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Introduction

ÁPrerequis
ÅDiagrammede classes et d'activitésUML (niveaude base)

ÅActigrammeétenduGRAI (niveaude base)

ÁObjectifs
ÅTour d'horizondes modèleset transformations de modèles

ÅSouleverquelquesquestions

ÁPlan
ÅPiqûresde rappel surModèle, métamodèles

ÅTransformations de modèles

ÅSurvolMDA
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Part I: Model, Modelling, 
MetaModel, MetaModellingΣΧ
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First Word

Ϧ9ǎǎŜƴǘƛŀƭƭȅΣ ŀƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎΣ Χ

but some are useful "

Box, George E. P.; Norman R. Draper (1987)

Empirical Model-Building and Response Surfaces 
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Basic Concepts: Formalism

ÁLanguage or formalism

ÁSet of constructs
ÅProviding a syntaxand a semantics

ÅPut together according precise grammatical rules 

ÅTo represent an artefact (object, ƳŜǎǎŀƎŜΣ ƪƴƻǿƭŜŘƎŜΣΧύ

ÁSyntax and Semantics
ÅA language is needed to express/communicate the syntax and semantics

Oct, 2009Transformation of Enterprise Models 6
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Semantics
ÁTypes of semantics
ÅReal World Semantics : meaning refers to the real world which is modelled 

ÅFormal Semantics : mathematics, to validate, to transformΣ Χ  ƳƻŘŜƭǎ

ÁSemantics required
ÅTo compare languages (used to represent the same thing)

ÅTo compare models (representing the same thing)

ÅTo validate models

ÁBut problem of Semantics!

Á"Semantics: this does not mean anything!" [Favre 2004]

Oct, 2009Transformation of Enterprise Models 7
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Formalisms

ÁExamples
ÅtŜǘǊƛ bŜǘǎ όǇƭŀŎŜǎΣ ǘǊŀƴǎƛǘƛƻƴǎΣΧύ

ÅGrafcetόǎǘŜǇǎΣ ǘǊŀƴǎƛǘƛƻƴǎΣΧύ

ÅUML Class Diagram (classes, associations, properties, Χύ

Å5ƛŦŦŜǊŜƴǘƛŀƭ Ŝǉǳŀǘƛƻƴǎ όǾŀǊƛŀōƭŜǎΣ ƻǇŜǊŀǘƻǊǎΣ Χύ

Åetc

Oct, 2009Transformation of Enterprise Models 8
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Model
Á"Modelingin its broadestsenseis the costҍŜŦŦŜŎǘƛǾŜ ǳǎŜ of 

somethingin place of somethingelsefor somepurpose. 

ÁIt allowsus to use somethingthat issimpler, safer, or cheaperthan
reality insteadof reality for somepurpose. 

ÁA model representsreality for the givenpurpose; 

ÁThe model isan abstraction of reality in the sensethat it cannot
representall aspects of reality. 

ÁThis allowsus to deal with the world in a simplifiedmanner, 
avoidingthe complexity, danger and irreversibilityof reality."

From"THE NATURE OF MODELING",by Jeff Rothenberg, Chapterfor 
"AI, Simulation & Modeling" , Lawrence E. Widman, Kenneth A. 
Loparo, and Norman R. Nielsen, editors John Wiley& Sons, Inc., 
!ǳƎǳǎǘ мфуфΣ ǇǇΦ трҍфн
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Model

ÁA model is a consensusabout an abstractionof phenomena of the 
real world: a representationof an aspect of the world for a specific 
purpose

ÁTypes:
Åinformal (texts in natural language)

Åsemi-formal (descriptive models, graphical notations)

Åformal (mathematical notations, First Order Logic)

ÁProcess to represent a modelė Model Externalisation (see later)

ÁaƻŘŜƭ Ғ wŜǇǊŜǎŜƴǘŀǘƛƻƴ(s)

Oct, 2009Transformation of Enterprise Models 10
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Model

MySystem MyModel
µ

[Favre 2004]

µ = represents

Oct, 2009Transformation of Enterprise Models 11
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Modelling

ÁModelling 
ÅActivity of creating models

ÅΧǳǎƛƴƎ ŀ ŦƻǊƳŀƭƛǎƳ

Oct, 2009Transformation of Enterprise Models 12

Real 
System

Xn+1=A Xn + B UnModelling Activity

Formalism



EMEA 2009, Arcachon OCT 2009

R. GRANGEL, M. BIGAND, J.-P. BOUREY 7

© RGS  & MB & JPB

Fundamental question

ÁFundamental questions about a model :
ÅPurpose : to do what ?

