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1. INTRODUCTION

Programtransformationencompassesavarietyof different,but related,languageprocessingscenarios,suchas
optimization,compilation,normalization,andrenovation. Acrossthesescenarios,many common,or similar
subtaskscanbedistinguished,which openspossibilitiesfor softwarereuse.To supportanddemonstratesuch
reuseacrossprogramtransformationprojectboundaries,we have developedXT. XT is a bundleof existing
andnewly developedlibrariesandtools useful in the context of programtransformation.It bundlesits con-
stituentsinto anopenframework for component-basedtransformationtool development,which is flexible and
extendible.XT is freesoftware.

In thisshortpaper, wewill provideanoverview of XT andanindicationof whatis possiblewith it. Section2
fixesterminologyanddiscussescommonprogramtransformationscenarios. Section3 outlinesthe program
transformationdevelopmentprocessthatwe wantto support.Section4 discussestheactualcontentof theXT

bundle,andexplainshow its constituentscanbeusedto supportprogramtransformationdevelopmenttasks.
Section5 summarizesourexperienceswith XT sofar, andSection6 wrapsupwith concludingremarks.
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2. PROGRAM TRANSFORMATION SCENARIOS

Programtransformationis theactof changingoneprograminto another. Thetermprogramtransformationis
alsousedfor aprogram,or any otherdescriptionof analgorithm,thatimplementsprogramtransformation.The
languagein which theprogrambeingtransformedandtheresultingprogramarewritten arecalledthesource
andtarget languagesrespectively. Below we will distinguishscenarioswherethesourceandtarget language
aredifferent(translations) from scenarioswherethey arethesame(rephrasings).

Programtransformationis usedin many areasof softwareengineering,including compiler construction,
softwarevisualization,documentationgeneration,andautomaticsoftwarerenovation.At thebasisof all these
differentapplicationslie themainprogramtransformationscenariosof translationandrephrasing.Thesemain
scenarioscanberefinedinto a numberof typicalsub-scenarios.

Translation In a translatingscenarioa programis transformedfrom a sourcelanguageinto a programin a
differenttargetlanguage.Examplesof translatingscenariosaresynthesis,migration,compilation,andanalysis.
In programsynthesisanimplementationis derivedfrom ahigh-level specificationsuchthattheimplementation
satisfiesthespecification.A primeexampleof programsynthesisis parsergeneration.In migrationa program
is transformedto anotherlanguage.For example,transformingaFortran77programto anequivalentFortran90
program. Compilationis a form of synthesisin which a programin a high-level languageis transformedto
a programin a lower-level language.In programanalysisa programis reducedto someproperty, or value.
Type-checkingis anexampleof programanalysis.

Rephrasing In a rephrasingscenarioaprogramis transformedinto adifferentprogramin thesamelanguage,
i.e.,sourceandtargetlanguagearethesame.Examplesof rephrasingscenariosarenormalization,renovation,
refactoring,andoptimization. In a normalizationa programis reducedto a programin a sub-language.In
renovation someaspectof a programis improved. For example,repairinga Y2K bug. A refactoring is a
transformationthat improvesthe designof a programwhile preservingits functionality. An optimizationis
transformationthatimprovestherun-timeand/orspaceperformanceof theprogram.

Most programtransformationsare(intendedto be)semanticspreserving,thoughweaker notionsof semantics
preservationmaybeappropriatefor somescenarios.Renovation,for instance,typically changessemanticsto
improvecorrectness.

Thelist of sub-scenariosis not complete,andin practicemany programtransformationsarea combination
of sub-scenarios.For example,asinglecompilermayperformcodeoptimizationaftertransformingits input to
a targetlanguage.In fact,XT supportscomponent-baseddevelopmentof programtransformations,whereeach
componentmight follow adifferenttransformationscenario.

3. TRANSFORMATION DEVELOPMENT

Thedevelopmentprocessof programtransformationtoolsgenerallyconsistsof thefollowing steps:

1. Obtain(syntax)definitionsof the languagesinvolved in the transformation.This may involve gram-
marengineering,i.e. the(re)constructionof grammars,transformationof grammars,andassessmentof
existinggrammars.

2. Set-upa transformationframework. Thismayinvolve reusinggenerictransformationlibrariesor gener-
ating languagespecifictransformationlibraries,generatingparsers,andgeneratingandrefiningpretty-
printers.

