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Abstract

Model-to-modeltransformationis a key technologyfor the OMG’s Model
Driven Architecturé™. The needfor standardizatioin this arealeadto the MOF
2.0 Query/Mews/TransformationsRequestor Proposal{RFP) from the OMG.
TheRFPelicitedeightseparatsubmissions.

This papemalesthefollowing contritutions: Terminologyfor queriesyiews,
and transformationds introducedthat is basedon the terminology usedin the
submissionshut which is editedfor consisteng. A setof commontransformation
scenariods describedwhich is motivated by the authors’practicalexperiences
with transformationsThe submissionarereviewed,comparedo eachother and
their highlightsdiscussedBasednthereview andtheexperienceof theauthordn
developingmodel-drientransformationsiecommendationfor thefinal standard
arepresented.



1 Intr oduction

TheOMG’sModelDrivenArchitecture(MDA) [6] is asoftwaredevelopmentpproach
in whichmodelsaretheprimaryartifacts.Abstractmodelsarerefinedto moreconcrete
models,eventuallyresultingin platform specificmodelsfrom which executablearti-
facts(suchascodeandconfiguratiorfiles) canbegeneratedMDA differssignificantly
from earlierusesof modelinglanguagesuchasthe OMG’s UML ™[5] in which the
primary purposeof modelswasasan aid to understandingind communication.The
key differencewith MDA isthatthemodelsarethekey partof thedefinitionof the soft-
waresystem.Ratherthanthemodelsbeinghandedverto programmerso implement,
all or muchof the structureandbehaior of a systemis capturedn modelswhich are
automaticallytransformednto code(andotherplatformartifacts). The knowledgeof
theplatformis encodednto transformationsvhich arereusedor mary systemsather
thanredesignedor eachnew system.

In MDA, automatedransformationplay a key role. It is importantthat transfor
mationscanbe developedasefficiently aspossible.A standardsyntaxandexecution
semanticdor transformatioris animportantenablerfor anopenMDA toolschain.On
April, 24,2002the OMG issueda Requestor Proposal§{RFP)for MOF 2.0 Query
Views,andTransformationgQVT) [7] to addressatechnologypartof the OMG Meta
ObjectFacility MOF 2.0 pertainingto the mainissuesin the manipulationof MOF
models:

1. Querieson MOF 2.0models,
2. Viewson MOF 2.0 metamodels,
3. Transformation®f 2.0 MOF models.

The RFPhaselicited 8 submissionsiary submittedjointly by a numberof orga-
nizations.Thesesubmissiongotal severalhundredpagesmakingit atime-consuming
taskto adequatehassesshem. This papemakesthe following contributions: In Sec-
tion 2, we defineterminologybasedntheusagen the submissiongut editedfor con-
sisteng. In Section3, asetof commontransformatiorscenariodasedn theauthors’
experienceswvith modelto modeltransformatioris introduced.The authorsof the pa-
perareprimarily implementerof transformation$l, 10] ratherthanimplementerof
transformatiorexecutionlanguagesndervironments.Sectiond providesanovervien
of the submissionsand reviews them basedon the RFP requirementsand additional
benchmarksThis sectionalsoidentifieshighlightsof the proposalsrom theviewpoint
of the authors.We concludein Section5 with a setof recommendationfor the final
QVT standardand give a shortoutlook on currently ongoingwork in Section6. The
goalof this paperis notto provide yetanotheQVT proposalput to capturethe bestof
the existing proposalcombinedwith the practicalexperience®f theauthors.

2 Terminology

The QVT RFPintroducessometerminologywhich we clarify here. Furtherterminol-
ogy is introducedin the submissionshemseles. In this section,we provide a unified



setof definitionsfor QVT -relatedterminologywhich enablegheproposaldo becom-
pared.We begin with definitionsof the termsquery, view, andtransformationwhich
arefundamentato the RFR

Query A queryis anexpressiorthatis evaluatedover amodel. Theresultof aquery
is oneor moreinstance®f typesdefinedin the sourcemodel,or definedby the query
language.An examplequeryover a UML modelmight be: Returnall padkagesthat
do not containany child padkages. The resultwould be a collection of instancesof
the PackagemetaclassA furtherexamplequeryovera UML modelmightbe: Doesa
particular attributein thesouice havepublic visibility? Theresultwould beaBoolean
value.

The Object ConstraintLanguage(OCL) [5] is an exampleof a querylanguage.
Queriescanalsobe constructedusinga UML Action Semanticgasdefinedin UML
1.50r UML 2) [5].

View A view is amodelwhichis completelyderived from anothemmodel(the base
model).A view cannotbemodifiedseparatelyrom themodelfrom whichit is derived.
Changedo the basemodel causecorrespondinghangedo the view. If changesre
permittedto the view thenthey modify the sourcemodeldirectly. The metamodebf
theview is typically notthe sameasthe metamodebf the source.

Views aretypically not persistedndependentlyf their sourcemodels(exceptper
hapsfor caching).Views areoftenreadonly. Whereviews areeditablea changemade
via theview resultsin the correspondinghangen the basemodel. It is thereforenec-
essaryfor aneditableview to have a definedreversemappingbackto the basemodel.
A view may be partial, thatis basedon a subsebf the sourcemodel. A view may be
completeand have the sameinformationcontentasthe source just reorganizedfor a
particulartaskor user A queryis arestrictedkind of view. Views aregeneratediia
transformations.

Transformation A transformationgenerates target model from a sourcemodel.
Transformationsnayleadto independenbdr dependenmodels.In thefirst casethere
is noongoingrelationshipbetweerthesourceandtargetmodeloncethetargethasbeen
generatedIn the secondcase the transformatiorcouplesthe sourcemodelandtamget
model.

