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ABSTRACT

Domain-Specifit. anguagesare usedin software engineeringn orderto enhanceguality, flexibility, andtimely delivery of
softwaresystemsby takingadwantageof specificpropertiesof a particularapplicationdomain.This surney coversterminology
risks andbenefits examples designmethodologiesandimplementatiortechniqueof domain-specifidanguagessusedfor
theconstructiorandmaintenancef softwaresystemsMoreover, it coversanannotatedelectionof 75 key publicationsn the
areaof domain-specifitanguages.
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1 Intr oduction

In all branche®f scienceandengineeringonecandistinguishbetweerapproachethataregenericandthosethatarespecific
A genericapproactprovidesa generakolutionfor mary problemsin a certainarea but sucha solutionmaybe suboptimal A
specificapproactprovidesa muchbettersolutionfor a smallersetof problems.Oneof the incarnationsof this dichotomyin
computersciences thetopic of this survey: domain-specifitanguagesversusgenericprogramminganguages.

Of course,this is not a new topic. The older programminganguagegCobol, Fortran, Lisp) all cameinto existenceas
dedicatedanguage$or solvingproblemsn acertainarearespectrely businesprocessingnumericcomputatiorandsymbolic
processing)Graduallythey have evolvedinto generapurposdanguagesandoverandover againtheneedfor morespecialized
languagesupportto solve problemsin well-definedapplicationdomainshasresurficed. Over time, the following solutions
have beentried:

e Subpoutinelibrariescontainsubroutineshatperformrelatedtasksin well-defineddomaindik e, for instancedifferential
equationsgraphicsuserinterfacesanddatabasesrhesubroutindibrary is the classicaimethodfor packagingeusable
domain-knaevledge.

e Object-orientedramavorks and componenframevorks continuethe idea of subroutinelibraries. Classicallibraries
have aflat structure,andthe applicationinvokesthe library. In object-orientedrameworksit is oftenthe casethatthe
framework is in control,andinvokesmethodgrovidedby theapplication-specificode[42, 32].

¢ A domain-specifitanguage (DSL) is a small, usuallydeclaratve, languagethat offers expressve power focusedon a
particularproblemdomain.ln mary casesPSL programsaretranslatedo callsto acommonsubroutindibrary andthe
DSL canbeviewedasa meango hidethe detailsof thatlibrary.

Although mary domain-specifitanguage$iave beendesignedand usedover the years,the systematicstudy of domain-
specificlanguagesasonly startedmorerecently This surwey providesan inventory of the field and coversreferencego
researchthat dealswith the following topics: terminology (Section?2), risks and opportunities(Section3), example DSLs
(Section4), DSL designmethodology(Section5), and DSL implementationstratgjies (Section6). The paperslisted are
annotatedvith summarieswhichin turn arecross-referencei relatedpapers.



2 Terminology

Thequestionwhatexactly is adomain-specifitanguagés subjectto debate We proposehefollowing definition:

A domain-specifitanguage (DSL) is a programminganguageor executablespecificationlanguagethat offers,
throughappropriatenotationsandabstractionsexpressie power focusedon, andusuallyrestrictedo, a particular
problemdomain.

Thekey characteristiof DSLsaccordingo this definitionis their focussedxpressie power.

Our definitioninheritsthe vaguenessf oneof its definingterms: problemdomain Ratherthanattemptingto definethis
volatile notion aswell, we list and categorize a numberof domainsfor which DSLs have actually beenbuilt in Section4.
Moreover, we referto [70], which containsan interestingdiscussiorncontrastinga “domain asthe real world” point of view
asadoptedn the artificial intelligencecommunity with a “domain asa setof systems”approachasusedin the systematic
softwarereuseresearcltommunity

DSLsareusuallysmall offering only a restrictedsuiteof notationsandabstractionsin the literaturethey arealsocalled
micro-languagesandlittle languages[7]. Sometimeshowever, they containan entire general-purposianguaggGPL) asa
sublanguagethus offering domain-specifiexpressve power in addition to the expressie power of the GPL. This situation
occurswhenDSLsareimplementecasembeddethnguages(seeSection6). LanguagesuchasCobolor Fortran,which could
be viewed aslanguagedailoredtowardsthe domainof businessand scientific programming respectiely, are generallynot
regardedasDSLs,becauséhey arenot smallandbecauseheir expressie poweris notrestrictedo thesedomains.

