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1. INTRODUCTION

A needexists for meta-toolssupportingcomponent-basedconstructionof languagetools. Language-oriented
softwareengineeringareassuchasdevelopmentof domain-specificlanguages(DSLs), languageengineering,
andautomaticsoftwarerenovation(ASR)posechallengesto tool-developerswith respectto adaptability, scal-
ability, andmaintainabilityof thetool developmentprocess.Thesechallengescall for methodsandtools that
facilitatereuse.Onesuchmethodis component-basedconstructionof languagetools,andthis methodneeds
to besupportedby appropriatemeta-toolingto beviable.

Component-basedconstructionof languagetoolscanbesupportedby meta-toolsthatgeneratecode– sub-
routinelibrariesor full-fledgedcomponents– from syntaxdefinitions. Figure1 shows a global architecture
for suchmeta-tooling.Thebold arrows depictmeta-tools,andthegrey ellipsesdepictgeneratedcode.From
a syntaxdefinition,a parsecomponentanda pretty-printcomponentaregeneratedthat take input termsinto
treesandvice versa.Fromthesamesyntaxdefinitiona library is generatedfor eachsupportedprogramming
language,which is importedby componentsthat operateon thesetrees. Onesuchcomponentis depictedat
thebottomof thepicture(morewouldclutterthepicture).Severalof thesecomponents,possiblydevelopedin
differentprogramminglanguagescaninteroperateseamlessly, sincethe importedexchangecodeis generated
from thesamesyntaxdefinition.

In thispaperwewill refinetheglobalarchitectureof Figure1 into a comprehensivearchitecturefor syntax-
drivenmeta-tooling.This architectureembodiesthe ideathat grammarscanserve ascontractsgoverningall
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Figure1: Architecturefor meta-toolsupportfor componentbasedlanguagetool development.Bold arrowsare
meta-tools.Grey ellipsesaregeneratedcode.

exchangeof syntaxtreesbetweencomponentsandthat representationandexchangeof thesetreesshouldbe
supportedby a commonexchangeformat. An instantiationof this architectureis available as part of the
TransformationToolspackageXT.

The paperis structuredas follows. In Sections2, 3, and 4 we will develop several perspectiveson the
architecture.For eachperspectivewewill make aninventoryof meta-languagesandmeta-toolsandformulate
requirementson theselanguagesandtools.We will discusshow we instantiatedthisarchitecture:by adopting
or developingspecificlanguagesand tools meetingtheserequirements.In Section5 we will combinethe
variousperspectivesthusdevelopedinto a comprehensive architecture.Applicationsof the presentedmeta-
tooling will bedescribedin Section6. Sections7, and8 containa discussionof relatedwork anda summary
of ourcontributions.

2. CONCRETE SYNTAX DEFINITION AND META-TOOLING

Oneaspectof meta-toolingfor componentbasedlanguagetool developmentconcernsthegenerationof code
from concretesyntaxdefinitions(grammars).Figure2 shows thebasicarchitectureof suchtooling. Givena
concretesyntaxdefinition,parseandpretty-printcomponentsaregeneratedby a parsergeneratoranda pretty-
printergenerator, respectively. Furthermore,library codeis generated,which is importedby tool components
(Figure2 shows no morethana singlecomponentto preventclutter). Thesecomponentsusethe generated
library codeto representparsetrees(i.e. concretesyntaxtrees),read,process,and write them. Thus, the
grammarservesasan interfacedescriptionfor thesecomponents,sinceit describesthe form of the treesthat
areexchanged.

A key featureof this approachis that meta-toolssuchaspretty-printerandparsergeneratorsareassumed
to operateon the sameinput grammar. The reasonfor this is that having multiple grammarsfor thesepur-
posesintroducesenormousmaintenancecostsin applicationareaswith large,rapidly changinggrammars.A
grammarservingasinterfacedefinitionenablessmoothinteroperationbetweenparsecomponents,pretty-print
componentsandtreeprocessingcomponents.In fact,we want grammarsto serve ascontractsgoverningall
exchangeof treesbetweencomponents,andhaving severalcontractsspecifyingthesameagreementis a recipe
for disagreement.

