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What does “Pivot Model” mean?

= Pjvot ...

an interpreter that acts as a link between
interpreters of alien languages

= Pivotal model ...

a (meta-) model that is the bridge between
conceptually related (meta-) models
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Problem and Motivation

= growing importance of domain-specific
languages

OCL

DSL Pivot Model
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Aim and Scope

= Design of a metamodel that can fulfill the role
of a Pivot Model for OCL and arbitrary DSLs

= Prototypical implementation of adaptation
mechanism considering requirements for
model transformation

= Expressiveness limited to capabilities of
EssentialOCL (OCL for EMOF)
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Ontological Classification Problem

= two dimensions of metamodeling

ontological-instance-of

ontological-instance-of

M2 Metaclass |---------------------1 Class [---------------------1 Object
A A A
linguistic-instance-of linguistic-instance-of linguistic-instance-of
———————————— e T e et T PP
E ontological-instance-of E ontological-instance-of i
M1 Species [&-----------==mm-mmmono Dog [&--------------mmmmme Fido
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Ontological Classification Problem

= |[n UML: Stereotypes and Profiles extend M2 concepts
= DSLs define entirely new ontology concepts on M2

1.*

M2 Stereotype > Class InstanceSpecification
(UML metamodel) _classifier
«Species»
Dog fido : Dog
Ml «stereotype» : — —e m
(UML model Species -name : String name = Fido
-weight : float weight = 25.5
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System Instantiation |

l instance-of
I

describes
Problem L
) M3: Meta-Metamodel
= Transformation on the |
System layer requires describes instatce_of
instantiation of new v |
System elements M2: Metamodel
. . . |
u InSta nt|at|0n SemantICS? describes instaIce—of
v |
Model Space M1: Model
""""""""""""" r )
System Space des‘i‘bes nstance-f
MO: System
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Tools and Technology

= Eclipse as integration platform

= Rational Rose / EMF for modeling and code
generation
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Usage Scenarios

= Constraint evaluation on M1 and MO
= Transformation on M1 and MO

M2 UML metamodel Java metamodel M2 DTD Relational
x x metamodel metamodel
] ]
: s A A
a UML Transformation a Java Class a Relational
M1 model > model M1 aDTD Schema
N N N N
—————————— e RS S0 S
: XML Transformation a Relational
MO User data Java objects an
: MO Document > Database
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A Research Framework

= Three Layers of OCL integration

Concepts Level

Definition Level

Execution Level

TU Dresden
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A Motivational Example

Feature

d: String = PML ... Plugin Modeling Language

name : String
version : String
feature 0.1

pluging | 0..*
Plugin D¢|ugiﬂ 0..» | ExtensionPoint
id : String 1 extensionPoints|id : String 0.* wpe vy 1
name : String JavaType
version : Strin e .
orovider : Strifg fullyQualifiedName : String
mgiﬂ 0.* Service reuriType/N 1 tyoe N 1 1 Nagtivator
1 services |[name : String | o *
service 1

parameters | 0..*

ServiceParameter

name : String 0._*
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A PML model

views

menus

EclipseUl

EclipseRCP id = org.eclipse.ui
id = org.eclipse.rcp version = 3.3.0
version = 3.3.0
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Relation to the Ej

M3 Ecore
Meta Hierarchy A
-- a Plugin must have an ID M Pl\'/IL O.__Q:j::_:__;.J
context Plugin yo (@R
inv: self.id.notEmpty() i
-- all Plugins 1n a Feature : _ L
-- must be distinct M1 a Plugin @O O
Model | .7 & O
context Feature
inv: self.plugins->isUnique 4\
(plugin | plugin.id)  ~~~~~~~77° T T T T T T T T T T T T T T T
a Plugin
MO instance
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Relation to the
Meta Hierarchy A

context EclipseUl M2 PML Eitk&

/N\
-- there must be at least i
-- one view extension =TT TTTT———— TTTT T
inv: views.notEmpty() ’

