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ABSTRACT

XT bundles existing and newly developed program transformation libraries and tools into an open framework that
supports component-based development of program transformations. We discuss the roles of XT’s constituents
in the development process of program transformation tools, as well as some experiences with building program

transformation systems with XT.
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1. INTRODUCTION

Prograntransformatiorencompassesvariety of different,but related Janguagerocessingcenariossuchas
optimization,compilation,normalization,andrenovation. Acrossthesescenariosmary common,or similar
subtaskganbe distinguishedwhich openspossibilitiesfor softwarereuse.To supportanddemonstratsuch
reuseacrossprogramtransformatiorprojectboundariesye have developedXxT. XT is a bundle of existing
andnewly developedlibrariesandtools usefulin the context of programtransformation.It bundlesits con-
stituentsinto anopenframevork for component-basetiansformatiortool developmentwhich is flexible and
extendible.xT is freesoftware.

In this shortpaperwe will provide anoverview of XT andanindicationof whatis possiblewith it. Section2
fixesterminologyanddiscussesommonprogramtransformatiorscenarios Section3 outlinesthe program
transformatiordevelopmentprocesghatwe wantto support.Sectiond discusseshe actualcontentof the X T
bundle,andexplainshow its constituentsanbe usedto supportprogramtransformatiordevelopmenttasks.
Section5 summarizesur experiencesvith XT sofar, andSection6 wrapsup with concludingremarks.



2. PROGRAM TRANSFORMATION SCENARIOS

Programtransformations theactof changingoneprograminto another Thetermprogramtransformationis
alsousedfor aprogramr ary otherdescriptiorof analgorithm,thatimplementgprogramtransformationThe
languagén which the programbeingtransformedandtheresultingprogramarewritten arecalledthe source
andtarget languagesespectiely. Below we will distinguishscenarioavherethe sourceandtargetlanguage
aredifferent(translation3 from scenariosvherethey arethe same(rephiasings.

Programtransformations usedin mary areasof software engineeringjncluding compiler construction,
softwarevisualization,documentatiomenerationandautomaticsoftwarerenovation. At the basisof all these
differentapplicationdie the mainprogramtransformatiorscenario®f translatiorandrephrasingThesemain
scenariosanberefinedinto a numberof typical sub-scenarios

Translation In atranslatingscenarioa programis transformedrom a sourcelanguagento a programin a

differenttargetlanguage Examplef translatingscenariosiresynthesismigration,compilation,andanalysis.
In programsynthesisinimplementatioris derivedfrom a high-level specificatiorsuchthattheimplementation
satisfieghespecification A prime exampleof programsynthesiss parsemgenerationln migration a program
is transformedo anotheldanguage For example transforminga Fortran7 7programto anequialentFortran90
program. Compilationis a form of synthesisn which a programin a high-level languagss transformedo

a programin a lowerlevel language.In programanalysisa programis reducedto someproperty or value.

Type-checkinds anexampleof programanalysis.

Rephasing In areph@asingscenariaaprogramis transformednto adifferentprogramin thesamdanguage,
i.e., sourceandtargetlanguagerethe same.Examplef rephrasingcenariogrenormalization yenovation,
refactoring,and optimization. In a normalizationa programis reducedto a programin a sub-languageln
renovation someaspectof a programis improved. For example,repairinga Y2K bug. A refactoringis a
transformatiorthatimprovesthe designof a programwhile preservingts functionality An optimizationis
transformatiorthatimprovestherun-timeand/orspaceperformancef the program.

Most programtransformationsre(intendedo be) semanticgpreservingthoughwealer notionsof semantics
preserationmay be appropriatdor somescenariosRenawation,for instancetypically changesemanticgo
improve correctness.

Thelist of sub-scenarios notcomplete andin practicemary programtransformationgirea combination
of sub-scenariod-or example asinglecompilermay performcodeoptimizationaftertransformingts inputto
atargetlanguageln fact,X T supportcomponent-basedevelopmenbf programtransformationsyhereeach
componenmightfollow adifferenttransformatiorscenario.

3. TRANSFORMATION DEVELOPMENT
Thedevelopmeniprocesf programtransformatioriools generallyconsistof thefollowing steps:

1. Obtain(syntax)definitionsof the languagesnvolvedin the transformation. This may involve gram-
marengineeringi.e. the (re)constructiorof grammarstransformatiorof grammarsandassessmeraf
existing grammatrs.

2. Set-upatransformatiorframenork. This mayinvolve reusinggenerictransformatioribrariesor gener
atinglanguagespecifictransformatiorlibraries,generatingparsersandgeneratingandrefining pretty-
printers.

3. Designatransformatiorpipeline. Generallythis pipelineconsistsof parsersandpretty-printersasfront
andbackends,andcontainsa variety of rephrasingandtranslationcomponentsTheinterfacesbetween
thecomponent®f the pipelineneedto be establishedh this phase.

