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From the object as the From the object as the onlyonly one conceptone concept
–– As e.g. in SmalltalkAs e.g. in Smalltalk

Once upon a time…Once upon a time…
software development looked simplesoftware development looked simple

C ll b tiTo a multitude of conceptsTo a multitude of concepts

Design patternsDesign patterns

Collaborations

<<Component>>
DecoderIReceiverI

ComponentsComponentsCOM+
DCO
M

CORBA
Microsoft
C# & Net

Sun’s 
Java &
EJB

HTTP
HTM
L

It's difficult It's difficult ---- in fact, next to impossible in fact, next to impossible –– for a large enterprise for a large enterprise 
to standardize on a single middleware platform.to standardize on a single middleware platform. (R. Soley)(R. Soley)

MiddlewareMiddleware (middle war)

© J.-M. Jézéquel, 2008 3

Required port               Provided Port

<<Component>>
Decoder DaDataI

CORBA
IIOP

C# & .Net

XML
SOAP

+ until the next ultimate middleware 
platform (~2005)

Proprietary
Middleware
(eg. automotive)

AspectsAspects

Why modeling: master complexityWhy modeling: master complexity
Modeling, in the broadest sense, is the Modeling, in the broadest sense, is the costcost--effective use of effective use of 
something in place of something else for some cognitive something in place of something else for some cognitive 
purposepurpose. It allows us to use something that is. It allows us to use something that is simplersimpler,, safersaferpurposepurpose. It allows us to use something that is . It allows us to use something that is simplersimpler, , safersafer
or or cheapercheaper than reality instead of reality for some purpose. than reality instead of reality for some purpose. 

A model represents reality for the given purpose; the model A model represents reality for the given purpose; the model 
is an abstraction of reality in the sense that it cannot is an abstraction of reality in the sense that it cannot 
represent all aspects of reality. This allows us to deal with represent all aspects of reality. This allows us to deal with 
the world in a simplified manner avoiding the complexitythe world in a simplified manner avoiding the complexity
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the world in a simplified manner, avoiding the complexity, the world in a simplified manner, avoiding the complexity, 
danger and irreversibility of reality.danger and irreversibility of reality.

Jeff RothenbergJeff Rothenberg..
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Modeling in Science & EngineeringModeling in Science & Engineering
A Model is a A Model is a simplifiedsimplified representation of an representation of an aspectaspect

of the World for a specific of the World for a specific purposepurpose

M1
(modeling

) I d b

Specificity of Engineering:
Model something not yet 
existing (in order to build it)

+Applicant()
+ApplicantInfo()
+MakeApplication()

-companyName : CString
-experience : CString
-reference1 : CString
-reference2 : CString
-reference3 : CString

Applicant

+Person()
+PersonInfo()

-personID : unsigned long
-surname : CString
-givenName : CString
-middleInitial : char
-streetAddress : CString
-postCode : CString
-countryname : CString
-eMailAddress : CString

Person

-is taught by

1

-teaches

0..*
+CourseSession()
+CourseSessionInfo()

-courseSessionID : unsigned long
-courseDate : unsigned long
-courseID : unsigned long
-courseLocation : CString

CourseSession

AppStatus

+CourseRegistration()
+CourseRegistrationInfo()

-registrationDate : unsigned long
-completionFlag : bool
-confirmedDate : unsigned long

CourseRegistration

+Test()
+TestInfo()

-testScore : unsigned long
Test

+Application()
+ApplicationInfo()

-productNr : unsigned long
-certificationLevel : unsigned long
-applicationDate : unsigned long

Application

+PermittedStatusChange()
+StatusChangeInfo()

-fromStatus : char
-toStatus : char

PermittedStatusChange

-examSession : unsigned long
-examlocation : CString

ExamSession

-gives0..*

-is achieved1

-is made by

1

-makes

0..*

-allows change in

0..*

-has a

1..*

-is taken by1

-takes0..*

-is made by a1

-made a1..*

-is in1

-is filled by0..*

-uses -is used in

-applies to a0..*

-is for a1

-examID : unsigned long
Exam

+Employee()
+GetCurrentAge()
+EmployeeInfo()

-jobType : CString
-roomNr : unsigned long
-department : CString
-division : CString
-jobTitle : CString
-manager : unsigned long
-headsDept : CString
-headsDivision : CString
-mobileNr : CString
-birthDate : unsigned long

Employee

+registrationform()

RegistrationForm

-uses*
*

ApplicantApplicantList PersonList

findApplicant()

ApplicationRegForm

Applicant()

findPerson()

addPerson()

addApplication()

Application()

MakeApplication()

ApplicationList
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M0
(the world)

space) Is represented by +AppStatus()
+AppStatusInfo()

-statusCode : char
-statusName : CString

pp

+ExamSession()
+ExamSessionInfo()

examlocation : CString
-examDate : unsigned long

1 0..*+Exam()
+ExamInfo()

-certificationLevel : unsigned long

Model and Reality in SoftwareModel and Reality in Software
Sun Tse: Sun Tse: Do not take the map for the realityDo not take the map for the reality
MagritteMagritte
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Software Models: from contemplative to productiveSoftware Models: from contemplative to productive
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Modeling Modeling andand WeavingWeaving

Security
Model

QoS
Model Business

M d l

UI
Model Challenges:

-Product Families

Design

Use Case
Model

Model

Object
Model Platform

Model

-Reuse of 
Weaving Process

-Automatic Weaving
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ModelTest
Model