ÅScope of the model : context?

ÅPoint of View : aspects taken into account?

ÅLevel of detail : precision level?

ÁAlways start with the purpose!

Oct, 2009Transformation of Enterprise Models 13
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Model, Modelling

Purpose
Point

of
View

Context
Level

of
Detail

Real
System

(Compressor)

Oct, 2009Transformation of Enterprise Models 14

Modelling Activity

Formalism
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What is a goodmodel ?

Á"M is a good model of S if M makes it possible to answer predefined 
questions about S in a satisfactory way" 
(Ross)
ÅRight level of detail

ÅRight point of view

????

Oct, 2009Transformation of Enterprise Models 15
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Model and Level of details

© Michelin

Reyes's
office is 

here

Oct, 2009Transformation of Enterprise Models 16
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Model and Level of Details (since "I'm just a jealous guy"*)

© Michelin

*[John Lennon, Jealous Guy, Imagine, 1971]

Jean-
Pierre's
office is 

here

Oct, 2009Transformation of Enterprise Models 17
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Types and Uses of Models

Types 
of models

To analyse, 
understand, 

identify 
the environment

To explore, 
simulate, 
validate 

operational concepts

To formalize 
the problem and 
The requirements

To build functional 
and 

physical architectures

To plan, 
validate, 

prove behaviours
To simulate

To estimate
performances, 

reliability, 
safety

To simulate

To capitalize
To re-use

To share 
knowledge

Cognitive 
models

Normative 
models

Prescriptive 
models

Constructive 
models

Predictive 
models

Formal 
models

Analytical 
models

Models
for

communicating

From [http://www.afis.fr]

Oct, 2009Transformation of Enterprise Models 18
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Back to the Model

Á¢ƘŜ ƳƻŘŜƭ ƛǎ ƴƻǘ ǘƘŜ ǎȅǎǘŜƳΧ 

ÁBut, It's a system as well!

is a model of

Oct, 2009Transformation of Enterprise Models 19
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From Model to Metamodel

ÁA metamodel is yet another abstraction, highlighting properties of 
the model itself. 

ÁThis model is said to be conformedto its metamodel 
Ålike a program corresponds to the grammar of the programming language 

used to write it

ÁA metamodel can be considered as an explicit description
(constructs and rules) of the way to build a domain-specific model

ÁWhat is the exact nature of the relations between system, model, 
ƳŜǘŀƳƻŘŜƭΣΧ Κ

Oct, 2009Transformation of Enterprise Models 20
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From Model to Metamodel

"Language" Metamodel

e

µ

µ

c Grammar

Set of all models 
that can be 

written

[Favre 2004]

µ = represents

c= conforms to

e= belongs to

Oct, 2009Transformation of Enterprise Models 21

MyModelMySystem
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From Model to Metamodel: Example

MySystem

All        
models Metamodel

e

µ

µ

c
Grammar :
Classes,
Properties,
Operations,
Associations,
é

Set of all models that 
can be written with

µ = represents

c= conforms to

e= belongs to

My      
Model

xxx

Xxx

Xxxx

Xxxxxxx

Xxxyyyy

Xxxxyyyy

xxx

Xxx

Xxxx

Xxxxxxx

Xxxyyyy

Xxxxyyyy

xxx

Xxx

Xxxx

Xxxxxxx

Xxxyyyy

Xxxxyyyy

xxx

Xxx
Xxxx

Xxxxxxx

Xxxyyyy

Xxxxyyyy

xxx

Xxx

Xxxx

Xxxxxxx

Xxxyyyy

Xxxxyyyy

Oct, 2009Transformation of Enterprise Models 22
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From Model to Metamodel

MySystem MyModel

Metamodel

c

µ

µ = represents

c= conforms to

e= belongs to

Oct, 2009Transformation of Enterprise Models 23
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Other examples of c

Program

Grammar

Data

Schema

Model

Meta - Model

Document

Schema

Ontology

Top Level O.

Syntax XML

c

DBMS Ontology
engineering

Adapted from [Bézivin 2005]

Oct, 2009Transformation of Enterprise Models 24
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Just some "stupid" questions about model/metamodels?

Reyes's
office is 

here

Reyes's
office is 

here

[Google Earth 2007][Michelin 2007]

Pixel ???

