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Abstract. Model-to-modetransformations akey technologyfor OMG’s Model
Driven Architecturé™. The needfor standardizatiotin this arealed to the MOF
2.0 Query/Mews/Transformation®Requesfor Proposal§RFP)from OMG. The
RFPelicitedeightsubmissions.

This papermalesthe following contritutions: Terminologyfor queries,views,
andtransformationss introducedbasedon the terminologyusedin the submis-
sions but editedfor consisteng. A setof commontransformatiorscenarioss de-
scribed motivatedby theauthors’practicalexperiencewith transformationsThe
submissionarereviewed,comparedo eachother andtheir highlightsdiscussed.
Basednthereview andtheexperienceof theauthorsn developingmodel-driven
transformationsiecommendationfor thefinal standardarepresented.

1 Intr oduction

OMG’s Model Driven Architecture(MDA) [6] is a software developmentapproach
in which modelsarethe primary artifacts. Abstractmodelsare refinedto more con-
cretemodels,eventuallyresultingin platform-specifiomodelsfrom which executable
artifacts(suchas codeand configurationfiles) canbe generatedMDA differs signif-
icantly from earlierusesof modelinglanguagesuchas OMG’s UML ™[5] in which
theprimarypurposeof modelswasto aid understandingndcommunicationThemain
differencewith MDA is thatthe modelsarethe key part of the definition of the soft-
waresystem Ratherthanthe modelsbeinghandedoverto programmerso implement,
all or muchof the structureandbehaior of a systemis capturedn models,which are
automaticallytransformednto code(and other platform artifacts). Knowledgeof the
platform is encodednto transformationswhich are reusedfor mary systemsrather
thanredesignedor eachnew system.

In MDA, automatedransformationglay a key role. It is importantthat transfor
mationscanbe developedasefficiently aspossible A standardsyntaxand execution
semanticgor transformatioris animportantenablerfor anopenMDA toolschain.On
April, 24,2002,the OMG issueda Requestor Proposal{RFP)for MOF 2.0 Query
Views, andTransformationgQVT) [7] to address technologypartof the OMG Meta
Object Facility MOF 2.0 pertainingto the main issuesin 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 submissionsmary submittedjointly by a numberof orga-
nizations.Thesesubmissiongotal severalhundredpagesmakingit atime-consuming
taskto assesshemadequatelyThis papermakesthe following contributions:In Sec-
tion 2, we defineterminologybasedn the usagen the submissiondut editedfor con-
sisteng. In Section3, a setof commontransformatiorscenariodasedon the authors’
experiencewith model-to-modetransformatioris introduced.The authorsareprimar
ily implementer®f transformation$l, 10] ratherthanimplementer®f transformation
executionlanguagesndernvironments.Sectiond providesan overview of the submis-
sionsandreviewsthembasedntheRFPrequirementsndadditionalbenchmarksT his
sectionalsoidentifieshighlightsof the proposaldrom theviewpoint of theauthorsWe
concludein Section5 with a setof recommendationfor the final QVT standardand
giveabriefoutlookoncurrentwork in Section6. Thegoalof this papeiis notto provide
yet anotherQVT proposalbut to capturethe bestof the existing proposalscombined
with the practicalexperienceof theauthors.

2 Terminology

The QVT RFPintroducessometerminologywhich we clarify here.Furtherterminol-
ogy is introducedin the submissionghemseles.In this section,we provide a unified
setof definitionsfor QVT -relatedterminology which enableghe proposaldo becom-
pared.We begin with definitionsof the termsquery, view, andtransformationwhich
arefundamentato the RFR

Query A queryis an expressiorthatis evaluatedover a model. The resultof a query
is oneor moreinstance®f typesdefinedin the sourcemodel,or definedby the query
languageAn exampleof aqueryoveraUML modelmightbe:Returnall padkagesthat
do not containany child padages.Theresultwould be a collectionof instance®f the
PackagemetaclassA furtherexampleof a queryovera UML modelmight be:Doesa
particular attributein the source havepublic visibility? Theresultwould bea Boolean
value.

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

View A view isamodelthatis completelyderivedfrom anothemodel(thebasemodel).
A view cannotbemodifiedseparatelyrom themodelfrom whichit is derived.Changes
to the basemodelcausecorrespondinghangego the view. If changesare permitted
to the view thenthey modify the sourcemodeldirectly. The metamodebf the view 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 thebasemodel.lt is thereforenec-
essaryfor an editableview to have a definedreversemappingbackto the basemodel.
A view may be partial, thatis basedon a subseif the sourcemodel.A view may be
completeand have the sameinformation contentas the source,but reorganizedfor a
particulartask or user A queryis a restrictedkind of view. Views are generatedsia
transformations.

TransformationA transformatiorgenerateatargetmodelfrom asourcemodel.Trans-
formationsmay leadto independenbr dependentodels.In the first case thereis no
ongoing relationshipbetweenthe sourceand target model once the target hasbeen
generatedln the secondcase the transformatiorcouplesthe sourcemodelandtarget
model.

