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Abstract. Model transformationsystemsaregraphtransformationsystemsthat
performtranslationsbetweenlanguagesdefinedby a correspondingmetamodel
asthe type graph.The currentpaperproposesa reflective methodfor the auto-
maticgenerationof the implementationfor suchtransformationsystemsderived
from a high–level specificationconsistingof a setof graphtransformationrules
anda controlflow graph.Theprogramgeneratortakesa UML profile tailoredto
modeltransformationsystemsasthe input, andproducestheoutputPrologpro-
gramby successive modeltransformationsteps.In this respect,only thecoreof
theprogramgeneratoris implementedby hand,andafterwards,thiscoreprovides
automationfor additionalfeaturesof theVIATRA modeltransformationsystem.
Keywords: modeltransformation,graphtransformationsystems,automatedpro-
gramgeneration

1 Intr oduction

1.1 Model transformations in systemdesign

Although the Unified Modeling Language(UML) hasbecomethe de facto standard
visualmodelinglanguageof object–orienteddesign,bothacademicinvestigationsand
engineeringexperimentshave revealedseveral shortcomingsregarding,especially, its
imprecisesemanticsandthelack of flexibility in domainspecificapplications[9]. Re-
cently, the UML 2.0 RequestFor Proposalissuedby the OMG hasaddressedto re-
architecturethesingleandmonolithlanguageinto a family of languageswith individu-
ally definedsemanticsbasedon a kernelmetamodelinglanguage.

However, as the formal semanticsof differentviews of the system(i.e., separate
diagramslike classdiagrams,statecharts,sequencediagrams,etc.) might be defined
in different semanticnotations(e.g.,by Petri nets,SOSrules,graphtransformation
systemsetc.), the integrationof suchlocal views into a consistentglobal view of the
systemrequiresa precisespecificationof transformationswithin and betweenUML
models.

In practice,transformationsarenecessitatedfor several purposes:(i) modeltrans-
formationswithin a languageshouldcontrol thecorrectnessof consecutive refinement
�
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steps,(ii) modeltransformationsbetweendifferent languagesshouldprovide precise
meansto project the semanticcontentof a diagraminto anotherone,which is indis-
pensablefor a consistentglobal view of the systemunderdesign,and (iii) a visual
UML model(i.e., a sentenceof a languagein theUML family) shouldbetransformed
into its semanticdomain,whichprocessis calledmodelinterpretation.

As theabstractsyntaxof UML modelsis definedvisuallyby acorrespondingmeta-
model,a straightforwardrepresentationof suchmodelscanrely on theuseof directed,
typed,andattributedgraphsfor theunderlyingsemanticdomain.Therefore,theuseof
graphtransformationfor capturingthe semanticsof model transformationsis a natu-
ral choicewhich alsofits well to engineeringpracticesasa consequenceof its visual
expressiveness[20].

However, even if the formal specificationof a transformationis precise(andfor-
mally verified),its implementationis still highly error pronedueto a huge abstraction
gap betweenvisual UML modelsand formal mathematicaldescriptions. For this rea-
son,theautomatedgenerationof a programthat implementsthetransformationis also
a majorrequirementfor modeltransformationsystems.

1.2 VIATRA: Visual AutomatedModel Transformations

VIATRA (VIsualAutomatedmodelTRAnsformations)is aprototypetool beingdevel-
opedat theBudapestUniversityof TechnologyandEconomics,thatprovidesa general
meansto specifyand implementvarioustransformationsbetweenmodelsdefinedby
their correspondingmetamodelsby theparadigmof graphtransformation.

VIATRAinterface Theuserinterfaceof VIATRA is asetof XMI 1 files,whichincludes
descriptionsof metamodels,modelsandtheir transformationsin all phasesof model
transformations.

1. Metamodels:BothUML andmathematicallanguagesaredefinedby acorrespond-
ing metamodel(e.g.,a metamodelfor Petrinets,or statetransitionsystems,etc.),
which is constructedin a commercialUML CASEtool having XMI export facili-
ties.

2. Transformations: Theelementarymodeltransformationstepsaredefinedby spe-
cially structuredgraphtransformationruleswhile theentirecomputationis speci-
fied by a controlflow graph.In practice,bothgraphtransformationrulesandcon-
trol flow graphsaredescribedin a high-level UML notationusinga transformation
specificprofilebasedon UML Classdiagrams.

