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DÁNI EL VARRÓ
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DánielVarró PhDtheses

1. Preliminaries and Objectivesof the Research

For thepastdecades,themaintrendin softwareengineeringhasbeenalmostexclusively
dominatedby the object-orientedmodelingandprogrammingparadigm. However, the
first object-orientedprogramminglanguagesanddesignmethodshave beenspecificto
thepeculiaritiesof softwaredevelopmentteams,thusmany of suchlanguageswith slight
(or major) differencesexistedin parallel. Due to the increasingcomplexity of software
intensive systems,thedesignprocesshasalsobecomedistributedin additionto thesys-
temitself. As a result,differentsoftwaredevelopmentteamshadto facecommunication
problemsmoreandmorefrequentlywhichoriginatedin thedifferencesof object-oriented
designmethodologiesandmodelinglanguages.

Therealbreakthroughin thefieldwasthecreationof theUnified Modeling Language
(UML) [RJB99],whichhasbecomethedefactostandardandvisualobject-orientedmod-
elinglanguage.Thesuccessof UML partially lies in thefactthatit is astandard notation,
wheredesignersandprogrammersusea commonlanguageto specify the systemthus
preventingcommunicationproblemscausedby differentbackgroundsin education.The
othermainsuccessfactorof UML is its visualnaturewhichenablesastep-wiseandview-
orienteddesignprocessfor asoftwaresystemusingintuitivevisualdiagrams.

However, bothacademicandindustrialapplicationshave revealedseveralshortcom-
ingsof thelanguageconcerning,especially, its imprecisesemanticsandthelack of adapt-
ability in domainspecificapplications. Dueto its monolithnature,UML is hardto betai-
loredto theneedsof domainspecificapplications(suchasreal-timesystems,scheduling,
etc.) which hasresultedin a largecollectionof UML Profileswith unintuitive graphical
notation.Nevertheless,themostsevereproblemis still thelack of precisesemanticsorig-
inating in thefact thatwhile thestructure of modelelementsin thelanguageis precisely
defined(by a correspondingmetamodelandwell-formednessconstraints),thesemantics
of a modelelementis definedinformally in pure (and sometimespoor) English. As a
consequence,thedefinition of someconstructsin the languageareeitherincompleteor
ambiguous,thusit canbeinterpreteddifferentlyby thedesignerandtheprogrammer.

Formal methodsin the designof IT systems. Thelackof precisesemanticsfor UML
is morecritical whenusingUML for the designof reliable(suchastelecommunication
andbankingsystems)andsafety-criticalsystems(suchassafetyequipmentsandmoni-
toring servicesin railway systemsor in aviation), wherea failureof a servicemayresult
in severematerial/financiallossesor even in casualties.In suchsystems,the traditional
testing-baseddevelopmentprocessis insufficient, since it is impossibleto cover each
potentialfault by a correspondingtestcasedueto complexity andunanticipatedfaults.
During theverification andvalidation of critical systems,wehaveto provewith mathe-
maticalprecisenessthat thesystemunderdesignwill fulfill its requirements.

Theverificationof dependablesystemsis carriedout usingformal methods, but the
wide useof formal methodsis hinderedby severalfactors.First, formal methodsrequire
a thoroughmathematicalbackgroundwhich is frequentlylacked by softwareengineers.
Moreover, thefaithfulnessof mathematicalmodels, andtheconsistencyof theUML-based
systemmodelandthemathematicalmodelsarehardto beguaranteed.

In the late 1990s,the Fault TolerantSystemsResearchGroupat the Departmentof
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MeasurementandInformationSystemsat BudapestUniversityof TechnologyandEco-
nomicsparticipatedin a EuropeanESPRITprojectwith theacronym HIDE (High-level
DesignEnvironmentfor Dependability)[BDCL

�

01,1]. Theaimof theHIDE projectwas
to bridge the gapbetweenthe intuitivenessof high-level visual systemmodelsandthe
precisenessof mathematicalmodelsby automatedmodel transformations. UML-based
systemmodelsarefirst automaticallytransformedinto variousmathematicalmodels,and
then,the resultsof the analysisareautomaticallyback-annotatedinto the sourceUML
descriptionthushiding theunderlyingmathematicsfrom systemarchitects.

