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DemandsDemands on Software on Software IndustryIndustry

User User demandsdemands on Software on Software IndustryIndustry
•• ProductivityProductivity

Fast Fast developmentdevelopment
MoreMore featuresfeatures
Even Even moremore featuresfeatures

•• QualityQuality
BugfreeBugfree softwaresoftware

•• LongevityLongevity
I I wantwant thisthis softwaresoftware forfor thatthat platformplatform NOWNOW
ItIt wantwant to to useuse all all featuresfeatures of of thatthat platformplatform



Pressures to SW Industry Today / Pressures to SW Industry Today / 
ProductivityProductivity

Simple changesSimple changes
•• Effects In multiple tiersEffects In multiple tiers

Requires test or verification of whole systemRequires test or verification of whole system

•• Example: addition of a new data Example: addition of a new data 
attributeattribute

Database tableDatabase table
Server tierServer tier
Client tierClient tier
User interfaceUser interface

•• Even worse when used by other Even worse when used by other 
systemssystems



Pressures to SW Industry Today / Pressures to SW Industry Today / 
QualityQuality

TendencyTendency
•• Code/Coding is everythingCode/Coding is everything
•• Architecture/Design less importantArchitecture/Design less important
•• Documentation is done when there is time for itDocumentation is done when there is time for it

Gap between documentation and codeGap between documentation and code
•• Testing when there is time for itTesting when there is time for it
•• Testing is done by the end userTesting is done by the end user
•• Bugs in standard products are only tip of the icebergBugs in standard products are only tip of the iceberg

Interaction with many other productsInteraction with many other products
•• Independent of Open/Closed SourceIndependent of Open/Closed Source

Prominent open source projects have many handsProminent open source projects have many hands
Not possible in other Engineering FieldsNot possible in other Engineering Fields
•• HighHigh--rise buildingsrise buildings

Structurally sound to resist wind, rain, earthquakesStructurally sound to resist wind, rain, earthquakes
Miles of heating and cooling system ducts, telephone, and networMiles of heating and cooling system ducts, telephone, and network k 
cable, and power conduitscable, and power conduits

•• Imagine what happens if highImagine what happens if high--rise buildings are constructed rise buildings are constructed 
with quality of softwarewith quality of software



Pressures to SW Industry Today / Pressures to SW Industry Today / 
LongevityLongevity

Every 5 years new platforms/technologies/paradigms introducedEvery 5 years new platforms/technologies/paradigms introduced
J2EE, .NET, Web ServicesJ2EE, .NET, Web Services
•• None of these platforms (practically) available 5 years agoNone of these platforms (practically) available 5 years ago

Java today different from Java 1.1Java today different from Java 1.1
•• Includes J2EE, J2SE, J2MEIncludes J2EE, J2SE, J2ME
•• AWT, Swing, SWTAWT, Swing, SWT
•• Java 5 includes Generics & other features (some from .NET)Java 5 includes Generics & other features (some from .NET)

WebWeb
•• JSP,ASP.NET,PHPJSP,ASP.NET,PHP

XMLXML
•• XML DTD to XML SchemaXML DTD to XML Schema
•• WSDL, SOAP, UDDIWSDL, SOAP, UDDI

CORBACORBA
•• CCM and EJB?CCM and EJB?

MicrosoftMicrosoft
•• DCOM changes to COM+ changes to .NETDCOM changes to COM+ changes to .NET
•• 2005: .NET 2.02005: .NET 2.0



Attempt to Encounter PressuresAttempt to Encounter Pressures
Solution that worked before:Solution that worked before:

Raising Level of AbstractionRaising Level of Abstraction

MachineMachine--code to Assembly languagecode to Assembly language
AssemblyAssembly--Language to higher languagesLanguage to higher languages
•• Fortran, COBOLFortran, COBOL
•• Pascal, CPascal, C
•• C++,Java,C#,EiffelC++,Java,C#,Eiffel

Operating SystemsOperating Systems
•• Provide APIs for accessing lowerProvide APIs for accessing lower--level constructslevel constructs



Model Model DrivenDriven ArchitectureArchitecture
Main GoalMain Goal

ApplicationsApplications areare constructedconstructed fromfrom
modelsmodels
•• LessLess implementationimplementation efforteffort

MoreMore realisticallyrealistically
•• Large Large partsparts of of applicationsapplications areare

constructedconstructed fromfrom modelsmodels
•• Still Still lessless implementationimplementation efforteffort



Model Driven ArchitectureModel Driven Architecture

Raising Abstraction Level to ModelsRaising Abstraction Level to Models
Whole system is represented in a modelWhole system is represented in a model
•• Successor of Case Tools of the NinetiesSuccessor of Case Tools of the Nineties

Code generators generate executable Code generators generate executable 
systemssystems
MDAMDA
•• OMG (CORBA, UML)OMG (CORBA, UML)

Model Driven DevelopmentModel Driven Development
•• More generic, not OMG specificMore generic, not OMG specific



Primary Idea of MDA / 1Primary Idea of MDA / 1
Platform Platform 
Independent Model Independent Model 
(PIM)(PIM)
PIM has role of PIM has role of 
source codesource code
Platform Specific Platform Specific 
Models (PSM)Models (PSM)
Platform code Platform code 
generated from generated from 
PSMPSM

