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Anotacija

Darba ir izpetita atbilstiba starp metamodel&Sanas lidzekliem Eclipse EMF un
OMG EMOF, ka ar1 EMOF modifikaciju, kura tiek izmantota MOLA. Uz §is izpétes
pamata ir izstradati algoritmi, ka modelu datus parveidot atbilstosi metamodeliem.

Darba ir izstradats Eclipse ietvara spraudnis (Eclipse framework plugin) ar
kura palidzibu MOLAs modela dati var tikt parnesti uz EMF modeli. Spraudna

arhitektiira tiek aprakstita izmantojot klasu diagrammas.
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Abstract

Master’s paper describes differences between Eclipse EMF and OMG EMOF
modelling standards. MOLA, another metamodelling standard that is very similar to
OMG EMOF, also has been described. There has been developed the transformation
algorithm that can transfer data from MOLA to EMF.

There have been created Eclipse framework plug-in that realize above
transformation algorithm. Eclipse framework plug-in architecture is described using

class diagrams.
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AHHOTAIIMA

B wmaructpckoit pabote Obula ucCIEJOBaHA pa3HUIA MEXKAYy CpPEACTBAMHU
MetamonenupoBanus Eclipse EMF v OMG EMOF, a takke EMOF monudukanms,
KoTopas ucnonb3yercs B MOLA. Ha 0a3e eTux wucinegoBaHuii ObU1 BBIpaOOTaH
alTOPUTM, KOTOPBIM MOXKET MEPEeHOCUTHh AAaHHBIE U3 OJAHOM MOJAEIH B JPYTyIo,
COTJIACHO YKa3aHHBIM METaMOJICIISM.

B pesynprate pabotel Ob1 co3maH Eclipse framework plugin, ¢ moMormibio
KoToporo nanubie MOLA Monenu nepeHocuT B EMF mMozens, cOraacHO yKa3aHHBIM
MeTtamonesiM.  Apxutektypa Eclipse framework plugin onmcaHa WCHONb3Ys

AuarpamMmmy KJac OB.
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Autoreferats

Darba autors ir izstradajis algoritmus ar kuru palidzibu modela dati no MOLA
var tik parnesti EMF modeli. Ar klasu diagrammu pahidzibu tika paradita atbilstiba un
att€lojums starp MOLA modelesanas standarta koncepcijam un EMF modelesanas
koncepcijam.

Darba autors ir izstradajis Eclipse ietvara spraudni (Eclipse framework plugin)
kas realiz€ dotos transformacijas algoritmus.

Eclipse ietvara spraudnim ir izveidots intuitiva lietotaja saskame, ar kuras
palidzibu var &rti izvéleties transform&jamo (ieejas) MOLA modeli un nodefingt EMF
modela saglabasanas parametrus.

Var teikt, ka dotais Eclipse ietvaru spraudnis paplasina Eclipse platformu ar
jauno funkcionalitati — MOLA modela transformacija uz EMF modeli. Tada veida var
panakt vienkarsu MOLA valodas integraciju ar citiem EMF balstitiem modeléSanas

rikiem, piem&ram RSA4.
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levads

Modelu balstita izstradasana (MDD - Model Driven Development) modelis ir
galvenais artefakts programmatiras izstrades dzives cikla. MDD piedava modelu
transformaciju izpildiSanu un kodu generé$anas automatizaciju.

Modelesanas tehnologijas integracija nav trivials uzdevums, kaut gan eksisté
standarta valodas un datu apmainas standarti, jo ir nepiecieSams rikoties ar dazadam
valodam (standartiz€tam vai patent€tam, visparigam vai doménu specifiskam, un t@a
talak) un rikiem.

Galvenais mérkis ir atlaut metodologijas ekspertiem izstradat modeléSanas
rikus un valodas, un tad viegli saintegrét tos ar jau eksistéjosiem rikiem. Saja sakara,
Eclipse Modeling Framework (EMF) ir diezgan daudzsolosa tehnologija.

Pirmaja nodala ir aprakstiti MOLA, OMG EMOF, un EMF modeléSanas
standarti. Tik salidzinati augstak min&tie modeleSanas standarti.

Otraja nodala ir dots uzdevuma algoritma formals apraksts, ar uzsvaru uz datu
parveidoSanu

TreSaja nodala ir aprakstita praktiska realizacija — aprakstita lietotaja saskarne,
komentari par to ka ir programméts un ir doti dazi svarigako izmantoto tehnologiju
apskati.

Ceturtaja dala ir demonstracijas piemers. Demonstracija pieméra galvenais merkis
ir parliecinaties, ka ar $o jauno riku ir iesp€jama vienkarsa sadarbiba ar kadu citu

EMF balstitu model&sanas riku — $ai gadijuma ar RSA riku.
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1. Meta Modeléesanas valodas

1.1. Eclipse Modeling Framework (EMF)

1.1.1.  Eclipse platformas apskats

Elipse tika attistita no tradicionala integréta izstradaSanas rika (/DE) uz varenu
programmatiiras ekosistemu ar diezgan lielu atklata koda Iidzdalibu. Eclipse pamata ir
modelu balstits meta datu vadibas karkass Elipse Modeling Framework (EMF). Sis
karkass atvieglo atskirigu riku integrésSanu Saja ekosistema.

Eclipse priekstecis bija Visual Age IDE. 1990 gada /BM noléma atteikties no ST
rika talakas attistiSanas, jo, lai nodroSinatu jauno meta datu pieeju $aja vide, bija
nepiecieSams rakstit daudz jauna koda. Sakot no Visual Age 3.0 (tika izlaista 1999)

rika ieks$&jie meta dati tika vaditi ar meta modeliem. [2]

Eclipse platformas galvenas 1pasibas[8]:

e Platforma domata dazadiem izstradasanas rikiem un aplikaciju
veidiem.

e Valodu neitrala. Atbalsta iespeju darboties ar neierobeZota satura
tipiem. Piemé&ram, lai blitu iesp&ja izmantot ka izstradasanas riku
vairakam programmesanas valodam: HTML, Java, XML un ta talak.

e Veicina konsekventu un sakarigu riku integraciju gan lictotaja
saskarnes imenT, gan aplikacijas integracijas un sadarbibas [iment. Lai
butu viegli pievienot jaunus rikus jau eksistgjosam konfiguracijam.

e Platforma domata dazadam aplikacijam, ar grafisko saskarni un bez
tas.

e Pievilkt riku izstradataju sabiedribu. Popularizét Java valodu ka
galveno jauno riku izstradasanas valodu.

e Platforma, kas varetu tikt darbinata uz vairakam oper&taju sist€mam.
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1.1.2. Eclipse Modelésanas Projekts (Eclipse Modeling
Project)

Eclipse Modelesanas Projekta galvenais merkis ir veicinat modelu balstitas
izstradasanas tehnologijas uz Eclipse platformas. Tas sastav no vairakiem karkasiem,

rikiem, un standartu implementaciju[4].

1.1.2.1. Infrastruktiras projekti

Eclipse Modeling Framework (EMF)

Modelésanas karkass ar koda generacijas iespéju. EMF galvenais mérkis -
nodro§inat sadarbibas iespgjas pamatus dazadiem FEMF balstitiem rikiem un

aplikacijam.

Graphical Modeling Framework (GMF)

Nodros§inat generativo infrastruktiru, lai veidotu grafiskus redaktorus kas ir

buvetas uz EMF un GEF bazes.

Model Driven Development integration (MDDi)

Izveidot paplaS§inamus karkasu un paraugu rikus riku integracijai Eclipse
platforma. Sis karkass, formaliz&jot operacijas ar modeli, atvieglos riku integraciju,
piem&ram, modelu transformacijas, modelu validesanu. Ka ari, tas piedava lidzeklus

lai var€tu apmainities ar modelu semantikam.

Model repositories

iDO§

P @ Sl
ARERSEEESTS Walidation tod s

Sirnulation tod=

Text generators

Renode or mon Eolipse-based
rrodeling ools

Attels 1.1. Model Driven Development integration projekta arhitektiira[5].
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1.1.2.2. Industrijas standarti

Unified Modeling Language (UML?2)
EMF balstita UML2 meta modelu implementacija.

Object Constraint Language (OCL)

Define API OCL izteiksmes sintaksei, lai veidotu vaicajumus un

ierobezojumus.

XML Schema Infoset Model (XSD)
Rekomendacijas biblioteka, kas piedava AP/, lai darboties ar W3C XML

Schema.
XML Schema Infoset Model

o Toalzs Handling
Applications ®ML Schernas

]

=} HhL Schemas
R
®5D InfosetMadel |
¥
(: Walidating Parser (4eres } | EMF Ruriirme |
Legend:

R - For Application Runtime
T - For Execution Of Tool Time

Attels 1.2. XML shémas infoset modelis.

EMF Ontology Definition Metamodel (EODM)
RDF(S)/OWL Ontology Definition Metamodel (ODM) meta modelu

implementacija izmantojot EMF ar dazam papildu iesp&jam: parsing, secinajumi,

modelu transformacijas un redigésanas funkcijam.

10
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1.1.2.3. Tehnologijas un Pétijjumu projekti

Java Emitter Templates (JET)

Piedava kodu generéSanas karkasu un Iidzeklus EMF videi. JSP lidzigas
veidnes datnes (femplate files) varétu but redigéti un transforméti uz jebkadu koda

(source) artefaktu. Piem&ram, Java, HTML, vai XML datn&m.

Model Query (MQO)

Modela elementu mekleéSana un iegliSana.

Model Transaction (MT)

Piedava modelu vadibas karkasu uz EMF bazes, lai parvaldit EMF resursus.

Validation Framework (VF)

Piedava modelu ierobezojumu definicijas, navigacijai un novertgjumus

modelu validacijai.

Generative Modeling Tools (GMT)

Petijumu orientéts projekts kas koncentr€jas prototipu izstradasSana Model

Driven Engineering (MDE) sfera.

11
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1.1.3. EMF Ecore

Ecore ir EMF meta modelis. Meta modelis tiek izmantots, lai veidotu modelus

EMF vide. Ecore defing pati sevi.

«Javalnterface»
Notifier

I

«Ja\.»alnter%ace»
EObject

+ eClass ( ) : EClass

+ eResource ( ) : Resource

+ eContainer ( ) : EObject

+ eContainingFeature ( ) : EStructuralFeature

+ eContainmentFeature ( ) : EReference

+ eContents ( ) : EList

+ eAllContents ( ) : Treelterator

+ elsProxy ( ) . boolean

+ eCrossReferences ( ) : EList

+ eGet ( [in] feature ; EStructuralFeature ) : Object

+ eGet ( [in] feature ; EStructuralFeature , [in] resolve : boolean ) . Object
+ eSet ( [in] feature : EStructuralFeature , [in] newValue : Object ) : void
+ elsSet ( [in] feature : EStructuralFeature ) . boolean

+ eUnset ( [in] feature : EStructuralFeature ) . void

Attels 1.4. EObject klases definicija [10].

EObject ir pamatobjekts ECore, lidzigi ka Object Java valoda. Visi EMF
objekti implement EObject saskarni. Ar eClass() metodi vienmér var uzzinat dotas
klases meta klasi. Ar eResource() metodi var atrast to resursu, kur atrodas dotais

objekts. Resurss ir glabsanas mehanisms dotam objektam.

