aalaiaial

m
" aaa " 1l
ans ans

MUEGYETEM 1782
BUDAPEST UNIVERSITY OF TECHNOLOGY AND EcoNOMICS
DEPARTMENT OF MEASUREMENT AND INFORMATION SYSTEMS

AUTOMATED MODEL TRANSFORMATIONS
FOR THE ANALYSISOF IT SYSTEMS

PHD THESISBOOKLET

DANIEL VARRO
MSC IN TECHNICAL INFORMATICS

SUPERVISOR:

DR. ANDRAS PATARICZA, PHD
ASSOCIATE PROFESSOR

BUDAPEST, DECEMBER 2003



Daniel Varro PhDtheses




Daniel Varro PhDtheses

1. Preliminaries and Objectivesof the Reseach

For the pastdecadesthe maintrendin softwareengineeringhasbeenalmostexclusively
dominatedby the object-orientednodelingand programmingparadigm. However, the
first object-orientedorogramminglanguagesind designmethodshave beenspecificto
thepeculiaritiesof softwaredevelopmenteamsthusmary of suchlanguagesvith slight
(or major) differencesexistedin parallel. Dueto the increasingcomplexity of software
intensie systemsthe designprocesshasalsobecomedistributedin additionto the sys-
temitself. As aresult,differentsoftwaredevelopmenteamshadto facecommunication
problemsmoreandmorefrequentlywhich originatedin thedifference®f object-oriented
designmethodologiesndmodelinglanguages.

Therealbreakthrougtin thefield wasthecreationof theUnified Modeling Language
(UML) [RJIB99],whichhasbecomehedefactostandargndvisualobject-orienteanod-
elinglanguageThesuccessf UML partiallyliesin thefactthatit is astandad notation,
wheredesignersand programmersisea commonlanguageto specify the systemthus
preventingcommunicatiorproblemscausedoy differentbackgroundsn education.The
othermainsuccess$actorof UML is its visualnaturewhich enables step-wiseandview-
orienteddesignprocesdor a softwaresystemusingintuitive visualdiagrams.

However, bothacademiandindustrialapplicationshave revealedseveral shortcom-
ingsof thelanguageconcerninggespeciallyits imprecisesemanticandthelack of adapt-
ability in domainspecificapplications Dueto its monolithnature UML is hardto betai-
loredto the needsof domainspecificapplicationgsuchasreal-timesystemsscheduling,
etc.) which hasresultedin alarge collectionof UML Profileswith unintuitive graphical
notation.Neverthelessthe mostsevereproblemis still thelack of precisesemantic®rig-
inatingin the factthatwhile the structure of modelelementsn the languages precisely
defined(by a correspondingnetamodehlndwell-formednesgonstraints)the semantics
of a modelelementis definedinformally in pure (and sometimesoor) English. As a
consequencehe definition of someconstructdn the languageare eitherincompleteor
ambiguousthusit canbeinterpretedifferently by the designeandthe programmer

Formal methodsin the designof IT systems. Thelack of precisesemanticsor UML
is more critical whenusingUML for the designof reliable (suchastelecommunication
andbankingsystems)and safety-criticalsystemgsuchas safetyequipmentsand moni-
toring servicesn railway systemsor in aviation), wherea failure of a servicemay result
in severematerial/financialossesor evenin casualties.In suchsystemsthe traditional
testing-basedievelopmentprocessis insufficient, sinceit is impossibleto cover each
potentialfault by a correspondingestcasedueto compleity andunanticipatedaults.
During the verification and validation of critical systemswe haveto prove with mathe-
matical precisenesthat the systenunderdesignwill fulfill its requirements.

The verificationof dependablesystemss carriedout usingformal methods but the
wide useof formal methodss hinderedby severalfactors.First, formal methodsequire
a thoroughmathematicabackgroundwhich is frequentlylacked by software engineers.
Moreover, thefaithfulnesf mathematicamodels andtheconsistencyftheUML-based
systemmodelandthe mathematicamodelsarehardto be guaranteed.