4. Implementthecomponentsf thepipeline. Thisinvolveschoosingmplementatiodanguagesjesigning
algorithms,andcoding.

5. Gluethecomponent$o createacompletaransformationFor thispurposecommonscriptingtechniques
canbeused,or moreadvancednteroperatiorandcommunicatioriechniques.



6. Performthetransformations.

Of coursejterationover (someof) thesestepss oftennecessaryTo aid thedeveloperin constructingorogram
transformatiorsystemstool supportis neededor eachof thesesteps.

4. THE XT BUNDLE

XT bundlestooling for the constructiorof programtransformatiorsystemslts purposés to minimizeinstalla-
tion effort, verify thatall componentsvork togetherandto provide extensive documentatiorandinstructions
abouthow to usethistooling together Thefollowing tool packagesirebundledby xT:

e ATERMS[3] — Thisis a genericformatfor representin@gnnotatedreesandis usedwithin XT ascom-
mon tree exchangeformat to connectindividual componentgo form transformatiornsystems. There
aretwo representationfor ATERMS: a human-readabléextual representatioanda spaceefficient bi-
naryrepresentatiobasedn maximalsubtreesharing.Furthermorea library of functionsfor building,
traversing,andinspectingATERMS s available.

e SDF [9, 12] — All grammarsbundledwith XT aredefinedin the modularsyntaxdefinition formalism
SDF. Parsingof arbitrarycontet-freelanguageslefinedin spF is supportedy the parsetablegenerator
pgen in combinatiorwith thegenericparsersgl r . The parsergeneratoproduceparseablesthatare
interpretedoy sgl r usingthe Scannerles&eneralized-LRparsingalgorithm.

e GPP [4] — Pretty-printingis supporteddy the genericpretty-printtoolsetGprp. It offerslanguagende-
pendenfpretty-printfacilities basedon customizableretty-printrulesto specifythe formattingof text.
By default, GPp supportsplaintext, HTML, andIATEX, but the systemcanbe extendedeasilyto support
moreoutputformats.

e GrammarBase[7] — The sbF GrammarBasecontainsa collectionof syntaxdefinitionsfor a growing
numberof languagesncludingcoBoL, HASKELL, YACC, SDF, andELAN. ThepurposeftheGrammar
Baseis to offer areferencdor languagedefinitionsandto provide a collectionof grammargshatcanbe
downloadedor freeandarereadyfor use.

e GrammaiTools[6] — Wedevelopedacollectionof toolsfor grammamnalysisgrammai(re)construction,
andtreemanipulationFor example,yacc2sdf translatesracc grammarsnto sbF, andsdf cons is
arephmsingtransformatiorthataddssynthesized¢onstructonamego SDF grammars.

e Stratgo[14] — Strat@ois aprogrammindanguagédor termrewriting with strat@ies. Thelanguagéas
beenusedastransformatiodanguagedor theimplementatiorof mary component®f xT. An extensie
library thatcomeswith thelanguagesupportsermtraversalin mary flavorsandoffersgeneridanguage
processinglgorithms.

e JJForester[11] — JJForesteris a parserandvisitor generatoifor Java which takes sbF asinput, and
usespgen andsgl r asfront-ends. It allows implementatiorof specificprogramtransformationdy
refinementf generatedisitors.

Prograntransformatiorsystemsanbeconstructedyy connectingcomponentfrom thedifferenttool packages
of XT together This compositionof componentgfor instancein scriptsor pipelines)is simple becauseall
componentgan be connectedo eachothervia the commonATERMSs exchangeformat. Consisteng of all
component®f the XT bundleis continuouslymonitoredusing extensive unit andintegrationtests. The XT
documentatiocontainausaganformationof theindividualtoolsaswell asHowTo’swhich describehow these
tools canbe combinedto performspecifictransformatiortasks. XT is completelycomponenbasedwhich
meangdhatit canbeextendedwith new componentsindthatexistingcomponentgsanbereplacedatary time.

5. EXPERIENCE

In this sectionwe describesomeof our experiencesvith XT in variousprogramtransformatiorprojects. For
eachprojectwe indicatewhich programtransformatiorscenariosieededo be addressecandwhich X T con-
stituentswere(re)used.
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Compilationof Tiger programs A compilerfor Appel’s Tiger languagg1] was developedas an exercise
in compilationby transformatiorfor a courseon High-PerformanceCompiles at Universiteit Utrecht[13].
The compilertranslatesTiger programso MIPS assemblycode. This translationis achieved by a numberof
transformationsTiger abstracsyntaxis translatedo anintermediataepresentationTheintermediateepre-
sentationis canonicalizedy a normalizingtransformationCanonicalizedR is translatedo a MIPS program
by instructionselection.Finally, registerallocationoptimizesregisteruseby mappingtemporaryregistersto
actualmachineregisters.Optimizingtransformationsanbepluggedn atvariousstage®f compilation.These
transformationdiave beenimplementedn Stratgjo. In addition,the compilerconsistsof a parsergenerated
from ansbF grammayatypecheckrimplementedn Stratgo anda pretty-printerfor Tiger built with Gpp.