A transformationmay be top-down in which casethe target modelis not modi-
fied after generation,changesare always madeto the sourcemodel and propagated
to thetargetvia the transformationTransformationsnay be one-way(unidirectional),
in which caseadditionalinformationmay be introducedto the sourcemodelafterthe
applicationof a transformationRepeatepplicationof the transformatiorshouldnot
overwriteary informationintroducedo thetargetmodel.Transformationsnaybetwo-
way (bidirectional),in which caseeachmodel may be modified after the application
of the transformationchangesmustbe propagatedn eitherdirection.In somecases,
changesnay have beenmadeto bothmodels.If thisis permittedthenthereis the pos-
sibility of conflicting changesaving beenmade.In this case,|t is necessaryo detect
suchconflicts,but it may not be possibleto resole themautomatically A transforma-
tion in which the target model replaceshe sourcemodelis referredto asan update
transformation.

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

A view is arestrictedkind of transformatiorin which the target modelcannotbe
modified independentlyof the sourcemodel.If a view is editable,the corresponding
transformatiormustbe bidirectionalin orderto reflectthe changesackto the source
model.

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

Declarative A geneil termfor a relationallanguage or a functionallanguage, asop-

posedo animpertivelanguage. Imperative (or procedual) languagesspecifyexplicit

sequencesf stepsto follow to producea result,while declarative languagesdescribe
relationshipsbetweervariablesin termsof functionsor inferencerules and the lan-

guage executor(interpreteror compiler)appliessomefixedalgorithmto theserelations
to producea result. Themostcommorexamplef declatativelanguagesare logic pro-

gramminglanguagessud asProlog andfunctionallanguageslike Haslell.



Imperative Anyprogramminglanguage that specifiesxplicit manipulationof the state
of the computersystemnot to 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 constructdo definetransforma-
tions. Typically a declaratve approachis usedto selectrules for applicationand an
imperatve approachis usedto implementthe detail of rulesthat are not completely
expressedieclaratvely. This issueis furtherexaminedin Section4.

Thefollowing termsareusedin thedefinitionof transformations.

Rule Rulesarethe unitsin which transformationsare defined.A rule is responsible
for transforminga particularselectionof the sourcemodelto the correspondingarget
modelelementsA transformatioris specifiedvia a setof rules.Compositionmecha-
nismsfor rulesmaybedefined A rule maycontaina declaratiorand/oranimplementa-
tion. A puredeclaratve rule will containonly adeclarationa pureimperatie rule will
containonly animplementationanda hybrid rule will containboth.

Declaration A declaratioris a specificatiorof a relationbetweerelementsn the left-
handandright-handmodels.A declaratiormay containsuficientinformationto fully
describethetransformatiorfrom left to right (unidirectional) the transformatiorfrom
right to left (unidirectional),or both (bidirectional).Alternatively, a declarationmay
only be ableto constrainthe left andright sidesto determinewhenan associatedm-
plementatiorshouldbe invoked. Note thatin a bidirectionaltransformationglements
from theright andleft sidesareavailablewhenthe declaratioris evaluated.

ImplementationAn implementatioris animperatve specificatiorof how to createtar-
get model elementsfrom sourcemodel elements An implementationexplicitly con-
structselementsn the target model. Implementationsretypically directed,i.e., they
operatdrom left to right or from right to left. However, implementationshatcanoper
atein eitherdirectionarepossibleandpermitted.

Match A matchoccursduringtheapplicationof atransformatiorwhenelementsrom
theleft-handand/orright-handmodelareidentifiedasmeetingthe constraintspecified
by the declarationof a rule. A matchtriggersthe creation(or update)of modelele-
mentsin the targetmodel,drivenby the declaratve and/orimplementatiorpartsof the
matchedule.

Incrementallransformationlf individual change$n a sourcemodelcanleadto the ex-
ecutionof only thoseruleswhich matchthe modifiedelementsthenthetransformation
is saidto supportincrementakransformation.



3 Common Transformation Scenarios

Theauthorsof this paperareinvolvedin two closely-relategrojectsthatapply model-
driven transformationsin the following, we discusscommonscenarioghat a trans-
formationlanguagemustaddressasedon our practicalexperienceof implementing
transformations.

SimpletransformationsA simpletransformations onethattransformssingleelements
in the sourcemodelinto single elementsn the target model. Quite often, the source
andtarget modelshave essentiallythe samestructure Many of the examplesusedin
the QVT proposalsareof this kind. A typical exampleis a transformatiorfrom UML
classesattributesandoperationgo Java classesfieldsandmethodsThis typeof trans-
formationis straightforvard to implementimperatively, and should be amenableto
declaratve approaches.

Expressions Transformationsnay have to handlestring expressionsn the sourceor
targetmodel. Wherea metamodefor the expressionanguagesxists, expressiongan
be treatedasinstancef that metamodeblndrequirelittle specialsupport.However,
in mary casesit may be unnecessaryo fully parsethe expressionandsomesimple
supportfor transformingtext is sufficient.

Theauthorsof this paperhave worked on transformationsvith BPEL4AWS[3], the
Busines®rocesExecutionLanguagdor Web servicesasthe majortarget. Thetrans-
formationswe have implementedrom UML to BPEL4AWS[1] andfrom busineswiew
modelsto BPEL4WSandAdaptive Entities[10] have several examplesof expression
handling,includingtransformingsourceexpressionsnto equivalenttargetexpressions,
into elementsgr into attribute settingson elements.

Naming Anothercommonsituationrequiringtext handlingoccurswhenthesourceand
target modelshave differentrestrictionson naming,or differentnamingcorventions.
For example,UML allows mary charactersn namesthat Java doesnot allow. This
mustbe handledin someway when generatinglaza from UML. Oneapproachs to
automaticallymanglenamesn a standardvay to make themvalid. Any referenceso
thosenameghatoccurelsavheremustalsobe mangledfor consisteng. Alternatively,
the Java namingrestrictionscanbe enforcedonthe UML model.