In the late 1990s,the Fault TolerantSystemsResearcthGroup at the Departmenof
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Measuremenand Information Systemsat BudapesUniversity of Technologyand Eco-
nomicsparticipatedn a EuropearESPRITprojectwith the acrorym HIDE (High-level
DesignEnvironmentfor Dependability]BDCL*01,1]. Theaim of theHIDE projectwas
to bridge the gap betweenthe intuitivenessof high-level visual systemmodelsandthe
precisenessf mathematicamodelsby automatedmodeltransformations. UML-based
systemmodelsarefirst automaticallytransformednto variousmathematicamodels,and
then, the resultsof the analysisare automaticallybadk-annotatednto the sourceUML
descriptionthushiding the underlyingmathematicérom systemarchitects.

Severalmodeltransformationsiave beendesignedandimplementedvithin theHIDE
framework for proving functional correctnes®f the system[LMM99] or carrying out
guantitatve analysissBMM99]. However, the benchmarkexperimentsandapplications
haverevealedthatthetransformatiorscriptsthemseleswerethequality bottleneckof the
HIDE framework. The mainproblemswerethefollowing:

e Thedesignof transformationsvascarriedoutin anadhocway. Furthermorethere
wasahugeabstractiorgapbetweerthemathematicahotationsusedn publications
andthelow-level transformatiorianguage.

e Without properautomation the implementationof a complex transformationre-
guired a huge cost (several personmonth) even if the theoreticaldesignof the
transformatiorwasalreadywell-founded.

e Without a formal mathematicabackgroundf transformationsit wasimpossible,
in practice,to prove the correctnesf transformations However, without such
correctnesproofs, it is impossibleto decidewhethera problemdetectedby the
mathematicahnalysisoriginatesrom aflaw in thesystemmodelor in thetransfor
mationprogram.

The objective of my researchwasto designandimplementa modeltransformation
framavork which provides automatedprogramgeneratiorand verificationfacilities for
transformationspecifiedpreferablyin ahigh-level visualnotation.l setup thefollowing
requirementsvhich have to be fulfilled by a complex automatednodeltransformation
system:

e Requirement 1 The easy—to—understarn@isual) and mathematicallyprecisede-
scription of source and target modelinglanguagesand models which is closeto
existing industrialstandards;

e Requirement2 A generalhigh-level specificationrmethodfor the formal descrip-
tion of modeltransformations

e Requirement 3 An efficient badk-annotationthat back-projectthe resultsof the
mathematicaknalysisnto the UML design;

e Requirement4 A (preferablyautomatedjmethodfor formally proving correctness
andcompletenessf transformations;

e Requirement5 Theautomaticsynthesi®f transformatiorprogramsimplementing
the provenly correctspecificatiorof the modeltransformation;

4
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2. Research Method

Theserequirementdasicallydeterminedhe mainline of my researctandtheindividual
subtaskgo be solved.

Designingthe structur e of modelinglanguages. Initially, | investigatedhe methodol-
ogy andthelanguagesonstruct®©f MOF metamodelingMetaObjectFacility [OMGO03]),
whichis consideredo bethedefactostandaraf specifyingthestructureof modelinglan-
guagesn engineeringlomains. TheMOF metamodelingntroducesaso-calledour-layer
architecturdor separatinghe concernsof the modelingparadigm(metametamodeljhe
modelinglanguagegmetamodels)the modeledsystem(models)andthe objectsof the
realworld, wherethe elementsf a highermetalevel areinstantiatedexactly one meta-
level below.

| revealedseveralweaknessesf MOF metamodelingvhich hinderthe uniquetreat-
mentof modelinglanguagesakenfrom eithermathematicabr engineeringdlomainsde-
spitethe fact that its visual and object-orientechaturemakes MOF an intuitive design
notationfor engineers.

Therefore,while keepingthe visual notationand elementaryconstructsof MOF, |
extendedthe methodologyof metamodelingn depthby introducingdynamicallyrecon-
figurableinheritanceandinstantiatiorrelationswhich makesthe confusingnotionof met-
alevels obsolete(Thesisl). A specialemphasisvasput on to definea minimal core of
metamodelingelementswhich are more expressve than MOF constructs(decreasen
Size,increasan expressveness).

My aimwasnot to definea merelytheoreticaimetamodelingramework, but also(i)
to setup consisteng constraintdor this framewvork and(ii) to definea setof elementary
operationsvhich guarante¢he consistenmanipulation®f models.

Visual specificationof model transformations. In parallelwith theresearchof meta-
modelingtechniquesl startedto investigatewhatkind of preciseformalismsexist in the
literatureto specifytransformationbetweenmodelinglanguagesin early stagesof my
research{in 1999),scientificresearchn thefield wasin aratherpreliminarystate.

