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Introduction

APrerequis
A Diagrammede classes af'activittssUML (iveaude base)
A Actigrammeétendu GRAI fiveaude base)

AObjectifs
A Tourd'horizondesmodéleset transformations denodéles
A Soulevemuelquesquestions

ApPlan
A PigOresde rappelsur Modele, métamodeéles
A Transformations denodéles
A survolMDA

O
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First Word
boaaSyidAarftes +ff Y2RSt

but some are useful "
Box, George E. P.; Norman R. Draper (1987)
Empirical ModelBuilding and Response Surfaces

U
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Basic Conceptsiormalism
ALanguage or formalism

ASet of constructs
A Providing ssyntaxand asemantics
A put together according precise grammatical rules
A To represent an artefact (objec;Saal 383 1y2¢f SRS

ASyntax and Semantics
Aa language is needed to express/communicate the syntax and semanticg
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Semantics

ATypes of semantics
A Real WorldSemantics meaning refers to the real world which is modelle
A Formal Semantics mathematics, to validatep transform> X Y2 R$

ASemantics required
ATo compare languages (used to represent the same thing)
ATo compare models (representing the same thing)
A To validate models

ABut problem of Semantics!

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

Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
et
Formalisms
AExamples

At SGNR bSia o6LX I OSax 0Ny yaritdrzyas
AGrafceto 8 SLIAS (NI YyEAGA2YESZ X0
A UML Class Diagram (classes, associatfogerties, X 0
ASATTSNByﬁAl-t Slidzr iA2ya o600 NRI 6f S

A et
U
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Model

A'Modelingin its broadestsensdsthecost ST F S OdfA S d
somethingin place osomethingelsefor somepurpose

At allowsus to usesomethingthat is simpler safer or cheaperthan
reality insteadof reality forsomepurpose

Aamodel representsreality for the givenpurpose

AThemodelis an abstraction of reality in theensethat it cannot
representall aspects of reality

AThisallowsus to dealwith the world in asimplifiedmanner,
avoidingthe complexity danger andrreversibilityof reality."

From"THE NATURE OF MODELING",bRa#ienbergChapterfor
"Al, Simulation 8Modelind' , Lawrence BANidman Kenneth A.
Loparg and Norman R. Nielsen, editors JOitey& Sons, Inc.,
l dzZ3dza & My pZ LILID T pb dH

U
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Aamodelis aconsensusbout anabstractionof phenomena of the
real world: arepresentationof an aspecif the world for a specific

purpose

ATypes:
A informal (texts in natural language)
A semiformal (descriptive models, graphical notations)
A formal (mathematical notations, First Order Logic)

AProcess to represent a moael Model Externalisation(see later)

Aa2RSt F wSENBaSyidlriarzy

U
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Model

U = represents

<
MySystem MyModel
[Favre 2004]

VU
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Modelling

AModelling
A Activity of creating models
AXdzaiy3a I F2NXIFEAAY

Modelling Activity Xh1=AX,+BU,

U
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Fundamental question
AFundamental questions about a model :

A Purpose : to do what ?

A Scope of the model . context?

A Point of View : aspects taken into account?
A Level of detail . precision level?

AAIways start with the purpose!

VU
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Model, Modelling

ot & o
Discharge pressure 0.69MPa{7kgf/em?}

Effect of energy-saving]
essory

ogl A o
Iy ‘M\,\f e

089 7= :/-\\f\j“-{:ﬂjl‘

Nasaca pressure level £0.01MPa
N 1£0.1kgi/em?)
Ve

(constantpressure control)

System
(Compressor)

T

U
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What is agoodmodel ?

AMis a good model of S if M makes it possible to answer predefin
guestions about S in a satisfactory way"
(Ross)
A Right level of detail
A Right point of view

??7?7?

U
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Model and Level of details

<

ANDORRAAEREE A
LAVELLA )

El Grau de Castslld 1]
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Folkestone "
Calaiss™s
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Dunkerque

Model and Level of Detalls (smce I'm Just ajealous guy"

2 =;.;‘:m )

Jean
Pierre's
office is
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2, ©Michelin
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*[John Lennon, Jealous Guy, Imagine, 19
V

Transformation of Enterprise Models Oct, 2009 | © RGS & MB & JPB - £

To analyse,
understand,
identify
the environment

AN

Cogniti

model

To explore,
simulate,
validate
operational concepts

Typesand Uses of Models

Types

ve
of models

Is

Normative
models

To share
knowledge

To capitalize
To reuse

Predictive
models

N

Analytical
models

Formal
Prescriptive Constructive | models |
models models
To estimate
. § . To plan,
To formalize To build functional . performances,
validate, S
the problem and and . reliability,
) . . prove behaviours
The requirements physical architectures . safety
To simulate i
To simulate
From [htt :l/www.afis.frk
©RGS & MB & JPB
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Back to theModel
AKS Y2RSt Aa y2i
ABut, It's a system as well!