M1 a Plugin Q...Q:::::::._:._;.._!I

-- extension must implement Model O
-- IViewPart AN
inv: views.isKindOf(org. @ ——77—————— e

eclipse.ui.IViewPart)

aPlugin | & BT O
MO instance @OO
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Concrete Requirements

1. Pivot Metamodel

2. Easy and flexible adaptation of arbitrary
metamodels

3. Adaptation to different model repositories

4. Easy and flexible adaptation of runtime
objects to OCL Standard Library
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Related Work

= Dresden OCL Toolkit
= MODELWARE / GMT Epsilon
= Kent OCL
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Results

= Realizing the Pivot Concept
= Prototypical Implementation
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Realizing the Pivot Concept

1>

= Concepts Level
e Analysis of research into simplified metamodels
e Decision: no “Micro”-Pivotmodel
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Multiplicity

TypedElement

4

Concept Level of
Dresden OCL Toolkit

ModelElement

0.1

/ nameA ; String

constrainedElementA

1

2. i
AssociationEnd
endsA
0.*
qualifiersA
Attribute Operation
Feature
parametersA | 0..
inParametersA | 0.
outParametersA | 0..
<<gnhumeration>> returnParameterA |/ 0..
DirectionKind

in
out
inout
return

Parameter

L) Classifier Package Reception Constraint
typeA
0.1
NonOclClassifier
DataType AssociationClass Signal bodyA | 0.1
Zé Expression
‘ BooleanExpression

Enumeratiaon

Primitive

0.1

EnumerationLiteral

0.*

literalA
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Muiltiplicity TypedElement

1 ?

endsA

AssociationEnd

ModelElement

Concept Level of
Dresden OCL Toolkit

0.1

/ nameA ; String

1

constrainedElementA

0.*
qualifiersA

Attribute

v

Feature

<<ghumeration>>
DirectionKind

in
out
inout
return

parametersA | 0..*
inParametersA | 0.*
outParametersA | 0..*

returnParameterA \[/0..1

Operatio®
N

Constraint

0.1

NonOclClassifier

Parameter

Classifier Package Reception
typeA %
N\
N
DatgType AssociationClass Signal
\

bodyA | 0..1

Expression

Enumeratiq

0.1

EnumerationLiteral

0.*

Operation does not
extend TypedElement
and MultiplicityElement

ssion

literalA
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Concept Level

of Kent OCL

ModelElement

name : String

T

Operation

returnType : Classifier
parameterTypes : List
parameterNames : List

Property

type : Classifier

Namespace

Signal

parameterTypes : List
parameterNames : List

CallAction

operation

EnumLiteral

literal

Zﬁ namespace

Classifier

operations : List

signal

|

Datatype

]

SendAction

enumeration

Enumeration

TU Dresden

1.*

.

OclModelElementType

Primitive
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Concept Level

of Kent OCL

ModelElement

name : String

T

Operation

returnType : Classifier
parameterTypes : List

para meterNames“: List

Y

operation \
1

Property

Namespace

type : Classifier

Signal

narametorTynoe - Lict

/
/
/

e

/|

-

CallAc

No proper abstractions |ations Tt
of typed elements

ICIassifier 4
o2

namespacy
b
-
”

Missing attributes and
associations

SendAction

Datatype is redundant

EnumLiteral

literal

— -
s

|

Additional metaclasses

enumeration

Datatype
_ - without clear benefit
/
\
% ! \
Enumeration OclModelElementType Pri%q’tive

TU Dresden

1.*

.

/
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Concept Level

of Kent OCL

= very complex

OCL type

Classifier
(from Bridge)

elemeniType

.