A transformatiomrmay be top-down in which casethe target modelis not modi-
fied after generationchangesare always madeto the sourcemodel and propagated
to thetargetvia the transformation.Transformationgnay be one-way(unidirectional)
in which caseadditionalinformationmay be introducedto the sourcemodelafterthe
applicationof atransformationRepeate@pplicationof the transformatiorshouldnot
overwrite ary information introducedto the target model. Transformationsnay be
two-way(bidirectional)in which caseeachmodelmay be modifiedafter the applica-
tion of the transformationchangesnustbe propagatedn eitherdirection. In some
caseschangesnay have beenmadeto both models. If this is permittedthenthereis
the possibility of conflictingchangesiaving beenmade.In this casejt is necessaryo



detectsuchconflicts,it may notbe possibleto resole themautomatically A transfor
mationin which thetargetmodelreplaceghe sourcemodelis referredto asanupdate
transformation.

Whendiscussingidirectionaltransformationsve adoptthe termsleft-handmodel
andright-hand modelto reflectthe symmetryof the relationship.Both modelsactas
sourceandtargetfor transformations.

A view is arestrictedkind of transformatiorin which the target modelcannotbe
modifiedindependentyof the sourcemodel. If aview is editable,the corresponding
transformatiormustbe bidirectionalin orderto reflectthe changedackto the source
model.

The RFPrequeste@ declaratve approactto transformatiorratherthananimpera-
tiveapproachA numberof the proposalshallengedhis requiremensoit is usefulto
introducethe terminologyrelevantto both approachesThe following two definitions
have beentakenfrom the FreeOnline Dictionary of Computing[4].

Declarative A geneaml termfor a relational language or a functionallanguage, as
opposedo animpeitivelanguage. Impemative (or procedual) languagesspecifyex-

plicit sequencesf stepsto follow to producea result, while declamtive languages
describerelationshipsbetweenvariablesin termsof functionsor inferencerules and

thelanguage executor(interpreteror compiler) appliessomefixedalgorithmto these
relationsto producea result. Themostcommorexampleof declamtivelanguagesare

logic programminglanguagessud as Prolog andfunctionallanguageslike Haslell.

Imperative Any programminglanguage that specifiesexplicit manipulationof the
stateof the computersystemnotto be confusedvith a procedual language.

For the purposesf comparingthe proposalswe alsointroducethe cateyory of a
hybrid transformatiorin additionto puredeclaratve andpureimperative approaches.

Hybrid A combinationof declaratve andimperative constructgo definetransfor

mations.Typically a declaratve approachis usedto selectrulesfor applicationandan
imperatve approachis usedto implementthe detail of rulesthat are not completely
expressedieclaratvely. Thisissueis furtherexaminedin Section4.

Thefollowing termsareusedin the definition of transformations.

Rule Rulesarethe unitsin which transformationsare defined. A rule is responsi-
ble for transforminga particularselectionof the sourcemodelto the corresponding
targetmodelelements.A transformatioris specifiedvia a setof rules. Composition
mechanisméor rulesmaybe defined.A rule may containa declaratiorand/oranim-
plementationA puredeclaratve rulewill containonly adeclarationapureimperative
rule will containonly animplementatioranda hybrid rule will containboth.



Declaration A declarationis a specificationof a relation betweenelementsn the
left-handandright-handmodels. A declarationmay containsufiicient informationto

fully describehetransformatiorfrom left to right (unidirectional) the transformation
from right to left (unidirectional),or both (bidirectional). Alternatively, a declaration
may only be ableto constrainthe left andright sidesto determinewhenan associ-
atedimplementatiorshouldbe invoked. Note thatin a bidirectionaltransformation,
elementdrom theright andleft sidesareavailablewhenthe declaratioris evaluated.

Implementation An implementatioris animperative specificatiorof how to create
targetmodelelementdrom sourcemodelelementsAn implementatiorexplicitly con-
structselementdn the tagetmodel. Implementationgretypically directed,i.e., they
operatdrom left to right, or they operateéfrom right to left. However, implementations
thatcanoperatdn eitherdirectionarepossibleandarepermitted.

Match A matchoccursduring the applicationof a transformatiorwhen elements
from the left-handand/orright-handmodel are identified as meetingthe constraints
specifiedby the declarationof a rule. A matchtriggersthe creation(or update)of
modelelementsn the target model, driven by the declaratve and/orimplementation
partsof thematchedule.

Incremental Transformation If individual changesn a sourcemodelcanleadto
theexecutionof only thoseruleswhich matchthe modifiedelementghenthetransfor
mationis saidto supportincrementatransformation.

3 Common Transformation Scenarios

Theauthorof this paperareinvolvedin two, closely-relategbrojectsthatapplymodel-
driventransformationsTheModel-DrivenDevelopmentncubatorProject1]* in Hurs-
ley andthe Busines$rocessntegrationandAutomationProject{10]? in Zurich. In the
following, we discusscommonscenarioghata transformatiorlanguagemustaddress
basedon our practicalexperienceof implementingtransformations.

Simple transformations A simpletransformationis one that transformssingle el-

ementsin the sourcemodelto single elementsn the target model. Quite often, the

sourceandtarget modelshave essentiallythe samestructure. Many of the examples
thatareusedin the QVT proposalsareof thiskind. A typical exampleis atransforma-
tion from UML classesattributesandoperationgo Java classesfields andmethods.
This type of transformations straightforwardto implementimperatiely, and should
beamenabldo declaratve approaches.

1Seealsohttp://mwwwmdbi.hurslg.ibm.com.
2Seealsohttp://w3.zurich.ibm.comikoebpia-intrang. html.



