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Context of this work

® The present courseware has been elaborated in the context of the
MODELWARE European IST FP6 project (http://www.modelware-
ist.org/).

e Co-funded by the European Commission, the MODELWARE project
involves 19 partners from 8 European countries. MODELWARE
aims to improve software productivity by capitalizing on techniques
known as Model-Driven Development (MDD).

® To achieve the goal of large-scale adoption of these MDD
techniques, MODELWARE promotes the idea of a collaborative
development of courseware dedicated to this domain.

® The MDD courseware provided here with the status of open
source software is produced under the EPL 1.0 license.
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Presentation Schedule

® Part 1: Ubiquitous Models
® What is a model?
® What is a metamodel?
® What is a metametamodel?
® What is the purpose of a model?
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Introduction to Model Engineering

From Objects to Models

® Object technology realized some promises but failed to achieve

others
e Stopping the search for generality by unification may be one of the causes
for this

® Model engineering is making many promises today
® Will it be able to deliver correspondingly?
® Sticking with the principle that "everything is a model" seems a good way to

make progresses 19:80 2000 2020
Promises
Delivery
Evaluation
Promises
Delivery

Evaluation
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A global view of software engineering evolution

1980 - 1995 ° -2000 -
procedural | object . component ; model
technology technology | technology . technology

Procedures, Objects, Packages, Models,
Pascal, i Classes, : Frameworks, Metamodels,
c - Smalltalk, C++,  Patterns ML, OcL, MOF,
' ; ST ' XMI, SPEM, CWM
procedural object model
refinement composition transformation
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Modeling is essential

® Modeling is essential fo human activity because every
action is preceded by the construction (implicit or
explicit) of a model.

® The medical technique of bloodletting was based on an
incorrect model of the body ' . If the model is

incorrect, the action may be inappropriate

®  Hippocrates and many others believed that the four crucial
elements earth, air, water and fire were balanced within the
human body as the four humors: blood, phlegm, and black and
yellow bile. In this context, disease was due to an imbalance in the
four humors and treatment involved restoring their balance
through bloodletting.

o Georges Washington died after heavy blood loss sustained in a
bloodletting treatment for laryngitis.
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Introduction to Model Engineering

Want another advice?

"Modeling is the future ...

And the promise here is that you write a lot less code,
that you have a model of the business process ..

So, modeling is pretty magic stuff, whether it's
management problems or business customization
problems or work-flow problems, visual modeling ...

It's probably the biggest thing going on .."

Bill Gates

[What Is Bill Gates Thinking? Interview, eWEEK.com, 3/30/2004]
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Definitions
b repOf ~—

® A model is the simplified image of a system
® This short definition should be completed

® What is a system ?
® "A system is a set of elements in interaction " (von Bertalanffy)
® The word system comes from the Greek "sun-istémi" (I compose)
® Model comes from the Latin "modullus"”, diminutive of

"modus" (measure)
® TInitially it was an architectural ferm meaning an arbl’rr'ar'y measure used for
establishing various ratios betweey™ uilding in construction.
Modullus

In the middle ages Italian
Modello

XVIeme century l

| Model '
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What is a model?

Modeling, in the broadest sense, is the cost-effective use of
something in place of something else for some cognitive
purpose. It allows us to use something that is simpler, safer
or cheaper than reality instead of reality for some purpose.
A model represents reality for the given purpose; the model
is an abstraction of reality in the sense that it cannot
represent all aspects of reality. This allows us to deal with
the world in a simplified manner, avoiding the complexity,
danger and irreversibility of reality.

"The Nature of Modeling."

Jeff Rothenberg

in Artificial Intelligence, Simulation, and Modeling,

L.E. William, K.A. Loparo, N.R. Nelson, eds.

New York, John Wiley and Sons, Inc., 1989, pp. 75-92

http://poweredge.stanford.edu/BioinformaticsArchive/PrimarySite/NIHpanelModeling/
RothenbergNatureModeling.pdf
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The word is recent, the idea is old

Plato (427-347 before JC), in Timeus compares vertebras
to door hinges (74a) or blood vessels to irrigation channels.