3. Designa transformationpipeline.Generally, thispipelineconsistsof parsersandpretty-printersasfront
andbackends,andcontainsa varietyof rephrasingandtranslationcomponents.Theinterfacesbetween
thecomponentsof thepipelineneedto beestablishedin thisphase.

4. Implementthecomponentsof thepipeline.This involveschoosingimplementationlanguages,designing
algorithms,andcoding.

5. Gluethecomponentstocreateacompletetransformation.For thispurpose,commonscriptingtechniques
canbeused,or moreadvancedinteroperationandcommunicationtechniques.
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6. Performthetransformations.

Of course,iterationover(someof) thesestepsis oftennecessary. To aid thedeveloperin constructingprogram
transformationsystems,tool supportis neededfor eachof thesesteps.

4. THE XT BUNDLE

XT bundlestoolingfor theconstructionof programtransformationsystems.Its purposeis to minimizeinstalla-
tion effort, verify thatall componentswork together, andto provideextensivedocumentationandinstructions
abouthow to usethis tooling together. Thefollowing tool packagesarebundledby XT:

Û ATERMs [3] — This is a genericformatfor representingannotatedtreesandis usedwithin XT ascom-
mon tree exchangeformat to connectindividual componentsto form transformationsystems.There
aretwo representationsfor ATERMs: a human-readable,textual representationanda spaceefficient bi-
naryrepresentationbasedon maximalsubtreesharing.Furthermore,a library of functionsfor building,
traversing,andinspectingATERMs is available.

Û SDF [9, 12] — All grammarsbundledwith XT aredefinedin the modularsyntaxdefinition formalism
SDF. Parsingof arbitrarycontext-freelanguagesdefinedin SDF is supportedby theparsetablegenerator
pgen in combinationwith thegenericparsersglr. Theparsergeneratorproducesparsetablesthatare
interpretedby sglr usingtheScannerlessGeneralized-LRparsingalgorithm.

Û GPP [4] — Pretty-printingis supportedby thegenericpretty-printtoolsetGPP. It offers languageinde-
pendentpretty-printfacilitiesbasedon customizablepretty-printrulesto specifytheformattingof text.
By default, GPP supportsplain text, HTML, andLATEX, but thesystemcanbeextendedeasilyto support
moreoutputformats.

Û GrammarBase[7] — TheSDF GrammarBasecontainsa collectionof syntaxdefinitionsfor a growing
numberof languages,includingCOBOL, HASKELL, YACC, SDF, andELAN. Thepurposeof theGrammar
Baseis to offer a referencefor languagedefinitionsandto providea collectionof grammarsthatcanbe
downloadedfor freeandarereadyfor use.

Û GrammarTools[6] — Wedevelopedacollectionof toolsfor grammaranalysis,grammar(re)construction,
andtreemanipulation.For example,yacc2sdf translatesYACC grammarsinto SDF, andsdfcons is
a rephrasingtransformationthataddssynthesizedconstructornamesto SDF grammars.

Û Stratego[14] — Strategois aprogramminglanguagefor termrewriting with strategies.Thelanguagehas
beenusedastransformationlanguagefor theimplementationof many componentsof XT. An extensive
library thatcomeswith thelanguagesupportstermtraversalin many flavorsandoffersgenericlanguage
processingalgorithms.

Û JJForester[11] — JJForesteris a parserandvisitor generatorfor Java which takes SDF as input, and
usespgen andsglr asfront-ends.It allows implementationof specificprogramtransformationsby
refinementof generatedvisitors.

Programtransformationsystemscanbeconstructedby connectingcomponentsfromthedifferenttool packages
of XT together. This compositionof components(for instancein scriptsor pipelines)is simplebecauseall
componentscanbe connectedto eachothervia the commonATERMs exchangeformat. Consistency of all
componentsof the XT bundle is continuouslymonitoredusingextensive unit and integrationtests. The XT

documentationcontainsusageinformationof theindividualtoolsaswell asHowTo’swhichdescribehow these
tools canbe combinedto performspecifictransformationtasks. XT is completelycomponentbased,which
meansthatit canbeextendedwith new componentsandthatexistingcomponentscanbereplacedatany time.