Comple transformations This type of transformationbuilds structuresin the tarmget
modelwhich do notdirectly correspondo ary individual elementin the sourcemodel.
Thetransformationsnay be basedn complex algorithmsandheuristics.

Thetransformationsve have implementedcorvert unstructuredactivity graphsor
processgraphsinto structuredBPEL4WS actiities. They partition the graphsinto
subgraphspasedon the control flow and other criteria, and build a well-structured
BPEL4WS process.This sort of transformationcan be difficult to describedeclara-
tively.



Regenermtion and reconciliation Having useda transformationto generatea target
model, it is likely thatthe userwill wantto modify the generatedutput. Whensub-
sequentlythe sourcemodelis alsochangedit would be desirablef thetransformation
canbereappliedwhile maintainingany changeshe userhasmade.Trying to maintain
userchangesnayleadto conflicts,which mustberesohed—perhapby askingtheuser
whatshouldbedone.

Transformatiorfrompartial soucemodelslt is oftenusefulto beableto generata par

tial targetmodelfrom a partial sourcemodel.For example,in the UML to BPEL4AWS
transformatiordescribedn [1], behavior is describedisingactivity graphswhich can
be transformednto executableBPEL4WS.During top-davn developmentan activity

graphcanbe generatedhat containsnamedactivity nodeswith control flow but does
not yet have all detailsof the actionswithin the activities elaboratedSucha model
containssufficientinformationto be ableto generate skeletonof a BPEL4AWSdocu-
ment,which is usefulfor modelerswho arefamiliar with BPELAWS.It is alsouseful
in scenariosvhereusersarepermittedto addinformationto eithera UML modelor its

correspondin@PEL4WSdocument.

Resilienceo errors The occurrenceof an exceptionduring transformatiorexecution
shouldnot haltthetransformationi.e., insteadof simply aborting,it shouldbe possible
to generate partialmodel.Rulesthatarenot affectedby the errorin the sourcemodel
shouldbe executedasusual,resultingin a partial target model. This approachallows

multiple errorsto bedetectedn asinglepassTherequiremenbf transactionabehaior

of transformationrulesis directly relatedto this feature.

M-to-N transformations It cannotbe assumedhat thereis a one-to-onecorrespon-
dencebetweensourceand target models.The transformationsnentionedabove take

in a sourcemodelandgeneratemultiple target modelsfrom threedifferentmetamod-
els (BPEL4AWS,WSDL andXSD in onecaseandBPEL4WS,WSDL, andSACL—a

metamodeto specifystatemachines—irthe othercase) Notethat,evenif it is possi-
ble to split sucha transformatiorinto multiple one-to-ondransformationsthis maybe

aninefficientimplementation Supportfor one-to-mam transformations particularly
valuablein casesvheretheresultingmodelswill beinterdependerand mustreferto

elementscreatedduring the transformation.Transformationscombiningmodelsthat

represenvariousaspect®f aproblemarelik ely to bemary-to-one.ln thegeneraktase,
mary-to-mary transformationsnustbe supported.

4 Summary of the Submissions

The QVT standards consideredessentiato make Model-Driven Architecturesa suc-
cess.Thefollowing generarequirementsvereformulated:

— The proposalshouldbe preciseandfunctionally complete but alsominimalistic.
Compliancepoints should be specifiedand existing standardshould be reused
wheneerpossible.



— The proposalsshouldbe compatibleor clearly specify the changesand/orexten-
sionsthey make with respecto existing OMG specifications.

— Theproposalshouldbeimplementationndependentddressecurityissuesvhere
neededandspecifythe degreesof internationalization.

The MDA TechnicalPerspectie statesthat relationshipshetweenmodelsshould
be definedat the samelevel of abstractiorastheir metamodelglefinedin MOF. Given
that all modelswill be representedn MOF, a single transformationanguagefor all
MOF modelsis possibleand shouldbe formulatedin the proposalsMappingsto ary
non-OMGlanguageshouldbe obtainableéby definingaMOF metamodefor suchalan-
guage Transformationgredefinedasmappingsanda uniquetransformationanguage
is consideredo play a role similar to the role XSLT playsfor XML representations.
Queriesarerequiredto filter andselectelementdrom amodelsimilarto XPATH thatis
usedto selectelementdfrom an XML model.Views areconsiderecasmodelsderived
from othermodels.Althoughthe RFPinitially callsfor views on metamodelgsee[7]
andSection2), the remainingRFP documentiscussewiews of concretemodelsthat
revealspecificaspect®f a modeledsystem notthe metamodel.

Apart from thesegeneralrequirementghat are applicableto almostary standard,
morespecificrequirementsareformulatedthataddresQVT -specificissues:

— Proposalshoulddefinealanguagdor transformatiomefinitionsthatcanbedeclar
atively representeth MOF, i.e., a transformatioris a MOF modelitself. Thelan-
guagemustbe expressive enoughto expressall requiredinformationto automat-
ically generatea target modelfrom a sourcemodel. The transformatiolanguage
shouldalsoallow oneto formulateandcreatea view of a metanode| butin general,
all mechanismshouldoperateon mode] i.e., instancesof metamodelslefinedin
MOF 2.0.