3. Models: For obtainingaflexible andgeneralinterface,theinputandoutputmodels
of VIATRA (thusbothUML andmathematicalmodels)areXMI files conforming
to theirmetamodel.

VIATRAfeatures The currentversionof VIATRA supportsthe following (main) fea-
tures.

1 XMI (XML MetadataInterchange)is thestandardXML-baseddescriptionformatfor systems
basedonMOF metamodeling.
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1. AutomatedDTD generation:A correspondingDTD (DocumentTypeDefinition)
canbegeneratedautomaticallyfrom metamodels.

2. Automated program generation: WhenVIATRA is suppliedwith the input files
of the transformationandthe metamodels,it automaticallygeneratesthe declara-
tion of the transformation(in Prolog)including the implementationof thecontrol
flow graphandgraphtransformationrules.

3. Automated transformation: This transformationprogramis thenexecutedon an
arbitrarysourcemodel,andthetargetmodelis generated.AlthoughVIATRA cur-
rentlyusesPrologastheunderlyingtransformationengine(i.e., theconcretetrans-
formationof modelsis performedin Prolog),it is hiddenfrom theuserandit still
providesamoreefficientsolutionthanby usinganXSLT 2 engine.

Thecurrentpaperprovidesanoverviewof theunderlyingprogramgenerationmethod
of VIATRA (a more detaileddescriptioncan be found in [19]). The main charac-
teristicsof our solution are (i) the useof intermediatetransformationstepsto avoid
re-implementingcodegenerationfor executableprogramsand input descriptionsfor
model checkingtools, (ii) the reflectivespecificationmethodembeddedin the code
generationprocess(the implementationof model transformationsystemsis specified
by model transformationsystems),(iii) anda (future) bootstrappingstepto improve
the quality of the codegeneration(whena previousversionof the programgenerator
is usedfor generatingthe next versionof the programgenerator, in analogywith the
well–known bootstrappingtechniquesof compilerdesign).

2 Automated Program Generation for Model Transformation
Systems

2.1 Theoretical background of model transformations

We provide a brief overview of the main conceptsof modeltransformations,namely,
modelgraphs,modeltransformationrulesandmodeltransitionsystems.

Definition 1. A modelgraph
�

is a directed,typedand attributedgraph. The type
graphof a modelgraphis calledthemetamodel, which is relatedto a modelgraphbya
typinghomomorphism.Themetametamodelis thecommonlanguage (in otherwords,
the top-mosttypegraph) for describingmetamodels,which is reflective(i.e., its type
graphis itself).

In model transformationsystems,the sourceand target modelsare relatedby a
referencegraph,whichis, in fact,anordinarymodelgraph.In general,areferencegraph
is a commonabstractionof the sourceand target modelsrelating the corresponding
nodesandedgesto eachother.

Definition 2. A modeltransformationrule �����	��

��
���
���� is a specialgraphtrans-
formationrule, whereall graphs� , � and � aremodelgraphsappliedin thespecified
mode� .

2 XSTL (eXtensibleStylesheetLanguageTransformation)is anXML technologyusedfor de-
scribing(mainly syntactic)transformationsbetweenXML files.
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The application of � to a host graph
�

replacesan occurrenceof � (left-hand
side) in

�
by an imageof � (right-handside)yielding the derived graph � . This is

performedby

1. findingan occurrenceof � in
�

, which is eitheranisomorphicor non–isomorphic
imageaccordingto �

2. checking thenegativeapplicationcondition � , whichprohibit thepresenceof cer-
tainnodesandedges

3. removing thosenodesandedgesof thegraph
�

thatarepresentin � but not in �
yielding thecontextgraph � (all danglingedgesareremovedat this point)

4. adding thosenodesandedgesof the graph
�

that arepresentin � but not in �
attainingthederivedgraph � .

Currently, the behavior of VIATRA follows conceptuallythe single pushoutap-
proach[6] (i.e.,removingdanglingedgesandallowingnon–isomorphicimagesin graph
patternmatching),however, the concretegraphmanipulationsaredefinedandimple-
mentedby logicsbasedrewriting showing closercorrespondenceto the techniquesof
[16].

Theentiremodeltransformationprocessis definedby aninitial graphmanipulated
by a set of model transformationrules (micro steps)executedin a specificmodein
accordancewith thesemantics(macrosteps)of a hierarchicalcontrolflow graph.