Expressions Transformationsnayhaveto handlestringexpressionsn thesourceor
targetmodel. Wherea metamodefor the expressionanguageexists, expressiongan
be treatedasinstancef thatmetamodehndrequirelittle specialsupport. However,
in mary casest may be unnecessaryo fully parsethe expressionand somesimple
supportfor transformingtext is sufficient.

The authorsof this paperhave worked on transformationsvith BPEL4AWS[3] as
themajortarget. Thetransformationsve haveimplementedrom UML to BPEL4AWS][1]
and from businessview modelsto BPEL4WSand Adaptive Entities[10] have sev-
eralexamplesof expressiorhandling,including transformingsourceexpressionsnto
equialenttargetexpressionsinto elementsor into attribute settingson elements.

Naming Anothercommonsituationrequiringtext handlingoccurswhenthe source
andtarget modelshave differentrestrictionson naming,or differentnamingcorven-
tions. For example,UML allows mary charactersn namesthat Java doesnot allow.
This mustbe handledn someway whengeneratinglavafrom UML. Oneapproachs
to automaticallymanglenamesn a standardvay to make themvalid. Any references
to thosenamesthat occurelsevheremustalsobe mangledfor consisteng. Alterna-
tively, the Java namingrestrictionscanbe enforcedon the UML model.

ComplexTransformations Thistypeof transformatiorbuilds structuresn thetarget
modelwhich do notdirectly correspondo ary individual elemenin the sourcemodel.
Thetransformationsnay be basedn complex algorithmsandheuristics.

Thetransformationsve have implementeccorvert unstructuredactivity graphsor
processgraphsinto structuredBPEL4AWS actvities. They partition the graphsinto
sub-graphsbasedon the control flow and other criteria, and build a well-structured
BPEL4WSprocess.This sort of transformationcan be difficult to describedeclara-
tively.

Regenerationand Reconciliation Having usedatransformatiorto generateatarget
model, it is likely thatthe userwill wantto modify the generateautput. Whensub-
sequentlythe sourcemodelis alsochangedit would bedesirabldf thetransformation
canbe re-appliedwhile maintainingarny changeghe userhasmade. Trying to main-
tain userchangesnay leadto conflicts, which mustbe resohed—perhapdy asking
theuserwhatshouldbedone.

Transformation from partial source models It is oftenusefulto be ableto gener
ate a partial target model from a partial sourcemodel. For example,in the UML to
BPEL4WStransformatiordescribedn [1] behaior is describedisingactiity graphs
which canbetransformedo executableBPEL4WS .Duringtop-davn developmentan
activity graphcanbegeneratedvhich containechamedactivity nodeswith controlflow
but which doesnot yet have all of the detail of the actionswithin the activities elabo-
rated.Suchamodelcontainssufficientinformationto be ableto generate skeletonof
aBPEL4WSdocumentwhichis usefulfor modeleravho arefamiliarwith BPEL4AWS
andalsoin scenariosvhereusersare permittedto add informationto eithera UML
modelor its correspondin@dPEL4WSdocument.



Resilienceto errors  Theoccurrencef anexceptionduringtransformatiorexecution
shouldnot halt the transformationj.e., insteadof just aborting,it shouldbe possible
to generatea partial model. Rulesthat are not affectedby the error in the source
modelshouldbe executedasusual,resultingin a partial targetmodel. This approach
allows multiple errorsto bedetectedn asinglepass.Therequirementf transactional
behavior of transformatiorrulesis directly relatedto this feature.

M-to-N Transformations It cannotbeassumedhatthereis aone-to-onecorrespon-
dencebetweersourceandtarget models. The transformationsnentionedearliertake

in a sourcemodelandgeneratemultiple target modelsfrom threedifferentmetamod-
els(BPEL4AWS ,WSDL andXSD in onecaseandBPEL4AWS WSDL, andSACL—a

metamodelto specify statemachines—irthe other case). Note, evenif it is possi-
ble to split sucha transformatiorinto multiple one-to-ondransformationshis maybe

aninefficientimplementation.Supportfor one-to-mamy transformatioris particularly
valuablein casesvheretheresultingmodelswill beinterdependenaindmustreferto

elementgreatedduringthetransformationTransformationshatcombinemodelsthat
representifferentconcerngor aspectspf a problemarelikely to be mary-to-one.In

thegenerakasemary-to-mary transformationsnustbe supported.

4 A Summary of the Submissions

The QVT standards viewed asessentiato make Model-Driven Architecturesa suc-
cess.Thefollowing generakequirementsvereformulated:

e The proposalsshouldbe preciseand functionally complete,but also minimal-
istic. Compliancepointsshouldbe specifiedand existing standardshouldbe
reusedvheneerpossible.

e Theproposalshouldbecompatibleor clearly specifythechangesnd/orexten-
sionsthey make with respecto existing OMG specifications.

e The proposalsshould be implementationindependentaddresssecurityissues
whereneededndspecifythe degreesof internationalization.

The MDA TechnicalPerspectie statesthat relationshipsbetweenmodelsshould
be definedatthe samdevel of abstractiorastheir metamodelslefinedin MOF. Given
thatall modelswill be representeih MOF, a single transformatiorlanguagefor all
MOF modelsis possibleandshouldbe formulatedin the proposals.Mappingsto ary
non-OMGlanguageshouldbeobtainableéby defininga MOF metamodefor suchalan-
guage.Transformationaredefinedasmappingsanda uniquetransformatiofanguage
is consideredo play arole similar to therole XSLT playsfor XML representations.
Queriesarerequiredto filter andselectelementgrom amodelsimilarto XPATH thatis
usedto selectelementdrom an XML model. Views areconsiderecasmodelsderived
from othermodels.Althoughthe RFPinitially callsfor views on metamodelgsee[7]
andSection2), the remainingRFPdocumentdiscussesiews of concretemodelsthat
revealspecificaspect®f amodeledsystemnot the metamodel.



