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ABSTRACT

Component-based development of language tools stands in need of meta-tool support. This support can be
offered by generation of code — libraries or full-fledged components — from syntax definitions. We develop a
comprehensive architecture for such syntax-driven meta-tooling in which grammars serve as contracts between
components. This architecture addresses exchange and processing both of full parse trees and of abstract syntax
trees, and it caters for the integration of generated parse and pretty-print components with tree processing
components.

We discuss an instantiation of the architecture for the syntax definition formalism SDF, integrating both
existing and newly developed meta-tools that support SDF. The ATerm format is adopted as exchange for-
mat. This instantiation gives special attention to adaptability, scalability, reusability, and maintainability issues
surrounding language tool development.

1998 ACM Computing Classification System: D.2.2, D.2.3, D.2.4, D.2.9, D.2.11, D.2.12, D.2.13

Keywords and Phrases: Grammars, contracts, components, languages, tool construction, exchange format,
code generation

Note: This work appeared in the proceedings of the Second International Conference on Generative and
Component-Based Software Engineering (GCSE’00)

1. INTRODUCTION

A needexists for meta-toolssupportingcomponent-basecbnstructiorof languagegools. Language-oriented
softwareengineeringareassuchasdevelopmentof domain-specifitanguage¢DSLs), languagesngineering,
andautomaticsoftwarerenovation (ASR) posechallengeso tool-developerswith respecto adaptability scal-
ability, andmaintainabilityof the tool developmeniprocess.Thesechallengegall for methodsandtools that
facilitatereuse.Onesuchmethodis component-basecbnstructiorof languageools, andthis methodneeds
to besupportedy appropriateneta-toolingto beviable.

Component-basecbnstructiorof languageools canbe supportedy meta-toolshatgenerateeode— sub-
routinelibrariesor full-fledged components- from syntaxdefinitions. Figurell shavs a global architecture
for suchmeta-tooling. The bold arrows depictmeta-toolsandthe grey ellipsesdepictgeneratedode. From
a syntaxdefinition, a parsecomponentinda pretty-printcomponentire generatedhat take input termsinto
treesandvice versa. Fromthe samesyntaxdefinitionalibrary is generatedor eachsupportegorogramming
languagewhich is importedby componentshat operateon thesetrees. One suchcomponenis depictedat
thebottomof the picture(morewould clutterthe picture). Several of thesecomponentspossiblydevelopedin
differentprogrammindanguageganinteroperateseamlesslysincethe importedexchangecodeis generated
from the samesyntaxdefinition.

In this paperwe will refinetheglobalarchitectureof Figurelllinto acomprehensie architecturdor syntax-
driven meta-tooling. This architectureembodieghe ideathat grammarsan sene ascontractsgoverningall
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Figurel: Architecturefor meta-tookupportfor componenbasedanguageool developmentBold arrovsare
meta-tools Grey ellipsesaregeneratedode.

exchangeof syntaxtreesbetweencomponentandthatrepresentatio@ndexchangeof thesetreesshouldbe
supportedby a commonexchangeformat. An instantiationof this architectureis available as part of the
TransformatiorTools package

The paperis structuredas follows. In Sectiondll, ll andl we will develop several perspectieson the
architecture For eachperspectie we will make aninventoryof meta-languagesndmeta-toolsandformulate
requirement®n thesdanguagesindtools. We will discusshow we instantiatedhis architectureby adopting
or developing specificlanguagesand tools meetingtheserequirements.In Sectionll we will combinethe
variousperspectiesthus developedinto a comprehensie architecture.Applicationsof the presentedneta-
tooling will bedescribedn Sectiorll Sectiondll, andll containa discussiorof relatedwork anda summary
of our contributions.

2. CONCRETE SYNTAX DEFINITION AND META-TOOLING

Oneaspecbf meta-toolingfor componenbasedanguagedool developmentconcernghe generatiorof code
from concetesyntaxdefinitions(grammars).Figurell shavs the basicarchitectureof suchtooling. Givena
concretesyntaxdefinition, parseandpretty-printcomponentsaregeneratedby a parsergeneratoanda pretty-
printergeneratgrrespectiely. Furthermorelibrary codeis generatedwhich is importedby tool components
(Figurell shavs no morethana single componento preventclutter). Thesecomponentsisethe generated
library codeto represenparsetrees(i.e. concete syntaxtrees),read, processandwrite them. Thus, the
grammarsenesasan interfacedescriptionfor thesecomponentssinceit describeghe form of the treesthat
areexchanged.