Severalmodeltransformationshavebeendesignedandimplementedwithin theHIDE
framework for proving functional correctnessof the system[LMM99] or carrying out
quantitative analysis[BMM99]. However, thebenchmarkexperimentsandapplications
haverevealedthatthetransformationscriptsthemselveswerethequalitybottleneckof the
HIDE framework. Themainproblemswerethefollowing:

� Thedesignof transformationswascarriedout in anadhocway. Furthermore,there
wasahugeabstractiongapbetweenthemathematicalnotationsusedin publications
andthelow-level transformationlanguage.

� Without properautomation, the implementationof a complex transformationre-
quired a hugecost (several personmonth) even if the theoreticaldesignof the
transformationwasalreadywell-founded.

� Without a formal mathematicalbackgroundof transformations,it wasimpossible,
in practice,to prove the correctnessof transformations. However, without such
correctnessproofs, it is impossibleto decidewhethera problemdetectedby the
mathematicalanalysisoriginatesfrom aflaw in thesystemmodelor in thetransfor-
mationprogram.

The objective of my researchwasto designandimplementa model transformation
framework which providesautomatedprogramgenerationandverificationfacilities for
transformationsspecifiedpreferablyin ahigh-level visualnotation.I setup thefollowing
requirementswhich have to be fulfilled by a complex automatedmodel transformation
system:

� Requirement 1 The easy–to–understand(visual) andmathematicallyprecisede-
scription of source and target modelinglanguagesand models, which is closeto
existing industrialstandards;

� Requirement 2 A generalhigh-level specificationmethodfor the formal descrip-
tion of modeltransformations;

� Requirement 3 An efficient back-annotationthat back-projectthe resultsof the
mathematicalanalysisinto theUML design;

� Requirement4 A (preferablyautomated)methodfor formallyprovingcorrectness
andcompletenessof transformations;

� Requirement5 Theautomaticsynthesisof transformationprogramsimplementing
theprovenlycorrectspecificationof themodeltransformation;
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2. Research Method

Theserequirementsbasicallydeterminedthemainline of my researchandtheindividual
subtasksto besolved.

Designingthe structureof modeling languages. Initially, I investigatedthemethodol-
ogyandthelanguageconstructsof MOF metamodeling(MetaObjectFacility [OMG03]),
whichis consideredto bethedefactostandardof specifyingthestructureof modelinglan-
guagesin engineeringdomains.TheMOFmetamodelingintroducesaso-calledfour-layer
architecturefor separatingtheconcernsof themodelingparadigm(metametamodel),the
modelinglanguages(metamodels),the modeledsystem(models)andthe objectsof the
real world, wheretheelementsof a highermetalevel are instantiatedexactly onemeta-
level below.

I revealedseveralweaknessesof MOF metamodelingwhich hindertheuniquetreat-
mentof modelinglanguagestakenfrom eithermathematicalor engineeringdomainsde-
spite the fact that its visual andobject-orientednaturemakesMOF an intuitive design
notationfor engineers.

Therefore,while keepingthe visual notationand elementaryconstructsof MOF, I
extendedthemethodologyof metamodelingin depthby introducingdynamicallyrecon-
figurableinheritanceandinstantiationrelationswhichmakestheconfusingnotionof met-
alevelsobsolete(Thesis1). A specialemphasiswasput on to definea minimal coreof
metamodelingelementswhich are more expressive than MOF constructs(decreasein
size,increasein expressiveness).

My aim wasnot to definea merelytheoreticalmetamodelingframework, but also(i)
to setup consistency constraintsfor this framework and(ii) to definea setof elementary
operationswhichguaranteetheconsistentmanipulationsof models.

Visual specificationof model transformations. In parallelwith theresearchof meta-
modelingtechniques,I startedto investigatewhatkind of preciseformalismsexist in the
literatureto specifytransformationsbetweenmodelinglanguages.In earlystagesof my
research(in 1999),scientificresearchin thefield wasin a ratherpreliminarystate.

As soonasgettingfamiliarwith graphtransformation, theadaptationof theparadigm
to model transformationtaskshasbecomean obvious and highly desirablegoal since
graphtransformationprovidesa visual yet mathematicallyprecisemethodto capturea
largevarietyof transformations.

Thisadaptationprimarily includedthecombinationof graphtransformationandVPM
metamodeling,the introductionof elementarycontrol structuresandthe conceptualde-
velopmentof referencemetamodelsto supporttheback-annotationof modeltransforma-
tions.My new scientificresultsin thisfield aresummarizedin Thesis2 of thedissertation
whereI proposea formalismfor theuniform operationalspecificationof modeltransfor-
mationsandmodelinglanguages.