PIM

PSM (1)
eg. EJB

PSM (2)
eg. .NET

System Code 
EJB

System Code 
.NET



Primary Idea of MDA / 2Primary Idea of MDA / 2

Platform Specific ModelsPlatform Specific Models
•• PSMsPSMs are generated from are generated from PIMsPIMs

Model transformationModel transformation
Upcoming UML Standard (QVT)Upcoming UML Standard (QVT)
Mark Model in PIMMark Model in PIM

•• Currently only partial Currently only partial PSMsPSMs are are 
generatedgenerated

Manual completion of these modelsManual completion of these models
Goal/Vision is to generate complete Goal/Vision is to generate complete PSMsPSMs
and complete systems from PIMand complete systems from PIM

•• PSMsPSMs are source for code generatorsare source for code generators
These code generators can be completeThese code generators can be complete



Primary Idea of MDA / 3Primary Idea of MDA / 3
Verification of system properties at PIMVerification of system properties at PIM
•• Formal verificationFormal verification
•• TestingTesting
Verification of system properties at PSMVerification of system properties at PSM
•• Formal verificationFormal verification
•• TestingTesting
•• Required Platform specific propertiesRequired Platform specific properties
In theory no component testing at code In theory no component testing at code 
levellevel
•• Only System TestOnly System Test
Documentation always upDocumentation always up--toto--datedate



MDA GoalsMDA Goals

Decrease in production costsDecrease in production costs
•• Many lines of code are represented by model Many lines of code are represented by model 

elementselements

LongevityLongevity
•• Porting effort minimized by switching to Porting effort minimized by switching to 

different platformdifferent platform
•• Vision is that different MDA tools might Vision is that different MDA tools might 

interoperateinteroperate

QualityQuality
•• Due raise of abstraction levelDue raise of abstraction level
•• Verification/Testing at PIM levelVerification/Testing at PIM level



TechnologiesTechnologies

UML, CWM, MOFUML, CWM, MOF
•• ModelingModeling BaselineBaseline

XMIXMI
•• RepresentationRepresentation forfor MOF/UML MOF/UML modelsmodels

JMI, EMFJMI, EMF
•• APIsAPIs forfor XMIXMI

OCLOCL
•• EnhancesEnhances modelsmodels withwith formal formal descriptionsdescriptions

QVTQVT



MDA ModelsMDA Models

Usually represented in UML (OMG)Usually represented in UML (OMG)
•• All MOF based models possibleAll MOF based models possible

Detailed ModelsDetailed Models
•• Complete naming of elementsComplete naming of elements
•• All details left out in the model are left All details left out in the model are left 

out in the systemout in the system
•• Constraints of model elementsConstraints of model elements



MetaMeta--Object Facility (MOF) / 1Object Facility (MOF) / 1
4 layer stack4 layer stack
•• Each layer describes Each layer describes 

model elementsmodel elements
Base for different modeling Base for different modeling 
standardsstandards
•• UML, CWMUML, CWM
•• Principally openPrincipally open

M3 contains a principal set M3 contains a principal set 
of modeling constructsof modeling constructs
•• MOF ClassMOF Class
•• MOF AssociationMOF Association
•• MOF Data TypesMOF Data Types
•• MOF ExceptionsMOF Exceptions
•• MOF ConstantsMOF Constants
•• MOF ConstraintsMOF Constraints

BMW
W-1234

UML Class

MOF Class

instance of

instance of

M0: Objects/Data

instance of

M1: Metadata
Model

M2: Metametadata
Metamodel

M3: Metametametadata
MetaMeta-Model

ID: string
Type: string

Car



MetaMeta--Object Facility (MOF) / 2Object Facility (MOF) / 2

MetamodelsMetamodels at M2at M2
•• UML, CWMUML, CWM

UML UML metamodelmetamodel
•• Describes syntax of UML modelsDescribes syntax of UML models
•• Which modeling elements UML hasWhich modeling elements UML has

Instance of MOF class for each UML modeling Instance of MOF class for each UML modeling 
elementelement

•• Possible Relationships between UML model Possible Relationships between UML model 
elementselements

Instance of MOF association for each relationshipInstance of MOF association for each relationship

•• Constraints/Rules UML models have to adhere Constraints/Rules UML models have to adhere 
toto



MetaMeta--Object Facility (MOF) / 3Object Facility (MOF) / 3

Car Person
possesses

M1: Model

UML Class UML Association M2: UML Metamodel

MOF Class M3: MetaMetaModel



UML 2 MetaUML 2 Meta--Model (part)Model (part)

Taken from OMG UML2 Superstructure, Figure 30



UML ExtensionsUML Extensions
UML cannot be completeUML cannot be complete
•• Not feasible to specify every detailNot feasible to specify every detail
•• Too genericToo generic

2 ways to extend UML/MOF2 ways to extend UML/MOF
•• heavyweight: completely new metaheavyweight: completely new meta--modelmodel