Code
Model

tester

Assigning Meaning to ModelsAssigning Meaning to Models
If a model If a model is no longer  is no longer  just just 
–– fancy pictures to decorate your roomfancy pictures to decorate your room

a graphical syntax for C++/Java/C#/Eiffela graphical syntax for C++/Java/C#/Eiffel–– a graphical syntax for C++/Java/C#/Eiffel...a graphical syntax for C++/Java/C#/Eiffel...
Then tools must be able to manipulate Then tools must be able to manipulate 
modelsmodels
–– Let’s make a model Let’s make a model 
of what a model is!of what a model is!

  tt d lid li
ConstraintNamespace Feature

ModelElement

0..*0..1

+containedElement

{ordered}

0..*
+container

0..1

Contains

0..*

1..*

0..*

+constrainedElement

1..*
Constrains
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–– => => metameta--modelingmodeling
»» & meta& meta--metameta--modeling..modeling..
»» Use MetaUse Meta--ObjectObject

Facility (MOF) to avoidFacility (MOF) to avoid
infinite Metainfinite Meta--recursionrecursion

Package

GeneralizableElement

0..*

0..*
+supertype

{ordered}0..*

+subtype

0..*
Generalizes

Classifier

Class AssociationDataType

BehavioralFeature Struc turalFeature

Operation

AssociationEnd

Reference

0.. *

1

+referent0.. *

+referencedEnd
1

RefersTo

MofAttribute
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UML2 UML2 
metameta--model model 

(part., © OMG)(part., © OMG)

GeneralizationsGeneralizations

NB: Tell you 
nothing about:
•generalization
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•generalization 
being acyclic, 
•or semantics of 
dynamic binding
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The 4 layers in practiceThe 4 layers in practice
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Comparing Abstract Syntax SystemsComparing Abstract Syntax Systems
Technology #2
(MOF + OCL)

M3

Technology #1
(formal grammars

attribute grammars,
etc.)

A XML DTD

Technology #3
(XML Meta-Language)

Technology #4
(Ontology engineering)

Pascal Language
Grammar

A specific

EBNF MOF

The UML
meta-Model

M3

M2

M1

A XML
document

A XML DTD
Or Schema

A XML

A XML DTD
or Schema

KIF
Theories

Upper Level
Ontologies

+Description
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A specific
Pascal Program

A specific
execution

of a Pascal 
program

A Specific
phenomenon

corresponding to
a UML Model

A Specific
UML ModelM1 A XML

document

[XMI=MOF+XML+OCL]

p
Logics

+Conceptual
Graphs
+etc.

+ Xlink, Xpath, XSLT
+ RDF, OIL, DAML
+ etc.

(From J. Bézivin)
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MDA: the OMG visionMDA: the OMG vision
"OMG is in the ideal position to "OMG is in the ideal position to provide the modelprovide the model--
based standardsbased standards that are necessary to that are necessary to extend extend 
integration beyond the middleware approachintegration beyond the middleware approach… Now… Nowintegration beyond the middleware approachintegration beyond the middleware approach… Now … Now 
is the time to put this plan into effect. is the time to put this plan into effect. Now is the time Now is the time 
for the Model Driven Architecturfor the Model Driven Architecturee."."

Richard Soley & OMG staff, Richard Soley & OMG staff, 
MDA Whitepaper Draft 3 2MDA Whitepaper Draft 3 2
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MDA Whitepaper Draft 3.2MDA Whitepaper Draft 3.2
November 27, 2000November 27, 2000

Mappings to multiple and evolving Mappings to multiple and evolving 
platformsplatforms

MOF & UML as the 
Platform neutral models based

COM+ Java
HTTP

core
Organization assets 
expressed as 
models
Model 
t f ti t

Platform neutral models based
on UML & MOF
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DCOM

CORBA C#
.Net XML

SOAP

EJB HTTP
HTM
L

transformations to 
map to technology 
specific platforms
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The core idea of MDA:The core idea of MDA:
PIMs & PSMsPIMs & PSMs

MDA modelsMDA models
–– PIMPIM: Platform Independent Model: Platform Independent Model

ff»» Business Model of a system abstracting away the deployment Business Model of a system abstracting away the deployment 
details of a systemdetails of a system

»» Example: the UML model of the GPS systemExample: the UML model of the GPS system
–– PSMPSM: Platform Specific Model: Platform Specific Model

»» Operational model including platform specific aspectsOperational model including platform specific aspects
»» Example: the UML model of the GPS system on .NETExample: the UML model of the GPS system on .NET
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p yp y
Possibly expressed with a UML profile (.NET profile for UML)Possibly expressed with a UML profile (.NET profile for UML)

–– Not so clear about platform modelsNot so clear about platform models
»» Reusable model at various levels of abstractionReusable model at various levels of abstraction

CCM, C#, EJB, EDOC, …CCM, C#, EJB, EDOC, …

Model Driven Model Driven 
Engineering : SummaryEngineering : Summary

Modeling to master complexityModeling to master complexity
–– MultiMulti--dimensional and aspect oriented by definitiondimensional and aspect oriented by definition

Models: from contemplative to productiveModels: from contemplative to productive
–– MetaMeta--modeling tools, metamodeling tools, meta--models used to define languagesmodels used to define languages

Model Driven EngineeringModel Driven Engineering
–– Weaving aspects into a design modelWeaving aspects into a design model