Colours??

...

Model

Metamodel

Oct, 2009Transformation of Enterprise Models 25
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Each model needs its metamodel to be understood

[http://www.piegetermite.info/productssimple6.html]
[http://www.rtl2007.fr/actualite/0/22 -avril-2007-dossier-redaction-rtl-6363.html]]

1st round of President election 2007 Percentage of places infested
by termites 

[adapted from MireilleBlay-Fornarino2004]

Oct, 2009Transformation of Enterprise Models 26
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What does it represent?

Oct, 2009Transformation of Enterprise Models 27
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Semantics of relations between models

Á[Favre 2004]

d

c

e

µ

composite component

metamodel

model

set element

model

system studied

System

µ = represents

c= conforms to

e= belongs to

d= is composed of

Oct, 2009Transformation of Enterprise Models 28
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Purposes of Metamodelling?

ÁDialog Technique
ÅReference Manuals (ex: UML Superstructure) 

ÅWay of making comparison and/or unifying modelling techniques

ÁEngineering techniques
ÅTo formalise

ÅTo develop supporting tools

ÅTo transform

Oct, 2009Transformation of Enterprise Models 29
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ÁModel

ÁWhich concepts/relations ?
ÅActivity, Flow,

ÁMetamodel is a model=>classical modeling problem

How to express a Metamodel?

A1 A2

Activity

Flow

Activity Flow

input

output

Activity Pin

input

output
Flow

Oct, 2009Transformation of Enterprise Models 30
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Representation of a Metamodel

ÁConcrete Syntax
ÅVisible Features (presentation)

ÁAbstract syntax
ÅConcepts (Constructs), Relations, 
Χ
ÅIndependent of machine-

oriented structures and 
encodings

ÁSemantics
ÅOf Constructs, Relations

Oct, 2009Transformation of Enterprise Models 31

SportTouringMotorbike

+engineCapacity : Integer

+power : Integer

+vin : String

+start()

+repaint()

© RGS  & MB & JPB

ConcreteSyntaxfor Externalisation

ÁSeveralconcreterepresentationsfor the samemodel

Model

HumanReadable

Machine Readable

graphical

textual

textual

object

To Create , explain , think about
Needs a readable representation

To store, exchange, execute , transform
Needs a machine representation

Oct, 2009Transformation of Enterprise Models 32
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UML ConcreteSyntaxfor a Class Model

Oct, 2009Transformation of Enterprise Models 33

abstract class Car 

attributes

name : String

price : Integer

end

class StandardCar < Car 

end

class Formula1 < Car

attributes

nbGP : Integer

end

abstract class Engine 

attributes

power : Integer

end

class StandardEngine < Engine 

end

class F1Engine < Engine 

attributes

nbGP : Integer

end

association CarEngine between

Car [ 0..1 ] role myCar

Engine [ 0..1 ] role myEngine

end

Graphical externalisation:
Class Diagram

Textual externalisation

© RGS  & MB & JPB

Common Confusion between Model and Diagram

ÁIn Annex A (page 683):

Å"A UML model consists of elements such as packages, classes, and 
associations. 

ÅThe corresponding UMLdiagrams are graphical representations of parts of 
the UML model. 

ÅUML diagramscontain graphical elements (nodes connected by paths) that 
represent elements in the UML model. 

ÅAs an example, two associated classes defined in a package will, in a diagram 
for the package, be represented by two class symbols and an association 
path connecting these two class symbols"

[UML2.2 Superstructure Specification formal 2009-02-04]

Oct, 2009Transformation of Enterprise Models 34
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Simplified example: RDB metamodel

Oct, 2009Transformation of Enterprise Models 35
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From Model to Metamodel

Oct, 2009Transformation of Enterprise Models 36

Model

MetaModel

Conforms to
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From MetaModel to MetaMetaModel

legend::= line, [line]*
line ::= symbol[,white space,symbolϐϝ  ΨμΩ name[, white space, name]*

MetaModel
(legend)

MetaMetaModel
(expressed in EBNF)

Conforms to

Oct, 2009Transformation of Enterprise Models 37
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From MetaMetaModel to MetaMetaMetaModel

Conforms to

legend::= line, [line]*
line ::= symbol[,white space,symbolϐϝ  ΨμΩ name[, white space, name]*

MetaMetaModel
(EBNF expressions)

(simplified) MetaMetaMetamodel 
(EBNF grammar expressed in UML

Oct, 2009Transformation of Enterprise Models 38
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FromMetaMetaMetaModel to MetaMetaMetaMetaModel

Conformsto

MetaMetaMetaModel
(EBNF grammar)

(simplified) MetaMetaMetaMetamodel 
(UML Metamodel)

Oct, 2009Transformation of Enterprise Models 39
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!ƴŘ ǎƻ ƻƴΧΦΦ

ÁQuestions: 

ÅHow to stop? 