Domain-specifidanguagesre usuallydeclaative. Consequentlythey canbe viewed asspecificationanguagesaswell
asprogrammindanguagesMany DSLsaresupportedy a DSL compilerwhich generatesapplicationdrom DSL programs.
In this casethe DSL compileris referredto asapplicationgenemator in theliterature[17], andthe DSL asapplication-specific
language. OtherDSLs, suchasYACC [7] or ASDL [77], arenot aimedat programming(specifying)completeapplications,
but ratheratgeneratindibrariesor componentsAlso, DSLsexist for which executionconsistdn generatinglocument§TeX),
or pictures(PIC [7]). A commontermfor DSLsgearedowardsbuilding businesdataprocessingystemsds 4th Generation
Languagg4GL).

Relatedto domain-specifigrogrammingis end-usemprogramming which happensvhenend-userperformsimple pro-
grammingtasksusinga macroor scriptinglanguage A typical exampleis spreadshegirogrammingusingthe Excelmacro-
language.

3 Risksand Opportunities

Adoptinga DSL approacho softwareengineeringnvolvesbothrisks andopportunities.The well-designeddSL manageso
find the properbalancebetweerthesetwo. The benefitof DSLsinclude:

¢ DSLsallow solutionsto be expressedn theidiom andatthelevel of abstractiorof the problemdomain.Consequently
domainexpertsthemselescanunderstandyalidate modify, andoftenevendevelopDSL programs.

e DSL programsareconcise self-documentingo a large extent,andcanbereusedor differentpurpose$50].
¢ DSLsenhanceroductvity, reliability, maintainability[24, 47], andportability [38].

¢ DSLsembodydomainknowledge andthusenablethe conserationandreuseof this knowledge.

e DSLsallow validationandoptimizationatthedomainlevel [6, 13, 55].

e DSLsimprovetestabilityfollowing approachesuchas[71].
Thedisadvantgesof theuseof aDSL are:

¢ Thecostsof designingjmplementingandmaintaininga DSL.

e Thecostsof educatiorfor DSL users.

Thelimited availability of DSLs[49].

Thedifficulty of findingthe properscopefor aDSL.



¢ Thedifficulty of balancingbetweerdomain-specificittandgeneral-purposprogramminganguageconstructs.
¢ Thepotentiallossof efficiency whencompareadvith hand-codedoftware.

Comparison®f the DSL approacho otherapproache$o softwaregeneratioraremadein [20, 22, 47]. In [24] the costs
andbenefitsof DSLsareanalyzedrom the perspectie of software maintenanceln [49], DSLsarecateyorizedasoneof the
mainapproacheto softwarereuse anda detailedcomparisoris madeto otherreusetechniques.

4 ExampleDSLs

Literally hundredsof DSLsarein existencetoday Of theseonly a subseis actuallydescribedn the softwareengineeringr
programminganguagditerature. Best-knavn areclassicalexampleslike PIC, SCATTER, CHEM, LEX, YACC, andMake,
which aredescribedn [7]. Otherwell-known examplesare SQL, BNF, andHTML. We have includedreferencego various
exampledomain-specifitanguagesTheir domainscanbe groupednto thefollowing areas:

¢ Software Engineering
Financialproductg12, 22, 24], behaior controlandcoordinatior9, 10], softwarearchitecture$s54], anddatabasef39].

e SystemsSoftware
Descriptionandanalysisof abstractyntaxtrees[77, 19, 51], video device driver specificationg76], cachecoherence
protocolg[15], datastructuresn C [72], andoperatingsystenspecializatiorj63].

e Multi-Media
Webcomputing[14, 35, 4, 33], imagemanipulation[73], 3D animation[29], anddrawing [44].

e Telecommunications
Stringandtreelanguage$or modelchecking[48], communicatiorprotocolg[6], telecommunicatioswitcheg50], and
signaturecomputing[11].

e Miscellaneous
Simulation[2, 13], mobileagentg36], robotcontrol[61], solvingpartialdifferentialequation$26], anddigital hardware
design[41].

