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Abstract. Component-baseddevelopmentof languagetools standsin
needof meta-toolsupport. This supportcan be offered by generation
of code– librariesor full-fledgedcomponents– from syntaxdefinitions.
We develop a comprehensive architecturefor suchsyntax-drivenmeta-
tooling in whichgrammarsserveascontractsbetweencomponents.This
architectureaddressesexchangeandprocessingboth of full parsetrees
andof abstractsyntaxtrees,andit catersfor theintegrationof generated
parseandpretty-printcomponentswith treeprocessingcomponents.

We discussan instantiationof the architecturefor the syntaxdefinition
formalism SDF, integrating both existing and newly developedmeta-
tools that supportSDF. The ATerm format is adoptedasexchangefor-
mat. This instantiationgivesspecialattentionto adaptability, scalability,
reusability, andmaintainabilityissuessurroundinglanguagetool devel-
opment.

1 Intr oduction

A needexists for meta-toolssupportingcomponent-basedconstructionof language
tools. Language-orientedsoftwareengineeringareassuchasdevelopmentof domain-
specificlanguages(DSLs), languageengineering,andautomaticsoftwarerenovation
(ASR) posechallengesto tool-developerswith respectto adaptability, scalability, and
maintainabilityof thetool developmentprocess.Thesechallengescall for methodsand
tools that facilitatereuse.Onesuchmethodis component-basedconstructionof lan-
guagetools,andthis methodneedsto besupportedby appropriatemeta-toolingto be
viable.

Component-basedconstructionof languagetools canbe supportedby meta-tools
thatgeneratecode– subroutinelibrariesor full-fledgedcomponents– from syntaxdef-
initions. Figure1 shows a globalarchitecturefor suchmeta-tooling.Thebold arrows
depict meta-tools,and the grey ellipsesdepict generatedcode. From a syntaxdefi-
nition, a parsecomponentanda pretty-printcomponentaregeneratedthat take input
termsinto treesandvice versa.Fromthesamesyntaxdefinitiona library is generated
for eachsupportedprogramminglanguage,which is importedby componentsthatop-
erateon thesetrees.Onesuchcomponentis depictedat thebottomof thepicture(more
wouldclutterthepicture).Severalof thesecomponents,possiblydevelopedin different
programminglanguagescaninteroperateseamlessly, sincetheimportedexchangecode
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Fig 1. Architecturefor meta-toolsupportfor componentbasedlanguagetool development.Bold
arrows aremeta-tools.Grey ellipsesaregeneratedcode.

is generatedfrom thesamesyntaxdefinition.
In thispaperwewill refinetheglobalarchitectureof Figure1 into acomprehensive

architecturefor syntax-driven meta-tooling. This architectureembodiesthe ideathat
grammarscanserve ascontractsgoverningall exchangeof syntaxtreesbetweencom-
ponentsandthat representationandexchangeof thesetreesshouldbe supportedby a
commonexchangeformat. An instantiationof this architectureis availableaspart of
theTransformationToolspackageXT.

The paperis structuredas follows. In Sections2, 3, and4 we will develop sev-
eral perspectiveson the architecture.For eachperspective we will make an inventory
of meta-languagesandmeta-toolsandformulaterequirementson theselanguagesand
tools.We will discusshow we instantiatedthisarchitecture:by adoptingor developing
specificlanguagesandtoolsmeetingtheserequirements.In Section5 we will combine
the variousperspectivesthusdevelopedinto a comprehensive architecture.Applica-
tions of the presentedmeta-toolingwill be describedin Section6. Sections7, and8
containadiscussionof relatedwork andasummaryof ourcontributions.

2 Concretesyntax definition and meta-tooling

Oneaspectof meta-toolingfor componentbasedlanguagetool developmentconcerns
thegenerationof codefrom concretesyntaxdefinitions(grammars).Figure2 showsthe
basicarchitectureof suchtooling. Givena concretesyntaxdefinition,parseandpretty-
print componentsare generatedby a parsergeneratoranda pretty-printergenerator,
respectively. Furthermore,library codeis generated,which is importedby tool com-
ponents(Figure2 shows no morethana singlecomponentto preventclutter). These
componentsusethegeneratedlibrary codeto representparsetrees(i.e. concretesyntax
trees),read,process,andwrite them.Thus,thegrammarservesasaninterfacedescrip-
tion for thesecomponents,sinceit describestheform of thetreesthatareexchanged.