As soonasgettingfamiliar with graphtransformationthe adaptatiorof theparadigm
to model transformationtaskshasbecomean obvious and highly desirablegoal since
graphtransformatiorprovides a visual yet mathematicallyprecisemethodto capturea
large variety of transformations.

Thisadaptatiorprimarily includedthe combinatiorof graphtransformatiorandvVPM
metamodelingthe introductionof elementarycontrol structuresandthe conceptuabe-
velopmenibof referencanetamodels$o supportthe back-annotatioof modeltransforma-
tions. My new scientificresultsin thisfield aresummarizedn Thesis2 of thedissertation
wherel proposea formalismfor the uniform operationakpecificatiorof modeltransfor
mationsandmodelinglanguages.

Automating modeltransformations. TheHIDE project,which precededny research,
hasalreadydemonstratethatthe automaticsynthesisof a provenly correctimplementa-
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tion of amodeltransformations critical in amodeltransformation-baseekrificationand
validationprocesof IT systems.

For that reason,| investigatedhow a graphtransformationvirtual machinecan be
implementedn variousprogrammingervironments.| concludedthat, althoughseveral
graphtransformatiortools exist in academidields, all of themareresearctprototypes,
thustheusability, adaptabilityandscalabilityof thesetoolsarequestionabléor industrial
sizemodeltransformations.

Whenexamininghow to specifytheproces®of automategrogramgeneration| found
thatin the majority of codegenerator$uilt into industrialUML CASEtoolsthis process
is ratherad hoc. Rareexceptionsarethosemoderntools thatusestandardJML Action
Semanticastheir specificatiodanguage.

Therefore,in Thesis3, | proposea new methodfor programgenerationwherethe
generatiorprocesss specifiedby consecutre modeltransformations. alsoelaborated
a Prolog-base@ndan Action Semantics-basedrtual machinefor graphtransformation
systems.

Formal verification of modeling languages. Sincethe operationalsemanticof both
modelinglanguagesand transformationdetweensuchlanguagesre definedby graph
transformationjt is essentiato find automatednethodsfor the formal analysisof such
specifications.

For proving the correctnes®f a systemmodel,a large numberof tools areavailable
basedon modelcheckingor theoremproving. We cantypically drav moregeneralcon-
clusionson a model by using theoremprovers; however, their userequiressignificant
amountof mathematicaéxpertiseanduserinteraction.Thereafterl focusedny attention
on model checlerswhich provide a very high-level of automation(naturally they can
only examinearestrictedsubsebf models).

Overviewing theliteratureontheexistentsupportfor amodelchecking-basednalysis
of graphtransformationsystems| (surprisingly)found that the practicalfeasibility of
existing (theoretical)approache$or model checkinggraphtransformationsystemshas
not beendemonstratedby using off-the-shelfmodelchecler tools (or ary otherkind of
tool support).

In Thesis4, | first introducea new methodfor modelcheckinggraphtransformation
systemswhich is mathematicallysoundandpracticallyfeasibleaswell (wherepractical
feasibility is assessedn well-known verificationbenchmarks).

Formal verification of model transformations. As the specificationof automated
modeltransformationganalsobe erroneousit necessitateBnding formal (and prefer
ably automatedjvaysof proving the correctnessf a modeltransformation.

Firstl introducedasetof criteriawhich hasto befulfilled by any modeltransformation
consideredo be correct. In this respectwe may distinguishbetweenthe syntacticand
semantiaccorrectnes®f modeltransformationsFor a syntacticcorrectnessnalysisone
hasto decidewhethertheresultof thetransformations awell-formedmodelof thetamet
language. In caseof semanticcorrectnesanalysis,our goal is to decideif the model
transformatiorpreseres(transformatiorspecific)correctnesproperties.
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In Thesis4, | proposea methodbasedon planneralgorithmsfor proving syntactic
correctnessand| developa new techniqueto decidewhethera propertyis left invariant
by a transformationbasedupon the model checkingof sourceand target modelswith
operationakemanticglefinedby graphtransformatiorsystems.