This idea will be used again later by the english physiologist William Harvey (1578-1657)

who will discover the blood circulation principle:
""de ce que, dans le cceur des vivants,

les valvulgs. 2] ou des portes d'écluse".
:: X > o A J = \J

D

épineuse
facette ar apophyse
\ costale transverffg;‘ﬂﬂ"‘
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Y |' transverse

facette articulaire
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épineuse
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d
Q
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apophyse P
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e
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< repOf ‘ MOdeI
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Model: multiple definitions

mod-el [ | noun (plural mod-els)

1. copy of an object: a copy of an object,
especially one made on a smaller scale than
the original ( often used before a noun )

2. particular version of manufactured
article: a particular version of a
manufactured article

had traded in her car for the latest model

3. something copied: something that is
copied or used as the basis for a related
idea, process, or system

4. somebody paid to wear

clothes: somebody who is paid to wear
clothes and demonstrate merchandise as a
profession, for example, in fashion shows and
photographs for magazines and catalogues

5. simplified version: a simplified version of
something complex used, for example, to
analyze and solve problems or make
predictions a financial model

Introduction to Model Engineering

MSN Encarta

6. perfect example: an excellent example
that deserves to be imitated

7. artist's subject: somebody who poses
for a painter, sculptor, photographer, or
other artist

8. zoology animal copied by another
animal: an animal species repellent to
predators which another animal mimics for
protection

9. logic interpretation: an interpretation
of a theory arrived at by assigning
referents in such a way as to make the
theory true

10. UK. fashion exclusive garment: the
first sewn example of a couturier's or
clothing manufacturer's design, from which
a new line of garments is produced
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Different kinds of models

Business
system

® Numerous examples
Mathematical models
Hydrological models

Biological models

Ecological models

Economical models
Meteorological models
Simulation models

Descriptive or predictive models
etc.

® Software are models:
® A software is a complex and composife model

® But a model of what?
® Of the organization where it is supposed to function?
® Of the architecture (hardware/software platform ) on top of which it is supposed to
function?
e Of the applicative requirements it is supposed to satisfy ?
® Of the team that elaborated the software?
® Expressed in which language?
e Until how software was mainly written in so-called programming languages like C# or
Java
® .. but things are rapidly changing (code-centric to model-centric, DSLs)

repOf

Software

Application
requirements

system

A software system
is a model of something.

Execution
platform

But a model of
what exactly?

12 © 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

A model is a partial view of a system

Several models
of this system
(partial views)

repOf

Respiratory model

Other
Models
muscular,

nervous,
circulatory,
digestive,
endocrinous,
etc.

Skeleton model
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Multiples views and coordinated DSLs

Each view is expressed in a given domain language (DSL).
Vocabularies of different corporations are different;
However they allow talking about a common building.

Plumber's Architect's Landlord's
view view view

Mason's / view
view . .
\ Interior
Designer's
view
Carpenter's ., Tax
view Elec'rf'lcuan S Collector's
view view

14

© 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

Aspects of a system represented by models

A given system
may have plenty of
different models.

M;

isRepresentedBy Each model
represents a given
Mo aspect of the
system.
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There are still a number of models to build

Models of the earth,
galaxy and space

e T

042 ‘2J4JDZId ‘DWDS 3p 0ISDA

‘ Magellan, Christophe Colomb, Marco Polo

2E R Models of Genetic legacy
N
e (Human genome map)
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Don't confuse the model and the system

This is not a pipe by Magritte

Cecr nest pas axe /:;%e,

© 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

Don't confuse the model and the system

ﬁ
%
:,

I
ik

TR |

TR

df
|
al

7NN UROURREASBIESHERDY

The system A model |
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The globe is a model of the earth

repOf

System

repOf

Introduction to Model Engineering

Model

+ask()

(Principle of limited substitutability).
A model M is said to be a representation of a system S

for a given set of questions Q if, for each question of this set Q,
the model M will provide exactly the same answer

that the system S would have provided iqganswengnzgothe same q

+ask()

tion.
6 ATLAS Nantes ,‘5 INRIA



Introduction to Model Engineering

The globe is a model of the earth

e Allowing to ask certain e But not others
questions ... What is the
§ : temperature
Could I travel from e at the bottom
Paris to Anchorage x| if T dig a
without using a boat? - E 100 km deep hole

at the surface of the
earth ?