Note that our architecturedeviatesfrom existing meta-toolsin the respectthat we assumefull parsetrees
can be producedby parsersand consumedby pretty-printers,not just abstractsyntaxtrees(ASTs). These
parsetreescontainnotonly semanticallyrelevantinformation,asdoASTs,but they additionallycontainnodes
representingliterals,layout,andcomments.Thereasonfor allowing suchconcretesyntaxinformationin trees

http://www.program-transformation.org/xt
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Figure2: Architecturefor concretesyntaxmeta-tools.Theconcretesyntaxdefinitionservesascontractbetween
components.Componentsthat import generatedlibrary codeinteroperatewith eachotherandwith generated
parsersandpretty-printersby exchangingparsetreesadheringto thecontractualgrammar.

is thatmany applications,e.g. softwarerenovation,requirepreservationof layoutandcommentsduring tree
transformation.

2.1 Concretesyntaxdefinition
In order to satisfy our adaptability, scalability and maintainabilitydemands,the concretesyntaxdefinition
formalismmustsatisfya numberof criteria. Thesyntaxdefinitionformalismmusthave powerful supportfor
modularityand reuse. It mustbe possibleto extend languageswithout changingthe grammarfor the base
language.This is essential,becauseeachchangeto a grammaron which tooling is basedpotentiallyleadsto
a modificationavalanche.Also, the grammarlanguagemustbe purelydeclarative. If not, its reusabilityfor
differentpurposesis compromised.

In our instantiationof themeta-toolarchitecture,the centralrole of concretesyntaxdefinition languageis
fulfilled by theSyntaxDefinition FormalismSDF [11]. Figure3 shows anexampleof anSDF grammar. This
exampledefinitioncontainslexical andcontext-freesyntaxdefinitionsdistributedover a numberof modules.
Notethattheorientationof productionsis flippedwith respectto BNF notation.

SDF offerspowerful modularizationfeatures.Notably, it allows modulesto bemutuallydependent,andit
allows alternativesof the samenon-terminalto be spreadacrossmultiple modules.For instance,the syntax
of a kernel languageandthe syntaxesof its extensionscanbe definedin separatemodules. Also, mutually
dependentnon-terminalscanbedefinedin separatemodules.Renamingsandparameterizedmodulesfurther
facilitatesyntaxreuse.

SDF is a highly expressive syntaxdefinition formalism. Apart from symboliterationconstructors,with or
without separators,it providesnotationfor optionalsymbols,sequencesof symbols,optionalsymbols,and
more. Thesenotationsfor building compoundsymbolscan be arbitrarily nested. SDF is not limited to a
subclassof context-freegrammars,suchasLR or LL grammars.Sincethefull classof context-freesyntaxes,
asopposedto any of its propersubclasses,is closedundercomposition(combiningtwo context-freegrammars
will alwaysproducea grammarthat is context-freeaswell), this absenceof restrictionsis essentialto obtain
truemodularsyntaxdefinition,and“as-is” syntaxreuse.

SDF offers disambiguationconstructs,suchasassociativity annotationsandrelative productionpriorities,
thataredecoupledfrom constructsfor syntaxdefinitionitself. As aresult,disambiguationandsyntaxdefinition
arenot tangledin grammars.This is beneficialfor syntaxdefinition reuse.Also, SDF grammarsarepurely
declarative,ensuringtheir reusabilityfor otherpurposesbesidesparsing(e.g.codegeneration,pretty-printing).

SDF offers theability to control theshapeof parsetrees.Thealiasconstruct(seemoduleDef in Figure3)
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definition
module Exp
exports

context-freesyntax
Identifier º Exp » cons(var)¼
Identifier “(” » Exp “,” ¼ * “)” º Exp » cons(fcall) ¼
“(” Exp “)” º Exp » bracket¼

module Let
exports

context-freesyntax
let Defs in Exp º Exp » cons(let) ¼
Exp whereDefs º Exp » cons(where)¼

module Def
exports

aliases» ( Identifier “=” Exp ) “,” ¼ + º Defs

module Main
imports Exp Let Def

exports
sorts Exp
lexical syntax

[ ½ ½ t ½ n] º LAYOUT
context-freerestrictions

LAYOUT? -/- [ ½ ½ t ½ n]

Figure3: An exampleSDF grammar.

allowsauxiliarynamesfor complex sortsto beintroducedwithoutaffectingtheshapeof parsetreesor abstract
syntaxtrees.Aliasesareresolvedby anormalizationphaseduringparsergeneration,andthey donot introduce
auxiliarynodes.