A collectionof severalpaperson DSLscanbefoundin [67].

5 DSL DesignMethodology

Thedevelopmenbf a domain-specifitanguageypically involvesthefollowing steps(see[17, 24]):

e Analysis
(2) Identify the problemdomain. (2) Gatherall relevant knowledgein this domain. (3) Clusterthis knowledgein a
handful of semanticnotionsand operationson them. (4) Designa DSL that conciselydescribesapplicationsin the
domain.

e Implementation
(5) Constructa library thatimplementghe semantimotions. (6) Designandimplementa compilerthattranslateSL
programgo asequencef library calls.

e Use
(7) Write DSL programdor all desiredapplicationsandcompilethem.

Theaim of theanalysissteps(1) through(4) is to build up athoroughunderstandingf the underlyingapplicationdomain.
Guidelinesfor acquiringsuchanunderstandingreprovidedby the researctareaof domainanalysiswhich investigatesvays
of modelingdomains.Following [58], a domainanalystis a persorwho examinesthe needsandrequirement®f a collection
of systemavhich seeni'similar’. Neighborsemphasizethatthisis work thatonly canbedoneby a personwho hasbuilt mary
systemdor differentcustomersn the sameproblemarea.The domainanalystis like a systemsanalyst.exceptthatthegoalis
to supportthe developmentbf familiesof relatedsystemsnotjust one-of-a-kindproductiong75].



Domainengineering3] refersto the actvity of systematicallynodelingdomains. Domainengineeringoriginatesfrom
researchin the areaof softwae reuse and canbe usedwhen constructingdomain-specificeusabldibraries, framewnorks or
languagesA recentdomainengineeringsunwey is provided by [20, Chapter3]. Severaldomainengineeringnethodologies
exists, of which ODM (OrganizationalDomain Modeling [69, 70]), FODA (Feature-Orientedomain Analysis [45]), and
DSSA(Domain-SpecifiSoftwareArchitectured75]) arebestknown.

Stronglyrelatedto domainengineerings the notion of program familieswhich aresetsof similar programg52, 18]. At
Lucent,a systematiapproachto the developmentof familiesis in use,the Family-OrientedAbstraction,Specificationand
Translation(FAST) approachwhich hasbeensuccessfullyappliedto over 25 differentdomains[18]. Programfamiliesare
in turn relatedto softwae productlines. Theseemphasizdeaturessharedby all products,andarefocusedon the needsof a
selectednarket[21, 53, 79].

A prerequisiteto developinga DSL is maturedomainknowledge. For that reason,a DSL is viewed as the final and
mostmaturephaseof the evolution of anobject-orientedpplicationframenork [66, 22]. For the samereasonthe existenceof
legacysystemimplementinglomainconceptwill beof usewhendevelopingaDSL for thatdomain[70]. Reverseengineering
techniquesnay be usedto distill domainknowledgefrom suchlegag/ systems— anoverview of suchtechniquess provided
by [16, 25].

6 DSL Implementation

Theimplementatiorstepg5) and(6) of the previoussectioncanbe carriedout usingseveralapproaches:

Inter pretation or compilation

This s the classicalapproacho implementinga new language Standarccompilertools[1, 7] canbe used,or toolsdedicated
to the implementationof DSLs like Draco[58], ASF+SDF[23], Kephera[31], Kodiyak [38], designby selection[62], or
InfoWiz [56].

The main adwantageof building a compiler or interpreteris that the implementationis completelytailored towardsthe
DSL andno concessiongarenecessaryegardingnotation,primitivesandthe like. Also, error detection staticanalysis,and
optimizationscanbe doneat the domainlevel, for exampleusingan effectsystenmasin [13].

Clearly, animportantproblemis thecostof building suchacompileror interpreteifrom scratchandthelack of reusefrom
other(DSL) implementationsalthoughsomeDSL tool sets(for examplelnfoWiz [56]) areparticularlydesignedo overcome
suchproblems.

