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Modeling in EngineeringModeling in Engineering
A Model is a A Model is a simplifiedsimplified representation of arepresentation of ann aspectaspect of of 

the Worldthe World for a for a specificspecific purposepurpose
–– Consider modeling both the machine & its environment (M. JacksonConsider modeling both the machine & its environment (M. Jackson))

UML paved the UML paved the waway y fromfrom OOP to Model OOP to Model BasedBased SESE

M0
(the world)

M1
(modeling
space) Is represented by

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

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()
+AppStatusInfo()

-statusCode : char
-statusName : CString

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()
+ExamSessionInfo()

-examSession : unsigned long
-examlocation : CString
-examDate : unsigned long

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

1

-is used in

0..*

-applies to a0..*

-is for a1

+Exam()
+ExamInfo()

-examID : unsigned long
-certificationLevel : 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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Model Model andand RealityReality in Softwarein Software
Sun Sun TseTse: : Do not Do not taketake thethe mapmap for for thethe realityreality
MagritteMagritte

Software Software Models: from contemplative to productiveModels: from contemplative to productive
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Principles of ModelPrinciples of Model--Driven Driven 
EngineeringEngineering

A kind of (software) development approachA kind of (software) development approach
Models as first class entitiesModels as first class entities
Everything is a modelEverything is a model
A model conforms to another model (metaA model conforms to another model (meta--
model)model)
A model transformation takes models and A model transformation takes models and 
produces modelsproduces models
A model transformation is a modelA model transformation is a model
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ModelingModeling andand WeavingWeaving

Design
Model

Use Case
Model

Security
Model

QoS
Model Business

Model

Object
Model

Test
Model

UI
Model

Plateforme
Model

Code
Model

tester

Challenges:
-Automatic Weaving
-Product Lines
-Reuse design know-
how reified as Model 
Transformations

Challenges:
-Automatic Weaving
-Product Lines
-Reuse design know-
how reified as Model 
Transformations
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Assigning Meaning to ModelsAssigning Meaning to Models
If a UML model If a UML 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#/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!
–– => => metameta--modelingmodeling

»» & meta& meta--metameta--modeling..modeling..

ConstraintNamespace

Package

GeneralizableElement

0..*

0..*
+supertype

{ordered}0..*

+subtype

0..*
Generalizes

Classifier

Class AssociationDataType

Feature

BehavioralFeature StructuralFeature

Operation

AssociationEnd

Reference

0.. *

1

+referent0.. *

+referencedEnd
1

RefersTo

MofAttribute

ModelElement

0..*0..1

+containedElement

{ordered}

0..*
+container

0..1

Contains

0..*

1..*

0..*

+constrainedElement

1..*
Constrains
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TheThe 4 4 layerslayers in practicein practice
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UML2 UML2 
metameta--modelmodel

(part.)(part.)
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Example:Example:
Generalizations in UMLGeneralizations in UML

How do you specify that 
there is no cycle in the 
inheritance graph?
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StaticStatic SemanticsSemantics withwith OCLOCL
Complementing a metaComplementing a meta--model with Wellmodel with Well--
FormednessFormedness Rules, Rules, akaaka ContractsContracts e.g.;e.g.;
–– ModelElementModelElement hashas a unique a unique namename in a in a NamespaceNamespace
–– no cycle in a UML2 inheritance graph…no cycle in a UML2 inheritance graph…
Expressed with the OCL (Object Constraint Expressed with the OCL (Object Constraint 
Language)Language)

– 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.
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The core idea of MDA:The core idea of MDA:
PIMsPIMs & & PSMsPSMs

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

»» Business Model of a system abstracting away the Business Model of a system abstracting away the deployementdeployement
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

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, …
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How to go From PIM to PSM?How to go From PIM to PSM?
"just" weave the platform aspect !"just" weave the platform aspect !
How can I do that?How can I do that?
–– Through Model transformationsThrough Model transformations
–– Now hot topic at OMG with RFP Q/V/TNow hot topic at OMG with RFP Q/V/T

»» Query/View/TransformationQuery/View/Transformation
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Weaving aspects into UML Weaving aspects into UML 
Models?Models?