2.2 Concretemeta-tooling
Parsing SDF is supportedby generalizedLR parsergeneration[15]. In contrastto plainLR parsing,general-
izedLR parsingis ableto dealwith (local)ambiguitiesandtherebyremovesany restrictionsonthecontext-free
grammars.A detailedargumentthat explainshow the propertiesof GLR parsingcontribute to meetingthe
scalabilityandmaintainabilitydemandsof language-centeredapplicationareascanbefoundin [7]. Themeta-
tooling usedfor parsingin our architectureconsistof a parsetablegenerator, anda genericparsecomponent,
calledsglr , whichparsestermsusingthesetables,andgeneratesparsetrees[16].

Parsetreerepresentation In ourarchitectureinstantiation,theparsetreesproducedfromgeneratedparsersare
representedin theSDF parsetreeformat,calledAsFix [16]. AsFix treescontainall informationabouttheparsed
term, including layout andcomments.As a consequence,the exact input term canalwaysbe reconstructed,
andduringtreeprocessinglayoutandcommentscanbepreserved. This is essentialin theapplicationareaof
softwarerenovation.

Full AsFix treesrapidlygrow largeandbecomeinefficient to representandexchange.It is thereforeof vital
importanceto have anefficient representationfor AsFix treesavailable.Moreover, componentbasedsoftware
developmentrequiresa uniform exchangeformat to sharedata(including parsetrees)betweencomponents.
TheATermformat is a termrepresentationsuitableasexchangeformat for which an efficient representation
exists. ThereforeAsFix treesareencodedasATermsto obtainspaceefficient exchangeableparsetrees([5]
reportscompressionratesof over90percent).In Section3.2wewill discusstreerepresentationusingATerms
in moredetail.

Pretty-printing We useGPP, agenericpretty-printingtoolsetthathasbeendefinedin [13]. Thissetof meta-
toolsprovidesthegenerationof customizablepretty-printersfor arbitrarylanguagesdefinedin SDF. Thelayout
of a languageis expressedin termsof pretty-printruleswhicharedefinedin anorderedsequenceof pretty-print
tables.Theorderingof tablesallowscustomizationby overrulingexisting formattingrules.

The standarddistribution of GPP containsa formatterwhich operateson AsFix parsetreesand supports
commentpreservation.An additionalformatterwhichoperatesonASTsis distributedaspartof XT.

SinceGPP is anopensystemwhich canbeextendedandadaptedeasily, supportfor new outputformats(in

http://www.cwi.nl/~mdejonge/gpp/
http://www.program-transformation.org/xt
http://www.cwi.nl/~mdejonge/gpp/
http://www.cwi.nl/~mdejonge/gpp/
http://www.cwi.nl/projects/MetaEnv/sglr
http://www.cwi.nl/projects/MetaEnv/pgen/
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Figure4: Architecturefor abstractsyntaxmeta-tools.Theabstractsyntaxdefinition,prescribingtreestructure,
servesasa contractbetweentreeprocessingcomponents.

additionto plain text, LATEX, andHTML whicharesupportedby default)andlanguagespecificformatterscan
beincorporatedwith little effort.

3. ABSTRACT SYNTAX DEFINITION AND META-TOOLING

A secondaspectof meta-toolingfor componentbasedlanguagetool developmentconcernsthegenerationof
codefrom abstract syntaxdefinitions. Figure4 shows the architectureof suchtooling. Given an abstract
syntaxdefinition, library codeis generated,which is usedto representandmanipulateASTs. The abstract
syntaxdefinition languageservesasan interfacedescriptionlanguagefor AST components.In otherwords,
abstractsyntaxdefinitionsserveastreetypedefinitions(analogousto XML’sdocumenttypedefinitions).

3.1 Abstractsyntaxdefinition
For the specificationof abstractsyntaxwe have defineda subsetof SDF, which we call AbstractSDF. Ab-
stractSDF wasobtainedfrom SDF simply by omitting all constructsspecificto thedefinitionof concretesyn-
tax. Thus,AbstractSDF allows only productionsspecifyingprefix syntax,andit containsno disambiguation
constructsor constructsfor specifyinglexical syntax. AbstractSDF inheritsthepowerful modularityfeatures
of SDF, aswell asthehigh expressivenessconcerningarbitrarily nestedcompoundsorts. Figure5 shows an
exampleof anAbstractSDF definition.

