
Centrum voor Wiskunde en Informatica

Cost-Effective Maintenance Tools for Proprietary Languages

M. de Jonge, R. Monajemi

Software Engineering (SEN)
�
SEN-R0116 May 31, 2001



Report SEN-R0116
ISSN 1386-369X

CWI
P.O. Box 94079
1090 GB  Amsterdam
The Netherlands

CWI is the National Research Institute for Mathematics
and Computer Science. CWI is part of the Stichting
Mathematisch Centrum (SMC), the Dutch foundation
for promotion of mathematics and computer science
and their applications.
SMC is sponsored by the Netherlands Organization for
Scientific Research (NWO). CWI is a member of
ERCIM, the European Research Consortium for
Informatics and Mathematics.

Copyright © Stichting Mathematisch Centrum
P.O. Box 94079, 1090 GB  Amsterdam (NL)

Kruislaan 413, 1098 SJ  Amsterdam (NL)
Telephone +31 20 592 9333

Telefax +31 20 592 4199



�������	��

��������������������������������� �"!#�$�&%'�)(*�
+-,.+/�&01+2�'������+/3541����6&7��86����
9;:=<?> @?A#BC:EDGF	ACH	:

email:mdejonge@cwi.nlI�J;K
LGMON�MCP2Q/R8SUTUV	W?TUX�Y?VUTUV;Z[P
\^]8_/` acbed=f/]1X�gih*a$jCak` h*albnm fpo*d*_

q^r2s&>OAt9;F	ACr/@?:=s;>
email:rmo@lucent.comu vxw aloC`ygUa w h*o*QUm QUzU{ al_I f/|={e` Q=QUm�}UX�W?}U~	Y�L u�� o*_ w h*ald=alX g	h*a$jCa�` h*albnm f/o=d*_

�[�[�G����������$�p� �*���c�*�p�*�l���U�=�p�n�U�p�e� �l���c� ��� �p�*�U�*�p�U�l���p�*� �c���n�n�l���k�U�*�*� �*�����=�U� � �*� � �C�n 2���l�=��� ¡2�l¢�£C�U�����k�U�*� �*��¤8�p� �*���l�*�p�*�l����� �e�c�*�*�l���¥*�l���
�l�U������� �1�p���U�'���l���p�*�*� � �l�*¦���¥*���n� §l���l�n¤¨���U� �*��� �U�$©�¥=� �l¥ª�n¡2�l�*���*�p� � �«¤8���«� �l�p�¬���&�p���*�*�U�k�l�n�p��� �U�*�p�y�����U� ���c��¢�^¥*� ���=�/�k�l���*�l���c�e� ­��c���E�l�p���
�����*�x�®�l�c�n�n� �l���U�*��� �¬�l�=�U�k�l�n�p��� �U�
©�� ��¥ª¯��=�l�l�*���	�l�c¥*�*�U� �U�U� �l��©�¥*�l�n�
¤8�p� �*���c�*�p�*�l��l�U����� �1�*�l�c�e�c�/���l��­��#��� ¤8�*� � � �2� �=�
��¥=�$�*�n¡2�l� �U�*¤8�l�*���p�e���l�l�����U� � �p�*�U�*�p�U�l���p�*�&���=�U� ��¢#��¥*�$�=�n¡G�c� �U�*¤8�c�*�1�p�n�=�l�c���� ����� ¤8�*� � °k�l�&­����*��� �*�E�
� �p�*�U�=�/�U��§±�c�l�*���l�n�l�ª���U�²� ©��c�n�³�l�*�U� �*�l�l�n� �*�;�p�*�p�n�U�p�l¥�©�¥*� �c¥&� �*�c�e�c�/���l�����U�'� © ���e�$�e�c�*���³�p�*�� �p�*�U�*�p�U���*�l�k�l�*�*�l�=���c�=�*���U�l�*�c�e�p��� �U�*¢���¥*���l�p���������*�x��© �p���l�U�*�l�c�e�=�l��©�� ��¥1¯k�*�l�c�*��´O�µ�p�e�U�p�n� �c���c� �
SDL

�*� �p� �l�l�[�p�*�� �x¡2�U� ¡2�l����¥*�8�n�n§l�l�*�U� �*�l�l�n� �*�³�U���p�
SDL

�U�n�p¤8¤8�c���p�*�³��¥*���c�U�*�����n�*�l��� �U�¶�U���/�
SDL

�*�=�l�=¤8�l�*���p��� �U�
�U�l�*�c�e�p���/�n¢
Y?TUTU·�\ I�¸¹I QU]1| v ` { o=z I m fp_�_�{eº w fi` { QUo³»G¼/_/` al]
½^¾y¢O¿U¢O¿U¦C¾y¢O¿U¢OÀU¦C¾y¢O¿U¢OÁÂ	ac¼GÃGQ/bnd*_$fpo*dÄLkh*bnf/_�al_/½Å�k¾�¯�¦�� �p�*�U�=�/�U��§±�c�l�*���l�n�l�Æ���U�'� © �c�n�&�l�=�U� �*�l�c�e� �*�U¦����U�²� ©��c�n�;�n�l�*�?¡2�p��� �U�*¦��*���l�*¤8�l�=���/��� �U��U�l�*�l�n�p��� �U�*¦����U�'� © �c�n�8¤1�/� �*���l�*�p�*�c�l¦��l�U¤8�k�U�*�l�*� ­*�p���l�

1. INTRODUCTION

Many companiesin industryuseproprietaryprogramminglanguagesor languagedialectsfor thedevelopment
of theirsoftwareproducts.Consequently, suchcompaniesarefacedwith amaintenanceeffort for theirsoftware
productsand for the languageandcorrespondingtooling. Maintenancecostof the languageandtooling is
usuallyhighbecausea languagechangehasgreatimpacton thecorrespondingtooling [7].

