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Variation and composition with Variation and composition with 
model driven approachesmodel driven approaches

Predictable variation points Predictable variation points 
Unpredictable variation pointsUnpredictable variation points

–– Composition as a mechanism to obtain variationComposition as a mechanism to obtain variation

–– Variation points in the composition mechanismVariation points in the composition mechanism

captured in the modelcaptured in the model

model compositionmodel composition

composition modelcomposition model
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The Domain ApproachThe Domain Approach
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Domain architectureDomain architecture
E.g. Product domainE.g. Product domain

Domain 
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                                                                                                      (V3) Component selection  
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Application Model DefinitionApplication Model Definition
E.g. Domain Architecture ModelE.g. Domain Architecture Model

<?xml version="1.0" encoding="UTF-8" ?> 
<TypeDefinition name="Domain" 

xmlns="http://fr.imag.adele/fede/product/model">
<TypeRoot xsi:type="StructDefinition" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">
<attribute name="name" version="false" mandatory="true" readonly="true" 

key="true">
<TypeRoot xsi:type="StringDefinition" /> 
</attribute>
<attribute name="features" maxOccurs="-1" version="true" key="false">
<TypeRoot xsi:type="TypeReference">
<TypeRoot type="Feature" xsi:type="NameTypeDefinition" /> 
</TypeRoot>
</attribute>
<attribute name="roles" maxOccurs="-1" version="true" key="false">
<TypeRoot xsi:type="TypeReference">
<TypeRoot type="Role" xsi:type="NameTypeDefinition" /> 
</TypeRoot>
</attribute>

<attribute name="tools" maxOccurs="-1" version="true" key="false">
<TypeRoot xsi:type="TypeReference">
<TypeRoot type="Tool" xsi:type="NameTypeDefinition" /> 
</TypeRoot>
</attribute>

<attribute name="models" maxOccurs="-1" version="true" key="false">
<TypeRoot xsi:type="TypeReference">
<TypeRoot type="Model" xsi:type="NameTypeDefinition" /> 
</TypeRoot>
</attribute>
<attribute name="comment" version="true">
<TypeRoot xsi:type="StringDefinition" /> 
</attribute>
</TypeRoot>
</TypeDefinition>

<?xml version="1.0" encoding="UTF<?xml version="1.0" encoding="UTF--8" ?> 8" ?> 
<<TypeDefinitionTypeDefinition name="name="DomainDomain" " 

xmlnsxmlns="="http://http://fr.imag.adele/fede/product/modelfr.imag.adele/fede/product/model">">
<<TypeRootTypeRoot xsi:typexsi:type="="StructDefinitionStructDefinition" " 

xmlns:xsixmlns:xsi="="http://www.w3.org/2001/XMLSchemahttp://www.w3.org/2001/XMLSchema--instanceinstance">">
<attribute name="<attribute name="namename" version="" version="falsefalse" mandatory="" mandatory="truetrue" " readonlyreadonly="="truetrue" " 

key="key="truetrue">">
<<TypeRootTypeRoot xsi:typexsi:type="="StringDefinitionStringDefinition" /> " /> 
</attribute></attribute>
<attribute name="<attribute name="featuresfeatures" " maxOccursmaxOccurs="="--11" version="" version="truetrue" key="" key="falsefalse">">
<<TypeRootTypeRoot xsi:typexsi:type="="TypeReferenceTypeReference">">
<<TypeRootTypeRoot type="type="FeatureFeature" " xsi:typexsi:type="="NameTypeDefinitionNameTypeDefinition" /> " /> 
</</TypeRootTypeRoot>>
</attribute></attribute>
<attribute name="<attribute name="rolesroles" " maxOccursmaxOccurs="="--11" version="" version="truetrue" key="" key="falsefalse">">
<<TypeRootTypeRoot xsi:typexsi:type="="TypeReferenceTypeReference">">
<<TypeRootTypeRoot type="type="RoleRole" " xsi:typexsi:type="="NameTypeDefinitionNameTypeDefinition" /> " /> 
</</TypeRootTypeRoot>>
</attribute></attribute>