The needto defineseparateconcretesyntaxand abstractsyntaxdefinitionswould causea maintenance
problem.Therefore,theconcretesyntaxdefinitioncanbeannotatedwith abstractsyntaxdirectivesfrom which
anAbstractSDF definitioncanbegenerated(seeSection3.3below). Theseabstractsyntaxdirectivesconsistof
optionalconstructorannotationsfor context-freeproductions(the“cons” attributesin Figure3) which specify
thenamesof thecorrespondingabstractsyntaxproductions.

3.2 Abstractsyntaxtreerepresentation
In orderto meetour scalabilitydemands,we will requirea treerepresentationformat that providesthe pos-
sibility of efficient storageandexchange.However, we do not wanta treeformat thathasanefficient binary
instantiationonly, sincethis makesall tooling necessarilydependenton routinesfor binaryencoding.Having
a humanreadableinstantiationkeepsthe systemopento the accommodationof componentsfor which such
routinesarenot (yet) available. Finally, we want the typing of treesto be optional, in ordernot to preempt
integrationwith typeless,genericcomponents.For instance,a generictreeviewer shouldbeableto readthe
intermediatetreeswithoutexplicit knowledgeof their types.

ASTsarethereforerepresentedin theATermformat,which is a genericformat for representingannotated
trees. In [5] a 2-level API is definedfor ATerms. This API hidesa spaceefficient binary representationof
ATerms(BAF) behindinterfacefunctionsfor building, traversingandinspectingATerms. Thebinary repre-
sentationformat is basedon maximalsubtreesharing.Apart from thebinary representation,a plain, human-
readablerepresentationis available.
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definition
module Exp
exports

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

module Let
exports

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

module Def
exports

aliases
( IdentifierExp )+ º Defs

module Main
imports Exp Let Def

Figure5: GeneratedAbstractSDF definition.

Definition
Syntax

Concrete

ParsetreeParsetree

ASTAST

ast2parsetree
Definition

Syntax
Abstract

parsetree2ast

Figure6: Architecturefor meta-toolslinking abstractto concretesyntax.Theabstractsyntaxdefinitionis now
generatedfrom theconcretesyntaxdefinition.

AbstractSDF definitionscanbeusedastypedefinitionsfor ATermsby languagetool components.In particu-
lar, theAbstractSDF definitionof theparsetreeformalismAsFix servesasatypedefinitionfor parsetrees(See
Section2). TheAbstractSDF definitionof Figure5 definesthetypeof ASTsrepresentingexpressions.Thus,
theATermformatprovidesa generic(type-less)treeformat,onwhichAbstractSDF providesa typedview.

3.3 Abstract fromconcretesyntax
Theconnectionbetweentheabstractsyntaxmeta-toolingandtheconcretesyntaxmeta-toolingcanbeprovided
by threemeta-tools,which are depictedin Figure 6. Central in this picture is a meta-toolthat derivesan
abstractsyntaxdefinitionfrom a concretesyntaxdefinition. Thetwo accompanying meta-toolsgeneratetools
for converting full parsetreesinto ASTs and vice versa. Evidently, theseASTs shouldcorrespondto the
abstractsyntaxdefinitionwhichhasbeengeneratedfrom theconcretesyntaxdefinitionto whichtheparsetrees
correspond.

An abstractsyntaxdefinitionis obtainedfrom a grammarin two steps.Firstly, concretesyntaxproductions
areoptionallyannotatedwith prefix constructornames.To derive theseconstructornamesautomatically, the
meta-toolsdfcons hasbeenimplemented.This tool basicallycollectskeywordsandnon-terminalnames
from productionsandappliessomeheuristicsto synthesizenicenamesfrom these.Non-uniqueconstructors
aremadeuniqueby addingprimesor qualifyingwith non-terminalnames.By manuallysupplyingsomeseed
constructornames,userscansteertheoperationof sdfcons, which is usefulfor languageswhich sparsely
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containkeywords.
Secondly, theannotatedgrammaris fed into themeta-toolsdf2asdf, yieldinganAbstractSDF definition.

For instance,theAbstractSDF definition in Figure5 wasobtainedfrom the SDF definition in Figure3. This
transformationbasicallythrows out literals,andreplacesmixfix productionsby prefix productions,usingthe
associatedconstructorname.

Togetherwith the abstractsyntaxdefinition, the convertersparsetree2ast andast2parsetree
which translatebetweenparsetreesandASTsaregenerated.Notethat thefirst converterremoveslayoutand
commentinformation,while thesecondinsertsemptylayoutandcomments.