5. EXPERIENCE

In this sectionwe describesomeof our experienceswith XT in variousprogramtransformationprojects.For
eachprojectwe indicatewhich programtransformationscenariosneededto beaddressed,andwhich XT con-
stituentswere(re)used.
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Compilationof Tiger programs A compiler for Appel’s Tiger language[1] wasdevelopedasan exercise
in compilationby transformationfor a courseon High-PerformanceCompilers at UniversiteitUtrecht[13].
ThecompilertranslatesTiger programsto MIPS assemblycode.This translationis achievedby a numberof
transformations.Tiger abstractsyntaxis translatedto anintermediaterepresentation.Theintermediaterepre-
sentationis canonicalizedby a normalizingtransformation.CanonicalizedIR is translatedto a MIPSprogram
by instructionselection.Finally, registerallocationoptimizesregisteruseby mappingtemporaryregistersto
actualmachineregisters.Optimizingtransformationscanbepluggedin atvariousstagesof compilation.These
transformationshave beenimplementedin Stratego. In addition,thecompilerconsistsof a parsergenerated
from anSDF grammar, a typechecker implementedin Strategoanda pretty-printerfor Tigerbuilt with GPP.

Warmfusionof functionalprograms An implementationof atransformationsystemfor asubsetof HASKELL

incorporatingthewarmfusionalgorithmwasundertakenasacasestudyin programtransformationwith rewrit-
ing strategies[10]. Thetransformationsystemconsistsof aparser, anormalizationphaseto eliminatesyntactic
sugar, a typechecker, the warm fusion transformationitself anda pretty-printer. The warm fusion algorithm
rephrasesexplicitly recursive functionsasfunctionsdefinedusingcatamorphismsto enableeliminationof in-
termediatedatastructures(deforestation)of lazy functionalprograms.By inlining functionsrephrasedin this
manner, compositionsof functionscanbe fused. The bodiesof all function definitionsaresimplified using
standardreductionrulesfor functionalprograms.

The grammarfor HASKELL98 hasbeensemi-automaticallyre-engineeredfrom a YACC grammarusing
the yacc2sdf tool. A pretty-printerfor HASKELL was built using GPP. The transformationshave been
implementedin Strategoandmakeextensiveuseof thegenericalgorithmsin theStratego library, in particular
thosefor substitution,freevariableextractionandboundvariablerenaming.

Documentationgeneration for SDL A documentationgeneratorfor the specificationanddescriptionlan-
guageSDL wasbuilt in collaborationwith LucentTechnologies[5]. AT&T’ s proprietarydialectof SDL was
re-engineeredby automaticallymigratinganoperationalYACC definitionto SDF. A suitableconcretesyntaxof
SDL anda correspondingabstractsyntaxwereconstructedby applyingseveralrefactoringsandoptimizations
to thegeneratedSDF definition.GiventheSDF definition,toolsfor documentationgenerationwereconstructed
consistingof transformationsfor SDL codeanalysisandfor visualisationof SDL statetransitiongraphs.

The SDL grammarwas obtainedfrom YACC using yacc2sdf, GPP was usedfor pretty-printing, and
sdfcons wasusedfor abstractsyntaxgeneration.Furthermore,thegrammarsusedin additionto SDL where
alreadyavailablefor reusein theGrammarBase.All programmingwasperformedwith Stratego.

6. CONCLUDING REMARKS

Availability XT andall its constituentcomponentsare freesoftware [16], i.e. they aredistributedasopen
sourceunderthe GNU GeneralPublic License[8], and anyone is allowed to use,modify, and redistribute
them. XT canbedownloadedfrom http://www.program-transformation.org/xt. Thedistribution makesuseof
autobundle, autoconf, andautomake, which make installationa nearlytrivial job. XT is known to install and
runsuccessfullyonvariousplatforms,amongwhichSUN-Solaris,BSD-Unix,andLinux.

Comparisonto other frameworks XT sharesits bundling infrastructureandthe SDF andATERMs packages
with a peerbundle: theASF+SDF Meta-Environment[2]. This bundleintegratesthesepackageswith a com-
piler andinterpreterfor the ASF programminglanguage,a structureeditor, a GUI, andothercomponentsinto
an interactivedevelopmentenvironmentfor languagedefinitionsandtools. By contrast,XT supportsmultiple
programminglanguages,andoffersanextendiblesetof componentsthatcancombinedin variousways.