Automating model transformations. TheHIDE project,whichprecededmy research,
hasalreadydemonstratedthat theautomaticsynthesisof a provenly correctimplementa-
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tion of amodeltransformationis critical in amodeltransformation-basedverificationand
validationprocessof IT systems.

For that reason,I investigatedhow a graphtransformationvirtual machinecan be
implementedin variousprogrammingenvironments.I concludedthat, althoughseveral
graphtransformationtoolsexist in academicfields,all of themareresearchprototypes,
thustheusability, adaptabilityandscalabilityof thesetoolsarequestionablefor industrial
sizemodeltransformations.

Whenexamininghow to specifytheprocessof automatedprogramgeneration,I found
thatin themajorityof codegeneratorsbuilt into industrialUML CASEtoolsthis process
is ratheradhoc. Rareexceptionsarethosemoderntools thatusestandardUML Action
Semanticsastheir specificationlanguage.

Therefore,in Thesis3, I proposea new methodfor programgenerationwherethe
generationprocessis specifiedby consecutive modeltransformations.I alsoelaborated
a Prolog-basedandanAction Semantics-basedvirtual machinefor graphtransformation
systems.

Formal verification of modeling languages. Sincethe operationalsemanticsof both
modelinglanguagesandtransformationsbetweensuchlanguagesaredefinedby graph
transformation,it is essentialto find automatedmethodsfor the formal analysisof such
specifications.

For proving thecorrectnessof a systemmodel,a largenumberof toolsareavailable
basedon modelcheckingor theoremproving. We cantypically draw moregeneralcon-
clusionson a modelby using theoremprovers; however, their userequiressignificant
amountof mathematicalexpertiseanduserinteraction.Thereafter, I focusedmy attention
on model checkerswhich provide a very high-level of automation(naturally, they can
only examinea restrictedsubsetof models).

Overviewing theliteratureontheexistentsupportfor amodelchecking-basedanalysis
of graphtransformationsystems,I (surprisingly)found that the practicalfeasibility of
existing (theoretical)approachesfor modelcheckinggraphtransformationsystemshas
not beendemonstratedby usingoff-the-shelfmodelchecker tools (or any otherkind of
tool support).

In Thesis4, I first introducea new methodfor modelcheckinggraphtransformation
systems,which is mathematicallysoundandpracticallyfeasibleaswell (wherepractical
feasibility is assessedon well-known verificationbenchmarks).

Formal verification of model transformations. As the specificationof automated
modeltransformationscanalsobe erroneous,it necessitatesfinding formal (andprefer-
ablyautomated)waysof proving thecorrectnessof amodeltransformation.

FirstI introducedasetof criteriawhichhasto befulfilled byany modeltransformation
consideredto be correct. In this respect,we may distinguishbetweenthe syntacticand
semanticcorrectnessof modeltransformations.For a syntacticcorrectnessanalysis,one
hasto decidewhethertheresultof thetransformationis awell-formedmodelof thetarget
language.In caseof semanticcorrectnessanalysis,our goal is to decideif the model
transformationpreserves(transformationspecific)correctnessproperties.
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In Thesis4, I proposea methodbasedon planneralgorithmsfor proving syntactic
correctness,andI developa new techniqueto decidewhethera propertyis left invariant
by a transformationbasedupon the model checkingof sourceand target modelswith
operationalsemanticsdefinedby graphtransformationsystems.

3. New Scientific Results

3.1. VPM: The Mathematicsof Metamodeling

WheninvestigatingtheMetaObjectFacility (MOF) metamodelingstandard[OMG03], I
discoveredseveralinconsistencies,redundanciesandmissingconceptsin ametamodeling
languagewhereminimality, mathematicalpreciseness,andexpressivenessis critical for
thequality of specificationfor a largescaleof visualmodelinglanguages.Moreover, due
to thelackof formalsemantics,theapplicabilityof MOF is problematicfor apreciseand
meta-level descriptionof mathematicalmodels.

Thesis1. I defineda visual,andformallyprecisemetamodeling(VPM)frameworkbased
uponthe structure of traditional mathematicaldefinitionsand the generalization of the
traditional inheritanceandinstantiationrelationsthathandlesuniformlyarbitrary meta-
modelsandmodelstakenfrombothengineeringandmathematicaldomains.