12
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Magistra darbs “EMF un EMOF metamodelesanas standarti, to integracija valoda MOLA”

EObject
f:‘\._.
| EModelElement |
LI;
| |
EFactory ENamedElerment
| | |
EFackage EClassifier EEnumLiteral ETypedEkment
EClass EDataType ! EStucturalFeaiure EOperation EParameter

I

!

[ Bj
EEnum EAtribute EReference

Attels 1.5. ECore hierarhija [10]

EMF ir diezgan vienkarsa fikseta veidoSanas struktiira:
e FEPackage var saturét apakspaketes un klasifikatorus (EClass
EDataType).
o FEClasses var saturet EAttributes, EReferences un EOperations.

e EOQOperation var saturét EParameters un ta talak.

Vienigais izn€mums ir EAnnotation.

Pavels Bubens, DatZ000154
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Magistra darbs

EModelElement

[ )

+eModelElement

+eAnnotations

+ getEAnnotation(source : String) : EAnnotation

[

&
|

EAnnotation

“EMF un EMOF metamodelesanas standarti, to integracija valoda MOLA”

+eFactorylnstance

dElement

+ source : String
+ details : EStringToStringMapEntry

EFactory

+name : String

+ create(eClass : EClass) : EObject
+ createFromString(eDataType : EDataType, literalValue : String) : EJavaObject
+ convertToString(eDataType : EDataType, instanceValue : EJavaObject) : String

P

+ many : boolean
+ required : boolean

+ getClassifierID() : int

+ isInstance(object : EJavaObject) : boolean

* 9

+ePackage 1
ETypedElement EClassifier EPackage
+ ordered : boolean = true + instance ClassName : String + nsURI : String
+ unique : boolean = true +eType |+ instanceClass : EJavaClass + nsPrefix : String
+lowerBound : int + defaultValue : EJavaObject
+ upperBound : int = 1 0.1 etEClassifier(name : String) : EClassifier

4

’ t +eSubpackages 0.n

+eOpposite 0.1

0.n| +eClassifiers +ePackage +eSuperPackage
A +eExceptions | 0..n
| 1
_EOpera(ion __EParame(er I ‘
—
1
EClass
Q +eOperation 0.n EDatElYRe
o.nl 0.n + abstract : boolean + serializable : boolean = true
- - +eParameters +interface : boolean
+eOperations +eContainingClass +isSuperTypeOf(someClass : EClass) : boolean A
+ getEStructuralFeature(featurelD : int) : EStructuralFeature 0.n 1 =
+eAllOperations + getEStructuralFeature(featureName : String) : EStructuralFeature EEnumLiteral
0 +value : int
+ instance : EEnumerator
1 | +eReferenceType
teAliStucturalFeatures +eContainingClass +eSuperTypes
n
+eLiterals |0..n
E StructuralFeature
+eStructuralF eatures +eAllContainments +eAllSuperTypes

+ changeable : boolean = true 0.n
+ volatile : boolean EReference +eAttributeType
+ transient : boolean + containment : boolean o.n
+ defaultValueLiteral : String + container : boolean = +eEnum 0
+ defaultValue : EJavaObject + resolveProxies : boolean = true +eAllReferences EEnum
+ unsettable : boolean 0..n
+ derived : boolean +eReferences

+ getEEnumLiteral(name : String) : EEnumLiteral
+ getEEnumLiteral(value : int) : EEnumLiteral

+ getFeatureID() : int 0..n +eAllAttributes
+ getContainerClass() : EJavaClass EAttribute 0.n +eAttributes
108 (el 0.1 +elDAtribute

Attels 1.6. Ecore implementacija [10]

ECore galvenas koncepcijas[11]:

EPackage. EPackage tiek izmantots, lai grup&tu saistitas klases un datu

tipus, kas atvieglotu modelu uztveri un parvaldibu.

EClassifier. ©EClassifier ir tipu apraksts FECore. Jebkurs

EClassifierirEClass vaiEDataType.

EClass. EClass ir viens no fundamentalakiem objektiem ECore.

EClass var but abstrakts vai konkréts. Ir nodroSinata mantosanas koncepcija.

Pavels Bubens, DatZ000154 14
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EDataType. EDataType ir ne ECore tipu apraksts. Tas var bt vai

primitivs tips, vaiJava Class, kur§ ir nodefinéts arpus ECore modela, vai arT EEnum.

Tabula 1.1. Java valodas tipi ick§ ECore [12]

Ecore Data Type Java Type Serializable
EBoolean boolean ja
EByte byte ja
EChar char ja
EDouble double ja
EFloat float ja
EInt int ja
ELong long ja
EShort short ja
EBooleanObject java.lang.Boolean ja
EByteType java.lang.Byte ja
ECharacterObject | java.lang.Character ja
EDoubleObject java. lang.DoubleObject | ja
EFloatObject java.lang.Float ja
EIntegerObject java.lang.Integer ja
ELongObject java.lang.Long ja
EShortObject java.lang.Short ja
EString java.lang.String ja
EJavaObject java.lang.Object né
EJavaClass java.lang.Class ja

EEnum. EEnum tas ir tips, saraksts ar EEnumLiterals.

EStructuralFeature. EStructuralFeature apraksta elementu
kas pieder dotajam klasei. Tas var@tu but vai EAttribute, vai EReference.
Jebkuram EAtributes un EReference ir tips. Sim elementam ari var bit

nodefin€tas vairakas Tpasibas, pieméram, lowerBound, upperBound.

15
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EOperation. EOperation ir elements kas apraksta kadu no metodém

no $is klases.

EAnnotation, Anotacijas izveido mehanismu ka pievienot papildu
informaciju jebkuram objektam modeli. Pieméram, saistiba ar to, ka MOF i daudz
bagataks metamodelis neka EMF un lai nebiitu informacijas zudumi. EAnnotation

ir viens atribits “source”, kas atspogulo EAnotation tipu. Piemeéram, “keyword”.

EStringToStringMapEntry. EAnnotation izmanto
EStringToStringMapEntry lai glabatu papildu informaciju par kadu EMF
klasifikatoru. EAnnotation ir nodefingts saraksts ar
EStringToStringMapEntry. EStringToStringMapEntry ir divi atribiiti
atslega un  vertiba.  Attiecigi pec td  atslega var atrast doto

EStringToStringMapEntry dotaja EAnnotation saraksta.

16
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1.2. MOLA(MOdel transformation LAnguage)

MOLA modelu transformacijas valoda tika izstradata Latvijas Universitate.

Galvenais MOLA merkis ir izveidot viegli lasamu grafisku transformacijas valodu

[14].

Lidzigi, ka vairakam citam modelu transformaciju valodam, MOLA tiek

izmantots ieejas (source) un izejas (farget) meta modelis. Valoda MOLA gan ieejas,

gan izejas meta modelis tiek att€loti viena klaSu diagramma. Strukturg$anai var tikt

izmantotas paketes. MOLA valoda izmantotais meta modelis ir stipri Iidzigs OMG

EMOF, tikai ar daziem ierobezojumiem[14].

0.1 metamndelﬁ

[ nesting

nested

ClassDiagD
nare : String

Package
narme : String

package

ow nedMember

1

<enumeration s
Primiti &
True

False

0w ner

—

referencesﬁ e N

pat_referenced \*

*

Class

Association

narme : String 1
is&bstract: Boolean
isTarget : Boolean 1
isSource : Boolean
is Prirnitic & : Primitiv e

source

target

startRole : String

= |endRale: String

startCard : String
endCard : String
isCompositeEnd : Boolean
isCompositeStart : Boolean
isMapping : Boolean
isCrderedStart : Boolean
isOrderedEnd : Boolean
isMavigable Start : Boolean
isMavigableEnd : Boolean

Generalization

=

to
IClazsElement

referenced ? ’j
e

+ special
attribute | {grd=true}
;i Enum eration
Atribute m
name : String - Y {ord=true}
type : String 1 Y ow ner i
attrCard : String ow hedLiteral

Attels 1.7. MOLA meta modelis[15].

EnumerationLiteral

narme : String

*

o oo om0

Specialas attelojuma (mapping) asociacijas tiek izmantotas, lai sasaistitu

atbilstodas klases ieejas un izejas meta modelos. Saja zina, tas ir lidzigi ka relacijas

koncepcija citas transformaciju valodas — lai nostrukturizétu transformaciju un

nodokumentetu transformacijas tras€jamibu. Ja ir nepiecieSams glabat starpposma

datus, tad var tikt pievienoti slaicigas (temporal) klases un asociacijas.

17
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1_| Classifier

Source Metamodel (simplified UML)

: A typg | name : String
UPEU ( Association
Aftribute . name - Sing
name - Siring —
is_primary - Boolean |Pr|m|tweDataT-,rpe| * |forward < linherForward * * | reverse
1 * *Tattrg * |inherAtir
mergedAtir
inherOw ner| * src 1 inherSrc| * megedSrc | 0.1 dest, |1
1 | Class
ow ner | 15_persistent . Boolean
0.1
1 * | child 01T parent
#classToTable | 0.1 Target Metamodel
-~ : 3
0.1 [Table [eferences (simplified SQL})

name :
#attributeToColumn | ©  pkey J,* e

Column
Type . owing

name - String

* ’[cols

tring|

1| ow ner

cols

*

=L

FKey
. 1temp_name_prefi . String[U.. 1]
fkeys

0_1|foreignkey

Attels 1.8. Kombingtie ieejas un izejas meta modeli iek§ MOLA [14].

Pati par sevi transformacija tieck nodefineéta ar vienu vai vairakam MOLA

diagrammam.

*

(TransCIoselnherilance(D
I

| B

13

¢ Class
{is_persistent=true}

e e ]
#classToTable | name:=@c name &

I i o e

Avi
i-__—_- ™
6 |@CZ Class | megedSrc [assoc. Associaton]
e
4

\vi

C -
[@ #classToTable it._'@lg | J

v

[l@c: Class i

mergedAtr i aftr: Attrihutel ]

( ProcessAttribute{@attr:Attribute, @t:Table,"") }

( CompleteForeignKeys() )

( ProcessAssociation(@assoc:

Association,@t:Table, ))

®

Attels 1.9. MOLA transformacija programmas piemérs [14].
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MOLA riki[14]

MOLA rikiem ir divas dalas:

e Transformaciju definésanas vide (Transformation Definition Environment)

e Transformacijas izpildes vide (Transformation Execution Environment)

Metamodels

MOLA Transformation
Definition
{MOLA program)

i ——

Models
(PIM, PSK)

MOLA transformation

¢ Sxecution »

Repository (relational DB)

Attels 1.10. MOLA riku shema [14].

Abas vides izmanto kop€jo izpildes laika repositoriju un patreiz ta ir relaciju

datubaze.