A key featureof this approachs that meta-toolssuchas pretty-printerand parsergeneratorare assumed
to operateon the sameinput grammar The reasonfor this is that having multiple grammardor thesepur-
posesntroducessnormousnaintenanceostsin applicationareaswith large, rapidly changinggrammars. A
grammarservingasinterfacedefinitionenablesmoothinteroperatiorbetweerparsecomponentspretty-print
component@andtree processingcomponentsin fact, we want grammargo serne ascontractsgoverningall
exchangeof treeshetweercomponentsandhaving seseralcontractspecifyingthe sameagreemenis arecipe
for disagreement.

Note that our architecturedeviatesfrom existing meta-toolsin the respecthat we assumdull parsetrees
can be producedby parsersand consumediy pretty-printers,not just abstractsyntaxtrees(ASTs). These
parsetreescontainnotonly semanticallyrelevantinformation,asdo ASTs, but they additionallycontainnodes
representingdjterals, layout,andcommentsThereasorfor allowing suchconcretesyntaxinformationin trees
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Figure2: Architecturefor concretesyntaxmeta-toolsTheconcretesyntaxdefinitionsenesascontractetween
componentsComponentshatimport generatedibrary codeinteroperatevith eachotherandwith generated
parsersandpretty-printerdy exchangingparsetreesadheringo the contractuabrammar

is thatmary applicationsg.g. softwarerenovation, requirepreseration of layoutand commentduringtree
transformation.

2.1 Concetesyntaxdefinition

In orderto satisfy our adaptability scalability and maintainabilitydemandsthe concretesyntaxdefinition
formalismmustsatisfya numberof criteria. The syntaxdefinitionformalismmusthave powerful supportfor

modularityandreuse. It mustbe possibleto extend languageswvithout changingthe grammarfor the base
language.This is essentialpecaus@achchangeto a grammaron which tooling is basedpotentiallyleadsto

a modificationavalanche.Also, the grammaranguagemustbe purely declaratve. If not, its reusabilityfor

differentpurposess compromised.

In our instantiationof the meta-toolarchitecturethe centralrole of concretesyntaxdefinitionlanguagéds
fulfilled by the SyntaxDefinition FormalismSpr [#4]. Figurell shavs anexampleof an SbF grammar This
exampledefinition containslexical and context-free syntaxdefinitionsdistributed over a numberof modules.
Notethatthe orientationof productionds flippedwith respecto BNF notation.

SDF offers powerful modularizatiorfeatures.Notably it allows modulesto be mutually dependentandit
allows alternatvesof the samenon-terminalto be spreadacrossmultiple modules. For instance the syntax
of a kernellanguageandthe syntaxesof its extensionscanbe definedin separatenodules. Also, mutually
dependenhon-terminalanbe definedin separatenodules.Renamingsand parameterizednodulesfurther
facilitatesyntaxreuse.

SDF is a highly expressie syntaxdefinition formalism. Apart from symboliterationconstructorswith or
without separatorsit providesnotationfor optionalsymbols,sequencesf symbols,optional symbols,and
more. Thesenotationsfor building compoundsymbolscan be arbitrarily nested. SDF is not limited to a
subclas®f context-freegrammarssuchasLR or LL grammars Sincethefull classof context-free syntaes,
asopposedo ary of its propersubclassess closedundercomposition(combiningtwo context-freegrammars
will alwaysproducea grammarthatis contect-free aswell), this absencef restrictionsis essentiato obtain
true modularsyntaxdefinition,and“as-is” syntaxreuse.

SDF offers disambiguatiorconstructs suchas associatiity annotationsand relative productionpriorities,
thataredecoupledrom constructgor syntaxdefinitionitself. As aresult,disambiguatiomndsyntaxdefinition
arenot tangledin grammars.This is beneficialfor syntaxdefinition reuse. Also, SDF grammarsare purely
declaratve, ensuringheir reusabilityfor otherpurposedesidegarsing(e.g.codegenerationpretty-printing).