Warm fusionof functionalprograms  An implementatiorof atransformatiorsystenfor asubsebf HASKELL
incorporatinghewarmfusionalgorithmwasundertalenasacasestudyin programtransformatiorwith rewrit-
ing strat@ies[10]. Thetransformatiorsystemconsistof aparseranormalizatiorphaseo eliminatesyntactic
sugar a typecheckr, the warm fusion transformationtself anda pretty-printer The warm fusion algorithm
rephrasesxplicitly recursve functionsasfunctionsdefinedusingcatamorphismgo enableeliminationof in-
termediatedatastructuregdeforestationpf lazy functionalprograms.By inlining functionsrephrasedn this
manney compositionf functionscanbe fused. The bodiesof all function definitionsare simplified using
standardeductionrulesfor functionalprograms.

The grammarfor HASKELL98 hasbeensemi-automaticallye-engineeredrom a YACC grammarusing
theyacc2sdf tool. A pretty-printerfor HASKELL was built using GPp. The transformationshave been
implementedn Stratgo andmalke extensie useof the genericalgorithmsin the Stratejo library, in particular
thosefor substitutionfreevariableextractionandboundvariablerenaming.

Documentatiorgeneation for s A documentatiomgeneratorfor the specificationand descriptionlan-
guagesDL washuilt in collaborationwith LucentTechnologieg5]. AT&T’s proprietarydialectof sbL was
re-engineeretly automaticallymigratinganoperationalvAcc definitionto sbr. A suitableconcretesyntaxof
sbL anda correspondin@bstracsyntaxwereconstructedy applyingseveralrefactoringsandoptimizations
to thegeneratedDF definition. Giventhe sDF definition,toolsfor documentatiomgeneratiorwereconstructed
consistingof transformation$or sbL codeanalysisandfor visualisationof sDL statetransitiongraphs.

The sbL grammarwas obtainedfrom YAccC usingyacc2sdf, Gpp was usedfor pretty-printing, and
sdf cons wasusedfor abstracsyntaxgenerationFurthermorethegrammarsisedin additionto sbL where
alreadyavailablefor reusein the GrammarBase.All programmingvasperformedwith Strateo.

6. CONCLUDING REMARKS

Availability xT andall its constituentcomponentsre free softwae [16], i.e. they aredistributedasopen
sourceunderthe GNU GeneralPublic License[8], and anyoneis allowed to use, modify, and redistritute
them. xT canbe downloadedfrom http://www.programtransformaion.org/xt. The distribution makesuseof
autohundle autoconf andautomale, which make installationa nearlytrivial job. XT is known to install and
run successfullyon variousplatforms,amongwhich SUN-SolarisBSD-Unix,andLinux.

Comparisorto otherframavorks X7 sharests bundlinginfrastructureandthe sbrF and ATERMS packages
with a peerbundle: the AsF+SDF Meta-Ervironment[2]. This bundleintegratesthesepackagesvith a com-
piler andinterpreteifor the ASsF programminganguagea structureeditor, a GUI, andothercomponentsnto
aninteractivedevelopmenenvironmentfor languagedefinitionsandtools. By contrast x T supportanultiple
programmindanguagesandoffersanextendiblesetof componentshatcancombinedn variousways.

Many tools and frameaworks for programtransformationor for someof its sub-scenariosalreadyexist.
Among theseare attribute grammarsystems algebraicrewriting systemsand object-orientedsystems(see
[15] for anoverview of transformatiorframeavorks). Generallythesesystemsareclosedin the sensehatthey
provide a fixed setof tightly-coupledcomponentgparser pretty-printer transformatiorlanguage)they have
no supportfor exchangeor interoperatiorwith other(competingsystemsandthey arebiasedowardsasingle
programmindanguage.



XT doesnot attemptto competewith thesesystemsby providing yet anotherclosedtransformatiortool.
Insteadit reusescomponentdrom existing systemsanddemonstratelow they canbe usedin a completely
open extendibleframework. Differentconstellation®f transformatioriool bundlescanbe obtainedby adding
new componentso XT, that cansupplemenbr replacethe currentones. Also, onecanuseXT as a basis
for the creationof specific(possiblyclosed)transformatiorframeavorksfor particularapplicationareaspr for
particularsourceandtargetlanguages.
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