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Abstract. Component-basedevelopmentof languagetools standsin
needof meta-toolsupport. This supportcan be offered by generation
of code- librariesor full-fledgedcomponents- from syntaxdefinitions.
We develop a comprehensie architecturefor suchsyntax-driven meta-
tooling in which grammarsene ascontractdetweercomponentsThis
architectureaddressesxchangeand processingboth of full parsetrees
andof abstracsyntaxtrees,andit catersfor theintegrationof generated
parseandpretty-printcomponentsvith treeprocessingomponents.

We discussan instantiationof the architecturefor the syntaxdefinition
formalism SDF, integrating both existing and newly developedmeta-
toolsthat supportSpr. The ATerm formatis adoptedas exchangefor-
mat. This instantiationgivesspecialattentionto adaptability scalability
reusability and maintainabilityissuessurroundinganguagetool devel-
opment.

1 Intr oduction

A needexists for meta-toolssupportingcomponent-basedonstructionof language
tools. Language-orientedoftware engineeringareassuchasdevelopmentof domain-
specificlanguagegDSLs), languageengineeringand automaticsoftware renovation

(ASR) posechallengego tool-deseloperswith respecto adaptability scalability and

maintainabilityof thetool developmeniprocessThesechallengegall for methodsand

tools that facilitate reuse. One suchmethodis component-basedonstructionof lan-

guagetools, andthis methodneedsto be supportedby appropriatemeta-toolingto be

viable.

Component-basedonstructionof languagetools canbe supportecby meta-tools
thatgenerateode— subroutindibrariesor full-fledgedcomponents- from syntaxdef-
initions. Figure 1 shows a global architecturdor suchmeta-tooling. The bold arrows
depict meta-tools,and the grey ellipsesdepictgenerateccode. From a syntaxdefi-
nition, a parsecomponentnda pretty-printcomponentare generatedhat take input
termsinto treesandvice versa.Fromthe samesyntaxdefinitiona library is generated
for eachsupportedprogramminganguagewhichis importedby componentshatop-
erateon thesetrees.Onesuchcomponents depictedat the bottomof the picture(more
would clutterthepicture). Severalof thesecomponentspossiblydevelopedn different
programmindanguagesaninteroperateseamlesslysincetheimportedexchangecode
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Fig 1. Architecturefor meta-toolsupportfor componenbasedanguagedool development.Bold
arrovs aremeta-tools Grey ellipsesaregenerateaode.

is generatedrom the samesyntaxdefinition.

In this papemwe will refinetheglobalarchitectureof Figurel into acomprehensie
architecturefor syntax-drven meta-tooling. This architectureembodiesthe ideathat
grammargansene ascontractgyoverningall exchangeof syntaxtreesbetweencom-
ponentsandthat representatiomnd exchangeof thesetreesshouldbe supportecby a
commonexchangeformat. An instantiationof this architectureas available aspart of
the TransformatiorTools packagexT.

The paperis structuredasfollows. In Sections2, 3, and4 we will develop sev-
eral perspeciieson the architecture.For eachperspectie we will make aninventory
of meta-languageand meta-toolsandformulaterequirement®n theselanguagesnd
tools. We will discusshow we instantiatedhis architectureby adoptingor developing
specificlanguagesndtools meetingtheserequirementsln Section5 we will combine
the variousperspectiesthus developedinto a comprehensie architecture. Applica-
tions of the presentedneta-toolingwill be describedn Section6. Sections7, and8
containa discussiorof relatedwork anda summaryof our contributions.

2 Concretesyntax definition and meta-tooling

Oneaspecif meta-toolingfor componenbasedanguageool developmentconcerns
thegeneratiorof codefrom concetesyntaxdefinitions(grammars)Figure2 shavsthe
basicarchitectureof suchtooling. Givena concretesyntaxdefinition, parseandpretty-
print componentsare generatedy a parsergeneratorand a pretty-printergenerator
respectiely. Furthermorelibrary codeis generatedyhich is importedby tool com-
ponents(Figure 2 shavs no morethana single componento preventclutter). These
componentsisethegeneratedibrary codeto represenparsetrees(i.e. concretesyntax
trees) read,processandwrite them. Thus,thegrammarsenesasaninterfacedescrip-
tion for thesecomponentssinceit describesheform of thetreesthatareexchanged.
A key featureof this approachs that meta-toolssuchas pretty-printerand parser
generatorare assumedo operateon the sameinput grammar The reasorfor this is
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Fig 2. Architecturefor concete syntaxmeta-tools. The concretesyntaxdefinition senes as
contractbetweercomponentsComponentshatimport generatedibrary codeinteroperatevith
eachotherandwith generategarsersand pretty-printersy exchangingparsetreesadheringto
thecontractuagrammar