Lai vienkarSotu darbibu ar MOLA, tad prakse tiek izmantots MOLA kod&juma

Generic Modeling Framework (GMF)

(M2 level)
MOLA MOLA MOLA
Diagram editor| MM editor Compiler

Generic Modeling Framework (GMF)

(M1 level)

MOLA VM

ModelEditor

Diagrammatic Model tree based

MOLA Transformation
Definition Environment
(MOLA TDE)

MOLA Transformation
Execution Environment
(MOLA TEE)

meta modelis. Saja zina, tas ir kla§u diagramma plus datubazes definicija.
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Magistra darbs

“EMF un EMOF metamodelesanas standarti, to integracija valoda MOLA”

models 1 MetaModel
1 Model * metamodel | meta_model_id : Integer
model | model_id :.Integer 4_| name : String metamodel
name : String 1
1 metamodel 1 |metamodel
model 1 |metamodel 1 |metamodel
1 [model
packages |*
instances|* classes |* Package
Classinstance instance 1 MetaClas s 0..1] name : String
class_inst_id : Integer | * class | meta_class_id : Integer * packagé | meta_pack id : Integer
1 1 1 1 classist !s_abstract: Boolean arent 0..1] package
source is_source : Boolean
target . i 0..1
is_target : Boolean .
T o child
name : String "
is_root : Boolean
17class 1 7source 1 [target
ow nedAttribute|*
* MetaAttribute enumerations | *
attributes| meta_attr_id : Integer -
slot [* name : String MetaEnum e‘ratlon
L + | Attributelnstance type: Type meta_enum_{d : hteger
attr_inst_id : Integer| instance 1.] cardin : Cardinality enum_name : String

value : String

*

links| * in|* out|*

Associationinstance| instance

associations

attribute | isinherited : Boolean

*

*

outAssoc | inAssoc

value : String

1

assoc_inst_id

: Integer | =

association

MetaAssociation

meta_assoc_id : Integer
source_role : String
target_role : String
source_cardin : Cardinality
target_cardin : Cardinality
isMapping : Boolean
isNavigableStart : Boolean
isNavigableEnd : Boolean
isOrderedStart : Boolean
isOrderedEnd : Boolean
isCompositeStart : Boolean
isCompositeEnd : Boolean
is_inherited : Boolean

integer
string
boolean
enum

<enumeration>
Type

c01
c1

inheritanceSource) | ¢0_St
c1_St

<enumeration>
Cardinality

Attels 1.11. MOLA kod&jumu meta modelis.

Pavels Bubens,

DatZ000154
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1.3. OMG EMOF meta modelis

MOF (Meta Object Facility) ir adoptets OMG (Object Management Group)
standarts piedava meta modeleéSanas karkasu modelesanai, dazadus meta datu
servisus, lai veicinatu modelu izstradasanu un sadarbspgju. MOF tiek izmantots
vairakas sféras: model€sanas un izstradasanas riki, datu glabatuvju sisttmas, meta
datu repository un ta talak.[16].

MOF ir pamatmehanisms modelu vadita arhitektura (MDA). Galvena MOF ideja —
ka ir nepiecieSsama vairak neka viena modeléSana valoda. Lai biitu iespgja veidot
modeléSanas valodu atskirigiem sist€mas aspektiem un abstrakcijas ITmeniem.
Pieméram, dazadas modelesanas valodas prasa dazadas modelesanas konstrukcijas:

e relaciju datu modelesana prasa tadas koncepcijas ka table, column, key un ta

talak.

* workflow modelesana ir svarigi, lai biitu tadas koncepcijas ka task, performer,

split, join un ta talak.

e klasiska objektu orientetas klaSu modeléSana ir nepiecieSami class, attribute

un ta talak.

Pedgja standartu versija ir MOF2. Viena no svarigakajam MOF2 izmainam ir tada,

ka tagad MOF2 un UML2 koplieto UML?2 infrastruktiiras biblioteku.

MOF2 modelis sastav no divam paketém:
o Essential MOF (EMOF)
e Complete MOF (CMOF)

1.3.1.  Essential MOF (EMOF) modelis

EMOF ir apakskopa no MOF, kas tuvu atbilst tam iesp&jam kuras ir atrodamas
XML un objektu orienttas valodas. EMOF meérkis ir vienkarSu meta modelu
defin€Sana izmantojot vienkarSas koncepcijas. EMOF modelis apvieno (merge) Basic
paketes no UML2 un ieklauj papildu valodas hidzeklus ar kuriem ir nodefingtas
specifikacijas. EMOF modelis apvieno Reflection, Identifiers, un Extension paketes

lai nodro$inatu atklasanas, manipuléSanas, identifikacijas un meta datu paplasinasanas
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servisus. EMOF ir nodefinéts ka CMOF modelis, kaut gan pilns atbalsts prasa, lai
EMOF defingtu pati sevi [16].

—1 I —

Basic Commaon
fom Logical View)

) A 4\
| go= <:=:merg,e.’-«:f>/

P o L
// Identifiers
| /!

::-=:im[[o|—_:=-}
-::-::l'\'IE

fom Logical View)

<<l ?:-::».—-"":5?
merge=

EMOF P

(from Logical View)

e =Emerge=»
— 3] -
— Reflection
\\ (from Logical View)
:c:mB@E:::»

Extension
(from Logical View)

Attels 1.12. EMOF modelu apskats [16].
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NamedElement

Attels 1.13. EMOF Packages [16].

name : String
Package +package +owned Type Type
uri ; Strin
g 0..1 1
+nestingPackage
0.1
+nestedPackage
0.+

Class

ishbsiract - Boolean = false

Attels 1.14. EMOF Classes [16].

MultiplicityElement
Tyned Benent \sOr;Iered Boolean = falss
isnique : Boolean = trug
lower - Integer=1
upper : UnlimitedMatural =1
Property
isRead Only - Bodean =fals
8BS nedatribute |defaut:Sting o 1) 1
S isComposite  Bookean = false
rdered} * j
. B 0. isDerived : Boolean =fal= fpposte
isiD -Boolean 0.1
MultiplicitySiement TipedEiement MultiplicityElement TypedElement
o+
aperClas
Cperation operation  ownedParameter [ pammeter
dass ownedOperatior ey
= {fordered} p_+
0.1 {ordered} p_4
raissdException  0.* Tipe
o
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Named Ele ment

name : String

Type

+ isinstance(element : Object) : Boolean

DataType

[ ]

+enumeration  yownedLiteral

PrimitiveType

Enumeration

g EnumerationLiterml
0.1 {ordered} 0.

Attels 1.15. EMOF Data Types [16].

TypedElement

Element
el
0.1
0.t +ownedComment
NamedElement +annotatedElement Comment
name : Sting iy body : String
+type Type
0.1 isinstance(element : Object) : Boolean

Attels 1.16. EMOF Types [16].
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1

Basc

T

<<imp+n>>

—

/\

Eiement

getvietaClasg): Class

container() : Element
equalsielement : Objed): Boolean
gefproperty : Property) : Object
set(propeny : Property, value : Object)
isSetiproperty : Property) : Boolean
unet(property - Poperty)

i

NamedElement

Factory

Reflection
(from Logical View)

create(metaClass : Class) : Element

createFomString(dataType : DataType, string : String) : Object
convertToString(dataType : DataType, object : Object) : String

package

Type

+ ignstance pbject : Object) : Boolean

Attels 1.17. Reflection package [16].

o -

1

Package
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1.3.2. MOF Meta Iimeni (Metalevel)

M3 limenis.

M3 Timenis ir MOF, kuras elementi ir MOF konstrukcijas, kuras ir piedavatas
meta modelu defingSanai. Dotas koncepcijas ieklauj sevi Class, Attribute, Association
un ta talak. Konceptuali ir tikai viens MOF'. Biezi to sauc par meta-metamodeli. MOF

apraksta pati sevi.

M2 limenis.
Meta modelis, nodefin€ts ar MOF konstrukcijam. Pieméram, UML, CWM. M2

konstrukcijas ir M3 konstrukcijas instances.

M1 limenis.
Modeli, nodefinétas ar M2 meta modelu konstrukcijas instancém. Piem&ram,

klase “Customer”.

MO0 limenis.

Objekti un dati, M1 konstrukeiju instances. Piemeram, konkré&ts klients Joe.
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M2

M2

M1

M0

1 -is_captured_in

@ MOF
- is_captured_in i : - is_captured_in
@ UML Metamodel & ER Metamodel
17 -is_captured_in 1 - is_captured_in
@ UML Model @ ER Model
17 -is_captured_in 1 -is_captured_in
@ UML Model Instance © ER Model Instance

Attels 1.18. MOF meta Iimenu koncepcija.
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1.4. Meta modelésanas standartu salidzinajums

Sajé nodala tiek salidzinati EMOF, MOLA, un EMF meta modeléSanas standarti.

Tas ir domats ka pamats modelu transformaciju algoritmiem. Tiek atrastas galvenas

ekvivalentas koncepcijas katra meta modeléSanas valoda.

Meta modelesanas konstrukcijas salidzinajums notiek M3 limeni. Tiek
salidzinatas meta modelésanas konstrukcijas EMF, OMG EMOF, MOLA KMM
modelésanas valodas. Ka jau bija teikts, MOLA KMM ir MOLA kodgjuma meta

modelis.

Meta modelesanas konstrukciju salidzinajums.

Tabula 1.2. Svarigako koncepciju salidzinasanas tabula.

EMF OMG EMOF MOLA KMM
EPackage Package Package

EClass Class MetaClass

EEnum Enumeration MetaEnumeration
EDataType DataType Type

EAttribute Property MetaAttribute
EReference Property MetaAssociation
EENumLiteral EnumerationLiteral | MetaEnumeration
EOperation Operation neizmanto
EParameter Parameter neizmanto
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1.4.1.

EPackage

Tabula 1.3. EPackage atribiitu un asociaciju specifikacija.

Atribiits Apraksts
name paketes nosaukums
nsURI paketes Namespace URI
nsPrefix Namespace prefikss
eClassifiers Klasi, enumeration un datu tipi §aja pakete
eSubpackages Ieklautas paketes

Tabula 1.4. EPackage atribiitu un asociaciju atbilstibas salidzinajums.
EMF OMG EMOF MOLA KMM
name name name
eClassifiers ownedType classes
eSubpackages nestedPackage packages
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1.4.2. EClass

Tabula 1.5. EClass atribitu un asociaciju specifikacija

Atributs Apraksts

name Nosaukums

instanceClass Instances tips. null apzimé dinamisko klasi.
defaultValue Noklusgta vertiba

abstract abstract atslegvards

interface interface atslegvards

eAttributes Sis klases atribati

eReferences Saistitas asociacijas

eOperations Sis klases operacijas

eSupertypes Sis klases supertips

Tabula 1.6. EClass atribiitu un asociaciju atbilstibas salidzinajums.

EMF OMG EMOF MOLA KMM

name name name

abstract isAbstract is abstract
interface neizmanto neizmanto
eAttributes ownedAttribute ownedAttribute
eReferences ownedAttribute outAssoc
eOperations ownedOperation neizmanto
eSupertypes superClass parent
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1.4.3. EDataType

Tabula 1.7. EDataType atribiitu un asociaciju specifikacija.

Atributs Apraksts

name Nosaukums

instanceClass | Instances tips. nul/l apzZimé dinamisko klasi.

defaultValue | Nokluséta vértiba

serializable |Jaserializableir false tad visiatributiir transient
Tabula 1.8. EDataType atribiitu un asociaciju atbilstibas salidzinajums.

EMF OMG EMOF MOLA KMM

name name name

instanceClass type type
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1.4.4.

EAttribute

Tabula 1.9. EAttribute atribiitu un asociaciju specifikacia.