c
C N
A
w
ax
(94
ax
C N
(0p))
_<
X

I is a model of

U
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From Model to Metamodel

AA metamodelis yet another abstractiorhighlighting properties of
the model itself

AThis model is said toe conformedto its metamodel

A like a program corresponds to the grammar of the programming languagge
used to write it

An metamodel can be considered asexplicit description
(constructs and rules) dfhe way to build a domairspecific model

AWnat is the exact nature of the relations between system, model,
YSGlFY2RSf =X K

U
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From Model to Metamodel

W = represents
C = conforms to

€= belongs to
i
W Metamodel
Set of all models

that can be

written

A
e

MyModel

<
MySystem
[Favre 2004]

VU
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From Model to Metamodel: Example
WU = represents

C = conforms to
€= belongs to

s

Met'amodel

Set of all models tha
can be writtenwith

Grammar :
Classes,
Properties,
Operations,
Associations,

\— «u
MySystem

U
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From Model to Metamodel
W = represents

C = conforms to
€= belongs to

Metamodel |

4

c

<«
MySystem |——————  MyModel

U
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Other examples o€

Grammar

Adapted from [Bézivin 2005]

U
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Just some "stupid" questions about model/metamodels?

Pixel ???
Metamodel
Colours??

o s P

— I - Reyes's
Reyes's ; office is
office is here

e Model
[Michelin 2007] [Google Earth 2007]
VU
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Each model needs its metamodel to be understood

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

» Nicalas Sarkozy S > et lagiler (D M infestation localisée
+ Séqaléne Royal [ ] Dominique Voynet W de 0.5 4 2%
» Frangois Bayrou G Philippe de Villiers (@D de 2 4 10%
b dean-MarielePen QD GérardSchivard (D [l de 102 25%
b Olivier Besancono! (D > FrédéricNihos (D W de 25 2 50%
Josi Bové » Blancs etnuls - M de 50 & 75%
» Marie-Georpe Bufiet (D » Abstention M plus de 75%

it/ pi e.inf imples htm
[http:iwanw. 2007, fr/actualite/0/22-avrik2007-dossiesredactionl-6363.htmi] oy oy o
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What does it represent?
£ -/
4 I | |>\z
[ rersomaionof Enrrise oses ] o z00s | ercsamsars ]z I

Semantics of relations between models
< WU = represents
AFavre 2004]

C = conforms to
€= belongs to

d > d=is composed of

composite component

system studied

AH

model

metamodel

CA

model

U
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Purposes of Metamodelling?
ADialog Technique
A Reference Manuals (ex: UML Superstructure)
A Way of making comparison and/or unifying modelling techniques

AEngineering techniques
A To formalise
ATo develop supporting tools
A To transform

U
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How to express Metamodel?

Aviodel
e R

Awnich concepts/relations ?
A Activity, Flow,

FIOW .':“',.... -......-.-..E |n ut P
L, Activity § T
output

.................. |anIt ‘.',.-"’ ""'--..'": ..m,

Activi Pin ! Fow

ty output O

U
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Representation of dMetamodel

AConcrete Syntax
A Visible Features (presentation)

Anbstract syntax
A Concepts (Constructs), Relations,
X

A Independent of machine
oriented structures and
encodings

ASemantics
A of Constructs, Relations

SportTouringMotorbike

+engineCapacity : Integer|
+power : Integer
+vin : String

+start()
+repaint()

7.3.7 Class (from Kernel)

Semantics

and behavior of those objects.

characteristics of the attribute. for example its type and multiplicity.

The purpose of a class is to specify a classification of objects and to specify the features that characterize the structure

Objects of a class must contain values for each attribute that is a member of that class, in accordance with the

VU
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umanReadable

3=

MachineReadable

H
Model

ConcreteSyntaxfor Externalisation
ASeveratoncreterepresentationdor the samemodel

To Create, explain , think about
Needs a readable representation

graphical

textual

To store, exchange, execute , transform

Needs a machine representation

object

U
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UML ConcreteSyntaxfor a Class Model

5 nbGP - Integer

= o 5 Graphical externalisation:
Car - myCar - myEngine Engine n
Eg name : String 1 1 Eg power : Integer| Class Dlagram
Eg price : Integer
| E standaracar | = Formulat [ & StandardEngine | | F1Engine

[Eg nbGP : Integer

abstract class Car abstract class Engine assocliation CarEngine between
attributes attributes Car[0.1 ] role myCar
name : String power : Integer Engine"[O 1] role myEngine
price : Integer end gl .
end
class StandardCar < Car class StandardEngine < Engine
end end
—
class Formulal < Car class F1Engine < Engine
attributes attributes
nbGP : Integer nbGP : Integer
end end