»» E.g. Platform SpecificitiesE.g. Platform Specificities

( / S )( / S )
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Model Driven Architecture (PIM / PSM): just a Model Driven Architecture (PIM / PSM): just a 
special case of Aspect Oriented Designspecial case of Aspect Oriented Design
Related: Generative Prog, Software FactoriesRelated: Generative Prog, Software Factories
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Building a Compiler: Model transformationsBuilding a Compiler: Model transformations

Conclusion and WrapConclusion and Wrap--upup

MetaMeta--Models as Shared KnowledgeModels as Shared Knowledge
Definition of an Abstract Syntax in EDefinition of an Abstract Syntax in E--MOFMOF
–– Repository of models with EMFRepository of models with EMF
–– Reflexive Editor in EclipseReflexive Editor in Eclipse
–– JMI for accessing models from JavaJMI for accessing models from Java
–– XML serialization for model exchangesXML serialization for model exchanges

Applied in more and more projectsApplied in more and more projects
SPEEDS  O E b dd DiVASPEEDS  O E b dd DiVA
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–– SPEEDS, OpenEmbedd,DiVA…SPEEDS, OpenEmbedd,DiVA…
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Example with Example with 
StateMachinesStateMachines

a /b x/y
Model

S 1 S3S2

b /a

y/x

Meta-Model
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 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

Breathing life into MetaBreathing life into Meta--ModelsModels

 run()
reset()

FSM

name: EString

t ()

State input: EString
output: EString

 fire()

Transition

initialState

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target incomingTransition

// MyKermetaProgram.kmt// MyKermetaProgram.kmt
// An E// An E--MOF metamodel is an OO program that does nothingMOF metamodel is an OO program that does nothing

require "StateMachine.ecore"require "StateMachine.ecore" // to import it in Kermeta// to import it in Kermeta
// // Kermeta lets you weave inKermeta lets you weave in aspectsaspects

// // Contracts (OCL WFR)Contracts (OCL WFR)
require “StaticSemantics.ocl”require “StaticSemantics.ocl”

 reset() step()
1 1 0..1

Context FSM 
inv: ownedState->forAll(s1,s2|
s1 name s2 name implies s1 s2)
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qq
// Method bodies (Dynamic semantics)// Method bodies (Dynamic semantics)
require “DynamicSemantics.kmt”require “DynamicSemantics.kmt”
// // TransformationsTransformations

s1.name=s2.name implies s1=s2)

aspect class FSM {
operation reset() : Void {

currentState := initialState
}}class Minimizer {

operation minimize (source: FSM):FSM {…}
}



11

DIY with LOGO programsDIY with LOGO programs
Consider LOGO programs of the form:Consider LOGO programs of the form:
repeat 3  [ pendown forward 3 penup forward 4  ]repeat 3  [ pendown forward 3 penup forward 4  ]

to square :width  to square :width  
repeat 4  [ forward :width right  ]repeat 4  [ forward :width right  ]

endend
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endend
pendown square 10 *10   pendown square 10 *10   

Fractals in LOGOFractals in LOGO
; lefthilbert
to lefthilbert :level :size

if :level != 0 [
left 90
righthilbert :level 1 :size

; righthilbert
to righthilbert :level :size

if :level != 0 [
right 90
lefthilbert :level-1 :sizerighthilbert :level-1 :size

forward :size
right 90
lefthilbert :level-1 :size
forward :size
lefthilbert :level-1 :size
right 90

lefthilbert :level-1 :size
forward :size
left 90
righthilbert level-1 :size
forward :size
righthilbert :level-1 :size
left 90
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right 90
forward :size
righthilbert :level-1 :size
left 90

]
end

forward :size
lefthilbert :level-1 :size
right 90

]
end
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Case Study: Building a Programming Case Study: Building a Programming 
Environment for LogoEnvironment for Logo

FeaturingFeaturing
–– Edition in EclipseEdition in Eclipse

–– On screen simulationOn screen simulation

–– Compilation for a Lego Compilation for a Lego 

© J.-M. Jézéquel, 2008 23

p gp g
Mindstorms robotMindstorms robot

Model Driven Language Model Driven Language 
Engineering : the ProcessEngineering : the Process

Specify abstract syntaxSpecify abstract syntaxSpecify abstract syntaxSpecify abstract syntax
Specify concrete syntaxSpecify concrete syntax
Build specific editorsBuild specific editors
Specify static semanticsSpecify static semantics
Specify dynamic semanticsSpecify dynamic semantics
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Specify dynamic semanticsSpecify dynamic semantics
Build simulatorBuild simulator
Compile to a specific platformCompile to a specific platform
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MetaMeta--Modeling LOGO programsModeling LOGO programs

Let’s build a metaLet’s build a meta--model for LOGOmodel for LOGO
–– Concentrate on  the abstract syntaxConcentrate on  the abstract syntax
–– Look for concepts: instructions, expressions…Look for concepts: instructions, expressions…
–– Find relationships between these conceptsFind relationships between these concepts

»» It’s like UML modeling !It’s like UML modeling !
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Defined as an ECore modelDefined as an ECore model
–– Using EMF tools and editorsUsing EMF tools and editors

LOGO metamodelLOGO metamodel

© J.-M. Jézéquel, 2008 26

ASMLogo.ecore
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LOGO metamodelLOGO metamodel
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ASMLogo.ecore

Concrete syntaxConcrete syntax

Any regular EMF based toolsAny regular EMF based tools
T t l i Si t kT t l i Si t kTextual using SintaksTextual using Sintaks
Graphical using GMF or TopCasedGraphical using GMF or TopCased

logo.sts

© J.-M. Jézéquel, 2008 28
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Do It YourselfDo It Yourself
Within EclipseWithin Eclipse
–– Load/Edit/Save ModelsLoad/Edit/Save Models

