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ABSTRACT

Maintenance of proprietary languages and corresponding tooling is expensive. Postponing maintenance to reduce
these costs is an often applied, short-term solution which eventually may lead to an unoperational toolset.
This paper describes a case study carried out in cooperation with Lucent Technologies where maintenance
cost is decreased by simplifying the development process of languages and tools. The development process
is simplified by using a language-centered software engineering approach which increases software reuse and
language dependent code generation. The case study was concerned with Lucent’s proprietary SDL dialect and
involved the re-engineering of an SDL grammar and the construction of an SDL documentation generator.

1998 ACM Computing Classification System: D.2.2, D.2.6, D.2.7
Keywords and Phrases: SDL, language-centered software engineering, software renovation, documentation
generation, software maintenance, component based

1. INTRODUCTION
Many companiesn industryuseproprietaryprogramminganguage®r languagealialectsfor thedevelopment
of theirsoftwareproducts.Consequentlysuchcompaniesrefacedwith amaintenanceffort for their software
productsand for the languageand correspondindooling. Maintenancecostof the languageandtooling is
usuallyhigh becausa languagechangehasgreatimpacton the correspondingooling [7].

To overcomesuchmaintenancg@roblemsof languagédools,a compary hasfour options:

1. It might decideto stop the developmentof the languageandtooling. This is a shortterm solution
however, becausé&nowledgeof thetooling will graduallydisappeawhich eventuallymayleadinstead
to anincreaseof maintenanceost.

2. Migrateits softwareproductsandimplementthemin a similar, internationaktandardizeghrogramming
languagg(if available). After migration,commerciallyavailablelanguagegooling canbe usedandthe
compaly canbenefitfrom main streamlanguagedevelopment. Of course this is not only a very dif-
ficult approachput alsohasgreatimpacton the developmentprocessof the software productsandits
developers.

3. Outsourcehedevelopmentandmaintenancef its languageooling. Thisis atransferof theproblemto
athird party, the maintenanc@roblemstill remains.Furthermoreit usuallyis extremelyexpensve and
it makesthe compaly dependentn athird party.



4. Decreas¢hemaintenanceostby simplifying thedevelopmenproces®f languageooling by increasing
the amountof generatedlanguagespecificcodeandby increasingthe reuseof languagendependent
components.

In this paperwe follow the last option. We describea casestudy carriedout in co-operatiorwith Lucent
Technologiesn which we useda language-centeed software engineeringapproachior the developmentof
maintainableinexpensve languagedoolsfor incrementatlocumentatiomgeneration.

Language-centerembftwareengineerings acomponent-basesbftwareengineering@pproachwhichassigns
acentralroleto language thesoftwaredevelopmenprocessFromlanguagelefinitionsasignificantamount
of code (including languagespecificlibraries and components)s generatedwhich decreasesnaintenance
effort afteralanguagechangeby minimizingtherequiredcodeadaptations.

This casestudywasconcernedvith Lucent’s proprietarydialectof the Specificatiorand DescriptionLan-
guage(SpL), a languagefor the specificationof the behavior of telecommunicatiorsystems.Lucentbased
its dialecton an early draft of the internationalstandardwhich only slightly differedfrom the final standard
which appearedn 1988. To limit maintenancexind developmentcosts,Lucent Technologiesdecidedlong
agoto ‘freeze’ their proprietarySpL dialect. Sinceadaptationso their SbL tool setwereno longerrequired
knowledgeof thesetools disappearedradually This eventuallyleadedo increasedievelopmentcostof new
languageools and unavailability of existing tools dueto old-fashionechardwarerequirementshatcould no
longerbe met. Clearly, Lucents early approactof reducingmaintenanceostby freezinglanguageandtool
developmenthasturnedoutto be counterproductiveonthelongterm.

To demonstrat¢hatlanguage-centeresbftware engineeringsimplifieslanguageool constructionrandthat
it candecreasenaintenanceost, we startedthe developmentof a new tool ervironmentfor codebrowsing
andvisualization.This ervironmenthelpsmaintainingLucent’s SDL codebecausédt improvesaccessibilityof
SDbL codeby providing accesgo the sourcecodeat differentlevels of abstractionandfrom differentpoints
of view. Sincethe ervironmentcan easily be extended,maintenancef SbL codecanfurther be improved
by connectingadditionaldocumentatiomndvisualizationcomponentsWithout preliminaryknowledgeabout
SpL, we developeda prototypetool ervironmentin only a few manmonthstime. After building somebasic
SbL componentsogetherLucentis now constructingts own languageooling usingthetechniqueslescribed
in this paper

The paperis organizedasfollows. We addresdanguage-centerezbftware engineeringn Section2. That
sectionmotivatesamongsithersthe useof SDF for syntaxdefinition. Section3 discussefiow an SDF gram-
marfor SDL canbere-engineereffom anoperationavAcc grammar This SDF grammaiis usedin Sectiond
wherewe demonstratéanguage-centeresbftware engineeringn practice,by developingan SbL documen-
tation generatorfor codebrawsing andinspection. Sectionss and 6 containa discussiorof relatedwork, a
summaryof contrikutions,anddirectionsfor futurework.