Not automatically supported by modeling toolsNot automatically supported by modeling tools
•• Lightweight:Lightweight:

StereotypesStereotypes
•• Inherit from constructs at M2Inherit from constructs at M2
•• Specific semanticsSpecific semantics

Tagged Values Tagged Values 
•• Special Values attached to modeling elementsSpecial Values attached to modeling elements

UML/MOF profilesUML/MOF profiles
•• Sets of Stereotypes and Tagged ValuesSets of Stereotypes and Tagged Values
•• Modeling Tools can support ProfilesModeling Tools can support Profiles



UML Profiles in MDA / 1UML Profiles in MDA / 1
StereotypesStereotypes
•• Represented with Represented with 

<< << …… >>>>
ExampleExample
•• Book is a classBook is a class

Stereotype inherits from Stereotype inherits from 
UML ClassUML Class

•• Book is a persistent entityBook is a persistent entity
Has a representation in a Has a representation in a 
databasedatabase

•• Entity is a new constructEntity is a new construct
Inherits from UML classInherits from UML class

•• Book objects can be Book objects can be 
persistedpersisted

EgEg. in a Database Book . in a Database Book 
tabletable

<<entity>>
Book

entity

UML Class

inheritsM2

M1



UML Profiles in MDA / 2UML Profiles in MDA / 2
UML Profile for EDOC (Enterprise Distributed UML Profile for EDOC (Enterprise Distributed 
Object Computing)Object Computing)
•• Entities, Events, FlowsEntities, Events, Flows

Specialized ProfilesSpecialized Profiles
•• CORBA, CCM, EJB, CORBA, CCM, EJB, ……

Problem:Problem:
•• Only proofOnly proof--ofof--conceptconcept
•• IncompleteIncomplete
•• Lack of formalityLack of formality

MDA Tool Vendors have invented their own MDA Tool Vendors have invented their own 
profilesprofiles
•• Lack of portabilityLack of portability



UML Profiles in MDA / 3UML Profiles in MDA / 3

Stereotypes/Tagged ValuesStereotypes/Tagged Values
•• Interpreted by code generatorsInterpreted by code generators

ExampleExample
•• Model generator for EJBModel generator for EJB

Stereotype entity Stereotype entity 
•• persistent objects ~ Entity Beanspersistent objects ~ Entity Beans

Stereotype PKStereotype PK
•• Marks attribute as Primary KeyMarks attribute as Primary Key



UML Profiles in MDA / 4UML Profiles in MDA / 4

BookImpl
(implementation class)

BookHome
(home interface)

BookRemote
(remote interface)

PK

Deployment Descriptor

Database Tables

<<entity>>
Book

title: string
<<PK>> isbn: string

Book EJB

PIM PSM



UML Action UML Action SemanticsSemantics / 1/ 1
UsedUsed forfor descriptiondescription of of actionsactions
•• VeryVery high high abstractionabstraction levellevel
•• ActionsActions maymay bebe reorderedreordered

ProgrammingProgramming languageslanguages maymay conformconform to to thisthis
semanticssemantics
•• RepresentedRepresented in text formin text form
•• OrOr in in graphicalgraphical formform

ActionsActions
•• taketake inputinput valuesvalues (on (on inputinput pinspins))
•• cancan produceproduce outputoutput valuesvalues (at (at outputoutput pinspins))

DescriptionDescription
•• flowflow of of controlcontrol
•• flowflow of of datadata



UML Action UML Action SemanticsSemantics / 2/ 2
CompositeComposite ActionsActions
•• GroupingGrouping
•• ConditionalConditional ActionAction
•• LoopsLoops

ReadRead//WriteWrite actionsactions
•• Set/Set/ReadRead valuesvalues
•• ObjectObject actionsactions

CreateCreate//destroydestroy objectsobjects
•• SelectionSelection amongamong objectsobjects ((similarsimilar to SQL SELECT)to SQL SELECT)

ComputationComputation actionsactions
CollectionCollection actionsactions
•• IteratorsIterators, , filterfilter, ..., ...



UML Action UML Action SemanticsSemantics / 3/ 3

MessagingMessaging actionsactions
•• ObjectObject invocationinvocation, ..., ...
•• Argument Argument valuesvalues, , returnreturn ValuesValues, ..., ...

JumpJump actionsactions
•• Break/Break/continuecontinue
•• ExceptionsExceptions



UML Action UML Action SemanticsSemantics / 4/ 4
ExampleExample
foreachforeach b in b in Book[.copyrightBook[.copyright > 1995 > 1995 

and and copyrightcopyright < 2002] < 2002] 
{{

b.bookPriceb.bookPrice *= 1.2;*= 1.2;
}}

LanguagesLanguages
•• Action Action SpecificationSpecification LanguageLanguage (ASL)(ASL)
•• BridgePointBridgePoint Action Action LanguageLanguage (AL)(AL)
•• KabiraKabira Action Action SemanticsSemantics ((KabiraKabira AS)AS)
•• TALLTALL
•• SMALLSMALL

Different Different SyntaxesSyntaxes(!)(!)