<

Coupe Sk;.ﬁmiéjue.
de ta Terre

Crovie (Ao 4okKm. !

Maatesw (2322Kkm]

Ny uttm?-] (s509kn)
\ [\]o‘f:u} if\tﬁ(”ﬁ
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A very popular model: geograp

France in 1453
Royal domain,
ippanages of Talois princes
e ffs hetd ofthe Gown |

La France des "Huit présidents”

Mo“.

) [] ao0a2s%

Rk ”%"\4»,:. i
map VY

« Princpales viles frangases
Liies départementales
Carchdat arrhé en éte a premer four

Chrac 0 80 160 240 Kiométres
- P ——
Josp
Bay
[ Chevercment
[ Sartbosse
e
-

Réssaion  Laborcire MT.G. UMR. - CNRS DI - Uriverstéce Rosen
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Every map has a legend (implicit or explicit)

Same visual notation,
different context,
different meaning
y (Thick red
L N dotted lines

t_imtg‘;!:?,wﬂes)

!

| S

L EGENNY WAY
[ r
||
L E HOWELL ST)
|

BuMMT A
BELMONT A
BoSToNAE

- - - Bicycdle Lane

Elliott

= = = Bicyde Lane

— Arterial Street
Commery waer 5y byt

The legend —— Doskiontel Sroe
[ Ride Free Area

is the metamodel s v

»  One Way Street

== @ Monorail
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a Model has no meaning when separated from its metamodel

First round of political Percentage of places infested
election in France in 2002. by termites in France.

«  Principales viles frangases .
Limites départementales de 754100
Candidat arrivé en 18te ali premier lour

B
T B a0
[]

lozpin

Bayrou de 25430 %
B chevenement

Sani-losse . -
— de 10425 %
— LT

23 © 2006 ATLAS Nantes JZ INRIA



Another Notation (DSL)

Music notation

Introduction to Model Engineering

Metamodel

c2

Model

Music sheet

Whole Note

o f

4 Beats 2 Beats 1 Beat

Sixteenth Notes

Half Note

Basic Notes

Quarter Note

[

Eighth Note

p

1/2 Beat

Eighth Note Triplets

$©
™°
[Tem
T -

= = a—1—4
d -
: Y
ﬁ ‘ — . — e S : 3
> H ¥ o = ¥ {F X ¥ r = %—A- o ¥ = - " :
e
And dreams not that a guides this weak ma - chine. How
res defed
N
5 e p— T } .
s === - S Z5 =_=!
- 3 =
T ™ . . - 4
* » ”\——:-—/. ~ F i
__ ' , . ~ i
- r 3 e 1 y 2
) = = = 4 £
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musicXML: several concrete syntaxes for a DSL

SheetMusic

; ecordare

-sze(one tvo) ’—M"e“is"‘”g Software
et Standard MIDI File DTD: MIDI XML 1.1
p— D o Standard MIDI File DTD: MID] XML N4
- ) N
A

: W About Us Version 1.1 - 20 May 2005

7 9 ] Copyright ® 2004-2005 Recordare LLC.&@
-2 !‘S' http://www.recordare. com/

entrypart
molkiuis ) -deff (basse reeble) 12 This MusicXML work is being provided by the copyright
_.:x’;:;;gﬁ(’:::::g;"‘“"4“3“&’vha”--) holder under the MusicXML Document Type Definition
i subsegment Public License Version 1.02, available from:
-position:(one two)
' http://wuw. recordare. com/dtds/ license. htul
chord [} -=>
-info:String
-
0 MIDI XML is an XML representation of standard MIDI files.
nate simple Unlike standard MIDI files, it can have tinestamps
eahcdeld) . present as either absolute or delta values. This makes
Jevek(min3 min2min zeroplus,..) \ R it convenient as an intermediate format to convert from
-notetype: (fat shap) ' rest , MusicXML or other formats where note on and note off are
P note rest(whole halfquarter sith,..) .sze:(smg:::ble p— not represented.as discrete events. To convert to
-beat threequarter fwoquarter...) ! ! standard MIDI files, delta values mwust he used.
-dynamics:(pp p mp mf 1)

-infos:String Suggested use:

<!DOCTYPE MIDIFile PUBLIC
"-f/Recordare//DTD MusicXML 1.1 MIDI//EN"
"http://www.muzicxnl.org/deds/midixal, ded">

25 © 2006 ATLAS Nantes VG INRIA




Introduction to Model Engineering

Flowcharting DSL in the 60's
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A set of concepts and relations between these concepts
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Assisted Drawing Tools (e.g. MS/Visio)

Enregistrer sous...