Definition 3. A modeltransition system����������� �"!$#%

�&
�')( � � with respectto (one
or more) typegraph � � is a triple, where � �"!$# definesthe initial graph, � is a setof
modeltransformationrules (bothcompatiblewith � � ), and ')( �

is a setof a control
flow graphsdefinedasfollows.

– There are six typesof nodesof theCFG,each associatedwith a rule �+*�� : Start,
End, Try, Forall, LoopandCall.

– There are two typesof edges:succeedandfail .

Thecontrolflow graphis evaluatedby a virtual machinewhich traversesthegraph
accordingto theedgesandappliestherulesassociatedto eachnode.

1. The executionstartsin the Start andfinishesin the End node.Neither typesof
nodeshaverulesassociatedto them.

2. Whena Try nodeis reached,its correspondingrule is tried to beexecuted.If the
rulewasappliedsuccessfullythenthenext nodeis determinedby thesucceededge,
while in casetheexecutionfailed,the fail edgeis followed.

3. At aLoop node,theassociatedrule is appliedaslongaspossible(whichmaycause
non-terminationin themacrostep).

4. WhenaForall nodeis reached,therelatedrule is executedparallellyfor all distinct
(possiblenone)occurrencesin thecurrenthostgraph.

5. Finally, ataCall node(whichhasanassociatedCFGandnotarule) thestateof the
CFG virtual machineis saved andthe executionof the associatedCFG is started
(in analogywith function calls in programminglanguages).When the subCFG
machineis terminated,thesavedstateis restored,andtheexecutionis continuedin
accordancewith theoutgoingedge(succeedor fail ).
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2.2 A casestudy: Semanticsof MessageSequenceCharts

To provide a moredeeperinsight into theexpressivenessof modeltransformationsys-
tems,below weconsiderasemanticinterpretationof MessageSequenceCharts(abbre-
viatedasMSCsin the sequel).The semanticsof MSCsthat definea partial orderon
events(following the semi-formaldescriptionin [14]) is capturedby a corresponding
modeltransformationsystem.

M1

M2

M3

M4

M5

M5

P1 P2 P3 Process

SendEvent RecEvent

Event

Message

precedes

send receive

events

above

Fig.1. MessageSequenceCharts:visualsyntaxandmetamodel

MessageSequenceCharts(asampleMSCmodelis depictedin Fig. 1 togetherwith
a metamodel)areconstructedfrom Processes(depictedasrectangles) that communi-
cateby sendingandreceiving Messages(shown asarrows). Thefactthata messageis
sentor receivedis representedby acorrespondingEvent (SendEvent or RecEvent) on
the processline (depictedasvertical lines). If a message�-, is (supposedto be) sent
beforeanothermessage�/. thenthearrow representing� , appearsabovethearrow of
�/. .

For the semanticinterpretation,we definea partial orderon MSC eventsandfor-
malizeit by themodeltransformationsystemof Fig. 2 asfollows.

– Causality. If 0 is thesendeventand 1 is thereceiveeventof thesamemessagethen
0 precedes1 .

– Controlability . If 0 appearsabove 1 on thesameprocessline, and 1 is asendevent
then 0 precedes1 . This orderreflectsthe fact thata sendeventcanwait for other
eventsto occur. On the otherhand,we typically have lesscontrol on the orderin
which receiveeventsoccur.

– FIFO order. For any sendevents032 and 142 on the sameprocessline where 032 is
above 142 , 0 precedes1 for thecorrespondingreceiveevents0 and 1 .

– Transitivity. Theprecedesrelationis transitive, i.e., if 0 precedes1 and 1 precedes
� then0 precedes� .

Example1. We selectrule transClosureR for deeperinvestigations.Accordingto the
control flow graph,this rule is appliedin loop modein the very endof the semantic
transformationprocess,andgeneratesthetransitive closureof theprecedesrelation.If
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<end>

Fig.2. Definingsemanticsfor MessageSequenceCharts

eventP is alreadyconnectedto Qby aprecedes edgeandQis alreadyconnectedto R
(accordingto theleft-handsideof therule),andif P is notconnectedyetto Rby apre-
cedes edge(negativecondition),thenanew precedes edgeis addedleadingfrom P
to R (asdefinedby theright-handside).Loopmodeprescribesthatrule transClosureR
shouldbeappliedaslong aspossible.