SbF offersthe ability to controlthe shapeof parsetrees. The aliasconstruct{seemoduleDef in Figurelll)



definition module Main
module Exp imports Exp Let Def
exports exports
context-free syntax sorts Exp
Identifier — Exp {congvar)} lexical syntax
Identifier“(” {Exp*“,”}* )" — Exp {congfcall)} [\_\t\n] — LAYOUT
‘¢ ExpY)” — Exp {bracket} context-freerestrictions
module Let LAYOUT? -- [\_\t\n]
exports

context-free syntax
let Defsin Exp — Exp {conglet)}
Exp whereDefs — Exp {congwhere}
module Def
exports
aliases
{( Identifier*=" Exp) “,” }+ — Defs

Figure3: An exampleSDF grammar

allows auxiliary namedor comple sortsto beintroducedwithout affectingthe shapeof parsetreesor abstract
syntaxtrees.Aliasesareresohedby anormalizatiorphaseduring parsergenerationandthey do notintroduce
auxiliary nodes.

2.2 Concetemeta-tooling

Parsing SDF is supportedy generlizedLR parsemgeneratiorf=d]. In contrasto plainLR parsinggeneral-
izedLR parsings ableto dealwith (local) ambiguitiesandtherebyremovesary restrictionsonthe contet-free
grammars.A detailedargumentthat explains how the propertiesof GLR parsingcontribute to meetingthe
scalabilityandmaintainabilitydemand®f language-centereapplicationareascanbefoundin [f]. Themeta-
tooling usedfor parsingin our architectureconsistof a randa genericparsecomponent,
called , which parsegermsusingthesetables,andgenerateparsetrees[zd].

Parsetreerepresentation In ourarchitecturénstantiationtheparsdareesproducedrom generategarsersre
representeth the SDF parsdreeformat,calledAsFix [£3]. AsFixtreescontainall informationabouttheparsed
term, including layoutand comments.As a consequencehe exact input term canalwaysbe reconstructed,
andduringtreeprocessindayoutandcommentsanbe presered. This is essentialn the applicationareaof
softwarerenovation.

Full AsFix treesrapidly grow largeandbecomanefficientto represenandexchangelt is thereforeof vital
importanceo have anefficient representatiofor AsFix treesavailable. Moreover, componenbasedsoftware
developmentrequiresa uniform exchangeformatto sharedata(including parsetrees)betweencomponents.
The ATermformatis a termrepresentatiosuitableas exchangeformat for which an efficient representation
exists. ThereforeAsFix treesare encodedas ATermsto obtainspaceefficient exchangeabl@arsetrees([f]
reportscompressiomatesof over 90 percent).In Sectiorlll we will discusdreerepresentationsingATerms
in moredetail.

Pretty-printing We usem, agenericpretty-printingtoolsetthathasbeendefinedin [2d]. Thissetof meta-
toolsprovidesthegeneratiorof customizablgretty-printerdor arbitrarylanguageslefinedin Spr. Thelayout
of alanguagés expressedn termsof pretty-printruleswhicharedefinedin anorderedsequencef pretty-print
tables.Theorderingof tablesallows customizatiorby overrulingexisting formattingrules.

The standarddistribution of containsa formatterwhich operateson AsFix parsetreesand supports
commenfpreseration. An additionalformatterwhich operate®n ASTsis distributedaspart of

Since is anopensystemwhich canbe extendedandadaptedeasily supportfor new outputformats(in
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Figure4: Architecturefor abstract syntaxmeta-tools Theabstracsyntaxdefinition, prescribingreestructure,
senesasa contractbetweertreeprocessingomponents.

additionto plaintext, IATEX, andHTML which aresupportedy default) andlanguagespecificformatterscan
beincorporatedvith little effort.

3. ABSTRACT SYNTAX DEFINITION AND META-TOOLING

A secondaspecbf meta-toolingfor componenbasedanguageool developmeniconcernghe generatiorof

codefrom abstract syntaxdefinitions. Figurell shovs the architectureof suchtooling. Given an abstract
syntaxdefinition, library codeis generatedyhich is usedto represenand manipulateASTs. The abstract
syntaxdefinition languagesenesasan interfacedescriptionlanguagegor AST componentsin otherwords,
abstracsyntaxdefinitionssene astreetypedefinitions(analogouso XML's documentypedefinitions).