3. New Scientific Results

3.1. VPM: The Mathematics of Metamodeling

Wheninvestigatinghe Meta ObjectFacility (MOF) metamodelingtandarfOMGO03], |
discoveredseveralinconsistenciesedundancieandmissingconceptsn ametamodeling
languagewhereminimality, mathematicaprecisenessandexpressvenesss critical for
the quality of specificatiorfor a large scaleof visualmodelinglanguagesMoreover, due
to thelack of formal semanticsthe applicability of MOF is problematidfor a preciseand
meta-level descriptionof mathematicamodels.

Thesisl. | defineda visual,andformally precisemetamodelingvVPM) frameavork based
uponthe structute of traditional mathematicaldefinitionsand the generlization of the
traditional inheritanceandinstantiationrelationsthat handlesuniformlyarbitrary meta-
modelsand modelstakenfrombothengineeringand mathematicalomains.

e Structural refinementof models. Basedupona minimal core subsetof MOF el-
ements(classes/entitiesassociations/connectiongattributes/mappings)l elabo-
ratedtherefinementalculusof structural modelelement¢Sec2.4),which handles
therefinementi.e., inheritanceand instantiation)of all modelelementgassocia-
tions, attributesand padages)in additionto therefinemenof classes.

e Staticconsistencyanalysis.l proposedh geneial method Sec.2.5)baseduponthe
partial orderrelationimposedyinheritanceandinstantiationrelationsthatallows
to formally detectand automaticallyresolvemodelsand metamodelsiolating the
refinemenaxiomsof VPM models.

¢ Algebraic descriptionof VPM models. | proposedmeta-lerel and model-level
(Sec.3.3.1, 3.3.1 and 3.5) algebraic representationsand well-formednesson-
straintsof VPM modelsbasedon the mathematicaparadigmof abstract statema-
chines[Gur95].

e ElementaryVPM operations.| proposecelementarypermations(in Sec.3.4) that
provenlyguaranteethe consistenmanipulationof the algebraic representatiorof
VPM models.

e Separationof static and dynamic model elements. In addition to traditional
static modelelements] introducedthe conceptsof dynamicmodelelementsin
Sec.2.2.1),which is indispensabldor the specificationof dynamicsemanticdor
modelinglanguages.
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Thethesisis baseduponChapter2 and3 of the PhDdissertationandit waspublished
in[3,4,12,13,18,27-29].

It is worth emphasizinghat theserefinementrelationscan be reconfigureddynam-
ically during the evolution of VPM models. In this way, behaioral descriptions(see
Thesis2) canalsobe storedand manipulatedas models,hencel adaptedhe Neumann
principlein the VPM metamodelindramenork.

3.2. Formal Specificationof Modeling Languagesand Model Trans-
formations

| examinedthe differentmodeltransformationapproaches the UML literature(such
as[Mil02, AK02,HKT02,Whi02,dLV02]). As aconclusion) drew thatthemajority of ap-
proacheproviding aclosefit to bestengineeringracticetypically usedvisualtechniques
for the specificatiorof modeltransformationdbaseduponthe paradigmsf metamodel-
ing and graphtransformation.On the otherhand,| experiencedhat (i) the adaptation
of existing visualformalismsto the VPM metamodelingramevork wasproblematic (ii)
back-annotatiomvastypically notsupported(iii) therewasnomeango supportthereuse
of dynamicbehaioral specificationsand (iv) the designof modeltransformationvas
carriedoutin anadhocway.

Thesis2. Basedonthe paradigmof graphtransformation| elaborateda mathematically
preciseand visual formalismthat simultaneouslysupportsthe (i) meta-lerel definition

of an opemtional semanticgo an arbitrary modelinglanguage and (i) the high-level

specificatiorof modeltransformationsvithin and betweersud modelinglanguages.

e An ASM semanticsof graph transformation. | proposeda formal operational
semanticso graphtransformationrules(Sec4.3)basednabstactstatemadines
which captuesthesemantidifferencesf major graphtransformatiorapproades.

e Control structures. In order to restrict the non-determinisnof graph transfor
mation, | definedbasic control structures in the form of a control flow graph
(Sec4.4.1).

e Supportfor badk-annotation. In order to provide meansfor the badk-annotation
of the resultsof a formal analysiscarried out on the systemmodel,| introduced
the conceptof refeencemodelsand metamodel¢Sec.4.4.4) that interrelate the
element®f the source andtargetmodelinglanguage.

¢ Refinementf dynamicbehavior | proposed refinemenof graphtransformation
rules(Sec4.5)in orderto enablethereuseof dynamidoehaviorwhenspecifyinghe
opemtional semantic®of further modelinglanguagesand modeltransformations.