Atribiits Apraksts

name Nosaukums

eType Atribiita tips, jablit EDataType

changeable Apzimé vai atribiits varétu biit modificéts. Gadfjuma, kad
changeable ir false, tad set() metode nav nogeneréta
dotam atribiitam.

volatile Apzimé vai atribiits var nokesot (to be cached). Ja, volatile ir
true, tad nogeneréta klase nav tadu atribiitu, un atbilstoSas
get() un set() metodes ir tuksas.

transient Apzim& vai ir nepiecieSam doto atribitu saglabat. Ja,
transient ir true, XMI serializetais ignor€s doto atribiitu.

unique Apzime vai vargtu but vienadas vertibas ieks dota atribiita.

defaultValue | Nokluséta vértiba.

lowerBound Iespaido uz required atribiitu. Ja, upperbound ir 0, tad
required atribiits ir false. Savadak ir true.

upperBound Iespaido uz many atribiitu. Ja, upperBound ir 1, tad many
atributs ir false. Savadak ir true.

many Apzime vaitas ir vairak vértibu atribiits vaine.

required Apzime vai atribiits ir obligats vai ne.

unsettable Apzimé vai atribiits varétu but unset.
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Tabula 1.10. EAttribute atribiitu un asociaciju atbilstibas salidzinajums.

EMF OMG EMOF MOLA KMM

name name name

eType type type

changeable isReadOnly neizmanto

volatile isDerived neizmanto
transient isDerived neizmanto

unique isUnique neizmanto
defaultValue default neizmanto
lowerBound lower cardin.lower
upperBound upper cardin.upper
many upper > 1 cardin.upper >
required lower >= 1 cardin.lower >= 1
unsettable lower == 0 cardin.lower == 0
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1.4.5.

EReference

Tabula 1.11. EReference atribiitu un asociaciju specifikacija.

Atribiits Apraksts

name Nosaukums

eType Referensu tips.

changeable Apzimé vai reference varétu but modificéta. Gadijuma, kad
changeable ir false, tad set() metode nav nogeneréta
dotai referencei.

volatile Apzime vai atribiits var nokeSot (to be cached). Ja, volatile
ir true, tad nogenerétai klasei nav tadu atribiitu, un atbilstoSas
get() un set() metodes ir tuksas.

transient ApzZim&€ vai ir nepiecieSam doto atribiitu saglabat. Ja,
transient ir true, XMI serializ€tais ignorés doto
reference.

unique Apzime vai var&tu but vienadas vertibas iek$ dota reference.

defaultvValue Nokluseta vertiba.

lowerBound Iespaido uz required atribiitu. Ja, upperbound ir 0, tad
required atribiits ir false. Savadak ir true.

upperBound Iespaido uz many atribiitu. Ja, upperBound ir 1, tad many
atributs ir false. Savadak ir true.

many Apzime vai dota reference ir vairakas vértibu vaine.

required Apzime vai reference ir obligata vaine.

containment Apzime vai reference ir konteinera tipa (container) semantika.
Piem@ram, ja objekts tika pievienots jaunam konteineram, tad
objekts automatiski tika aizvakts no veca konteineri.

container Apzimé vai reference ir konteineris. Tas ir pretstats
containment.

resolveProxies | ApzZimé vai proksi var automatiski risinaties (resolve)

eOpposite Apzime otro galu iekS dotairelaciai.
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Tabula 1.12. EReference atribiitu un asociaciju atbilstibu salidzinajums.

EMF OMG EMOF MOLA KMM

name name target role

eType type type

changeable isReadOnly neizmanto

volatile isDerived neizmanto

transient isDerived neizmanto

unique isUnique neizmanto
defaultValue default neizmanto
lowerBound lower cardin.lower
upperBound upper cardin.upper

many upper > 1 cardin.upper >
required lower >= 1 cardin.lower >= 1
containment lower == 0 cardin.lower == 0
container container neizmanto
resolveProxies neizmanto neizmanto

eOpposite opposite target
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2. Transformaciju algoritma formals apraksts

Darba ir izstradats Eclipse ietvara spraudnis (Eclipse framework plugin) ar

kura palidzibu MOLAs modela dati tiek parnesti uz EMF modeli.

M3
O MOLA @ ECore

17 is_captured_in i - is_captured_in

M2
© MOLA Metamodel ® EMF Metamodel
17 -is_captured_in 17 -is_captured_in
L
; ,«U§é>> <<Insi£5ﬁtia,t§ #
M1 st S
£ A
& MOLA Model @ EMF Model

Attels 2.1. Meta modelu salidzinajums dazados meta Iimenos.

Ka redzams no attela 2.1. MOLA modelis ir MI Ilimena modelis.
Transformacijas rezultata tiek izveidota ekvivalents EMF modelis. Saja zina, MOLA
meta modelis ir ieejas (source) meta modelis. Bet, EMF meta modelis ir izejas
(targef) meta modelis.

Tik pienemts, ka MOLA meta modelis un EMF meta modelis ir [idzvertigi.

Algoritmam ir nepiecieSami sekojosi ieejas parametri:
e Parveidojamais modelis valoda MOLA.
e EMF meta modelis kas ir [idzvertigs parveidota modela meta modelim.
e Referensu serializacijas algoritms.

e [zejas datnes nosaukums. Kur saglabat jauno EMF modeli.
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Algoritma seciba tika aprakstita ar sekojoSu aktivitates diagrammu:

Izveidot klasifikatorus

Izveidot atribltus

Izveidot asociacijas

Saglabdt ¥MI resursd

Attels 2.1. Transformacijas algoritma aktivitates diagramma.
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2.1. Izveidot klasifikatorus

ST etapa galvenais mérkis — katrai MOLA ClassInst instancei izveidot
ekvivalentu EMF klasifikatoru.

Tiek veikta iteracija pa visiem objektiem pa apstradajamo ieejas MOLA
modeli. Katrai MOLA klasei tiek izveidots ekvivalents klasifikators EMF pasaulg.

Attela 2.2. ir paradita izveidot klasifikatoru aktivitates diagrammu.

Sanernt ClassInst

Atrast MetaClass

Afrast ekvivalento klasifilkatoru EMF pasauls

[definéts izejas EMF meta modeli] [definéts ECore model]

Izveidot klasifikatoru ar izejas EMF mieta modelu EFactory Izveidot klasifikatons ar EcoreFactory

Attels 2.2. Izveidot klasifikatoru aktivitates diagramma.
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2

<EMF»
Mol
© EPackage ) I\:etgi“;:) del - metamodel

1
1 - metamaodel

* | - eClassifier * |- classes
«EMF» «Molas
G EClass © MetaClass
5 name 5 name
1 /0 eclass Y
- class
* * 0
11 e Petance instance

«Molas

<EMF, implicits
= © ClassInst

© EClassInstance

* L instances

*
104 model

«Molas - models
© Model

Attels 2.3. Izveidot klasifikatoru konceptuala diagramma (klasifikators

ir definéts izejas EMF meta modeli).

Attela 2.3. var redzet izveidot klasifikatoru konceptuilo diagrammu. Saja
diagramma, var redz&t svarigakas koncepcijas MOLA un EMF pasaule. Specialas
ati€lojuma (mapping) asociacijas tiek izmantotas, lai sasaistitu ekvivalentus
koncepcijas dazados meta imenos.

Transformacija notiek M/ limeni, katram MOLA ClassInst objektam ir
veidots ekvivalents EClassInstance objekts. EClassInstance ir konceptuala
klase ar implicit atslegvardu (keywords), un apzimé MI Iimena EObject objektu
kurs ir atbilstoSa M2 limena EC1ass instance.

Lai izveidotu jauno EClassInstance ir nepiecieSams atrast ekvivalentus
klasifikatorus M2 lmeni. Ka ir redzams attela 2.3., MOLA MetaClass atbilst EMF
EClass. Ir jaatceras, ka EClass ir M2 mena objekts, un, dotaja diagramma, parstave
nevis konkréto £Class objektu ka tadu, bet tos visus klasifikatorus kuri ir nodefin&ti
izejas EMF meta modeli (Saja diagramma tas ir EPackage). L1dzigi ir ar MOLA M2
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[imena koncepcijam, kur, pieméram, MOLA MetaClass reprezent® klasifikatorus
nodefingtus ieejas MOLA meta modeli.

EClass meklesana notieck ar getEClassifier() metodi no EPackage
klases. Ka parametrs tiek dota atbilstoSa MetaClass atribiita name vertiba. Lidz
ar to, ka ieejas un izejas meta modeli ir lidzvertigi, tad katram MOLA MetaClass
objektam vienmer var atrast ekvivalento EMF EClass objektu ar doto name atribiita
vertibu.

Ja kadam objektam nevar atrast atbilstosa ekvivalentu, tad tas tiek ignorets.

Lai izveidotu jauno EObject ( konceptuali - EClassInstance)
objektu ir nepiecieSams izsaukt create() metodi no EFactory, kur§ ka parametru
sanem tikko atrasto meta klasi EC1ass.

Vajag atzimet to faktu, ka meklgjamais klasifikators varetu biit nodefingts vai
noradits izejas EMF meta modeli, vai tas varétu but nodefinéts Ecore modeli, kura
elementi $aja gadfjuma ir parnesti uz vienu limeni zemak (no M3 uz M2). Atbilstosi,
pirmaja gadijuma, més stradajam ar izejas EMF meta modeli EPackage un
EFactory klasem (att€ls 2.3.), bet, otraja gadijuma, stradajam ar Ecore modelu

EPackage un EFactory instances klasem (attels 2.4.).
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M2

<EMF» «Molax» | -
© ECorePackage © MetaModel SO
ik
i 1 |- metamodel
* |, - eClassifier * - dlasses
<EMF s aviolas
©®EClass @ MetaClass
5 name ° name
1t eclass
1 - class
i * L instarce * | -instance
<EMF, implicits «Molas
© EClassInstance @ ClassInst
* _instances
1402 model
«Molas *
© Model - models

Attels 2.4. Izveidot klasifikatoru konceptuala diagramma (klasifikators ir

definéts ECorePackage modeli).

Piemérs,

private EObject createEObject (String metaClassName)

{

EClass eClass = (EClass) eMetaPackage.getEClassifier (metaClassName) ;
if (eClass != null)
{
return eMetaPackage.getEFactoryInstance().create(eClass);
}
eClass = (EClass) EcorePackage.eINSTANCE.getEClassifier (metaClassName) ;
if (eClass != null)
{

return EcoreFactory.eINSTANCE.create(eClass);

System.out.println("Not find " + metaClassName);

return null;
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2.2. Izveidot atribdtus

Izveidojot visus klasifikatorus, nakamais solis ir izveidot tam atribtus.

Katram dotam atribitam MOLA model klasei tiek izveidots ekvivalents atribuits EMF

modelr.
Sanemt AttrInst
Atrast Metasttribute
Atrast EStructuralFeature kas athilst dotam atribOtar
[defingts izejas EMF reta model] [defingts ECore model]
Izveidot jauno EDataType instand ar izejas EMF meta modelu EFactary Izveidot jaunc EDataType instand ar ECareFactory

Uzstadit atribltarn jauno wertibu

Attels 2.5. Izveidot atribiitus aktivitates diagramma.
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M2 <EMF» «Malas

G EClass ©MetaClass
" narme " name
«EMF»
i G EStructuralFeature e
1 - eclass 5 . * 1 -class
® S - ownedattribut
«EMF2  «Mala»
@ EAttribute & Metaattribut
@ name o type
o rame
; L 1 AL 1’| - attribute
i [FEbes «EMF»
@ EDataType
" instanceClasshame
M1
* | -instance
<«Java, implicit=
& Object
sl - value
- instance - # |t
<EMF, implicits 7_«Mo|a>>
@ EAtributelnstance & AttrInst
° value
" - mattribut w0t
% -instance il s Bl * | - instance
1 - Classinst
L «Mola»
«EMF, implicit» @ ClassInst

& EClassInstance

Attels 2.6. Izveidot atriblitus konceptuala diagramma.