To overcomesuchmaintenanceproblemsof languagetools,a company hasfour options:

1. It might decideto stop the developmentof the languageand tooling. This is a short term solution
however, becauseknowledgeof thetooling will graduallydisappearwhich eventuallymayleadinstead
to anincreaseof maintenancecost.

2. Migrateits softwareproductsandimplementthemin a similar, internationalstandardizedprogramming
language(if available). After migration,commerciallyavailablelanguagetooling canbeusedandthe
company canbenefitfrom main streamlanguagedevelopment.Of course,this is not only a very dif-
ficult approach,but alsohasgreatimpacton the developmentprocessof the softwareproductsandits
developers.

3. Outsourcethedevelopmentandmaintenanceof its languagetooling. This is a transferof theproblemto
a third party, themaintenanceproblemstill remains.Furthermore,it usuallyis extremelyexpensiveand
it makesthecompany dependentona third party.
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4. Decreasethemaintenancecostby simplifying thedevelopmentprocessof languagetoolingby increasing
the amountof generated,languagespecificcodeandby increasingthe reuseof languageindependent
components.

In this paperwe follow the last option. We describea casestudy carriedout in co-operationwith Lucent
Technologiesin which we useda language-centered softwareengineeringapproachfor the developmentof
maintainable,inexpensivelanguagetoolsfor incrementaldocumentationgeneration.

Language-centeredsoftwareengineeringis acomponent-basedsoftwareengineeringapproachwhichassigns
acentralroleto languagesin thesoftwaredevelopmentprocess.Fromlanguagedefinitionsasignificantamount
of code(including languagespecificlibraries and components)is generated,which decreasesmaintenance
effort aftera languagechangeby minimizingtherequiredcodeadaptations.

This casestudywasconcernedwith Lucent’s proprietarydialectof theSpecificationandDescriptionLan-
guage(SDL), a languagefor the specificationof the behavior of telecommunicationsystems.Lucentbased
its dialecton anearlydraft of the internationalstandard,which only slightly differedfrom thefinal standard
which appearedin 1988. To limit maintenanceand developmentcosts,Lucent Technologiesdecidedlong
agoto ‘freeze’ their proprietarySDL dialect. Sinceadaptationsto their SDL tool setwereno longerrequired
knowledgeof thesetoolsdisappearedgradually. This eventuallyleadedto increaseddevelopmentcostof new
languagetoolsandunavailability of existing toolsdueto old-fashionedhardwarerequirementsthatcouldno
longerbemet. Clearly, Lucent’s earlyapproachof reducingmaintenancecostby freezinglanguageandtool
developmenthasturnedout to becounter-productiveon thelong term.

To demonstratethat language-centeredsoftwareengineeringsimplifieslanguagetool constructionandthat
it candecreasemaintenancecost,we startedthe developmentof a new tool environmentfor codebrowsing
andvisualization.ThisenvironmenthelpsmaintainingLucent’s SDL codebecauseit improvesaccessibilityof
SDL codeby providing accessto thesourcecodeat differentlevelsof abstractionsandfrom differentpoints
of view. Sincethe environmentcaneasilybe extended,maintenanceof SDL codecanfurther be improved
by connectingadditionaldocumentationandvisualizationcomponents.Withoutpreliminaryknowledgeabout
SDL, we developeda prototypetool environmentin only a few manmonthstime. After building somebasic
SDL componentstogether, Lucentis now constructingits own languagetoolingusingthetechniquesdescribed
in thispaper.

Thepaperis organizedasfollows. We addresslanguage-centeredsoftwareengineeringin Section2. That
sectionmotivatesamongstotherstheuseof SDF for syntaxdefinition. Section3 discusseshow anSDF gram-
marfor SDL canbere-engineeredfrom anoperationalYACC grammar. This SDF grammaris usedin Section4
wherewe demonstratelanguage-centeredsoftwareengineeringin practice,by developingan SDL documen-
tation generatorfor codebrowsingandinspection.Sections5 and6 containa discussionof relatedwork, a
summaryof contributions,anddirectionsfor futurework.

2. LANGUAGE-CENTERED SOFTWARE ENGINEERING

Grammarsform anessentialpartof languagetools,notonly becausethey areusedto deriveparsersandpretty-
printersfrom, but alsobecausethey greatlyinfluencetheshapeof correspondingparsetrees.Thelattermakes
all partsof asoftwaresystemthatoperateonparse-treesdependenton thegrammar.

Furthermore,differentlanguagetoolsperformseveralcommonsub-tasks,suchasparsing,pretty-printing,
andtreetraversal.To optimizethesoftwaredevelopmentprocessby minimizing codeduplication,it is neces-
sarythat thecodeperformingthesetasksis sharedbetweendifferentlanguagetools. Moreover, beingfreeto
choosea programminglanguagethatbestsuitstheneedsof anapplicationis necessaryaswell. Sharingfunc-
tionality betweenapplicationsbasedonsourcecodereuseonly is thereforenotsufficient. In additionto source
codereuse,component-basedsoftwareconstructionis requiredto sharecommontasksbetweenapplications
written in differentprogramminglanguages.