<attribute name="<attribute name="toolstools" " maxOccursmaxOccurs="="--11" version="" version="truetrue" key="" key="falsefalse">">
<<TypeRootTypeRoot xsi:typexsi:type="="TypeReferenceTypeReference">">
<<TypeRootTypeRoot type="type="ToolTool" " xsi:typexsi:type="="NameTypeDefinitionNameTypeDefinition" /> " /> 
</</TypeRootTypeRoot>>
</attribute></attribute>

<attribute name="<attribute name="modelsmodels" " maxOccursmaxOccurs="="--11" version="" version="truetrue" key="" key="falsefalse">">
<<TypeRootTypeRoot xsi:typexsi:type="="TypeReferenceTypeReference">">
<<TypeRootTypeRoot type="type="ModelModel" " xsi:typexsi:type="="NameTypeDefinitionNameTypeDefinition" /> " /> 
</</TypeRootTypeRoot>>
</attribute></attribute>
<attribute name="<attribute name="commentcomment" version="" version="truetrue">">
<<TypeRootTypeRoot xsi:typexsi:type="="StringDefinitionStringDefinition" /> " /> 
</attribute></attribute>
</</TypeRootTypeRoot>>
</</TypeDefinitionTypeDefinition>>

• Often structural only        Application development does not need any 
programming

•• E.g. Domain Architecture Model E.g. Domain Architecture Model XML

Product Model 
Editor
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Feature SelectionFeature Selection
The feature model does not try to grasp all 
the domain concepts
The feature model does not try to grasp all The feature model does not try to grasp all 
the domain conceptsthe domain concepts

variability at the variability at the 
implementationimplementation levellevel
variations regarding variations regarding 
nonnon--functional functional 
propertiesproperties, which are , which are 
not related to a single not related to a single 
conceptconcept
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Component (Tool) SelectionComponent (Tool) Selection

• mapping the abstract features to 
concrete components tools

Tools (components)
• encapsulate most of the 
implementation code
• reuse highly non-homogenous 
tools

COTS 
legacy software 
programs available on the 

market
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SummarySummary

Variation and composition with Model Driven Variation and composition with Model Driven 
ApproachesApproaches

Variation points in domain architectureVariation points in domain architecture
–– Application model definitionApplication model definition
–– Feature selectionFeature selection
–– Component selectionComponent selection

Variations inside the domain composition Variations inside the domain composition 
mechanismmechanism

–– interinter--domain relationship definitiondomain relationship definition
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Product ToolsDocument Tools

Domain compositionDomain composition

GivenGiven::
authonomousauthonomous domainsdomains drivendriven by by 

application modelsapplication models

Problem:
domains are narrow

Solution:
compose existing domains by 

establishing relationships

Purpose:
develop wide area 

applications, that crosscut
several domains

DocumentDocument
ModelModel

ProductProduct
ModelModel

Relationships
Document DSL Product DSL

CVS Doc 
editor

SQL 
Storage Viewer

Document Features Product Features
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Variations inside the domain Variations inside the domain 
composition mechanismcomposition mechanism

                                                            

   

Product Model Document Model 

Product Domain DSL Document Domain DSL 

(V4) Inter-domain relationship definition (V6) Inter-domain relationship properties

(V5) Inter-model relationship definition 
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InterInter--domain Relationship domain Relationship 
DefinitionDefinition

establish establish interactionsinteractions characteristic to the characteristic to the 
new composite domainnew composite domain
establish establish correspondencescorrespondences -- link link ““the the 
samesame”” concept found in both domainsconcept found in both domains
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InterInter--domain Relationship domain Relationship 
Definition  Definition  E.g. E.g. RichProductRichProduct
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Implementation with AOPImplementation with AOP

public aspect public aspect RelH_Product_DocumentRelH_Product_Document extends extends FedeAbstractAspectFedeAbstractAspect {{

public public RichProductRichProduct ProductDomain.ProductDomain.createProductWithContentcreateProductWithContent
((ProductTypeProductType productTypeproductType, Map , Map attributesMapattributesMap , String host, URI directory, Pattern exclusion) , String host, URI directory, Pattern exclusion) 

{{
Product product = Product product = createProductcreateProduct( ( productTypeproductType,  ,  attributesMapattributesMap ););
DocumentDomainDocumentDomain documentDomaindocumentDomain = ( = ( DocumentDomainDocumentDomain ) ) MelusineCoreMelusineCore