Oct, 2009 § © RGS & MB & JPB
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s
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Transformation of Enterprise Models

Common Confusion between Model and Diagram
Aln Annex A (pagés83):

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

A The correspondindJVILdiagrams are graphical representations of parts of
the UML model

A umL diagramgontain graphical elements (nodes connected by paths) thg
represent elements in the UML model

A As an example, two associated classes defined in a package will, in a dig
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]

U
Transformation of Enterprise Models Oct, 2009 § ©RGS& MB & JPB Pﬂ H
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Simplified example: RDB metamodel

Named

+name:String

N

Table +col Column + type Type

+aowner
{ordered }

+keyOf | 1.7 + key

U
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From Model to Metamodel

if

L 3
B MetaModel
Conforms to I
“m,,,'
RN
TN Model
Transformation of Enterprise Models Oct, 2009 ] © RGS & MB & JPB E H
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From MetaModel to MetaMetaModel

d::= line, [line]*

line ::=symbo[,white spacesymboB Fu tante, white space namg*

I MetaMetaModel

(expressed in EBNF)
Conforms to |

et

VT
h'. a :‘
.

MetaModel
(legend)
B e — | "
Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB E H
usavensase
e

From MetaMetaModel to MetaMetaMetaModel

= Symbol
Ii - 1 1 rule - rightP v
= Terminal [ NonTerminal = Rule =] :

leftPart -rule 1 1

[ AtLeastOne [ S optiona | | L Composition [ L Aternative
1 1

1 1

sl

(simplified) MetaMetaMetamodel
Conforms to | (EBNF grammar expressed in UML

legend::= line, [line]*

line ::=symbo[,white spacesymboB Fu gante, white space namg*

MetaMetaModel
(EBNF expressions)
U
Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB E H
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FromMetaMetaMetaModel to MetaMetaMetaMetaModel

(simplified) MetaMetaMetaMetamodel
(UML Metamodel)

; ' MetaMetaMetaModel
(EBNF grammar)
= 1]
YR a2 2yX&q¢ =1
ﬁQuestions: - —> e I MetaMetaMetaMetaModel
" A
A How to stop? —
- = MetaMetaMetaModel
A How many layers? o
N
MetaMetaModel
1
MetaModel
A
I -
Model
A
1
Reality

Transformation of Enterprise Models

V
oct, 2009 | ©RGs& MB & IPB F B
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Question:

ATodefinesomethingby itself (or bycirculardefinitions), isit really
new orstrangeor complex

AExampIe how toexplainwhatisadictionary?

dic-tion-ar-y nerR | [dik-shuh-ner-es] Show [P4

Pronuncistion |2

—noun, plural -ar-ies.

1. abook containing a selection of the words of a language,
usually arranged alphabetically, giving information about their
meanings, pronunciations, etymologies, inflected forms, etc.,
expressed in either the same or another language; lexicon;
glossary: a dictionary of Englishy 3 Japanese-English dictionary.,

2. abook giving infarmation on particular subjects or on 3
particular class of words, names, or facts, usually arranged
alphabetically: 3 blographical dictionary; & dictionary of
mathematics.

3. Computers.

a. alist of codes, terms, keys, etc., and their meanings, used
by a3 computer program or system,

b. alist of words used by a word-processing program as the
standard against which to check the spelling of text
entered.

Origin:
1520-30; < ML dictidnarium, dictigndrius < LL diction- word (see
DICTION ) + -Sriurn, -Srius —aRY

Ntp 7aictionary.reference.com; -
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB £ H

Metamodel & OMG's Architectur

example

1
- <<metametamodel>>
M 3 1| Meta Object Facility <<metaclass>> <<metaclass>> <<metaclass>>
| (MOF) Property Class Association
1 A A A
T | : ?
[ i . :> : '
- | .
<<instance of>» s<instance of>: <<instance of>>!  <<conform
_____________________ |
I— oot — :
<<metamodel>> i L i classifier
=% MetaModel i <<metaclass>> g <<metaclass>>
e i InstanceSpecification [ i Class
M2 -~ +name : Name 0.. +name : Name
+initValue ; Expressio +isActive : Boolean
%
| I <<instanceOf>»> "
<<j >> | <<i > @ 7T <<conform:
— . Scinstanceot> | <cinstanceof>4 : confo
1 T "
Model E 1 SportTouringMotorbike
. 1 +engineCapacity : Integer|
M 1 firofJPB:SportTouringMotorbikg +power : Integer
engineCapacity : Integer = 1300, —m — = .|_ a3 +vin : String
power : Integer = 140 <<snapshot>> +start()
vin : String = "273 BEY 59" +repaint()
7 .
! I
! i
! i
1 .
&<representedBy»> <<instanceOf>»
_____________________________ j
MO Real World Things