A key featureof this approachis that meta-toolssuchaspretty-printerandparser
generatorsareassumedto operateon the sameinput grammar. The reasonfor this is

http://www.program-transformation.org/xt
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Fig 2. Architecturefor concrete syntaxmeta-tools. The concretesyntaxdefinition serves as
contractbetweencomponents.Componentsthatimport generatedlibrary codeinteroperatewith
eachotherandwith generatedparsersandpretty-printersby exchangingparsetreesadheringto
thecontractualgrammar.

that having multiple grammarsfor thesepurposesintroducesenormousmaintenance
costsin applicationareaswith large,rapidly changinggrammars.A grammarserving
asinterfacedefinitionenablessmoothinteroperationbetweenparsecomponents,pretty-
print componentsandtreeprocessingcomponents.In fact,we wantgrammarsto serve
ascontractsgoverningall exchangeof treesbetweencomponents,andhaving several
contractsspecifyingthesameagreementis a recipefor disagreement.

Note thatour architecturedeviatesfrom existing meta-toolsin the respectthatwe
assumefull parsetreescanbeproducedby parsersandconsumedby pretty-printers,not
just abstractsyntaxtrees(ASTs). Theseparsetreescontainnot only semanticallyrele-
vantinformation,asdo ASTs,but they additionallycontainnodesrepresentingliterals,
layout, andcomments.The reasonfor allowing suchconcretesyntaxinformation in
treesis thatmany applications,e.g.softwarerenovation,requirepreservationof layout
andcommentsduringtreetransformation.

2.1 Concretesyntax definition

In orderto satisfyouradaptability, scalabilityandmaintainabilitydemands,theconcrete
syntaxdefinition formalismmustsatisfy a numberof criteria. The syntaxdefinition
formalismmusthavepowerful supportfor modularityandreuse.It mustbepossibleto
extendlanguageswithout changingthegrammarfor thebaselanguage.This is essen-
tial, becauseeachchangeto a grammaronwhich tooling is basedpotentiallyleadsto a
modificationavalanche.Also, thegrammarlanguagemustbepurelydeclarative. If not,
its reusabilityfor differentpurposesis compromised.

In our instantiationof themeta-toolarchitecture,thecentralroleof concretesyntax
definition languageis fulfilled by theSyntaxDefinition FormalismSDF [9]. Figure3
shows an exampleof an SDF grammar. This exampledefinition containslexical and
context-free syntaxdefinitionsdistributedover a numberof modules. Note that the
orientationof productionsis flippedwith respectto BNF notation.



definition
module Exp
exports

context-freesyntax
Identifier � Exp

�
cons(var)�

Identifier “(”
�
Exp “,” � * “)” � Exp

�
cons(fcall) �

“(” Exp “)” � Exp
�
bracket �

module Let
exports

context-freesyntax
let Defs in Exp � Exp

�
cons(let) �

Exp whereDefs � Exp
�
cons(where)�

module Def
exports

aliases�
( Identifier “=” Exp ) “,” � + � Defs

module Main
imports Exp Let Def

exports
sorts Exp
lexical syntax

[ � � t � n] � LAYOUT
context-freerestrictions

LAYOUT? -/- [ � � t � n]

Fig 3. An exampleSDF grammar.

SDF offerspowerful modularizationfeatures.Notably, it allowsmodulesto bemu-
tually dependent,andit allowsalternativesof thesamenon-terminalto bespreadacross
multiple modules.For instance,thesyntaxof a kernellanguageandthesyntaxesof its
extensionscanbedefinedin separatemodules.Also,mutuallydependentnon-terminals
canbedefinedin separatemodules.Renamingsandparameterizedmodulesfurtherfa-
cilitate syntaxreuse.

SDF is a highly expressive syntaxdefinition formalism. Apart from symbolitera-
tion constructors,with or without separators,it providesnotationfor optionalsymbols,
sequencesof symbols,optionalsymbols,andmore.Thesenotationsfor building com-
poundsymbolscanbearbitrarilynested.SDF is notlimited to asubclassof context-free
grammars,suchasLR or LL grammars.Sincethe full classof context-freesyntaxes,
asopposedto any of its propersubclasses,is closedundercomposition(combiningtwo
context-freegrammarswill alwaysproduceagrammarthatis context-freeaswell), this
absenceof restrictionsis essentialto obtaintruemodularsyntaxdefinition,and“as-is”
syntaxreuse.