that having multiple grammarsfor thesepurposesntroducesenormousmaintenance
costsin applicationareaswith large, rapidly changinggrammars. A grammarserving
asinterfacedefinitionenablesmoothinteroperatiorbetweerparsecomponentspretty-
print componentgandtreeprocessinggomponentsin fact,we wantgrammargo sene
ascontractsgoverningall exchangeof treesbetweencomponentsandhaving several
contractsspecifyingthe sameagreemenis arecipefor disagreement.

Note thatour architecturedeviatesfrom existing meta-toolsin the respecthatwe
assumdull parsetreescanbeproduceddy parserandconsumedby pretty-printersnot
just abstrackyntaxtrees(ASTs). Theseparsetreescontainnot only semanticallyrele-
vantinformation,asdo ASTSs, but they additionallycontainnodesrepresentinditerals,
layout, and comments. The reasonfor allowing suchconcretesyntaxinformationin
treesis thatmary applicationsg.g. softwarerenovation,requirepreserationof layout
andcommentguringtreetransformation.

2.1 Concretesyntax definition

In orderto satisfyouradaptabilityscalabilityandmaintainabilitydemandstheconcrete
syntaxdefinition formalism must satisfy a numberof criteria. The syntaxdefinition
formalismmusthave powerful supportfor modularityandreuse.lt mustbe possibleto
extendlanguagesvithout changingthe grammairfor the baselanguage.This is essen-
tial, becauseachchangeo agrammaron which tooling is basedootentiallyleadsto a
modificationavalanche Also, thegrammailanguagemustbepurelydeclaratve. If not,
its reusabilityfor differentpurposess compromised.

In ourinstantiationof the meta-toolarchitecturethe centralrole of concretesyntax
definition languages fulfilled by the SyntaxDefinition FormalismSDF [9]. Figure3
shavs an exampleof an SDF grammar This exampledefinition containslexical and
contet-free syntaxdefinitions distributed over a numberof modules. Note that the
orientationof productiongs flippedwith respecto BNF notation.



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
" Exp) — 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

Fig 3. An exampleSbF grammar

SDF offerspowerful modularizatiorfeatures Notably; it allows modulesto be mu-
tually dependentandit allows alternatvesof thesamenon-terminato bespreadacross
multiple modules.For instancethe syntaxof a kernellanguageandthe syntaesof its
extensionsanbedefinedin separatenodules.Also, mutuallydependenton-terminals
canbedefinedin separatenodules.Renamingsandparameterizedhodulesfurtherfa-
cilitate syntaxreuse.

SDF is a highly expressve syntaxdefinition formalism. Apart from symbolitera-
tion constructorswith or without separatorst providesnotationfor optionalsymbols,
sequencesf symbols,optionalsymbols,andmore. Thesenotationsfor building com-
poundsymbolscanbearbitrarily nested SDF is notlimited to a subclas®f context-free
grammarssuchasLR or LL grammars.Sincethefull classof contect-free syntaves,
asopposedo ary of its propersubclassess closedundercomposition(combiningtwo
contet-freegrammarswill alwaysproduceagrammaithatis contet-freeaswell), this
absencef restrictionsis essentiato obtaintrue modularsyntaxdefinition,and“as-is”
syntaxreuse.

SDF offers disambiguatiorconstructs suchas associatiity annotationsandrela-
tive productionpriorities, that are decoupledrom constructsfor syntaxdefinition it-
self. As a result,disambiguatiorand syntaxdefinition are not tangledin grammars.
This is beneficialfor syntaxdefinitionreuse.Also, SDF grammarsare purely declara-
tive, ensuringtheir reusabilityfor otherpurposesesidegarsing(e.g.codegeneration,
pretty-printing).