Oct, 2009

Transformation of Enterprise Models
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=Py, example: Who is interested in which level?
1
<<metametamodel>>
M3 Meta Object Facility Metamodel Developers
(MOF) OMG
<<confi0rm
oD i
<<metamodel>> . tools developers
], MetaModel "transformer” from/to 7},
M2 Profile developers
OMG
| <<con?orm
Model
M1 Modelers/Analysts using ‘i
MO End Users
[rarsomatonof Enerrssodos ] oozoo0 [ omosamoeore | I 21
Conclusion othe First Part
A2RSEEAYT Aad wSIFftfe S5AFTFAOL
AASilIY2RSttAYy3 Aa wSrtte aSil R
AASGlrYSilrY2aRSttAy3 Aa wStHtte a
AX
AX. dzi wSlrtte 9EOAGAYIH
A 80K das SIOK ySs LINRo6tSY Aa N
AXI bSs tNROESY
]
R. GRANGEL, M. BIGANP, BOUREY 22
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Last word of the day
h2S R2ydid aSS GKS ¢2NIR

We see it with our concepts”

From "Petite philosophie a l'usage des non philosophes"
1997
Albert Jacquart (1925
Genetician, Writer

‘.A

.l\

Eml

U
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Part I1.1: Mapping and Model Transformations
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Model, MetaModels & Model Driven Engineering

AModelDriven Engineering (or MDE)
A systematicuse of modelsas primary engineeringrtefactsthroughout the
engineering lifecycle

Ain MDE
A Models are considered as first class citizens
A Everything is a model

AMDE can be applied to
software,

system,
A data engineering,

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

AMDE is based on Model and Model Transformations

1)
Model Transformation
AA Model Transformation takes a model and produce another mod
AA2RSE ¢NIyYyaF2NXIFGAz2ya | NB X
AXY2 RSt &
Trausformation
Model2Text ModelzModel Refining Transformations
o o _Re-en_gineerir_ug
gseenirl;‘{ofode .ﬁpplylng Design Patterns
Z°

R. GRANGEL, M. BIGANP, BOUREY 24
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Simplified TransformatiorArchitecture

Mi+2 = MetaMetaModel -
‘t *

R
** Conforms to
———————,‘——————

‘e
Lenforms to
_— -

*

Source M : Target
Mi+1 Metamodel apping Metamodel

Aonforms to &onforms to

: Conforms to

L
ROy LRSS USSR g -

Mi

Gt
e

forodice ()

Transformation

Target Model

@ Plustomer O Phroduct
il & i

o add o cods
® manageCustonens { ) & manogeoner { ]

VU
Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB E H

UsIvERSTAT
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Transformation: UML2RDBMS

Mi+2 = r
*
.
*
Conforms to enforms to
— o — e — — — — e e e e o T e e e e e afe EEe EEe EE S e e e

A:onforms to

Source Model: E——— Target Model:
MyClassDiagram MyDatabaseSchema

|

U
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Mapping
An specification for a Transformation [MDA 2003]

ASynonym: Model Morphism [MoMo 2006]

A amorphismis an abstraction of a structugreserving process between twg
mathematical structures

ATo establish correspondences between
A one or more constructs of the source language
A and 0 or more constructs of the target language.

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
et

Type of mappings: One to One
AOne Source construct is mapped onto one target construct

AExampIe: UML Class diagram to RDBMS

=L Metamodel RDBM3/etamodel

NamedEit
-name : Strin

U
Transformation of Enterprise Models Oct, 2009 | ©RGS& MB & JPB F: H
e
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Type of mappings: One to Many

AConditional mapping: Choice of target construct
A Example: UML Class diagram to RDBMS
\:f:i?, Metamodel RDBM®/etamodel

NamedEit

; A Decision/knowledge needed
A'Splitting" mapping: One source construct is mapped onto severa

target constructs
A see later GRAI ExtendAdtigramto UML Activity Diagram

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
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Type of mappings: Many to One
ASeveral source constructs are mapped onto one target construct

A‘Aggregating" mapping

AExampIe: UML Class diagram to RDBMS

‘i‘:'fl’?, Metamodel RDBM3/etamodel

NamedErt
-name - Sirin

U
Transformation of Enterprise Models Oct, 2009 | ©RGS& MB & JPB F: H
e
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Transformation

ATakes input(s) and produce output(s)
A one way process

A\/Iay becomposed

A\/Iay be specialised

AClassification of transformations
A "Manual" / ToolSupported
A Reversible / Not Reversible
A Vertical / Horizontal
A Endogenous / Exogenous

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
et

Endogenous / Exogenous

AEndogenous
A SourceMetamodel= TargetMetamodel

AExogenous
A SourceMetamodel/= TargetMetamodel
A Example: UML2Java

U
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[ AClass

+ JnAttribute - MyType

Figure
size

visibility
show ()
hide ()

