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

nn To a multitude of conceptsTo a multitude of concepts

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

Design patternsDesign patterns

Collaborations

Required port               Provided Port

<<Component>>
Decoder

DecoderIReceiverI

DataIDataI

ComponentsComponentsCOM+
DCOM

CORBA
IIOP

Microsoft
C# & .Net

XML
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Sun’s 
Java &
EJB

HTTP
HTML

+ until the next ultimate middleware 
platform (~2005)

Proprietary
Middleware
(eg. automotive)

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. (R. SoleySoley))

MiddlewareMiddleware (middle war)

AspectsAspects
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Why modeling: master complexityWhy modeling: master complexity
nn 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, , safersafer
or or cheapercheaper than reality instead of reality for some purpose. than reality instead of reality for some purpose. 

nn 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 complexity, the world in a simplified manner, avoiding the complexity, 
danger and irreversibility of reality.danger and irreversibility of reality.

Jeff RothenbergJeff Rothenberg..

http://poweredge.stanford.edu/BioinformaticsArchive /PrimarySite/NIHpanelModeling /RothenbergNatureModeling .pdf

"The Nature of Modeling."
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
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The World and the ModelThe World and the Model
nn A Model is a A Model is a simplifiedsimplified representation of arepresentation of ann aspectaspect of of 
the Worldthe World for a for a specific specific purposepurpose

–– Consider modeling both the machine & its environment (M. JacksonConsider modeling both the machine & its environment (M. Jackson))
nn UML paved the UML paved the waway y from from OOP to Model OOP to Model BasedBased SESE
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contro ls
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:  Device
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Sequence diagram
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ControllingSite RemoteSite

TCP/IP : Device

Implementation diagram

: Operator

Is represented by
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Models: from contemplative to Models: from contemplative to 
productiveproductive

+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

-takes
0..*

-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

"from human-readable to computer-understandable"

From J. Bézivin
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Assigning Meaning(s) to ModelsAssigning Meaning(s) to Models
nn 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...

nn 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!
-- semantic variation pointssemantic variation points
–– => => 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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Comparing Abstract Syntax SystemsComparing Abstract Syntax Systems

Pascal Language
Grammar

A specific
Pascal Program

A specific
execution

of a Pascal 
program

EBNF MOF

The UML
meta-Model

A Specific
phenomenon

corresponding to
a UML Model

A Specific
UML Model

Technology #2
(MOF + OCL)

M3

M2

M1

Technology #1
(formal grammars

attribute grammars,
etc.)

A XML
document

A XML DTD
Or Schema

A XML
document

A XML DTD
or Schema

Technology #3
(XML Meta -Language)

KIF
Theories

Upper Level
Ontologies

Technology #4
(Ontology engineering)

[XMI=MOF+XML+OCL]

+Description
Logics

+Conceptual
Graphs
+etc.

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

(From J. Bézivin)
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MDA: the OMG new visionMDA: the OMG new 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 … 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."."

RichardRichard SoleySoley & OMG staff, & OMG staff, 
MDA Whitepaper Draft 3.2MDA Whitepaper Draft 3.2

November 27, 2000November 27, 2000
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Mappings to multiple and evolving Mappings to multiple and evolving 
platformsplatforms

nn Organization assets expressed as modelsOrganization assets expressed as models
–– MOF MOF & UML as the & UML as the corcoree

nn Model transformations to Model transformations to 
map to technology map to technology 
specific platforms specific platforms 
–– "Just" "Just" weaveweave thethe

platform aspect !platform aspect !