— A transformatiorshouldsupportthe propagatiorof incrementathange®ccurring
in onemodelto the othermodel. Although singletonsetsof modelsarethe main
focus,it shouldalsobe possibleto transformmultiple modelsinto eachother

The optional requirementssummarizedoelon are also very interestingand was
givenconsiderablattentionin mary of the submissions:

— Transformationshouldbedefinedsymmetricallyandgobeyondthesimplesource-
to-talgetapproach.

— Transformationshouldbe ableto implementupdatesij.e., thetargetmodelis the
sameasthe sourcemodel.

— Inversetransformationshouldbe definablesuchthat 7= (T'(M)) = M.

— The proposedanguageshouldsupportthe traceability of transformationexecu-
tions. Transformationsvith a transactionatharacteshouldbe definable(commit,
rollback), which would preventaninvalid (not well-formed)modelresultingfrom
atransformatiorthathasfailed during execution.

— A transformatiodanguageshouldsupporthereuseandextensionof generictrans-
formations.It shouldprovide mechanismso inherit and overridetransformations
andtheability to instantiateemplatesor patterns.



— The useof additionaltransformatiordatanot containedin the sourcemodelbut
thatparameteriz¢hetransformatiorprocesshouldbe possible.

The OMG Action Semanticsspecification[5] is mentionedas alreadyhaving a
mechanisifor manipulatinginstancesof UML model elements Submittersare thus
alsorequestedo discusshow their proposalrelatesto the UML Action Semanticsin
respons¢o the RFPR 8 proposalsveresubmittedandarelistedatthe OMG website[7]:

. Adaptive Ltd. (in thefollowing abbreviatedwith ADAPTIVE)

. DSTC/IBM (abbreriatedwith DSTC)

CompuwvareCorporation/SumMicrosystemgSUN)

. Alcatel/Softeam/TNI-\dliosys/Thale§THALES)

. KennedyCarter(KC)

. TCS,which comprisedrtisan Software,Kinetum,Kings College,andthe Univer-
sity of York (TCS)

. Codagerirechnologieorporation(CODA)

8. Interactve ObjectsSoftware GmbH/ProjecfTechnology(10)

OUTAWN R

~

In the following, we will briefly summarizehe variousproposalsandhighlightthe
strengthsandweaknessegiventhefollowing criteria:

— Easeof technicaladoption,.e., couldwe, asimplementer®f transformationsap-
ply aproposedsolutionto solve our transformatiorproblems,

— Scalabilityof the proposedsolutionin termsof sizeandcomplexity,

— Completenessf the proposalandreadability/self-containedness$ the documen-
tation.

Wealsoconsideredhebendmarksfor mappingapproadesasthey weredeveloped
in [8], because¢hesealsoexpresssomeof our own requirements:

Bidirectionalmappingsshouldbe supported.
Both directionsof the mappingshouldbe capturedn onedefinition.
It shouldbe possibleto definerich well-formednesgonditionson mappings.
Mappingsshouldbe easyto understandndwrite.
Mappingdefinitionsshouldfacilitatethe constructiorof tools, which
e givenasourceandatargetmodelandamappingdecidewhetherthesource/taget
pairis avalid instanceof the mapping,
e provide automatedsupportfor reconciliationof dynamicallychangingmodels
to preventinconsistenciefrom occurring,
¢ allow onesideof a mappingto be partially be generatedf a completegenera-
tionis not possiblein afully automationanner
¢ interoperatevith modelingtools.

We would like to mentionthatwe found mary submissiordocuments¢o beincom-
pleteandsometimeso unclearlyformulatedthatwe cannotguaranteg¢hatthe follow-
ing review exactly matchegheintentionsof the submittersTo the bestof our efforts, it
is basedon our understandin@f the submissionshatwe wereableto derive from the
availabledocuments.



4.1 Queries

All proposalsregard queriesas a requirednecessanpart of a transformationj.e., a
querydeterminesvhenandhow atransformatior{rule)is applicable¢o amodel(or aset
of models)andhow theresultof the transformatiorwill be built. Several submissions
proposeheuseof the OCL 2.0languagelO, SUN, TCS.

IO definesqueriesasa meansto perform model analysis.Executinga query can
be consideredsa specifictransformatiortask,sinceit only returnselementfrom the
model.Notethatthis understandings morelimited thanthedefinitionwe spelledoutin
Section2. IO alsodiscusseshatqueriesmustbe ableto crossmodelboundariesvhen
usedduringatransformationi.e.,aquerymustbe ableto referto the sourceandtamget
modelaswell asto atransformatiors executionhistory.

THALES proposesan extensionto OCL called TRL. A querycanreturnnot only
elementsrom the queriedmodelas an answey but canalsoreturna compositetype
(e.g.,atupleor collection)or amorecomplex type definedby somemetamodel.

TheCODA submissiorproposesinextensiorto XQueryandXPATH, calledMTDL,
asthequerylanguagelt is definedsimilarto arelationaldatabasequery A SelectState-
mentcontainsa PathExpressiorontainingseveral PathStepseachof which canrefer
to asourceor targetmodeltransformatiorpathto allow “the navigationover source(or
target)elementgrom the currentelement”.Within thecontext in whichit is written,we
understandhis asbeingsimilar to the IO proposalbf referringto the executionhistory
of atransformation.

KC proposeghe UML Action Semanticg5] for queriesandto useits Action Se-
manticsLanguageASL [11] asaconcretesyntax.In our opinion,thisamountgo using
ary arbitraryprogrammindanguageasaquerylanguageWe would thereforenotagree
with the KC statementhat this submissiorproposesa fully declaratve solution, but
considerit animperative solution.