»» Conforming to the LOGO metaConforming to the LOGO meta--modelmodel
»» ie LOGO programsie LOGO programs

Install & Run the MDLE4LOGO BundleInstall & Run the MDLE4LOGO Bundle
–– On your own PCOn your own PC
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On your own PCOn your own PC
–– Or follow the beamed demoOr follow the beamed demo

OutlineOutline
Introduction to Model Driven EngineeringIntroduction to Model Driven Engineering
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Building a Compiler: Model transformationsBuilding a Compiler: Model transformations

Conclusion and WrapConclusion and Wrap--upup
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Static Semantics with OCLStatic Semantics with OCL
Complementing a metaComplementing a meta--model with Wellmodel with Well--
Formedness Rules, aka Formedness Rules, aka ContractsContracts e.g.;e.g.;
–– A procedure is called with the same number of arguments A procedure is called with the same number of arguments 

as specified in its declarationas specified in its declaration
Expressed with the OCL (Object Constraint Expressed with the OCL (Object Constraint 
Language)Language)

The OCL is a language of typed expressions

© J.-M. Jézéquel, 2008 31

– The OCL is a language of typed expressions.
– A constraint is a valid OCL expression of type Boolean.
– A constraint is a restriction on one or more values of (part 

of) an object-oriented model or system.

Contracts in OO languagesContracts in OO languages

Inspired by the notion of Abstract DataInspired by the notion of Abstract DataInspired by the notion of Abstract Data Inspired by the notion of Abstract Data 
TypeType
Specification = Signature +Specification = Signature +
–– Preconditions Preconditions 
–– Postconditions Postconditions 

© J.-M. Jézéquel, 2008 32

–– Class Invariants Class Invariants 
Behavioral contracts are inherited in Behavioral contracts are inherited in 
subclassessubclasses
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OCLOCL
Can be used at bothCan be used at both
–– M1 level (constraints on Models)M1 level (constraints on Models)

»» aka aka DesignDesign--byby--ContractContract (Meyer)(Meyer)
–– M2 level (constraints on MetaM2 level (constraints on Meta--Models)Models)

»» aka Static semanticsaka Static semantics

Let’s overview it with M1 level exemplesLet’s overview it with M1 level exemples
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Simple constraintsSimple constraints

Customer

name: String
title: String
age: Integer
isMale: Boolean

title = if isMale then ‘Mr.’ else ‘Ms.’ endif

© J.-M. Jézéquel, 2008 34

age >= 18 and age < 66

name.size < 100
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NonNon--local contracts: local contracts: 
navigating associationsnavigating associations

Each association is a navigation pathEach association is a navigation pathg pg p
–– The context of an OCL expression is the starting pointThe context of an OCL expression is the starting point
–– Role names are used to select which association is to be Role names are used to select which association is to be 

traversed (or target class name if only one)traversed (or target class name if only one)

© J.-M. Jézéquel, 2008 35

Person Car1 owner ownings  *ownership

Context Car inv:
self.owner.age >= 18

Navigation of 0..* associationsNavigation of 0..* associations
Through navigation, we no longer get a scalar Through navigation, we no longer get a scalar 
but a but a collectioncollection of objectsof objects
OCL defines 3 subOCL defines 3 sub types of collectiontypes of collectionOCL defines 3 subOCL defines 3 sub--types of collectiontypes of collection
–– SetSet : when  navigation of a 0..* association: when  navigation of a 0..* association

»» Context Person inv: owningsContext Person inv: ownings return a Set[Car]return a Set[Car]
»» Each element is in the Set at most once Each element is in the Set at most once 

–– Bag : Bag : if more than one navigation stepif more than one navigation step
»» An element can be present more than once in the BagAn element can be present more than once in the Bag
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»» An element can be present more than once in the BagAn element can be present more than once in the Bag
–– SequenceSequence : navigation of an association {ordered}: navigation of an association {ordered}

»» It is an ordered  BagIt is an ordered  Bag
Many predefined operations on type Many predefined operations on type collection collection 

Syntax::
Collection->operation
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Collection hierarchyCollection hierarchy

Collection

Set Bag Sequence

© J.-M. Jézéquel, 2008 37

minus
symmetricDifference
asSequence
asBag

first
last
at(int)
append
prepend
asBag
asSet

asSequence
asSet

Basic operations on collectionsBasic operations on collections

isEmptyisEmpty
–– truetrue if collection has no elementif collection has no element

notEmptynotEmpty
–– truetrue if collection has at least one elementif collection has at least one element

sizesize

Context Person inv: 
age<18 implies ownings->isEmpty

© J.-M. Jézéquel, 2008 38

sizesize
–– Number of elements in the collectionNumber of elements in the collection

count (elemcount (elem))
–– Number of occurrences of element Number of occurrences of element elemelem in the collectionin the collection
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select select OperationOperation
possible syntaxpossible syntax
–– collectioncollection-->select(elem:T | expr)>select(elem:T | expr)
–– collectioncollection-->select(elem | expr) >select(elem | expr) 
–– collectioncollection-->select(expr)>select(expr)

Selects the subset of Selects the subset of collectioncollection for which for which 
property property exprexpr holds holds 
e.g. e.g. 