It’s what Model Driven Engineering  is about!It’s what Model Driven Engineering  is about!

Requirements Analysis Architectural
Design

Detailed
Design

Implementation Validation

Lifecycle

Modeling
point of views

Proofs,
QoS

Analysis,
Simulation

Technical 
Aspects

Business
Aspects

Text
(e.g. XML)

PIM

Doc Doc Doc Doc Doc Doc

PIM PIM PSM

PIM PSM

Code Tests

Formal Models Formal Models

Endomorphic Transformations
Exomorphic Transformations
Outside UML  scope

PIM=Platform Independent Model
PSM= Platform Specific Model
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But many more dimensions in But many more dimensions in 
modeling!modeling!

Beyond Design Model Beyond Design Model 
–– where UML is arguably good…where UML is arguably good…
Business modelBusiness model
GUI modelGUI model
Development process modelDevelopment process model
Performance & Resource modelPerformance & Resource model
Deployment modelDeployment model
Test modelTest model
Etc.Etc.
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How to take these dimensions How to take these dimensions 
into account?into account?

Expression Expression withwith eithereither
–– UML, usUML, usinging builtbuilt--in extension in extension 

mechanisms to link with other mechanisms to link with other 
semantic domainssemantic domains

–– DS(M)L, DS(M)L, basedbased on MOFon MOF
ExploitationExploitation
–– Weave all these aspects Weave all these aspects 

into a design modelinto a design model
–– DefineDefine mappingsmappings betweenbetween thesethese

aspects (as in e.g. aspects (as in e.g. federationsfederations))

Service
model

Domain
model

Resource
model

Design
Model

Test
model

Installation
model
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Element stereotype

Design pattern application
(parametric collaboration)

History
cmd_executed : string

last_command() : string

<<persistent>>

ServiceProvider

<<com mand>> action_1()
<<com mand>> action_2()
<<com mand>> action_3()

Interpreter

execute()

0..*

1

0..*

1
1..*1..* 1..*

+invoker

1..*

…and also
Tagged values
& Contracts

Command pattern

receiver
invoker

Embedding implicit semantics into Embedding implicit semantics into 
a modela model
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……and the resultand the result wewe wanwantt......

History
cmd_executed : string

last_command() : string

<<persistent>>

History_StorageProxy

load_last_command() : string
store_last_command(cmd : string)

action_1_cmd

do()

action_2_cmd

do()

action_3_cmd

do()

ServiceProvider

<<command>> action_1()
<<command>> action_2()
<<command>> action_3()

+proxy

Interpreter

execute()

0..*

1

0..*

1

ServiceProvider_Command

do() 10..*

+cmdTarget

10..*1..*0..* 1..*

+commands

0..*
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0..*

1

History
cm d_executed : str ing

last_comm and() : string

<<persistent>>

Interpreter

execute()

ServiceProvider

<<command>> action_1()
<<command>> action_2()
<<command>> action_3()

History_StorageProxy

load_last_comm and() : string
store_last_command(cmd : str ing)

Persitence implementation

1..*0..*

ServiceProvider_Command

do() 10..*

action_3_cmd

do()

action_2_cmd

do()

action_1_cmd

do()

Command pattern implementation

How To: Automatic Model How To: Automatic Model 
TransformationsTransformations

In some domains (e.g.; RT systems)
transformations can get more complex
than initial model!
=> must be managed with sound SE 
principles
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Weaving Dynamic AspectsWeaving Dynamic Aspects
UML is more than “just class diagrams”UML is more than “just class diagrams”

Dynamic Aspects should be described with  Dynamic Aspects should be described with  
Dynamic DiagramsDynamic Diagrams
–– Not with weird stereotypes on static diagrams!Not with weird stereotypes on static diagrams!