2 Fomes

L P e e e

4C.. \Ecore.vsd

11

(8 Mesformes )

[0 Base de données »

[ Brainstorming 3

[ Carte »

[ Diagramme de blocs 3

[l Diagramme de Flux 3

[ Diagramme Web 3

[ Génie électrique )

(] Génie mécanique »

[l Graphiques et diagrammes »

[ Ingénierie des procédés 3

. Logiels N MIER Acivteum

[ Organigramme ’ ¥ Bl applcation dentreprise

[ Plan de batiment Y (Bl assistants

[ Planning de projet ¥ Bl Barres douts et menus
[0 Processus de gestion v [ER cometole

[ Réseau ¥ (Bl Contrfles communs

[ Suppléments Visio P (B Fenetres et bates de didogue
05 Ouir un gabart... B Formes de riveau de langage
Nouveau gabarit ["E Gane-Sarson

Afficher le gabarit de dacument

] 1ctnes

B dakson

B objets mémaire

& room

Bl M- Cas dutisation
Bl umL- Collboration
B umL- Composant
Bl uML- Déploiement
Bl M- Erats transkions
B umL-séquence

B M- Structure statiue

A library of stencils

Formes

Rechercher les formes :

Tapez votre recherche icE]

Introduction to Model Engineering

[ Activité UML

[ uML - Collaboration

[ UML - Composant

[ uML - Déploiement

[ uML - Séquence

[ UML - Etats transitions

[ UML - Structure statique

Al
Personne
[+nom : string
+numsSsS : int
1 Groupe
/ * Batiment
Enseignant Etudiant
+numEtudiant : int
1 4 _ 1
§ 3
4 Cours @ Salle
durée : int . Hcapacite ¢ int
1.
alieuDans
N
1
TP Magistral T Amphitheatre | |SalleBanalisee | |SalleOrdinateurs
+nbPostes : int
=

c2

Metamodel

28

Model
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Metamodels acting as filters

Furniture

sittedOn

Introduction to Model Engineering

Person

Tﬁ

Table

Chair

The metamodel

TL

Attendant

Presenter

29

Mary
Table 237
Chair 34
Paul
Victor
Emily

A model
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inheri |Sl Direct ory, FileElement ).

The System S

class(Group):

class(User);

class(FileElement);

class (File);

class (Directory);
association(belongsTo,User*,Group)
association(owns,User, FileElement*)

association(contains, Directory,FileElement™)

inherits(File,FileElement);

Group belongsTo User

>

1

. = |
QW FileElement

2)
& T

File Directory

meta(Student,Group):
meta(Teacher,Group):
meta(Bob,User);
meta(Jim,User);
meta(Esther,User);
meta(Mary,User);
meta(F1,File);
meta(F2,File);
meta(F3,File);
meta(F4,File);
meta(F5,File);
meta(D1,Directory);
meta(D2, Directory):

The Meta-model

elongsTo(Esther, Teacher);
elongsTo(Mary, Teacher);
elongsTo(Jim, Student);
elongsTo(Bob, Student);
wns(Esther,D1);
wns(Esther,F1);
ontains(D1,F1);
wns(Mary, D2);
wns(Mary,F2);
ontains(D2,F2);
wns(Bob,D3);
wns(Bob,F3);
ontains(D3,F3):
ontains(D2,D3);
wns(Jim,F4);
wns(Jim,F5);

meta(D3, Directory).

contains 0 .