P i

© J.-M. Jézéquel, 2008 39

gg

shortcut:shortcut:

context Person inv:
ownings->select(v: Car | v.mileage<100000)->notEmpty

context Person inv:
ownings->select(mileage<100000)->notEmpty

forAll forAll OperationOperation
possible syntaxpossible syntax
–– collectioncollection-->forall(elem:T | expr)>forall(elem:T | expr)
–– collectioncollection-->forall(elem | expr) >forall(elem | expr) 
–– collectioncollection-->forall(expr)>forall(expr)

True iff True iff expr expr holds for each element of theholds for each element of the
collectioncollection
e.g. e.g. 
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gg

shortcut:shortcut:

context Person inv:
ownings->forall(v: Car | v.mileage<100000)

context Person inv:
ownings->forall(mileage<100000)
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Operations on CollectionsOperations on Collections
Operation Description
size The number of elements in the collection
count(object) The number of occurences of object in the collection.( j ) j
includes(object) True if the object is an element of the collection.
includesAll(collection) True if all elements of the parameter collection are present

in the current collection.
isEmpty True if the collection contains no elements.
notEmpty True if the collection contains one or more elements.
iterate(expression) Expression is evaluated for every element in the collection.
sum(collection) The addition of all elements in the collection.
exists(expression) True if expression is true for at least one element in the

© J.-M. Jézéquel, 2008 41

( p ) p
collection.

forAll(expression) True if expression is true for all elements.

Static Semantics for LOGOStatic Semantics for LOGO
No two formal parameters of a procedure may No two formal parameters of a procedure may 
have the same name:have the same name:

A procedure is called with the same number of A procedure is called with the same number of 
arguments as specified in its declaration:arguments as specified in its declaration:
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arguments as specified in its declaration:arguments as specified in its declaration:
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Static Semantics for LOGOStatic Semantics for LOGO
No two formal parameters of a procedure may No two formal parameters of a procedure may 
have the same name:have the same name:

t t P D l ticontext ProcDeclaration
inv unique_names_for_formal_arguments :

args -> forAll ( a1 , a2 | a1. name = a2.name 
implies a1 = a2 )

A procedure is called with the same number of A procedure is called with the same number of 
arguments as specified in its declaration:arguments as specified in its declaration:
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arguments as specified in its declaration:arguments as specified in its declaration:
context ProcCall

inv same_number_of_formals_and_actuals :
actualArgs -> size = declaration .args -> size 

OutlineOutline
Introduction to Model Driven EngineeringIntroduction to Model Driven Engineering

D i i M tD i i M t d l th LOGO ld l th LOGO lDesigning MetaDesigning Meta--models: the LOGO examplemodels: the LOGO example
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Building a Compiler: Model transformationsBuilding a Compiler: Model transformations

Conclusion and WrapConclusion and Wrap--upup
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Operational Semantics of State MachinesOperational Semantics of State Machines
A modelA model

S1 S3S 2

a /b x/y

y/x

Its metamodelIts metamodel

 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0 1

w

b /a

y
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Adding Operational Semantics to OO MetamodelsAdding Operational Semantics to OO Metamodels
1 1 0..1

Kermeta RationaleKermeta Rationale
Model, metaModel, meta--model, metamodel, meta--metamodel, DSLs…metamodel, DSLs…
–– MetaMeta--blabla--bla too complex for the normal engineerbla too complex for the normal engineer

On the other hand, engineers are familiars On the other hand, engineers are familiars 
withwith
–– OO programming languages (Java,C#,C++,..)OO programming languages (Java,C#,C++,..)
–– UML (at least class diagram)UML (at least class diagram)

M  h  h d f M  h  h d f D iD i bb C t tC t t
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–– May have heard of May have heard of DesignDesign--byby--ContractContract
Kermeta leverages this familiarity to make Kermeta leverages this familiarity to make 
MetaMeta--modeling easy for the masses modeling easy for the masses 
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Breathing life into MetaBreathing life into Meta--ModelsModels

 run()
reset()

FSM

name: EString

t ()

State input: EString
output: EString

 fire()

Transition

initialState

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target incomingTransition

// MyKermetaProgram.kmt// MyKermetaProgram.kmt
// An E// An E--MOF metamodel is an OO program that does nothingMOF metamodel is an OO program that does nothing

require "StateMachine.ecore"require "StateMachine.ecore" // to import it in Kermeta// to import it in Kermeta
// // Kermeta lets you weave inKermeta lets you weave in aspectsaspects

// // Contracts (OCL WFR)Contracts (OCL WFR)
require “StaticSemantics.ocl”require “StaticSemantics.ocl”

 reset() step()
1 1 0..1

Context FSM 
inv: ownedState->forAll(s1,s2|
s1 name s2 name implies s1 s2)
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qq
// Method bodies (Dynamic semantics)// Method bodies (Dynamic semantics)
require “DynamicSemantics.kmt”require “DynamicSemantics.kmt”
// // TransformationsTransformations

s1.name=s2.name implies s1=s2)

aspect class FSM {
operation reset() : Void {

currentState := initialState
}}class Minimizer {

operation minimize (source: FSM):FSM {…}
}

Kermeta workbench snapshotKermeta workbench snapshot
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Kermeta:Kermeta:
a a KerKernel nel metametamodeling languagemodeling language
Strict EMOF extensionStrict EMOF extension
Statically TypedStatically Typed
–– Generics, Function types (for OCLGenerics, Function types (for OCL--like iterators)like iterators)

ObjectObject--OrientedOriented
–– Multiple inheritance / dynamic binding / reflectionMultiple inheritance / dynamic binding / reflection

ModelModel--OrientedOriented
–– Associations / CompositionsAssociations / Compositions
–– Model are first class citizens, notion of model typeModel are first class citizens, notion of model type
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AspectAspect--OrientedOriented
–– Simple syntax for static introductionSimple syntax for static introduction
–– Arbitrary complex aspect weaving as a frameworkArbitrary complex aspect weaving as a framework

Still “kernel” languageStill “kernel” language
–– Seamless import of Java classes in Kermeta for GUI/IO etc.Seamless import of Java classes in Kermeta for GUI/IO etc.