In [15] a language-centeredsoftwareengineeringapproachis describedthatemphasizesthecentralrole of
grammarsandtheneedfor componentsin thesoftwareengineeringprocess.It supportsgenerationof stand-
alonecomponentsandlibrariesfrom grammarsaswell aseasyintegrationof of-the-shelfreusablecomponents.
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Figure1: Grammarsserve ascontractsbetweendifferentcomponents(a) andfor generationof languagespe-
cific code(b).

Contracts. Building applicationsby connectingreusable,generated,andapplicationspecificcomponents
requiresagreementon thetypeandstructureof dataexchangedbetweenthesecomponents.Further, a uniform
exchangeformatis neededin orderto connectsuchcomponentseasily. Sincelanguagetoolstypically transfer
parsetreesor abstractsyntaxtreesbetweendifferentcomponents,the languageitself describesthe structure
of thedatathat is transfered.In [15] anarchitectureof component-basedsoftwaredevelopmentis described
wheregrammarsserveascontractsbetweencomponents(SeeFigure1(a)).

Librarygeneration. Languagetoolsoperateontrees(eitherparsetreesorabstractsyntaxtrees).Thestructure
of thetreesdependsonthegrammarandconsequently, thecodeto traversesuchtreesalsodependsonthesame
grammar. Obviously, writing suchcodeby handis time consuming,error prone,andyields a maintenance
problembecausethiscodeneedsto beadaptedoverandoveragainwheneverthegrammarchanges.Moreover,
this programmingeffort hasto be repeatedfor eachprogramminglanguagein use. Generationof libraries
containingtreeaccessandtraversalfunctionsfrom thegrammarfor eachprogramminglanguagein use(the
smallcirclesin Figure1(b)) thereforehelpscosteffectivelanguagetool development.

Componentgeneration. In additionto thegenerationof programminglanguagespecificlibraries,thegram-
marcanalsobeusedto generatestand-alonelanguagespecificcomponentswhich canbereusedas-isto con-
structnew applications(thelargecirclesin Figure1(b)). Suchcomponentsincludeparsersandpretty-printers,
aswell astoolsto convertparsetreesinto abstractsyntaxtreesandviceversa.See[15] for a discussionof the
generationof languagespecificcomponents.

Languagetechnology Language-centeredsoftwareengineeringrequiresstate-of-artlanguagetechnologyfor
languagedefinitionandparsing.Reusabilityandmaintainabilityof grammarsareessentialto fully benefitfrom
language-centeredsoftwareengineering.To meettheserequirements,languagetechnologyis neededthat:

Ç Acceptsthefull classof context-freegrammars.Thisallowsfor clearencodingsof languages,whichdo
nothave to bemanipulatedto fit in a restrictedclassof grammars.

Ç Offersa purelydeclarative syntaxdefinitionformalism. This preventspollution of grammarswith (ap-
plicationspecific)semanticactionsthatwouldhamperreuseandmaintainabilityof grammars.

Ç Supportsmodularsyntaxdefinitions.Modularizationallows languagedialectsto bedefinedasgrammar
extensionsin separatemodules,whichpreventsduplicationof grammardefinitions.

Theserequirementsare fulfilled by the syntaxdefinition formalism SDF [10, 27] togetherwith generalized
LR parsing[24, 27]. We usedthis technologyin thecasestudypresentedherefor SDL syntaxdefinitionand
parsing.
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Figure2: Thefour phasesof thegrammarre-engineeringprocessin whichanSDFdefinitionis obtainedfrom
a (legacy) Yaccdefinition.

Language-centeredsoftwareengineeringhelpsto decreasethedevelopmenttime of languagetoolsbecauseit
minimizestheamountof languagespecificcodethathasto bewritten by hand.Oncea grammarexists, lan-
guagespecific,stand-alonecomponentsandlibrariesaregenerated,which, togetherwith of-the-shelfreusable
components,help to build new languagetoolseasily. Languagecenteredsoftwareengineeringalsoimproves
softwaremaintenancebecausedueto codegenerationandcomponentreuse,only a relative small part of an
applicationrequiresmanualadaptationaftera languagechange.

Languagecenteredsoftwareengineeringis supportedby XT [14]. XT, whichstandsfor ‘ProgramTransfor-
mationTools’, bundlesvariousrelatedtransformationtool packagesinto a singledistribution. Thesepackages
includeageneralizedLR parserandparsergenerator[27], ATERMs [2] asuniformexchangeformat,thetrans-
formationalprogramminglanguageStratego [28], andthe genericpretty-printerGPP [12]. Furthermore,XT
containsanextensivecollectionof grammarrelatedtoolsandtheGrammarBase[13], a collectionof reusable
grammars.XT is freesoftwareandcanbedownloadedfromhttp://www.program- transformation.
or/xt/ . Installationonly requiresminimaleffort.