OclMessageType

Datatype
(from Bridge)

T

VariableDeclaration

0.* partType

h . h OclAnyType CollectionType TupleType
OclMaodelElementType Primitive | ‘
(from Bridge) (from Bridge)
A OrderedSetType SetType SequenceType BagType
StringType BoaleanType RealType TypeType
IntegerType

T

VoidType
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My approach

= Basis:
e Core::Basic from UML Infrastructure Library
e Definition of EssentialOCL in the OCL 2.0 Spec

= Guidelines:
e a set of explicit design principles
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Y

Result

NamedEtiement

name : String

/ qualifiedName : String

A\

nestingNamespace 0.1 dT Type > 0 Property
- owne &
0 Namespace > » 0.4 OwnedProperty
0.1 namespace 0.% B
nestedNamespace 0._*
owner 0.* .
Operation
01 ownedQperation
— ownedLiteral 0-1| Enumeration PrimitiveType
EnumeratianLiteral
*®
0. enumeration
{ordered)
TU Dresden GroBer Beleg Progress Report

0.1
ownedParameter Parameter
operation 0.*
{ordered]

<<enumeration>>
ParameterDirectionKind

in

out
inout
return
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Adjusted OCL Type Hierarchy

eIementTyp; Type
0.1 {from PivotModel}
0.*
CollectionType VoidType InvalidType TypeType TupleType
OrderedSetType SequenceType Baglype SetType
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Realizing the Pivot Concept

= Definition Level
e Analysis of research into (meta-)model composition
e Metamodel Merge and Metamodel Adaptation

e Analysis of meta repository adaptation techniques
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Common-0CL

CommanMadel
{from Common-0OCL)

CollectionType > Classifier Operation
{from Types) {from CommonModel} (from CommonModel)
/T
ﬂ 1
<<metamodel>> <<metamodel>>
UML-OCL UML

CollectionType Classifier Operation
{from Types) I> (from Core) > {from Core)

Definition Level Approach in Dresden OCL Toolkit
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My approach

= Adaptation

TU Dresden

EMaodelElement

1

ENamedElement

7

EPackage EClassifier EEnumLiteral ETypedElement
EClass EDataType EStructuralFeature EOperation
% | |
EEnum EAttribute EReference

GroBer Beleg Progress Report
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My approach

= Adaptation

EModelElement

T

ENamedElement

O

Enumeration
Z% / Literal

O EPackage EClassifier EEnumLiteral ETypedElement
Namespace Q Z>
EClass EDataType EStructuralFeature EQperation EParameter
O/ % | | \
EEnum EAttribute EReference O
Type .
Operation Parameter

/

O

Enumeration

\

Property
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Adaptation by Delegation

<<interface>>

Namespace
{from PivotModel}

+ addType(t : Type) : Namespace

+ findType{pathName : List<String>) : Type
+ findNamespace{pathName : List<String>) : Namespace

+ addNamespace(ns : Namespace) : Namespace

A
|
|

EPackageAdapter
(from Adapters)

adaptee

EPackage

{from Ecore)

+ nsURI : String

+ nsPrefix : String

+ getEClassifier{name : String) : EClassifier
+ getESubpackages() : EList

TU Dresden GroBer Beleg Progress Report
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Feature

id : String

O

Adaptation for DSLs
defined on M2

ctivator

name : String Namespace
version : String
feature 0.1 O
Propert
plugins | 0O..* / P O
Plugi plugin 0.* | ExtensionPoint
ugin gt . islid © Stri Type
id : String 1 extensionPoints | IQ © String 0.* type / 1
name : String JavaType
version : Strin o .
, ,g fullyQualifiedName : String
provider : String .
p.'ug'” 0.* Service eturnfyoe/N 1 ype /N 1 4
1 services [name : String | o =

O/ |

Type

/Sewice 1

O

parameters | 0..*

—0

Operation

ServiceParameter

Parameter

hame : String
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ModelFacade

Repository Adaptation

in Dresden OCL Toolkit

= UML-specific

= monolithic
(33 methods)

TU Dresden

Netbeans Metadata

Repository (MDR)

/ / i H \ N

+ getRefObject (moflD : String) : Object

+ getFeature (mofID : String) : List

+ getName (mofID : String) : String

+ getMultiplicity (moflID : String) : Multiplicity

+ getOrdering (mofID : String) : OrderingKind

+ getQualifier (mofID : String) : List

+ getNamespace (moflD : String) : Namespace
+ getUpper (mofID : String) : int

+ ..