\.
Je

A Model M

30
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Metamodels define Domain

This is DSL,

Introduction to Model Engineering

Specific Languages (DSLs)

This is DSLy
Model a Model c
R DDMM k
Modelb Model d

%, This is DSL.,

Definition: A DSL is a coordinated set of models

DDMM = Domain Definition MetaModel

31
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Typical Situations (only some)

Introduction to Model Engineering

Visio Stencil

Legend

R

R

Visio Drawing

Map

Music notation

R

Music sheet

Form definition

File Structure

R

R

Form content

File content

XML Schema

UML MM

R

R

XML Document

UML Model

Grammar

Ao

Program

DB Schema

=

DB Content

32
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Different technical spaces for modeling

Java Java JavaML
Grammar Metamodel DTD
A A A
Java Java JavaML
Program Model Document
Program TS MDA TS XML TS
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Three representations for the same program

I
* I
I

I

I
1 import java.appli'r.*: ) :
g import java.awt.*; | Class
4 public class FirstApplet extends Applet { Java | +extendls ' 1
5  public void paint(Graphics g) { [1] > | 41
6 g.drawString("FirstApplet", 25, 50); source | I '
7 } code | | | Method
8 } ' | ' * I

) I I I I

1 <?xml version="1.0" encoding="UTF-8"?> : : : :
2 <IDOCTYPE java-source-program SYSTEM "“java-ml.dtd"> I | [ |
4 <java-source-program name="FirstApplet.java"> I | | [ 3] I
5 <import module="java.applet.*"/> | | | |
6 <import module="java.awt.*"/> [ I | |
7 <class name="FirstApplet" visibility="public"> [2] JavaML | I f i
8 <superclass class="Applet"/> | | | |
9 <method name="paint" visibility="public" id="meth-15"> document I I FirstApplet paint
10 <type name="void" primitive="true"/> | I
11 <formal-arguments> I I
12 <formal-argument name="g" id="frmarg-13"> I T T %e)(tends
13 <type name="6raphics"/></formal-argument > : |
14 </formal-arguments> ... S Applet

Each of these representations may be more convenient
to perform some operation on the program.
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Production of a system from a model

Production of a system

from a model.

For example construction a building
M from its floor plans.

DNy,
' KiTeug, 14+ 5, 3G
S 87 Xray. *1zo-

M {postcondition}

repOf
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Production of a model from a system

Production of a model
from a system.

| > For example production of
the business model of a bank
in the UML language.

Truck

+driver

+weight
Grain
*quality ;
+caliber Fiskd
squantity +surface

a system S

. , a business model M
e.g. agricultural enterprise

of the agricultural enterprise

M {postcondition}
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Model extraction techniques depend on the nature of the system

Film QZ

System
AN

DynamicSystem

StaticSystem
FaY

VolumicSystem (3D)

?

Picture

Photo Q:I

Xerox Copy

FlatSystem (2D)
FaN

TextSystem
FAN

JavaSourceCode

37

Scanner
interpretation

Reverse
engineering

111 11
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A generic DSL to specify metamodels

M, AQ_' metametamodel

conformanTTo/‘\ The MMM c2

modelling
M a meta-model wor-ld

/N

conformantTo

Mo e metamodel

Z0

representedBy MM
The
M, A

system I"CCII
world

c2

= terminal
representation of
model M
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What is a model?

® A model is a representation of a system

® A model is written in the language of its unique
metamodel

® A metamodel is written in the language of its

unique metametamodel
® The unigue MMM of the MDA is the MOF

® A model is a constrained directed labeled
graph

® A model may have a visual graphical
representation (sometimes)
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Conclusion of the first part

® Building models as a help to understanding or to
building systems is an old activity, still very useful.

® Models are constrained by the language in which they
are written; Metamodels are the central tool to
define these languages.

® Advanced modeling frameworks also provide specific
languages to write metamodels (like MOF) and
specific languages to write transformations between
models.
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Presentation Schedule

® Part 2 : MDA™ vs. MDE

® Glossary of acronyms
® The three-level OMG stack
® Automating model management
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Agenda

Acronyms & Definitions

Working Definitions:
d Model
d Metamodel
d Metametamodel
d DSL
QTS

Double definition for a model
42 IA



Acronyms

MDE Model Driven Engineering
ME Model Engineering

MDA Model Driven Architecture
MDD Model Driven Development

MDSD Model Driven Software
Development

MDSE Model Driven Software
Engineering

MM Model Management

MDDE Model Driven Data Engineering

ADM Architecture Driven
Modernization

MDRE Model Driven Reverse
Engineering

DSL Domain Specific Language
DSM Domain Specific Modeling

Introduction to Model Engineering

MDE is a generic term; ME ~ MDE
MDA™ and MDD™ are OMG
trademarks; MDD is a protection
trademark (no use as of today/just
reserved by OMG for future use)

MDSD like MDSE is sometimes used
instead of MDD when one does not
wish to be associated fo OMG-only
technology, vocabulary and vision.