Spr offersthe ability to control the shapeof parsetrees. The alias construct(see
module Def in Figure 3) allows auxiliary namesfor comple< sortsto be introduced
without affectingthe shapeof parsetreesor abstracsyntaxtrees.Aliasesareresohed
by a normalizationphaseduring parsergenerationandthey do notintroduceauxiliary
nodes.



2.2 Concretemeta-tooling

Parsing SDF is supportedby genemlized LR parsergeneration[14]. In contrast
to plain LR parsing,generalized_R parsingis ableto deal with (local) ambiguities
and therebyremoves ary restrictionson the context-free grammars. A detailedar
gumentthat explains how the propertiesof GLR parsingcontribute to meetingthe
scalability and maintainability demandsof language-centeredpplicationareascan
be foundin [12]. The meta-toolingusedfor parsingin our architectureconsistof a
parsetablegeneratarandagenericparsecomponentcalledsgl r , whichparseserms
usingthesetables,andgenerateparsetrees[15].

Parsetr eerepresentation In ourarchitecturanstantiationthe parsetreesproduced
from generategharsersaarerepresenteth the SDr parsetreeformat,calledAsFix [15].
AsFix treescontainall informationaboutthe parsedterm, including layout and com-
ments.As aconsequencéheexactinputtermcanalwaysbereconstructedandduring
treeprocessindgayoutandcommentscanbe presered. Thisis essentialn theapplica-
tion areaof softwarerenovation.

Full AsFix treesrapidly grow large and becomeinefficient to representand ex-
changelt is thereforeof vital importanceto have anefficient representatiofor AsFix
treesavailable. Moreover, componenbasedsoftware developmentrequiresa uniform
exchangdormatto sharedata(includingparsetrees)betweercomponentsThe ATerm
formatis atermrepresentatiosuitableasexchangdormatfor which anefficientrepre-
sentatiorexists. ThereforeAsFix treesareencodechsATermsto obtainspaceefficient
exchangeablgarsetrees([5] reportscompressiomatesof over 90 percent). In Sec-
tion 3.2wewill discusdreerepresentationsingATermsin moredetail.

Pretty-printing We useGpPpP, agenerigpretty-printingtoolsetthathasbeendefinedin
[11]. This setof meta-toolgprovidesthe generatiorof customizableretty-printersfor
arbitrarylanguageslefinedin Spbr. The layoutof alanguagés expressedn termsof
pretty-printruleswhich aredefinedin anorderedsequencef pretty-printtables. The
orderingof tablesallows customizatiorby overrulingexisting formattingrules.

Thestandardlistribution of GPp containsaformatterwhich operate®n AsFix parse
treesand supportscommentpresenration. An additionalformatterwhich operateson
ASTsis distributedaspartof XT.

SinceGPP is anopensystemwhich canbe extendedandadaptedeasily supportfor
new outputformats(in additionto plain text, IATeX, andHTML which are supported
by default) andlanguagespecificformatterscanbeincorporatedvith little effort.

3 Abstract syntax definition and meta-tooling

A secondaspecbf meta-toolingfor componenbasedanguagédool developmenton-
cernsthegeneratiorof codefrom abstract syntaxdefinitions.Figure4 shavsthearchi-
tectureof suchtooling. Givenan abstractsyntaxdefinition, library codeis generated
which is usedto represenaind manipulateASTs. The abstractsyntaxdefinition lan-
guagesenesasaninterfacedescriptionanguagdor AST componentsln otherwords,
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Fig 4. Architecturefor abstiact syntaxmeta-tools. The abstractsyntaxdefinition, prescribing
treestructure seresasa contractbetweertreeprocessingomponents.

abstracsyntaxdefinitionssene astreetypedefinitions(analogouso XML’s document
typedefinitions).

3.1 Abstract syntax definition

For the specificatiorof abstracsyntaxwe have defineda subsebf Sbr, which we call
AbstracBDF. AbstracBDF wasobtainedfrom SDF simply by omitting all constructs
specificto thedefinitionof concretesyntax. Thus,AbstracSDF allowsonly productions
specifyingprefix syntax,andit containsno disambiguatiorconstructsor constructdor
specifyinglexical syntax. AbstracSDF inherits the powerful modularity featuresof
SDF, aswell asthe high expressienessoncerningarbitrarily nestedcompoundsorts.
Figure5 shavs anexampleof an AbstracSDF definition.