Note that thehigh expressivenessof SDF andAbstractSDF, andtheir closecorrespondencearekey factors
for the feasibility of generatingabstractfrom concretesyntax.Standard,Yacc-like concretesyntaxdefinition
languagesarenot satisfactory in this respect.Sincetheir expressivenessis low, andLR restrictionsrequire
non-naturallanguagedescriptions,generatingabstractsyntaxfrom theselanguageswould resultin awkwardly
structuredASTs,whichburdenthecomponentprogrammers.

4. GENERATING LIBRARY CODE

In this sectionwe will discussthegenerationof library code(seeFigures2 and4). Our languagetool devel-
opmentarchitecturecontainscodegeneratorsfor several languagesandconsequentlyallows componentsto
bedevelopedin differentlanguages.SinceATermsareusedasuniform exchangeformat,componentsimple-
mentedin differentprogramminglanguagescanbeconnectedto eachother.

4.1 TargetingC
For the programminglanguageC an efficient ATerm implementationexists as a separatelibrary. This im-
plementationconsistsof anAPI which hidestheefficient binaryrepresentationof ATermsbasedon maximal
sharingandprovidesfunctionsto access,manipulate,traverse,andexchangeATerms.

The availability of the ATerm library allows genericlanguagecomponentsto be implementedin C which
canperformlow-level operationsonarbitraryparsetreesaswell asonabstractsyntaxtrees.

A morehigh-level accessto parsetreesis provided by the codegeneratorasdf2c which, whenpassed
an abstractsyntaxdefinition, producesa library of matchandbuild functions. Thesefunctionsallow easy
manipulationof parsetreeswithouthaving toknow theexactstructureof parsetrees.Thesehigh-level functions
aretype-preservingwith respectto theAbstractSDF definition.

4.2 TargetingJava
Also for theJava programminglanguagean implementationof theATermAPI existswhich allows Java pro-
gramsto operateon parsetreesandabstractsyntaxtrees.As yet, thereis no codegeneratorfor Java available
to providehighlevel accessandtraversalsof treessimilarto theothersupportedprogramminglanguages.Such
a codegeneratorhasbeendesignedandis beingdeveloped.It will representsyntaxtreesasobjecttrees,and
treetraversalswill besupportedby generatedlibrariesof refinablevisitors.

4.3 TargetingStratego
Our initial interestwas to apply our meta-toolingto programtransformationproblems,suchas automatic
softwarerenovation. For this reasonwe selectedthe transformationalprogramminglanguageStratego [17]
asthe first target of codegeneration.Stratego offers powerful treetraversalprimitives,aswell asadvanced
featuressuchas separationof pattern-matchingand scope,which allows pattern-matchingat arbitrary tree
depths. Furthermore,Stratego hasbuilt-in supportfor readingand writing ATerms. Stratego also offers a
notionof pseudo-constructors,calledoverlays, that canbeusedto operateon full parsetreesusinga simple
AST interface.

Two meta-toolssupportthegenerationof Stratego librariesfrom syntaxdescriptions.The library for AST
processingis generatedbyasdf2stratego from anAbstractSDF definition.Thelibrary for combinedparse
treeandAST processingis generatedbysdf2stratego from anSDF grammar. Thelatterlibrary subsumes
theformer.

http://www.stratego-language.org/
http://www.stratego-language.org/
http://www.stratego-language.org/
http://www.stratego-language.org/
http://www.stratego-language.org/
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Figure7: Completemeta-toolingarchitecture.Thegrammarservesasthecontractgoverningall treeexchange.

The Stratego codegenerationallows programmingon parsetreesasif they wereASTs. Underneathsuch
AST-stylemanipulations,parsetreesareprocessedin whichhiddenlayoutandliteral informationis preserved
during transformation.This style of programmingcanbe mixed freely with programmingdirectly on parse
trees. SinceStratego hasnative ATermsupport,thereis no needfor generatinglibrary codefor readingand
writing trees.

4.4 TargetingHaskell
Work hasalsobeendoneontargetingHaskell. Codegeneratedin thiscaseis of variouskinds.Firstly, datatypes
aregeneratedto representparsetreesandASTs. Thesedatatypesarequitesimilar to thesignaturesgenerated
for Stratego. Secondly, codeis generatedfor readingATermrepresentationsinto theseHaskell datatypesand
writing themto ATerms. Finally, full-fledgedtransformationframeworks consistingof (monadic)paramor-
phismsandcorrespondingalgebrasaregeneratedto facilitatepurelyfunctionaltransformationalprogramming.
Thereaderis referredto [14] for detailsandfor a softwarerenovationcasestudy.