Attela 2.6. var redzeét izveidot atribiitus konceptudlo diagrammu. Saja
diagramma, var redz&t svarigakas koncepcijas MOLA un EMF pasaule. Specialas
ati€lojuma (mapping) asociacijas tiek izmantotas, lai sasaistitu ekvivalentus
koncepcijas dazados meta [imenos.

Transformacija notiek M/ Iimeni, kur katram MOLA Attrinst tiek veidots
ekvivalents EMF EAttributelnstance. EAttributelnstance ir konceptuala klase ar
implicit atslegvardu (keywords), un apzimé M Iimena EObJject objektu kur§ ir
atbilstosa M2 limena EAttribute instance.

Lai izveidotu jauno EAttributelnstance ir nepiecieSams atrast ekvivalentus
klasifikatorus M2 Iimeni. Ka ir redzams attéla 2.6., MOLA MetaAttribute atbilst
EMF EAttribute. Ir jaatceras, ka EAttribute ir M2 limena objekts, un, dotaja
diagramma, parstavé nevis konkréto EAttribute objektu ka tadu, bet tos visus
atribiitus kuri ir nodefingti sasaistitam £ Class klasifikatoram izejas EMF meta modelt.
Lidzigi ir ar MOLA M2 Iimena koncepcijam, MOLA MetaAttribute $aja diagramma
reprezente sasaistitus MetaClass atribiitus ieejas MOLA meta modelr.

Ar getEStructureFeature () metodi var péc nosaukuma (Saja

gadjuma, tas ir apstradato MetaAttribute atriblita name vertiba) atrast EAttribute
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objektu kas reprezente doto atribiitu. Lidz ar to, ka ieejas un izejas meta modeli ir
lidzvertigi, tad katram MOLA MetaAttribute objektam var vienmer atrast ekvivalento
EMF EAttribute objektu ar doto name atribiita vertibu.

No EAttribute var uzzinat EDataType - dota atribiita tipu. Talak, izmantojot
createFromString() metodi no EFactory klasi, var izveidot Object objektu -
jaunu instance $im datu tipam. Jaunam datu tipam tik pieskirta Atzrinst atribiita value
vertiba.

Ar eSet() metodi var uzlikt dotam atribiitam So jauno vertibu. Ir svarigi cik
doto atriblita instances varétu but Sim objektam. Ja ir vairak neka viena tad tiek
stradats ar L.i st objektu.

Lidzigi ka ieprieksgja gadijuma, vajag atzimét to faktu, ka meklgjamais datu
tips var€tu bt nodefin€ts vai noradits izejas EMF meta modeli, vai tas varetu but
nodefin€ts Ecore modeli, kura elementi $aja gadijuma ir parnesti uz vienu imeni
zemak (no M3 uz M2). Atbilstosi, pirmaja gadjjuma, mes stradajam ar izejas EMF
meta modeli EPackage un EFactory klaseém, bet, otraja gadjuma, stradajam ar

Ecore modelu EPackage un EFactory instances klaseém.

44


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

Magistra darbs “EMF un EMOF metamodelesanas standarti, to integracija valoda MOLA”

Piemérs,
private void createAttributes (EObject eObject, ClassInst classInstSrc)
{

System.out.println("createAttributes" + classInstSrc);
EClass metaClass = eObject.eClass();
List attrInstances = classInstSrc.findAllAttrInst();

for (Iterator iter = attrInstances.iterator(); iter.hasNext () ;)

{
AttrInst attrInst = (AttrInst) iter.next();

MetaAttribute metaAttribute = attrInst.findMetaAttribute();

if (metaAttribute == null)
{

continue;

EStructuralFeature eStructuralFeature = metaClass

.getEStructuralFeature (metaAttribute.getName()) ;

if (eStructuralFeature == null)
{

continue;

EDataType eDataType = (EDataType) eStructuralFeature.getEType();
Object value = createDataTypeValue (eDataType, attrInst);

setEObjectProperty(eObject, eStructuralFeature, value);

private Object createDataTypeValue (EDataType eDataType, AttrInst attrInst)

{
if (belongToPackage (eMetaPackage, eDataType.getName ()))
{
return eMetaPackage.getEFactoryInstance().createFromString(

eDataType, attrInst.getValue());

if (belongToPackage (EcorePackage.eINSTANCE, eDataType.getName ()))

{
return EcoreFactory.eINSTANCE.createFromString(eDataType, attrInst

.getvalue ());

return null;

Pavels Bubens, DatZ000154
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private void setEObjectProperty(EObject eObject, EStructuralFeature sf,

Object object)
if (sf.isMany())
{
List list = (List) eObject.eGet (sf);

list.add(object);

else

eObject.eSet (sf, object);

Pavels Bubens, DatZ000154
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2.3. lIzveidot asociacijas

Izveidojot visus klasifikatorus un atribiitus, nakamais solis ir izveidot visas

relacijas starp klasifikatoriem. Katrai dotajai asociacijai MOLA model tika mekleta

ekvivalenta asociacija EMF modeli.

Sanemt Associnst
. Atrast Metafssociation i
Atrast EStructuradFeature kas athilst dotal asocidcijal
' Atrast ClassInst pretEis gals 3
atrast EObject kas athist tikko atrastam ClassInst

| Uzstadit reference uz otro EObject

Attels 2.7. Izveidot asociacijas aktivitates diagramma.
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M2 - edass

<EMF» aolas - class
1 @ EClass G MetaClass
° name " hame 1
“EMFs 1
1 - ereferencetypi & EStructuralFeature - tource
& 1| -target
*
1 - outAssociatior
Mola *
- eReferance: SEMPs o i .
= @ EReference & MetaAssociation pr ——
" hame = target_role
1 - edlass 1 - assodiation
M1
* - instance
- instance _
- erefarence SEMF, implicits _ «Mala» +H)
= & EReferencelnstance = AssocInst i
1 - out
*
1 | -source
1 ~target
- ereferencetype 1
*
«EMF, implicits “«Molan .

@ EClassInstance

[ ClassInst

- instance

- instance

Attels 2.8. Izveidot asociacijas konceptuala diagramma.

Attela 2.8. var redzét izveidot asociacijas konceptuilo diagrammu. Saja
diagramma, var redz&t svarigakas koncepcijas MOLA un EMF pasaule. Specialas
ati€lojuma (mapping) asociacijas tiek izmantotas, lai sasaistitu ekvivalentus
koncepcijas dazados meta imenos.

Transformacija notieck M/ Iimeni, kur katram MOLA MetaAssociation tiek
veidots ekvivalents EMF EReferencelnstance. EReferencelnstance ir konceptuala
klase ar implicit atslegvardu (keywords), un apzimé MI Iimena EObject objektu
kur§ ir atbilstosa M2 Iimena EReference instance. Vajag atzimét, ka katram
atseviSkam MetaClass objektam tiek apliukotas tikai izejoSas asociacijas, citiem
vardiem, tikai tas asociacijas kuram dotais MetaClass objekts ir source atribita
vertiba.

Lai izveidotu jauno EReferencelnstance ir nepiecieSsams atrast ekvivalentus
klasifikatorus M2 limeni. Ka ir redzams attéla 2.6., MOLA MetaAssociation atbilst
EMF EReference. Ir jaatceras, ka EReference ir M2 Iimena objekts un, dotaja
diagramma, parstavé nevis konkréto EReference objektu ka tadu, bet tas visas
asociacijas kuras ir nodefinétas sasaisttam EClass klasifikatoram izejas £EMF meta
modeli. Lidzigi ir ar MOLA M2 limena koncepcijam, MOLA MetaAssociation $aja

diagramma reprezent€ sasaistitus MetaClass asociacijas ieejas MOLA meta modeli.
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Ar getEStructureFeature () metodi var péc nosaukuma (Saja
gadjuma, target role atribiita veértiba no atbilstoSa MetaAssociation) atrast
EReference objektu kas reprezente doto asociaciju. Lidz ar to, ka ieejas un izejas meta
modeli ir lidzvertigi, tad katram MOLA MetaAssociation objektam var vienmer atrast
ekvivalento EMF EReference objektu ar doto name atribiita vertibu. Tiek izmantota
MOLA MetaAssociation target role atribiita vertiba, jo tiesi $1 vertiba veido loma
nosaukumu dotai asociacijai.

Talak ir nepiecieSsams atrast ekvivalentu klasifikatoru asociacijas otraja gala.
Ka jau zinams, visi klasifikatori jau ir izveidoti pirmaja etapa. Meklesana notiek pec
apstradata Assoclnst target atribiita vertibas.

Ar eSet() metodi var nodefin€t dotai asociacijai vertibu. Ir svarigi cik daudz
ir tada tipa asociacijas §im objektam. Ja ir vairak neka viens, tad tiek stradats ar List
objektu.

Lidzigi ka iepriekseja gadijjuma, vajag atzimét to faktu, ka meklejama
asociacija varetu but nodefin€ta vai noradita izejas EMF meta modeli, vai tas var€tu
bt nodefingta Ecore modeli, kura elementi Saja gadijuma ir parnesti uz vienu imeni
zemak (no M3 uz M2). Atbilstosi, pirmaja gadjjuma, més stradajam ar izejas EMF
meta modeli EPackage un EFactory klas€m, bet, otraja gadjjuma, stradajam ar

Ecore modelu EPackage un EFactory instances klaseém.

49


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

Magistra darbs “EMF un EMOF metamodelesanas standarti, to integracija valoda MOLA”

Piem@rs,
private void createRelations()

{
for (Iterator iter = classInst2EObjectMap.entrySet().iterator(); iter
.hasNext () ;)

Map.Entry element = (Map.Entry) iter.next();

ClassInst classInst = (ClassInst) element.getKey() ;

EObject eObject = (EObject) element.getValue();

createRelations (eObject, classInst);

private void createRelations (EObject eObject, ClassInst classInstSrc)

{

System.out.println("createRelations" + classInstSrc);

EClass metaClass = eObject.eClass();

List associations = classInstSrc.findAllSourceAssociation() ;
for (Iterator iter = associations.iterator(); iter.hasNext ();)
{

AssocInst assocInst = (AssocInst) iter.next();

MetaAssociation metaAssociation = assocInst.getMetaAssociation();

if (metaAssociation == null)

{

continue;

EStructuralFeature eStructuralFeature = metaClass

.getEStructuralFeature (metaAssociation.getTrgRoleName ()) ;

ClassInst classInstTrg = assocInst.getTrgClassInst () ;

if (classInstTrg == null)

{

continue;

Object eObjectTrg = classInst2EObjectMap.get(classInstTrg);

setEObjectProperty(eObject, eStructuralFeature, eObjectTrg);
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private void setEObjectProperty(EObject eObject, EStructuralFeature sf,
Object object)

if (sf.isMany())

{
List list = (List) eObject.eGet (sf);
list.add(object);

else

eObject.eSet (sf, object);

Pavels Bubens, DatZ000154
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2.4. Saglabat XMI resursu

Lai saglabatu modeli tika izmantotas EMF Persistence API. Persistence API

pamata Ir ¢etri saskarnes: Resource, ResourceSet, Resource. Factory un

URIConvertor. EMF nodro§ina darbu ar XML un XMI resursiem. Lai saglabatu

modeli XMI 2.0 formata tika izmantots XMIResourceImpl.

Sanemt EChject

Uzstadit XMI ID katram EQbject

Fievienot ECbject ¥MI resursarn

Attels 2.9. Saglabat XMI resursu aktivitates diagramma.