SDF offers disambiguationconstructs,suchasassociativity annotationsandrela-
tive productionpriorities, that aredecoupledfrom constructsfor syntaxdefinition it-
self. As a result, disambiguationandsyntaxdefinition arenot tangledin grammars.
This is beneficialfor syntaxdefinitionreuse.Also, SDF grammarsarepurelydeclara-
tive,ensuringtheir reusabilityfor otherpurposesbesidesparsing(e.g.codegeneration,
pretty-printing).

SDF offers the ability to control the shapeof parsetrees.The aliasconstruct(see
moduleDef in Figure 3) allows auxiliary namesfor complex sortsto be introduced
without affectingtheshapeof parsetreesor abstractsyntaxtrees.Aliasesareresolved
by a normalizationphaseduringparsergeneration,andthey do not introduceauxiliary
nodes.



2.2 Concretemeta-tooling

Parsing SDF is supportedby generalized LR parsergeneration[14]. In contrast
to plain LR parsing,generalizedLR parsingis able to deal with (local) ambiguities
and therebyremoves any restrictionson the context-free grammars. A detailedar-
gumentthat explains how the propertiesof GLR parsingcontribute to meetingthe
scalability and maintainability demandsof language-centeredapplicationareascan
be found in [12]. The meta-toolingusedfor parsingin our architectureconsistof a
parsetablegenerator, andagenericparsecomponent,calledsglr , whichparsesterms
usingthesetables,andgeneratesparsetrees[15].

Parsetr eerepresentation In our architectureinstantiation,theparsetreesproduced
from generatedparsersarerepresentedin theSDF parsetreeformat,calledAsFix [15].
AsFix treescontainall informationaboutthe parsedterm, including layout andcom-
ments.As aconsequence,theexactinput termcanalwaysbereconstructed,andduring
treeprocessinglayoutandcommentscanbepreserved.This is essentialin theapplica-
tion areaof softwarerenovation.

Full AsFix treesrapidly grow large and becomeinefficient to representand ex-
change.It is thereforeof vital importanceto have anefficient representationfor AsFix
treesavailable. Moreover, componentbasedsoftwaredevelopmentrequiresa uniform
exchangeformatto sharedata(includingparsetrees)betweencomponents.TheATerm
formatis atermrepresentationsuitableasexchangeformatfor whichanefficientrepre-
sentationexists.ThereforeAsFix treesareencodedasATermsto obtainspaceefficient
exchangeableparsetrees([5] reportscompressionratesof over 90 percent). In Sec-
tion 3.2wewill discusstreerepresentationusingATermsin moredetail.

Pretty-printing WeuseGPP, agenericpretty-printingtoolsetthathasbeendefinedin
[11]. This setof meta-toolsprovidesthegenerationof customizablepretty-printersfor
arbitrarylanguagesdefinedin SDF. The layoutof a languageis expressedin termsof
pretty-printruleswhich aredefinedin anorderedsequenceof pretty-printtables.The
orderingof tablesallowscustomizationby overrulingexisting formattingrules.

Thestandarddistributionof GPP containsaformatterwhichoperatesonAsFix parse
treesandsupportscommentpreservation. An additionalformatterwhich operateson
ASTsis distributedaspartof XT.

SinceGPP is anopensystemwhich canbeextendedandadaptedeasily, supportfor
new outputformats(in additionto plain text, LATEX, andHTML which aresupported
by default)andlanguagespecificformatterscanbeincorporatedwith little effort.

3 Abstract syntax definition and meta-tooling

A secondaspectof meta-toolingfor componentbasedlanguagetool developmentcon-
cernsthegenerationof codefrom abstractsyntaxdefinitions.Figure4 showsthearchi-
tectureof suchtooling. Givenanabstractsyntaxdefinition, library codeis generated,
which is usedto representandmanipulateASTs. The abstractsyntaxdefinition lan-
guageservesasaninterfacedescriptionlanguagefor AST components.In otherwords,

http://www.cwi.nl/~mdejonge/gpp/
http://www.program-transformation.org/xt
http://www.cwi.nl/~mdejonge/gpp/
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http://www.cwi.nl/projects/MetaEnv/sglr
http://www.cwi.nl/projects/MetaEnv/pgen/
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Fig 4. Architecturefor abstract syntaxmeta-tools.The abstractsyntaxdefinition, prescribing
treestructure,servesasa contractbetweentreeprocessingcomponents.

abstractsyntaxdefinitionsserveastreetypedefinitions(analogousto XML’sdocument
typedefinitions).