Apart from thesegeneralrequirementshatareapplicableto almostary standard,
morespecificrequirementareformulatedthataddresQVT -specificissues:

Proposalsshould definea languagefor transformationdefinitionsthat can be
declaratvely representeéh MOF, i.e., atransformatioris a MOF modelitself.
The languagemustbe expressve enoughto expressall requiredinformationto
automaticallygeneratea targetmodelfrom a sourcemodel. The transformation
languageshouldalsoallow to formulateandcreatea view of a metanode] butin
generalall mechanismshouldoperateon mode| i.e., instanceof metamodels
definedin MOF 2.0.

A transformatiorshouldsupportthe propagatiorof incrementathangesccur
ring in onemodelto the othermodel. Although singletonsetsof modelsarethe
main focus, it shouldalso be possibleto transformmultiple modelsinto each
othetr

Theoptionalrequirementsummarizedbelow arealsoveryinterestingandreceved
quite someattentionin mary of the submissions:

Transformationsshould be defined symmetricallyand go beyond the simple
source-to-tagetapproach.

Transformationshouldbe ableto implementupdatesj.e., the target modelis
the sameasthe sourcemodel.

Inversetransformationshouldbe definablesuchthat7 -1 (T (M)) = M.

Theproposedanguageshouldsupportthetraceabilityof transformatiorexecu-
tions. Transformationsvith a transactionatharacteshouldbe definable(com-
mit, rollback)thatwould preventthataninvalid (not well-formed)modelresults
from atransformatiorthathasfailed duringexecution.

A transformationlanguageshould supportthe reuseand extensionof generic
transformationdt shouldprovide mechanismsor theinheritanceandoverriding
of transformationsindthe ability to instantiateemplateor patterns.

Theuseof additionaltransformatiordata,which arenot containedn the source
model,but parameteriz¢he transformatiorprocessshouldbe possible.

The OMG Action Semanticsspecification[5] is mentionedas alreadyhaving a
mechanisnfor manipulatinginstancef UML modelelements.Submittersarethus
alsorequestedo discusshow their proposalkelatesto the UML Action Semanticsin
respons¢o theRFR 8 proposalsveresubmittedandarelistedatthe OMG website[7]:

1.
2.
3.

Adaptive Ltd. (in thefollowing abbreviatedwith ADAPTIVE)
DSTC/IBM (abbreviatedwith DSTC)

CompuvareCorporation/SumicrosystemgSUN)



4. Alcatel/Softeam/TNI-dliosys/Thale§THALES)
5. KennedyCarter(KC)

6. TCS,which comprisesArtisan Software,Kinetum, Kings College,andthe Uni-
versityof York (TCS)

7. CodagerTechnologieorporation(CODA)
8. Interactve ObjectsSoftware GmbH/ProjecfTechnology(10)

In thefollowing, we will briefly summarizehevariousproposalsandhighlightthe
strengthsandweaknessegiventhefollowing criteria:

e Easeof technicaladoption,i.e., could we, asimplementerof transformations,
apply a proposedsolutionto solve our transformatiorproblems,

e Scalabilityof the proposedsolutionin termsof sizeandcomplexity,

o Completenes®f the proposaland readability/self-containedness the docu-
mentation.

We alsoconsideredhe bendimarksfor mappingappmoadcesasthey weredevel-
opedin [8], becausehesealsoexpresssomeof our own requirements:

¢ Bidirectionalmappingsshouldbe supported.

¢ Bothdirectionsof the mappingshouldbe capturedn onedefinition.

It shouldbe possibleto definerich well-formednesgonditionson mappings.

Mappingsshouldbe easyto understandndwrite.

Mappingdefinitionsshouldfacilitatethe constructiorof tools,which

— given a sourceand a target model and a mapping, decidewhetherthe
source/tagetpairis a valid instanceof the mapping,

— provideautomatedupporfor reconciliationof dynamicallychangingnod-
elsto preventinconsistencie occur,

— allow to partially generatenesideof a mappingif a completegeneration
is notpossiblein afully automatiomanner

— inter-operatewith modelingtools.

We would like to mentionthat we found mary submissiondocumentgo be in-
completeand sometimesso unclearlyformulatedthat we cannotguarantedhat the
following review exactly matcheghe intentionsof the submitters.To the bestof our
efforts, it is basedon our understandingf the submissionshatwe wereableto derive
from the availabledocuments.



4.1 Queries

All proposalseequeriesasarequirednecessaryartof atransformationi.e.,aquery
determinesvhenandhow atransformatior(rule) is applicableto a model(or a setof
models)and how the resultof the transformationwill be built. Several submissions
proposeo usethe OCL 2.0languageiO, SUN, TCS.

10 defineqgueriesasa meango performmodelanalysis.Executingaquerycanbe
seenasa specifictransformatiortask, sinceit only returnselementfrom the model.
Note that this understandings more limited than our own definition as we spelled
out beforein Section2. 10 alsodiscusseshat queriesmustbe ableto crossmodel
boundariesvhenusedduringatransformationi.e.,a querymustbeableto referto the
sourceandtargetmodelaswell asto atransformatiors executionhistory,

THALES proposesan extensionto OCL called TRL. A querycannotonly return
elementdrom the queriedmodelasan answey but canalsoreturna compositetype
(e.g.,atupleor collection)or amorecomple type definedby somemetamodel.

The CODA submissiomproposesnextensionto XQueryandXPATH, calledMTDL,
asthe querylanguage.lt is definedsimilar to a relationaldatabasequery A Select-
Statementontainsa PathExpressiorcontainingseveral PathStepsachof them can
refer to a sourceor target model transformationpath to allow “the navigation over
source(or target) elementsfrom the currentelement”. Within the context whereit
is written, we understandhis as beingsimilar to the 10 proposalof referringto the
executionhistoryof atransformation.

