 defaultStyle| 0.1 optionalStyle| *
Pair

startMultiplicityConstraint:Multiplicity
endMultiplicityConstraint:Multiplicity

name: String

CompartStyle
fontSize:Integer
fontColor:Integer




/. |zstradati metamodelu skatu definésanas
lidzekli (valoda un realizacija)

( Base metamodel N ( View metamodel
BaseNode | || .. 0..1 JI_ __ ViewNode _:
caption: String |1 'name: String
1 |node 1 :v_start 11|v_end
I I
* | |
edgeEnd : :
EdgeEnd : :
1|b _start 1 |b_end : :
I I
I I
I I
Weight b_estart|1 b _eend|1 v_es’lc_ar_t:_ _ Vv_eend!™ _
value: Integer weight 1 BaseEdge | || 0.1, ViewEdge !
unit: String 0.1 edge |isVisible:Boolean |1 label: String |
\_ AN
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8. “lzméginajuma trusttis’

UML galveno diagrammu redaktori:
*Klasu diagrammas
Lietojumdiagrammas

«Aktivitasu diagrammas

Lieto studenti GRADE vieta modeléSanas kursos

Skat. http://gradetwo.lumii.lv
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10. Praktiskie pielietojumi

*Projektu izvertéSanas DSL
un atbilstoSais grafiskais riks (ieguts ar masu platformu)

Valsts Socialas apdroSinasanas agentiras DSL

un atbilstoSais grafiskais riks (ieguts ar masu platformu)
un iekorporéts VSAA informativaja sistéma

Pirma publikacija:
J.Barzding,, K.Cerans, M.Grasmanis, A.Kalnin$, S.Kozlovi¢s, L.Lace, R.Liepin$, E Rencis, A.
Sprogis and A. Zarin$. Use of Domain Specific Modeling Language for Business Process

Management. Proceedings of 9th Workshop on Domain-Specific Modeling (DSM’08),

International Conference on Object-Oriented Programming (OOPSLA 2009), Orlando, Florida, USA,
October 2009.

Talak attistits un izvérsts variants:

J.Bicevskis, J.Cerina-Berzina, G.Karnitis, L.Lace, |.Medvedis and S.Nesterovs. Domain Specific
Business Modeling in Practice. Proceedings of the 9th International Baltic Conference on
Databases and Information Systems (Baltic DB&IS'2010), Riga, Latvia, July 5-7, 2010, pp. 61-7437



11. OWL 2 ontologiju izstrade un
verbalizéSana ierobezota latviesu valoda

Analitiskas (piem. anglu, vienkarsa morfologija) Sintetiskas (baltu un slavu)

Nodefinéta sintaktiski viennozimiga (deterministiski analizéjama)
latviesu valodas apakskopa, kura sobrid ir iespé&jams atainot
batiskakas OWL (“T-kastes”) un SWRL konstrukcijas

— Teikuma informacijas struktdra (vardu seciba) balstita zinamas un jaunas
informacijas analize koreferenCu noteikSanai un iespéjami dabisku
(intuitivi precizi interpretéjamu) teikumu sintézei

|zstradati ierobezotas latvieSu valodas automatiskas analizes un
sintézes lidzekli

— T.sk. pielaujot alternativu sintaktisko konstrukciju lietoSanu un nodrosinot
lietotaja ievadito teikumu parfrazéSanu sintaktiska normalforma

|zstradats prototips semantiski precizai diviimenu tulkosanai uz/no
OWL, par starpvalodu izmantojot nozare plasi zinamo Attempto
Controlled English (ACE)

— Tadejadi nodrosinot esoso, attistito ACE riku atkalizmantoSanas iespé€jas



OWL 2 ontologiju izstrade un verbalizéSana

lerobezota latviesu valoda

1. lkviens kadu dzivnieku édoss dzivnieks ir pléséjs.

2. Katra lauva ir plésona.

3. lkviens zalédajs ir dzivnieks, kas ed tikai kaut ko, kas ir augs vai kas ir auga dala.

4. lkviens garsigs augs ir kada zalédaja bariba.