The ADAPTIVE proposalcontainsno proposaffor a querylanguagebut only ad-
dresseshe problemof views.

TheDSTCsubmissionmegardsqueriesasspecifictransformationsindbuilds onthe
factthatthetransformationsrethemselesrepresentedsmodels.Thequerymodelis
thusasubsebf thetransformatiormodel,whichis basedn F-logic[9]. Thesubmitted
documentdoesnot explicitly statewhich subsetof the transformationrmodel consti-
tutesthe query model, but the transformatiormodel containsa Query object, which
associate®attern Definitions and inherits a Variable and Pattern Scope.Queriesare
consideredo returnexisting elementsrom a model,notto constructnew elements.

Figure 1 summarizeur understandingf the submissionsalongtwo important
dimensionghat we identified. On the X-axis, we distinguishwhetherthe queryis se-
lective, in the sensethatit canonly returnelementdrom the queriedmodel, or con-
structive,in thesenseahatit canreturnotherelements/aluesaswell. OntheY-axis,we
distinguishwhetherthequerylanguages fully declaratve,is declaratve but allowsref-
erenceo the executionhistory, or is imperative. Sincewe classifiedKC asimperatie,
we alsobelieveit is constructve dueto theflexibility of the Action Semantics.
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Fig. 1. A classificatiorof the submissiongor queries.

4.2 Views

Most of thesubmissiondink views very closelyto queriesand/ortransformationsThe
only exceptionis the ADAPTIVE submissionwhich proposes portal-basedpproach.
Unfortunately however, the documenthasformatting problemsand appearsvery in-
complete,containingonly eight, partially empty pages so we cannotsay muchabout
it. Two anglesof understandingf aview canbe obsened:

— A view is producedastheresultof a query i.e., a view is the visualizationof the
gueryanswer(CODA).
— A view is theresultof atransformatiof THALES, KC, TCS, 10, SUN,DSTC).

Consequentlythe proposalscarry over their solutionsto transformationsand/or
queriego theproblemof creatingaview of amodel. The CODA proposablefinesviews
astheresultof querieswhich arerepresenteth MTDL. Transformationganbe done
on the modelitself or on ary view of it. THALES definesviews asa projectionon a
parentmodelcreatedy atransformationViews, like queriesareexpressedn the TRL
languageKC againproposeshe useof the UML Action SemanticsA view is consid-
eredatransformatiorin which thetargetis completelyderived from the source SUN
regardsviews as specifictransformationgepresentedin XMOF. In the TCS submis-
sion,aview is a projectionon a parentmodelcreateddy atransformationlO definesa
view asaspecifictransformatior(*an abstraction”whereviewpointswill becreatedy
modeleditorsthatoperateonly on asubsebf ametamodelThe DSTCsubmissioralso
considerssiews asspecifictransformationshbut emphasizeanimportantdifference:

“The onlydifferencebetweera transformatioranda view is theunderlyingim-
plementationFor a transformationthe target extentis independenbf souice

3 However, this differenceis marginalin thesensehatall proposalsegardqueriesasanintegral
partof atransformation.



extent; its objects,links and valuesare implementedy storing them.For a
view, thetarget extentremaingdependentnthesouice extent;its objectsinks
andvaluesare computedisingthe souice extent. Thedefinitionof transforma-
tionsandviewsis the same(the specificatiorof source andtarget modelsand
therelationshipsetweerthem}.

We seethefollowing importantdifferencein theunderstandingf views—compare
thisalsoto our definitionof viewsin Section2: Is theview linkedto themodelor doesit
haveanindependengxistenceandcanit be manipulatedvithoutnecessarilychanging
themodelfromwhich it wascreated?0nly the DSTC proposabddressethisissuein a
clearway andstateghatviews remainphysicallylinkedto the model,i.e., ary change
in the modelwill alsooccurin the view if this view containsthe changedpart of the
model.Fromthe otherapproachesye couldnot derive a clearanswerto this question.
The CODA proposaleven seemgo imply that modelsandviews canbe manipulated
independentlypf eachother

4.3 Transformations

In a nutshell,all proposalgexceptADAPTIVE) adopta unifying solutionto queries,
views, andtransformationsln four submissionsgxactly the samdanguagés proposed
to solve all threeaspectskKC proposeshe UML Action SemanticsTHALES proposes
TRL (anextensionof OCL 2.0), DSTC proposed--Logic [9], CODA proposesMTDL
(anextensionof CMOF).

TheothersubmissionglO, SUN, TCS)proposeusingOCL 2.0[5] for queriesThe
queriesare usedinside transformationgo determinewhen a transformationis appli-
cable.The transformatiorianguagesre separatalefinitionscomprisingdifferentele-
mentsandformalisms.Following below, we evaluatethe variousproposalsalongour
previously introducedcriteria:

Self-containednes#lost documentsare not really self-containedKC and DSTC es-
sentially refer to other languagesiescribedelsavhere.All other proposalsshav the

metamodel®f their languagesbut usually omit a detaileddescriptionof the seman-
tics. Theexamplegyivenareeitherhighly simplifiedor nonecistent.Thereforejn mary

casespne canonly obtaina very limited picture of how a transformationwould be

representedndexecuted.