EMOF EMOF KermetaKermeta

FSM State input: EString
output: EString

TransitionowningFSM 1 ownedState*
currentState

0 1

source outgoingTransition

 run()
 reset()

name: EString

 step()

output: EString

 fire()
initialState

1

0..1
1 *
target

1

incomingTransition

0..1

class FSM
{
attribute ownedState : State[0..*]#owningFSM
reference initialState : State[1..1]
reference currentState : State

class State{
reference owningFSM : FSM[1..1]#ownedState
attribute name : String
attribute outgoingTransition : Transition[0..*]#source
reference incomingTransition : Transition#target
operation step(c : String) : kermeta::standard::~Void is do
end
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operation run() : kermeta::standard::~Void is do
end
operation reset() : kermeta::standard::~Void is do
end
}

end
}
class Transition{

reference source : State[1..1]#outgoingTransition
reference target : State[1..1]#incomingTransition
attribute input : String
attribute output : String
operation fire() : String is do
end

}
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Assignment semanticsAssignment semantics

b dc

Composition Association

A B
0..1

a1:A b1:B

a2:A

b

container()

C D
*

1

c1:C d1:D

d2:D

d
c

d2.c := c1

Avant AvantBefore Before
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a1:A b1:B

a2:A

b

container()

c1:C d1:D

d2:D

d
c

d
c

a2.b := b1

Après AprèsAfter After

ExampleExample

TransitionowningFSM 1 ownedState*
currentState

 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()
initialState

1

currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

operation fire() : String
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source.owningFSM.currentState := target
result := output
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 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

// Get the valid transitions
var validTransitions : Collection<Transition> 
validTransitions := outgoingTransition.select { t |

t.input.equals(c) 
}
// Check if there is one and only one valid transition

operation step(c : String) : String
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// Check if there is one and only one valid transition
if validTransitions.empty then raise NoTransition.new end
if validTransitions.size > 1 then

raise NonDeterminism.new  
end
// fire the transition
result := validTransitions.one.fire

 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

from var str : String
until str == "exit"
loop

stdio.writeln("current state is " + currentState.name)
str := stdio.read("Enter an input string or 'exit' 

to exit simulation : ")
stdio.writeln(str)
if str != "exit" then

operation run() : Void
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do
stdio.writeln("Output string : " + currentState.step(str))

rescue (ex : FSMException)
stdio.writeln("ERROR : " + ex.toString)

end
end

end
stdio.writeln("* END OF SIMULATION *")
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S 1 S3S2

a /b x/y

/

b /a

y/x

/**
* Load a sample FSM from a xmi2 file
*/
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operation loadFSM() : FSM is do
var repository : EMFRepository init EMFRepository.new
var resource : EMFResource 
resource ?= repository.createResource("../models/fsm_sample1.xmi", "../metamodels/fsm.ecore")
resource.load

// Load the fsm (we get the main instance) 
result ?= resource.instances.one

end

Operational Semantics for LOGOOperational Semantics for LOGO
Expressed as a mapping from a metaExpressed as a mapping from a meta--model model 
to a virtual machine (VM)to a virtual machine (VM)
LOGO VM ?LOGO VM ?
–– Concept of Turtle, Lines, points…Concept of Turtle, Lines, points…
–– Let’s Model it !Let’s Model it !
–– (Defined as an Ecore meta(Defined as an Ecore meta--model) model) 
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Virtual Machine Virtual Machine -- ModelModel
VMLogo.ecore
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Defined as an Ecore metaDefined as an Ecore meta--model model 

Virtual Machine Virtual Machine -- SemanticsSemantics
require "VMLogo.ecore"
require "TurtleGUI.kmt"

aspect class Point {

LogoVMSemantics.kmt

aspect class Point {
method toString() : String is do
result := "[" + x.toString + "," + y.toString + "]"

end
}

aspect class Turtle {
operation setPenUp(b : Boolean) is do
penUp := b
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end
operation rotate(angle : Integer)  is do

heading := (heading + angle).mod(360) 
end

}
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Map Instructions to VM ActionsMap Instructions to VM Actions
Weave an Weave an 
interpretation interpretation 

aspect class PenUp {aspect class PenUp {
eval (ctx: Context) {eval (ctx: Context) {

aspect into the aspect into the 
metameta--modelmodel
–– add an add an eval()eval() method method 

into each class of the into each class of the 
LOGO MMLOGO MM

ctx.getTurtle().setPenUp(true)ctx.getTurtle().setPenUp(true)
}}

……
aspect class Clear {aspect class Clear {

eval (ctx: Context) {eval (ctx: Context) {
ctx.getTurtle().reset()ctx.getTurtle().reset()

}}
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MetaMeta--level Anchoringlevel Anchoring
Simple approach Simple approach 
using the Kermeta using the Kermeta 
VM toVM to groundground

……
aspect class Add {aspect class Add {

eval (ctx: Context)  : Integer {eval (ctx: Context)  : Integer {VM to «VM to « groundground » » 
the semantics of the semantics of 
basic operationsbasic operations
Or reify it into the Or reify it into the 
LOGO VMLOGO VM