3. SDL GRAMMAR RE-ENGINEERING

In Section2 we discussedthe requirementsthat language-centeredsoftware engineeringputs on language
technologyandwe motivatedthe useof SDF andgeneralizedLR parsetechniques.To benefitfrom thesein
ordertobuild maintainabletoolsfor SDL, wederivedanSDF grammarfromtheEBNF definitionandoperational
YACC grammarthatwereavailablefor Lucent’sSDL dialect.Thissectiondescribesthesystematicprocessthat
we followedto obtaina cleanedupgrammarof this SDL dialectin SDF.

3.1 FromYACC to SDF

AlthoughSDF in combinationwith LR parsingoffersadvancedlanguagetechnologywhich decreasesmainte-
nancecostsof grammarsandpromotestheir reuse,far moregrammarshave alreadybeendevelopedin YACC,
many of which areoperationalandextensively tested.Sincethe developmentof a grammarfrom scratchis
difficult andexpensive, we proposesystematicgrammarre-engineering,in which an SDF grammaris (auto-
matically)obtainedfrom anoperational(legacy) YACC grammar, yielding a grammarthat is ascorrectasthe
originatingone.

We dividedthisgrammarre-engineeringprocessin four phasesin orderto makea cleardistinctionbetween
differenttypesof transformations(SeeFigure2). During the first transformationphase,an SDF grammaris
obtainedfrom the YACC grammar. The remainingphasesdefinesourceto sourcetransformationson SDF in
whichamorenaturalencodingof thelanguageis obtained.Sinceonly thefirst two phasesof there-engineering
processareYACC specificandonly the first phaseactuallydependson the YACC syntax,this re-engineering
approachcanalsobedefinedfor othersyntaxdefinitionformalisms(like BNF andANTLR [20]). Only a front-
endwhich transformsa syntaxdefinitionto SDF, anda transformerwhich removessystem-specificconstructs
needto bedefined.
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YACC to SDF phase. TheYACC to SDF phaseis completelyautomatedandbasicallyconsistsof thefollowing
transformation:

È ÉÊÈiË�Ì=Ì=Ì2ÈiË'Í ÎÏ ÈiÐ�Ì=Ì�ÌGÈ	Ð Í ÑÒ Ó1Ô
È Ë Ì�Ì=ÌkÈ Ë�Í Î Õ ÈÈ	Ð Ì=Ì=Ì2ÈiÐ Í Ñ Õ È

Observe thateachalternative in theYACC definitionyieldsa separateproductionin SDF, andthattheproduc-
tionsarereversedwith respectto formalismslike BNF. Furthermore,sinceSDF only allows syntaxdefinition,
all semanticrelatedissuesfrom the original YACC definition are removed during this phase. This includes
removal of YACC’s errorhandlingmechanismusingthereservedtoken“error”.

Sincewe areinterestedin re-engineeringgrammarsonly, we ignorere-engineeringsemanticactionshere.
This holdsfor semanticactionsthatcontrol theshapeof parsetreesaswell asfor semanticactionsrelatedto
error recovery anderror reporting. We usea genericparse-treeformat andconsidermodifying the shapeof
parse-treesfor particularneedsasa separatephaseafter parsing.For errorreportingandrecovery we depend
ongenericmechanismsprovidedby ourparser.

De-yaccificationphase. An SDF grammarspecificationobtainedin thepreviousphaseis isomorphicto the
grammardefinedin YACC andthereforestill containsYACC specificidioms. Theseincludelists expressedas
left recursiveproductionsandproductionsintroducingnon-terminalsymbolswhichonly servedisambiguation
(by encodingprecedenceandassociativity in grammarproductions).

In orderto obtaina morenaturalspecificationof the languagein SDF, we remove theseYACC idioms, a
processcalledde-yaccification[25]. We considerthefollowing transformations:

Ç Introductionof ambiguousproductionsby flatteningthe productionsthat only serve disambiguation.
This transformationalsoincludestheadditionof priority rulesfor disambiguation.Ç Replacementof left recursive list encodingsby explicit list constructs.Ç Joininglexical andcontext-freesyntaxby unfoldingterminalsymbolsin context-freeproductions.

Thesetransformationsareperformedautomaticallyandhave beenimplementedin thealgebraicspecification
formalismASF+SDF [1, 10, 6], a formalismsupportingconditionalrewrite rulesbasedonconcretesyntax.Its
recentextensionwith traversalfunctionssimplified the constructionof transformationsystemssignificantly.
The systemprovidesdefault bottom-uptraversalsandthe programmerprovidesrewrite rulesonly for those
constructsthatneedtransformation.Sincethe individual de-yaccificationtransformationsonly affect a small
part of the SDF grammar(which itself is quite large), only a few rewrite rulesareneededto implementthe
transformations.Eachtransformationis definedasaseparateASF+SDF specificationwhichcanbeexecutedin
sequenceto remove YACC specificidiomsstepby step.

SDF refactoringphase. After the de-yaccificationprocess,the grammarlooks alreadymorenatural. The
grammarstill doesnotbenefitfrom thepowerful featuresof SDF however. Thenext stepin there-engineering
processis to refactorthegrammarto introducesuchspecialSDF constructswhichshortenthesyntaxdefinition
andimproveits readability. We considerthefollowing transformations:

Ç Introductionof optionals.Ç Introductionof SDF constructsfor separatedlists.Ç Grammardecompositionby modularization.