KC proposeshe UML Action Semanticg5] for queriesandto useits Action Se-
manticsLanguageASL [11] asaconcretesyntax.Fromour pointof view, thisamounts
to useary arbitraryprogramminganguageasa querylanguage We would therefore
notagreewith the KC statementhatthis submissiorproposes fully declaratve solu-
tion, but considerit asanimperative solution.

The ADAPTIVE proposalcontainsno proposafor a querylanguagebput only ad-
dressesheproblemof views.

The DSTC submissiorviews queriesasspecifictransformationsandbuilds on the
factthatthe transformationgrethemselesrepresente@gs models. The querymodel
is thusa subsef the transformatiormodel, which is basedon F-logic [9]. It is not
explicitly statedin the submitteddocumentwhich subsebf thetransformatiormodel
constitutesthe query model, but the transformationmodel containsa Query object,
which associateRatternDefinitionsandinheritsa VariableandPatternScope.Queries
areconsideredo returnexisting elementgrom amodel,notto construchew elements.

Figure 1 summarizeur understandingf the submissionsalongtwo important
dimensionsthat we identified. On the X-axis, we distinguishwhetherthe query is
selectve, in thesensahatit canonly returnelementdrom the queriedmodel,or con-
structive,in thesenseahatit canreturnotherelements/aluesaswell. OntheY-axis,we
distinguishwhetherthe querylanguages fully declaratve, is declaratve,but allowsto
referto the executionhistory, or is imperative. Sincewe classifiedKC asimperatie,
we alsobelieveit is constructve dueto theflexibility of the Action Semantics.

10
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Figurel: A Classificatiorof the Submissiongor Queries

4.2 Views

Mostof the submissiondink views very closelyto queriesand/ortransformationsThe
only exceptionis the ADAPTIVE submissionwhich proposeso useaportal-baseap-
proach,but the documentasformatting problemsandappears/ery incompletecon-
taining only 8, partially empty pages,suchthat we cannotsay much aboutit. Two
anglesof understandingf aview canbeobsened’:

e A view is producedastheresultof aquery i.e.,aview is thevisualizationof the
gueryanswer(CODA)

e A view is theresultof atransformation(THALES, KC, TCS,IO, SUN,DSTC).

Consequentlythe proposalscarry over their solutionsto transformationsand/or
queriesto the problemof creatinga view of a model. The CODA proposaldefines
views astheresultof querieswhicharerepresenteth MTDL. Transformationganbe
doneonthemodelitself or onary view of it. THALES definesviewsasa projectionon
aparentmodelcreatedoy atransformationViews areasqueriesexpressedn the TRL
language KC againproposedo usethe UML Action SemanticsA view is considered
atransformatiorin which thetargetis completelyderivedfrom the source.SUN sees
views asspecifictransformationsepresenteth XMOF. In the TCSsubmissionaview
is a projectionon a parentmodelcreatedby a transformation.lO definesaview asa
specifictransformation*an abstraction”)whereviewpointswill be createdoy model
editorsthat operateonly on a subsetof a metamodel. The DSTC submissionalso
considerssiews asspecifictransformationshut emphasizeanimportantdifference:

“The only differencebetweera transformatiorand a view is the underly-
ing implementationFor a transformationthetarget extentis independent

SHowever, this differenceis mamginal in the sensethat all proposalsseequeriesasan integral partof a
transformation.

11



of souice extent; its objects,links and valuesare implementedy storing

them. For a view, the target extentremainsdependenbn the souice ex-

tent; its objects,links and valuesare computedusing the souice extent.
Thedefinitionof transformationsand views is the same(the specification
of sourceandtargetmodelsandtherelationshipsetweerthemy.

We seethefollowing importantdifferencen theunderstandingf views—compare
thisalsoto ourdefinitionof viewsin Section2: Is theview linkedto themodelor doesit
haveanindependengxistenceandcanit bemanipulatedvithoutnecessarilychanging
themodelfromwhich it wascreated?Only the DSTCproposabhddressethisissuein a
clearway andstateghatviews remainphysicallylinkedto the model,i.e., arny change
in the modelwill alsooccurin theview if this view containsthe changedpart of the
model.Fromtheotherapproachesye couldnotderive aclearanswetto this question.
The CODA proposaleven seemdo imply thatmodelsandviews canbe manipulated
independentlypf eachother

4.3 Transformations

In anutshell,all proposalgexceptADAPTIVE) adopta unifying solutionto queries,
views,andtransformationsln four submissionsgxactlythesamdanguages proposed
to solveall threeaspectsKC proposeshe UML Action SemanticsTHALES proposes
TRL (anextensionof OCL 2.0),DSTCproposes$--Logic[9], CODA proposeMTDL
(anextensionof CMOF).

The othersubmissionglO, SUN, TCS) proposeto useOCL 2.0 [5] for queries.
The queriesare usedinside transformationgo determinewhen a transformationis
applicable Thetransformationanguagesreseparatelefinitionscomprisingdifferent
elementsandformalisms. Following below, we evaluatethe variousproposalsalong
our previously introducedcriteria:

Selfcontainedness Most documentsarenot really selfcontainedKC andDSTCes-
sentiallyrefer to otherlanguageslescribedelsavhere. All otherproposalsshav the
metamodel®f their languagesbut usually omit a detaileddescriptionof the seman-
tics. The examplesgiven are either highly simplified or non-existent. Therefore,in
mary casespnecanonly obtaina very limited pictureof how atransformatiorwould
berepresentedndexecuted.