2. LANGUAGE-CENTERED SOFTWARE ENGINEERING
Grammargorm anessentiapartof languagédools,notonly becausé¢hey areusedto derive parserandpretty-
printersfrom, but alsobecausé¢hey greatlyinfluencethe shapeof correspondingarsetrees.Thelatter makes
all partsof a softwaresystemhatoperateon parse-treedependenbnthegrammar

Furthermoredifferentlanguageools performseveral commonsub-taskssuchas parsing,pretty-printing,
andtreetraversal. To optimizethe softwaredevelopmentprocessy minimizing codeduplication,it is neces-
sarythatthe codeperformingthesetasksis sharecbetweerdifferentlanguagdools. Moreover, beingfreeto
choosea programminganguagehatbestsuitsthe needsof anapplicationis necessaraswell. Sharingfunc-
tionality betweerapplicationdasedn sourcecodereuseonly is thereforenot sufficient. In additionto source
codereuse,component-basesbftware constructionis requiredto sharecommontasksbetweenapplications
written in differentprogrammindanguages.

In [15] alanguage-centerezbftware engineeringapproachs describedhatemphasizethe centralrole of
grammarsandthe needfor componentsn the software engineeringorocess.lt supportsgeneratiorof stand-
alonecomponentandlibrariesfrom grammarsswell aseasyintegrationof of-the-shelfreusableomponents.
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Figurel: Grammarssere ascontractdbetweerdifferentcomponent¢a) andfor generatiorof languagespe-
cific code(b).

Contracts.  Building applicationsby connectingreusable generatedand applicationspecificcomponents
requiresagreementn thetypeandstructureof dataexchangedetweerthesecomponentsFurther a uniform
exchangegormatis neededn orderto connecisuchcomponentgasily Sincelanguageoolstypically transfer
parsetreesor abstractsyntaxtreesbetweendifferentcomponentsthe languagetself describeghe structure
of the datathatis transfered.In [15] anarchitectureof component-basesbftware developments described
wheregrammarsene ascontractshetweercomponent$SeeFigurel(a)).

Librarygeneition. Languageoolsoperatentreegeitherparsereesor abstracsyntaxtrees).Thestructure
of thetreesdepend®nthegrammamandconsequentlthe codeto traversesuchtreesalsodepend®nthesame
grammar Obviously, writing suchcodeby handis time consuming.error prone,andyields a maintenance
problembecausehis codeneedgo beadaptedverandoveragainwheneerthegrammarchangesMoreover,
this programmingeffort hasto be repeatedor eachprogramminganguagen use. Generatiorof libraries
containingtree accessandtraversalfunctionsfrom the grammarfor eachprogramminganguagen use(the
smallcirclesin Figurel(b)) thereforehelpscosteffective languageool development.

Componengeneartion. In additionto the generatiorof programmindanguagespecificlibraries,the gram-
mar canalsobe usedto generatestand-alondanguagespecificcomponentsvhich canbe reusedas-isto con-
structnew applicationgthelargecirclesin Figure1(b)). Suchcomponentincludeparsersandpretty-printers,
aswell astoolsto corvert parsetreesinto abstracsyntaxtreesandvice versa.See[15] for adiscussiorof the
generatiorof languagespecificcomponents.

Languagetechnology Language-centeresbftwareengineeringequiresstate-of-artanguageaechnologyfor
languagelefinitionandparsing.Reusabilityandmaintainabilityof grammarsareessentiato fully benefitfrom
language-centeresbftwareengineeringTo meettheserequirementdanguageaechnologyis neededhat:

e Acceptsthefull classof context-freegrammarsThis allows for clearencoding®f languageswhich do
nothave to be manipulatedo fit in arestrictedclassof grammars.

e Offersa purely declaratve syntaxdefinitionformalism. This preventspollution of grammarswith (ap-
plicationspecific)semantiactionsthatwould hamperreuseandmaintainabilityof grammars.

e Supportamodularsyntaxdefinitions.Modularizationallows languagedialectsto be definedasgrammar
extensionsn separatenoduleswhich preventsduplicationof grammardefinitions.