Device

start()
stop()

Operator
<<Actor>>

0..*1 0..*1

controls

Class diagram

: Operator

: Device

start( )

stop( )

Sequence diagram

UseCase diagram

: Operator

ControllingSite RemoteSite

TCP/IP : Device

Implementation diagram

: Operator
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:Customer :Server
try again

sd Retry

log in

Example: Base ModelExample: Base Model
(based on J. Klein & F. (based on J. Klein & F. FleureyFleurey works)works)

:Customer :Server
log in

sd Propose

:Customer :Server
ok

sd Accept

:Customer :Server

sd Auth

Propose
ref

alt

Retry
ref

Accept
ref
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Example: Example: BehavioralBehavioral AspectAspect

:Customer :Server

log in

sd Advice

:DBMS

save 
attempt

try again

:Customer :Server

try again

sd PointCut

log in

Advice

Pointcut

Behavioral Aspect = Advice + Pointcut + Morphism
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Example: DetectionExample: Detection

:Customer :Server

sd Auth

alt

log in

log in

try again

ok

:Customer :Server
try again

sd PointCut

log in

Pointcut
Base Model

1 Joinpoint
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Example: CompositionExample: Composition

Result Model

:Customer :Server

sd Auth

alt

log in

log in

try again

ok

:DBMS

save 
attempt

Advice
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OverviewOverview

Pointcut

Advice

Weaving

:xx :yy

:O1 :O2

:xx :yy :zz

:xx :yy :zz

:a :b :c

:xx :yy :xx :yy :zz

:O1 :O2

Base Model Behavioral Aspect

Modèle tissé

1 – Detection

2 – Composition
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DetectionDetection

PointcutPointcut : Sequence diagram: Sequence diagram

Static Analysis to find Static Analysis to find JoinpointsJoinpoints

Three possible strategiesThree possible strategies
–– Sub sequence diagramSub sequence diagram
–– Closed partClosed part
–– PatternPattern
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Detection Strategies (1)Detection Strategies (1)
Sequence SubSequence Sub--diagramdiagram

de
te

ct
io

n 

:C1
sd M1

m0
:C2

m1
m2
m3

:C1
sd M2

m0

:C2

m1
m2

:C1
sd M3

:C2
m1

m4

m2

:C1
sd M4

:C2
m1

m5

m2

:C1

sd pointcut

:C2

m1

m2
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Detection Strategies (2)Detection Strategies (2)
Closed PartClosed Part

de
te

ct
io

n 

:C1
sd M1

m0
:C2

m1
m2
m3

:C1
sd M2

m0

:C2

m1
m2

:C1
sd M3

:C2
m1

m4

m2

:C1
sd M4

:C2
m1

m5

m2

:C1

sd pointcut

:C2

m1

m2
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Detection Strategies (3)Detection Strategies (3)
PatternPattern

de
te

ct
io

n 

:C1
sd M1

m0
:C2

m1
m2
m3

:C1
sd M2

m0

:C2

m1
m2

:C1
sd M3

:C2
m1

m4

m2

:C1
sd M4

:C2
m1

m5

m2

:C1

sd pointcut

:C2

m1

m2
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DetectionDetection
A A morphismmorphism for each  for each  JoinpointJoinpoint
–– MorphismMorphism of instancesof instances
–– MorphismMorphism of eventsof events
–– MorphismMorphism of messagesof messages

:C1

sd pointcut

:C2

m1

m2

:C1
sd M1

m0
:C2

m1
m2
m3
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CompositionComposition

Compose the advice into the base modelCompose the advice into the base model

Depend on the detection strategyDepend on the detection strategy
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CompositionComposition
Sequence subSequence sub--diagramdiagram

C
om

po
si

tio
n 

Weak Sequential Composition

Sub SD Advice

AdviceA

B

A • Sous DS • B A • Advice • B

A

B

Base model Result Model
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AmalgamedAmalgamed SumSum

For matching on Closed Part & Patterns

Simple composition not possible

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

sd Result
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

sd Result
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

sd Result

:C3
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

sd Result

:C3
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

sd Result

:C3
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

m1

sd Result

:C3

m2
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

m1

sd Result

:C3

m3
m2

m0
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AmalgamedAmalgamed SumSum