Scalability We distinguishscalingbehaior in termsof the sizeof transformatiormod-
elsandscalingbehaior in termsof the compleity of the transformationghatcanbe
expressedcf. the scenariogliscussedn Section3. Declaratve proposalghatassume
auniformrule base(DSTC,10) canbe assumedo scaleworsethanproposalghatin-
troducea structuredransformatiorbase(TCS). The complexity of thetransformations
thatcanbeexpresseds determinedy the expressiity of thetransformatiodanguage.
KC'’s proposalto usethe UML Action Semanticsyields the mostexpressve solution
sinceit allows an escapeo arbitrary programminglanguagesSimilar code escapes
areprovided by 10, SUN, andTCS. In contrastto this, THALES, CODA, andDSTC
proposedeclaratve, decidablelanguageswhich are lessexpressve, but shouldhave



adwantagesn termsof tooling support(e.g.,decidingconsisteng of transformations
may only be possiblefor them,not for the others).

Many approacheassumeéhatthetransformatiorrule setcanbe structuredo some
extent. The mostdetailedproposalfor a structuringof the rule setcomesfrom TCS.
Rulesin the TCS submissionhave a stateandthey can specializeothertransforma-
tions or be definedas compositesA rule cantransformbetweenan arbitrarynumber
of domains(classesassociationspackages)but theremustbe unique namesfor all
attributesanddomains.The proposakrvisionsa hybrid representatiofor thetransfor
mationrules,seeFigure?2.

Abstract Syntax

E&'\ formation |————{ Domain |-
refines A\ * l

[Not ] [[And ] [or]

cOnuNEtENy . disjuncts
~[ Relation |
Relation |<=

Fig. 2. Transformationrulesasrelation-mappingpairsin the TCS submission.

Thedeclaratve partis calledarelation, whereagsheimplementationapartis theac-
tual mappingthattakesplace.Relationsare multidirectionalandnonexecutable They
canbe composedf otherrelationsusingNOT, AND, OR subrelationsaand so-called
elabomations which, for example,replaceanabstractelationby a setof detailedrela-
tions. Mappingsare executableandcanbe describedn someActions Semanticd.an-
guage A mappingcanrefineary numberof relationsj.e.,thesamemplementatiorcan
bereusedn severaldeclaratve rule definitions.

Transformationsare organizedinto an orderedsequencef stepsthat definethe
operationalpart, cf. Figure 3. Eachstepis specifiedby a setof transformatiortasks,
with eachtaskbeingdefinedasa setof relation-mappingpairs. Transformatiortasks
can be marked as transactional The traceability of a transformationis achieved via
loggingthetransformatiorsteps.

Simplicity Whetheratransformatiordefinitionis easyto understanéndwrite depends
also on personalpreferencesAssumingthat transformationswill be written by pro-
grammersary programming-lile solutionusing Action Semanticsould be assumed
to be(fairly) simple.Thedeclaratve 10 proposaklreadyreportsproblemsn maintain-
ing and completinglarge rule sets,but not in writing a singlerule. Purelogic-based
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Fig. 3. Structureof atransformatiorin the TCS submission.

languagegsuchasproposeddy DSTC)will be harderto useby thosenot experienced
in usingtheformalism.

Bidirectionalmappings canbe providedin termsof transformatiordefinitionsandin
termsof transformatiorexecutions.The definition of a transformationis usuallygiven
asasetof rules,i.e.,asinglerule is the basicunit of transformatiorthatcanbedefined
and executed.Figure 4 cateyorizesthe proposalsalong two dimensionswhetheran
imperative, hybrid, or declaratve languageis usedto write transformatiorrules,and
whetherthe transformatiorrules are executablein only onedirection (from sourceto
target), which we call unidirectional,or from both directions(from sourceandtarget),
which we call bidirectional.Someapproachesgrvision mixedtypesof transformation
ruleswithin the sametransformatiormodel,i.e., somerulesare unidirectional while
othersarebidirectional.We classifiedthoseapproacheasuni/bi.

Variousproposaldiscusswhetherthe sourceor target model shoulddrive the ex-
ecutionof a transformation Note that when rules are bidirectionally executable the
executiondirectionmustbe determinedge.g.,by selectingonerule side (pattern)that
shouldbe matchedandthe otherrule sidethat shouldbe derived, seefor examplethe
SUN submissionThe DSTC proposaldiscussegspect-drren transformationsyhich
would notbedrivenby specificMOF elementsn the sourceor targetmodel,but rather
by somesemantic representation-independssoncept Although aspect-dientrans-
formationsare aninterestingidea, it remainsopenhow they would be representedh
the QVT standardAlthoughwe got theimpressiorthat someproposaldavor oneside
to drive thetransformationpthersallow thedriving sideto be arbitrarily specified.

Furthermoreye found assumptioni the submissionshatreferto the cardinality
of the sourceandtargetmodelsets.Thereareapproachethatassumanultiple source
modelsfrom which onetargetmodelis producedwhile otherservisiona singlesource
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Fig. 4. A classificatiorof the submissiorwith respecto theproposedatureof thetransformation
languagesndtheir possibleexecutiondirections.

modeltransformednto varioustargets,or in themostflexible case mary sourcanodels
canbetransformednto mary targetmodels Figure5 summarizesur findings#
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Fig. 5. Driversandinput/output-cardinalityf transformations.