Theserequirementsare fulfilled by the syntaxdefinition formalism SbF [10, 27] togetherwith generalized
LR parsing[24, 27]. We usedthis technologyin the casestudypresentedherefor SbL syntaxdefinitionand
parsing.
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Figure2: Thefour phase®f thegrammare-engineeringpgrocessn which an SDFdefinitionis obtainedrom
a(legag) Yaccdefinition.

Language-centerezbftwareengineeringhelpsto decreas¢he developmentiime of languageools becausét
minimizesthe amountof languagespecificcodethat hasto be written by hand. Oncea grammarexists, lan-
guagespecific,stand-aloneomponentandlibrariesaregeneratedwhich, togethemwith of-the-shelfreusable
componentshelpto build new languageools easily Languagecenteredsoftwareengineeringalsoimproves
software maintenancéecausalueto codegeneratiorand componenteuse,only a relatve small part of an
applicationrequiresmanualadaptatiorafteralanguagechange.

Languageenteredoftwareengineerings supportedy X T [14]. X T, which standgor ‘ProgramTransfor
mationTools’, bundlesvariousrelatedtransformatiortool packagednto a singledistribution. Thesepackages
includeageneralized R parserandparsemeneratof27], ATERMS[2] asuniform exchangdormat,thetrans-
formationalprogramminganguageStrategyo [28], andthe genericpretty-printergpp [12]. Furthermore XT
containsanextensve collectionof grammarelatedtoolsandthe GrammarmBase[13], acollectionof reusable
grammarsXT isfreesoftwareandcanbedowvnloadedrom http://www.program- transformation.
or/xt/ . Installationonly requiresminimal effort.

3. SDL GRAMMAR RE-ENGINEERING

In Section2 we discussedhe requirementghat language-centeresbftware engineeringputs on language
technologyandwe motivatedthe useof SDF andgeneralized R parsetechniques.To benefitfrom thesein
orderto build maintainableoolsfor SbL, we derivedan SDF grammaifrom the EBNF definitionandoperational
YACC grammarthatwereavailablefor Lucents SpL dialect. This sectiondescribeshe systematigprocesghat
we followedto obtaina cleanedup grammarof this SDL dialectin SpF.

3.1 FromYACC to SDF

Although SDF in combinationwith LR parsingoffersadvancedanguageechnologywhich decreasemainte-
nancecostsof grammarsandpromotegheir reuse far moregrammarsave alreadybeendevelopedin YACC,

mary of which are operationaland extensvely tested. Sincethe developmentof a grammarfrom scratchis
difficult and expensve, we proposesystematiggrammarne-engineeringin which an SbF grammaiis (auto-
matically) obtainedfrom an operationallegagy) YAcc grammayyielding a grammarthatis ascorrectasthe
originatingone.

We dividedthis grammare-engineeringrocessn four phasesn orderto make a cleardistinctionbetween
differenttypesof transformationgSeeFigure2). During thefirst transformatiorphase an SbrF grammaris
obtainedfrom the yacc grammar The remainingphaseslefinesourceto sourcetransformation®n SDF in
whichamorenaturalencodingof thelanguages obtained.Sinceonly thefirst two phase®f there-engineering
processre YACC specificandonly the first phaseactuallydependsn the YACC syntax,this re-engineering
approactcanalsobe definedfor othersyntaxdefinitionformalisms(like BNF andANTLR [20]). Only afront-
endwhich transformsa syntaxdefinitionto SDF, anda transformemvhich removessystem-specificonstructs
needto bedefined.



YACC to SDF phase TheYAcCC to SDF phasds completelyautomatedndbasicallyconsistf thefollowing
transformation:

S Si---Si+k

oSt SeS = 8

. Sj"'Sj+1L — S

)
Obsene thateachalternatve in the Yacc definitionyieldsa separatgroductionin Sbr, andthatthe produc-
tionsarereversedwith respecto formalismslike BNF. FurthermoresinceSprF only allows syntaxdefinition,
all semanticrelatedissuesfrom the original YAcc definition are removed during this phase. This includes
removal of YACC's errorhandlingmechanisnusingtheresenedtoken“error”.

Sincewe areinterestedn re-engineeringgrammarsonly, we ignorere-engineeringemanticactionshere.
This holdsfor semanticactionsthat controlthe shapeof parsetreesaswell asfor semanticactionsrelatedto
error recovery anderror reporting. We usea genericparse-tredormat and considermodifying the shapeof
parse-treefor particularneedsasa separat@haseafter parsing.For errorreportingandrecovery we depend
on genericmechanismgrovidedby our parser

De-yaccificatiorphase  An SDF grammarspecificatiorobtainedin the previous phasds isomorphicto the
grammardefinedin YAcc andthereforestill containsyAcc specificidioms. Theseincludelists expresseds
left recursve productionsandproductionsntroducingnon-terminasymbolswhich only sene disambiguation
(by encodingprecedencandassociatiity in grammarproductions).