:C1

sd Base

m0
:C2

m1
m2

:C1

sd Pointcut

:C2
m1
m2

:C1 :C2

m1

sd Advice

:C3

m3
m2

:C1 :C2

m1

sd Result

:C3

m3
m2

m0
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Tooling issuesTooling issues
Aspect Weaving at Model LevelAspect Weaving at Model Level
–– Rely on sophisticated model transformationsRely on sophisticated model transformations
–– Sometime algorithmically complexSometime algorithmically complex

»» Specifically for the static weaving of dynamic aspectsSpecifically for the static weaving of dynamic aspects
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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 Should be limited to syntactic level transcodingtranscoding

ModelModel--toto--Model TransformationsModel Transformations
–– PIM to PSM a la OMG MDAPIM to PSM a la OMG MDA
–– Refining modelsRefining models
–– Reverse engineering (code to models)Reverse engineering (code to models)
–– Generating new viewsGenerating new views
–– Applying design patternsApplying design patterns
–– RefactoringRefactoring modelsmodels
–– Deriving products in a product lineDeriving products in a product line
–– … any model engineering activity that can be automated…… any model engineering activity that can be automated…
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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: 

»» 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

»» IteratorsIterators, Write (), 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 
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 simplify the generation of any textual artefactsartefacts
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Classification Classification ofof
Model Transformation TechniquesModel Transformation 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
–– ObjecteeringObjecteering, Rose…, Rose…

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

5.5. MetaMeta--modeling toolsmodeling tools
–– MetacaseMetacase, , XactiumXactium, , KermetaKermeta……
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General purpose language approach:General purpose language approach:

No overhead to learn a new languageNo overhead to learn a new language
Tool support to write the transformationsTool support to write the transformations

But wait:But wait:
–– We resort to modeling (before programming) for mastering We resort to modeling (before programming) for mastering 

complexity, right?complexity, right?
–– Does it mean that transformations never get complex?Does it mean that transformations never get complex?

»» Or that the problem only appears for non toy applications…Or that the problem only appears for non toy applications…

=> Monsieur Jourdain’s approach
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Generic transformation tools: Generic transformation tools: 
ConclusionConclusion

AwkAwk--like (inc. like (inc. sedsed, , perlperl…) …) 

XSLTXSLT
–– Good for syntactic Good for syntactic transcodingtranscoding, , 

not for semantic manipulations not for semantic manipulations 

Graph Transformation toolsGraph Transformation tools
–– PowerfullPowerfull, but complex because of the non, but complex because of the non--determinism in determinism in 

scheduling and application strategyscheduling and application strategy
–– Require careful consideration of termination of the Require careful consideration of termination of the 

transformation process and the rule application orderingtransformation process and the rule application ordering

SE Limit: ~100 LOC

SE Limit: ~1000 LOC

SE Limit: PhD needed!
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CASE tools scripting languagesCASE tools scripting languages
ProPro
–– Good level of maturityGood level of maturity
–– Excellent integration with their CASE toolExcellent integration with their CASE tool
DrawbacksDrawbacks
–– Proprietary languages and/or tight coupling with the CASEProprietary languages and/or tight coupling with the CASE
–– Often developed as a second thought, not centralOften developed as a second thought, not central
–– Many limitations when model transformation get complexMany limitations when model transformation get complex

»» StructurationStructuration, modularity, reuse problem, modularity, reuse problem
»» Configuration management issue when they need to be evolved Configuration management issue when they need to be evolved 

and maintained for long periodsand maintained for long periods
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4. Dedicated Transformation 4. Dedicated Transformation 
LanguageLanguage

OMG QVT styleOMG QVT style
–– Kind of DSL for transformationKind of DSL for transformation

Simplify development and maintenance of Simplify development and maintenance of 
modelmodel--transformationstransformations
Higher expression powerHigher expression power
Enhanced Enhanced structurationstructuration
–– Composition of rulesComposition of rules
–– InteroperabilityInteroperability
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M2M: Relational ApproachesM2M: Relational Approaches
Declarative, based on mathematical relationsDeclarative, based on mathematical relations
–– Good balance between flexibility and declarative expressionGood balance between flexibility and declarative expression