� Structural refinementof models. Basedupona minimal core subsetof MOF el-
ements(classes/entities,associations/connections,attributes/mappings),I elabo-
ratedtherefinementcalculusof structural modelelements(Sec.2.4),which handles
the refinement(i.e., inheritanceand instantiation)of all modelelements(associa-
tions,attributesandpackages)in additionto therefinementof classes.

� Staticconsistencyanalysis.I proposeda general method(Sec.2.5)baseduponthe
partial orderrelationimposedbyinheritanceandinstantiationrelationsthatallows
to formally detectandautomaticallyresolvemodelsandmetamodelsviolating the
refinementaxiomsof VPM models.

� Algebraic descriptionof VPM models. I proposedmeta-level and model-level
(Sec.3.3.1, 3.3.1 and 3.5) algebraic representationsand well-formednesscon-
straintsof VPM modelsbasedon themathematicalparadigmof abstractstatema-
chines[Gur95].

� ElementaryVPM operations.I proposedelementaryoperations(in Sec.3.4) that
provenlyguaranteetheconsistentmanipulationof thealgebraic representationof
VPM models.

� Separationof static and dynamic model elements. In addition to traditional
static modelelements,I introducedthe conceptsof dynamicmodelelements(in
Sec.2.2.1),which is indispensablefor the specificationof dynamicsemanticsfor
modelinglanguages.
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Thethesisis baseduponChapter2 and3 of thePhDdissertation,andit waspublished
in [3,4,12,13,18,27–29].

It is worth emphasizingthat theserefinementrelationscanbe reconfigureddynam-
ically during the evolution of VPM models. In this way, behavioral descriptions(see
Thesis2) canalsobe storedandmanipulatedasmodels,henceI adaptedthe Neumann
principlein theVPM metamodelingframework.

3.2. Formal Specificationof Modeling Languagesand Model Trans-
formations

I examinedthe differentmodel transformationapproachesin the UML literature(such
as[Mil02,AK02,HKT02,Whi02,dLV02]). As aconclusion,I drew thatthemajorityof ap-
proachesproviding aclosefit to bestengineeringpracticetypically usedvisualtechniques
for thespecificationof modeltransformationsbasedupontheparadigmsof metamodel-
ing andgraphtransformation.On the otherhand,I experiencedthat (i) the adaptation
of existingvisualformalismsto theVPM metamodelingframework wasproblematic,(ii)
back-annotationwastypically notsupported,(iii) therewasnomeansto supportthereuse
of dynamicbehavioral specifications,and(iv) the designof model transformationwas
carriedout in anadhocway.

Thesis2. Basedontheparadigmof graphtransformation,I elaborateda mathematically
preciseand visual formalismthat simultaneouslysupportsthe (i) meta-level definition
of an operational semanticsto an arbitrary modelinglanguage and (i) the high-level
specificationof modeltransformationswithin andbetweensuch modelinglanguages.

� An ASM semanticsof graph transformation. I proposeda formal operational
semanticsto graphtransformationrules(Sec.4.3)basedonabstractstatemachines
which capturesthesemanticdifferencesof majorgraphtransformationapproaches.

� Control structures. In order to restrict the non-determinismof graph transfor-
mation, I definedbasic control structures in the form of a control flow graph
(Sec.4.4.1).

� Supportfor back-annotation. In order to providemeansfor the back-annotation
of the resultsof a formal analysiscarried out on the systemmodel,I introduced
the conceptsof referencemodelsand metamodels(Sec.4.4.4)that interrelatethe
elementsof thesourceandtargetmodelinglanguage.

� Refinementof dynamicbehavior. I proposeda refinementof graphtransformation
rules(Sec.4.5)in orderto enablethereuseof dynamicbehaviorwhenspecifyingthe
operationalsemanticsof further modelinglanguagesandmodeltransformations.

The thesisis basedupon Chapter4 of the PhD dissertation,and it was published
in [2–4,8,11,12,14,16,18–21,24–27,29].
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3.3. AutomatedModel and Program Generation

Overviewing existing graphtransformationbasedmodeltransformationapproachesand
tools, I realizedthat generalpurposegraphtransformationsystemscould be usedcon-
ceptuallyfor the automationof modeltransformations(see[HKT02], for instance),but
the supportthey provide is frequentlyinsufficient for transformationsexecutedon large
UML modelsdue to the fact that it is difficult to adaptthem to existing UML CASE
tools.Moreover, asthesetransformationtoolsareresearchprototypes,thetransformation
programsgeneratedby themcannotbedirectly usedin industrialtransformations.