Therulesof thecorrespondingmodeltransformationsystemareratherstraightfor-
wardwith respectto themetamodelandtheinformalsemanticsof MSCs,whichclearly
demonstratesthedescriptivepowerof ourapproach.Eventhoughthecontrolflow graph
of our casestudyis relatively simple,theuseof CFGsfor restrictingthevalid compu-
tationsstill helpsreducethe complexity of rule preconditions(thusresultingin more
efficient patternmatching).In our case,we can safely omit the negative application
conditionsfrom rulesthatcanbeexecutedin forall mode(suchascausalityR,controla-
bilityR andfifoOrderR) withoutduplicatingprecedesedgessincethoserulesareapplied
parallellyin asingle(deterministic)transformationstep.
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2.3 Program generationfor graph transformation rules

Theautomatedprogramgenerationof VIATRA allows thetransformationdesignersto
focuson thedesignof amodeltransformationratherthanthe implementation. Previous
experiments(in projectHIDE [3]) demonstratedthat the quality of an automatically
generatedexecutabletransformationprogramis muchhigherthana manuallywritten
targetprogram.Moreover,oncetheautomatedprogramgeneratoriscompleted,thetime
andworkloadrelatedto thedesignof asingletransformationis drasticallydecreased.

In VIATRA, the programgenerationprocessof model transformationrules is di-
videdinto severalintermediatesteps.

1. Model transitionsystemsarespecifiedin a UML CASE tool (RationalRosewas
usedfor ourexperiments),andexportedin thestandardXMI format.

2. This UML modelis transformedinto a GraTra modelconformingto a metamodel
of graphtransformationsystems.

3. In VIATRA, modelgraphsarerepresentedaspredicatesin a factdatabase.For this
reason,the previous GraTra model is projectedinto a Logic modelcontaininga
sequenceof termsfor eachrule.

4. Thebridgebetweenvisual(graphbased)andthetextual languageof Prologis pro-
videdby theparsetreeof thePrologcode.In this sense,theLogic modelis trans-
formedinto acorrespondingPrologparsetree,andthetargetPrologcodeis printed
out by traversingthis treein anin-orderway.

Theimportanceof theseintermediatestepsis threefold.

– At first, thereis a hugeabstractiongapbetweena visualUML-basedspecification
of the transformationandeven sucha high-level programminglanguageasPro-
log. Thussplittingthetransformationinto severalsubtransformationsdecreasesthe
complexity of the individual steps,which easesnot only the implementationbut
alsotheverificationof theautomatedprogramgeneration.

– Secondly, theuseof intermediatemodelsincreasesreusability. For instance,when
generatingthe input languageof a modelchecker for the verificationof a model
transformation(anongoingresearchactivity), only thefinalstepneedsto bealtered.

– Finally, the intermediateGraTra modelprovidesthe right basisfor generatingthe
upcomingstandardXML descriptionof graphtransformationsystems[18] by a
simpletransformationfrom theGraTraXMI formatto GXL/GTXL.

In fact, eachintermediatetransformationstepis specified(and implemented)as
modeltransformation,whichmeansthattheentirecodegenerationprocessis captured
by graph transformation. In this sense,the implementationof model transformation
rulesis specifiedby modeltransformationrules.This approachis similar to the boot-
strappingprocessof compilerdesign,where,for instance,a C compileris written in C
andcompiledby anexistingC compiler, andrecompiledby itself afterwardsto provide
amoreefficientandreliabletargetcode.In VIATRA, thecurrentversionof theprogram
generatoris implementedmanually, while futureversions(with additionalfeatures,and
moreefficient / reliabletargetcode)aregeneratedby usingtheexisting versionof the
programgenerator.
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causalityR:-
node(msc:message(M)),
edge(msc:send(E1,M,P)),
node(msc:sendEvent(P)),
edge(msc:receive(E2,M,Q)),
node(msc:recEvent(Q)),
add(edge(msc:precedes(E3,P,Q))).

controlabilityR:-
node(msc:process(X)),
edge(msc:events(E1,X,P)),
node(msc:event(P)),
edge(msc:events(E2,X,Q)),
node(msc:recEvent(Q)),
edge(msc:above(E3,P,Q)),
add(edge(msc:precedes(E4,P,Q))).