The needto defineseparateoncretesyntaxandabstractsyntaxdefinitionswould
causea maintenanceroblem. Therefore,the concretesyntaxdefinition can be an-
notatedwith abstractsyntaxdirectivesfrom which an AbstracSbpF definition canbe
generatedseeSection3.3 below). Theseabstracsyntaxdirectivesconsistof optional
constructormannotationdor context-free productiongthe “cons” attributesin Figure 3)
which specifythe namesof the correspondin@bstracsyntaxproductions.

3.2 Abstract syntaxtreerepresentation

In orderto meetour scalabilitydemandswe will requirea treerepresentatiofiormat
thatprovidesthe possibility of efficientstorageandexchange However, we donotwant
atreeformatthathasan efficient binary instantiationonly, sincethis makesall tooling
necessarilydependenbn routinesfor binary encoding. Having a humanreadabléan-
stantiatiorkeepghe systemopento theaccommodatioof component$or which such
routinesare not (yet) available. Finally, we want the typing of treesto be optional,
in ordernot to preemptintegrationwith typelessgenericcomponentsFor instancea
genericreeviewer shouldbeableto readtheintermediatdreeswithout explicit knowl-
edgeof theirtypes.

ASTsarethereforerepresenteih the ATermformat, which is a genericformatfor
representingnnotatedrees.In [5] a2-level API is definedfor ATerms.This API hides
a spaceefficient binaryrepresentationf ATerms(BAF) behindinterfacefunctionsfor
building, traversingandinspectingATerms. The binary representatioformatis based



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

Fig 5. Generated\bstracSDF definition.

on maximal subtreesharing. Apart from the binary representationa plain, human-
readableepresentatiors available.

AbstracSDF definitionscanbe usedastypedefinitionsfor ATermsby languageool
componentsln particular the AbstracSDF definitionof theparsdareeformalismAsFix
senesasatypedefinitionfor parsetrees(SeeSection2). The AbstracSDF definition
of Figure5 defineshetype of ASTsrepresentingxpressionsThus,the ATermformat
providesagenerictype-lessjreeformat,onwhich AbstracSbdF providesatypedview.

3.3 Abstract from concretesyntax

Theconnectiorbetweertheabstracsyntaxmeta-toolingandthe concretesyntaxmeta-
tooling canbe provided by threemeta-tools which are depictedin Figure6. Central
in this pictureis a meta-toolthat derivesan abstractsyntaxdefinition from a concrete
syntaxdefinition. The two accompaxing meta-toolsggeneratgoolsfor corvertingfull
parsetreesinto ASTsandvice versa.Evidently, theseASTs shouldcorrespondo the
abstracsyntaxdefinitionwhich hasbeengeneratedrom the concretesyntaxdefinition
to whichthe parsetreescorrespond.

An abstracsyntaxdefinitionis obtainedrom agrammaiin two steps Firstly, con-
cretesyntaxproductionsare optionally annotatedwith prefix constructomames. To
derive theseconstructomamesautomatically the meta-toolsdf cons hasbeenim-
plemented. This tool basicallycollectskeywords and non-terminalnamesfrom pro-
ductionsandappliessomeheuristicsto synthesizenice namesrom these.Non-unique
constructor@aremadeuniqueby addingprimesor qualifying with non-terminahames.
By manuallysupplyingsomeseedconstructomamesuserscansteerthe operationof
sdf cons, whichis usefulfor languagesvhich sparselycontainkeywords.

Secondly the annotatedgrammaris fed into the meta-toolsdf 2asdf , yielding
an AbstracBDF definition. For instance the AbstracSDF definitionin Figure5 was
obtainedfrom the SpF definition in Figure 3. This transformationbasicallythrows
outliterals,andreplacesnixfix productionsy prefix productionsusingthe associated
constructomame.