Endogenous Exogenous & Horizontal / Vertical

AClass
+ setAnAttribute (a2 : MyType ) : Void

> 4 > 4

. Refactoring Refinement

Figure
- size : Zone = (100,100)

#visibility : Boolean
Transformation -defaultSize - Rectangle
; malSize R

+ show ()
+ hide ()
+ create () - Figure

VU
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’ Exogeneous
Migration Generation

Endogenous Exogenous & Horizontal / Vertical

~ > 4

Refactoring

Language Code

CREATE TABLE ORDER
D INTEGER NOT NULL ,
DELIVERY_ADDRESSVARCHAR2(100) ,

INVOICE_ADDRESS VARCHAR2(50) ,
~ MY_CUSTOMER_ID INTEGER NOT NULL );
Transformation ALTER TABLE ORDERADD (
CONSTRAINT ORDER_PKPRIMARY KEY (ID)
)

ALTER TABLE ORDERADD (
CONSTRAINTMY_CUSTOMER_of ORDER_FROREIGN KEY (MY_CUSTOMER_ID)
REFERENCESCUSTOMED)
ON DELETE CASCADE

U
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Semanticof Relationshetween Models
| = represents

C = conforms to
€= belongs to
d> d=is composed of
{ = is transformed into

composite component

metamodel

CaA

model

system studied

Al

model

U
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Part 11.2:

Basic Example

Transformation of Enterprise Models Oct, 2009

. \

Mariade los ReyesrangelSeguer(grangel@Isi.uji.gs H T

Research Group in Systems Integration andERgineering (IRISsivexsiis gy
UniversitatJaumel (Spain) **“*** =

JeanPierreBourey(JeanPierre.Bourey @etille.fr)
Laboratoirede Génielndustrielde Lille
EcoleCentralede Lille (France)

Michel BigandMichel.Bigand@etille.fr) Pw.wwﬂ
do e
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S MetaMetaModel 8

aaaaaaaaa

“Target
Metamodel
Contoms 0 A Contorms 0

Objective
ATo build a simple mapping

Target
Model

OK
enough (i
All
orders | Control Correct
Available Order
Send

Quantity
Item To

Logistics
Dept.

ClientDB

orders
Dealers

Fulfil Orders
From shops

And
Franchisees

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
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Method
AFirst steps

Define the target
metamodel

Define the source
metamodel

AGRAExtendedActigramMetamodeI
AUML Activity Diagrarvietamodel

A\/Iapping Proposal

U
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)
GRAI EA Metamodel: Structure # ------ -----

Conforms o

A contoms.

Sour
Metamodel Mapping

Mi Source - = Target’
Model Model

= ExtendedActigramModel | " extendedActigramModel
<
1

1 ‘} extendedActigramMadel

=

- processes
HProcess - processes

*

- process

- proces

* *
activities *-|flows - connectors - logicalOperators F resources - resources
E Activity EFlow H Connector H LogicalOperator E Resource

=atype : FlowType| cgtype . ConnectorType| |c=gtype : OperatorTypel |=atype - ResourceType

VU
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Some Elements of UML 2 Activities

Fork Node —\ Merge Node —\

Activity [ Process Order «preconditipn» Order complete
Requested Order: Order «postcondition» Order closed «sitgleCopy»

Parameter

Node
Requested
Order

Initial Node [

-
.
—
Source : [UML Superstructure 2.0]

U
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[order
rejected]

[order
accepted]
Send Make
Invoice Payment
Join Node
Invoice

Receive
Order

Final Node

Accepl
Payment
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Source

arge|

V]

apping Metamodel
Rewimer | A e e

Metamodel

Mi * Source : Target
Model Model

 —
 —
1
*{/packagedElement
E NamedElement E Activity
E Action Egid : Integer
58 name : String
N ['}, 0__10 - activity
- target - incoming * | edge
O Activity [ activity- node Sl achuty e ! : £ ActivityEdge
lE‘H
g - o
0.1 - source outgena
1 *
E callAction % %
Jay

[ G Evecutableniode | [ B objectiode | | E Gontraode | [ Bcontrriow | [ S0biectriow |
i o ‘
[ S mergeNode |‘\ E InitialNode \‘\ H ForkNode | ‘
[ 2 Activity Node | [ = Decisi | [ & Finalvode ] [ E1oinNode |
[ activityr | [ £ FlowFinaiNode |

©RGS & MB & JPB
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Mapping of GRAI Flows W S -
. o
AConnected to a Resource or Connector _w:__ Ao ]~ Aweme R o

AObJectFlow WL s |l T

ﬁOtherwise

A ControlFlow - incorring % |edge
* H ActivityEdge
outgeing

*

AMerge of Input, Resource and Control flow{ [ Scawariou | [ Sotecrion |
A umL input Flow

GRAI Extended Actigram oo

MODELG
LIBGUAGE

l controlFlow

inputFlow
inputFlow GRAI outputFlow controlFlow UML outputFlow
AC“V'ty resourceFlow Action
—_—