ÅHow many layers?

Oct, 2009Transformation of Enterprise Models 40

legend ::= line, [line]*
ƭƛƴŜ ΥΥҐ ǎȅƳōƻƭώ ǎȅƳōƻƭϐϝ ΨμΩ ŜƭŜƳŜƴǘΣǿƘƛǘŜ ǎǇŀŎŜΣ

[element]*

Reality

Model

MetaModel

MetaMetaModel

MetaMetaMetaModel

MetaMetaMetaMetaModel

Χ
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Question:

ÁTo definesomethingby itself (or by circulardefinitions), is it really
new or strangeor complex?

ÁExample: how to explainwhat isa dictionary?

[http://dictionary.reference.com/]

Oct, 2009Transformation of Enterprise Models 41
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<<metamodel>>

MetaModel 

M2

Metamodel & OMG's Architecture:          example

Oct, 2009Transformation of Enterprise Models 42

<<conform>>

M3
<<metametamodel>>

Meta Object Facility

(MOF)

<<conform>>

Model

M1

<<metaclass>>

Class

+name : Name

+isActive : Boolean

<<instanceOf>>

M0

classifier

0..*

<<snapshot>>

<<instanceOf>>

SportTouringMotorbike

+engineCapacity : Integer

+power : Integer

+vin : String

+start()

+repaint()

<<instanceOf>>

fjrOfJPB:SportTouringMotorbike

engineCapacity  : Integer = 1300

power : Integer = 140

vin : String = "273 BEY 59"

<<representedBy>>

Real World Things

<<metaclass>>

InstanceSpecification

+name : Name

+initValue : Expression

<<instanceOf>>

<<metaclass>>

Property

<<metaclass>>

Class

<<metaclass>>

Association

<<instance of>><<instance of>>
<<instance of>>
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example: Who is interested in which level?

Oct, 2009Transformation of Enterprise Models 43

<<metamodel>>

MetaModel 

M2

<<conform>>

<<conform>>

M3
<<metametamodel>>

Meta Object Facility

(MOF)

Model

M1

M0
End Users

Modelers/Analysts using  

tools developers 
"transformer" from/to       

Profile developers
OMG

Metamodel Developers
OMG

© RGS  & MB & JPB

Conclusion of the First Part
ÁaƻŘŜƭƭƛƴƎ ƛǎ wŜŀƭƭȅ 5ƛŦŦƛŎǳƭǘΧ

ÁaŜǘŀƳƻŘŜƭƭƛƴƎ ƛǎ wŜŀƭƭȅ aŜǘŀŘƛŦŦƛŎǳƭǘΧ

ÁaŜǘŀƳŜǘŀƳƻŘŜƭƭƛƴƎ ƛǎ wŜŀƭƭȅ aŜǘŀƳŜǘŀŘƛŦŦƛŎǳƭǘΧ

ÁΧ

ÁΧ.ǳǘ wŜŀƭƭȅ 9ȄŎƛǘƛƴƎΗ

Á.ŜŎŀǳǎŜ ŜŀŎƘ ƴŜǿ ǇǊƻōƭŜƳ ƛǎ ǊŜŀƭƭȅ Χ 

ÁΧŀ bŜǿ tǊƻōƭŜƳ

Oct, 2009Transformation of Enterprise Models 44
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Last word of the day

Ϧ²Ŝ Řƻƴϥǘ ǎŜŜ ǘƘŜ ǿƻǊƭŘ ǿƛǘƘ ƻǳǊ ŜȅŜǎΣΧ

We see it with our concepts"

From "Petite philosophie à l'usage des non philosophes"

1997

Albert Jacquart (1925-)

Genetician, Writer

Oct, 2009Transformation of Enterprise Models 45
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Part II.1: Mapping and Model Transformations
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Model, MetaModels & Model Driven Engineering
ÁModel-Driven Engineering (or MDE) 
Åsystematic use of models as primary engineering artefactsthroughout the 

engineering lifecycle

ÁIn MDE
ÅModels are considered as first class citizens
ÅEverything is a model

ÁMDE can be applied to 
Åsoftware, 
Åsystem, 
Ådata engineering,
Å...