3.1 Abstact syntaxdefinition

For the specificationof abstractsyntaxwe have defineda subsetof SbF, which we call AbstracBprF. Ab-
stracBDF wasobtainedfrom SDF simply by omitting all constructspecificto the definition of concretesyn-
tax. Thus,AbstracBDF allows only productionsspecifyingprefix syntax,andit containsno disambiguation
constructsor constructdor specifyinglexical syntax. AbstracBDF inheritsthe powerful modularityfeatures
of SpF, aswell asthe high expressienessoncerningarbitrarily nestedcompoundsorts. Figurell shavs an
exampleof an AbstracBDF definition.

The needto define separateconcretesyntaxand abstractsyntax definitionswould causea maintenance
problem.Thereforethe concretesyntaxdefinitioncanbeannotatedvith abstracsyntaxdirectvesfrom which
anAbstracBpF definitioncanbegeneratedseeSectiorllll below). Theseabstracsyntaxdirectivesconsistof
optionalconstructomnnotationgor context-free productiongthe “cons” attributesin Figurell) which specify
thenamesof the correspondingbstracsyntaxproductions.

3.2 Abstiact syntaxtreerepresentation

In orderto meetour scalabilitydemandswe will requirea treerepresentatiofiormatthat providesthe pos-
sibility of efficient storageand exchange.However, we do not wanta treeformatthathasan efficient binary
instantiationonly, sincethis makesall tooling necessarilydependenon routinesfor binary encoding.Having

a humanreadableanstantiationkeepsthe systemopento the accommodatiommf componentgor which such
routinesare not (yet) available. Finally, we wantthe typing of treesto be optional in ordernot to preempt
integrationwith typelessgenericcomponentsFor instancea generictreeviewer shouldbe ableto readthe

intermediatdreeswithout explicit knowledgeof theirtypes.

ASTs arethereforerepresenteéh the ATermformat, which is a genericformatfor representingannotated
trees. In [[f] a 2-level API is definedfor ATerms. This API hidesa spaceefficient binary representatioof
ATerms(BAF) behindinterfacefunctionsfor building, traversingandinspectingATerms. The binary repre-
sentationformatis basedon maximalsubtreesharing. Apart from the binary representatiora plain, human-
readableepresentatiois available.



definition module Def
module Exp exports
exports aliases
syntax ( Identifier Exp )+ — Defs
“var” ( ldentifier) — Exp module Main
“fcall” ( Identifier, Exp* ) — Exp imports Exp Let Def
module Let
exports
syntax

“let” ( Defs,Exp) — Exp
“where” ( Exp, Defs) — Exp

Figure5: Generated\bstracBDF definition.
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Figure6: Architecturefor meta-tooldinking abstracto concretesyntax. The abstracsyntaxdefinitionis now
generatedrom the concretesyntaxdefinition.

AbstracBDF definitionscanbeusedastypedefinitionsfor ATermsby languageool componentsln particu-
lar, the AbstracSDF definitionof the parsetreeformalismAsFix senesasatypedefinitionfor parsetrees(See
Sectiorll). The AbstracSpr definition of Figurell definesthe type of ASTsrepresentingxpressionsThus,
the ATermformatprovidesa generic(type-less}reeformat,on which AbstracSpr providesatypedview.

3.3 Abstiactfromconcetesyntax

Theconnectiorbetweertheabstracsyntaxmeta-toolingandthe concretesyntaxmeta-toolingcanbe provided
by three meta-tools,which are depictedin Figurell Centralin this pictureis a meta-toolthat derives an
abstracsyntaxdefinitionfrom a concretesyntaxdefinition. Thetwo accompaping meta-toolsyeneratdools
for corverting full parsetreesinto ASTs andvice versa. Evidently, theseASTs should correspondo the
abstracsyntaxdefinitionwhich hasbeengeneratedrom the concretesyntaxdefinitionto whichtheparsetrees
correspond.

An abstracsyntaxdefinitionis obtainedfrom a grammatin two steps.Firstly, concretesyntaxproductions
areoptionally annotatedvith prefix constructomames.To derive theseconstructomamesautomatically the
meta-toolsdf cons hasbeenimplemented.This tool basicallycollectskeywordsand non-terminalnames
from productionsandappliessomeheuristicsto synthesizenice namesfrom these.Non-uniqueconstructors
aremadeuniqueby addingprimesor qualifying with non-terminahames By manuallysupplyingsomeseed
constructomamesuserscansteerthe operationof sdf cons, which is usefulfor languagesvhich sparsely



containkeywords.