@ Resource § 1 (& ResourceSet

ﬂ isa\;e(()) | b e w creﬂiteResourc(:% ()
? log getResource
@ getEObject ()

& XMLResource

® getlD ()

Attéls 2.10. Ecore resursu klases.

Uzstadit XMI ID katram EObject
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Gadfuma, kad ir svarigi kads mehanisms tiek izmantots objekta identifikacijai
XMI datn@s, tad vajag uzstadit XM ID katram EObJject. Otrais mehanisms Seit biitu
XMI PATH izteiksme.

Pievienot EObject XMI resursam.

Lai pievienotu EObject resursam tiek izmantota getContents() metode
XMIResourceImpl klasi. Attiecigi, ja ir nepiecieSams pievienot jaunu objektu XMI
resursa, tad ir nepiecieSams to pievienot Sim sarakstam. Objekts ir arT saglabats tad, ja
tam ir ietvéruma asociacija (containment association) ar kadu citu objektu, kurs jau ir
Saja sarakstd. Lidz ar to ir nepiecieSams pievienot tikai tos resursus, kuriem nav
ietvéruma asociacija ar kadu citu objektu un tas ir gadfjums kad

eObject.eContainer() ir tuks.

Piemérs,

private void saveResource() throws IOException

{

ResourceSetresourceSet= new ResourceSetimpl();
resourceSetgetResources().add(resource);

Map options = new HashMap();

options.put(XMLResource.OP TION_USE_ENCODED_ATTRIBUTE_STYLE,

Boolean.TRUE);

for (Iterator iter = getSorte dEObjectList().iterator(); iter.hasN ext();)

{

E Object eObject = (EObject) iter.next();

Classlnst classInst = (Classinst) eObject2classInstMap.get(eObject);

String id = referenceSerialization Type getlD(classInst, e Object);

53


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

if (id '= null)
{

resource setlD(eObject, id);

if (isRootE lement(e Object))

{

resource .getContents().add(e Object);

}

resource.save (options);

}

private boolean isRootElement(EObject eObject)

{

return e Object.e Container() == null;
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3. Praktiska realizacija

Darba ir izstradats FEclipse ietvara spraudnis (Eclipse framework

plugin) ar kura palidzibu MOLA modela dati var tikt pamesti uz EMF modeli.

el SRl iy  Eclipse Paltform  Hibernate ORM £ EMF Persistence APT
Framework
e
“uses sasen “asen
H#-Mola Import Wizard
1= MolaImportAction & MolaImportWizard - molaimpartwizardpage & MolaImportWizardPage
1ot 7 "
{# ReferenceSerializationTypeReqgistry
“zes
1
*
€2 MolaZEmfModelImport {Z ReferenceSerializationType
1 ik
{Z HashCodeType & PathType & DatabaseIdType

Attels 3.1. Mola Import Wizard arhitektira.
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3.1. Lietotaju saskarne

Doto Eclipse ietvara spraudni var izpildit divos veidos:

e Ka Import Wizard izveloties “Mola Model Import Wizard”.

® Import il

Select
hY

=

Select an import source:

7 12EE Utility Jar ]
B, ISP Tag Library

JE Unit test into cormponent test project

& Leak analysis

, Log File

#EProfiling file

& Project Interchange

@ RAR file

CIRAS Asset

] Security Certificate

&, Server Configuration
EQSymptﬂm Database File
‘iz, Team Project Set

) UMLZ Model

[, AR file

I

=

= Back I Mext = I Eitiizt | Cancel

Attels 3.2. Import Wizard logs.

e No izvelnes izveloties “Import From Mola Wizard” no “Mola” izvélnes.

@'ﬁ Modeling - Blank Model::Realization - IBM Rational Software Development Platform
File Edit Mavigate Search Project Diagram  Modeling Run | Mola  Window  Help

| Wi - g | i@ |E | ® |Q |09~ |4 | @ ImportFrom Mola Wizard

=l

|[rahoma Flle =B 7 [a~v& v~ &g ol rm~ (e

Attels 3.3. “Import From Mola Wizard” izvélne.

Mola Model Import Wizard sastav no diviem logiem. Pirmaja loga (attels 3.4.)
var specific€t galvenos parametrus modela importam. Otraja loga (att€ls 3.6.) var

nodefingt galveno MOLA modeli, to modeli kas tiek rakstita pa priekSu XM/ datng.
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& x|
Mola Model Import Wizard

This wizard will impart Mala Model.

Model in Mola: I Order.emx j
MetaMadel from EMF Registry: I b ffwennn eclipse.orgumi 2/ 1.0.00ML ﬂ
Reference Serialization Type: | HashCode j

QUL File: | 'Demo SampletOrderimported.emx

< Back | MNext = | Einish I Cancel

Attels 3.4. Mola Model Import Wizard, pirmais ekrans.

Model in Mola
Saja saraksta ir visi modeli kuri ir pieejami MOLA (dati tiek lasiti no Model

tabulas). Ir jaizvelas to MOLA modeli kur§ ir domats importam EMF.

MetaModel from EMF Registry

Saja saraksta ir visi meta modeli kas ir pieejami no EMF Registry. Ir jaizvélas
tas MetaModelis no EMF Registry kurs atbilst importétam modelim.

Nokluseta vertiba — http://www.eclipse.org/uml2/1.0.0/UML, kas atbilst
UML2 meta modelim.

Reference Serialization Type

Ir jaizvelas referenSu serializacijas tips. Pagaidam tiek piedavati sekojosi
varianti (pirmie divi varianti ir plasi lietoti modela kod€sanai EMF vide):
Path — XMI Path izteiksme. Noklusetais standarts. Identifikatoru kodesana ar

hierarhiskam referenc€m un instancu kartes numuriem atbilstoSaja klase.
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HashCode — Atbilstoso EObjectu hashcode() vertiba. Unikalais identifikators,
kada mera tas ir ekvivalents GUID (Globally Unique Identifier) kas tiek plasi lietots
RSA un citos modelesanas rikos.

DataBaseld — AtbilstoSo Classinst ID. Diezgan vienkarSa implementacija, tik
izmantots atbilstoSa instances datubazes identifikators.

Nokluséta vertiba — “HashCode”.

Output File
Izejas datnes nosaukums. Lai izvelEties datne ir nepiecieSams nospiest pogu

Browse un tad atveras Save 4s... logs (attels 3.5.).

Esaveas x|

Save As

Save file to another location,

Enter or select the parent folder;

Cemo Sample

T

- 1= Demo Sample

----- = Magistra Darbs
1 PB_UML_Project

12 UMLCourseExampla_2006

Eile name: | OrderImported.amx

(0]4 Cancel

Attels 3.5. Izejas datnes izveles dialogs.
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Mola Model Import Wizard

This wizard will irmport Mola Modsl,

TestBubens_PSM

Attels 3.6. Mola Model Import Wizard, otrais ekrans. Galveno modelu izv€lne.

Top Model
Galvenais modelis iek§ dota modeli. Tas ir gadfjums kad modelis sastav no

vairakiem modeliem. Ar So opciju var noradit to modeli kas tiek rakstita pa prieksu

XMI datng. Lielaka mera tas ir RSA4 rika prasiba.
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3.2. Eclipse spraudna konfiguracija

3.2.1. Overview skats

Saja skata var noradit identifikatoru, versijas numuru, nosaukumu, un

implementEsanas klasi.

Overview @
General Information Plug-in Content

This section describes general information about this The content of the plugHn is made up of four sections:

lLig-in: y

PLY  Dependencies: Ists all the plug-ins required on this plug-in's classpath to
ID: | I lv.pb. mola.emf compile and run,

Velision; 2006.05.76 = Runtime : lists the ibraries that make Up this plug-in's runtime.

el Mols T EMELrnpior Pl 4 Extensions: declares contributions this plug-in makes to the platform.
Frovider: Favels Bubens . ) ) ) _ _

5 Extension Points: declares new function peints this plug-in adds to the

Class: Il pb. mala.emf.EmFlugin platform,

Platform filer:

Exporting @

Testing @ To package and export the plug-in:

Test: this plug-in by launching a separate Eclipse 1. Spedify what needs to be packaged in the daployable plug-in on the Buid
application: Configuration page

@ Launch an Edlipse application 2, Export the plug-in in a format suitable for deployment Using the Export

Wizard
% Launch an Edlipse application in Cebug mode

Attéls 3.7. Overview skats.

3.2.2. Dependencies skats

Dependencies skata var noradit kuri ietvara spraudni ir nepiecieSami un ir

izmantoti ar doto ietvaru spraudni.

Dependencies

Required Plug-ins
Specify the list of plug-ins required for the operation of this plug-in:
Hdorg.ecipse.i
?;borg.ec\ipse.core.runﬁme
%p-org.eclipse.emf.ecore
#=org.ecipse.core.resources
Heorg.ecipse.jdt.core
Heorg.acipse.emf.ecora.xmi
#-org.eclpse.Liide

Imported Packages
Specify packages on which this plug-in depends without explicithy

identifying their originating plug-in:

Attels 3.8. Dependencies skats.
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3.2.3. Extensions skats

Extension skata var nodefinet tos paplasinajuma punktus, kuri tiek paplasinati
ar  doto  spraudni. Ka redzams, izstradatais  spraudnis  paplaSina
org.eclipse.ui.importWizards un org.eclipse.ui.actionSets funkcionalitates punktus.

org.eclipse.ui.importWizards — paplasinajums Import Wizard funkcionalitates
punktam (attels 3.2. un 3.9.).

org.eclipse.ui.actionSets — paplasinajums Workbench izvElnes funkcionalitates

punktam (attels 3.3. un 3.10.).

Extensions =

All Extensions Extension Element Details

E-= org.edlpse.Uiimpor tWizards etihe p_roperh'es crwizarct

i | lulv.pb.maola.emf wizard. mola
riame*: | Mola Model Import Wizard

org.eclipse.ui.actionSets

IMola Action Set (actionSet)

[¥] Mola (renu)

[¥] molaGroup (separator)

@ Import From Mola Wizard {action)

class*: _.|L_J.i\("._Db. mo_la.erﬁf.\_a}i;ards:Mc_)ia_lmpgft\u’\f'iz_ard

jcon:  |icons/sample. git

Attels 3.9. Extensions skats (org.eclipse.ui.importWizard).