5. Jebkas, kas ed kaut ko, ir dzivnieks.

6. Neviens dzivnieks nav augs.

1. Class: animal and (eats some animal) SubClassOf: carnivore

2. Class: lion SubClassOf: carnivore

3. Class: herbivore SubClassOf: animal and (eats only (plant or
(part-of some plant)))

4. Class: tasty-plant SubClassOf: nourishment-of some herbivore

5. ObjectProperty: eats Domain: animal

6. Class: animal DisjointWith: plant

1. lkviens dzivnieks, kas éd kadu dzivnieku, ir pléséjs.

2. lkviena lauva ir pléséjs.

3. lkviens zalédajs ir dzivnieks, kas ed tikai to, kas ir augs vai kas ir kada auga dala.

4. lkviens garsigs augs ir kada zalédaja bariba.

5. Tas, kas kaut ko ed, ir dzivnieks.

6. Neviens dzivnieks nav augs.

Plus par velti vél ieglstam tulkojumu kontrolétaja anglu valoda

izstrade

Manchester
OWL
Syntax

verbalizacija
(parfrazésana)
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Publikacijas (iznakusas) 1 (1)

J.Barzdins, G.Barzdins, K.Cerans, R.Liepins and A.Sprogis "UML Style
Graphical Notation and Editor for OWL 2", Perspectives in Business
Informatics Research, Lecture Notes in Business Information
Processing, Vol. 64, Springer, 2010, pp.102-114
http://www.springerlink.com/content/p780260u4u822t18/

J.Barzdins, G.Barzdins, K.Cerans, R.Liepins and A.Sprogis "OWLGrEd: a
UML Style Graphical Editor for OWL", Ontology Repositories and Editors
for the Semantic Web, Proceedings of the 1st Workshop on Ontology
Repositories and Editors for the Semantic Web, Hersonissos, Crete,
Greece, May 31st, 2010, 5 p.
http://sunsite.informatik.rwth-aachen.de/Publications/ CEUR-WS/Vol-596/
J.Barzdins, G.Barzdins$, K.Cerans, R.Liepins and A.Sprogis “OWLGrEd: a
UML Style Graphical Notation and Editor for OWL 2”. OWL: Experiences
and Directions, 7th International Workshop, San Francisco, California,
USA, 21-22 June 2010, 4 p.
http://sunsite.informatik.rwth-aachen.de/Publications/ CEUR-WS/Vol-614/

G.Bimans and K.Cerans. “RDB20OWL: Mapping Relational Databases
into OWL ontologies — a Practical Approach”. Proceedigs of the 9-th
BalticDB&IS’2010, Riga, July 5-7, 2010, pp.393-408

G.Bimans and K.Cerans. “RDB20WL: a Practical Approach for
Transforming RDB Data into RDF/OWL. Proceedings I-SEMANTIC,
September 1-3, 2010, Graz, Austria, 3p.
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Springer, 2010, pp.203-211
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Springer, Berlin/Heidelberg, 2010, pp. 697-708.
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requirements to code. In: Scientific Papers University of Latvia, Vol. 756,
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A. Sostaks. Pattern Matching in MOLA. Proceedings of the 9th International
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E.Rencis. Views on Metamodels: a Different Perception. Proceedings of the 9th
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September 7-10, 2009. Revised Selected, LNCS, Vol 5968, Springer,
Berlin/Heidelberg, 2010, 161-168.

J.Bicevskis, J.Cerina-Berzina, G.Karnitis, L.Lace, |.Medvedis and S.Nesterovs.
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International Baltic Conference on Databases and Information Systems (Baltic
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Papers University of Latvia, Vol. 756, Computer Science and Information
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University of Latvia, Vol. 756, Computer Science and Information Technologies,
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Promocijas darbi (doktoranti) projekta ietvaros
2010

1 darbs iesniegts un aizstavéts (A.Sostaks)
1 darbs iesniegts aizstavésanai (N.Grazitis)

4 grada pretendenti, darbi jaiesniedz aizstavésanai 2011.g.
(E.Kalnina, E.Rencis, S.RikaCovs, G.Bimans )

3 - otra un treS$a gada doktoranti (R.LiepinS, A.Sprogis, S.Kozlovics)

Kopskaita 9 doktoranti
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