U i    kU i    k b d b d 

( ) g {( ) g {
result = lhs.eval(ctx)result = lhs.eval(ctx)

+ + rhs.eval(ctx)rhs.eval(ctx)
}}

……
aspect class Add {aspect class Add {

eval (ctx: Context) {eval (ctx: Context) {
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–– Using eg a stackUsing eg a stack--based based 
machine machine 

–– Ultimately grounding it Ultimately grounding it 
in kermeta thoughin kermeta though

eval (ctx: Context) {eval (ctx: Context) {
lhs.eval(ctx) lhs.eval(ctx) // put result // put result 

// on top of ctx stack// on top of ctx stack
rhs.eval(ctx) // idemrhs.eval(ctx) // idem
ctx.getMachine().add()ctx.getMachine().add()

}}
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Handling control structuresHandling control structures
BlockBlock
ConditionalConditional
RepeatRepeat
WhileWhile
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Operational semanticsOperational semantics
require "ASMLogo.ecore"
require "LogoVMSemantics.kmt" LogoDynSemantics.kmt

aspect class If {
operation eval(context : Context) : Integer is do
if condition.eval(context) != 0 then

result := thenPart.eval(context) 
else result := elsePart.eval(context) 
end

end
}
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aspect class Right {
operation eval(context : Context) : Integer is do

context.turtle.rotate(angle.eval(context)) 
end

}
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Handling function callsHandling function calls
Use a stack frameUse a stack frame
–– Owned in the ContextOwned in the Context
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Getting an InterpreterGetting an Interpreter
Glue that is needed to load modelsGlue that is needed to load models
–– ie LOGO programsie LOGO programs

Vizualize the resultVizualize the result
–– Print traces as textPrint traces as text
–– Put an observer on the LOGO VM to graphically display the Put an observer on the LOGO VM to graphically display the 

resulting figureresulting figure
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resulting figureresulting figure
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SimulatorSimulator

Execute the operational semanticsExecute the operational semantics
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OutlineOutline
Introduction to Model Driven EngineeringIntroduction to Model Driven Engineering

D i i M tD i i M t d l th LOGO ld l th LOGO lDesigning MetaDesigning Meta--models: the LOGO examplemodels: the LOGO example

Static Semantics with OCLStatic Semantics with OCL

Operational Semantics with KermetaOperational Semantics with Kermeta
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Building a Compiler: Model transformationsBuilding a Compiler: Model transformations

Conclusion and WrapConclusion and Wrap--upup
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Implementing a modelImplementing a model--driven driven 
compilercompiler

Map a LOGO program to Lego MindstromsMap a LOGO program to Lego Mindstroms
–– The LOGO program is like a PIMThe LOGO program is like a PIM
–– The target program is a PSMThe target program is a PSM
–– => model transformation=> model transformation

Kermeta to weave a «Kermeta to weave a « compilationcompilation » aspect » aspect 
into the logo metainto the logo meta--modelmodel

aspect class PenUp {aspect class PenUp {
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aspect class PenUp {aspect class PenUp {
compile (ctx: Context) {compile (ctx: Context) {

}}
……
aspect class Clear {aspect class Clear {

}}

Specific platformSpecific platform

Lego Mindstorms Turtle RobotLego Mindstorms Turtle Robot
–– Two motors for wheelsTwo motors for wheelsTwo motors for wheelsTwo motors for wheels
–– One motor to control the penOne motor to control the pen
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ModelModel--toto--Text vs. ModelText vs. Model--toto--ModelModel
ModelModel--toto--Text TransformationsText Transformations
–– For generating: code, xml, html, doc. For generating: code, xml, html, doc. 
–– Should be limited to syntactic level transcodingShould be limited to syntactic level transcoding

ModelModel--toto--Model TransformationsModel Transformations
–– To handle more complex, semantic driven transformationsTo handle more complex, semantic driven transformations
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ModelModel--toto--Text ApproachesText Approaches
For generating: code, xml, html, doc. For generating: code, xml, html, doc. 
–– VisitorVisitor--Based Approaches: Based Approaches: 

SS»» Some visitor mechanisms to traverse the internal representation Some visitor mechanisms to traverse the internal representation 
of a model and write code to a text streamof a model and write code to a text stream

»» Iterators, Write ()Iterators, Write ()
–– TemplateTemplate--Based ApproachesBased Approaches

»» A template consists of the target text containing slices of metaA template consists of the target text containing slices of meta--
code to access information from the source and to perform text code to access information from the source and to perform text 

l ti  d it ti  il ti  d it ti  i
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selection and iterative expansionselection and iterative expansion
»» The structure of a template resembles closely the text to be The structure of a template resembles closely the text to be 

generatedgenerated
»» Textual templates are independent of the target language and Textual templates are independent of the target language and 

simplify the generation of any textual artefactssimplify the generation of any textual artefacts
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Classification of ModelClassification of Model--toto--Model Model 
Transformation TechniquesTransformation Techniques

1.1. General purpose programming languagesGeneral purpose programming languages
–– Java/C#...Java/C#...

2.2. Generic transformation toolsGeneric transformation tools
–– Graph transformations, XSLT…Graph transformations, XSLT…

3.3. CASE tools scripting languagesCASE tools scripting languages
–– Objecteering, Rose…Objecteering, Rose…

44 Dedicated model transformation toolsDedicated model transformation tools
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4.4. Dedicated model transformation toolsDedicated model transformation tools
–– OMG QVT styleOMG QVT style