3.1 Abstract syntaxdefinition

For thespecificationof abstractsyntaxwehavedefinedasubsetof SDF, which wecall
AbstractSDF. AbstractSDF wasobtainedfrom SDF simply by omitting all constructs
specificto thedefinitionof concretesyntax.Thus,AbstractSDF allowsonly productions
specifyingprefixsyntax,andit containsno disambiguationconstructsor constructsfor
specifyinglexical syntax. AbstractSDF inherits the powerful modularity featuresof
SDF, aswell asthehigh expressivenessconcerningarbitrarily nestedcompoundsorts.
Figure5 showsanexampleof anAbstractSDF definition.

The needto defineseparateconcretesyntaxandabstractsyntaxdefinitionswould
causea maintenanceproblem. Therefore,the concretesyntaxdefinition can be an-
notatedwith abstractsyntaxdirectivesfrom which an AbstractSDF definition canbe
generated(seeSection3.3below). Theseabstractsyntaxdirectivesconsistof optional
constructorannotationsfor context-freeproductions(the“cons” attributesin Figure3)
which specifythenamesof thecorrespondingabstractsyntaxproductions.

3.2 Abstract syntax tr eerepresentation

In orderto meetour scalabilitydemands,we will requirea treerepresentationformat
thatprovidesthepossibilityof efficientstorageandexchange.However, wedonotwant
a treeformatthathasanefficient binary instantiationonly, sincethis makesall tooling
necessarilydependenton routinesfor binary encoding.Having a humanreadablein-
stantiationkeepsthesystemopento theaccommodationof componentsfor whichsuch
routinesarenot (yet) available. Finally, we want the typing of treesto be optional,
in ordernot to preemptintegrationwith typeless,genericcomponents.For instance,a
generictreeviewershouldbeableto readtheintermediatetreeswithoutexplicit knowl-
edgeof their types.

ASTsarethereforerepresentedin theATermformat,which is a genericformatfor
representingannotatedtrees.In [5] a2-level API is definedfor ATerms.ThisAPI hides
a spaceefficient binaryrepresentationof ATerms(BAF) behindinterfacefunctionsfor
building, traversingandinspectingATerms.Thebinaryrepresentationformat is based



definition
module Exp
exports

syntax
“var” ( Identifier ) � Exp
“fcall” ( Identifier,Exp* ) � Exp

module Let
exports

syntax
“let” ( Defs,Exp ) � Exp
“where” ( Exp, Defs ) � Exp

module Def
exports

aliases
( Identifier Exp )+ � Defs

module Main
imports Exp Let Def

Fig 5. GeneratedAbstractSDF definition.

on maximal subtreesharing. Apart from the binary representation,a plain, human-
readablerepresentationis available.

AbstractSDF definitionscanbeusedastypedefinitionsfor ATermsby languagetool
components.In particular, theAbstractSDF definitionof theparsetreeformalismAsFix
servesasa typedefinition for parsetrees(SeeSection2). TheAbstractSDF definition
of Figure5 definesthetypeof ASTsrepresentingexpressions.Thus,theATermformat
providesageneric(type-less)treeformat,onwhichAbstractSDF providesatypedview.

3.3 Abstract fr om concretesyntax

Theconnectionbetweentheabstractsyntaxmeta-toolingandtheconcretesyntaxmeta-
tooling canbe providedby threemeta-tools,which aredepictedin Figure6. Central
in this pictureis a meta-toolthatderivesanabstractsyntaxdefinition from a concrete
syntaxdefinition. Thetwo accompanying meta-toolsgeneratetoolsfor convertingfull
parsetreesinto ASTsandvice versa.Evidently, theseASTsshouldcorrespondto the
abstractsyntaxdefinitionwhichhasbeengeneratedfrom theconcretesyntaxdefinition
to which theparsetreescorrespond.

An abstractsyntaxdefinitionis obtainedfrom agrammarin two steps.Firstly, con-
cretesyntaxproductionsareoptionally annotatedwith prefix constructornames. To
derive theseconstructornamesautomatically, the meta-toolsdfcons hasbeenim-
plemented.This tool basicallycollectskeywordsandnon-terminalnamesfrom pro-
ductionsandappliessomeheuristicsto synthesizenicenamesfrom these.Non-unique
constructorsaremadeuniqueby addingprimesor qualifyingwith non-terminalnames.
By manuallysupplyingsomeseedconstructornames,userscansteertheoperationof
sdfcons, which is usefulfor languageswhich sparselycontainkeywords.