MOF, UML, CWMMOF, UML, CWM
UMLUML
•• PrimaryPrimary MDA MDA modelingmodeling languagelanguage
•• ManyMany toolstools availableavailable
•• Extensible Extensible byby profilesprofiles
MOFMOF
•• BaselineBaseline of UMLof UML
CWM (Common CWM (Common WarehouseWarehouse Metamodel)Metamodel)
•• ModelingModeling constructsconstructs forfor DataData WarehousesWarehouses
•• Database ModelsDatabase Models
•• Query Query FacilitiesFacilities
•• SupportedSupported byby majormajor Portal Portal VendorsVendors

IBM, Oracle, UnisysIBM, Oracle, Unisys



XML XML MetadataMetadata InterchangeInterchange (XMI) / 1(XMI) / 1

XML XML MetadataMetadata InterchangeInterchange
•• PersistencePersistence of of MOFMOF--basedbased Models in XMLModels in XML
•• UML/CWM UML/CWM basedbased on MOF on MOF --> XMI > XMI forfor UMLUML
XMI Format XMI Format forfor a Modela Model
•• AutomaticallyAutomatically deduceddeduced fromfrom itsits MetamodelMetamodel
•• No No needneed to to writewrite specificspecific parsersparsers
•• One One parserparser supportssupports all XMI all XMI formatsformats
UML2UML2
•• Different XMI Different XMI formatformat
•• UML UML diagramsdiagrams as as ScalableScalable Vector Graphics Vector Graphics 

(SVG) (SVG) withinwithin XMI XMI filesfiles



XML XML MetadataMetadata InterchangeInterchange (XMI) / 2(XMI) / 2
<XMI <XMI xmi.versionxmi.version = '1.2' = '1.2' xmlns:UMLxmlns:UML = '= 'org.omg.xmi.namespace.UMLorg.omg.xmi.namespace.UML'>'>

<<XMI.contentXMI.content>>
<<UML:ModelUML:Model xmi.idxmi.id = 'ID= 'ID--1' ... >1' ... >

<<UML:ClassUML:Class xmi.idxmi.id = = ''IDID--22''
namename = = ''BookBook''
visibilityvisibility = = ''publicpublic''
isAbstractisAbstract = = ''falsefalse''>>

<<UML:ModelElement.stereotypeUML:ModelElement.stereotype>>
<<UML:StereotypeUML:Stereotype xmi.idrefxmi.idref = = ''IDID--777777''/>/>

</</UML:ModelElement.stereotypeUML:ModelElement.stereotype>>
<<UML:Classifier.featureUML:Classifier.feature>>

<!<!---- ... ... NextNext slideslide ......
</</UML:Classifier.featureUML:Classifier.feature>>

</</UML:ClassUML:Class>>
<<UML:StereotypeUML:Stereotype xmi.idxmi.id = `= `IDID--777` 777` namename = `= `entityentity`>`>

<<UML:Stereotype.baseClass>ClassUML:Stereotype.baseClass>Class</</UML:Stereotype.baseClassUML:Stereotype.baseClass/>/>
</</UML:StereotypeUML:Stereotype>>

</</UML:ModelUML:Model
</</XMI.contentXMI.content>>



XML XML MetadataMetadata InterchangeInterchange (XMI) / 3(XMI) / 3
<<UML:Classifier.featureUML:Classifier.feature>>

<<UML:AttributeUML:Attribute xmi.idxmi.id = `ID= `ID--10` 10` 
namename = `title` = `title` visibilityvisibility = `= `publicpublic` ` 
ownerScopeownerScope = `= `instanceinstance`>`>

<<UML:StructuralFeature.typeUML:StructuralFeature.type>>
<<UML:ClassUML:Class xmi.idrefxmi.idref = `ID= `ID--800`/> // ID800`/> // ID--800 800 --> String> String

</</UML:StructuralFeature.typeUML:StructuralFeature.type>>
</</UML:AttributeUML:Attribute>>
<<UML:AttributeUML:Attribute xmi.idxmi.id = `ID= `ID--11` 11` 

namename = '= 'isbnisbn' ' visibilityvisibility = '= 'publicpublic` ` 
ownerScopeownerScope = `= `instanceinstance`>`>

<<UML:ModelElement.stereotypeUML:ModelElement.stereotype>>
<<UML:StereotypeUML:Stereotype xmi.idrefxmi.idref = `ID= `ID--778`/> // ID778`/> // ID--778 778 --> PK> PK

</</UML:ModelElement.stereotypeUML:ModelElement.stereotype>>
<<UML:StructuralFeature.typeUML:StructuralFeature.type>>

<<UML:ClassUML:Class xmi.idrefxmi.idref = `ID= `ID--800`/>800`/>
</</UML:StructuralFeature.typeUML:StructuralFeature.type>>

</</UML:AttributeUML:Attribute>>
</</UML:Classifier.featureUML:Classifier.feature>>



XML XML MetadataMetadata InterchangeInterchange (XMI) / 4(XMI) / 4

DisadvantagesDisadvantages of XMIof XMI
•• SynthesizedSynthesized formatformat

Not Not optimizedoptimized forfor UMLUML

•• Files Files tendtend to to getget ((veryvery) large) large
20 20 classesclasses ~ 250 KB~ 250 KB
20 20 classesclasses + + diagramsdiagrams (SVG) ~ 3 MB(SVG) ~ 3 MB