We developedASF+SDF specificationsto automatethefirst two transformations.We donot have tool support
for automaticmodularizationof grammarsyet,but heuristicsfor grammardecompositionaredescribedin [24,
26].
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decision : decisionStart decisionBody ENDDECISIONÖ
decisionStart error

;
decisionStart : DECISION decisionValue endStmtÖ

DECISION error
;

decisionBody : caseListÖ
caseList elseAnswer caseTransition

;
caseList : caseÖ

caseList case
;

Figure3: Yaccfragmentof SDL Decisionconstruct.

context-free syntax
“DECISION” DecisionValue “;” DecisionBody “ENDDECISION” × Decision Ø cons(“Decision”) Ù
Case+ ( ElseAnswer CaseTransition )? × DecisionBody Ø cons(“DecisionBody”) Ù

Figure4: Re-engineereddefinitionof theSDL Decisionconstructof Figure3 in SDF.

Beautificationphase. Theprevioustransformationsaregenerallanguageindependentgrammartransforma-
tions mostof which canbe automated.The transformationsoperateglobally on the grammarandtransform
productionsthatmatchgeneralpatterns.

During the last phaseof the re-engineeringprocess,the grammarcanbe fine tunedby performingtrans-
formationsoperatingon specificgrammarproductions.What transformationsto performlargely dependson
personaltaste.An operatorsuitedesignedfor expressingthis kind of grammartransformationsandapplying
themautomaticallyis describedin [16].

3.2 SDL grammarre-engineering
Lucent’sproprietarySDL dialectis closelyrelatedto theSDL standardknown asSDL 88. It wasderivedfrom
an early (yet incomplete)draft of this standard.The absenceof block constructsin the SDL dialectwasthe
majordifferencewith SDL 88. After SDL 88 many new languageconstructshave beendefinedin additional
SDL standardsof which SDL 2000is themostrecentone.Lucent’sdialectdid notbenefitfrom theselanguage
progressions.

Both the syntaxandsemanticsof Lucent’s proprietarySDL dialecthave beenclearly definedin internal
technicalreports.LikestandardSDL, thedialectexistsin two forms:agraphicalform (SDL-GR) anda textual
form (SDL-PR). Sincea mappingexistsbetweenboth,we only consideredthe textual representationfor the
re-engineeringprojectthatwecarriedout. Thelexical andcontext-freesyntaxof this languagewasdefinedin a
singleEBNF definition. In additionto thetechnicaldocumentationwe alsohadanoperationalYACC definition
availablewhichhasbeenin usefor yearsin theoriginal SDL toolset.We consideredthis definitionasultimate
startingpoint for re-engineeringtheSDL grammar. Unfortunately, thelexer thatwasalsoavailableturnedout
to beuselessfor thisre-engineeringprocess,becausethelexical syntaxwasdirectlycodedin C proceduresand
consequentlyhard,if not impossible,to re-engineer.

The re-engineeringprocessthereforeconsistedof a (semi)automaticderivationof thecontext-freesyntax
from the YACC definition,anda manualdefinitionof the lexical syntax.Dueto theclearEBNF definitionthe
mappingfrom theEBNF lexical syntaxdefinitionto SDF wasstraightforward(it wasonly amatterof minutes)
andis not furtheraddressedin thispaper.

After thetransformationto SDF wascomplete,we addedconstructornamesto thecontext-freeproductions
of theSDL grammarwhichareusedto deriveanabstractsyntaxdefinition(SeeSection4). ThisannotatedSDL

grammar, allows tooling to operateon full parse-trees(for examplecommentpreservingpretty-printers),and
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Figure5: GeneratedSDL documentation.

onabstractsyntaxtrees.
While testingthere-engineeredgrammar, we discoveredthat in existing SDL codeslightly differentlexical

constructswereusedasweredefinedin Lucent’s EBNF definition.SinceSDF definitionsaremodular, wewere
ableto developanextensionto theSDL lexical syntaxin a separatemoduleto accepttheseconstructswithout
affectingthelexical syntaxdefinitionthatcorrespondsto theEBNF definition.

There-engineeringprocesstransformedtheYACC fragmentof Figure3 to theSDF fragmentof Figure4. Due
to spacelimitationsweomittedthesemanticactionsthatwereattachedto mostof thesyntaxproductionsin the
original YACC definition. Observe that there-engineeredfragmentcontainsfewer productions,thatkeywords
arecontainedin theproductions,andthatSDF constructssuchasoptionalsandlistsareintroduced.

Thecompletere-engineeredSDL grammaris definedin 23moduleseachdefiningparticularSDL constructs.
Thenumberof non-terminalshasbeenreducedfrom 254to 104,thenumberof productionsfrom 490to 190.

4. AN SDL DOCUMENTATION GENERATOR

This sectionaddressesthe developmentof an extensibledocumentationgeneratorfor SDL. The generator
producesHTML documentationfrom SDL code. It usesextractorsto collectspecificinformationfrom SDL

codewhich is usedto provide differentwaysfor codebrowsing. Thedocumentationconsistsof a statename
list anda pretty-printedSDL program. Whenclicking on a statename,the correspondingstatedefinition is
showed.A screendumpof generateddocumentationis depictedin Figure5.