Secondly, the annotatedgrammaris fed into the meta-toolsdf2asdf, yielding
an AbstractSDF definition. For instance,the AbstractSDF definition in Figure5 was
obtainedfrom the SDF definition in Figure 3. This transformationbasicallythrows
out literals,andreplacesmixfix productionsby prefixproductions,usingtheassociated
constructorname.

Togetherwith theabstractsyntaxdefinition,theconvertersparsetree2ast and
ast2parsetree which translatebetweenparsetreesandASTsaregenerated.Note
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Fig 6. Architecturefor meta-toolslinking abstractto concretesyntax.Theabstractsyntaxdefi-
nition is now generatedfrom theconcretesyntaxdefinition.

that thefirst converterremoveslayoutandcommentinformation,while thesecondin-
sertsemptylayoutandcomments.

Note that the high expressivenessof SDF andAbstractSDF, andtheir closecorre-
spondencearekey factorsfor the feasibility of generatingabstractfrom concretesyn-
tax. Standard,Yacc-like concretesyntaxdefinition languagesarenot satisfactory in
this respect.Sincetheir expressivenessis low, andLR restrictionsrequirenon-natural
languagedescriptions,generatingabstractsyntaxfrom theselanguageswould resultin
awkwardlystructuredASTs,which burdenthecomponentprogrammers.

4 Generating library code

In thissectionwe will discussthegenerationof library code(seeFigures2 and4). Our
languagetool developmentarchitecturecontainscodegeneratorsfor severallanguages
and consequentlyallows componentsto be developedin different languages.Since
ATermsareusedasuniform exchangeformat, componentsimplementedin different
programminglanguagescanbeconnectedto eachother.

4.1 Targeting C

For theprogramminglanguageC anefficient ATermimplementationexistsasa sepa-
rate library. This implementationconsistsof an API which hidesthe efficient binary
representationof ATermsbasedon maximalsharingandprovidesfunctionsto access,
manipulate,traverse,andexchangeATerms.

The availability of the ATerm library allows genericlanguagecomponentsto be
implementedin C which canperformlow-level operationson arbitraryparsetreesas
well ason abstractsyntaxtrees.

A morehigh-level accessto parsetreesis providedby thecodegeneratorasdf2c
which,whenpassedanabstractsyntaxdefinition,producesa library of matchandbuild
functions. Thesefunctionsallow easymanipulationof parsetreeswithout having to



know theexactstructureof parsetrees.Thesehigh-level functionsaretype-preserving
with respectto theAbstractSDF definition.

4.2 Targeting Java

Also for the Java programminglanguagean implementationof the ATerm API exists
which allowsJavaprogramsto operateon parsetreesandabstractsyntaxtrees.As yet,
thereis no codegeneratorfor Java availableto providehigh level accessandtraversals
of treessimilar to theothersupportedprogramminglanguages.Sucha codegenerator
hasbeendesignedandis beingdeveloped.It will representsyntaxtreesasobjecttrees,
andtreetraversalswill besupportedby generatedlibrariesof refinablevisitors.

4.3 Targeting Stratego

Our initial interestwasto applyour meta-toolingto programtransformationproblems,
suchasautomaticsoftwarerenovation.For this reasonweselectedthetransformational
programminglanguageStratego [16] as the first target of codegeneration.Stratego
offerspowerful treetraversalprimitives,aswell asadvancedfeaturessuchasseparation
of pattern-matchingandscope,which allows pattern-matchingat arbitrarytreedepths.
Furthermore,Stratego hasbuilt-in supportfor readingandwriting ATerms. Stratego
alsooffersa notionof pseudo-constructors,calledoverlays, thatcanbeusedto operate
on full parsetreesusinga simpleAST interface.

Two meta-toolssupportthe generationof Stratego libraries from syntaxdescrip-
tions. The library for AST processingis generatedby asdf2stratego from an
AbstractSDF definition. The library for combinedparsetreeandAST processingis
generatedby sdf2stratego from anSDF grammar. Thelatterlibrary subsumesthe
former.

The Stratego codegenerationallows programmingon parsetreesas if they were
ASTs. UnderneathsuchAST-style manipulations,parsetreesareprocessedin which
hiddenlayoutandliteral informationis preservedduringtransformation.This styleof
programmingcan be mixed freely with programmingdirectly on parsetrees. Since
Stratego hasnative ATerm support,thereis no needfor generatinglibrary codefor
readingandwriting trees.