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. Automated Model and Program Generation

Overviewing existing graphtransformatiorbasedmodeltransformatiorapproachesnd

tools, | realizedthat generalpurposegraphtransformationsystemscould be usedcon-

ceptuallyfor the automationof modeltransformationgsee[HKTO02], for instance) but

the supportthey provide is frequentlyinsufficient for transformationgxecutedon large

UML modelsdueto the factthatit is difficult to adaptthemto existing UML CASE

tools. Moreover, asthesetransformatiorntoolsareresearclprototypesthetransformation
programgyeneratedy themcannotbedirectly usedin industrialtransformations.

Thesis 3. In order to supportthe implementatiorof modeltransformations| proposed
automatedorogram (and model)genemtion techniquesthat automaticallysynthesizea
transformationprogram from the high-level specificationof the transformation(defined
by metamodelingand graph transformationtechniques)which can be executedon an
arbitrary modelof themodelinglanguage(s).

1. Automatedprogram generationby modeltransformation. | proposeda reflective
way (consistingof consecutivenodeltransformationsteps)to provide automated
programgenetion for modeltransformationgSec5.2.3).

2. A Prolog implementationof modeltransformation virtual madine. | elaborated
a Prolog implementatiorof a virtual madineexecutinghigh-level specification®f
modeltransformationgSec.5.2.1and5.2.2). Theimplementatiorof graphtrans-
formationrulesis basedupona graphpatternmatdingalgorithmusingdepth-fist
search with optimizedclauseordering and the powerfulunificationmedanismof
Prolog. Therealizationof the control flow graph exploits the meta-pogramming
facilities of Prolog.

3. Action Semanticsdescriptionof modeltransformations. | proposedhowto map
modeltransformationgnto standad Action Semanticexpressions(in Sec.5.4).
Graphtransformatiorrules are simulatedby an algorithm usinglocal seachesin
anobject-orientedstructure, while thecontrol flowgraphis implementedby built-in
compoundactionsof the Action Semanticstandad.

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 naturalrequirementor a complex modeltransformatiorsystemis the automatedor-
mal verificationof modelsandtransformations.The questionwasfirst addressedh the
literatureby providing a setof correctnesandcompletenesesriteriain [2,15,19]. Exam-
ining theexistingtechniquesndtoolssupportingheautomatedormalanalysidor graph
transformationsystemscapturingthe dynamicbehaior of a model, | found that while
the correctnessnalysisof graphtransformatiorsystemshasbeeninvestigatedecently
in several papergdBK02, PE02 Hec98]from a theoreticalpoint of view, no generaland
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modelinglanguagandependenapproaclexistedthatis directly applicableandprovenly
feasiblein practiceaswell. However, since model checkingtools frequently have to
facethe statespacesxplosionproblem,the practicalfeasibility of verificationapproaches
shouldbeindispensable.

Thesis4. | presentedan approad for theautomatedrerificationof any specificinstance
modelof an arbitrary modelinglanguage (with static structure definedoy metamodeling
andopemational semanticslefinedoy graphtransformatiorsystemsiisingexistingmodel
cheder tools. Moreover, | definedconsistencyriteria for modeltransformationsand |
proposedmethodgo formally verify the syntactic(proving language containmentjand
semanticonsistencyaimingat propertypreservationspf sud transformations.

e Provenly correcttransition systenrepresentation.For any graphtransformation
systeml definedan encoding(Sec.6.3.1and 6.3.2) which derivesa behavioally
equivalentransitionsystem.

e Optimizedmodeldescription.| introducedseveral optimizationgSec.6.3.3)in the
transitionsystemencodingof a graphtransformatiorsystenexploiting thefactthat
graphtransformatiorrulesonly modify(by definition)dynamicnodelelementshus
all the staticpartsof a modelcanbe eliminatedafter compile-timegoreprocessing

e Performanceanalysisof verification. | demonstatedthe practical feasibility of
the approad by assessinghe efficiency of model cheding the target transition
systermon bendimarkverification problems(Sec.6.5). Asa conclusion,| derived
the “few compl« is better than manysimple” principle as a verificationrule of
thumbwhich mayhelpthetransformatiorengineesto designgraphtransformation
systemsvhich are efficientfroma verificationaspect.