Thedocumentationgeneratoris basedon theSDL grammarasdevelopedin theprevioussection.Fromthis
grammar, we generatea parserwhich producesparsetreesin the SDF parsetreeformat,calledASFIX [27].
ASFIX treescontainall informationaboutparsedterms,includinglayoutandcomments.Thisenablestheexact
reconstructionof theoriginal input termandtheability to processparsetreeswhile preservingcommentsand
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program

states2
box
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Figure6: SDL documentationgenerationprocess.

layout. Fromthegrammaralsoanabstractsyntaxdefinitioncanbederived,aswell aspretty-printtablesand
Strategosignatures(seebelow).

Abstract syntax. Fromtheconcretesyntaxdefinition,anabstractsyntaxdefinitioncanbederivedbasedon
theprefix constructornamesdefinedasannotationsof grammarproductions(thecons attributesin Figure4).
Theseconstructornamesdefinethe namesof abstractsyntaxproductionsandcanbe addedto the grammar
manuallyor besynthesizedautomaticallyusingthesdfcons tool. Abstractsyntaxtreescanbederivedfrom
ASFIX parsetreesbecausetheconstructornameinformationis containedin ASFIX trees.Languagetooling
canbe developedto operateon parsetreesor on abstractsyntaxtreesdependingon particularneeds. The
componentsof the documentationgeneratorthat we implementedoperateon abstractsyntaxtreesbecause
they only requirea subsetof the information that is containedin the parse-trees.The commentpreserving
pretty-printerthatwereusefor pretty-printingSDL codeon theotherhandoperatesonparse-trees.

Pretty-print tables. Parsetreesandabstractsyntaxtreescanbe transformedinto human-readableform by
the genericpretty-printerGPP. This pretty-printercan produceseveral formatsincluding plain text, LATEX,
andHTML. Precise,languagespecificformattingsareexpressedin pretty-printtableswhichdefinemappings
from languageconstructs(denotedby their constructornames)to BOX [3]. BOX is a languageindependent
markuplanguagedesignedto definetheintendedformattingof text. Pretty-printtablescanbegeneratedfrom a
grammarandcustomizedto definethedesiredformatting.For example,aformattingfor theDecision construct
of Figure4 canbespecifiedasfollows:

Decision --
V[H["DECISION" _1 ";"] _2 "ENDDECISION"]

This formatting rule specifiesthat the keyword ENDDECISION, the non-terminalDecisionValue and the
semi-colonshouldbeformattedhorizontally. Thishorizontalbox,togetherwith theboxrepresentingthepretty-
printednon-terminalDecisionBody, andthekeywordENDDECISIONshouldbeformattedvertically.

BOX supportslabelsin formattingruleswhicharetranslatedto HTML anchorsby thebox2html formatter.
With this labelingmechanism,wecanaddlinks to SDL languageconstructsin thegeneratedHTML documen-
tation. For the SDL documentationgeneratorwe areinterestedin statedefinitionssuchthat we canjump in
SDL codeto thestartof statedefinitions.Therefore,we usetheLBL constructof BOX to definelabelsin the
formattingruleof theState construct:

State --
V[H["STATE" LBL["STATE" _1] ";"]

_2 H["ENDSTATE" _3 ";"]]

Afterwards,an SDL specifictool (mk-labels ) replacesthe label namesasgeneratedby the box generator
(STATEin theexampleabove)by uniquenames.Sincethepretty-printeris languageindependentit cannotbe
usedherefor this languagespecificsynthesisof labelnames.

After thegeneratedpretty-printtablefor SDL hasbeencustomizedtodefineappropriateformattingandlabels
for statedefinitions,generictooling canbe usedto translatea parsetreeto BOX andsubsequentlyto oneof
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theoutputformats.For thedocumentationgeneratorweonly useHTML, but thegenerationof documentation
with richerformattingis supportedvia thebox2latex back-end.

Stratego. We implementedSDL-specificcomponentsusingtheStrategoprogramminglanguage.Stratego is
aprogramtransformationlanguagebasedontermrewriting with strategies.It hasanextensivelibrary of strate-
giesfor term traversalsandtransformations.Stratego alsosupportsthe commonexchangeformat ATERMs,
which enablesprocessingof parsetreesandabstractsyntaxtreesasproducedby the SDL parser. In orderto
enablespecialtermtraversalsandtransformations,languagespecificsignaturesarerequiredby Stratego. These
signatureswhich describetheshapeof abstractsyntaxtreesaregeneratedfrom an SDF definitionby the tool
sdf2sig .

TheSDL specificmk-labels tool which insertsuniquelabelnamesin a BOX termto denotethestartof
statedefinitionsin SDL programsis implementedin Strategoasfollows:

strategies
mk-labels = topdown(try(mk-label))
abox2str = collect(mk-string); Hd

rules
mk-string: S(str) -> str
mk-label:

LBL("\"STATE\"",abox) -> LBL(name, abox)
where

!["state:",<abox2str>abox];
concat-strings => name

This programperformsa top-down traversalof a BOX term, andtries to apply the rule mk-label to each
node. This rule replacesthe first argumentof label nodesof the form LBL("\"STATE\"", abox) by
thestatename,precededby thestring "state:" . Thestatenameis retrievedfrom thesecondargumentof
theLBL term. Theprogramthustransformsa term LBL("\"STATE\"",[S("my_state")]) into the term
LBL("state:my\_state",[S("my\_state")]) .