4.4 Targeting Haskell

Work hasalsobeendoneon targetingHaskell. Codegeneratedin this caseis of var-
ious kinds. Firstly, datatypesaregeneratedto representparsetreesandASTs. These
datatypesare quite similar to the signaturesgeneratedfor Stratego. Secondly, code
is generatedfor readingATerm representationsinto theseHaskell datatypesandwrit-
ing them to ATerms. Finally, full-fledged transformationframeworks consistingof
(monadic)paramorphismsandcorrespondingalgebrasaregeneratedto facilitatepurely
functionaltransformationalprogramming.Thereaderis referredto [13] for detailsand
for a softwarerenovationcasestudy.

Note thatnot only generalpurposeprogramminglanguagesof variousparadigmscan
befitted into our architecture,but alsomorespecialized,possiblyvery high-level lan-

http://www.stratego-language.org/
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Fig 7. Completemeta-toolingarchitecture.Thegrammarservesasthecontractgoverningall tree
exchange.

guages.An attributegrammarsystem,for instance,would bea convenienttool to pro-
gramcertaintreetransformationcomponents.

5 A comprehensive architecture

Combiningthepartialarchitecturesof theforegoingsubsectionsleadsto thecomplete
architecturein Figure7. This figurecanbeviewedasa refinementof our first general
architecturein Figure 1, which doesnot differentiatebetweenconcreteand abstract
syntax,or betweenparsetreesandASTs.

The refinedpictureshows thatall generatedcode(librariesandcomponents),and
the abstractsyntaxdefinition stemfrom the samesource: the grammar. Thus, this
grammarservesas the single contractthat governsthe structureof all treesthat are
exchanged.In otherwords,all componentinterfacesaredefinedin a singlelocation:
thegrammar. (Whenseveral languagesareinvolved,thereareof courseequallymany
grammars.)Thissinglecontractapproacheliminatesmany maintenanceheadachesdur-
ing componentbaseddevelopment.Of course,carefulgrammarversionmanagementis
neededwhenmaintenancedueto languagechangesis notcarriedoutfor all components
at once.



5.1 Grammar versionmanagement

Any changeto agrammar, nomatterhow small,potentiallybreaksall toolsthatdepend
on it. Thus,sharinggrammarsbetweentools or betweentool components,which is
a crucial featureof our architecture,is potentiallyat oddswith grammarchange. To
pacify grammarchangeandgrammarsharing,grammarmanagementis needed.

To facilitate grammarversionmanagement,we establisheda GrammarBase, in
which grammarsarestored.Furthermore,we subjectedthestoredgrammarsto simple
schemesof grammarversionnumbersandgrammarmaturity levels.

To allow tool buildersto unequivocallyidentify thegrammarsthey arebuilding their
tool on,eachgrammarin theGrammarBaseis givena nameanda versionnumber. To
give tool buildersanindicationof thematurityof thegrammarsthey areusingto build
their toolsupon,all grammarsin theGrammarBasearelabeledwith a maturity level.
We distinguishthefollowing levels:

volatile Thegrammaris still underdevelopment.
stable Thegrammarwill only besubjectto minorchangesdueto bugfixing.

immutable Thegrammarwill neverchange.

Normally, a grammarwill begin its life cycleat maturity level volatile. To build exten-
sive tooling on sucha grammaris unwise,sincegrammarchangesareto beexpected
that will breakthis tooling. Onceconfidencein the correctnessof the grammarhas
grown, usuallythrougha combinationof testing,bench-marking,andcodeinspection,
it becomeseligible for maturity level stable. At this point, only very local changesare
still allowedon the grammar, usuallyto fix minor bugs. Tool-builderscansafelyrely
on stablegrammarswithout risking thattheir toolswill breakdueto grammarchanges.
Only a few grammarswill make it to level immutable. This happensfor instancewhen
a grammaris published,andthusbecomesa fixed point of reference.If the needfor
changesarisesin grammarsthatarestableor immutable,a new grammar(possiblythe
samegrammarwith a new versionnumber)will be initiated insteadof changingthe
grammaritself.

5.2 Connectingcomponents

Theconnectivity to differentprogramminglanguagesallows componentsto bedevel-
opedin theprogramminglanguageof choice.Theuseof ATermsfor therepresentation
of dataallows easyandefficient exchangeof databetweendifferentcomponentsand
it enablesthecompositionof new andexisting componentsto form advancedlanguage
tools.