e Consistencycriteria for modeltransformations. | proposedgeneil consistency
criteria for modeltransformationgSec.7.1.1)which hasto beprovenlysatisfiedby
any specificmodeltransformation.

e Proving syntacticcorrectnessaand completenessf modeltransformations.| elab-
orateda methodbasedon planneralgorithms(Sec.7.2) for proving the syntactic
correctnesandcompletenessf modeltransformationsAsa consequengeve may
decidewhetherthetargetmodel(obtainedasa resultof a modeltransformation)s
provenlya well-formedmodelof thetarget modelinglanguage.

e Semanticconsistencyanalysisof modeltransformations. | proposeda geneal
andautomatedramevork (in Sec.7.3)which allowsto investigatevhethercertain
(transformatiorspecific)semantiaconsistencyropertiesare preservedy a model
transformation.

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

Onecanconcludethat my approachs thefirst complex solutionin the literaturefor
a languageindependenformal verification of visual modelinglanguagesising model
checkingtechniquesvhichis alsoassessedn practicalbenchmarks.

10
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4. Utilization of New Scientific Results

In orderto demonstratéhe practical,industrialutilization of theoreticaresultspresented
in the currentthesis,we (wheretheterm“we” alsorefersto several studentsvorking on
their Masters or PhDthesis)carriedout the developmentof a setof tools supportingour
modeltransformatiorapproachin additionto basicresearch.

The VIATRA modeltransformation framework and its applications. Adaptingthe
mainindustrialstandardgincluding XMI, MOF andUML), | designedandimplemented
in Prologthe VIATRA modeltransformatiorsystem which carriesout modeltransfor
mations(following our theoreticalfoundationsof Thesis2 and 3) on modelsgivenin a
standardXMI formatby automaticallygeneratingandexecutingPrologprogramsierived
from high-level rule descriptionspecifiedn a UML notation.

Using the VIATRA modeltransformationsystemin an Hungarianresearchproject
(IKTA 065/2000:A framework for designingandtestingdependablend safetycritical
systems)] designedandimplementedmodeltransformationsyhich were testedafter
wardson UML basedsystemmodelstakenfrom industrialpartners As a conclusionwe
drew thatevenanacademiqrototypetool suchasVIATRA hadanacceptableun-time
performancevenfor real-sizemodels.

Modeling benchmarks. In orderto demonstratéhe expressvenessand practicalfea-

sibility of our modeltransformatiorapproach| proposecdaformal operationakemantics
for the well-known visual modelinglanguagef Petri netsand ExtendedHierarchical
Automata(which is a standardormalizationof UML statechartsin the form of model

transformatiorsystems.| alsoprovedthatthis semanticss provenly equivalentin each
casewith thetraditionalmathematicatlescriptionof thelanguage.

A designmethodologyfor modeltransformations. | alsoelaborateddesignmethod-
ologyfor modeltransformationsvhich defineghemainphase®f adesigncycleintroduc-
ing the conceptof static,dynamicandderived modelelementon the metamodelevel,
anddividing the procesof modeltransformationsnto aninitialization andan execution
phase.

Model checking modeling languages. We developeda tool called CheckVML [10]
(baseduponthe foundationsof Thesis4) which automaticallyderivesa Promelamodel
astheoutputfrom the metamodeltheinstancenodelandthe setof graphtransformation
rulessuppliedastheinput. This Promelamodelsenesasthe input of the SPIN model
checler tool [Hol97]. After that,feedingthe propertyto be proved (givenin the form of
temporallogic formulae)directly to SPIN we may decidefor ary specificmodelof an
arbitrarymodelinglanguagevhetherthe given propertyholds.

Ongoing development and futur e work. An ongoingactvity aims at developing a
metamodelingool basednour VPM foundationgof Thesisl) andintegratingit into the
VIATRA framework afterwards. The overall objective is to developa new generatiorof
theso-calledVieta-CASEtoolswhich simultaneouslyprovidesmathematicapreciseness,

11



Daniel Varro PhDtheses

andreusabilityof bothstaticanddynamicsemantiaescriptiongor awide rangeof visual
modelinglanguages.

Furtheractuities aim at implementingthe encodingof model transformationrules
into Action Semanticexpressionsn an off-the-shelfUML CASEtool (with supportfor
Action Semantics).As aresult,all the theoreticalfoundationscanbe integratedinto an
industrialenvironmentaswell.
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