Secondlytheannotatedyrammaris fed into the meta-toolsdf 2asdf , yielding an AbstracSbpF definition.
For instancethe AbstracBDF definitionin Figurell was obtainedfrom the Spr definitionin Figurell This
transformatiorbasicallythrows out literals, andreplaceamixfix productionsby prefix productionsusingthe
associatedonstructomame.

Togetherwith the abstractsyntaxdefinition, the corverterspar set r ee2ast andast 2par setree
which translatebetweerparsetreesand ASTs aregeneratedNote thatthe first corverterremoveslayoutand
commeninformation,while the secondnsertsemptylayoutandcomments.

Notethatthe high expressvenesof SbF and AbstracBpF, andtheir closecorrespondencarekey factors
for the feasibility of generatingabstracfrom concretesyntax. Standard,yacc-like concretesyntaxdefinition
languagesare not satishctoryin this respect. Sincetheir expressienesss low, andLR restrictionsrequire
non-naturalanguagelescriptionsgeneratingabstracsyntaxfrom thesdanguagesvould resultin awkwardly
structuredASTs,which burdenthecomponenprogrammers.

4. GENERATING LIBRARY CODE

In this sectionwe will discussthe generatiorof library code(seeFiguredll andll). Our languageool devel-
opmentarchitecturecontainscodegeneratordor several languagesnd consequenthallows componentgo
be developedin differentlanguagesSinceATermsare usedasuniform exchangeformat, componentsmple-
mentedn differentprogrammingdanguagesanbe connectedo eachothet

4.1 TargetingC

For the programminglanguageC an efficient ATerm implementationexists as a separatdibrary. This im-
plementatiorconsistsof an APl which hidesthe efficient binary representationf ATermsbasedon maximal
sharingandprovidesfunctionsto accessmanipulatefraverse andexchangeATerms.

The availability of the ATerm library allows genericlanguagecomponentgo be implementedn C which
canperformlow-level operationon arbitraryparsetreesaswell ason abstracsyntaxtrees.

A morehigh-level accesdo parsetreesis provided by the codegeneratorasdf 2c  which, when passed
an abstractsyntaxdefinition, producesa library of matchand build functions. Thesefunctionsallow easy
manipulatiorof parsereeswithouthaving to know theexactstructureof parsdrees.Thesehigh-level functions
aretype-preservingvith respecto the AbstracSDF definition.

4.2 TargetingJava

Also for the Java programmindanguageanimplementatiorof the ATerm AP exists which allows Java pro-
gramsto operateon parsetreesandabstracsyntaxtrees.As yet, thereis no codegeneratofor Java available
to provide highlevel accessndtraversalof treessimilar to the othersupportegprogrammindanguagesSuch
a codegeneratohasbeendesignedandis beingdeveloped. It will represensyntaxtreesasobjecttrees,and
treetraversalswill be supportedy generatedibrariesof refinablevisitors.

4.3 Targeting Stratego

Our initial interestwas to apply our meta-toolingto programtransformationproblems,such as automatic
software renovation. For this reasonwe selectedhe transformationaprogramminglanguage =9
asthefirst target of codegeneration. offers powerful treetraversalprimitives,aswell asadvanced
featuressuchas separatiorof pattern-matchingand scope,which allows pattern-matchingt arbitrary tree
depths. Furthermore hasbuilt-in supportfor readingand writing ATerms. alsooffersa
notion of pseudo-constructorsalledoverlays that canbe usedto operateon full parsetreesusinga simple
AST interface.

Two meta-toolssupportthe generatiorof librariesfrom syntaxdescriptions.The library for AST
processings generatedby asdf 2st r at ego from anAbstracBDF definition. Thelibrary for combinedparse
treeandAST processings generatedby sdf 2st r at ego from an Sbr grammar Thelatterlibrary subsumes
theformer.
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Figure7: Completemeta-toolingarchitectureThegrammairsenesasthecontractgoverningall treeexchange.

The codegeneratiorallows programmingon parsetreesasif they were ASTs. Underneattsuch
AST-stylemanipulationsparsetreesareprocesseth which hiddenlayoutandliteral informationis presered
during transformation.This style of programmingcanbe mixed freely with programmingdirectly on parse
trees. Since hasnative ATerm support,thereis no needfor generatindibrary codefor readingand
writing trees.