T resourceFlow

U
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OCT 2009

Mapping Summary

_________________

T Target

Metamodel

GRAI Extended Actigram

Extended Actigram

Process

Activity

Connector (all types)

Resource

Flow (all types)

LogicalOperator

Y e (e T
Condition UML Activity Diagram
UML Model
Activity
it is a not structured Activity |OpaqueAction
it is a structured Activity Activity +
CallBehaviorAction
ActivityParameterNode
ActivityParameterNode
not connected to a Resource
or to a Connector ControlFlow
connected to a Resource
or to a Connector ObjectFlow
Converging OR MergeNode
Converging AND JoinNode
Diverging OR DecisionNode
Diverging AND ForkNode

U
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A Semantics

A Syntactic

U Ensure consistency

AGRAI EA to UML AD

A Semantic losses

U Ex: mapping of flows

Conclusion on the Mapping Definition
ADetailed knowledge on botimetamodels

U To find the best appropriated correspondences

A lllustration of different mapping cases

A Specifies irreversible transformation

U
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About consistency
AThemappingprobIem doesnot consistonly in finding simple

mappingd
ATheproposedmappingsmustbe consistent
AExampIe GRAI w”ﬂ"{‘:':z e
LANGUAGE
22222272
GRID
A
Activity
Net Diagram
e s Y 1 : . ‘
1

Open Issues

AModel transformatiorbasedon ModellingLanguage$syntaxand
semantic$

ADependson the coverageof the languagesn termsof concepts and
relationsbetweentheseconcepts

U
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1st Casetwo "distinct" modellinglanguages

Michelin® RoaMap UML Use Case
Alsit anyinterestin performingmodel transformation?
Alsit possible?

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
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2nd case: identical' languages

Asit anyinterestin performingmodel transformation?
AVerylimited, exceptif the concretesyntaxare different

(languageranslation) %

AButbe surethat the semanticsare reallyidentical!!

U
Transformation of Enterprise Models Oct, 2009 | ©RGS& MB & JPB F: H
e

R. GRANGEL, M. BIGANP, BOUREY 36



EMEA 2009, Arcachon OCT 2009

Example

AumL ClasBiagramand Entity-AssociatiorDiagram(MERISE)

ATheonok"internaIIy' identical(sameconcepts)with only different
concretesyntax

AEx:Binaryassociationit's easy!!

UML

has>
Person Car
*———, I A oLCer UL
A Z Football Player
- - i
Entity Asso, se)
on 11 ;
Person |— has — Car =
N4
Entity Association (Merise)

ABut for nrary Associations
AConclusion : BE CAREFULLI | ey o>

VU
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3rd case: theboth languageshareconcepts

If thosesource concepts anesedin the
source model, theargetmodelwill be
semanticallypoorer (semanticlosse$

U
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Example

GRAI Extended Actigram Ol‘
D
) GRAIL | ‘ ol ouwm
Activity Action
B ——

f

VU
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Impact on the Transformatiorrchitecture

Mi+2 “ MetaMetaModel ,

Conforms to t‘&nforms to

Source M Target
Mi+1 Metamodel apping Metamodel

onformsto onformsto : Conforms to
_____ _l_________ _________-I.____—
- -
= »
. = u
Mi H .
L] L}
O ¥ B
‘ Source Model Transformation Target Model
| )

(Lost) Knowledge

Could be captured into a mode
© RGS & MB & JPB B A s
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How to preservethe sourcesemantic®

ABy keeping the trace of the applied transformations
A In akind of log file (or log model)

ABy enriching/extending the target language
A Example: by defining a UML Profile
A Example for GRAI EA to UML AD :

U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
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Example

}

GRAI Extended Actigram

GRAI

Activity ‘

¥

.
LARGUAGE

UML
Action

_«metaclass»
—| ObjectFlow
(from uml}

«metaclass»
—| ControlFlow
(from uml)

«enumeration»

«stereotype» :
= GRAIFlow =] GRAIFlowNature Type
[c3, GRAIFlowNature - GRAIFlowNatureType = Informafion
[r = Product
«stereotype» «stereotypex» astereotype» «stereotype»
= GRAIControlFlow = GRAlInputFlow = GRAIOutputFlow %] GRAIResourceFlow

Y
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Result

202 OR
«grailnputFlow» «grailnputFlow»
5 not enough quant 506 enough quantity

«grailnternalConnector»

304 Telco «graiControlFlow] ulfil Orders From
) e “ Shops And Franchisees @102 Fulfil All Orders

«grailnputFlow»
509

i

«grgiResource»

401 Client DB
; a e
., SOIEIES S Skiows @104 Check Credit Limit
«graiOutputFlow»  «grailnputFlow»
510 513 not OK
203 OR

«graiOutputFlow»
14

q

VU
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Impact on the Transformation Architecture

Mi+2 3 MetaMetaModel .