ImplementableImplementable with logic programmingwith logic programming
–– Mercury, FMercury, F--Logic programming languagesLogic programming languages
–– Predicate to describe the relationsPredicate to describe the relations
–– Unification basedUnification based--matching, search and backtrackingmatching, search and backtracking
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M2M : StructureM2M : Structure--Driven ApproachesDriven Approaches
Pragmatic approaches developed in the Pragmatic approaches developed in the 
context of EJB and Databases schema context of EJB and Databases schema 
generation from UML modelsgeneration from UML models
Strong support for 1Strong support for 1--toto--1 and 11 and 1--toto--n n 
correspondence between source and targetcorrespondence between source and target
Unclear how well these approaches can Unclear how well these approaches can 
support other kinds of applicationssupport other kinds of applications
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Dedicated model transformation Dedicated model transformation 
tools: Conclusiontools: Conclusion

How many developers are familiar with the How many developers are familiar with the 
prologprolog--like style of rules writing?like style of rules writing?

Where is the advantage of a dedicated Where is the advantage of a dedicated 
explicit language vs. a general purpose explicit language vs. a general purpose 
language?language?

Hybrid Languages or transformation libraries Hybrid Languages or transformation libraries 
for general purpose languages…for general purpose languages…

© J.-M. Jézéquel, 2006 52

5. Meta5. Meta--modeling toolsmodeling tools
BuildBuild (OO) (OO) ModelsModels ofof TransformationsTransformations
Use MDE to Use MDE to runrun themthem

Commercial Commercial toolstools::
–– MetaEditMetaEdit++ fromfrom MetaCaseMetaCase
–– XMFXMF--MosaicMosaic fromfrom XactiumXactium

OpenOpen--SourceSource
–– KerMeta KerMeta fromfrom INRIA INRIA 
–– www.kermeta.orgwww.kermeta.org
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KerMetaKerMeta in a in a NutShellNutShell
EMOF supersetEMOF superset
–– Any EMOF Any EMOF MetaModelMetaModel is a valid is a valid 

KerMetaKerMeta program, and converselyprogram, and conversely
ObjectObject--OrientedOriented
–– Multiple inheritance / behavior selectionMultiple inheritance / behavior selection
–– Operation overiding / late bindingOperation overiding / late binding
–– Full reflection Full reflection (read(read--only at this time)only at this time)

Statically TypedStatically Typed
–– GenericsGenerics
–– Function types to allow Function types to allow OCL’sOCL’s forallforall/exist/iterate/exist/iterate
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Current StatusCurrent Status
Latest version (0.2.2)Latest version (0.2.2)
–– Parser, type checker, interpreter, debuggerParser, type checker, interpreter, debugger
–– Eclipse plugEclipse plug--in: Textual Editor, Browser, Launcherin: Textual Editor, Browser, Launcher
–– EMF Ecore metamodel Import / ExportEMF Ecore metamodel Import / Export
–– EMF model Import / ExportEMF model Import / Export
–– Documentation and ExamplesDocumentation and Examples
–– OCL Constraints CheckingOCL Constraints Checking

Under development / testUnder development / test
–– Graphical Editor (generated with Graphical Editor (generated with TopcasedTopcased))
–– Seamless import of Java classes in Seamless import of Java classes in KermetaKermeta
–– Model typeModel type
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““Programming style” IssuesProgramming style” Issues
The transformation is simply the model of an The transformation is simply the model of an 
objectobject--oriented program that manipulates oriented program that manipulates 
model elementsmodel elements
–– Navigation through model is first class though (like in OCL)Navigation through model is first class though (like in OCL)
OO techniquesOO techniques
–– Customizability through inheritance/Customizability through inheritance/dyndyn. binding. binding
–– Pervasive use of Pervasive use of GoFGoF like Design Patternslike Design Patterns
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Base
SD