As an alternatve to implementinga DSL from scratch,a DSL canbe implementedy extendinga given baselanguage.
For instance[6] describesnextensionof (arestrictedversionof) ageneral-purposnguageavith domain-specificonstructs.
Themainadwantageof this approachs thatall featuresof the basdanguageemainavailableandneednot bere-implemented.

Whenimplementingdomain-specifiextensionf abasdanguagetheimplementatiorof thebasdanguagecanbereused
in threedifferentways:

Embeddedlanguages domain-specificlibraries

In this approachexisting mechanismsuchasdefinitionsfor functionsor operatorsvith userdefinedsyntaxareusedto build
a library of domain-specifioperations.The syntacticmechanismef the baselanguageare usedto expresstheidiom of the
domain.

An adwantageof this approachs that the compileror interpreterof the baselanguagds reusedasis for the DSL. The
mainlimitation is in the expressienes®f the syntacticmechanism the baselanguageln mary casesthe optimaldomain-
specificnotationhasto be compromisedo fit the limitationsof the baselanguage Typical examplesof this approachare[61]
(a robot control languageembeddedn Haslell) and[44] (a PIC-like drawing languageembeddedn ML). The conceptof
domain-specifiembeddetanguage wascoinedby Hudak[40].

Preprocessingdr macro processing

In this approachthe new constructsaretranslatedo statementin the baselanguageby a preprocessorThe main advantage
of this approachs simplicity. Its maindisadantagds thatstaticcheckingandoptimizationarenot doneat the domainlevel.



Consequentlygeneratectodeis error prone,andthe useris provided with feedbackon theseerrorsat the level of the base
languageor only atrun-time.

Extensiblecompiler or interpreter

This approachs similar to the previous one,but the preprocessinghases now integratedin the compiler The advantages
thatmoretype checkingandbetteroptimizationis possible.This approachs takenby [30, 74]. TheTcl [59] interpreteiis also
aprimeexample:it hasbeenextendedor dozensof domains.

Apartfrom building adedicatedSL compileror interpreteror reusingtheimplementatiorof anunderlyingbasdanguage,
otherimplementatioriechniquesnaybeused.For instancejn aspect-orientegrogramming[46] aDSL is usedto describean
aspecbf a systems behaior thatis orthogonatto its mainfunctionality An aspectweaveris thenusedto generatelomain-
specificcodeandmergeit with themaincode.

7 Concluding Remarks

This surney on domain-specifidanguagesoveredcoveredterminology risks and opportunities,exampleDSLs, anddesign
andimplementatiorissueslisting relevantreferencegor eachof thesetopics. Thereferenceshemselesareannotatedvith a
summaryof the mostimportantresultsdiscussedh eachpaper

For up to dateinformationon the topic of domain-specifitanguageswe referto the seriesof DSL conferencesrganized
by USENIX [64, 27], whichmaostlikely will have successorms theyearsto come.

Anothervaluablesourceof up to dateinformationmay betheweh A searchablelomainengineeringibliography with

abstractsis availableat http://iwww.iese.fhg.de/pubs_and_links/spl/ biblio graphy/ . An onlinebibliographyonthetopic
of generatre programmingcanbefoundathttp://home.t- online.de/home/Ulrich.Eisenecker/ gpref.h tm. Finally, hitp:
Ihwww.irisa.fricompose/dsl/ providesa suney of domain-specifitanguagesn general.
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proach givessafeaccesso compilerinternalsandsupportsull optimizationof application-specifitanguage extensions.
Implementedn top of Icc. Seealso[74].

R. E. Faith, L. S.Nyland,andJ. F. Prins. Khepera:A systenfor rapidimplementatiorof domainspecificlanguagesin
Ramming[64], page243-55.

PresentKhepen, a tool kit for rapid implementatiorandlong-termmaintenanc®f DSLsvia source-to-soucetransfor
mationsepaatedinto threephasesparsing ASTtransformationandpretty-printing

M. E. FayadandD. C. Schmidt. Object-orientedapplicationframavorks. Communicationsf the ACM, 40(10):32-38,
1997.

Introductionto a specialissueon (domain-specificpbject-orientedramevorks, which are definedas reusable semi-
completeapplicationsthat canbe specializedo producecustomapplications.Covers classification strengthsand weak-

nessesand future trends.Seealso[66].