..getDomainRootgetDomainRoot ( ( DocumentDomain.DOMAIN_NAMEDocumentDomain.DOMAIN_NAME ); ); 
DocumentTypeDocumentType documentTypedocumentType =          =          

getDocumentTypegetDocumentType((product.getProductTypeproduct.getProductType(), (), documentDomaindocumentDomain););
Document Document documentdocument = = documentDomain.documentDomain.createDocumentcreateDocument((documentTypedocumentType, , 

product.getIdentificatorproduct.getIdentificator(), host, directory, exclusion);(), host, directory, exclusion);
product.product.linklink(document(document););
return (return (RichProductRichProduct) product;) product;

}}……

}}
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InterInter--model Relationship model Relationship 
DefinitionDefinition

automaticallyautomatically -- if there are enough criteria for if there are enough criteria for 
matching the model elementsmatching the model elements

manuallymanually

                                   
Product Document

Tool Tool Specification

Conforms to
Conforms to 

Model level 
 
 
 
DSL level 
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Relationships propertiesRelationships properties

Destination Life Cycle ManagementDestination Life Cycle Management
–– Source IndependentSource Independent
–– Source DependentSource Dependent

MultiplicityMultiplicity

Link Creation MomentLink Creation Moment
–– Early, at instantiationEarly, at instantiation
–– Late, at navigationLate, at navigation

PersistencePersistence

CapturesCaptures
Product Document
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Destination Life Cycle ManagementDestination Life Cycle Management

2 2 types of domainstypes of domains::
activeactive –– a domain whose a domain whose 
components are interactive components are interactive 
and are influenced by non and are influenced by non 
deterministic actors, like deterministic actors, like 
humanshumans;;

passivepassive –– a domain that a domain that 
only performs actions only performs actions 

requested by other domains.requested by other domains.

E.g.
Product domain active
Document domain passive

Source dependent relationships:

Product-Document
Branch-DocBranch

Revision-DocRevision

E.g.E.g.
ProductProduct domain activedomain active
DocumentDocument domain passivedomain passive

Source dependent relationships:Source dependent relationships:

ProductProduct--DocumentDocument
BranchBranch--DocBranchDocBranch

RevisionRevision--DocRevisionDocRevision
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MultiplicityMultiplicity
E.g. Revision E.g. Revision -- DocRevisionDocRevision

1..*1..* -- a document revision may be linked to more product revisions a document revision may be linked to more product revisions 

productRevision.setDocumentRevisionproductRevision.setDocumentRevision ((originalDocumentRevisionoriginalDocumentRevision););

11 -- create a new document revision for each product revision, as acreate a new document revision for each product revision, as a clone clone 
of the previous oneof the previous one

DocRevisionDocRevision clonedDocumentRevisionclonedDocumentRevision = = docBranch.createRevisiondocBranch.createRevision((
originalDocumentRevisionoriginalDocumentRevision););

productRevision.setDocumentRevision (productRevision.setDocumentRevision (clonedDocumentRevisionclonedDocumentRevision););
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SummarySummary

Variation and composition with Model Driven Variation and composition with Model Driven 
ApproachesApproaches

Variation points in domain architectureVariation points in domain architecture
–– Application model definitionApplication model definition
–– Feature selectionFeature selection
–– Component selectionComponent selection

Variations inside the domain composition Variations inside the domain composition 
mechanism mechanism 

–– interinter--domain relationship definitiondomain relationship definition
–– interinter--model relationship definitionmodel relationship definition
–– interinter--domain relationship propertiesdomain relationship properties

ConclusionsConclusions
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ConclusionsConclusions

The increase of size, complexity and evolution The increase of size, complexity and evolution 
requires requires more flexible composition mechanismsmore flexible composition mechanisms..

Variation pointsVariation points
–– inside the units of reuseinside the units of reuse
–– in the composition mechanismsin the composition mechanisms

DomainsDomains -- high granularity units of reusehigh granularity units of reuse
–– any pair of domains may be composed any pair of domains may be composed 
–– establishing interestablishing inter--domain relationshipsdomain relationships
–– relationship properties relationship properties -- variation points of the compositionvariation points of the composition

model-based composition