•• Different XMI Different XMI dialectsdialects (?)(?)
IncompatibilitiesIncompatibilities betweenbetween toolstools
Tools Tools havehave multiple XMI multiple XMI importersimporters//exportersexporters



XMI XMI APIsAPIs / 1/ 1

Java Java MetadataMetadata Interface (JMI)Interface (JMI)
•• MOF MOF MetadataMetadata

Creation, Creation, StorageStorage, Access, Discovery, , Access, Discovery, 
ExchangeExchange

•• ReferenceReference implementationimplementation (Unisys)(Unisys)
•• NetbeansNetbeans implementationimplementation (Sun)(Sun)



XMI XMI APIsAPIs / 2/ 2

EclipseEclipse ModelingModeling Framework (EMF)Framework (EMF)
•• ClassClass DiagramsDiagrams
•• SynchronizationSynchronization ofof

Java Java sourcesource codecode
XMI XMI 
XML SchemaXML Schema

•• Different Different fromfrom JMIJMI
•• EclipseEclipse ModelingModeling PluginsPlugins basedbased on EMFon EMF



OCL / 1OCL / 1

Object Constraint LanguageObject Constraint Language
Used for exact modeling of UML/MOF Used for exact modeling of UML/MOF 
modelsmodels
•• Small languageSmall language

Logical & arithmetic operatorsLogical & arithmetic operators
Property Call & navigation expressionsProperty Call & navigation expressions

•• Simple builtSimple built--in typesin types
•• Collection typesCollection types
•• Elements of the model can be usedElements of the model can be used



OCL / 2OCL / 2

Describes Logical ConstraintsDescribes Logical Constraints
Attached to modeling elementsAttached to modeling elements
Documentation PurposesDocumentation Purposes
Used for formal verificationUsed for formal verification
Used for generation of Used for generation of testcasestestcases
•• Manual and automaticManual and automatic

Can be checked at runtimeCan be checked at runtime
•• May throw exceptionsMay throw exceptions
•• See Design by ContractSee Design by Contract



OCL / 3OCL / 3
OCL for preOCL for pre--//postconditionpostcondition
Directly from specificationDirectly from specification
Example Example 
•• Class Account models bank accountClass Account models bank account

Field balance stores balanceField balance stores balance
•• Methods deposit/withdrawMethods deposit/withdraw

context context Account::deposit(intAccount::deposit(int amount)amount)
pre: amount >= 0pre: amount >= 0
post: balance = post: balance = balance@prebalance@pre + amount+ amount

context context Account::withdraw(intAccount::withdraw(int amount)amount)
pre: amount >= 0 and balance >= amountpre: amount >= 0 and balance >= amount
post: balance = post: balance = balance@prebalance@pre -- amountamount



OCL / 4OCL / 4

OCL used for invariantsOCL used for invariants
•• Holds during lifetime of an objectHolds during lifetime of an object

Constraints between model elementsConstraints between model elements
•• Defined at the level of the metaDefined at the level of the meta--modelmodel
•• Must hold before and after Must hold before and after 

transformationtransformation



OCL / 5OCL / 5

OCL OCL forfor InitializationInitialization codecode
•• DescribesDescribes outcomeoutcome of of constructorsconstructors

OCL OCL forfor Navigation Navigation expressionsexpressions

Book Author
authorsOfBook

Copy
copyOfBook

context Copy
inv: self.copyOfBook.authorsOfBook->size() > 0

* 1 * *



QVTQVT
Query, Query, ViewView, Transformation, Transformation
•• QueriesQueries of Modelsof Models
•• ViewsViews ((similarsimilar to to databasesdatabases) of Models) of Models
•• TransformationsTransformations of Modelsof Models

RFC of OMG RFC of OMG forfor MDA MDA transformationstransformations
•• ~ 15 ~ 15 submissionssubmissions
•• DeclarativeDeclarative transformationtransformation languageslanguages

RelationshipsRelationships of of sourcesource & & targettarget describeddescribed withwith rulesrules

•• Imperative Imperative transformationtransformation languageslanguages
DescribesDescribes explicityexplicity eacheach manipulationmanipulation stepstep

•• HybridHybrid



MDA ToolsMDA Tools
IDEs & IDEs & ModelingModeling ToolsTools
•• IBM Rational XDE (Java & .NET)IBM Rational XDE (Java & .NET)
•• BorlandBorland TogetherTogether
•• Microsoft Visual Studio Team System Microsoft Visual Studio Team System ArchitectArchitect

EditionEdition
•• PoseidonPoseidon
MDA MDA basedbased Code GeneratorsCode Generators
•• AndroMDAAndroMDA
•• VMTEVMTE
ArchitecturalArchitectural IDEsIDEs
•• InteractiveInteractive ObjectsObjects ArcStylerArcStyler