Thesis3. In order to supportthe implementationof modeltransformations,I proposed
automatedprogram (and model)generation techniquesthat automaticallysynthesizea
transformationprogramfromthe high-level specificationof the transformation(defined
by metamodelingand graph transformationtechniques)which can be executedon an
arbitrary modelof themodelinglanguage(s).

1. Automatedprogramgenerationby modeltransformation. I proposeda reflective
way (consistingof consecutivemodeltransformationsteps)to provide automated
programgeneration for modeltransformations(Sec.5.2.3).

2. A Prolog implementationof modeltransformation virtual machine. I elaborated
a Prolog implementationof a virtual machineexecutinghigh-levelspecificationsof
modeltransformations(Sec.5.2.1and5.2.2). Theimplementationof graphtrans-
formationrulesis basedupona graphpatternmatchingalgorithmusingdepth-first
search with optimizedclauseorderingand thepowerfulunificationmechanismof
Prolog. Therealizationof the control flow graph exploits the meta-programming
facilitiesof Prolog.

3. Action Semanticsdescriptionof modeltransformations. I proposedhow to map
modeltransformationsinto standard Action Semanticsexpressions(in Sec.5.4).
Graphtransformationrulesare simulatedby an algorithmusinglocal searchesin
anobject-orientedstructure, whilethecontrol flowgraphis implementedbybuilt-in
compoundactionsof theActionSemanticsstandard.

The thesisis basedupon Chapter5 of the PhD dissertation,and it was published
in [5,11,22,23,27].

3.4. Formal Verification of Visual Modeling Languagesand Model
Transformations

A naturalrequirementfor a complex modeltransformationsystemis theautomatedfor-
mal verificationof modelsandtransformations.Thequestionwasfirst addressedin the
literatureby providing asetof correctnessandcompletenesscriteriain [2,15,19]. Exam-
ining theexistingtechniquesandtoolssupportingtheautomatedformalanalysisfor graph
transformationsystemscapturingthe dynamicbehavior of a model, I found that while
the correctnessanalysisof graphtransformationsystemshasbeeninvestigatedrecently
in severalpapers[BK02, PE02,Hec98]from a theoreticalpoint of view, no generaland
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modelinglanguageindependentapproachexistedthatis directlyapplicableandprovenly
feasiblein practiceas well. However, sincemodel checkingtools frequentlyhave to
facethestatespaceexplosionproblem,thepracticalfeasibilityof verificationapproaches
shouldbeindispensable.

Thesis4. I presentedan approach for theautomatedverificationof anyspecificinstance
modelof an arbitrary modelinglanguage (with staticstructure definedby metamodeling
andoperationalsemanticsdefinedbygraphtransformationsystems)usingexistingmodel
checker tools. Moreover, I definedconsistencycriteria for modeltransformationsand I
proposedmethodsto formally verify the syntactic(proving language containment)and
semanticconsistency(aimingat propertypreservations)of such transformations.

� Provenly correct transition systemrepresentation.For anygraphtransformation
systemI definedan encoding(Sec.6.3.1and 6.3.2)which derivesa behaviorally
equivalenttransitionsystem.

� Optimizedmodeldescription.I introducedseveral optimizations(Sec.6.3.3)in the
transitionsystemencodingof a graphtransformationsystemexploitingthefactthat
graphtransformationrulesonlymodify(bydefinition)dynamicmodelelementsthus
all thestaticpartsof a modelcanbeeliminatedafter compile-timepreprocessing.

� Performanceanalysisof verification. I demonstratedthe practical feasibility of
the approach by assessingthe efficiencyof modelchecking the target transition
systemon benchmarkverificationproblems(Sec.6.5). As a conclusion,I derived
the “few complex is better than manysimple” principle as a verification rule of
thumbwhich mayhelpthetransformationengineersto designgraphtransformation
systemswhich areefficientfroma verificationaspect.

� Consistencycriteria for model transformations. I proposedgeneral consistency
criteria for modeltransformations(Sec.7.1.1)which hasto beprovenlysatisfiedby
anyspecificmodeltransformation.

� Proving syntacticcorrectnessandcompletenessof modeltransformations.I elab-
orateda methodbasedon planneralgorithms(Sec.7.2) for proving the syntactic
correctnessandcompletenessof modeltransformations.Asa consequence, wemay
decidewhetherthetargetmodel(obtainedasa resultof a modeltransformation)is
provenlya well-formedmodelof thetarget modelinglanguage.