Notethatnotonly generalpurposeprogramminglanguagesof variousparadigmscanbefittedinto ourarchitec-
ture,but alsomorespecialized,possiblyveryhigh-level languages.An attributegrammarsystem,for instance,
wouldbeaconvenienttool to programcertaintreetransformationcomponents.

5. A COMPREHENSIVE ARCHITECTURE

Combiningthepartialarchitecturesof theforegoingsubsectionsleadsto thecompletearchitecturein Figure7.
Thisfigurecanbeviewedasarefinementof ourfirst generalarchitecturein Figure1, whichdoesnotdifferen-
tiatebetweenconcreteandabstractsyntax,or betweenparsetreesandASTs.

Therefinedpictureshowsthatall generatedcode(librariesandcomponents),andtheabstractsyntaxdefini-
tion stemfrom thesamesource:thegrammar. Thus,this grammarservesasthesinglecontractthatgoverns
thestructureof all treesthatareexchanged.In otherwords,all componentinterfacesaredefinedin a single

http://www.stratego-language.org/
http://www.stratego-language.org/
http://www.stratego-language.org/
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location: the grammar. (Whenseveral languagesareinvolved,thereareof courseequallymany grammars.)
Thissinglecontractapproacheliminatesmany maintenanceheadachesduringcomponentbaseddevelopment.
Of course,carefulgrammarversionmanagementis neededwhenmaintenancedueto languagechangesis not
carriedout for all componentsatonce.

5.1 Grammarversionmanagement
Any changeto a grammar, no matterhow small,potentiallybreaksall tools thatdependon it. Thus,sharing
grammarsbetweentoolsor betweentool components,which is a crucial featureof our architecture,is poten-
tially at oddswith grammarchange. To pacify grammarchangeandgrammarsharing,grammarmanagement
is needed.

To facilitategrammarversionmanagement,weestablishedaGrammarBase, in whichgrammarsarestored.
Furthermore,wesubjectedthestoredgrammarsto simpleschemesof grammarversionnumbersandgrammar
maturitylevels.

To allow tool buildersto unequivocally identify thegrammarsthey arebuilding their tool on,eachgrammar
in theGrammarBaseis givenanameandaversionnumber. To givetool buildersanindicationof thematurity
of thegrammarsthey areusingto build their toolsupon,all grammarsin theGrammarBasearelabeledwith a
maturitylevel. We distinguishthefollowing levels:

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

immutable Thegrammarwill neverchange.

Normally, a grammarwill begin its life cycle at maturity level volatile. To build extensive tooling on sucha
grammaris unwise,sincegrammarchangesareto beexpectedthatwill breakthis tooling. Onceconfidencein
thecorrectnessof thegrammarhasgrown, usuallythrougha combinationof testing,bench-marking,andcode
inspection,it becomeseligible for maturitylevel stable. At thispoint,only very localchangesarestill allowed
on thegrammar, usuallyto fix minor bugs. Tool-builderscansafelyrely on stablegrammarswithout risking
thattheir toolswill breakdueto grammarchanges.Only a few grammarswill make it to level immutable. This
happensfor instancewhenagrammaris published,andthusbecomesafixedpointof reference.If theneedfor
changesarisesin grammarsthatarestableor immutable,a new grammar(possiblythesamegrammarwith a
new versionnumber)will beinitiatedinsteadof changingthegrammaritself.

5.2 Connectingcomponents
Theconnectivity to differentprogramminglanguagesallowscomponentsto bedevelopedin theprogramming
languageof choice. The useof ATermsfor the representationof dataallows easyandefficient exchangeof
databetweendifferentcomponentsandit enablesthe compositionof new andexisting componentsto form
advancedlanguagetools.

Exchangebetweencomponentsand the compositionof componentsis supportedin several ways. First,
componentscan be combinedusingstandardscripting techniquesanddatacan be exchangedby meansof
files. Secondly, theuniform datarepresentationallows for a sequentialcompositionof componentsin which
Unix pipesareusedto exchangedatafrom onecomponentto another. Finally, the ToolBus[3] architecture
canbeusedto connectcomponentsanddefinethecommunicationbetweenthem.This architectureresembles
a hardwarecommunicationbus to which individual componentscanbeconnected.Communicationbetween
componentsonly takesplaceover thebusandis formalizedin termsof ProcessAlgebra[1].