IDEs & IDEs & ModelingModeling Tools / 1Tools / 1
Focus on Focus on RoundtripRoundtrip EngineeringEngineering
•• ChangesChanges in in modelmodel reflectedreflected in in codecode
•• ChangesChanges in in codecode reflectedreflected in in modelmodel
•• Good Good forfor structurestructure & & staticstatic stuffstuff

Java/C++/C# Java/C++/C# ClassClass -- UML UML classclass
MethodMethod StubsStubs, Attributes, Attributes

GrowingGrowing supportsupport forfor dynamicdynamic stuffstuff
•• SequenceSequence diagramsdiagrams

Partial Partial supportsupport forfor codecode generatorsgenerators
•• InvokedInvoked calledcalled fromfrom thethe tooltool

Support Support forfor Design PatternsDesign Patterns
StrongStrong reversereverse engineeringengineering supportsupport
String String refactoringrefactoring supportsupport



IDEs & IDEs & ModelingModeling Tools / 2Tools / 2

RoundtripRoundtrip EngineeringEngineering
•• Not Not fullyfully compatiblecompatible withwith MDA MDA ideaidea
•• Problem: Problem: existingexisting Frameworks, Frameworks, existingexisting codecode
•• BackwardBackward engineeringengineering of of codecode to to modelsmodels maymay

conflictconflict withwith UML UML profilesprofiles

Different Different degreedegree of of supportsupport in IDEs and in IDEs and 
UML ToolsUML Tools
•• InvocationInvocation of of codecode generatorgenerator
•• FullFull--RoundtripRoundtrip EngineeringEngineering



MDA MDA basedbased Code GeneratorsCode Generators
Models as InputModels as Input
GeneratesGenerates Code Code fromfrom thesethese ModelsModels
UML UML ProfilesProfiles guideguide codecode generationgeneration
ExamplesExamples
•• AndroMDAAndroMDA

Small Small frameworkframework forfor generationgeneration of of EJBsEJBs, , HibernateHibernate
fromfrom UML UML classclass diagramsdiagrams
Extensible Extensible withwith cartridgescartridges

•• VMTEVMTE
VersatileVersatile Model Transformation Model Transformation EngineEngine

•• TransformsTransforms oneone inputinput modelmodel to to oneone outputoutput modelmodel
•• Not Not restrictedrestricted to UML to UML inputinput!!



VMTEVMTE

Transformation
Engine

Rule
Parser

OCL
Evaluator

Input
Models

Input
Models

Output
Models

Input
Provider

Output
Providers

Transformation
Rules



VMTE / 1VMTE / 1

Input Providers parse Input Providers parse inputinput modelmodel
and and feedfeed thisthis inputinput in in treetree form to form to 
thethe transformationtransformation engineengine
Transformation Transformation rulesrules areare parsedparsed byby
transformationtransformation engineengine and and appliedapplied on on 
previousprevious fedfed inputinput
Transformation Transformation rulesrules createcreate elementselements
of of thethe outputoutput modelmodel



VMTE VMTE –– Transformation Transformation LanguageLanguage

Same Same syntaxsyntax forfor eacheach pair of pair of inputinput//outputoutput
protvidersprotviders
Abstract Abstract syntaxsyntax forfor rulesrules::

rulerule RulenameRulename (Type t)(Type t)
[[wherewhere OCLOCL--ExpressionExpression]]

createcreate TargetTypeTargetType ((ArgListArgList) [as ) [as TargetNameTargetName] [to ] [to 
OCLExprOCLExpr]]
[[withwith alias1=OCLExpr, alias2=OCLExpr, alias1=OCLExpr, alias2=OCLExpr, ……]]
[[hidehide varName1, varName1, ……]]
[[codecode templatetemplate]]
[[applyrulesapplyrules OCLExpr1, OCLExpr1, …… [[rulerule Rulename.ChildnameRulename.Childname]]

[[createcreate ……]]
;;



VMTE VMTE –– RuleRule LanguageLanguage / 1/ 1
EachEach rulerule startsstarts withwith keywordkeyword rulerule
•• FollowedFollowed byby a a namename
•• DotsDots (.) in a (.) in a rulenamerulename denotedenote lowerlower

hierarchieshierarchies (= (= allowallow childchild rulesrules))
•• ArgumentlistsArgumentlists afterafter rulerule supportsupport thatthat inputinput

providerprovider feedsfeeds a a modelmodel elementelement intointo rulerule
evaluationevaluation

IfIf modelmodel elementelement doesdoes notnot typetype--matchmatch rulerule isis skippedskipped

ExampleExample: : rulerule A (A (ClassClass myClassmyClass))
•• TriesTries to to evaluateevaluate thethe rulesrules withwith all all ClassClass

elementselements of a of a modelmodel ((sequentiallysequentially, , oneone classclass
afterafter thethe otherother))



VMTE VMTE –– RuleRule LanguageLanguage / 2/ 2
(optional) (optional) WhereWhere clauseclause constrainsconstrains rulerule
evaluationevaluation basedbased on an on an OCLOCL--ExpressionExpression
•• ThisThis expressionexpression maymay referrefer to to thethe namednamed rulerule

argumentargument oror to to previouslypreviously usedused argumentsarguments and and 
aliasesaliases in in hierarchicallyhierarchically higherhigher--levellevel rulesrules, , oror
alreadyalready constructedconstructed targettarget modelmodel elementselements