ÁOMG's Model Driven Architecture (MDA) is one MDE initiative

ÁMDE is based on Model and Model Transformations

Oct, 2009Transformation of Enterprise Models 47
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Model Transformation

ÁA Model Transformation takes a model and produce another model

ÁaƻŘŜƭ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ŀǊŜ Χ

ÁΧƳƻŘŜƭǎ

Oct, 2009Transformation of Enterprise Models 48
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Simplified Transformation Architecture

Oct, 2009Transformation of Enterprise Models 49

Mi

Target Model

Mapping

Source Model

Mi+1

Source 

Metamodel 

Conforms to Conforms to

Target 

Metamodel

Conforms to

Transformation

Mi+2
MetaMetaModel 

Conforms to Conforms to

© RGS  & MB & JPB

Transformation: UML2RDBMS

Oct, 2009Transformation of Enterprise Models 50

Mapping

Mi

Mi+1

Target Model:

MyDatabaseSchema

Source 

Metamodel 

Target 

Metamodel

Source Model:

MyClassDiagram

Conforms to Conforms to Conforms to

Transformation

Mi+2
MetaModel 

Conforms to Conforms to
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Mapping

ÁA specification for a Transformation [MDA 2003]

ÁSynonym: Model Morphism [MoMo 2006]
Åa morphism is an abstraction of a structure-preserving process between two 

mathematical structures 

ÁTo establish correspondences between 
Åone or more constructs of the source language 

Åand 0 or more constructs of the target language.

Oct, 2009Transformation of Enterprise Models 51
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Type of mappings: One to One

ÁOne Source construct is mapped onto one target construct

ÁExample: UML Class diagram to RDBMS 

Oct, 2009Transformation of Enterprise Models 52

Metamodel RDBMS Metamodel
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Type of mappings: One to Many
ÁConditional mapping: Choice of target construct
ÅExample: UML Class diagram to RDBMS 

ÅDecision/knowledge needed

Á"Splitting" mapping: One source construct is mapped onto several 
target constructs
ÅSee later GRAI Extended Actigramto UML Activity Diagram

Oct, 2009Transformation of Enterprise Models 53

or

Metamodel RDBMS Metamodel

© RGS  & MB & JPB

Type of mappings: Many to One 

ÁSeveral source constructs are mapped onto one target construct

Á"Aggregating" mapping

ÁExample: UML Class diagram to RDBMS 

Oct, 2009Transformation of Enterprise Models 54

Metamodel RDBMS Metamodel
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Transformation

ÁTakes input(s) and produce output(s)
ÅOne way process

ÁMay be composed

ÁMay be specialised

ÁClassification of transformations
Å"Manual" / Tool Supported

ÅReversible / Not Reversible

ÅVertical / Horizontal

ÅEndogenous / Exogenous

Oct, 2009Transformation of Enterprise Models 55
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Endogenous / Exogenous

ÁEndogenous 
ÅSource Metamodel= Target Metamodel

ÁExogenous
ÅSource Metamodel/= Target Metamodel

ÅExample: UML2Java
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Endogenous / Exogenous & Horizontal / Vertical
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Horizontal Vertical

Endogeneous Refactoring Refinement

Exogeneous Language 
Migration

Code 
Generation

Transformation

Transformation
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Endogenous / Exogenous & Horizontal / Vertical
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Horizontal Vertical

Endogeneous Refactoring Refinement

Exogeneous Language 
Migration

Code 
Generation
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Transformation

+PSM

MY_CUSTOMER_of_ORDER_FK {onDeleteCascade}

ORDER

CUSTOMER

MY_CUSTOMER_ID : integer {foreignKey}

INVOICE_ADDRESS : string

DELIVERY_ADDRESS : st ring

ID : integer {primaryKey}

ADDRESS : st ring

NAME : st ring

ID : integer {primaryKey}

Transformation

CREATE TABLE ORDER(

ID INTEGER NOT NULL ,

DELIVERY_ADDRESS VARCHAR2(100) ,

INVOICE_ADDRESS  VARCHAR2(50) ,

MY_CUSTOMER_ID   INTEGER NOT NULL );

ALTER TABLE ORDERADD (

CONSTRAINT ORDER_PK PRIMARY KEY (ID)

);