In orderto obtaina more naturalspecificationof the languagen SbF, we remove theseyAcc idioms, a
processalledde-yaccificatiorf25]. We considetthefollowing transformations:

¢ Introductionof ambiguousproductionsby flatteningthe productionsthat only sene disambiguation.
Thistransformatioralsoincludesthe additionof priority rulesfor disambiguation.

e Replacememnf left recursvelist encodingdy explicit list constructs.
¢ Joininglexical andcontet-free syntaxby unfoldingterminalsymbolsin contet-freeproductions.

Thesetransformationsre performedautomaticallyandhave beenimplementedn the algebraicspecification
formalismASsF+SDF [1, 10, 6], aformalismsupportingconditionalrewrite rulesbasedon concretesyntax.lts
recentextensionwith traversalfunctionssimplified the constructionof transformatiorsystemssignificantly
The systemprovides default bottom-uptraversalsandthe programmeiprovidesrewrite rulesonly for those
constructghat needtransformation.Sincethe individual de-yaccificatiortransformation®nly affect a small
partof the SDF grammar(which itself is quite large), only a few rewrite rulesare neededo implementthe
transformationsEachtransformations definedasa separaté\ sF+SDF specificatiorwhich canbeexecutedn
sequencéo remove YACC specificidiomsstepby step.

SDF refactoringphase  After the de-yaccificatiorprocessthe grammarooks alreadymore natural. The
grammaustill doesnot benefitfrom the powerful featuresof SDF however. The next stepin there-engineering
processs to refactorthegrammato introducesuchspecialSpr constructsvhich shorterthe syntaxdefinition
andimprove its readability We considerthe following transformations:

¢ Introductionof optionals.
e Introductionof SDF constructdor separatedists.
e Grammarmecompositiorby modularization.

We developedA sF+SDF specificationgo automatehefirst two transformationsWe do not have tool support
for automatianodularizatiorof grammargyet, but heuristicsfor grammardecompositioraredescribedn [24,

26].
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Figure3: Yaccfragmentof SDL Decisionconstruct.

context-free syntax
“DECISION" DecisionValue “;” DecisionBody “ENDDECISION” — Decision {cons(“Decision”)}

Case+ ( ElseAnswer CaseTransition )? — DecisionBody {cons(“DecisionBody”)}

Figured: Re-engineeredefinitionof the SDL Decisionconstrucbof Figure3 in SDE

Beautificationphase Theprevioustransformationgregeneralanguagandependengrammarransforma-
tions mostof which canbe automated.The transformation®perateglobally on the grammarandtransform
productionghatmatchgenerapatterns.

During the last phaseof the re-engineeringrocessthe grammarcan be fine tunedby performingtrans-
formationsoperatingon specificgrammarmproductions.Whattransformationgo performlargely dependsn
personataste. An operatorsuite designedor expressinghis kind of grammartransformationsndapplying
themautomaticallyis describedn [16].

3.2 SDL grammarre-engineering

Lucent’s proprietarySpL dialectis closelyrelatedto the SDL standarcknown asSpL 88. It wasderivedfrom
an early (yet incomplete)draft of this standard.The absencef block constructsn the SbL dialectwasthe
major differencewith SpL 88. After SDL 88 mary new languageconstructshave beendefinedin additional
SpL standard®f which SbL 2000is the mostrecentone. Lucents dialectdid not benefitfrom theselanguage
progressions.

Both the syntaxand semanticof Lucents proprietarySpL dialecthave beenclearly definedin internal
technicalreports.Lik e standardspL, thedialectexistsin two forms: agraphicalform (SpL-GR) andatextual
form (SDL-PR). Sincea mappingexists betweenboth, we only consideredhe textual representatiofior the
re-engineerin@rojectthatwe carriedout. Thelexical andcontext-freesyntaxof thislanguagevasdefinedin a
singleEBNF definition. In additionto the technicaldocumentationve alsohadanoperationalvAcc definition
availablewhich hasbeenin usefor yearsin theoriginal SbL toolset.We consideredhis definitionasultimate
startingpoint for re-engineeringhe SbL grammar Unfortunatelythe lexer thatwasalsoavailableturnedout
to beuselessor thisre-engineeringrocesshecausehelexical syntaxwasdirectly codedin C proceduresind
consequentiyard,if notimpossibleto re-engineer