. .
t‘&.zf.orms to
-_ ——

*

“

*
—_——— =t =

Conforms to
-—— = -

Source M . Target
Metamodel dppIig Metamodel

Aonforms to .Aonforms to
=

.
—— e e e e e =

Mi+1

: Conforms to

Mi

Source Model Transformation Target Model

Profile To be exact

U
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3rd case: theboth languageshareconcepts

If we wantto usethosetarget concepts in the
targetmodel,we needto addinformation
(knowledgg duringthe transformation:
semanticenrichment (vertical)refinement

Impact on the Transformation Architecture

- MetaMetaModel
* -
“$ *

. *
Conforms to enforms to
—— = = = ——— e mm mm mm mm o = = =

M . Target
. I Knowledge apping Metamodel
Mi+1
Metamodel :

A:onforms to : Conforms to
_____ .r___...______:_________.5_____
- =
- L
Mi .
_ W
=15 M@ [
S ource M P Transformation Target Model
w
I
-
L]
AddedKnowledde
[rensomaton ot e orels ] om0 | erosawearwe | w Y2
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To arrive to ModeMeaving
Mi+2 = MetaMetaModel -
‘G *
Conforms to ¢ nforms to
————————————————————— ﬁ.— —— e - - e —
*
Mi+1 Target
Metamodeln
Source Model2 Target Model2
- Source Modeln Transformation Target Modeln
)
Tosummerize

ATo perform model transformations, you need
ASource Model(s)
ASource and Targdletamodels

AGood and deep knowledge about thesetamodelgi.e the
modelling language) in order to establish a relevant mapping

U
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About the knowlegdeabout metamodels

ABeforeusinganymodelIinglanguage(you must knowit!!

AAnotherstupid guestion (on theanswerdependsthe quality of the
mapping:

Let us supposere have anactivity, with 2 inputs and 2 outputs:

o1
—>

11

02
—

12

Doyoureally know howdoesit workX i.e (join or merge) and fork or decision
XAy | a] KKKK

XAy .tab KKKK

XAY L59Cnk{!5¢ KKKK

U
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Tosummerize
ATo perform model transformations, you need

ASource Model(s)
ASource and Targdétletamodels

AGood and deep knowledge about thesetamodelsn order to
establish a relevant mapping

ATools for
A Editing the source models
A Writing and executing the transformation
A Visualisinghe results

U
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Part lll: Model Driven Architecture

Transformation of Enterprise Models Oct, 2009

. \
Mariade los Reye§&rangelSeguer(grangel@Isi.uji.gs H 1
Research Group in Systems Integration andERgineering (IRISYxversiir g

4 W

UniversitatJaumel (Spain) ****

Michel BigandMichel.Bigand@etille.fr)

cole Centale
JeanPierre Bourey(JeanPierre.Bourey@elille.fr) F e
Laboratoirede Génielndustrielde Lille A
EcoleCentralede Lille (France)

Model Driven Architecture

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

APrincipIe: First develop models, and then transform them

AModel Driven Architecture has been developed in this context by
the OMG

U
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Whatis MDA?
A\/Iodel DrivenArchitectureis

A a2RSt 5NAJSYyX
At provides a means farsingmodelsto direct the course of understanding,

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

AX1T NOKAGSOG dzNEHH
A « The architecture of a systemasspecificationof the parts and
connectorsof the system andhe rules for the interactions of the parts
using the connectors
[Shaw and5arlan Software Architecture, Prentice Hall ISBN31829572]

A TheMDAprescribescertain kinds of model¢o be usedhow thosemodels
may be preparedandthe relationships of the different kinds of models

U
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Whatis MDA?

An 62 pagespecificatiorpublishedin June2003 (MDA Guide)

Document Number: omg/2003-06-01
Date: 12th June 2003

MDA Guide Version 1.0.1

Copyright © 2003 OMG
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Main ideas

A4 ¢ K18del-Driven Architecture starts with the wethown and long
establisheddea ofseparating the specification of the operation of
a system from the details of thevay that system uses the
capabilities of its platform.

AMDA provides an approach for, and enables tools to be provided

A specifyinga system independently of the platform that supports it,

A specifyingplatforms,

A choosinga particular platform for the system, and

A transformingthe system specification into one for a particular platform.

AThe three primary goals of MDA are

A portability,
A interoperability
A reusability
Athrough architecturakeparation of concern®é¢ wa 5! D dzA
PR
MDA Background
Ad-layermetamodelingarchitecture

AOther complementary standards : SRR '

A Meta-Object Facility (MOF)

A Unified Modelling Language:-‘-&ol, ) M

A XML Metadata Interchange (XMI)
U A set of rules for serialisation of object
U A set of rules for serialisation of schema

U
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MDA Viewpoints

AThreemain viewpoints

A acomputationindependentviewpoint,
U focuses on the on thenvironment of the systemand therequirements for the system

U the details of the structureandprocessing othe systemare hiddenor as yet
undetermined

A aplatform independentviewpoint

U focuseson the operation of a systerwhile hiding the detailsnecessaryor a particular
platform.