WhateverWhatever isis accessibleaccessible via via OCLOCL--ExpressionsExpressions

ExampleExample::
•• wherewhere notnot myClass.name.startsWith("AXmyClass.name.startsWith("AX")")



VMTE VMTE –– RuleRule LanguageLanguage / 3/ 3
""createcreate" " blocksblocks ((manymany areare allowedallowed))
•• Support Support creationcreation of of targettarget modelmodel elementselements

"as" "as" targetnametargetname modifiesmodifies namename usedused ((onlyonly withinwithin thethe
rulesrules))
"to" "to" addsadds thethe createdcreated modelmodel elementelement to to anotheranother
modelmodel elementelement

•• ExampleExample::
createcreate CompilationUnit(myClass.nameCompilationUnit(myClass.name) as ) as cucu

•• CreatesCreates a a compilationcompilation--unitunit = = compilablecompilable filefile withwith namename
myClass.namemyClass.name ((egeg. Java) and . Java) and storesstores itit underunder thethe VMTE VMTE 
namename ""cucu""

createcreate Class(myClass.nameClass(myClass.name, ", "publicpublic") to ") to cucu
•• CreatesCreates a a classclass and and storesstores itit in in thethe aboveabove generatedgenerated

compilationcompilation unitunit
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withwith clausesclauses
•• DefineDefine aliasesaliases//shortcutsshortcuts forfor commoncommon

OCLOCL--ExpressionsExpressions in in createcreate blocksblocks

HideHide clausesclauses
•• RemovesRemoves argumentargument namesnames forfor thethe

followingfollowing codecode templatetemplate oror rulerule
forwardingforwarding statementstatement in in thethe createcreate blockblock
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ItIt isis possiblepossible to to definedefine everyevery targettarget statementstatement in in 
a a finefine--grainedgrained way way untiluntil a a perper--expressionexpression levellevel

Problem: Problem: maymay becomebecome tedioustedious ifif youyou havehave to to definedefine everyevery
piecepiece of a of a statementstatement withwith itsits oneone createcreate statementstatement

Solution: Code Solution: Code templatestemplates
•• Text Text fragmentsfragments thatthat areare insertedinserted intointo thethe generatedgenerated

codecode
IfIf outputoutput providerprovider supportssupports parsingparsing thisthis generatedgenerated codecode cancan
bebe convertedconverted in in syntaxsyntax treetree
OtherwiseOtherwise just just thethe text text isis insertedinserted
WithinWithin thisthis text VMTE variable text VMTE variable namesnames, , aliasesaliases ((withwith) ) areare
replacedreplaced byby thethe appropriateappropriate valuevalue

•• Problem Problem ifif variable variable namesnames useuse commoncommon namesnames//characterscharacters
WrongWrong text text partsparts maymay bebe replacedreplaced

•• VMTE VMTE sortssorts all variables all variables byby longestlongest to to shortestshortest namename
•• HideHide keywordskeywords addadd anotheranother chancechance to to avoidsavoids wrongwrong

replacementsreplacements
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ExampleExample Code Code TemplatesTemplates::

rulerule X (X (ClassClass myClassmyClass))
createcreate Class(myClass.nameClass(myClass.name, ", "publicpublic")")
withwith ClassName=myClass.NameClassName=myClass.Name
#{#{

publicpublic ClassNameClassName()()
{{

Console.out.WriteLineConsole.out.WriteLine();();
}}

#}#}
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At At thethe end of a end of a createcreate block an block an 
applyruleapplyrule statementstatement maymay bebe providedprovided
•• Starts Starts invocationinvocation of of otherother

((nested=childnested=child) ) rulesrules at at thisthis placeplace



VMTEVMTE
Supports Supports arbitraryarbitrary inputinput & & outputoutput modelsmodels
via via inputinput & & outputoutput providersproviders
•• CurrentlyCurrently implementedimplemented::

UML/XMI UML/XMI inputinput providerprovider
CSharpOutputProviderCSharpOutputProvider

•• partiallypartially
JavaOutputProviderJavaOutputProvider

•• PartiallyPartially, , otherother stuffstuff mustmust bebe donedone withwith codecode templatestemplates

•• In In DevelopmentDevelopment
Java & C# Java & C# InputProviderInputProvider

•• detectiondetection of of designdesign patternspatterns
•• Reverse Reverse engineeringengineering

UML UML OutputProviderOutputProvider



VMTEVMTE

VeryVery smallsmall rulerule languagelanguage
•• CanCan bebe usedused forfor manymany different different taskstasks
•• Code Code templatestemplates avoidavoid writingwriting

expressionsexpressions up to up to everyevery detaildetail
BecomeBecome tedioustedious

Different Different inputinput & & outputoutput providersproviders
possiblepossible



ArchitecturalArchitectural IDEsIDEs

IDE IDE withwith maturemature MDA SupportMDA Support
UML and MDA UML and MDA modelingmodeling well well integratedintegrated
•• Tool Tool enforcesenforces UML UML profilesprofiles