Many tools and frameworks for programtransformation,or for someof its sub-scenarios,alreadyexist.
Among theseareattribute grammarsystems,algebraicrewriting systems,and object-orientedsystems(see
[15] for anoverview of transformationframeworks).Generally, thesesystemsareclosedin thesensethatthey
provide a fixedsetof tightly-coupledcomponents(parser, pretty-printer, transformationlanguage),they have
nosupportfor exchangeor interoperationwith other(competing)systems,andthey arebiasedtowardsasingle
programminglanguage.
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XT doesnot attemptto competewith thesesystemsby providing yet anotherclosedtransformationtool.
Insteadit reusescomponentsfrom existing systems,anddemonstrateshow they canbeusedin a completely
open,extendibleframework. Differentconstellationsof transformationtool bundlescanbeobtainedby adding
new componentsto XT, that can supplementor replacethe currentones. Also, onecan useXT as a basis
for thecreationof specific(possiblyclosed)transformationframeworksfor particularapplicationareas,or for
particularsourceandtargetlanguages.

Acknowledgments XT bundlesthe efforts of several people: ATERM library (P. Olivier, H. de Jong),GPP

(M. de Jonge,M. van denBrand,E. Visser),SDF2 (E. Visser),sglr (E. Visser, J. Scheerder, M. van den
Brand),pgen (E. Visser, M. vandenBrand),Stratego(E. Visser),GrammarTools(M deJonge,E. Visserand
J.Visser),JJForester(T. KuipersandJ.Visser).TheGrammarBasewasinitiatedby M. deJonge,E. Visserand
J.VisserandincorporatesgrammarsconstructedatUvA, CWI, andUU overa periodof severalyears.

Merijn deJongeandJoostVisserreceivedpartialsupportfrom theTelematicaInstituteundertheDomain-
specificLanguagesproject.

We thankPaulKlint, TobiasKuipers,andJurgenVinju for theirhelpfulcommentsonadraft of thepaper.



6

Ü �[�&�����½��Ý[��$

1. A. W. Appel. ModernCompilerImplementationin ML. CambridgeUniversityPress,1998.

2. M. Brandet al. TheASF+SDFMeta-Environment:a component-basedlanguagedevelopmentenviron-
ment.Submittedfor publication.

3. M. Brand,H. Jong,P. Klint, andP. Olivier. EfficientAnnotatedTerms.Software, Practice& Experience,
30(3):259–291,2000.

4. M. deJonge.A pretty-printerfor everyoccasion.In I. Ferguson,J.Gray, andL. Scott,editors,Proceedings
of the2ndInternationalSymposiumonConstructingSoftwareEngineeringTools(CoSET2000).University
of Wollongong,Australia,2000.

5. M. deJongeandR. Monajemi.Cost-effectivemaintenancetoolsfor proprietarylanguages.submittedfor
publication,jan 2001.

6. M. deJonge,E. Visser, andJ.Visser. GrammarTools. http://www.program-transformation.org/gt/.

7. M. deJonge,E. Visser, andJ.Visser. TheGrammarBase.http://www.program-transformation.org/gb/.

8. GNU GeneralPublicLicense.http://www.fsf.org/copyleft/gpl.html.

9. J.Heering,P. R. H. Hendriks,P. Klint, andJ.Rekers. ThesyntaxdefinitionformalismSDF— Reference
manual.SIGPLANNotices, 24(11):43–75,1989.

10. P. JohannandE.Visser. Warmfusionin Stratego: A casestudyin thegenerationof programtransformation
systems.Annalsof MathematicsandArtificial Intelligence. (To appear).

11. T. KuipersandJ. Visser. Object-orientedtreetraversalwith JJForester. In Workshopon Language De-
scriptions,ToolsandApplications(LDTA), 2001.

12. E. Visser. SyntaxDefinitionfor LanguagePrototyping. PhDthesis,Universityof Amsterdam,1997.

13. E. Visser. Tiger in Stratego: An exercisein compilationby transformation.http://www.stratego-language.
org/tiger/,2000.

14. E. Visser, Z. Benaissa,andA. Tolmach. Building programoptimizerswith rewriting strategies. ACM
SIGPLANNotices, 34(1):13–26,January1999.Proceedingsof theInternationalConferenceonFunctional
Programming(ICFP’98).

15. E. Visseret al. The online survey of programtransformation.http://www.program-transformation.org/
survey.html.



ÞRl=� lwmylwz&�wlnj 7

16. Whatis FreeSoftware?http://www.fsf.org/philosophy/free-sw.html.