Togethemwith the abstracsyntaxdefinition,the corverterspar set r ee2ast and
ast 2par set r ee whichtranslatebetweerparsetreesandASTsaregeneratedNote
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Fig 6. Architecturefor meta-tooldinking abstracto concretesyntax. The abstracsyntaxdefi-
nition is now generatedrom the concretesyntaxdefinition.

thatthefirst corverterremoveslayoutandcommentinformation,while the secondn-
sertsemptylayoutandcomments.

Note that the high expressienessf SbF and AbstracSDF, andtheir closecorre-
spondencarekey factorsfor the feasibility of generatingabstractfrom concretesyn-
tax. Standard,Yacc-like concretesyntaxdefinition languagesre not satishictoryin
this respect.Sincetheir expressienesss low, andLR restrictionsrequirenon-natural
languagedescriptionsgeneratingabstracsyntaxfrom theselanguagesvould resultin
awkwardly structuredASTs, which burdenthe componenprogrammers.

4 Generatinglibrary code

In this sectionwe will discusghe generatiorof library code(seeFigures2 and4). Our
languageool developmentarchitecturecontainscodegeneratorgor seserallanguages
and consequenthallows componentgo be developedin differentlanguages.Since
ATermsare usedas uniform exchangeformat, componentsmplementedn different
programminganguageganbe connectedo eachother

4.1 TargetingC

For the programmindanguageC an efficient ATermimplementatiorexists asa sepa-
ratelibrary. This implementationconsistsof an API which hidesthe efficient binary
representationf ATermsbasedon maximalsharingandprovidesfunctionsto access,
manipulatetraverse andexchangeATerms.

The availability of the ATerm library allows genericlanguagecomponentgo be
implementedn C which canperformlow-level operationson arbitrary parsetreesas
well ason abstracsyntaxtrees.

A morehigh-level accesdo parsetreesis provided by the codegeneratoasdf 2¢
which,whenpassednabstracsyntaxdefinition, produceslibrary of matchandbuild
functions. Thesefunctionsallow easymanipulationof parsetreeswithout having to



know the exactstructureof parsetrees.Thesehigh-level functionsaretype-preserving
with respecto the AbstracSDF definition.

4.2 Targeting Java

Also for the Java programminganguagean implementatiorof the ATerm API exists
which allows Java programdo operateon parsetreesandabstracsyntaxtrees.As yet,
thereis no codegeneratofor Jasa availableto provide high level accesandtraversals
of treessimilar to the othersupportecprogramminganguagesSucha codegenerator
hasbeendesignedandis beingdeveloped.It will represensyntaxtreesasobjecttrees,
andtreetraversalswill be supportedy generatedibrariesof refinablevisitors.

4.3 Targeting Stratego

Ourinitial interestwasto apply our meta-toolingto programtransformatiorproblems,
suchasautomaticsoftwarerenovation. For this reasorwe selectedhetransformational
programminglanguageStratejo [16] asthe first target of code generation. Strategjo
offerspowerful treetraversalprimitives,aswell asadvancedeaturesuchasseparation
of pattern-matchin@ndscope which allows pattern-matchingt arbitrarytreedepths.
Furthermore Stratejo hasbuilt-in supportfor readingandwriting ATerms. Stratejo
alsooffersanotionof pseudo-constructorsalledoverlays thatcanbe usedto operate
onfull parsetreesusinga simpleAST interface.

Two meta-toolssupportthe generationof Strateyo libraries from syntaxdescrip-
tions. The library for AST processings generatedoy asdf 2st r at ego from an
AbstracBDF definition. The library for combinedparsetree and AST processings
generatedyy sdf 2st r at ego from an SDF grammar Thelatterlibrary subsumeshe
former.

The Strateyo codegeneratiorallows programmingon parsetreesasif they were
ASTs. UnderneattsuchAST-style manipulationsparsetreesare processedn which
hiddenlayoutandliteral informationis presered during transformation.This style of
programmingcan be mixed freely with programmingdirectly on parsetrees. Since
Stratgjo hasnative ATerm support,thereis no needfor generatingibrary codefor
readingandwriting trees.