Scalability We distinguishscalingbehavior in termsof the size of transformation
modelsandscalingbehaior in termsof the compleity of thetransformationshatcan
be expressedcf. the scenariodiscussedn Section3. Declaratve proposalghatas-
sumea uniform rule base(DSTC, I10) canbe assumedo scaleworsethan proposals
thatintroducea structuredransformatiorbase(TCS). The complexity of thetransfor
mationsthat canbe expresseds determinedoy the expressvity of the transformation
languageKC'’s proposato usethe UML Action Semanticyieldsthe mostexpressie
solutionsinceit allowsto escapéo arbitraryprogrammindanguagesSimilar codees-
capesareprovisionedby 10, SUN,andTCS.In contrasto this, THALES, CODA, and
DSTC proposedeclaratve, decidabldanguageswhich arelessexpressie, but should

12



have advantagesn termsof tooling support(e.g.,decidingconsisteng of transforma-
tionsmayonly be possiblefor them,not for the others).

Many approacheassumehatthetransformationule setcanbestructuredo some
extent. The mostdetailedproposalfor a structuringof the rule setcomesfrom TCS.
Rulesin the TCS submissiorhave a stateandthey can specializeothertransforma-
tionsor be definedascomposites A rule cantransformbetweenan arbitrarynumber
of domains(classesassociationspackages)but theremustbe uniquenamesfor all
attributesanddomains. The proposalervisionsa hybrid representatioffior the trans-
formationrules,seeFigure2.

Abstract Syntax

@;{?nsfomrauon ——=={ Domain }——

[ Relation | [Mapping |
£y

g disjuncts

Figure2: TransformatiorRulesasRelation-MappindPairsin the TCS submission

Thedeclaratve partis calleda relation, while theimplementationapartis theac-
tualmappingthattakesplace.Relationsaremultidirectionalandnon-executable They
canbe composedut of otherrelationsusing NOT, AND, OR subrelationsand so-
calledelaborations which for example replaceanabstractelationby a setof detailed
relations. Mappingsare executableand canbe describedn someActions Semantics
Language A mappingcanrefineany numberof relations,i.e., the sameimplementa-
tion canbereusedn severaldeclaratve rule definitions.

Transformationsare organizedinto an orderedsequencef stepsthat definethe
operationabpart, cf. Figure 3. Eachstepis specifiedby a setof transformatiortasks,
with eachtaskbeingdefinedasa setof relation-mappingairs. Transformatiortasks
canbe marked astransactional. The traceabilityof a transformationis achieved via
loggingthetransformatiorsteps.

Simplicity Whethera transformatiordefinitionis easyto understancéndwrite de-
pendsalso on personalpreferences.Assumingthat transformationswill be written
by programmersarny programming-lile solutionusingAction Semanticxouldbeas-
sumedto be (fairly) simple. The declaratve IO proposalalreadyreportsproblems
in maintainingand completinglarge rule sets,but not in writing a singlerule. Pure
logic-basedanguagegsuchasproposedy DSTC)will be harderto useby thosenot
experiencedn usingthe formalism.
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operational an ordered sequence of

implementational Mapping
Figure3: Structureof a Transformatiorin the TCS submission

Bidir ectional mappings canbe providedin termsof transformatiordefinitionsand
in termsof transformationexecutions. The definition of a transformationis usually
given asa setof rules,i.e., a singlerule is the basicunit of transformatiorthat can
be definedand executed. Figure 4 catgorizesthe proposalsalongtwo dimensions:
whetheranimperative, hybrid, or declaratve languages usedto write transformation
rules,andwhetherthe transformatiorrulesareexecutablen only onedirection(from

sourceto target), which we call unidirectional,or from both directions(from source
andtarget), which we call bidirectional. Someapproachegnvision mixed types of

transformatiorruleswithin the sametransformatiormodel,i.e., somerulesareunidi-

rectional,while othersarebidirectional.We classifiedthoseapproacheasuni/bi.

dectarative | (0 &
hybei &
poraive | CeD

unidirectional uni/bi bidirectional

Figure4: A classificatiorof the submissiorwith respecto the proposechatureof the
transformatiodanguagesndtheir possibleexecutiondirections
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Variousproposalgdiscusswhetherthe sourceor targetmodelshoulddrive the ex-
ecutionof a transformation.Note that whenrules are bidirectionally executable the
executiondirectionmustbe determinedge.g.,by selectingonerule side (pattern)that
shouldbe matchedandthe otherrule sidethatshouldbe derived, seefor examplethe
SUN submission.The DSTC proposaldiscusseaspect-dientransformationswhich
would notbedrivenby specificMOF elementsn the sourceor targetmodel,but rather
by somesemanticrepresentation-independeardncept.Althoughaspect-duentrans-
formationsarean interestingidea, it remainsopenhow they would be representeéh
the QVT standard While we got theimpressiorthat someproposalsavor onesideto
drive thetransformationpthersallow thedriving sideto bearbitrarily specified.

Furthermorewe foundassumptionn the submissionsghatreferto the cardinality
of the sourceandtargetmodelsets.Thereareapproachethatassumeanultiple source
modelsfrom which onetargetmodelis producedwhile otherservisionasinglesource
modeltransformednto varioustargets,or in the mostflexible case mary sourcemod-
elscanbetransformednto mary targetmodels.Figure5 summarizesur findings?

M-io-N

N-to-1 ®

1-lo-N @

oo

source-driven iargei-driven arbitrary

Figure5: DriversandInput/Output-Cardinalityf Transformations

Easeof Adoption Given our impressionof the currentstateof the proposalswe
assumat to be moreor lessequallyhardto adoptany of them. At the oneside,one
couldsimply apply one’s preferredprogramminganguageo adoptthe KC proposal,
i.e., the transformationghat we have implementedin Java alreadytoday could be
consideredas an adoption. However, this is of coursenot the intention of the KC

submission.At the oppositeside, we would locatethe DSTC proposal,of which we

think thatit canonly befully exploitedafterhaving understoodhe hundrecpagedong

paper9] until goodtooling supportwill beavailable.