� Semanticconsistencyanalysisof model transformations. I proposeda general
andautomatedframework(in Sec.7.3)which allowsto investigatewhethercertain
(transformationspecific)semanticconsistencypropertiesarepreservedbya model
transformation.

Thethesisis baseduponChapter6 and7 of thePhDdissertation,andit waspublished
in [2,4,6,7,9,10,14,15,17,19,20].

Onecanconcludethatmy approachis thefirst complex solutionin the literaturefor
a languageindependentformal verification of visual modelinglanguagesusing model
checkingtechniqueswhich is alsoassessedon practicalbenchmarks.
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4. Utilization of New ScientificResults

In orderto demonstratethepractical,industrialutilizationof theoreticalresultspresented
in thecurrentthesis,we (wheretheterm“we” alsorefersto severalstudentsworking on
their Master’s or PhDthesis)carriedout thedevelopmentof a setof toolssupportingour
modeltransformationapproachin additionto basicresearch.

The VIATRA model transformation framework and its applications. Adaptingthe
mainindustrialstandards(includingXMI, MOF andUML), I designedandimplemented
in Prologthe VIATRA modeltransformationsystem,which carriesout modeltransfor-
mations(following our theoreticalfoundationsof Thesis2 and3) on modelsgiven in a
standardXMI formatby automaticallygeneratingandexecutingPrologprogramsderived
from high-level rule descriptionsspecifiedin aUML notation.

Using the VIATRA model transformationsystemin an Hungarianresearchproject
(IKTA 065/2000:A framework for designingandtestingdependableandsafetycritical
systems),I designedand implementedmodel transformations,which weretestedafter-
wardson UML basedsystemmodelstakenfrom industrialpartners.As aconclusion,we
drew thatevenanacademicprototypetool suchasVIATRA hadanacceptablerun-time
performanceevenfor real-sizemodels.

Modeling benchmarks. In orderto demonstratethe expressivenessandpracticalfea-
sibility of our modeltransformationapproach,I proposeda formal operationalsemantics
for the well-known visual modelinglanguagesof Petri netsandExtendedHierarchical
Automata(which is a standardformalizationof UML statecharts)in the form of model
transformationsystems.I alsoprovedthat this semanticsis provenly equivalentin each
casewith thetraditionalmathematicaldescriptionof thelanguage.

A designmethodologyfor model transformations. I alsoelaboratedadesignmethod-
ologyfor modeltransformationswhichdefinesthemainphasesof adesigncycleintroduc-
ing theconceptsof static,dynamicandderivedmodelelementson themetamodellevel,
anddividing theprocessof modeltransformationsinto aninitialization andanexecution
phase.

Model checking modeling languages. We developeda tool called CheckVML [10]
(baseduponthe foundationsof Thesis4) which automaticallyderivesa Promelamodel
astheoutputfrom themetamodel,theinstancemodelandthesetof graphtransformation
rulessuppliedasthe input. This Promelamodelservesasthe input of the SPIN model
checker tool [Hol97]. After that,feedingthepropertyto beproved(givenin theform of
temporallogic formulae)directly to SPIN we may decidefor any specificmodelof an
arbitrarymodelinglanguagewhetherthegivenpropertyholds.

Ongoing development and futur e work. An ongoingactivity aims at developing a
metamodelingtool basedonourVPM foundations(of Thesis1) andintegratingit into the
VIATRA framework afterwards.Theoverall objective is to developa new generationof
theso-calledMeta-CASEtoolswhichsimultaneouslyprovidesmathematicalpreciseness,
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andreusabilityof bothstaticanddynamicsemanticdescriptionsfor awiderangeof visual
modelinglanguages.

Furtheractivities aim at implementingthe encodingof model transformationrules
into Action Semanticsexpressionsin anoff-the-shelfUML CASEtool (with supportfor
Action Semantics).As a result,all the theoreticalfoundationscanbe integratedinto an
industrialenvironmentaswell.
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[9] G.Salamon,D. Varró, andA. Pataricza.Formalverificationof modeltransformation
systems. In EDCC 2002: Fourth EuropeanDependableComputingConference:
FastAbstracts, pages15–16,Toulouse,France,October23–252002.
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DánielVarró PhDtheses
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