HashMap<String,Object> refObjects

mofld refObject
7D749D32-....00036B ——
7D749D32-....000364 ——

7D749D32-..:00035E
767;19032-...:000352

717 NN

GroBer Beleg Progress Report
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N AN
\
VR
N O
Custom
Repository
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My approach
" reusing the DSL adapters
TN N
~ e ~_
a O ~~~~~ T’ I _“.\*- u
O Lh---- Custom
EMF Repository
~_ ~_

= DSL definition and instantiation not in the
same repository = Adapter Chaining
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Further issues

= Definition Level representation of the
Standard Library (OclAny, Oclinteger, ...)

e some DSLs might not support inheritance

= “Adding” properties and methods to the model
via OCL def

= Solution: adapters provide “virtual view” on
the real model
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Realizing the Pivot Concept

= Execution Level
* Analysis of existing OCL implementations

e Analysis of required interface for OCL execution
engine
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Execution Level in Kent OCL

= Code Generation with fixed semantics

e Operations:

"OclBoolean + result + " =" + templ + "." +
operName + "("+temp2+");

* Properties:
source + "." +
this.processor.getModelImplAdapter() .

getGetterName(propertyName) + "();
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Execution Level in Dresden OCL Toolkit

= Translation between OCL space and Model
space

= reflective methods for getting properties and
Invoking operations
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«interface»

Mapping

OclFactory

getOclRepresentationFor(type : OclType, o : Object) : OclRoot
reconvert(targetType : NonOcIType, oclObject : OclRoot) : Object
getOcIModelTypeFor(pathname : String) : OclModelType
getOclEnumTypeFor(pathname : String) : OclEnumType
getOclTupleType(names : String[], types : OcIType[]) : OclTupleType

OclModelObject

OclEnumLiteral | 2

OclModelType

OclSequence

TU Dresden

OCL Space

GroBer Beleg Progress Report
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java.lang.Object

\
\
\,
"\
N,
“

java.lang.Class

java.lang.Enum

java.util.List

Java Space
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My approach

= Adaptation through delegation

«interface»
OclSequence

java.util.List

adaptee

ListAdapter

Java Space

OCL Space
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A new Base
Library
Hierarchy

TU Dresden

OclAdapter

<<interface>>

getAdaptee() : Object

!

<<|Interface>>
OclRoot

getPropertyValue{propertyName : String) : OclRoot
setPrapertyValue{propertyName : String, propertyValue : OclRoot) : void
invokeOperation{aperationName : String), parameters : OclRoot[]) : OclRoot

]

<<interface>>
QOclObject

A

<<jnterface>>
OclType

A\

<<interface>>
OclCollection

<<interface>>

<<interface>>

OclAny OclVoid

<<interface>>
QclPrimitiveType

<<interface>>
OclEnumType

1

\

subtyped by OclSequence,
OclSet, OclOrderedSet and
OclBag

subtyped by OclEnumLiteral,
OclBoolean, OclString, OclReal,
Oclinteger and OclTuple

<<interface>>
OclCallectionType

<<interface>>
OclTupleType

GroBer Beleg Progress Report
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Adapt model elements to OCL types

= Adapter Factory
e either as Singleton or via extension point
e Hashtable lookup to find adapter for class

= Number of concepts relatively small
e Object, Type, Enum, Collection, ...
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Results

= Realizing the Pivot Concept
= Prototypical Implementation
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Prototypical implementation

1>

= Concepts Level:
* Pivot Model and EssentialOCL in Rational Rose
 Generation of EMF interfaces / implementations

e |nterfaces IMetamodelService, IMetamodel and
corresponding extension point
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Prototypical implementation

= Definition Level:
 Model of Standard Library using Pivot Model Editor
* Manual integration with EMF

e Analysis of automatic generation of integration
layer using annotations on an M2 model

e |nterfaces IModel, IModelFactory
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Prototypical implementation

= Execution Level:
e |nterfaces IModelInstance, IModelInstanceFactory
* maybe experiments adapting to EMF

e [deas about automatic generation using dedicated
mapping DSL instance as generator model
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Discussion