COM+
DCOM

CORBA C#
.Net XML

SOAP

Java
EJB HTTP

HTML

Platform neutral models based
on UML & MOF

In some domains (e.g.; RT systems)
transformations can get more complex
than initial model!
=> Many organizations  already have 
accumulated huge piles of LOC of 
transformations
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Why complex transformations?Why complex transformations?
nn Example: Air Traffic ManagementExample: Air Traffic Management

–– “business model” quite stable & not that complex“business model” quite stable & not that complex
nn Various modeling languages used beyond UMLVarious modeling languages used beyond UML

–– As many points of views as stakeholdersAs many points of views as stakeholders
nn Deliver software for (many) variants of a platformDeliver software for (many) variants of a platform

–– Heterogeneity is the ruleHeterogeneity is the rule
nn Reuse technical solutions across large product Reuse technical solutions across large product 

lines (e.g. fault tolerance, security…)lines (e.g. fault tolerance, security…)
nn Customize generic transformationsCustomize generic transformations
nn Compose reusable transformationsCompose reusable transformations
nn Evolve & maintain transformations for 15+ years!Evolve & maintain transformations for 15+ years!
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The 3 ages of TransformationsThe 3 ages of Transformations
nn AwkAwk--like (inc.like (inc. sedsed,, perlperl…) …) 

nn XSLTXSLT
–– W3C standard for transforming XMLW3C standard for transforming XML
–– Operates on tree structuresOperates on tree structures
–– syntactical & inefficientsyntactical & inefficient

nn QVTQVT--likelike
–– Now hot topic at OMG with RFP Q/V/TNow hot topic at OMG with RFP Q/V/T

»» Query/View/TransformationQuery/View/Transformation
–– Operates on graphsOperates on graphs

BEGIN {action)
pattern #1 {action #1}
…
pattern #n {action #n}
END {action)

SE Limit: ~100 LOC

SE Limit: ~1000 LOC

SE Limit: ?
Standard?
Which/When?
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Transformations are AssetsTransformations are Assets
=> apply sound SE principles=> apply sound SE principles

nn Must be ModeledMust be Modeled
–– with the UML, using the power of OOwith the UML, using the power of OO

nn Must be DesignedMust be Designed
–– Design by Contract, using OCLDesign by Contract, using OCL

nn Must be ImplementedMust be Implemented
–– Made available through libraries of components, frameworks…Made available through libraries of components, frameworks…

nn Must be TestedMust be Tested
–– test casestest cases

»» input: a UML Modelinput: a UML Model
»» output: a UML Model, + contract checkingoutput: a UML Model, + contract checking

nn Must be Evolved Must be Evolved 
–– Items of Configuration ManagementItems of Configuration Management
–– Transformations of transformationsTransformations of transformations
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PrinciplesPrinciples
1.1. Everything relevant to the development Everything relevant to the development 

process is a modelprocess is a model
2.2. All the metaAll the meta--models are written in a models are written in a 

language of a unique metalanguage of a unique meta--metameta--modelmodel
»» Same Same M3 M3 helps Interoperabilityhelps Interoperability of of tools defined at tools defined at M2M2

3.3. A development process can beA development process can be modelledmodelled
as a partially ordered set of model as a partially ordered set of model 
transformations, that take models as input transformations, that take models as input 
and produce models as outputand produce models as output
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ConsequencesConsequences
1.1. Models are aspect oriented. Conversely: Models are aspect oriented. Conversely: 

Aspects are modelsAspects are models
2.2. Transformations are modelsTransformations are models
3.3. Every metaEvery meta--model defines a domain model defines a domain 

specific languagespecific language
4.4. Software development has two Software development has two 

dimensions:  M1dimensions:  M1--model development and model development and 
M2M2--transformation developmenttransformation development
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ChallengesChallenges
nn Language definition problems (Q/V/T)Language definition problems (Q/V/T)

–– Expressive, easy to use language(s) for transformationsExpressive, easy to use language(s) for transformations
nn Technological IssuesTechnological Issues

–– Tool set, Tool set, interoperabilityinteroperability……
nn Software Engineering IssuesSoftware Engineering Issues

–– From requirements to tests and SCMFrom requirements to tests and SCM
nn Leverage Leverage Formal Methods to go from one Formal Methods to go from one 

model to another one:model to another one:
–– A transformation A transformation is is a a mappingmapping betweenbetween semantic domainssemantic domains
–– Beyond Beyond Code Code GenerationGeneration: : Proof, Performance Evaluation, Proof, Performance Evaluation, 

Test Synthesis …Test Synthesis …
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