ALTER TABLE ORDERADD (

CONSTRAINT MY_CUSTOMER_of_ORDER_FK FOREIGN KEY (MY_CUSTOMER_ID)

REFERENCESCUSTOMER(ID)

ON DELETE CASCADE);
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Semanticsof Relations betweenModels
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d

c

e

µ

composite component

metamodel

model

set element

model

system studied

t

sourcetarget

System

µ = represents

c= conforms to

e= belongs to

d= is composed of

t= is transformed into
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Objective

ÁTo build a simple mapping

ÁFrom GRAI Extended Actigramto UML Activity Diagram
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Method

ÁFirst steps

ÁGRAI Extended ActigramMetamodel

ÁUML Activity Diagram Metamodel

ÁMapping Proposal
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GRAI EA Metamodel: Structure
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Mi Target 

Model

Mapping

Source 

Model

Mi+1

Source

Metamodel

Conforms to Conforms to

Target 

Metamodel

Conforms to

Transformation
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Some Elements of UML 2 Activities
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Name of 

Activity

Activity

Parameter

Node

Initial Node

Decision Node

Merge Node

Object Node

Fork Node

Join Node

Final Node

Source : [UML Superstructure 2.0]
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Simplified view of the Target Metamodel (UML)
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Mi Target 
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Mapping of GRAI Flows

ÁConnected to a Resource or Connector
ÅObjectFlow

ÁOtherwise
ÅControlFlow

ÁMerge of Input, Resource and Control flows
ÅUML input Flow
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GRAI

Activity

inputFlow

controlFlow

resourceFlow

outputFlow

inputFlow

outputFlowUML

Action

controlFlow

resourceFlow

Mi Target 

Model

Mapping

Source 

Model

Mi+1

Source 

Metamodel 

Conforms to Conforms to

Target 

Metamodel

Conforms to

Transformation

Mi+2

MetaMetaModel 

Conforms to Conforms to

GRAI Extended Actigram
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Mapping Summary
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Mi Target 

Model

Mapping

Source 

Model

Mi+1

Source 

Metamodel 

Conforms to Conforms to

Target 

Metamodel

Conforms to

Transformation

Mi+2

MetaMetaModel 

Conforms to Conforms to

GRAI Extended Actigram Condition UML Activity Diagram

Extended Actigram UML Model

Process Activity

Activity it is a not structured Activity OpaqueAction 

it is a structured Activity Activity +

CallBehaviorAction

Connector (all types) ActivityParameterNode

Resource ActivityParameterNode

Flow (all types)

not connected to a Resource 

or to a Connector ControlFlow

connected to a Resource 

or to a Connector ObjectFlow

LogicalOperator Converging OR MergeNode

Converging AND JoinNode

Diverging OR DecisionNode
Diverging AND ForkNode
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Conclusion on the Mapping Definition

ÁDetailed knowledge on both metamodels
ÅSemantics
üTo find the best appropriated correspondences

ÅSyntactic
üEnsure consistency

üEx: mapping of flows

ÁGRAI EA to UML AD
ÅIllustration of different mapping cases

ÅSemantic losses

ÅSpecifies irreversible transformation
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About consistency

ÁThe mappingproblemdoesnot consistonly in findingsimple 
mapping!

ÁThe proposedmappingsmust beconsistent

ÁExample:
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GRAI

GRID

Net
Activity
Diagram

????????

Information

Information

Information

Achieved order book

Achieved turnover > Budget

Achieved turnover < Budget

Information

Achieved order book

Turnover

Budget

Compare

achieved/budget
Accept

Meca-Hydrau

Objectives

Respect turnover

Decision variables

Relaunch supplier

Affect first

Criteria

Until the end of the month

Order suceptible to be achieved

Constraints

Capacity

Supplying availability

Accelerate

the order in

progress

Information

Receipted orders list

Information

To be accelerated

List of the orders

PL40 R1 A1

PL20 R2 A3

????????
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Open Issues

ÁModel transformation basedon ModellingLanguages(syntaxand 
semantics)

ÁDependson the coverageof the languagesin terms of concepts and 
relations betweentheseconcepts
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1st Case: two "distinct" modellinglanguages

ÁIs it anyinterest in performingmodel transformation?

ÁIs it possible?
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Set of concepts 
"externalisable" with the 

source language
(Embedded in its

metamodel)

Michelin® Road Map UML Use Case

Set of concepts 
"externalisable" with the 

target language
(Embedded in its

metamodel)
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2nd case: "identical" languages
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ÁIs it anyinterest in performingmodel transformation?