Pointcut

Advice

(1) detection Morphisms
PC/Base

(2) Composition

Result
SD

DS

DS

DS

DS

MMM

Morphism
PC/AD

MMM

ImplementationImplementation
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SD

bSD

name: String

NamedElement

Instance

EventCouple

action: String

Event

SendEvent ReceiveEvent

Node

cSD

Transition

receiveEvent1

sendEvent

1

prec

1

succ

1

instance1

bSD1

source1

target

1

nodeList

*

transitionList

*

instanceList

*

eventList

*

eventCoupleList *

Defining the metamodelsDefining the metamodels

input and 
output 
metamodels 
are the same

Visual/TextualVisual/Textual
package bigSd;
using kermeta::standard
using kermeta::persistence
abstract class NamedElement
{

attribute name : String[1..1]
}
abstract class SD inherits NamedElement
{}
class BSD inherits SD
{

attribute events : Event[0..*]
attribute couples : EventCouple[0..*]
reference instances : Instance[0..*]

…
}
abstract class Event inherits NamedElement
{

attribute action : String[1..1]
reference onInstance : Instance[1..1]
…

}

SD

bSD

name: String

NamedElement

Instance

action: String

Event

instance1

instanceList

*

eventList

*
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Sequence Diagrams WeavingSequence Diagrams Weaving

Choice of the join point policyChoice of the join point policy
Detection step:Detection step:
–– for each object, we compute the sets of for each object, we compute the sets of 

(successive or not) events which have (successive or not) events which have 
the same label as the events of Pthe same label as the events of P

–– compute the minimum set of events, compute the minimum set of events, 
called called JmJm, which satisfies the properties , which satisfies the properties 
related to the join point policyrelated to the join point policy

–– build isomorphism build isomorphism µµ from P to from P to JmJm
–– repeat on Mrepeat on M--JmJm while while JmJm is not emptyis not empty

sd  M
I1 I2

a

b

d

sd  Pointcut P
I1 I2

a

b

c

a

b

ea

b

e1 '

e1

e2 e4

e3

e2 '
e3 '

e4 '

e5 '

e6 '

e7 '

e8 '
e9 '

e10'
e11'

e12'

e13'

e14'

e15'

e17'
e16'

e18'
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Sequence Diagrams WeavingSequence Diagrams Weaving

Composition step: Composition step: 
amalgamated sumamalgamated sum
–– use P and two morphisms f and use P and two morphisms f and 

g (f being computed by the g (f being computed by the 
detection step)detection step)

–– keep the common parts keep the common parts 
between  M and Adbetween  M and Ad

–– add new object I3add new object I3
–– add the events of M by add the events of M by 

respecting the order specified respecting the order specified 
on Mon M

–– add the events of Ad by add the events of Ad by 
respecting the order specified respecting the order specified 
on the adviceon the advice

I2I1
a
b

sd Advice Ad
I3

m

I2I1
a

b

sd base M

f gI2I1
a
b

sd Pointcut P

d

c

I2I1
a

b

sd base M'

d

c
I3

m

+
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ObjectObject--orientationorientation
Classes and relations, multiple inheritance, Classes and relations, multiple inheritance, 
late binding, static typing, class late binding, static typing, class genericitygenericity, , 
exception, typed function objects exception, typed function objects 
OO techniques such as patterns, may be OO techniques such as patterns, may be 
applied to model transformationsapplied to model transformations
–– Template method to encapsulate basic Template method to encapsulate basic detectdetect algorithmalgorithm

»» SubstepsSubsteps redefined in subclassesredefined in subclasses
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SD Weaver ArchitectureSD Weaver Architecture

+  detect(): bSDIsomorphism
+  findSetsOfEvents()
+  min()

Detector

+  merge(): bSD

LeftSum+  weave()

Weaver

+  findSetsOfEvents()
+  min()

SubbSDDetector

+  findSetsOfEvents()
+  min()

ClosedPatternDetector

+  findSetsOfEvents()
+  min()

SafePatternDetector

+  findSetsOfEvents()
+  min()