ADM is another standard intended
to be the reverse of MDA: MDA

covering forward engineering while
ADM covers backward engineering.

ADM ~ MDRE
MM ~ MDDE

DSM is more Microsoft marked but
of increasing use by the academic
and research community
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Some OMG Trademarks (http://www.omg.org/legal/tm_list.htm)

® OMG's Registered
Trademarks Include:
e MDA®
® Model Driven
Architecture®

e UML®
e CORBA®
® CORBA Academy®
e XMI®
Sl Fae m E
it O - - /_M-— metadata
L e e CWM

common warehouse metamodel

® OMG's Trademarks Include:

cCWM™

Model Based Application Development™
MDD™

Model Based Development™

Model Based Management™

Model Based Programming™

Model Driven Application Development™
Model Driven Development™

Model Driven Programming™

Model Driven Systems™

OMG Interface Definition Language
(roL)y™

Unified Modeling Language™
«<UML>™
e,
MeF - (oo
Meta-0bject Facility LANGUAGE b A 4.
CORBA
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Introduction to Model Engineering

Principles, standards and tools

Principles Model-Driven Engineering (MDE)
MDA™ MIC Software Other
Standards Model-Driven Model Factories Standards
Architecture Integrated (MS)
OMG Computing
Eclipse GME Microsoft Other
Tools EMF Visual Studio Tools
GMF Team system
DSL Tools
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MDA in a nutshell

Ml, MZ & M3 SPC(CZS conformsTo
I
I

|
|
|
e |
M3 Metametamodel

/l'\

confo;*msTo

|

|

1 |
@ @ @ @ s ==
confor%sTo

- One unigue Metametamodel (the MOF) |
- An important library of compatible Metamodels, _—
each defining a DSL M1 Model
- Each of the models

is defined in the language of its unique metamodel
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The OMG/MDA Stack

________ the MOF c2 ‘
The MOF / \
/\ source M3
_______ u Class Association
~ destination
The UML metamodel ++ N uw u
c2 .
\
— — the UML MetaModel
dei \V\\
Some UML Models ++ - 1 . M2
Class Attribute
c2 u uw
Various usages < UML Model \ /
of these models \
world" — - Client
Ml
Name : String
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One OMG "official" interpretation

e
N
<
&
¢

Y
°§

«instance»
A

I I

I I
| |

«metamodel»
MOF metametamodel

A

«instance»
1)
|
|
|
|
1 |
«metamodel» | _ _ _ _ _ _
UML metamodel
N
|
|
«instance»
)
|
|
|
|
] |
Usermodel |~~~ 77
7 O
| |
| l '
[ «instance» ll
I |
«instance» | \ )
/ | «instance»
/ I \
/ d | N ——
Z |
: Foo | [ :Bar | : Bar

Introduction to Model Engineering

M3 Layer:

— — —|specifies meta-metaclasses

for the UML metamodel.

M2 Layer:

specifies metaclasses
for the UML metamodel,
such as Class.

M1 Layer:
specifies classes

— — — 4for the UML user models,

such as Passenger,
Ticket, TravelAgency.

MO Layer:
User objects that are instances

lof UML user model classes,

such as instances of Passenger,
Ticket, TravelAgency.
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Separating the platform dependent and independent parts of systems

We don't want anymore to pay such a high price
for simply moving our information system to a
new middleware platform (COM, CORBA, Java,
HTML, XML, DotNet, etc.) when our business
system stays stable.

We are prepared to pay a last price for building
the abstract models of our business and services
that will guarantee us against technological
obsolescence.

From there, any platform provider will also have

] ¥ ] rom st
business models before we buy.
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Write-Orice,RurmAnywiere

Model Once, Generate Anywhere

Multi-target

code generation

SMIL/Flash

CORBA | «
Java/EJIB
C#/DotNet
| 4
Web/XML/SOAP

Introduction to Model Engineering

Platform-Independent
Mode

etc.