4.4 TargetingHaslell

Work hasalsobeendoneontargetingHaslell. Codegeneratedh this cases of variouskinds. Firstly, datatypes
aregeneratedo represenparsetreesandASTs. Thesedatatypesrequite similar to the signaturegenerated
for . Secondlycodeis generatedor readingATermrepresentationsto theseHaslell datatypesand

writing themto ATerms. Finally, full-fledgedtransformatiorframevorks consistingof (monadic)paramor

phismsandcorrespondinglgebrasregeneratedo facilitatepurelyfunctionaltransformationgbrogramming.
Thereadeitis referredto [25] for detailsandfor a softwarerenovationcasestudy

Notethatnotonly generapurposeprogrammindanguagesf variousparadigmsanbefittedinto ourarchitec-
ture,but alsomorespecializedpossiblyvery high-level languagesAn attributegrammaisystemfor instance,
would be a convenienttool to programcertaintreetransformatiorcomponents.

5. A COMPREHENSIVE ARCHITECTURE

Combiningthe partialarchitecturesf theforegoingsubsectionteadsto the completearchitecturen Figurell

This figurecanbeviewedasa refinemenof our first generalarchitectureén Figurell, which doesnotdifferen-

tiate betweerconcreteandabstracsyntax,or betweerparsereesandASTS.
Therefinedpictureshawvsthatall generatedode(librariesandcomponents)andthe abstracsyntaxdefini-

tion stemfrom the samesource:the grammar Thus, this grammarsenesasthe singlecontractthatgoverns

the structureof all treesthatare exchanged.In otherwords,all componeninterfacesaredefinedin a single
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location: the grammar (Whenseveral languagesreinvolved, thereare of courseequallymary grammars.)
This singlecontractapproacteliminatesmary maintenancéeadacheduringcomponenbaseddevelopment.
Of course carefulgrammarversionmanagemeris neededvhenmaintenancelueto languagechangess not

carriedoutfor all componentstonce.

5.1 Grammarversionmanaement

Any changeto a grammay no matterhow small, potentiallybreaksall toolsthatdependonit. Thus,sharing
grammardetweertools or betweertool componentswhich is a crucial featureof our architecturejs poten-
tially atoddswith grammarchange. To pacify grammarchangeandgrammarsharing,grammarmanagement
is needed.

To facilitategrammawersionmanagementye establishe@ 2in whichgrammarsarestored.
Furthermorewe subjectedhe storedgrammargo simplescheme®f grammawersionnumbersandgrammar
maturitylevels.

To allow tool buildersto unequvocally identify the grammarghey arebuilding theirtool on, eachgrammar
in the 3is givenanameandaversionnumber To give tool buildersanindicationof the maturity
of thegrammarshey areusingto build theirtoolsupon,all grammarsn the 2arelabeledwith a
maturitylevel. We distinguishthefollowing levels:

volatile Thegrammaiis still underdevelopment.
stable Thegrammamwill only be subjectto minorchangeslueto bug fixing.
immutable Thegrammamwill neverchange.

Normally, agrammarwill begin its life cycle at maturity level volatile. To build extensize tooling on sucha
grammaiis unwise,sincegrammarchangesreto be expectedthatwill breakthistooling. Onceconfidencen

thecorrectnessf thegrammarhasgrown, usuallythrougha combinatiorof testing,bench-markingandcode
inspectionjt becomesligible for maturitylevel stable At this point,only verylocal changesrestill allowed
on the grammay usuallyto fix minor bugs. Tool-builderscansafelyrely on stablegrammarswithout risking
thattheirtoolswill breakdueto grammarchangesOnly afew grammarsvill make it to level immutable This
happengor instancevhena grammaiis published andthusbecomes fixedpoint of referencelf theneedfor

changesarisesin grammarghatare stableor immutable,a new grammar(possiblythe samegrammarwith a
new versionnumber)will beinitiatedinsteadof changinghe grammaiitself.

5.2 Connectingcomponents

The connectity to differentprogrammindanguagesillows component$o be developedin the programming
languageof choice. The useof ATermsfor the representationf dataallows easyand efficient exchangeof
databetweendifferentcomponentandit enableshe compositionof new andexisting componentdo form
adwancedanguagedools.