= Evaluation
* no new ideas, but thorough analysis of existing work
e many OCL Toolkit bugs spotted on the way

= Limitations

 UML-specific aspects (state machines) neglected
e prototypical nature of implementation
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The End

= Thank you for your attention ©
= Questions? Comments?
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Backup
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Element
{from Elements)

Core::Basic A

NamedElement MultiplicityElement
(from Multipiicitie s)

7 7

0.1
0.1
—p|Package @ | Type TypedElement
P 0.1 * Z% type "
DataType
Class @ Property
% 0..1 ¥
0.1
> Operation «@——Parameter
Enumeration Enumeration PrimitiveType * 01 *
Literal EE— Yp ~ /\ superClass
0.1
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Design Principles

Include elements referenced by OCL specification
Remove redundant classes from UML
Remove superfluous attributes

Include elements from UML2 that lack in Core::Basic
and limit OCL expressiveness

Follow UML2 naming, avoid name clashes
Mostly use interface inheritance

Add useful methods from the OCL Toolkit

Add methods defined in OCL specification
Add model manipulation methods

W

© 0N 0
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Pivot Model
Features Feature

isStatic : Boolean

1

Property Operation

cmpSlots{p : Property) : Boolean hasMatchingSignature{paramTypes : List<Type>) : Boolean
allProperties{() : Set<Property>

getParameters() : List<Parameter>

getinParameters() : List<Parameter>

getOutParameters() : List<Parameter>
getReturnParameter{) . Parameter

addParameter{p : Parameter) : Operation
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Pivot Model
Multiplicity
Element

MultiplicityElement

isOrdered : Boolean
isUnigque : Boolean
isMultiple : Boolean

\

Property

TU Dresden

Operation

GroBer Beleg Progress Report

Parameter

kind : ParameterDirectionKind

asProperty() . Property
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Pivot Model Type and TypedElement

Type

Typedelement 0. 0.1 |conformsTo(t : Type) : Boolean

commaonSsuperType(t : Type) : Type

lookupProperty{attName : String) : Propert

lookupOperation{name : String, paramTypes : List<Type>) : Operation
addProperty{p : Property) : Type

superType addOperation(o : Operation) : Type

type

0.*

Praperty Operation Parameter addSuperType(t : Type) : Type

0.*
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Pivot Model

<<enumeration>>
ConstraintKind

NamedElement
Constraints Z%
Constraint c .
namespace *
Namespace - > I ind - Constraintkind | constiaint 1 Xpression
0.1 ownedRule — body : String
0.1 specication language : String

constrainedElement

0.%

invariant
definition
precondition
postcondition
initialvalue
derivedvalue
body

TU Dresden

{ordered]

ConstrainedElement

Type

Property

Operation

GroBer Beleg Progress Report

Folie 63 von 56



TECHNISCHE
@ UNIVERSITAT
DRESDEN

Datatype Adaptation in the Dresden OCL Toolkit
|

<<metamodel>>
Common-OCL

Classifi Datal <<metamodel>>
assifier ataType
<— MOF

(from CommonModef} (from CommonModel}

A Classifier

{from Model)
‘ - -7 Class Datatype
<<metamodel>> | (from Model) (from Model)
MOF-OCL
A mofType
AdDataType
{from Adapters)
oclType TypeMapping
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Definition Level in Kent OCL

= Adapters directly reference their repository-
specific counterparts

= Creation of new adapters is delegated to a
Factory
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The current Dresden OCL Toolkit Base Library

<<Interface>>

OclRoot
OciCollection OclAny OclUndefined
| | | | | | |
OclSequence OclSet OclEnumLiteral OclModelObject OclBaoolean OclString OclReal OclTuple
OclBag OclOrderedSet % | Q | Z%
JmiEnumLiteral JmiModelObject UmiModelObject Oclinteger
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OclType

/\

OclCollectionType

TU Dresden

OclEnumType

OclModelType

OclPrimitiveType

OclTupleType

1

1

JmIEnumType

JmiModelType

UmIMaodelType
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