Rich Conditions The answerto this criterion correspondslirectly to the proposed
querylanguagesinceall submissionsisetheir querylanguageo formulateconditions

4ADAPTIVE and KC have beenomitted, becausehey do no provide ary informationon this aspect
of transformations. In the caseof CODA, we are not surewhetherit is really source-dien and some

unsecurityalsoremainsgn the caseof SUN andTHALES, which couldbe moregenerathanis visible from
their submissiordocuments.
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in transformations.

Tooling Aspect Many claimsare made,but it is hardto tell whetherthey are met
without undegoing a comprehensie evaluationof the tools, which arenot easilyac-
cessible. The importantrequirementf model reconciliation,failure handling,and
consisteng checkingand modelintegration are widely discussedput we could not
find a proposalso far that would corvincingly demonstratdnow theseissuesare re-
solved in a tool. The IO submissionfor example, proposesto defineand checka
constraintoeforethe queryin a mappingrule is executedandbeforethe targetmodel
is actuallymodified. Many proposalsadmitthattheseissuesalthoughimportant,are
notyetaddressedy their submissionMany of the proposalalsoarguedthatdefining
symmetricor inversetransformation®r consideringhemassomethingspecialis not
very meaningfuland that the practicalrelevanceof inversetransformationgemains
unclear Insteadof defininginversetransformationsit was proposedo definepairs
of complementaryransformatiorrules, seefor examplethe IO submission.Security
aspectsvere discussedput we did not find mary concreteproposals. The problem
of updatinga modelis usuallyconsideredisbeinga standardransformatiorproblem
andwe did not seespecificsolutionsto handleupdateof the samemodelexceptthat
onemay distinguishbetweenupdaterules that modify a modelandcreaterules that
generatenew model,e.g.,in the THALES submission.

5 Recommendations

This sectionintroducesa set of recommendationfor the final QVT standard. The
recommendationare basedon the highlights of the initial responseso the RFPand
theauthors’experiencesn developingmodel-to-modetransformations.

Recommendationl: Support a hybrid approachto transformation definitions.

In the experienceof the authors,a declaratve approachs usefulfor specifyingsim-

ple transformation@ndfor identifying relationsbetweensourceandtarget modelel-

ements. However, mary transformationsre not straightforvard. This is especially
true when transformingbetweenlanguagest a similar level of abstractionsuchas
horizontaltransformationsandtransformationgo middleware platformsthat support
high-level abstractions. It may not be possiblefor the target audienceof transfor

mationlanguagego constructcomplex transformationsusinga fully declaratve ap-
proach. An imperative languages preferablefor the definition of complex mary-to-

mary transformationsvhich involve detailedmodelanalysis.The following quoteby

AdamBosworth [2] supportour recommendation:

Alan Kayis supposedo havesaidthat simplethingsshouldbesimpleand
hard thingsshouldbe possible It hasbeenmy experienceover 25 years
of softwae developmenthat for mostsoftwae products,simplethings
shouldbe declamative and/or visual and hard things shouldbe procedu-
ral. Declarative languageshavean unfortunatetendencyto metastasize
becausegpeopleneedto do thingsthat are hard. Whenthey grow in this
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way, not only can mostpeoplenot usethesenew features, they find the
entire language more daunting

Recommendation2: Provide a simple declarative specificationlanguage.

Also in line with the above quotefrom Bosworth, we recommendhat the language
usedfor declaratve specificatioris simple. A graphicalconcretenotationfor the lan-

guageis likely to be of valueto someusercommunities.Simplicity is somevhatsub-

jective, but asa guideline,the capabilitiesof the declaratve languageshouldnot go

beyond the point at which a capablemodeler/programmewould find an imperative

specificatiormorestraightforwardto constructcomprehendandmaintain.

Recommendation3: Usedeclarative queriesonly.

Do notallow to link aqueryto aspecificruntimeexecutionof aQVT sessionKeepthe
querylanguagdully declaratve. Allow it to returnnot only elementgrom thequeried
model,but alsoanswetypesdefinedby somemetamodelin thesimplesttaseaquery
canreturna booleanvalueevenif booleansarenot partof the queriedmetamodel. It

shouldbe discussedvhethera query statemenshouldbe decidableover a model. In

this case the full expressvity of programminganguageshouldnot be allowed, but
languagesuchas OCL shouldbe preferred. The recommendedpaceis shovn in

Figure6.

(e
oy Co

[/
doctaratve | (o (s T [Jmss

selective constructive

Figure6: A recommende&pacdor QueryLanguages

Recommendation4: Provide an abstract syntaxfor the transformation language.
The transformationanguageshould have a definedabstractsyntaxfor composition,
declaratve, andimperative parts. Where possibletheseshouldbe basedon existing
OMG standards.The proposalmay specify an exampleconcretesyntax, but should
permitotherdeclaratve andimperative languageso be pluggedin via transformations
to theabstractsyntaxspecifiedn the proposal.

Recommendation5: Adopt commonterminology.
In Section2, we put togethera setof definitionsthat provide a unifying view on the
major conceptoccurringin the QVT space.We recommendhata final standardwill
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preciselydefinea commonterminology In generalwe assumehatthe final standard
specificatiorwill bea complete selfcontainedilocument.