Extensions

All Extensions Extension Element Details

<= org.eclipse Liimportyizards Set the properties of "action

@ Mola Model Import Wizard (wizard) id*: L. pb.emf.mola. actions.Molalmpor tAction
=-<= org.eclipse Li.actionSets labaft: BImport From Mola Wizard
&[4 Mola Action Set (actionSet) accelerator:
) Mola (meru) definitionld:
[¥] molaGroup {separator)

menubarPath: | molaMenu/molaGroup
toolbarPath: malaGroup
icon: ico_r]s/sampie._g\'f'

disabledicon:
howverlcon: |
tooltio: Import From Mola..

helpContextdd:

style: [~]
state: B
pulldowm; [~]
class: ' Il pb.emf. mo\a‘acﬁons.MoIaImpc';
retarget: - |

allowlabelUpdate:

[4]

enablesFor:

Attels 3.10. Extensions skats (org.eclipse.ui.actionSets).
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3.24. Plugin.xml datne saturs

<?xml version="1.0" encoding="UTF-8"7?>
<?eclipse version="3.0"7?>
<plugin>
<extension
point="org.eclipse.ui.importWizards">
<wizard
class="lu.lv.pb.mola.emf.wizards.MolaImportWizard"
icon="icons/sample.gif"
id="lu.lv.pb.mola.emf.wizard.mola"
name="Mola Model Import Wizard"/>
</extension>
<extension
point="org.eclipse.ui.actionSets">
<actionSet
id="lu.lv.pb.emf.mola.actionSet"
label="Mola Action Set"
visible="true">
<menu
id="molaMenu"
label="&amp;Mola">
<separator name="molaGroup"/>
</menu>
<action
class="lu.lv.pb.emf.mola.actions.MolaImportAction"
icon="icons/sample.gif"
id="lu.lv.pb.emf.mola.actions.MolaImportAction"
label="&amp; Import From Mola Wizard"
menubarPath="molaMenu/molaGroup"
toolbarPath="molaGroup"
tooltip="Import From Mola.."/>
</actionSet>

</extension>

</plugin>
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3.3. Eclipse Platformas arhitektiira

Misdienas Eclipse Platforma visvairak ir zinama ka viens no labakiem Java
valodas izstradasanas rikiem (/DE). Bet, ka jau bija teikts, Eclipse Platforma netikai ir
pamats lai konstrugtu $ada tipa riku (/DE), bet ar1 ir pamats lai konstrutu cita tipa
aplikacijas un rikus. Pat neobligati saistitus ar programmatiras izstradasanas
uzdevumiem. Piemeram, Eclipse RCP Platforma varétu but izmantota lai veidotu
komplicétus aplikacijas citas sferas [8].

Eclipse Platformu pamata ir mikro kodols Platformu Runtime. Kaut gan, taja ir
diezgan daudz jau iebuiveétu funkcionalitate, liclaka dala no ta ir loti abstrakta. Visa
funkcionalitate tiek apgadata ar Eclipse ietvara spraudniem.

Pati par sevi Eclipse Platforma sastav no vairakam apaksu sistemam.

*

»

-
-

Another

-
Eclipse Platform Tool

SRR

Java
Development
Tools

Workbench ) rHeIp

JFace

Sk Team
N o
w :j

Plug-in
Development
Environment

(PDE) . .

"Wo rkspace

Their

Platform Runtime Tool

.

Eclipse Projec

.
T I L T e

*

Attéls 3.10. Eclipse Platformas arhitektdra.

Platformu Runtime galvenais uzdevums ir atklat kuri Eclipse ietvara spraudni
ir pieejami dotaja Eclipse konfiguracija. Lidz ar to ka Eclipse ietvaru spraudnu skaits
varétu but diezgan paliels, tie ir ieladeti vai aktivizeti tikai tad kad ir nepiecieSami.

Eclipse Platforma defin€ mehanismus kurus ir jaizmanto un likumi kuram ir

jaseko lai panaktu labaku riku integraciju.
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Eclipse ietvara spraudnis

letvara spraudnis (Eclipse plugin) ir vismazaka Eclipse funkcionalitate vieniba
kas var€tu but izstradata un piegadata atseviski. Parasti, neparak liels riks ir uzrakstits
ka atsevisks ietvara spraudnis. Kompliceta rika funkcionalitate varetu but sadalita
starp vairakiem spraudniem.

Katram Eclipse ietvara spraudnim ir XML manifestu datne kas apraksta doto
spraudni. Piem&ram, paplasinajumus punktus (extension points), kuri vai ir defingti ar

dotu spraudni, vai ir nepieciesami $is spraudna darbiai.

Workbench

Eclipse lietotaju interfeisa karkass. Plasi izmanto SWT (Standard Widget
Toolkit) un JFace bibliotekus.

Workbench balstas uz sekojoSam lietotaju saskarnes koncepcijam:
e Redaktors (Editor). Redaktors atlauj attvert, redigét, un saglabat kadus
objektus.
e Skatiens (View). Skatieni atspogulo kadu informaciju par kadu objektu vai
vairakam objektiem.

e Perspektiva (Perspectives). Apvieno vairakas redaktorus un skatienus.

Java Development Tools (JDT)

Paplasina Workbench ar dazadam iesp&jam priek$ Java koda redigésanai,

kompilacijai, apskatiSanai, atkludosanai un ta talak.

Plug-in Developoment Environment (PDE)

Veido dazadi riki lai automatizét un atvieglot jaunu ietvaru Eclipse spraudni

1zstradasanu.
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3.4. EMF Persistence API

Lai saglabatu modeli tika izmantotas EMF Persistence API. Persistence API
pamata ir Cetras saskarnes: Resource, ResourceSet, Resource.Factory un

URIConvertor [12].

URI ( Uniform Resource Identifier)

URI ir standarts lai identificetu un atrastu dazada tipu datus. Dati var€tu
atrasties kada datn€ uz lokala diska. Ka arT tas var€tu atrasties kada cita glabatuves
tipa un veida.

EMF diezgan plasi izmanto URI. Piem@ram, lai identificEtu paketes, un ka ar1

resursus un objektus tajos [12].

Resource

Resource saskarne ir EObJject persistence konteineris. Ar UR/ palidzibu
tika defineta faktiska glabasanas vieta.

Lai pievienotu EObject resursam tiek izmantota getContents() metode
XMIResourceImpl klasi. Attiecigi, ja ir nepiecieSams pievienot jaunu objektu XMI
resursa, tad ir nepiecieSams to pievienot Sim sarakstam. Objekts ir arT saglabats tad, ja
tam ir ietvéruma asociacija (containment association) ar kadu citu objektu, kurs jau ir

Saja saraksta [12].

Resource.Factory

Ir izmantots lai izveidotu jaunus resursus. Resursu Fabriku var atrast
izmantojot registru. Kaut gan Resursu Fabrika atbilst nevis konkr€tam URI, bet URI
kategorijai. Pieméram, iebuvétais registrs atlauj piesaistit Resursu Fabriku kadai URI

shemai vai datnes paplasindjuma tipam. P&c noklus€Sanas tika izmantota
XMIResourceFactorylmpl, un tas notiek org.eclipse.emfecorexmi Eclipse ietvara

spraudna ieladesanas laika.
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<extension point = "org.eclipse.emf.ecore.extension parser">
<parser type="*"
class="org.eclipse.emf.ecore.xmi.impl.XMIResourceFactoryImpl" />

</extension>

ResourceSet

ResourcesSet ta ir kopa ar resursiem kas bija kopa izveidoti vai ielad&ti.

createResource() metode ir izmantota lai izveidotu jaunu, tuksu resursu

S$aja resursu kopa.

getResource() metode ari izveido jauno resursu, bet tas mégina to ieladet
izmantojot resursa URI.

getEObject() metode atlauj nolasit kadu EObjectu iekS dota resursa

kopa, izmantojot URI fragmentu dalu.

Nav rekomendgts izveidot resursu ar new operatoru [12].

XMLResourcelmple un XMIResourcelmpl.

NodroS$ina darbu ar XML un XM] resursiem.

XML saglabasanas opcijas:

OPTION LINE WIDTH. Tips — Integer. Ir izmantots lai nodefinétu
maksimalo vienas Iinijas platumu XML datng.

OPTION_ DECLARE_XML. Tips — Boolean. Nosaka vai ir nepiecieSams
rakstit XML deklaracijas dalu.

OPTION USE ENCODED ATTRIBUTE STYLE. Tips — Boolean. Ja dota
opcija ir true, tad EMF vienmér serializ€ referense ka URI iek$ atribiita vertibas,
nesakoties vaireferense ir lokala vai norada uz citu dokumentu.

OPTION SKIP ESCAPE. Tips — Boolean. Nosdka vai ir nepiecieSams
kodet “<”, “>”, un “&” izmantojot ieprick§ definetus entitijas " &1t ,;",

"ggt,;",un "&amp,;".
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OPTION PROCESS DANGLING HREF. Tips - String. Iesp€jamas
vertibas: “THROW”, “RECORD”,vai“DISCARD”.

OPTION SCHEMA LOCATION. Tips — Boolean. Nosaka vai ir
nepiecieSams rakstit xsi : schemaLocation atribiitu dokumenta. Tas ir alternativa
pieeja Package Register.

OPTION XML MAP. Tips — XMLResource.XMLMap. Ir izmantota lai
nodefin€t Ecore un XMI elementu atbilstibu. Piem&ram, ir iespg&jams nomainit XML
elementa nosaukumu.

OPTION_ ENCODING. Tips — String. Ir izmantota lai nomainit kod&sanas

formatu. Nokluséta vértiba “ACII”.
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4. Demonstracijas piemérs

Demonstracijas pieméra uzdevums bija pieradit, ka ar EMF palidzibu MOLA var
sadarboties ar EMF balstitu RS4 modelesanas riku.

Demonstracijas pieméra gaitd, EMF modelis tiek parveidots MOLA modeli. Tad
tiek palaista MOLA transformacijas programma. Talak, izmantojot darba aprakstitu

Eclipse ietvara spraudni MOLA modelis tiek transforméts uz EMF modeli.

4.1. leejas EMF modelu nodefinésana ar RSA riku

Attela 4.1. ir paradits ieejas EMF modelis kur$ ir nodefin€ts izmantojot EMF
balstitu RS4 riku.

gpersistents persistents
© Item © Customer
o «PK, persistents itemld : Integer v «PK, persistents customerld @ Integer
o gpersistents price ; Integer o gpersistents firstMame ; String
5 wpersistents description @ String 8 gpersistents lastName : String
=]

gpersistents guantity : Integer
- customer | 1

- ftems| ¥
i ) «persistent, inhPE»
“persistents persistents (Bpl_oyalclistomer
o gpersistenty discount @ Integer
- order 1
«persistent»
@ Order S

8 «PK, persistents orderld : Integer
8 gpersistents description ; String
v orderTotal @ Integer

Attels 4.1. Ieejas modela klasu diagramma.
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4.2. Modelu transformacija uz MOLA modeli

Transformacija notick ar EMF2MOLA Eclipse ietvara spraudni. Sis ietvara
spraudni izstradaja magistrants A. Hanin [17]. Att€los 4.2. — 4.5. var redz&t darbibu ar

doto spraudni.

9 Java - Order:iPIM_Package::OrderDrg - 1BM Rational Software Development Platform
Fle Edit Source Refactor Mavigate Search Project Diagram  Run Mola  Window Help

i~ J,.J%ﬁ:vevggv%v|06vJ@{:‘E{@?ngg"'J* aow -

Taboma ﬂlgj | v oW v—>v| |E§}:'§j5va‘:‘3vgz4v| | Eiv

Hierarchy|Diagram ... | =4y S24 Order.emy | [ Order: :PIM_Package :OrderDrg £3

2| BE -

= Demo Sample

o R :

&2 Magisira D- «persistents
e PBLUML P gy 3 @ Customer
B UMLLOUISE o whith , = «PK, persistents custornerld @ Integer
v gpersistents firstharme @ String
= Copy Cirl+C | ° «persistent» lastName : String
5 Paste Cirl+y
% Delete Delete - custormer |1
Refactor ME+Shift+T *
% . apersistent, inhPK:s
£y Import... «persistents @ LoyalCustomer
4 i - :
i Bt v gpersistents discount : Integer
+# Refresh 5
Run Yalidation
Run k +
Deblig o
Profie il |
Team r J | .
Compare With 4
Replace With » [oblems | Javadoc | Cieclaration (Ei Properties %
Export m odal to MOoLA | WalLe

Froperties Alt+Enter

derived false
ﬂ_ aditable rue

Attels 4.2. EMF2MOLA Eclipse ietvara spraudna izvelne.
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& MOLA metamodels list x|

Select source metamaodel:

LA RSA DemoForiChix

(04 Cancel

Attéls 4.3. MOLA metamodels list skats.