PatternDetector

TemplateMethod
 - detector

1

 - Sum

1
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Writing the transformation: WeaverWriting the transformation: Weaver
require kermeta require "../models/bigSd.kmt" require "../detectionAlgorithm/Detection.kmt"
require "../amalgamatedSum/LeftSum.kmt"
using kermeta::standard using bigSd

class Weaver {
operation weave(base : BSD, pointcut : BSD, advice : BSD, g : BSDMorphism) : BSD is do

result := BSD.new
//Choice of join point policy
var detection: Detection init ClosedPatternDetection.new
var sum: LeftSum init LeftSum.new
var f: BSDMorphism init BSDMorphism.new
var setOfMorphism : Set< BSDMorphism > init Set< BSDMorphism >.new

//Detection Step
f:= detection.detect(pointcut, base) 
while (f != null)

setOfMorphism.add(f)
f:= detection.detect(pointcut, minus(base,f)) 

end

//Composition Step
setOfMorphism.each{f | result := sum.merge(result, pointcut, advice, f, g)

end

Initialization

Detection Step

Composition Step
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Writing the transformation: DetectionWriting the transformation: Detection
require kermeta require "../models/bigSd.kmt"
using kermeta::standard using bigSd
abstract class Detector{
operation findSetOfEvent(evtsOfP: Set<Event>, evts: Set<Event>): Set<Set<Event>>is abstract
operation min(setOfEvent: Set<Set<Event>>) : Set<Event> is abstract
operation detect (pointcut : BSD, base : BSD) : BSDMorphisms is do

result := BSDMorphisms.new
var evts : Set<Event> init Set<Event>.new  var evtsOfP : Set<Event> init Set<Event>.new
var V : Set<Set<Event>> init Set<Set<Event>>.new
var setOfEvent: Set<Set<Set<Event>>> init Set<Set<Set<Event>>>.new
pointcut.instances.each{ instance |

//projection on an instance
evts := base.events.select{e|e.onInstance== instance}
evtsOfP := pointcut.events.select{e|e.onInstance== instance}
//sets of events which have the same action name as the events of P on instance
// findSetsOfEvent depends of the join point definition
V := findSetsOfEvent(evtsOfP, evts)
setOfEvent.add(V)

}  
// take the first set of events satisfying the properties // min depends of the join point definition
Epart=min(setOfEvent)
// build the isomorphism from pointcut to Epart
result := buildIsomorphism(pointcut, Epart)

end

abstract method

initialization
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Writing the transformation: Writing the transformation: amalgamated Sumamalgamated Sum
require kermeta require "../models/bigSd.kmt"
using kermeta::standard using bigSd
class LeftSum {
operation merge(base : BSD, pointcut : BSD, advice : BSD, f : BSDMorphism, g : BSDMorphism) : BSD is do

result := BSD.new
var map: MyHashtable init MyHashtable.new

result.name:= "woven-"+  base.name
result.copyInstances(base.instances)
result.copyInstances(self.complementaryUnion(advice.instances,g.rinstancesMappings))

result.copyEvents2(self.complementaryUnion(base.events,f.reventsMappings),void,void)
result.copyEvents2(self.complementaryUnion(advice.events,g.reventsMappings),g.rinstancesMapping      

s,f.instancesMappings)
result.copyEvents2(self.twoTimesMapped(base.events,f.reventsMappings,g.eventsMappings),void,void)

result.events.each{ event |  
if SendEvent.isInstance(event) then

var e: SendEvent
e?= event
result.addCouple(e,e.receiveEvent)

end
…

end

new instances set

new events set

new events order
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Executing the transformationExecuting the transformation
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Software Engineering ConcernsSoftware Engineering Concerns
Modularity in the small and the large Modularity in the small and the large 
–– classes & packagesclasses & packages
ReliabilityReliability
–– static typing, typed function objects and exception handling static typing, typed function objects and exception handling 
Extensibility and reuse Extensibility and reuse 
–– inheritance, late binding and inheritance, late binding and genericitygenericity
V & VV & V
–– test casestest cases
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Home pageHome page
–– http://http://www.kermeta.orgwww.kermeta.org
Development page Development page 
–– http://http://kermeta.gforge.inria.frkermeta.gforge.inria.fr//

Smoothly interoperates Smoothly interoperates 
with Eclipse/EMFwith Eclipse/EMF
Open SourceOpen Source
►►Download it Download it now!now!

A statically typed object-oriented
executable meta-language