4

data grid computing
pervasive computing
cluster computing

h |

+ SVG, GML, Delphi, ASP, MySQL, PHP, etc.
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Forward and reverse engineering

Platforms
Platforms of today Platforms
of yesterday | java, EJB. J2EE, etc| of tomorrow
: 2999
Legacy, : L
Cobol, ADA, etc. 6rid, Cluster,

P2P architectur
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General MDA organization
Code
model

: c2
Analysis model >

1\

c2
Design model
12
c2
Code model
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A sample classification of models

Introduction to Model Engineering

MDA model Meta-model
A
PIM PDM
A A Y
business PSM platform
L ZP Platform
Code Infrastructure (o e= DB | ...

53 © 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

rom contemplative to productive approaches

= ~
E cl [ ] *@@)Blahjova 182 99/03/18
e * Copyright (¢) 1994-1999 Sun Microsystems, Inc.
* 901 San Antonio Road, Palo Alto, California, 94303, U.5.A
R * All rights reserved
* This software is the confidential and proprietary information of Sun
* Microsystems, Tnc. (“Confidential Information"). You shall not
o = disclose such Confidential Information and shall use it only in

e ey CoseRegaaion * aceordance with the terms of the license agreement you entered info

=] . s [rmsssonoas: apesion Mg

= ;

EE eomegarmntey package javabloh;

Tl import java blah blohdy Blohgloh;

/:";\ass descrwp’l‘a"va

* @version 1.82 18 Mar 1999
* @author Figstt ame:
. (o] e
public class Bloh Sxtends SomeCiome{

/* A class implementation comment can go here. */

#*% classvart documentation comment */
public static int classvart;
o

+ [FPammeasGrna
[SeCranpsna

|+Avpicatoninog

* classvar2 documentation comment that happens to be
* more than one line long

>/

private static Object classVar2;

#** instanceVar1 documentation cormment */
public Object instancevart;

#** instanceVar2 documentation comment */
protected int instancevar2;

#** instancear3 documentation comment */
private Object(] instancevar3;

yox

ahppics . s

iripart) e

[
[ [
[

Aopleaion)

atpicatont)

* _.constructor Blah documentation comment...
>/

public Bloh() {
4/ ...mplementation goes here..
}
.
U T * . method do Something documentation comment..

XMI

rom human-readable to computer-understandable.
rom hand-crafting (e.g. Design Patterns)
to full automation (e.g. Model transformation
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Some MDA Standards

§)
N &
> (MoE) 7

UML MM : description of OO software artifacts
SPEM MM: how to use and produce them
QVT MM: how to generate models from other models
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Software development considered as a chain of model transformations

[Analysis ] >[Design ] >[ Code

4 v~ 7
1 3 6

& ®W® ® ®
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Some loose definitions of what is a model

oPhil Bernstein, "A Vision for Management of Complex Systems”.
A model is a complex structure that represents a design artifact such as a relational schema, an interface
definition (APT), an XML schema, a semantic network, a UML model or a hypermedia document.

®eOMG, "UML Superstructure”,

A model captures a view of a physical system. It isan abstraction of the physical system, with a certain
purpose. This purpose determines what is included in the model and what is relevant. Thus the model
completely describes those aspects of the physical system that are relevant to the purpose of the model, at
the appropriate level of detail.

eOMG, "MDA Guide".

A formal specification of the function, structure and/or behavior of an application or system.

eSteve Mellor, et al., "UML Distilled"

A model is a simplification of something so we can view, manipulate, and reason about it, and so help us
understand the complexity inherent in the subject under study.

e Anneke Kleppe, et. al. "MDA Explained”
A model is a description of (part of) a system written in a well-defined language. A well-defined language is a
language with well-defined form (syntax), and meaning (semantics), which is suitable for automated
interpretation by a computer.

oChris Raistrick et al., "Model Driven Architecture with Executable UML"

A formal representation of the function, behavior, and structure of the system we are considering,
expressed in an unambiguous language.

eJ. Bézivin & O. Gerbé, "Towards a Precise Definition of the OMG/MDA Framework"

A simplification of a system built with an intended goal in mind; The model should be able to answer questions
in place of the actual system.

vV All of these definitions are partially correct
v'None is complete

v'None is really useful for the real engineer
v We need a workable definition for "model”