6. APPLICATIONS

Only preliminaryexperienceis availableaboutactuallyapplyingthe meta-toolingpresentedin the previous
sections.We will presentaselectionof suchexperiences.

To startwith, themeta-toolinghasbeenappliedfor its own development,andfor thedevelopmentof some
othermeta-toolsthat it is bundledwith in the TransformationTools packageXT. Thesebootstrapflavored
applicationsincludethe generationof an abstractsyntaxdefinition for the parsetreeformat AsFix from the
grammarof SDF. Fromthisabstractsyntaxdefinition,a modularStratego library for transformingAsFix trees

http://www.stratego-language.org/
http://www.program-transformation.org/xt
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/
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wasgeneratedandusedfor the implementationof someAsFix normalizationcomponents.Also, the tools
sdf2stratego,sdfcons, asdf2stratego,sdf2asdf, andmany moremeta-toolswereimplemented
by parsing,AST processingin oneor morecomponents,andpretty-printing.

Apart from SDF andAbstractSDF, thedomainspecificlanguagesBOX (for genericformatting),andBENCH

(for generatingbenchmarkreports),have beenimplementedwith syntax-driven meta-tooling. In the BOX

implementation,agrammarfor pretty-printtableswasbuilt by reusingtheSDF grammarandtheBOX grammar.
New BOX componentswereimplementedin Strategoandconnectedto existing BOX componentsprogrammed
in otherlanguages.

The generatedtransformationframeworks for Haskell arebeingappliedto softwarerenovationproblems.
In [14], a COBOL renovationapplicationis reported. It involvesparsingaccordingto a COBOL grammar,
applyinga numberof functiontransformersto solvea dataexpansionproblem,andunparsingthetransformed
parsetrees.The functionaltransformershave beenconstructedby refining a transformationframework gen-
eratedfrom the COBOL grammar. Application to the developmentof documentationgenerators[10] has
commenced.

7. RELATED WORK

Syntax-drivenmeta-toolsfor languagetool developmentareubiquitous,but rarelydo they addressa combina-
tion of featuressuchasthoseaddressedin thispaper. Wewill briefly discussaselectionof approachessomeof
whichattaina degreeof integrationof variousfeatures.

¾ ParsergeneratorssuchasYacc[12] andJavaCCaremeta-toolsthat generateparsersfrom syntaxdef-
initions. Comparedwith SDF andsglr , they offer poor supportfor modularsyntaxdefinition, their
input languagesarenot sufficiently declarative to be reusablefor the generationof othercomponents
thanparsers,andthey donotgenerallytargetmorethanasingleprogramminglanguage.

¾ ThelanguageSYN [4] combinesnotationsfor specifyingparsers,pretty-printersandabstractsyntaxin a
singlelanguage.However, theunderlyingparsergeneratoris limited to LALR(1), in orderto have both
parsetreesandASTs, usersneedto constructtwo grammars,andcodethe mappingbetweentreesby
hand.Moreover, theexpressivenessof thelanguageis muchsmallerthantheexpressivenessof SDF, and
thelanguageis notmodular. Consequently, SYN andits underlyingsystemcannotmeetouradaptability,
scalabilityandmaintainabilityrequirements.

¾ Wile [20] describesderivationof abstractsyntaxfrom concretesyntax.Likeusheusesasyntaxdescrip-
tion formalismmoreexpressivethanYacc’sBNF notationin orderto avoid warpedASTs.Additionally,
he providesa procedurefor transforminga Yacc-stylegrammarinto a more“tasteful” grammar. His
BNF extensionallowsannotationsthatsteerthemappingwith thesameeffectasSDF’saliases.Hedoes
notdiscussautomaticnamesynthesis.

¾ AsdlGen[19] providesthe mostcomprehensive approachwe areawareof to syntax-drivensupportof
component-basedlanguagetools. It generateslibrary codefor variousprogramminglanguagesfrom
abstractsyntaxdefinitions.It offersASDL asabstractsyntaxdefinitionformalism,andpicklesasspace-
efficientexchangeformat. It offersnosupportfor dealingwith concretesyntaxandfull parsetrees.