Easeof Adoption Givenourimpressiorof thecurrentstateof the proposalsywe assume
it to be moreor lessequallyhardto adoptary of them.At the oneextreme,onecould

4 ADAPTIVE andKC have beenomitted,becauséhey provide noinformationon this aspecof
transformationsln the caseof CODA, we arenot surewhetherit is really source-drenand
someunsecurityalsoremainsn thecaseof SUN andTHALES, which couldbe moregeneral
thanis apparenfrom their submissiordocuments.



simply applyone’s preferredorogrammindanguageo adoptthe KC proposalj.e.,the
transformationshatwe haveimplementedn Javaalreadytodaycouldbeconsidereds
anadoption.However, this is of coursenot the intentionof the KC submissionAt the
otherextreme,we would placethe DSTC proposal of which we think thatit canonly
be fully exploited after having understoodhe hundredpagedong paper[9] or if good
tooling supportis madeavailable.

Rich Conditions Theanswetto thiscriterioncorrespondslirectlyto theproposedjuery
language sinceall submissionausetheir query languageto formulate conditionsin
transformations.

Tooling AspectMany claimsaremade but it is hardto tell whetherthey aremetwith-
out undegoing a comprehensie evaluationof the tools, which are not easilyaccessi-
ble. Theimportantrequirement®f modelreconciliation failure handling,consistenyg
checkingandmodelintegrationarewidely discussedbut we could not find a proposal
sofarthatwould corvincingly demonstratbow theseissuesareresolhedin atool. The
10 submissionfor example,definesandchecksa constrainbeforethequeryin amap-
ping rule is executedandbeforethe targetmodelis actuallymodified.Many proposals
admitthattheseissuesalthoughimportant,arenot yet addressedy their submission.
Many of the proposalsalso argue that defining symmetricor inversetransformations
or consideringthem somethingspecialis not very meaningfuland that the practical
relevanceof inversetransformationsemainsunclear Insteadof defininginversetrans-
formations someproposalglefinepairsof complementaryransformationules,seefor
examplethelO submissionSecurityaspectsverediscussedhut we did not find mary
concreteproposalsThe problemwith updatinga modelis usually consideredo be a
standardransformatiorproblemandwe did not seespecificsolutionsto handleup-
datesof the samemodelexceptthatone may distinguishbetweerupdaterules which
modify a model,andcreaterules, which generatea new model,e.g.,in the THALES
submission.

5 Recommendations

This sectionintroducesa setof recommendationfor thefinal QVT standardTherec-
ommendationsre basedon the highlightsof the initial responseso the RFP andthe
authors’experiencesn developingmodel-to-modetransformations.

Support a hybrid approachto transformation definitions: In the experienceof
theauthors a declaratve approachs usefulfor specifyingsimpletransformationsand
for identifying relationsbetweensourceand target model elements However, mary
transformationsare not straightforward. This is especiallytrue whentransformingbe-
tweenlanguagesat a similar level of abstractionsuchas horizontaltransformations
and transformationgo middleware platformsthat supporthigh-level abstractionsit
may not be possiblefor the target audienceof transformationlanguagego construct
comple transformationaising a fully declaratve approachAn imperative language
is preferablefor the definition of complex mary-to-mary transformationghatinvolve
detailedmodelanalysis.The following quoteby Adam Bosworth [2] supportsour rec-
ommendation:



Alan Kay is supposedo havesaid that simplethings shouldbe simpleand
hard things shouldbe possible It has beenmy experienceover 25 years of
softwae developmenthatfor mostsoftwae products simplethingsshouldbe
declamtive and/or visual and hard things shouldbe procedual. Declarative
languageshavean unfortunatetendencyto metastasizéecausepeopleneed
to do thingsthat are hard. Whenthey grow in this way, not only can most
peoplenotusethesenew features,they find the entire language more daunting

Provide a simple declarative specificationlanguage:Also in line with the above
quotefrom Bosworth, we recommendhat the languagausedfor declaratve specifica-
tion be simple.A graphicalconcretenotationfor the languages likely to be of value
to someusercommunities Simplicity is somavhat subjectve, but asa guideline,the
capabilitiesof thedeclaratve languageshouldnot go beyondthe pointatwhich acapa-
ble modeler/programmewould find animperatve specificationmore straightforward
to constructcomprehendandmaintain.

Usedeclarative queries only: Do not allow to link a queryto a specificruntime
executionof a QVT sessionKeepthe query languagefully declaratve. Allow it to
returnnotonly elementgrom thequeriedmodel,but alsoanswetypesdefinedoy some
metamodelln the simplestcase a querycanreturna Booleanvalueevenif Booleans
arenot partof thequeriedmetamodel.lt shouldbediscussedvhetheraquerystatement
shouldbe decidableover a model. In this case the full expressvity of programming
languageshouldnot be allowed, but languagesuchasOCL shouldbe preferred.The
recommendedpacds shavn in Figure®.
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Fig. 6. A recommendedpaceor querylanguages.

Provide an abstract syntax for the transformation language: The transforma-
tion languageshouldhave a definedabstractsyntaxfor composition,declaratve, and
imperatie parts. Where possibletheseshouldbe basedon existing OMG standards.



The proposaimay specifyan exampleconcretesyntax,but shouldpermitotherdeclar
ative andimperative languagedo be pluggedin via transformationdo the abstracts
syntaxspecifiedn the proposal.

Adopt common terminology: In Section2, we put togethera setof definitions
that provide a unifying view on the major conceptsoccurringin the QVT space We
recommendhatafinal standargreciselydefineacommonterminology In generalwe
assumehatthefinal standardpecificatiorwill beacompleteself-containedlocument.