57 © 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

Structural definition of a model

e Definition 1. A directed multigraph 6 = (Ng, E;, T'z)
consists of a finite set of distinct nodes N,
a finite set of edges E, and a mapping function
[e. v Eg— Ng x Ng

® Definition 2. A model M = (G, w, u) is a triple where:
e G = (N, E;, Tp) is a directed multigraph
® o is itself a model, called the reference model of M,
associated to a graph 6, = (N, E , T, )
e u: N, U E;, — N, is a function associating elements (nodes
and edges) of G to nodes of 6, (metaElements)
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Each model conforms to its reference model

Model

conformsTo [c2)

ReferenceModel

1
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There are several kinds of models

Mode/
7S

Introduction to Model Engineering

TerminalModel

MetaModel

MetaMetaModel
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Definitions

® Definition 3. A metametamodel is a model that is its
own reference model (i.e. it conforms to itself).

® Definition 4. A metamodel is a model such that its
reference model is a metametamodel.

® Definition 5. A terminal model is a model such that
its reference model is a metamodel.
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This definition is compatible with OMG view

A Proposal for an MDA Foundation Model

+Iangum9$peciﬁcation\l, 1
Modeal Meatamodal

A 1

ModalTransformationFormalParameater

An ORMSC White Paper
V00-02
ormsc/05-04-11

e

+matamodal

2./ +paramatars

Object Reference Model SubCommittee (ORMSC )

"The MDA guide" 4
TransformationRecord | +Spacification | ModalTransformationSpecification
1

“MDA is an approach to system development...[that]... provides a means for using
models to direct the course of understanding, design, construction, deployment,
operation, maintenance and modification.” [MDA Guide omg/03-06-01]

At the core of MDA are the concepts of models, of metamodels defining the abstract
languages in which the models are captured, and of transformations that take one or
more models and produce one or more other models from them. Figure 1 shows the
relationships between these major concepts.
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Utilization definition

The objective here is to define the possible usages of a model. Consequently model
will mean here "terminal model".

® Definition 6. A system S is a delimited part of the world
considered as a set of elements in interaction.

® Definition 7. A model M is a representation of a given system
S, satisfying the substitutability principle (see below).

® Definition 8. (Principle of limited substitutability). A model M
is said to be a representation of a system S for a given set of
questions Q if, for each question of this set Q, the model M will
provide exactly the same answer that the system S would have

provided in answering the same question.
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Agenda

Summary

64 © 2006 ATLAS Nantes JZ INRIA



Introduction to Model Engineering

Structural definition

metamodel MM

A

c2
conformsTo

model M
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Utilization definition

repOf

<

model M

representation of
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On the representation relation

"What about the [relationship between model
and real-world]? The answer, and one of the
main points I hope you will take away from
this discussion, is that, at this point in
intellectual history, we have no theory of this
[...] relationship."

Cantwell Smith, B. Limits of Correctness in Computers, Report CSLI-85-36, Center for
the Study of Language and Information, Stanford University, California, October 1985,
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Credits and MDA compliance

Language
MC?GMOdel Qengiﬂ er‘ing conformantTo
M3 meta-meta-model
conformsTo 7N 4
conformantTo e
modelling
Mi meta-model world
x| Model MDE 7N
conformantTo
isRepredentedBy. M L|  model
Z0
v representedBy
The
Syst
ysTem Ontology M. [ oen real
engineering world
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Models revisited

® Everything is a model
® A \-model
® ). meaning the specific TS
® An XML document is an XML-model
® A Java source program is a Java-model
® An UML model is a MDA-model
® EMF and MS models should also be exchangeable
® ctc.

® Each TS is rooted in a metametamodel defining its
representation scheme (representation ontology)
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MDE: fulfilling the promises

2006 2020?

0% 5% 60% 100%

OIt has taken OMG more than 12 years to achieve CORBA 3 interoperability standards.

OIt is very likely that MDE/MDA will take much more time to achieve a reasonable level
of automatic code generation.

OHowever, in some particular contexts, some specific solutions are already available today.
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X

Thanks

B Questions?
B Comments?

http://www.sciences.univ-nantes.fr/lina/atl/

Jean Bézivin

Jean.Bezivin{lnoSpamAt}univ-nantes.fr

Equipe ATLAS, INRIA & LINA, Nantes, France
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