Exchangebetweencomponentsand the compositionof componentss supportedn several ways. First,
componentgan be combinedusing standardscripting techniquesand datacan be exchangedby meansof
files. Secondlythe uniform datarepresentatiomllows for a sequentiatompositionof componentsn which
Unix pipesare usedto exchangedatafrom onecomponento another Finally, the ;[] architecture
canbeusedto connectcomponentainddefinethe communicatiorbetweerthem. This architectureesembles
a hardware communicatiorbus to which individual componentganbe connected. Communicatiorbetween
component®nly takesplaceoverthe busandis formalizedin termsof Proces#\lgebra[].

6. APPLICATIONS
Only preliminary experiences available aboutactually applyingthe meta-toolingpresentedn the previous
sectionsWe will present selectionof suchexperiences.

To startwith, the meta-toolinghasbeenappliedfor its own developmentandfor the developmentof some
othermeta-toolsthat it is bundledwith in the TransformationTools package . Thesebootstrapflavored
applicationsincludethe generatiorof an abstractsyntaxdefinition for the parsetreeformat AsFix from the
grammarf SDF. Fromthis abstracsyntaxdefinition,amodulat library for transformingAsFix trees
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was generatecand usedfor the implementationrof someAsFix normalizationcomponents.Also, the tools
sdf 2str at ego, sdf cons, asdf 2st r at ego, sdf 2asdf , andmary moremeta-toolsvereimplemented
by parsing AST processingn oneor morecomponentsandpretty-printing.

Apartfrom SDF andAbstracSDF, the domainspecificlanguage®ox (for genericformatting),andBENCH
(for generatingbenchmarkreports),have beenimplementedwith syntax-driven meta-tooling. In the Box
implementationagrammaror pretty-printtableswasbuilt by reusinggthe SDF grammamandtheBox grammar
New BOX componentsvereimplementedn andconnectedo existing BOx componentprogrammed
in otherlanguages.

The generatedransformatiorframeavorks for Haslell are beingappliedto software renovation problems.
In [25], a COBOL renovation applicationis reported. It involvesparsingaccordingto a COBOL grammay
applyinga numberof functiontransformergo solve a dataexpansionproblem,andunparsinghetransformed
parsetrees. The functionaltransformerdave beenconstructedy refining a transformatiorframeavork gen-
eratedfrom the COBOL grammar Application to the developmentof documentatiorgeneratord=d] has
commenced.

7. RELATED WORK

Syntax-drvenmeta-tooldor languageool developmentareubiquitous but rarely do they addressa combina-
tion of featuressuchasthoseaddresseh this paper We will briefly discussa selectionof approachesomeof
which attaina degreeof integrationof variousfeatures.

e Parsergeneratorsuchas Yacc[] andJaraCC are meta-toolsthat generatearsersrom syntaxdef-
initions. Comparedvith SDF and , they offer poor supportfor modular syntaxdefinition, their
input languagesre not suficiently declaratve to be reusablefor the generatiorof othercomponents
thanparsersandthey do notgenerallytargetmorethana singleprogrammindanguage.

e ThelanguagesyN [[] combinesotationsfor specifyingparserspretty-printersandabstracsyntaxin a
singlelanguage However, the underlyingparsergeneratois limited to LALR(1), in orderto have both
parsetreesand ASTs, usersneedto constructtwo grammarsand codethe mappingbetweentreesby
hand.Moreover, theexpressienes®f thelanguages muchsmallerthantheexpressienes®f SbF, and
thelanguages notmodular Consequentlysy N andits underlyingsystemcannot meetour adaptability
scalabilityandmaintainabilityrequirements.

e Wile [IJ describeslerivationof abstracsyntaxfrom concretesyntax.Lik e usheusesa syntaxdescrip-
tion formalismmoreexpressve thanYaccs BNF notationin orderto avoid warpedASTs. Additionally,
he providesa procedurefor transforminga Yacc-stylegrammarinto a more “tasteful” grammar His
BNF extensionallows annotationshatsteerthe mappingwith the sameeffectasSbF's aliasesHe does
notdiscussautomaticnamesynthesis.

e AsdIGen[ZT] providesthe mostcomprehensie approachwe are aware of to syntax-driven supportof
component-baselnguageools. It generatedibrary codefor variousprogramminglanguagegrom
abstracsyntaxdefinitions.It offers AsbL asabstracsyntaxdefinitionformalism,andpicklesasspace-
efficientexchangdormat. It offersno supportfor dealingwith concretesyntaxandfull parsetrees.