4.4 Targeting Haskell

Work hasalsobeendoneon targetingHaslell. Codegeneratedn this caseis of var

ious kinds. Firstly, datatypesare generatedo represenparsetreesand ASTs. These
datatypesare quite similar to the signaturesggeneratedor Stratejo. Secondly code
is generatedor readingATerm representationsto theseHaslell datatypesandwrit-

ing themto ATerms. Finally, full-fledged transformationframeworks consistingof

(monadic)paramorphismandcorrespondinglgebrasaregeneratedo facilitatepurely
functionaltransformationaprogramming.Thereaderis referredto [ 13] for detailsand
for asoftwarerenovationcasestudy

Note that not only generalpurposeprogrammindanguage®f variousparadigmscan
be fitted into our architectureput alsomore specializedpossiblyvery high-level lan-
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Fig 7. Completemeta-toolingarchitectureThegrammarsenesasthe contractgoverningall tree
exchange.

guagesAn attribute grammarsystem for instancewould be a corvenienttool to pro-
gramcertaintreetransformatiorcomponents.

5 A comprehensve architecture

Combiningthe partial architecture®f the foregoing subsectionseadsto the complete
architecturan Figure7. Thisfigure canbeviewedasa refinemeniof our first general
architecturein Figure 1, which doesnot differentiatebetweenconcreteand abstract
syntax,or betweerparsetreesandASTSs.

The refinedpicture shows that all generateadtode (librariesand components)and
the abstractsyntax definition stemfrom the samesource: the grammar Thus, this
grammarsenes as the single contractthat governsthe structureof all treesthat are
exchanged.In otherwords, all componeninterfacesare definedin a singlelocation:
thegrammar (Whenseverallanguagesreinvolved, thereareof courseequallymary
grammars.)rhissinglecontractapproacteliminatesmary maintenancéeadachedur-
ing componenbasedievelopment Of course carefulgrammarersionmanagemeris
neededvhenmaintenancéueto languagehangess notcarriedoutfor all components
atonce.



5.1 Grammar version management

Any changeto agrammayno matterhow small,potentiallybreaksall toolsthatdepend
onit. Thus,sharinggrammarsbetweentools or betweentool componentsyhich is
a crucial featureof our architecturejs potentiallyat oddswith grammarchange. To
pacify grammarchangeandgrammarsharing,grammamanagemeris needed.

To facilitate grammarversion managementywe establisheda GrammarBasg in
which grammarsarestored.Furthermorewe subjectedhe storedgrammargo simple
scheme®f grammarwersionnumbersandgrammamaturity levels.

To allow tool buildersto unequvocallyidentify thegrammarghey arebuilding their
tool on, eachgrammatin the GrammarBaseis givena nameanda versionnumber To
givetool buildersanindicationof the maturity of the grammarghey areusingto build
their toolsupon,all grammardn the GrammarBasearelabeledwith a maturity level.
We distinguishthefollowing levels:

volatile Thegrammatiis still underdevelopment.
stable Thegrammawill only be subjectto minor changeslueto bugfixing.
immutable Thegrammawill neverchange.

Normally, agrammamwill beginits life cycle at maturitylevel volatile. To build exten-
sive tooling on sucha grammaris unwise,sincegrammarchangesareto be expected
that will breakthis tooling. Once confidencen the correctnes®f the grammarhas
grown, usuallythrougha combinationof testing,bench-markingandcodeinspection,
it becomesligible for maturitylevel stable At this point, only verylocal changesre
still allowed on the grammay usuallyto fix minor bugs. Tool-builderscansafelyrely
on stablegrammarswithoutrisking thattheir toolswill breakdueto grammarchanges.
Only afew grammarswill make it to level immutable This happendor instancenhen
a grammairis published,andthusbecomesa fixed point of reference.If the needfor
changesrisesin grammarghatarestableor immutable,a newv grammar(possiblythe
samegrammarwith a new versionnumber)will be initiated insteadof changingthe
grammaiitself.

5.2 Connectingcomponents

The connectvity to differentprogrammindanguagesllows components$o be devel-
opedin theprogrammindanguageof choice.Theuseof ATermsfor therepresentation
of dataallows easyand efficient exchangeof databetweendifferentcomponentsand
it enableghe compositionof new andexisting componentso form advancedanguage
tools.