fifoOrderR:-
node(msc:process(X)),
edge(msc:events(E1,X,P1)),
node(msc:sendEvent(P1)),
edge(msc:events(E2,X,Q1)),
node(msc:sendEvent(Q1)),
edge(msc:above(E3,P1,Q1)),
edge(msc:send(E4,M1,P1)),
node(msc:message(M1)),
edge(msc:receive(E5,M1,P)),
node(msc:recEvent(P)),
edge(msc:send(E6,M2,Q1)),
node(msc:message(M2)),
edge(msc:receive(E7,M,Q)),
node(msc:recEvent(Q)),
add(edge(msc:precedes(E8,P,Q))).

transClosureR:-
node(msc:event(P)),
edge(msc:precedes(E1,P,Q)),
node(msc:event(Q)),
edge(msc:precedes(E2,Q,R)),
node(msc:state(R)),
( edge(msc:precedes(E3,P,R) -

>
fail ; true),

add(edge(msc:precedes(E4,P,R))).

msc:-
forall(causabilityR),
forall(controlabilitR),
forall(fifoOrderR),
loop(transClosureR).

Fig.3. Programgenerationfor transformationrules

Example2. We continueour casestudywith a brief insight into the structureof the
generatedPrologcode(seeFig. 3). Again, we discussonly the behavior of rule tran-
sClosureRin details.ThePrologcodeof therulesimplementsthegraphpatternmatch-
ing by consecutive unificationsduring which the variablesP, Q, R, E1, E2 are
instantiated.Theoutermostterms(node andedge ) areresponsible,for instance,for
the hierarchicalmatchingof patterns(i.e., a nodeof type SendEventshouldalso be
matchedby the Eventpatternin caseof MSCs).The negative part (within parenthe-
sis) causesfailure for thecurrentmatchingif andonly if R is alreadya substateof P,
andthenstepsto the next matchingto be examinedby backtracking.Finally, after a
successfulpatternmatching,aprecedes edgeis addedbetweenP andR.

Theexamplealsodemonstratesthatthegeneratedprogrampartiallycontainstrans-
formationdependent(translated)Prologcode(i.e., thesequenceof termsrepresenting
querieson the model graph)and (interpreted)calls to built-in routinesfrom a VIA-
TRA library (like node() , edge() , androutinesimplementingdifferentmodesof
rule applicationdiscussedin theupcomingsection).
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cfgVM

pc=step

forallNodecfGraph

Rule

activeCfg apply
activeNode

cfgVM

pc=exec
rm=forall

forallNodecfGraph

selectR=T

Rule

activeCfg apply
activeNode

forallNodeR
forall(Rule):-

call(Rule), fail.
forall(Rule).

Fig.4. Executinga stepof thevirtual machine

2.4 Implementing the virtual machine

Theimplementationof thevirtual machinethatexecutesthecontrolflow graph(CFG)
of a modeltransitionsystembuilds uponthereflective propertyof programgeneration
in VIATRA astheoperationalsemanticsof thisvirtual machineis alsodefinedbymodel
transitionsystems.In this respect,the programcorrespondingto a rule is generated
automatically, andthe implementationof the “meta” CFG (i.e., the CFG that defines
thebehavior of thevirtual machine)is very simple.Theentiresemanticsof thevirtual
machineconsistsof 11 rules,from which the handlingof forall nodesis depictedin
Fig. 4.

Example3. Thesemanticsof rule forallNodeRis asfollows.Whenthevirtual machine
is to executeastep(pc = step ), thentheactiveCFGnodein theactivegraphshould
befoundandtheselectR attributeof theassociatedgraphtransformationrule is set
to truein orderto selecttherule for execution.Moreover, theprogramcounterpc is set
to exec indicatingthatnow thevirtual machineshouldexecutetherulebeforemaking
thenext stepandattribute rm (which representstheexecutionmodeof a rule) is setto
forall .

In therule executionphase,thepieceof codein theright region of Fig. 4 is called,
which is responsiblefor executingtherule for all possiblematchesin thecurrentstate.
This is obtainedby causingan artificial backtrackingwhenever the rule application
is succeeded.Finally, if all possiblematchesareprocessed,the applicationof a rule
in forall modeis also successfullycompleted(including the casewhen thereare no
possiblematchesof theLHS).

Finally, thecurrentnodeof thecontrolflow graphis updatedaccordingto thesuc-
cessof rule application,andwe proceedwith thenew currentnode.