The re-engineeringrrocesghereforeconsistef a (semi)automaticderivation of the context-free syntax
from the yAacc definition,anda manualdefinition of the lexical syntax. Dueto the clearEBNF definitionthe
mappingfrom the EBNF lexical syntaxdefinitionto SDF wasstraightforward (it wasonly amatterof minutes)
andis notfurtheraddressech this paper

After thetransformatiorto SDF wascompletewe addedconstructomameso the contet-free productions
of the SDL grammamvhich areusedto derive anabstracsyntaxdefinition(SeeSectiord). ThisannotatedsbL
grammay allows tooling to operateon full parse-tree¢for examplecommentpreservingpretty-printers)and



Metscape: SDL Documentation Generator
File Edit View Go Communicator Hela
) STATE NIMO SPAREL |
States: INPUT *;
WLNLALERT OUTPUT INTERNAL MCGSPCEASE TO NEXT;
WLNICCEST ENDSTATE NIMO SPAREL;
WLNIDIG ANL - ;
WLNIINI
WLNSLL o || STATENmMO spare2;
NIMQ_SPARE2 INPUT *; _
L OUTPUT INTERNAL MCGSPCEASE TO NEXT;
TS SER | ENDSTATE NIMO_SPAREZ; -
WLNIWRSP_SETI
WLNIWAUE STATE WLNIWANNC;
WLWIVSENL INPUT MCG ANCD;
WLNIWSTARTCC ’ ) .
. WLNITRACE (WLdgvs01, ( “NIMOWLNIWANNC.MCGANCD"}); /* Send th
= CALL FCrufrsp(FCRUF_ACCEPT); CUTPUT INTERNAL MCGANCD TO FQ
INPUT MCG ANCON; WLNITRACE(WLdgysOL,{" NIMO.WLNIWANNC.MC
OUTPUT INTERNAL MCGANCON TO FCNEAR;
NEXTSTATE - ;
INPUT MCGFANNC;
] _ = El ]
[ 100% of 2K (2 283 bytesise)

Figure5: Generate®DL documentation.

on abstracsyntaxtrees.

While testingthe re-engineeredrammaywe discoveredthatin existing SbL codeslightly differentlexical
constructsvereusedasweredefinedin Lucents EBNF definition. SinceSDF definitionsaremodular we were
ableto developanextensionto the SDL lexical syntaxin a separatenoduleto acceptheseconstructavithout
affectingthelexical syntaxdefinitionthatcorrespond$o the EBNF definition.

There-engineeringrocesdransformedhe yacc fragmentf Figure3to the SDF fragmeniof Figure4. Due
to spacdimitationswe omittedthe semanti@ctionsthatwereattachedo mostof the syntaxproductionsn the
original YAcc definition. Obsene thatthe re-engineerefragmentcontainsfewer productionsthat keywords
arecontainedn theproductionsandthat SDF constructsuchasoptionalsandlists areintroduced.

Thecompletere-engineere&bL grammaiis definedin 23 moduleseachdefiningparticularSpbL constructs.
Thenumberof non-terminal$rasbeenreducedrom 254to 104,the numberof productiondrom 490to 190.

4. AN SDL DOCUMENTATION GENERATOR

This sectionaddresseshe developmentof an extensibledocumentatiorgeneratorfor SbL. The generator
producesHTML documentatiorirom SDL code. It usesextractorsto collect specificinformationfrom SpL
codewhich is usedto provide differentwaysfor codebrowsing. The documentatiortonsistof a statename
list anda pretty-printedSpL program. Whenclicking on a statename,the correspondingstatedefinitionis
shaved. A screerdumpof generatedlocumentations depictedn Figure5.

The documentatiomyeneratois basedn the SDL grammarasdevelopedin the previoussection.Fromthis
grammay we generatea parsemwhich producegparsetreesin the SDF parsetree format, called AsFix [27].
AsFix treescontainall informationaboutparsederms,includinglayoutandcommentsThisenabletheexact
reconstructiorof the original input termandthe ability to procesgarsetreeswhile preservingcommentsand
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Figure6: SDL documentatiomgeneratiorprocess.

layout. Fromthe grammaralsoan abstracsyntaxdefinition canbe derived, aswell aspretty-printtablesand
Stratgjo signaturegseebelow).

Abstact syntax. Fromthe concretesyntaxdefinition,anabstracsyntaxdefinition canbe derived basedon
the prefix constructomamesdefinedasannotation®f grammarmproductiongthe cons attributesin Figure4).
Theseconstructomamesdefinethe namesof abstractsyntaxproductionsand canbe addedto the grammar
manuallyor be synthesizedutomaticallyusingthe sdfcons tool. Abstractsyntaxtreescanbe derivedfrom
ASsFIX parsetreesbecausehe constructomameinformationis containedn AsFix trees.Languageooling
canbe developedto operateon parsetreesor on abstractsyntaxtreesdependingon particularneeds. The
componentof the documentatiorgeneratorthat we implementedoperateon abstractsyntaxtreesbecause
they only requirea subsetof the informationthatis containedin the parse-trees.The commentpreserving
pretty-printerthatwe reusefor pretty-printingSbL codeon theotherhandoperate®on parse-trees.