Exchangebetweercomponentsandthe compositionof componentss supportedn
severalways. First, componentganbe combinedusing standardscriptingtechniques
anddatacanbeexchangedy meanf files. Secondlythe uniform datarepresentation
allows for a sequentiakcompositionof componentsn which Unix pipesare usedto
exchangedatafrom one componento another Finally, the ToolBus|[3] architecture
canbeusedto connectcomponentanddefinethe communicatiorbetweerthem. This
architectureesembles hardwarecommunicatiorbusto whichindividual components
canbe connected Communicatiorbetweencomponent®nly takesplaceover the bus
andis formalizedin termsof Proces\lgebra[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 preliminaryexperiencds availableaboutactuallyapplyingthe meta-toolingpre-
sentedn the previoussectionsWe will presenta selectionof suchexperiences.

To startwith, the meta-toolinghasbeenappliedfor its own development,andfor
the developmentof someother meta-toolsthatit is bundledwith in the Transforma-
tion Tools packagexXT. Thesebootstrapflavored applicationsincludethe generation
of an abstractsyntaxdefinition for the parsetree format AsFix from the grammarof
SDF. Fromthis abstracsyntaxdefinition,a modularStrateyo library for transforming
AsFix treeswas generatedand usedfor the implementationof someAsFix normal-
izationcomponentsAlso, thetoolssdf 2st r at ego, sdf cons, asdf 2st r at ego,
sdf 2asdf , andmary moremeta-toolsvereimplementedy parsing AST processing
in oneor morecomponentsandpretty-printing.

Apartfrom SbF andAbstracSDF, the domainspecificlanguagesox (for generic
formatting),and BENCH (for generatingpenchmarleports),have beenimplemented
with syntax-drven meta-tooling. In the Box implementationa grammarfor pretty-
print tableswas built by reusingthe SDF grammarandthe Box grammar New BOX
componentsvereimplementedn Strateyo andconnectedo existing BOX components
programmedn otherlanguages.

Thegeneratedransformatiorframewnorksfor Haslell arebeingappliedto software
renovationproblems.In [13], a COBOL renovationapplicationis reported.It involves
parsingaccordingto a COBOL grammay applyinga numberof functiontransformers
to solve a dataexpansionproblem, and unparsingthe transformedparsetrees. The
functionaltransformersave beenconstructedy refining a transformatiorframework
generatedrom the COBOL grammar Applicationto the developmentof documenta-
tion generator$8] hascommenced.

7 Relatedwork

Syntax-drven meta-toolsfor languageool developmentare ubiquitous,but rarely do
they addressa combinationof featuressuchasthoseaddresseéh this paper We will

briefly discussa selectionof approachesomeof which attaina degreeof integrationof
variousfeatures.

e Parsergeneratorsuchas Yacc[10] and JavaCC are meta-toolsthat generate
parserdrom syntaxdefinitions.Comparedvith SDF andsgl r , they offer poor
supportfor modular syntaxdefinition, their input languagesre not suficiently
declaratve to be reusablefor the generationof other componentshanparsers,
andthey do not generallytargetmorethana singleprogramminganguage.

¢ ThelanguagesyN [4] combinesotationsfor specifyingparserspretty-printers
andabstractsyntaxin a single language.However, the underlyingparsergen-
eratoris limited to LALR(1), in orderto have both parsetreesand ASTSs, users
needto constructtwo grammarsandcodethe mappingbetweentreesby hand.
Moreover, the expressvenesf the languages much smallerthanthe expres-
sivenessof SDF, andthe languageis not modular ConsequentlysyN andits
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underlyingsystemcannot meetour adaptability scalabilityand maintainability
requirements.

Wile [19] describeglerivationof abstractsyntaxfrom concretesyntax.Like us
he usesa syntaxdescriptionformalismmore expressve than Yaccs BNF nota-
tion in orderto avoid warpedASTs. Additionally, he providesa procedureor
transforminga Yacc-stylegrammaiinto amore“tasteful” grammar His BNF ex-
tensionallows annotationghat steerthe mappingwith the sameeffect as SDF’'s
aliasesHe doesnot discussautomaticnamesynthesis.

AsdIGen[18] providesthe most comprehensie approachwe are aware of to
syntax-drven supportof component-baseliinguagetools. It generatedibrary
codefor variousprogramminganguageg$rom abstractsyntaxdefinitions. It of-
fers AsbL asabstracsyntaxdefinitionformalism,andpicklesasspace-dfcient
exchangeformat. It offers no supportfor dealingwith concretesyntaxand full
parsetrees.