A aplatform specificviewpoint

U combinesthe platform independent viewpoint withan additional focus onthe detail of
the use ofa specific platformby a system.

AForeachviewpoint a modelis defined
A cim, PIM, PSM

U

Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB E H
usavensase

e

MDA Development Life Cycle

Enterprise
requirements

Software
MDA process requirements
From EM

Analysis

Testing

Deployment

U
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The MDA Transformation Steps

Transformation Transformation

Transformatigp

Transformation  Transformation

VU
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MDA Summary
AMDA specifies 3 viewpoints
A Computation independent
A Platform independent omputation

o ndependent
A Platform specific odel

APlatform latform
. ndependent
A Generic odel
U Object, Batch, Dataflow l
A Tgchnology Specific latform
U CORBA, Java2Component pecific
A Vendor Specific odel
Uodb9c¢s L.a 2850&LKSNBEX [l

A=>Separation of concerns

A\/Iodel Transformations

U
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In Fact
AL {imark complex

Other omputation
Knowledge ndependent
(Models ?) odel

UML Profiles latform latform
To capturethese escription ndependent

models odel

Other
Knowledge
(Models ?)

VU
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Tobe mentionned
AADM initiative
A Architecture
omputation

A Driven ndependent
A Modernization odel I

ACanbe combinedwith MDA Agggrenr?dem

odel

1

latform

pecific
odel

1

U
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5 2 ynfixiup!!

M2:UML Metamode!

" r

Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB

omputation
ndependent

odel

|

latform
ndependent
odel

|

latform
pecific
odel

ED 7

UsIvERSTAT
e

What do we need to "use" MDA ?
AHigh levemodels(CIM/PIM)

Agandard modelling language(s), precise and powerful enough to

describe models

ATransformation definitions which can be automated

A General/Public
A Specific/dedicated to a project

An language to describe these transformations

ATools implementing these transformations

U
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Role of the Transformation Tool

Transformation Transformation
definition definition

Transformation Transformation

Transformation
UML->SQL

Q
[Kleppe 2003]
. . _ U
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Some Model Transformation Approaches

A\/Iarking and pattern

A Mark=a concept of the PSM applied to a PIM element to indicate how to
transform it

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

AAutomatic transformation
A no need of additional information to produce the target

Avietamodel transformation

Aviodel Merging

U

Transformation of Enterprise Models Oct, 2009 ©RGS & MB & JPB E H
unavenserar

4]

R. GRANGEL, M. BIGANP, BOUREY 51



EMEA 2009, Arcachon

Marking

PIM

/ \

" marked | Tyansformation “

| PIM |

\ /

Mapping Platform
— -
PSM

[MDA 2003]
. . U
Transformation of Enterprise Models QOct, 2009 © RGS & MB & JPB E H
et

APIM Model

Marking: Example (Objecteering 6.0)

+MarkedPIM

AMarked Model = knowledge added

+PIM
Customer Order
L places .
id .Integer‘ myCustomer myOrders id :integer
name : string delivery_Address : string
address : string a

*

invoice_Address : string

Customer {persistence (persistent)}

. Order {perzistence (persistent)}
myCustomer {onDeleteCascade} rl‘,-Crders
id : integer {primaryKey (1]} id : integer {primaryKey (1]}
LEWERE 1 very,
address : string
Transformation of Enterprise Models Oct, 2009 § ©RGS & MB & JPB %]
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Marking: Example
APSM ~= Physical Model

+PSM

ORDER

ID : integer {primaryKey}
DELIVERY_ADDRESS ' string
INVOICE_ADDRESS : string

MY_CUSTOMER_of ORDER_FK {onDeleteCascade}

MY_CUSTOMER_ID : integer }

ACode

CUSTOMER

ID : integer {primaryKey}
NAME : string
ADDRESS : string

CREATE TABLE ORDER

ALTER TABLE ORDERADD (

ALTER TABLE ORDERADD (

REFERENCESCUSTOMEJD)
ON DELETE CASCADE

TTanSformation T T ———— e

ID INTEGER NOT NULL ,
DELIVERY_ADDRESSVARCHAR2(100) ,
INVOICE_ADDRESS VARCHAR2(50) ,
MY_CUSTOMER_ID INTEGER NOT NULL );

CONSTRAINTORDER_PKPRIMARY KEY (ID)

CONSTRAINTMY_CUSTOMER_of ORDER_FROREIGN KEY (MY_CUSTOMER_ID)

Metamodel Transformation

[MDA 2003]
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