Pretty-printtables. Parsetreesandabstractsyntaxtreescanbe transformednto human-readabléorm by
the genericpretty-printerGPp. This pretty-printercan produceseveral formatsincluding plain text, IATEX,
andHTML. Preciselanguagespecificformattingsareexpressedn pretty-printtableswhich definemappings
from languageconstructgdenotedby their constructomames)o Box [3]. Box is a languagendependent
markuplanguagelesignedo definetheintendedormattingof text. Pretty-printtablescanbegeneratedrom a
grammaiandcustomizedo definethedesiredormatting. For example aformattingfor the Decision construct
of Figure4 canbespecifiedasfollows:

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

This formatting rule specifiesthat the keyword ENDDECISION the non-terminalDecisionValue andthe
semi-colorshouldbeformattedhorizontally Thishorizontalbox,togethewith theboxrepresentinghepretty-
printednon-terminaDecisionBody, andthe keyword ENDDECISIONshouldbe formattedvertically.

Box supportdabelsin formattingruleswhicharetranslatedo HTML anchorsdy thebox2html formatter
With thislabelingmechanismye canaddlinks to SDL languagesonstructsn thegeneratedH TM L documen-
tation. For the SDL documentatiorgeneratowe areinterestedn statedefinitionssuchthatwe canjump in
SpL codeto the startof statedefinitions. Thereforewe usethe LBL constructof Box to definelabelsin the
formattingrule of the State construct:

State  --
V[H['STATE" LBL['STATE" _1] "]
_2 H['ENDSTATE" _3 "]

Afterwards,an SbL specifictool (mk-labels ) replaceghe label namesasgeneratedy the box generator
(STATEIn theexampleabove) by uniquenames Sincethe pretty-printeris languagendependenit cannotbe
usedherefor this languagespecificsynthesiof labelnames.

After thegenerategretty-printtablefor SbL hasbeencustomizedo defineappropriatéormattingandlabels
for statedefinitions,generictooling canbe usedto translatea parsetreeto Box andsubsequentlyo one of



the outputformats.For thedocumentatiogeneratowe only useHTML, but the generatiorof documentation
with richerformattingis supportedsia thebox2latex  back-end.

Stratego.  We implementedSbL-specificcomponentsisingthe Stratgjo programminganguage Stratgois
aprogramtransformatiodanguagéasedntermrewriting with stratgies. It hasanextensvelibrary of strate-
giesfor termtraversalsandtransformations Stratgo also supportsthe commonexchangeformat ATERMS,
which enablegprocessingf parsetreesandabstracisyntaxtreesasproducedby the SbL parser In orderto
enablespeciatermtraversalsandtransformationdanguagespecificsignaturesrerequiredby Strateyo. These
signaturesvhich describethe shapeof abstracsyntaxtreesaregeneratedrom an SpF definition by the tool
sdf2si

ThegSDL specificmk-labels  tool which insertsuniquelabelnamesn a Box termto denotethe startof
statedefinitionsin SDL programds implementedn Strateyo asfollows:

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

This programperformsa top-dowvn traversalof a Box term, andtriesto apply the rule mk-label to each

node. This rule replacesthe first agumentof label nodesof the form LBL("\"STATE\"", abox) by
the statename,precededy the string "state:" . The statenameis retrieved from the secondargumentof
the LBL term. The programthustransformsa term LBL("\"STATE\"",[S("my_state")]) into theterm

LBL("state:my\_state",[S("my\_state")]) .
Onceappropriatéabelnamesave beeninsertecby mk-labels ,theBox termcanbetranslatedo HTML
usingthebox2html back-end.TheresultingHTML pagesontainanchorsatthe startof statedefinitions.

Extraction. Thedocumentatiomyeneratogenerates web-sitewhich displaysan SbL programto the user
and allows him to browsethis codein differentways. Oneway to browsethe codeis by offering a list of

statesnameswhich, when clicked on, jump to the startof the correspondingstatedefinition. To implement
this, a codeextractorneedsto be implementedo collecta list of statesfrom an SbL program.This s easily
implementedn Stratejo by traversingover the abstracsyntaxtreeandcollectingall nodeshatcorrespondo

statedefinitions:

strategies
collect-states = collect(get-state-name)
rules
get-state-name:
State(StateList(names),_, ) -> <Hd>names
get-state-name:
State(StateList,_,_) > e

This programmatchesstatenodesand distinguisherdinary statedefinitionsand default states(**’ states).
For ordinary statedefinitions,the first of thelist of statenamess returned(with <Hd>names). For default
statesy is returnedasstatename.