Exchangebetweencomponentsandthecompositionof componentsis supportedin
severalways. First, componentscanbecombinedusingstandardscriptingtechniques
anddatacanbeexchangedby meansof files. Secondly, theuniformdatarepresentation
allows for a sequentialcompositionof componentsin which Unix pipesare usedto
exchangedatafrom onecomponentto another. Finally, the ToolBus[3] architecture
canbeusedto connectcomponentsanddefinethecommunicationbetweenthem.This
architectureresemblesahardwarecommunicationbusto which individualcomponents
canbeconnected.Communicationbetweencomponentsonly takesplaceover thebus
andis formalizedin termsof ProcessAlgebra[1].

http://www.cwi.nl/projects/MetaEnv/toolbus/
http://www.program-transformation.org/gb/
http://www.program-transformation.org/gb/
http://www.program-transformation.org/gb/


6 Applications

Only preliminaryexperienceis availableaboutactuallyapplyingthemeta-toolingpre-
sentedin theprevioussections.We will presenta selectionof suchexperiences.

To startwith, the meta-toolinghasbeenappliedfor its own development,andfor
the developmentof someothermeta-toolsthat it is bundledwith in the Transforma-
tion Tools packageXT. Thesebootstrapflavoredapplicationsincludethe generation
of an abstractsyntaxdefinition for the parsetreeformat AsFix from the grammarof
SDF. Fromthis abstractsyntaxdefinition,a modularStratego library for transforming
AsFix treeswas generatedand usedfor the implementationof someAsFix normal-
izationcomponents.Also, thetoolssdf2stratego,sdfcons,asdf2stratego,
sdf2asdf, andmany moremeta-toolswereimplementedby parsing,AST processing
in oneor morecomponents,andpretty-printing.

Apart from SDF andAbstractSDF, thedomainspecificlanguagesBOX (for generic
formatting),andBENCH (for generatingbenchmarkreports),have beenimplemented
with syntax-driven meta-tooling. In the BOX implementation,a grammarfor pretty-
print tableswasbuilt by reusingthe SDF grammarandthe BOX grammar. New BOX

componentswereimplementedin Strategoandconnectedto existing BOX components
programmedin otherlanguages.

Thegeneratedtransformationframeworksfor Haskell arebeingappliedto software
renovationproblems.In [13], a COBOL renovationapplicationis reported.It involves
parsingaccordingto a COBOL grammar, applyinga numberof function transformers
to solve a dataexpansionproblem,and unparsingthe transformedparsetrees. The
functionaltransformershave beenconstructedby refininga transformationframework
generatedfrom theCOBOL grammar. Application to thedevelopmentof documenta-
tion generators[8] hascommenced.

7 Relatedwork

Syntax-drivenmeta-toolsfor languagetool developmentareubiquitous,but rarelydo
they addressa combinationof featuressuchasthoseaddressedin this paper. We will
briefly discussaselectionof approachessomeof whichattainadegreeof integrationof
variousfeatures.

� Parsergeneratorssuchas Yacc [10] and JavaCC are meta-toolsthat generate
parsersfrom syntaxdefinitions.Comparedwith SDF andsglr , they offer poor
supportfor modularsyntaxdefinition, their input languagesarenot sufficiently
declarative to be reusablefor the generationof othercomponentsthanparsers,
andthey do not generallytargetmorethanasingleprogramminglanguage.

� ThelanguageSYN [4] combinesnotationsfor specifyingparsers,pretty-printers
andabstractsyntaxin a single language.However, the underlyingparsergen-
eratoris limited to LALR(1), in orderto have bothparsetreesandASTs, users
needto constructtwo grammars,andcodethe mappingbetweentreesby hand.
Moreover, the expressivenessof the languageis muchsmallerthanthe expres-
sivenessof SDF, and the languageis not modular. Consequently, SYN and its

http://www.cwi.nl/projects/MetaEnv/sglr
http://www.stratego-language.org/
http://www.stratego-language.org/
http://www.program-transformation.org/xt


underlyingsystemcannot meetour adaptability, scalabilityandmaintainability
requirements.

� Wile [19] describesderivationof abstractsyntaxfrom concretesyntax.Like us
he usesa syntaxdescriptionformalismmoreexpressive thanYacc’s BNF nota-
tion in orderto avoid warpedASTs. Additionally, he providesa procedurefor
transformingaYacc-stylegrammarinto amore“tasteful” grammar. His BNF ex-
tensionallows annotationsthatsteerthemappingwith thesameeffect asSDF’s
aliases.Hedoesnot discussautomaticnamesynthesis.