Recommendation6: Usethe Action Semanticsasan interchangeformat.
Imperative partsof rulesshouldbe exchangedrsia UML Action SemanticsThe UML
2.0 Action Semanticswill be appropriatewithin the timescaleof this RFR This will
provide a standards-baseadterchangdormatfor imperatie specification®f transfor
mationbehaior while permittingtheuseof particularconcretesyntaxesthatareappro-
priatefor usein particulardevelopmentenvironments.Suchconcretdanguagesould
includetextual or graphicakoncretesyntayesfor UML Action Semantics,e.gthe ASL
[11], imperative languagespecificallydesignedor the specificatiorof rules(suchas
the TRL languageproposedn the THALES submission)pr programminganguages
suchasJavawhereamappingto UML Action Semanticss provided.

Recommendation7: Support symmetric rule definitions.

It shouldbe possibleto describesymmetricrules that can be executedleft-to-right,

right-to-left, or in areconciliationmodewherebothsourceandtargetmodelsexist and

eithermay have beenmodified. Symmetricrule definitionsfacilitatethe development
of bidirectionalmappingsavoid theduplicationthatoccurswhenarule andits inverse
aredefinedseparatelyandprovide a usefulstartingpointfor reconciliation.Symmetri-
cally definedrulesmay containdirection-dependenmitnplementatiorpartsthatareused
whentherule is executedn thecorrespondinglirection.Figure7 shavsthe spacehat
we recommendor therepresentatioof rules.

docrave | (D D) D
ot | @ | G
porave | ()

unidirectional uni/bi bidrectional

Figure7: A recommende&pacdor Rule Representations

Recommendation8: Support compositionand reuse.

It is often valuableto be ableto constructa complex transformationfrom multiple
intermediateransformationseitherbecausesomeof the sub-transformationalready
exist, becaus¢heintermediateesultsareof interest,or to decomposéhe probleminto
simplersteps.The proposalmustsupportcompositionand packagingmechanismso
supportthe developmentof large transformationgnd systemsconstructedrom mul-
tiple transformations.Thesemechanismshouldcomefrom UML. A transformation
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definitionshouldbeanexecutabldJML model. The generalizatiorandtemplatingca-
pabilitiesof UML shouldbe consideredor rulesandtransformations.Furthermore,
the transactionabehaior of composedransformationss anotherissuethatdeseres
deepeexploration.

Recommendation9: Support complextransformation scenarios.
Thetransformatiorscenarioslescribedn Section3 shouldbesupportedy theadopted
standard.Therequirementhave all arisenfrom practicalexperiencesvith theimple-
mentationof transformations.Figure 8 shaws the spacefor rule executionsthat we
recommendo offer the largestpossibleflexibility in supportingcomplex transforma-
tion scenarios.

mn %

o
1n @
11

source-driven iarget-driven arbifrary

Figure8: A recommende&paceor Rule Executions.

Recommendation10: Provide completeexamples.

The final proposalshouldinclude a numberof completenon-trivial transformation
specifications. Theseshould preferablybe standards-baselansformation®f value

to the MDA community Good examplescould be a reversiblemappingbetween(a

subsebf?) JavaandUML 2.0 Action Languageor animplementatiorof a MOF 2.0

packagenemge (a mary-to-onemapping).

Recommendationll: Establishrequirementson transformation executions.

We foundthe problemof errorsduring a transformatiorandthe optionalrequirement
of transcationatransformationso beimportantin orderto achiese robusttransforma-
tionsin practice.A standardshouldclarify this issueandprovide a solution. Further
more,the questionof how large transformationsvill be handledshouldbe addressed,
i.e., how will transformationsvork in two directions,how will incrementalchanges
of modelsand“life modelsynchronizationsbe supportedandhow will associations
betweersourceandtargetmodelelementdbe established.

Recommendation12: Emphasizethe tooling aspect.
We found the definition of usecasesusefulto derive requirementghat a tool should
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satisfyandto shav how the standardcan supportthe scenariogdescribedn the use
cases.Usability and ease-of-us@aspectseemto be of critical importance. Another
importantissueseemso be the consisteng and completenesgroblemsthat should
be further clarified: How doesa transformatiordesigneiknow thathis rule setis con-

sistentandwill producea valid targetmodel? How doeshe know thathis rule setis

completeandwill producea completetargetmodel?Are theresultsof rule executions
deterministicor candifferentoutcomesoccur? If yes,how would we dealwith that?
Whatwould it mean?

6 Conclusion

This paperhasprovideda completereview of the submissiongo the OMG’s Request
for ProposaldRFP) for MOF 2.0 Query Views, and TransformationgQVT) with
respecto the requirementstatedin the RFP andthe requirement®f the authorsof
this paperwho anticipatebeingusersof the languagehatwill be definedin the final
QVT standard.

We have introduceda terminologyto clarify the major conceptsoccurringin the
QVT spacebasedon the usagein the submissionshut editedfor consisteng. A set
of commontransformatiorscenarioss describedwhich specifyfeatureghatthefinal
QVT standardmustsupportin orderto enablethe implementatiorof transformations
of valueto the authors.The submissionsre classifiedalongvariousbenchmarksnd
criteriathat we consideredo be of particularimportancesuchasthe expressvity of
the query language the scalability of transformationsthe simplicity of transforma-
tion definitions,andthe ability to flexibly executetransformationsWe have alsodis-
cussedhon-functionalissues,n particularthe usability of the proposedanguage.|If
the QVT standards to be widely implementedthe adoptediransformatiorlanguage
mustbe usableby thetargetaudience.

Our currentwork focuseson the developmentof an architectureto implement
QVT -basedransformationdasedon the experiencegainedwhile conductingthe re-
viewing work describedn this paper We also further evaluatethe applicability of
F-logic to the transformationsve are interestedin, becauset is at the heartof the
proposakupportedy IBM.

Theauthorshopethatthis papemwill actasa usefuloverview of the submittedoro-
posalsandasatransformationmplementersview ontherequirement$or asuccessful
MOF 2.0 Query, Views, and Transformationstandard.
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