& MOLA model name ﬂ

This MOLA model will be created or overwritten:

)4 Cancel

Attéls 4.4. MOLA model name skats.

«

\i) EMF to MOLA export finished

Attels 4.5. EMF to MOLA export finished dialogs.
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4.3. Mode|u transformacija ar MOLA riku

Modelu transformacija var izpildit ar MOLA TOOL riku [14]. Lai izpilditu
transformaciju ir nepiecieSams nospiest Run pogu.

Attela 4.6. var redzet apstradato MOLA modeli. Attela 4.7. var redzét MOLA meta
modeli kas ir [idzvertiga EMF UML2 meta modelim.

Attelos 4.8. — 4.11. tiek paradita MOLA transformacijas programma kas ir
izmantota demonstracijas piem&ra. Dotas transformacijas programmas rezultata,
katram atribitam ar persistent atslégvardu tiek uzgeneréts get un set metodes,

toties pats persistent atslégvards tika nodzest no modeli.

?" MOLA TOOL - Model Management —I—I‘ 0 il
Meta Models (M2) Mudels(M1)|
1D Name a | ~Edith rModel Detail
M 1 Orderemx Deleta Metamodel ID: [0 Metamadel Name: |MOLA,RSA,DemDFmMDx
Class Instances |
Load -
1D | Meta ID | Meta class name :I Agsociafion instances
Save I 71| 2000000048 Association ID| Meta ID | Source ID |TargetIC
Il 74 2000000048 Association L 80 104 10 64
Refresh H | | 792000000077 64
26 2000000004 Class 75 139 64

Run 432000000004 Class
122000000004 Class
34/ 2000000286 EAnnotation
30/ 2000000286 EAnnatation
27| 2000000286 EAnnotation

60 2000000286 EAnnotation
2000000286 EAnnotation rAssociation Instance Details

i 37| 2000000286 EAnnotation Source rolename: [owningPackage | [Pe
|| 2000000286 EAnnotation Targetralename lm Ia

13| 2000000286 EAnnotation

|| 112000000286 EAnnotation Source EIassﬂame'paDkage
42| 2000000286 EAnnotation

— Target classname: [Clase
20| 2000000286 EAnnotation

57| 2000000286 EAnnotation

B

1
L

75 2000000286 EAnnotation il (e

54| 2000000286 EAnnotation D[ MetalD [ Name [value |
Il 72| 2000000286 EAnnotation : 1242000000023 isAkstract false

Attels 4.6. MOLA TOOL - Models (M1) skats.
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7 ¢ MOLA TOOL - Model Management
Meta Models (M2) | Madals (1) |

Name o | Edithid——r
0|MOLA_RSA_DemoForkiDx| Delete |

Elefe

Load

Save

Refrash

=Bl x|

Attels 4.7. MOLA TOOL - Meta Model (M2) skats.

e’

C

Renarmehodel() :)

I
kv
cl: Class e annot . EAnnotation
(UML) (UML)
{source="keyw ords"}

det : EString ToStringrapEntry
L)

{key="persistent"}

details ]

v

q:AddGetters Setters(@cl:CIassD

AV

C Rermovelkey ords() )

@

Attels 4.8. MOLA programma RSA_PIM to PSM
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‘
s,-,

mod : Model

(@ <= | TOMD)

{name="UkL2"}
name = name+"_Psh"

Attels 4.9. MOLA apaksSprogramma RenameModel

@

¥4

(LML)
{source="keywords"}

ean : EAnnotation ‘

¥

iZean . EAnnotation
(L)
details|
det : EStringTostringhapBntry
(kL)

Attels 4.10. MOLA apaks$programma RemoveKeywords
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@ Class

[ For assocs property has no
keyrwinrd |
T det : EString To String biap Erdry
-—IMog: Froperty Iii detmip LMD
o nadAtribute efnnotaions | (UMD | Bk =
(UML) {=ource="keyn ords'} tkey=sper BNy
§ {nom
: Liter allUnlimited atur al
upperyale Hp Lter SUnimitech aural
Ukl
{value= 1}
n"a
@prof
u
[l Class el
(b
opq: Operation Hype
oy ned D per Stion WL ‘ar"‘I;:!‘r‘a‘;r:t;e‘; -------
“““““““ name:="get'+tollppens utstrng] @prop.name, 1, 17+= ubstrn gl @prop.name, 2) returnRes utt T—
S - o ;
ops_: Operation pars : Parameter “f""'E_— ReturnRes uff!
ML) o et (UMLAJ. _ direction=return
name:="sel'+ollppensubstrng @prop.name, 1, 1z ubstring @prop.name 2 name:="parami
T
Avi
s Association N - det : EStringTo String hiap Entry
s e al:lnot : EAnnotation |
Tzource="keyw ords"} they="persistert}
[@el : Class THOT
My Hostlbit up : Liter allinlimitedt atur al
uppertfale (o,
Twalue= 1}
v
[@prop : Properhy
(UhL) type
(@l : Clas s prrsemarnsasannazases 5 Tipe
(Unty : i L T
oggwiLD)geratnn i EWDE
i iname:="gef'+tollppe substringl@prop.name, 1, 1 substrng @prop.name,2) CeFERE e par: Parameter
oy nedper ation § T = [
ops_: Operation pats : Parameter name:="Return Res ult
" dir e cti fu
UML) amnedparamaiar] UML) diection=return |
name:="z et'+toll pper substr ngl @prop.name, 1, THs u bstrin g i@prop. name, 2 ndimepald
T
1
oA nnotations | 2nnot : EAnnotation det : EStrin g To String hiap Ertry
o detaie |-LUM
aEsociation Lzouree="keyn ords "} Thay=pars o]
el - Class op : Prope y up : Liter allnlimitedh stur al
| wwnedatrbute] U
(UhL) UML) upperifahe [vale=1]

prt: Primiive Typ e

u
{name="List"}
opg : Oper ati tpe Et‘vpe
_EQMTP__ par : Parameter
oend UML) . : UML)
i o nedd per ation ; name:="get' Hollpperzubstring  @prop.name, 1. 1 substring @prop.name, Lo ————
o nedeerationE direction=return
ops_ Operation pars : Par ameter
Ukl o nedParameter L
name:="zef'+Holl ppenrs ubstrng i@prop. name, 1, 1= ubstrin gl @prop.name,2) name=i@prop.names

®

Attels 4.11. MOLA apaksprogramma Add GettersSetters.
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4.4. MOLA modela transformacija atpakal uz EMF modeli

Talak, izmantojot darba aprakstitu Eclipse ietvara spraudni, MOLA modelis tiek
transformeéts uz EMF modeli. Attelos 4.12. — 4.15. var redz&t darbibu ar doto

spraudni.

@ moort x|

Select

Select an import source:

[T File system d
fip, FTP

£ Heap durmp

L HTTP

EEIHTTP Recording

() 12EE Utility Jar

Bk, ISP Tag Library

“]iEjJUnit test into camponent test project
&, Leak Analysis

,Lu:ng File

¥ dMola Model Import Wizard
8, Probe

2EProfiling file

2 Project Interchange
@) RAR file

CIRAS Asset

5 Security Certificate ﬂ

<= Back I ekt = I Eirizh | Cancel |

Attels 4.12. Import Wizard izvélne.
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Save As

Save file to another location,

x|

Enter or select the parent folder;

Cemo Sample

- 1= Demo Sample

----- = Magistra Darbs

1 PB_UML_Project

L2 UMLCourseExampla_200&

Eile name: | OrderImported.amx

I,

Cancel

Attels 4.13. Izejas datnes izveles logs.
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Mola Model Import Wizard

This wizard will impart Mala Model.

rdereme &
o ecpseoramzi oo 5]
-
fiovee. ]

Attels 4.14. Mola Model Import Wizard logs.

Mola Model Import Wizard

This wizard will import Mala Model,

Attels 4.15. Mola Model Import Wizard logs — galveno modelu izvéle.
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4.5.

Izejas modela klasu diagramma

Attela 4.16 tik paradita izejas klaSu diagramma. Var redz&t ka MOLA modelu
transformacijas rezultata katram atribGtam ar persistent atslégvardu tika uzgeneréts

get un set metodes, turklat pats persistent atslegvards tika nodzest no modeli.

o o o

[u]

(=) Item

fuantity : Integer
description : String
[rice ; Integer
itermnld : Integer

@ setQuantity ()

@ getQuantity ()
@ setDescription ()
@ getDescription ()
@ setPrice ()

@ getPrice ()

@ setltemnId ()

@ getltemnld ()

@ getOrder (1)

@ setOrder ()

* o items

1 " order
(= Order

o orcderTotal @ Integer

o description @ String
o orcerld : Integer

@ setDescription [ )

@ getDescription ()
@ setOrderld ()
@ getOrderld ()
@ getCustomer (
@ setCustomer (

—

{3 Customer

o |astMame @ String

o firstMame : String

o customerld | Integer
@ setlLastMame ()

@ getLastMame ()

@ setFirstMName ()

@ getFirstMame ()

@ setCustomerld ()
@ getCustomerld [ )

1 Fcustomer

{3 LoyalCustomer

o discount @ Integer

@ setDiscount ()
@ getDiscount [ )

Attels 4.16. Izejas modela klasu diagramma.

78


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

Nobeigums

Darba ir izpetita atbilstiba starp metamodel&Sanas lidzekliem Eclipse EMF un
OMG EMOF, ka art EMOF modifikaciju, kura tiek izmantota valoda MOLA. Uz §is
izpetes pamata ir izstradati algoritmi, ka modelu datus parveidot atbilstosi
metamodeliem.

Darba autors ir izstradajis Eclipse ietvara spraudni (Eclipse framework
plugin), kas realiz€ dotos transformacijas algoritmus. Eclipse ietvara spraudnim ir
izveidots intuitiva lietotaja saskarne, ar kuras palidzibu var &rti izvEleties
transform@jamo (ieejas) MOLA modeli, ka arl var @rti nodefinet EMF modela
saglabasanas parametrus.

Ar demonstracijas pieméru tika parbaudits, ka ar So jauno riku ir iesp€jama
MOLA un RSA modelgsanas riku sadarbsp€ja. Potenciali, tas var&tu biit jebkurs cits
EMF balstits riks.

Domajot uz nakotnes versiju, tad biitu labi atdalit Hibernate jarus atseviska
Eclipse ietvara spraudni (vislabak ja Seit biitu izmantots jau kads gatavs plasi
lietojams Eclipse ietvara spraudnis) .

Butu labi, ja pastavétu iespgja defint MOLA datubazes savienojuma
parametrus modela importesanas laika. Pagaidam tos ir nepiecieSams mainit
hibernate.cfgxml datn€ un peéc tam atsaknét (restart) Eclipse Platformu.

Ar1 butu labi, ja blitu paradits transformacijas rezultats. Cik klases, atribtus,
un asociacijas tikusas sekmigi transformétas un kuriem nav izdevies atrast
ekvivalentus dotaja izejas EMF meta modelr.

Ar1ir nepiecieSams apdomat talako MOLA rika integraciju Eclipse Platforma.

Pieméram, piedavat l[idzeklus, lai defin€tu un darbinatu transformacijas procesu.
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