ÁVerylimited,  exceptif the concretesyntaxare different
(languagetranslation)

ÁBut besure that the semanticsare reallyidentical!!!
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Example

ÁUML Class Diagramand Entity-Association Diagram(MERISE)

ÁTheylook "internally"  identical(sameconcepts) with onlydifferent
concretesyntax

ÁEx: Binaryassociation: it's easy!!!

ÁBut for n-aryAssociations 

ÁConclusion : BE CAREFULL!!!
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Person Carhas>

0..*1..1

UML

Entity Association (Merise)

Person Carhas
1,10,n

Football Player

Team

11..*

0..*

UML

Season plays
0..1

Football Player

Team

0..n

0..n

Entity Association (Merise)

Season
0..n

plays
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3rd case: the both languagesshareconcepts
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If thosesource concepts are usedin the 
source model, the targetmodel will be
semanticallypoorer(semanticlosses)
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Example
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GRAI

Activity

UML

Action

GRAI Extended Actigram
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Impact on the Transformation Architecture
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How to preservethe source semantics?

ÁBy keeping the trace of the applied transformations
ÅIn a kind of log file (or log model)

ÁBy enriching/extending the target language
ÅExample: by defining a UML Profile

ÅExample for GRAI EA to UML AD :
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Example
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GRAI

Activity

resourceFlow

UML

Action

GRAI Extended Actigram



EMEA 2009, Arcachon OCT 2009

R. GRANGEL, M. BIGAND, J.-P. BOUREY 40

© RGS  & MB & JPB

Result
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Impact on the Transformation Architecture
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3rd case: the both languagesshareconcepts
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If we want to use thosetargetconcepts in the 
targetmodel, we needto addinformation 
(knowledge) duringthe transformation: 

semanticenrichment, (vertical) refinement
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Impact on the Transformation Architecture
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To arrive to Model Weaving
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To summerize

ÁTo perform model transformations, you need

ÁSource Model(s)

ÁSource and Target Metamodels

ÁGood and deep knowledge about these metamodels(i.e the 
modelling language) in order to establish a relevant mapping
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About the knowlegdeabout metamodels

ÁBeforeusinganymodellinglanguageΧyoumust know it! !

ÁAnotherstupidquestion (on the answerdependsthe qualityof the 
mapping): 

Let us suppose we have an activity, with 2 inputs and 2 outputs:

Do you really know how doesit workΧ i.e (join or merge) and (fork or decision)

Χƛƴ ¦a[ ΚΚΚΚ

Χƛƴ .tab ΚΚΚΚ

Χƛƴ L59Cлκ{!5¢ ΚΚΚΚ

85

Activity

I1

I2

O1

O2
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To summerize

ÁTo perform model transformations, you need

ÁSource Model(s)

ÁSource and Target Metamodels

ÁGood and deep knowledge about these metamodelsin order to 
establish a relevant mapping

ÁTools for
ÅEditing the source models

ÅWriting and executing the transformation

ÅVisualising the results
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Part III: Model Driven Architecture
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Model Driven Architecture

ÁInitiative from the software engineering community called "Model 
Driven Development" (MDD)

ÁPrinciple: First develop models, and then transform them

ÁModel Driven Architecture has been developed in this context by 
the OMG
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What is MDA?

ÁModel DrivenArchitecture is

Á! aƻŘŜƭ 5ǊƛǾŜƴΧ
Åit provides a means for usingmodelsto direct the course of understanding, 

design, construction, deployment, operation, maintenance and 
modification.

ÁΧ!ǊŎƘƛǘŜŎǘǳǊŜΗΗ
Å« The architecture of a system is a specificationof the parts and 

connectorsof the system and the rules for the interactions of the parts 
using the connectors»
[Shaw and Garlan, Software Architecture, Prentice Hall ISBN 0-13-182957-2]

ÅThe MDA prescribes certain kinds of models to be used, how those models 
maybe preparedand the relationships of the different kinds of models.
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What is MDA?

ÁA 62 pages specificationpublishedin June2003 (MDA Guide)
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Main ideas

Áά¢ƘŜ Model-Driven Architecture starts with the well-known and long 
established idea of separating the specification of the operation of 
a system from the details of the way that system uses the 
capabilities of its platform.

ÁMDA provides an approach for, and enables tools to be provided for:
Åspecifyinga system independently of the platform that supports it,

Åspecifyingplatforms,

Åchoosing a particular platform for the system, and

Åtransformingthe system specification into one for a particular platform.