3 Conclusion

In thecurrentpaper, we presentedanautomaticprogramgenerationframework for the
implementationof modeltransformationsystems,wheretheprocessof programgener-
ationis specifiedbyconsecutivemodeltransformations.Ourapproach(implementedin
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theVIATRA tool) is reflective in thesensethat thenext versionsof theprogramgen-
eratorcanbederivedby thepreviousversionsimilarly to thebootstrappingtechniques
of compiler design.In fact, the virtual machineof VIATRA that executesa control
flow graphhasbeenimplementedby usingtheautomatedprogramgeneratorof graph
transformationrules.

VIATRA hasalreadybeenappliedsuccessfullyto provideanautomatedimplemen-
tationof transformationsspecifiedby meansof modeltransitionsystems.

– The specification(andimplementation)of the VIATRA virtual machinerequired
11 graphtransformationrulesanda simpleautomata.

– In [11], atransformationfrom UML StatechartstoExtendedHierarchicalAutomata
(EHA) hasbeencarriedout that providesformal operationalsemanticsfor state-
charts.In [19], we formalizedthe entiretransformationby modeltransitionssys-
temswith over40 rules.

– Theoriginal paperdefinedtheEHA semanticsasa Kripke automata.We alsopro-
videdvisualsemanticsfor EHA by modeltransitionsystemshaving approximately
20 rules(with simpleLHS graphs).

– The completenessof UML statechartspecificationsin a dependableenvironment
hasbeeninvestigatedin [13]. Currently, anautomatedverificationprogramis under
implementationusingVIATRA.

– A transformationfrom UML statechartsto StochasticRewardNets[4] is alsoun-
derimplementation(having currently25 rulesfor awell–separatedsubproblem)to
provideaccessto PetriNet basedanalysistechniques.

3.1 VIATRA asa graph transformation tool

As state-of-the-arttoolsof graphtransformationsystems(suchasGenGEd(with AGG)
[1] , DiaGen[10], Progres[17], andFUJABA [12]) havebeenevolving for morethana
decade,VIATRA is naturally not the only tool that is capableof performingmodel
transformations.However, we believe that VIATRA is tailored to the specialneeds
of modeltransformationsbetweenUML andsemanticdomainsto suchan extent that
makesour tool moreflexible andpowerful in this specificapplicationdomainof graph
transformationsystemsthansophisticatedgeneral-purposegraphtransformationtools.
Therefore,it is rather (i) the underlyingmodel transformationmethodology, (ii) its
opennessandcompliancewith leadingindustrialstandards,and(iii) its (ongoing)in-
tegrationwith modelcheckingtools that makesVIATRA uniqueratherthanthe core
graphtransformationengineitself.

– Openness,Compliance with standards: VIATRA is an openenvironmentbuilt
aroundXMI technology, which is the de facto standardin UML-basedmodel-
ing environments.XMI DTDs for non-UML modelsaregeneratedautomatically
from metamodels,which is amoreflexible solutionin domainspecificapplications
thantools forcing to usea fixedsetof XML elements.Moreover, similarly to the
storydiagram-basedruledescriptions[8] of FUJABA, VIATRA usesaUML profile
basedon classdiagramsastheformal specificationlanguageof modeltransforma-
tions.
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– Model transformations: Transformationsof UML modelsnecessitateto manip-
ulate complex datastructureswith a large numberof rules (seeour benchmark
transformationsor [7], wherea Java implementationof UML modelsis alsospeci-
fiedby graphtransformationrules),whichmakesgraphtransformationtoolswith-
out control conditionimpractical for suchapplicationsdueto the increasedlevel
of nondeterminism.In addition,a typical modeltransformationrule is executed
parallelly (in forall mode)for eachindependentmatching.However, forall type
rule applicationsarenot directly supportedby generalpurposegraphtransforma-
tion tools.Moreover, asin mostcasesmorethana singlelanguageis involved in
transformations,the simultaneoushandlingof multiple metamodelsis not flexible
in thesetools.

– Verifying modeltransformation systems:An ongoingresearchactivity integrates
modeltransformationsystemswith existing modelchecking tools for formal veri-
ficationpurposeswhich requiresthattheKripkeautomataof thesystemis derived
from the same(intermediate)semanticrepresentationasthe automaticallygener-
atedtargetprogram.As a benchmarkapplication,we generateSAL [2] specifica-
tions from UML Statecharts,wherestatechartssemanticsarecapturedby model
transformationsystems.
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16. A. Scḧurr. In [15] , chap.ProgrammedGraphReplacementSystems,pp. 479–546. World
Scientific,1997.
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