Onceappropriatelabelnameshavebeeninsertedby mk-labels , theBOX termcanbetranslatedto HTML
usingthebox2html back-end.TheresultingHTML pagescontainanchorsat thestartof statedefinitions.

Extraction. Thedocumentationgeneratorgeneratesa web-sitewhich displaysan SDL programto theuser
andallows him to browsethis codein differentways. Oneway to browsethe codeis by offering a list of
statesnameswhich, whenclicked on, jump to the startof the correspondingstatedefinition. To implement
this, a codeextractorneedsto be implementedto collecta list of statesfrom an SDL program.This is easily
implementedin Strategoby traversingover theabstractsyntaxtreeandcollectingall nodesthatcorrespondto
statedefinitions:

strategies
collect-states = collect(get-state-name)

rules
get-state-name:

State(StateList(names),_,_) -> <Hd>names
get-state-name:

State(StateList,_,_) -> "*"

This programmatchesstatenodesanddistinguishesordinarystatedefinitionsanddefault states(‘*’ states).
For ordinarystatedefinitions,the first of the list of statenamesis returned(with <Hd>names). For default
states,* is returnedasstatename.

Collectionof statesis a simpleextractionbut whencombinedwith other(moreadvance)extractors,a rich
SDL toolsetcanbeconstructed.A morecomplex exampleis thestatetransitionextractorwhich is discussed
later.
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Figure7: Architectureof theFSMgraphgenerator.

Connectionto thedocumentationgenerator. To integratethestatecollectorin thedocumentationgenerator,
its outputshouldberepresentedin HTML asalist of hyper-linkseachpointingto thestartof thecorresponding
statedefinition in a pretty-printedSDL file. Thesehyper-links shouldusethesamelabelnamesasgenerated
by themk-labels tool describedabove.Following thecomponent-basedsoftwareengineeringapproach,we
considertransformingtheoutputof thestatecollectorto HTML asaseparatestep.Therefore,thestatecollector
doesnotoutputHTML directlyandcanthusalsobeusedin differentsettingsasa reusablecomponent.

To obtainan HTML representationof the list of states,we canconstructa grammarfor theoutputformat
andapretty-printtableto definethemappingto HTML. Becausethisapproachhassomeoverhead(it requires
anadditionalgrammarandextra parsingof thelist of states),we followeda differentapproachanddeveloped
a small componentthat transformstheoutputdirectly to a BOX term(morepreciselyit producesanabstract
syntaxtreeof aBOX term).Thistermcanbepassedto box2html to obtainthedesiredHTML representation.

Integrationof components. All ingredientsof aninitial documentationgeneratorhave now beendeveloped.
We canformatSDL programsin HTML by parsinga programandtransformingtheparsetreeto BOX using
theSDL pretty-printtable.Thenwecaninsertuniquelabelnamesin theBOX termandtransformit to HTML.
TheHTML list of statenames(whichlink to statedefinitions)canbeobtainedby first parsinganSDL program
andtransformingtheparsetreeto anabstractsyntaxtree.Thenwecancollectall statenamesandtranslatethe
resultinglist of statesto BOX andfinally to HTML. Figure6 containsanoverview of all componentsinvolved
in thisdocumentationgenerationprocessandshowshow boththeHTML statelist andthepretty-printedSDL

codeareproduced.Thick circlesdenotegeneratedor reusedcomponents.

A FSM graph generator. The documentationgeneratoris extendibleandextra tooling canbe developed
to provide additionaldocumentationandinformationof SDL programs.In additionto thestatecollector, we
developeda finite statemachine(FSM) graphgenerator. This generatorproduces,givenan SDL model,the
graphrepresentationof theunderlyingFSM.In Figure7 adetailedoverview of thegraphgeneratoris depicted.
Grey ellipsesdenotethecomponentsthataregenerated.

In additionto the SDL grammar, two moregrammarsareusedfor this tool. DOT [9] is a low level graph
representation,whichweusedbecauseoff-the-shelfgraphvisualizationtoolsfor thisrepresentationwereavail-
ablefor reuse.GRAPHXML [11] is a high-level graphrepresentationlanguagein XML in which a graphcan
be representedin termsof its mathematicaldescription(i.e. in termsof edgesandtransitions). The gram-
marsfor DOT andGRAPHXML areavailablein theGrammarBaseandreusedhereasoff-the-shelflanguage
components.

Theonly thingthatneedsto beimplementedfor theFSMvisualizeris partof asingleStrategoprogram(the
left-mostStratego programin Figure7), which is responsiblefor theextractionof theFSM informationfrom
SDL codeandthegenerationof agraphrepresentationin GRAPHXML. Thetool thattransformsGRAPHXML
to DOT andthe DOT visualizerwerereusedas-is. Both Stratego componentssharethe generatedgrammar
signatures.In Figure8 a generatedFSM graphis depictedthatwasextractedfrom a real-world SDL program
of approximately30.000linesof code.
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Figure8: A generatedFSMgraph.

TheFSM stategeneratoris anotherexampleof anextractorandcaneasilybe integratedin the SDL docu-
mentationgenerator. This is achievedby automaticallyconvertingthegraphinto a clickableimagesuchthat
clicking ona nodein thegraphjumpsto thecorrespondingstatedefinition.