5.5. MetaMeta--modeling toolsmodeling tools
–– Metacase, Xactium, Kermeta…Metacase, Xactium, Kermeta…

Logo to NXC CompilerLogo to NXC Compiler
Step 1 Step 1 –– ModelModel--toto--Model transformationModel transformation

Step 2 Step 2 –– Code generation with templateCode generation with template

ASMLogo.ecore

Logo2NXC.kmt

NXC.ecore

K.xmi K.nxc.xmi
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NXC.ecore

K.nxc.xmi NXC.ket K.nxc
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Step 1a: The NXC MetaStep 1a: The NXC Meta--ModelModel
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Step Step 11b: Modelb: Model--toto--ModelModel
aspect class PenUp {aspect class PenUp {

compile (ctx: Context) {compile (ctx: Context) {

}}
……

aspect class Clear {aspect class Clear {
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}}
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Step 2: Kermeta Emitter TemplateStep 2: Kermeta Emitter Template
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ExecutionExecution
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OutlineOutline
Introduction to Model Driven EngineeringIntroduction to Model Driven Engineering

D i i M tD i i M t d l th LOGO ld l th LOGO lDesigning MetaDesigning Meta--models: the LOGO examplemodels: the LOGO example

Static Semantics with OCLStatic Semantics with OCL

Operational Semantics with KermetaOperational Semantics with Kermeta
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Building a Compiler: Model transformationsBuilding a Compiler: Model transformations

Conclusion and WrapConclusion and Wrap--upup

Logo Summary (1)Logo Summary (1)
ASMLogo.ecore TurtleGUI.java

VMLogo.ecore

TurtleGUI.kmtlogo.sts
LogoStaticSem.ocl

TurtleControler.kmt

LogoVMSemantics.kmt

NXC.ecore

Editor.java
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LogoDynSemantics.kmt

LogoSimulator.kmtLogoNXCCompiler.kmt

Logo2NXC.kmtNXC.ket
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Logo Summary (2)Logo Summary (2)

Integrate all aspects coherentlyIntegrate all aspects coherently
–– syntax / semantics / toolssyntax / semantics / toolssyntax / semantics / toolssyntax / semantics / tools

Use appropriate languagesUse appropriate languages
–– MOF for abstract syntaxMOF for abstract syntax
–– OCL for static semanticsOCL for static semantics
–– Kermeta for dynamic semanticsKermeta for dynamic semantics
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–– Java for simulation GUIJava for simulation GUI
–– ......

Keep separation between concernsKeep separation between concerns
–– For maintainability and evolutions For maintainability and evolutions 

From LOGO to MindstormsFrom LOGO to Mindstorms
Static constraints in OCL

Input

Logo 
Semantic in 

Kermeta

Simulator in 
Kermeta

Input 
scenario

Embedded source code 
inside the robot

Transformation written in Kermeta

Interaction between 
the current simulation 
(Kermeta) and the 
GUI (Java)
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Result of a simulation 
interpreted with 
Kermeta

Result of a 
real execution
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Kermeta in real projectsKermeta in real projects
Artist2, the European network of excellence on realArtist2, the European network of excellence on real--time time 
embedded systemsembedded systems
UsineLogicielle, a System@tic project where Kermeta UsineLogicielle, a System@tic project where Kermeta 
based operational semantic is associated to functionalbased operational semantic is associated to functionalbased operational semantic is associated to functional based operational semantic is associated to functional 
requirement for test synthesis purposes.requirement for test synthesis purposes.
Speeds, a European FP6 project for aspectSpeeds, a European FP6 project for aspect--oriented oriented 
metamodeling of avionics and automotive systems, metamodeling of avionics and automotive systems, 
including operational semantics aspectsincluding operational semantics aspects
OpenEmbedd, A French project building a MDE platform for OpenEmbedd, A French project building a MDE platform for 
realtime system.realtime system.
Mopcom a French project applying MDE to hardware forMopcom a French project applying MDE to hardware for

© J.-M. Jézéquel, 2008 81

Mopcom, a French project applying MDE to hardware for Mopcom, a French project applying MDE to hardware for 
generating SOC and introduce dynamic reconfigurability to generating SOC and introduce dynamic reconfigurability to 
them. them. 
Topcased, a consortium that aims to build modelers for Topcased, a consortium that aims to build modelers for 
avionics and system engineeringavionics and system engineering
DiVA, a European FP7 DiVA, a European FP7 STREP project on handling STREP project on handling 
Dynamic variability in complex, adaptive systems Dynamic variability in complex, adaptive systems 

Conclusion and WrapConclusion and Wrap--upup
Kermeta is an openKermeta is an open--source initiativesource initiative
–– Started January 2005Started January 2005
–– More than 10 active developersMore than 10 active developerspp

Feel free to useFeel free to use
–– Start with a metaStart with a meta--model in EMFmodel in EMF

»» Get XML an reflective editor for freeGet XML an reflective editor for free
–– Weave in static semantics in OCLWeave in static semantics in OCL
–– Weave in an interpreter, Weave in an interpreter, 

»» connect to a simulation platformconnect to a simulation platform
W  i     ilW  i     il
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–– Weave in one or more compilersWeave in one or more compilers
–– Finaly care for concrete syntax issuesFinaly care for concrete syntax issues

Feel free to contribute!Feel free to contribute!
–– www.kermeta.orgwww.kermeta.org
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Thank you !Thank you !
Questions ?Questions ?
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