Collectionof statess a simpleextractionbut whencombinedwith other(moreadwance)extractors,arich
SDL toolsetcanbe constructed A morecomplex exampleis the statetransitionextractorwhich is discussed
later
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Connectiorto thedocumentatiomenertor.  To integratethe statecollectorin the documentatioyeneratar
its outputshouldberepresenteth HTML asalist of hyperlinks eachpointingto thestartof thecorresponding
statedefinitionin a pretty-printedSpL file. Thesehypetlinks shouldusethe samelabelnamesasgenerated
by themk-labels tool describedibove. Following the component-basesbftwareengineeringapproachwe
considetransformingheoutputof thestatecollectorto HTM L asaseparatstep.Thereforethestatecollector
doesnotoutputHTML directly andcanthusalsobeusedin differentsettingsasa reusablecomponent.

To obtainan HTML representationf thelist of stateswe canconstructa grammarfor the outputformat
anda pretty-printtableto definethemappingto HTML. Becauséhis approacthassomeoverheadit requires
anadditionalgrammarandextra parsingof thelist of states)we followeda differentapproachanddeveloped
a small componenthattransformsthe outputdirectly to a Box term (more preciselyit producesan abstract
syntaxtreeof aBox term). Thistermcanbepassedo box2html to obtainthedesiredHTML representation.

Integration of components. All ingredientof aninitial documentatiomyeneratohave now beendeveloped.
We canformat SpbL programsn HTML by parsinga programandtransformingthe parsetreeto Box using
the SDL pretty-printtable. Thenwe caninsertuniquelabelnamesn the Box termandtransformit to HTML.
TheHTML list of statenamegwhichlink to statedefinitions)canbeobtainedy first parsingan SbL program
andtransformingheparsereeto anabstracsyntaxtree. Thenwe cancollectall statenamesandtranslatehe
resultinglist of stateto Box andfinally to HTML. Figure6 containsanoverview of all componentivolved
in this documentatiomgeneratiorprocessandshavs how boththeHTML statelist andthe pretty-printedSpL
codeareproducedThick circlesdenotegenerate@r reuseccomponents.

A FSMgraph geneator.  The documentatiorgeneratoris extendibleand extra tooling can be developed
to provide additionaldocumentatiorandinformationof SbL programs.In additionto the statecollector we
developeda finite statemachine(FSM) graphgeneratar This generatoproducesgivenan SbL model,the
graphrepresentationf theunderlyingFSM. In Figure7 a detailedoverview of thegraphgeneratois depicted.
Grey ellipsesdenotethe componentshataregenerated.

In additionto the SbL grammaytwo more grammarsare usedfor this tool. DoT [9] is a low level graph
representatiornwhichwe usedbecauseff-the-shelfgraphvisualizationtoolsfor thisrepresentatiowereavail-
ablefor reuse.GRAPHXML [11] is a high-level graphrepresentatiotanguagen XML in which agraphcan
be representedh termsof its mathematicatlescription(i.e. in termsof edgesandtransitions). The gram-
marsfor Dot andGRAPHX ML areavailablein the GrammamBaseandreusechereasoff-the-shelflanguage
components

Theonly thingthatneedgo beimplementedor the FSM visualizeris partof asingleStratgjo program(the
left-mostStratgo programin Figure7), whichis responsibldor the extractionof the FSM informationfrom
SbL codeandthegeneratiorof agraphrepresentatiom GRAPHXML. Thetool thattransformsGRAPHXM L
to DoT andthe DoT visualizerwerereusedas-is. Both Stratgo componentsharethe generatedyrammar
signatureslin Figure8 a generated~SM graphis depictecthatwasextractedfrom areal-world SbL program
of approximatel\30.000linesof code.



Figure8: A generated~SM graph.

The FSM stategeneratois anotherexampleof an extractorand caneasilybe integratedin the SbL docu-
mentationgeneratar This is achiezed by automaticallycorvertingthe graphinto a clickableimagesuchthat
clicking onanodein thegraphjumpsto thecorrespondingtatedefinition.