� AsdlGen[18] provides the most comprehensive approachwe are aware of to
syntax-driven supportof component-basedlanguagetools. It generateslibrary
codefor variousprogramminglanguagesfrom abstractsyntaxdefinitions.It of-
fersASDL asabstractsyntaxdefinitionformalism,andpicklesasspace-efficient
exchangeformat. It offersno supportfor dealingwith concretesyntaxandfull
parsetrees.

AsdlGentargetsmore languagesthanour architectureinstantiationdoesat the
moment.Thechoiceof target languages,includingC andJava, haspresumably
motivatedsomerestrictionson theexpressivenessof ASDL. ASDL lackscertain
modularityfeatures,comparedto AbstractSDF: nomutuallydependentmodules,
andall alternativesfor a non-terminalmustbe groupedtogether. Furthermore,
ASDL is muchlessexpressive. It doesnot allow nestingof complex symbols,it
hasa very limited rangeof symbolconstructors,andit doesnot provide module
renamingsor parameterizedmodules.

Unlike ATerms, the exchangeformat that comeswith ASDL is always typed,
thusobstructingintegrationwith genericcomponents.In fact, the compression
schemeof ASDL relieson the typednessof the trees. The rateof compression
is significantlysmallerthanfor ATerms[5]. Furthermore,pickleshave a binary
form only.

� The DTD notationof XML [6] is an alternative formalism in which abstract
syntaxcanbe defined. Tools suchasHaXML [17] generatecodefrom DTDs.
HaXML offers supportboth for type-basedandfor generictransformationson
XML documents,usingHaskell asprogramminglanguage.Otherlanguagesare
not targeted.Concretesyntaxsupportis not integrated.

XML is originally intendedasmark-uplanguage,notto representabstractsyntax.
As aresult,thelanguagecontainsanumberof inappropriateconstructs,andsome
awkwardirregularitiesfrom anabstractsyntaxpointof view. XML alsohassome
desirablefeatures,currentlynotofferedby AbstractSDF, suchasannotations,and
inclusionof DTDs (abstractsyntaxdefinitions)in documents(abstractterms).

� Many elementsof ourinstantiationof thearchitecturefor syntax-drivencomponent-
basedlanguagetool developmentwereoriginally developedin thecontext of the
ASF+SDF Meta-Environment[2, 9, 7]. This is an integratedlanguagedevelop-
mentenvironmentwhich offersSDF assyntaxdefinitionformalismandtheterm
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rewriting languageASF asprogramminglanguage.Programmingtakesplacedi-
rectly on concretesyntax,thushiding parsetreesfrom the programmersview.
Programming,debugging,parsing,rewriting andpretty-printingfunctionalityare
all offeredvia a singleinteractiveuserinterface.

TheASF+SDF Meta-Environmentoffersa singleprogramminglanguage(ASF),
programmingon abstractsyntaxis not supported.Supportfor component-based
developmentis (currently) limited to gluing compiledASF programsthat read
andwrite flat terms.

To providesupportfor component-basedtool development,we have adoptedthe
SDF, AsFix, andATermformatsfrom the ASF+SDF Meta-Environmentaswell
astheparsetablegeneratorfor SDF, theparsersglr , andtheATermlibrary. To
thesewehaveaddedthemeta-toolingrequiredto completetheinstantiationof the
architectureof Figure7. In future,someof thesemeta-toolsmight beintegrated
into theMeta-Environment.

8 Contributions

We have presenteda comprehensive architecturefor syntax-driven meta-toolingthat
supportscomponentbasedlanguagetool development.This architectureembodiesthe
vision thatgrammarscanserve ascontractsbetweencomponentsunderthe condition
that the syntaxdefinition formalismis sufficiently expressive andthe meta-toolssup-
portingthis formalismaresufficiently powerful. Wehavepresentedour instantiationof
suchanarchitecturebasedon thesyntaxformalismSDF. SDF andthetoolssupporting
it have agreeablepropertieswith respectto modularity, expressiveness,andefficiency,
which allow themto meetscalabilityandmaintainabilitydemandsof applicationareas
suchassoftwarerenovation anddomain-specificlanguageimplementation.We have
shown how abstractsyntaxdefinitionscanbeobtainedfrom grammars.We discussed
themeta-toolingwhich generateslibrary codefor a varietyof programminglanguages
from concreteandabstractsyntaxdefinitions. Componentsthat areconstructedwith
theselibrariescaninteroperateby exchangingATermsthatrepresenttrees.
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