Usethe Action Semanticsas an interchangeformat: Imperatve partsof rules
shouldbeexchangedria UML Action SemanticsThe UML 2.0 Action Semanticswill
be appropriatewithin the time scaleof this RFR This will provide a standards-based
interchangdormatfor imperative specification®of transformatiorbehaior while per
mitting the useof particularconcretesyntavesthatareappropriatefor usein particular
developmentervironments Suchconcretdanguagesouldincludetextual or graphical
concretesyntavesfor UML Action Semanticse.g.,the ASL [11], imperativelanguages
specificallydesignedor the specificatiorof rules(suchasthe TRL languageproposed
in theTHALES submission)or programmindanguagesuchasJava whereamapping
to UML Action Semanticss provided.

Support symmetric rule definitions: It shouldbe possibleto describesymmetric
rulesthatcanbe executedeft-to-right, right-to-left, or in a reconciliationmodewhere
both sourceand target modelsexist and either may have beenmodified. Symmetric
rule definitionsfacilitatethe developmentf bidirectionalmappingsavoid theduplica-
tion thatoccurswhena rule andits inversearedefinedseparatelyandprovide a useful
starting point for reconciliation.Symmetricallydefinedrules may containdirection-
dependenimplementatiorpartsthat are usedwhenthe rule is executedin the corre-
spondingdirection.Figure7 shavsthe spaceghatwe recommendor therepresentation
of rules.
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Fig. 7. A recommendedpacefor rule representations.



Support compositionand reuse:lt is oftenvaluableto beableto constructa com-
plex transformatiorirom multipleintermediatéransformationsgitherbecaussomeof
thesubtransformationalreadyexist, becauseheintermediatgesultsareof interest,or
to decomposéhe probleminto simplersteps.The proposalmustsupportcomposition
and packagingmechanismdo supportthe developmentof large transformationsaand
systemsconstructedrom multiple transformationsThesemechanismshouldcome
from UML. A transformationdefinition should be an executableUML model. The
generalizatiorandtemplatingcapabilitiesof UML shouldbe consideredor rulesand
transformationsFurthermorethe transactionabehaior of composedransformations
is anotherissuethatdeseresdeepeiexploration.

Support complex transformation scenarios: The transformationscenariosde-
scribedin Section3 shouldbe supportedby the adoptedstandard.The requirements
have all arisenfrom practicalexperiencesith theimplementatiorof transformations.
Figure 8 shaws the spacefor rule executionsthat we recommendo offer the largest
possibleflexibility in supportingcomplex transformatiorscenarios.
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Fig. 8. A recommendedpacdor rule executions.

Provide completeexamples:The final proposalshouldincludea numberof com-
plete nontrivial transformationspecificationsTheseshould preferablybe standards-
basedtransformationof value to the MDA community Good examplescould be a
reversiblemappingbetween(a subsef?) Java and UML 2.0 Action Languageor an
implementatiorof a MOF 2.0 packagamelge (a mary-to-onemapping).

Establish requirementson transformation executions: We found the problem
of errorsduring a transformatiorand the optional requiremenbf transactionatrans-
formationsto be importantin orderto achieve robust transformationsn practice.A
standardshouldclarify this issueandprovide a solution.Furthermorethe questionof
how large transformationswill be handledshouldbe addressedi.e., how will trans-
formationswork in two directions,how will incrementakchangef modelsand‘life



modelsynchronizationsbe supportedandhow will associationdetweensourceand
targetmodelelementdeestablished?

Emphasizethe tooling aspect: We found the definition of usecaseausefulto de-
rive requirementshata tool shouldsatisfyandto shav how the standarcdcansupport
the scenarioglescribedn the usecasesUsability and ease-of-usaspectseemto be
of critical importance Anotherimportantissueseemgo be the consisteng andcom-
pletenesproblemshatshouldbefurtherclarified:How doesatransformatiordesigner
know that his rule setis consistenandwill producea valid target model?How does
he know that his rule setis completeandwill producea completetarget model?Are
theresultsof rule executiondeterministicor candifferentoutcomeccur?f yes,how
would we dealwith that?Whatwould it mean?

6 Conclusion

Thispapethasprovidedacompletereview of thesubmissionso theOMG’s Requesfor
Proposal¢RFP)for MOF 2.0 Query Views, and Transformation§QVT ) with respect
to therequirementstatedin the RFPandthe requirement®f the authorsof this paper
who anticipatebeingusersof thelanguageo bedefinedin thefinal QVT standard.

We have introduceda terminologyto clarify the major conceptsoccurringin the
QVT spacebasedon the usagein the submissionsbut editedfor consisteng. A set
of commontransformationscenarioss describedlt specifiesfeaturesthat the final
QVT standardnustsupportin orderto enablethe implementatiorof transformations
of valueto the authors.The submissiongre classifiedalongvariousbenchmarksand
criteria that 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-
cussechonfunctionaissuesin particularthe usability of the proposedanguagelf the
QVT standards to bewidely implementedthe adoptedransformatiorianguagenust
be usableby thetargetaudience.

Ourcurrentwork focuseonthedevelopmenbf anarchitecturg¢o implementQVT -
basedransformationdasedon the experiencegainedwhile conductingthe reviewing
work describedn this paperWe alsofurtherevaluatethe applicability of F-logicto the
transformationsve areinterestedn, becausdt is atthe heartof the proposakupported
by IBM.

Theauthorshopethatthis papemwill actasausefuloverview of the submittedpro-
posalsandasatransformationmplementersview ontherequirements$or asuccessful
MOF 2.0Query Views, andTransformationstandard.
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