EasilyEasily extensibleextensible
•• Support Support forfor additional UML additional UML profilesprofiles

Support Support forfor multiple multiple targettarget platformsplatforms
Model Model VerificationVerification supportsupport
ExampleExample
•• ArcStylerArcStyler ((InteractiveInteractive ObjectsObjects))
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PluggablePluggable CartridgesCartridges
•• RulesRules forfor modelmodel transformationtransformation
•• RulesRules forfor modelmodel verificationverification
•• CARAT (CARAT (CARtridgeCARtridge ArchiTectureArchiTecture))
•• „„MDAMDA--CartridgeCartridge SourceSource ForgeForge““

Cartridge Cartridge EngineEngine
•• Services Services usedused byby cartridgescartridges
•• Cartridge Cartridge usesuses JPythonJPython as as implementationimplementation languagelanguage

ExampleExample
•• UML to UML to codecode
•• Abstract Abstract businessbusiness modelmodel to J2EEto J2EE
•• TestingTesting codecode



ArchitecturalArchitectural IDE IDE –– ArcStylerArcStyler / 2/ 2

Supports Supports modelingmodeling//generationgeneration multiple multiple 
variantsvariants forfor
•• MiddlewareMiddleware

EJB, J2EE, .NET, EJB, J2EE, .NET, WebServicesWebServices

•• User InterfaceUser Interface
JSP,  ASP.NETJSP,  ASP.NET

•• CartridgesCartridges

Generation of Generation of checkingchecking codecode forfor OCLOCL
Integration Integration withwith otherother productsproducts
•• EclipseEclipse, Visual Studio .NET, , Visual Studio .NET, ApacheApache



MDA Applicability / 1MDA Applicability / 1

MDA good forMDA good for
•• Persistent objectsPersistent objects
•• Generation of Generation of DatamodelsDatamodels
•• Those scenarios where Models are expressive Those scenarios where Models are expressive 

enoughenough
Class diagrams are well understoodClass diagrams are well understood

•• Generation of Generation of StateMachinesStateMachines
•• Generation of (Design) PatternsGeneration of (Design) Patterns

Many Patterns already supported by Many Patterns already supported by IDEsIDEs

•• Generation of constraint checksGeneration of constraint checks
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MDA not so good forMDA not so good for
•• Dynamic stuffDynamic stuff
•• Operations (!)Operations (!)
•• UML Action SemanticsUML Action Semantics

Describes semantics of operationsDescribes semantics of operations
•• Very high abstraction levelVery high abstraction level
•• Constructs for formulating database queriesConstructs for formulating database queries

Requires a concrete language that conforms Requires a concrete language that conforms 
to UML Action Semanticsto UML Action Semantics

•• Loss of portabilityLoss of portability



MDA Applicability / 3MDA Applicability / 3
RealisticRealistic ScenarioScenario
Generation of Generation of 
DataModelDataModel//PersistePersiste
ntnt objectsobjects withwith
MDA MDA tooltool
ImplementationImplementation of of 
otherother StuffStuff
manuallymanually
Manual Manual adaptationadaptation
of PSM of PSM manuallymanually

DB



NextNext StepsSteps

Automatic Generation of Automatic Generation of methodsmethods
•• BasedBased on OCLon OCL

Query Query methodsmethods, , ConstructorsConstructors

•• BasedBased on UML Action on UML Action SemanticsSemantics

Automatic Generation of Automatic Generation of databasedatabase QueriesQueries
IntegratedIntegrated Model Model CheckingChecking
•• DeadlockDeadlock detectiondetection

StatemachinesStatemachines
Theory based on HoareTheory based on Hoare’’s Concurrent sequential s Concurrent sequential 
processes (CSP)processes (CSP)



MDA Praktikum / MDA Praktikum / MasterMaster‘‘ss ThesisThesis

ContactContact meme

MDA, UML, MOF, OCLMDA, UML, MOF, OCL
MDA & MDA & DistributedDistributed & Mobile & Mobile 
Collaboration(DMCCollaboration(DMC))
EclipseEclipse & IDE & IDE ExtensionsExtensions
Software Software ComponentsComponents
Service Service OrientedOriented ComputingComputing



SummarySummary
MDA MDA –– A A newnew HypeHype
•• AddressesAddresses ProductivityProductivity, , QualityQuality, , LongevityLongevity

Construction of Construction of ApplicationsApplications fromfrom ModelsModels
•• OrOr partsparts of of applicationsapplications
•• RequiresRequires completecomplete/expressive /expressive modelsmodels

BunchBunch of of newnew Technologies/Technologies/ParadigmsParadigms
•• UML/MOF,XMI,OCLUML/MOF,XMI,OCL

MDA Tools MDA Tools areare alreadyalready herehere
•• BetterBetter toolstools will come in will come in thethe nextnext yearsyears
•• VMTE VMTE –– versatileversatile modelmodel transformationtransformation engineengine

MDA MDA notnot thethe solutionsolution to all and to all and everyevery softwaresoftware engineeringengineering
problemproblem
•• ButBut solvessolves manymany problemsproblems continouslycontinously solvedsolved byby manymany peoplepeople