Thanksto componentreuseandcodegeneration,thedocumentationgeneratorcouldbeimplementedwith little
programmingeffort. All componentstogetherrequiredlessthen150linesof Strategocode.Maintenancecost
of thesecomponentsis low becausedueto thegenerictermtraversalsof Stratego, languagedependenceof the
componentsis limited andreducestheamountof codethatneedsto beadaptedafteralanguagechange.For in-
stance,thecollect-states tool only dependsontwo SDL languageconstructsrelatedto statedefinitions.
Only whentheseconstructsarechangedin thelanguage,thetool needsmodification.Togetherwith themod-
ularizationmechanismof SDF, this alsogreatlysimplifiesthesimultaneouslydevelopmentof componentsfor
multipleSDL dialects.Extendingthegeneratorwith additionalcomponentsto providealternativeviewpointsto
SDL codeis relativelyeasy. In additionto theATERMsexchangeformat,connectingthird-partydocumentation
andre-engineeringtoolsto thedocumentationgeneratoris alsosupportedthroughtheGRAPHXML format.

5. RELATED WORK

In [17], a semi-automatedgrammarrecoveryprojectis describedwherea completegrammarfor VS COBOL
II is constructedfrom an online manual. Grammarrecovery from BNF definitionsis discussedin [26]. In
contrastto ourapproachbasedonanoperationalYACC definition,theseapproachesrequiregrammarcorrection
becausethey arebasedon non-operationallanguagedescriptionswhichoftencontainerrors.A re-engineering
approachsimilar to ours, not requiring grammarcorrectionis describedin [25]. They alsoderive an SDF

grammarfrom anoperationalYACC definitionbut their approachyieldsgrammarswhich arenot optimal for
softwaredevelopment. Heuristicsfor de-yaccificationaredescribedin [30]. He focuseson abstractsyntax
derivationfrom concretesyntaxwhich benefitsfrom a clearnaturalencodingof a language.Formalizationof
grammartransformationsis addressedin [16]. Hedescribesanoperatorsuitefor grammaradaptationwhich is
derivedfrom afew fundamentalgrammartransformationsandsupplementalnotionslike focus,constraint,and
yielder.

In additionto theSDL grammarandbottom-up,generalizedLR parserthatwe describedhere,thedevelop-
mentof a top-downparserfor SDL 2000usingANTLR [20] asparsergeneratoris describedin [18]. Another
approachusingrecursivedescentparsingwith backtrackingis describedin [21].

In additionto XT, many environmentsandtools exist for programtransformation.The online survey of
programtransformation[29] strivesto giveacomprehensiveoverview of programtransformationandtransfor-
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mationsystems.
Hypertext for softwaredocumentationis discussedin severalpapers[4, 22,5, 23]. Our SDL documentation

generatorwasinspiredby DOCGEN [8], a generatorfor interactive, hyperlinkeddocumentationaboutlegacy
systems.They useIslandGrammars(i.e. partialsyntaxdefinitions)for codeextractioninsteadof full grammars
aswedo. A lesspreciseextractionapproachbasedon lexical analysisonly is discussedin [19].

6. CONCLUDING REMARKS

Contributions. Thispaperis concernedwith grammarre-engineeringandconstructionof maintenancetools
for proprietarylanguagesanddialects.Thepaperdemonstratesthatlanguage-centeredsoftwareengineeringde-
creasesdevelopmenttimeof suchlanguagetools:onceanSDF grammarfor SDL wasdeveloped,implementing
thetoolsdescribedin this paperwasonly a matterof hours.This is becauselanguagedependentcomponents
andlibrariesaregeneratedandbecauseexisting (third party)componentscanbereusedandintegratedeasily.
Semi-automaticgrammarre-engineeringtechniquesbringslanguage-centeredsoftwareengineeringinto reach
becauseit simplifiesthemoveto essentialstate-of-the-artlanguagetechnologysignificantly. We demonstrated
thatmodularsyntaxdefinition,generationof languagespecificcode,andlanguageindependenceof Stratego
programshelpsmaintainingmultiple languagedialects.The techniquespresentedin this paperarecurrently
beingusedwithin LucentTechnologiesto furtherdeveloptheSDL documentationgeneratorandrelatedtools.

Future work. As extensionto abstractsyntaxderivation, we want to investigateDTD generationfrom
concretesyntaxdefinition(eitherfrom YACC or SDF definitions).Furthermore,wewantto applythetechniques
thatweusedfor theSDL dialecttootherlanguages(includingstandardSDL andotherproprietarySDL dialects),
andextendthegeneratorto provide all kindsof informationof SDL programsin additionto statedefinitions
andstatetransitions.Finally, we want to connectthedocumentationgeneratorto existing re-engineeringand
documentationtools.Only simplemodificationarerequiredto connectexisting toolsthroughGRAPHXML or
theATERMsexchangeformat.

Acknowledgments. TheauthorsthankMark vandenBrand,Arie vanDeursen,PaulKlint, Ralf Lämmel,and
JoostVisserfor theirhelpfulcommentsonadraft of thepaper.
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17. R. LämmelandC. Verhoef.Semi-automaticGrammarRecovery, July 2000. Submitted,availableat http://www.
cwi.nl/˜ralf/ .

18. Michael Schmitt. The Developmentof a Parserfor SDL-2000. TechnicalReportA-00-10, Medical University of
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