AsdlGentargetsmore languageghan our architectureinstantiationdoesat the
moment. The choiceof tarmgetlanguagesincluding C andJava, haspresumably
motivatedsomerestrictionson the expressvenesof AsbL. AsDL lackscertain
modularityfeaturescomparedo AbstracSbF: no mutuallydependeninodules,
andall alternatvesfor a non-terminalmustbe groupedtogether Furthermore,
AsDL is muchlessexpressie. It doesnot allow nestingof complex symbols,it
hasa very limited rangeof symbolconstructorsandit doesnot provide module
renamingr parameterizednodules.

Unlike ATerms, the exchangeformat that comeswith AsDL is always typed,
thusobstructingintegrationwith genericcomponents.n fact, the compression
schemeof AsDL relieson the typednes®f the trees. The rate of compression
is significantlysmallerthanfor ATerms[5]. Furthermorepickleshave a binary
formonly.

The DTD notationof XML [6] is an alternatve formalismin which abstract
syntaxcanbe defined. Tools suchasHaXML [17] generatecodefrom DTDs.
HaXML offers supportboth for type-basedndfor generictransformationon
XML documentsusingHaslell asprogramminganguage Otherlanguagesre
nottargeted.Concretesyntaxsupportis notintegrated.

XML is originally intendedasmark-uplanguagenotto represenabstracsyntax.
As aresult,thelanguagesontainsanumberof inappropriateonstructsandsome
awkwardirregularitiesfrom anabstracsyntaxpointof view. XML alsohassome
desirabldeaturesgurrentlynot offeredby AbstracBDpF, suchasannotationsand
inclusionof DTDs (abstracsyntaxdefinitions)in documentgabstracterms).

Many element®f ourinstantiatiorof thearchitecturdor syntax-drvencomponent-
basedanguageool developmentwereoriginally developedin the context of the
AsF+SDF Meta-Ervironment[2, 9, 7]. This is anintegratedlanguagedevelop-
mentervironmentwhich offers SDF assyntaxdefinitionformalismandtheterm
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rewriting languageA sF asprogramminganguage Programmingakesplacedi-
rectly on concretesyntax, thus hiding parsetreesfrom the programmersiew.
Programmingdehugging,parsingrewriting andpretty-printingfunctionalityare
all offeredvia a singleinteractive userinterface.

The AsrF+SDF Meta-Ervironmentoffersa singleprogramminganguagg A sF),
programmingon abstrackyntaxis not supported Supportfor component-based
developmentis (currently) limited to gluing compiled AsrF programsthat read
andwrite flat terms.

To provide supportfor component-baseiol developmentwe have adoptedhe
SDF, AsFix, and ATerm formatsfrom the A sF+SDF Meta-Ervironmentaswell
astheparsetablegeneratofor SDF, theparsersgl r , andthe ATermlibrary. To
thesewe have addedhe meta-toolingequiredto completeheinstantiatiorof the
architectureof Figure7. In future,someof thesemeta-toolamight beintegrated
into the Meta-Ervironment

8 Contributions

We have presentedh comprehensie architecturefor syntax-drven meta-toolingthat
supportscomponenbasedanguageool development.This architectureembodieshe
vision thatgrammarscansene ascontractsbetweencomponentsinderthe condition
thatthe syntaxdefinition formalismis sufficiently expressie andthe meta-toolssup-
portingthis formalismaresuficiently powerful. We have presenteaur instantiationof
suchanarchitecturébasedon the syntaxformalismSDF. SDF andthetoolssupporting
it have agreeableropertieswith respecto modularity, expressvenessandefficiency,
which allow themto meetscalabilityandmaintainabilitydemand®of applicationareas
suchas software renovation and domain-specifidanguageémplementation. We have
showvn how abstracsyntaxdefinitionscanbe obtainedfrom grammars.We discussed
the meta-toolingwhich generate$ibrary codefor a variety of programmindanguages
from concreteand abstractsyntaxdefinitions. Componentghat are constructedvith
thesdlibrariescaninteroperatdy exchangingATermsthatrepresentrees.
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