ÁThe three primary goals of MDA are 
Åportability, 

Åinteroperability 

Åreusability

Áthrough architectural separation of concernsΦέ ώa5! DǳƛŘŜϐ
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MDA Background

Á4-layer metamodelingarchitecture

ÁOther complementary standards

ÅMeta-Object Facility (MOF)

ÅUnified Modelling Language   (         )

ÅXML Metadata Interchange (XMI)
üA set of rules for serialisation of object

üA set of rules for serialisation of schema
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M3:MOF

M2:UML Metamodel

M1:UML Models

M0: Real Things
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MDA Viewpoints

ÁThreemain viewpoints
Åa computation independent viewpoint,
üfocuses on the on the environment of the system, and the requirements for the system

ü the details of the structure and processing of the system are hiddenor as yet 
undetermined.

Åa platform independent viewpoint 
üfocuses on the operation of a system while hiding the details necessary for a particular 

platform.

Åa platform specific viewpoint 
ücombinesthe platform independent viewpoint with an additional focus on the detail of 

the use of a specific platformby a system.

ÁFor eachviewpoint a model is defined
ÅCIM, PIM, PSM
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MDA Development Life Cycle
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The MDA Transformation Steps
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Transformation Transformation
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MDA Summary
ÁMDA specifies 3 viewpoints
ÅComputation independent

ÅPlatform independent

ÅPlatform specific

ÁPlatform
ÅGeneric
üObject, Batch, Dataflow

ÅTechnology Specific
üCORBA, Java2Component

ÅVendor Specific
üΦb9¢Σ L.a ²ŜōǎǇƘŜǊŜΣΧ

Á=>Separation of concerns

ÁModel Transformations
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In Fact

ÁLǘΩǎmore complex
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To be mentionned

ÁADM initiative
ÅArchitecture

ÅDriven

ÅModernization

ÁCan becombinedwith MDA
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5ƻƴΩǘmix up!!
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What do we need to "use" MDA ?

ÁHigh level models (CIM/PIM)

ÁStandard modelling language(s), precise and powerful enough to 
describe models

ÁTransformation definitions which can be automated
ÅGeneral/Public

ÅSpecific/dedicated to a project

ÁA language to describe these transformations

ÁTools implementing these transformations
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Role of the Transformation Tool
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PIM PSM Code

UML

Transformation

UML->SQL

SQL

Transformation

tool

Transformation

definition

Transformation

tool

Transformation

definition

[Kleppe 2003]
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Some Model Transformation Approaches

ÁMarking and pattern
ÅMark=a concept of the PSM applied to a PIM element to indicate how to 

transform it

ÅThe marked elements of the source are transformed according to the 
pattern to produce the target.

ÁAutomatic  transformation
Åno need of additional information to produce the target

ÁMetamodel transformation

ÁModel Merging

ÁΧ
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Marking
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[MDA 2003]
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Marking: Example (Objecteering 6.0)

ÁPIM Model

ÁMarked Model = knowledge added
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+PIM

*1

myOrders
places

myCustomer

OrderCustomer

invoice_Address : st ring

delivery_Address : st ring

id  : integer

address : st ring

name : s tring

id : integer
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Marking: Example

ÁPSM ~= Physical Model

ÁCode
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CREATE TABLE ORDER(

ID INTEGER NOT NULL ,

DELIVERY_ADDRESS VARCHAR2(100) ,

INVOICE_ADDRESS  VARCHAR2(50) ,

MY_CUSTOMER_ID   INTEGER NOT NULL );

ALTER TABLE ORDERADD (

CONSTRAINTORDER_PK PRIMARY KEY (ID)

);

ALTER TABLE ORDERADD (

CONSTRAINTMY_CUSTOMER_of_ORDER_FK FOREIGN KEY (MY_CUSTOMER_ID)

REFERENCESCUSTOMER(ID)

ON DELETE CASCADE);

+PSM

MY_CUSTOMER_of_ORDER_FK {onDeleteCascade}

ORDER

CUSTOMER

MY_CUSTOMER_ID : integer {foreignKey}

INVOICE_ADDRESS : string

DELIVERY_ADDRESS : st ring

ID : integer {primaryKey}

ADDRESS : st ring

NAME : st ring

ID : integer {primaryKey}
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Metamodel Transformation
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[MDA 2003]