AsdIGentargetsmorelanguageshanour architecturanstantiationdoesat the moment. The choiceof
targetlanguagesncludingC andJasa, haspresumablynotivatedsomerestrictionsontheexpressieness
of AsbL. AsDL lackscertainmodularityfeaturescomparedo AbstracSbF: no mutually dependent
modulesandall alternatvesfor a non-terminaimustbe groupedtogether FurthermoreAsbL is much
lessexpressie. It doesnot allow nestingof complex symbols,it hasa very limited rangeof symbol
constructorsandit doesnot provide modulerenamingsor parameterizechodules.

Unlike ATerms the exchangdormatthatcomeswith AsDL is alwaystyped,thusobstructingntegration
with genericcomponentsln fact,the compressioschemeof AsbL reliesonthetypednessf thetrees.
Therateof compressiotis significantlysmallerthanfor ATerms[if]. Furthermorepickleshave abinary
form only.
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e TheDTD notationof XML [[] is analternate formalismin which abstracsyntaxcanbedefined.Tools
suchas HaXML [£J generatecodefrom DTDs. HaXML offers supportboth for type-basedand for
generictransformation®n XML documentsusingHaslell asprogrammindanguage Otherlanguages
arenottamgeted.Concretesyntaxsupportis notintegrated.

XML is originally intendedas mark-uplanguagenot to represenaibstracsyntax. As a result,the lan-

guagecontainsa numberof inappropriateconstructsandsomeawkwardirregularitiesfrom anabstract
syntaxpointof view. XML alsohassomedesirableeaturescurrentlynot offeredby AbstracSbF, such
asannotationsandinclusionof DTDs (abstracsyntaxdefinitions)in documentgabstracterms).

e Many elementf ourinstantiationof the architecturdor syntax-drvencomponent-basednguageool
developmentwere originally developedin the context of the i 25 A
Thisis anintegratedanguagalevelopmenernvironmentwhich offers SDF assyntaxdefinitionformalism
andthe term rewriting languageA sk asprogramminganguage.Programmingakes placedirectly on
concretesyntax thushiding parsetreesfrom the programmersiew. Programmingdelugging,parsing,
rewriting and pretty-printingfunctionality areall offeredvia a singleinteractve userinterface. Meta-
tooling hasbeendevelopedto generateéd sF-modulesfor termtraversalfrom SDF definitions[i].

The toffers a single programminglanguage(A sF), programmingon ab-
stractsyntaxis notsupported Supportfor component-basetkvelopmentis (currently)limited to gluing
compiledA sF programghatreadandwrite flat terms.

To provide supporfor component-basadol developmentwe have adoptedhe SpDF, AsFix, andATerm

formatsfrom the taswell asthe ifor SDF, the parser

, andthe ATermlibrary. To thesewe have addedhe meta-toolingrequiredto completetheinstan-

tiation of the architectureof Figurell In future, someof thesemeta-toolsmight be integratedinto the
t

8. CONTRIBUTIONS

We have presente@ comprehensiearchitecturdor syntax-drvenmeta-toolinghatsupportcomponenbased
languagetool development. This architectureembodieghe vision that grammarscan sene ascontractshe-
tweencomponentsinderthe conditionthat the syntaxdefinition formalismis sufficiently expressie andthe
meta-toolssupportinghis formalismaresuficiently pawerful. We have presenteaur instantiationof suchan
architecturdasednthesyntaxformalismSpr. SDF andthetoolssupportingt have agreeabl@ropertieswith
respecto modularity expressvenessandefficiency, which allow themto meetscalabilityandmaintainability
demandf applicationareassuchassoftwarerenovationanddomain-specifitanguagémplementation We
have shavn how abstractyntaxdefinitionscan be obtainedfrom grammars.We discussedhe meta-tooling
which generatedibrary codefor a variety of programminganguageg$rom concreteandabstractyntaxdef-
initions. Componentghat are constructedwvith theselibraries caninteroperateéby exchangingATermsthat
representrees.

Adknowledgments TheauthorsthankArie vanDeurserandEelcoVisserfor valuablediscussions.
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