AsdlGentargetsmorelanguagesthanour architectureinstantiationdoesat themoment.Thechoiceof
targetlanguages,includingC andJava,haspresumablymotivatedsomerestrictionsontheexpressiveness
of ASDL. ASDL lackscertainmodularityfeatures,comparedto AbstractSDF: no mutually dependent
modules,andall alternativesfor a non-terminalmustbegroupedtogether. Furthermore,ASDL is much
lessexpressive. It doesnot allow nestingof complex symbols,it hasa very limited rangeof symbol
constructors,andit doesnotprovidemodulerenamingsor parameterizedmodules.

UnlikeATerms,theexchangeformatthatcomeswith ASDL is alwaystyped,thusobstructingintegration
with genericcomponents.In fact,thecompressionschemeof ASDL relieson thetypednessof thetrees.
Therateof compressionis significantlysmallerthanfor ATerms[5]. Furthermore,pickleshaveabinary
form only.

http://www.cwi.nl/projects/MetaEnv/sglr
http://www.stratego-language.org/
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¾ TheDTD notationof XML [8] is analternativeformalismin whichabstractsyntaxcanbedefined.Tools
suchasHaXML [18] generatecodefrom DTDs. HaXML offers supportboth for type-basedandfor
generictransformationson XML documents,usingHaskell asprogramminglanguage.Otherlanguages
arenot targeted.Concretesyntaxsupportis not integrated.

XML is originally intendedasmark-uplanguage,not to representabstractsyntax.As a result,the lan-
guagecontainsa numberof inappropriateconstructs,andsomeawkwardirregularitiesfrom anabstract
syntaxpointof view. XML alsohassomedesirablefeatures,currentlynotofferedby AbstractSDF, such
asannotations,andinclusionof DTDs(abstractsyntaxdefinitions)in documents(abstractterms).

¾ Many elementsof our instantiationof thearchitecturefor syntax-drivencomponent-basedlanguagetool
developmentwereoriginally developedin the context of the ASF+SDF Meta-Environment[2, 11, 9].
Thisis anintegratedlanguagedevelopmentenvironmentwhichoffersSDF assyntaxdefinitionformalism
andthe termrewriting languageASF asprogramminglanguage.Programmingtakesplacedirectly on
concretesyntax,thushiding parsetreesfrom theprogrammersview. Programming,debugging,parsing,
rewriting andpretty-printingfunctionality areall offeredvia a singleinteractive userinterface. Meta-
toolinghasbeendevelopedto generateASF-modulesfor termtraversalfrom SDF definitions[6].

The ASF+SDF Meta-Environmentoffers a singleprogramminglanguage(ASF), programmingon ab-
stractsyntaxis notsupported.Supportfor component-baseddevelopmentis (currently)limited to gluing
compiledASF programsthatreadandwrite flat terms.

To providesupportfor component-basedtool development,wehaveadoptedtheSDF, AsFix, andATerm
formatsfrom the ASF+SDF Meta-Environmentaswell astheparsetablegeneratorfor SDF, theparser
sglr , andtheATermlibrary. To thesewehaveaddedthemeta-toolingrequiredto completetheinstan-
tiation of thearchitectureof Figure7. In future,someof thesemeta-toolsmight be integratedinto the
Meta-Environment.

8. CONTRIBUTIONS

Wehavepresentedacomprehensivearchitecturefor syntax-drivenmeta-toolingthatsupportscomponentbased
languagetool development.This architectureembodiesthe vision that grammarscanserve ascontractsbe-
tweencomponentsundertheconditionthat thesyntaxdefinition formalismis sufficiently expressive andthe
meta-toolssupportingthis formalismaresufficiently powerful. We havepresentedour instantiationof suchan
architecturebasedonthesyntaxformalismSDF. SDF andthetoolssupportingit haveagreeablepropertieswith
respectto modularity, expressiveness,andefficiency, whichallow themto meetscalabilityandmaintainability
demandsof applicationareassuchassoftwarerenovationanddomain-specificlanguageimplementation.We
have shown how abstractsyntaxdefinitionscanbeobtainedfrom grammars.We discussedthemeta-tooling
which generateslibrary codefor a varietyof programminglanguagesfrom concreteandabstractsyntaxdef-
initions. Componentsthat areconstructedwith theselibrariescan interoperateby exchangingATermsthat
representtrees.
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