Thanksto componenteuseandcodegenerationthedocumentatiogeneratocouldbeimplementedvith little
programmingeffort. All componentsogetherequiredessthen150linesof Stratgo code.Maintenanceost
of thesecomponentss low becauselueto the generictermtraversalsof Stratgo, languagelependencef the
componentss limited andreducesheamountof codethatneeddo beadaptedfteralanguagehange For in-
stancethecollect-states tool only depend®ntwo SDL languageconstructselatedto statedefinitions.
Only whentheseconstructarechangedn thelanguagethetool needsnodification. Togethemwith the mod-
ularizationmechanismof SDF, this alsogreatlysimplifiesthe simultaneouslylevelopmentof componentsor
multiple SDL dialects.Extendingthegeneratowith additionalcomponent$o provide alternatve viewpointsto
SDL codeis relatively easy In additionto the ATERMs exchangdormat,connectinghird-partydocumentation
andre-engineeringoolsto thedocumentatiomeneratois alsosupportedhroughthe GRAPHXML format.

5. RELATED WORK

In [17], a semi-automatedrammarmecovery projectis describedvherea completegrammarfor VS COBOL
Il is constructedrom an online manual. Grammarrecovery from BNF definitionsis discussedn [26]. In
contrasto ourapproactbasednanoperationalvAcc definition,theseapproachesequiregrammaicorrection
because¢hey arebasedn non-operationdanguagelescriptionavhich oftencontainerrors.A re-engineering
approachsimilar to ours, not requiring grammarcorrectionis describedn [25]. They alsoderive an SbF
grammarfrom an operationalvAcc definition but their approactyields grammarswvhich are not optimal for
software development. Heuristicsfor de-yaccificatiorare describedn [30]. He focuseson abstractsyntax
derivationfrom concretesyntaxwhich benefitsfrom a clearnaturalencodingof a language Formalizationof
grammartransformationss addressedh [16]. He describesanoperatorsuitefor grammaradaptatiorwhichis
derivedfrom afew fundamentagrammartransformationandsupplementahotionslik e focus,constraintand
yielder.

In additionto the SDL grammarandbottom-up,generalized R parserthatwe describechere,the develop-
mentof a top-downparserfor SDL 2000usingANTLR [20] asparsergeneratois describedn [18]. Another
approactusingrecursve descenparsingwith backtrackings describedn [21].

In additionto XT, mary ervironmentsandtools exist for programtransformation.The online surwey of
programtransformatiorf29] strivesto give acomprehensie overview of programtransformatiorandtransfor
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mationsystems.

Hypertet for softwaredocumentatiofis discussedn severalpaperd4, 22,5, 23]. Our SbL documentation
generatowasinspiredby DOCGEN [8], a generatoffor interactve, hyperlinked documentatioraboutlegagy
systemsThey uselslandGrammargi.e. partialsyntaxdefinitions)for codeextractioninsteadof full grammars
aswedo. A lesspreciseextractionapproachhasedn lexical analysisonly is discussedhn [19].

6. CONCLUDING REMARKS

Contributions.  This paperis concernedvith grammarre-engineeringndconstructiorof maintenancéools
for proprietarjlanguagesanddialects. Thepaperdemonstratethatlanguage-centerembftwareengineeringle-
creaseslevelopmentime of suchlanguageools: oncean SbF grammarfor SbL wasdevelopedjmplementing
thetoolsdescribedn this paperwasonly a matterof hours. This is becausdanguagedependentomponents
andlibrariesaregenerate@ndbecausexisting (third party) componentganbe reusedandintegratedeasily
Semi-automatigrammane-engineeringechnique$ringslanguage-centeresbftwareengineeringnto reach
becausdt simplifiesthe move to essentiaktate-of-the-arfanguagdechnologysignificantly We demonstrated
thatmodularsyntaxdefinition, generatiorof languagespecificcode,andlanguagendependencef Stratgjo
programshelpsmaintainingmultiple languagedialects. The techniquegpresentedn this paperare currently
beingusedwithin LucentTechnologiego furtherdevelopthe SbL documentatiogeneratoandrelatedtools.

Future work.  As extensionto abstractsyntaxderivation, we want to investigateDTD generationfrom
concretesyntaxdefinition(eitherfrom yAcc or Sbr definitions).Furthermoreywe wantto applythetechniques
thatwe usedfor the SDL dialectto otherlanguagesincludingstandardsbL andotherproprietarySpL dialects),
andextendthe generatoto provide all kinds of informationof SbL programsin additionto statedefinitions
andstatetransitions.Finally, we wantto connectthe documentatiorgeneratoto existing re-engineeringnd
documentationools. Only simplemodificationarerequiredto connecixisting toolsthroughGRAPHXML or
the ATERMS exchangdormat.

Adknowledgments. TheauthorghankMark vandenBrand,Arie vanDeursenPaulKlint, Ralf Lammel,and
JoostVisserfor their helpful commentsn a draft of the paper
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