M. Ferrandez D. Suciu,andl. Tatarinov. Declaratve specificationof data-intensie web sites. In DSL-99[27], pages
135-148.

Covers a querylanguage to describedata-intensivavebsites.Three programmingtasksare distinguishedo build sud



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

sites: accessingand integrating the data availablein the site building the site’s structue, and genesating the HTML
representatiorof thesite Thesolutionproposeds a declamativequerylanguage (StruQL)to definethe site’s contentand
structue, a templateanguage to definethe HTML representatiorand an extensionof the querylanguage with functions
to describedynamicbehaviourand to promotereusabilityof queries.Reengineerin@n existing AT&T web site using
this appmoad hasresultedn less,more maintainable codewith more functionality Theinitial learningcurveof thenew
language is more thancompensatetbr by theadvantagjesgained.

M. Fromherz, V. Gupta,andV. Saraswat. cc — A genericframevork for domain-specifidanguages.ln Kamin [43],
pages89-96.

Proposescc, a family of languagesfor concurentconstaint programming as a frameavork for DSL construction.Two
appmoadesare explainedby example:building a DSLontop of cc, andextendingcc with domain-specificonstructs.

M. Fuchs.Domainspecificlanguage$or ad hocdistributedapplications.In Ramming[64], page27-36.

The current architectuie of the Web is basedon a client/servermodelin which mostof the computationis doneat the
serverside while the client sideis a browserthat only displaysthe resultsof servercomputationsSGML/XMLis used

as meta-language for describingthe interactionsbetweerhetepgeneousagentson the Weh Essentially a grammaris
definedof all possibleinteractionsandthis grammarstees thebehaviourof eat agent. Se€9] for a fully process-based
appmad to this problem.

R. Gray. AgentTcl: A transportablagentsystem.In J. Mayfield andT. Finnin, editors,Proceeding®f the CIKM Work-
shopon Intelligent Information Agents, Fourth International Confeenceon Informationand Knowledg Management
(CIKM’95), Decembed 995.

Describesan extensionof Tcl [59] for mobileagents.

S.Z. GuyerandC. Lin. An annotatiorlanguagédor optimizingsoftwarelibraries. In DSL-99[27], pages39-52.

A languayeis presentedor annotatingC librarieswith informationthatis exploitedby an optimizingcompiler Domain-
specificinformationis corveyedby annotationghatin effectdefine(i) a dataflowanalysisproblemonthevariouslibrary
procedues,and(ii) procedue specializationghatare to betriggered by the outcomeof theanalysis.Theapproadc aims
at giving libraries someof the compilersupportenjoyedoy DSLs.

R. M. HerndonandV. A. Berzins. The realizablebenefitsof a languageprototypinglanguage.|EEE Transactionson
Softwae Engineering SE-14:803—8091988.

Discussesanguage prototypingtools (LPT) in genearl, aswell as the specificLPT Kodiyak. Lists applicationareasof
LPTsandbenefitof applyingthem.Givesa brief descriptionof Kodiyakandreportson experiencewith it.

E. Horowitz, A. KemperandB. NarasimhanA sunwey of applicationgenerators|EEE Softwag, pages40-54,January
1985.

Survgr'sa numberof databasejueryandupdatdanguages,asprimeexamplef applicationgeneators (DSLcompiles),
andhypothesizea ‘generic’ databasdanguage. Discusseshe possibilitiesof combiningsud a language with a geneal

purposdanguaye. OutlinesAdaRel an extensionof Adawith relationaldatabasgrogrammingconstructs.

P. Hudak. Building domain-specifiembeddedanguagesACM ComputingSurves, 28(4es)Decembef 996.
Arguesthata DSLis the“ultimate abstraction”, capturingpreciselythesemantic®ftheapplicationdomain but alsothat
designingandimplementindanguagesis difficult and resistsevolution. Proposeghe notion of embeddedSLs,which
inherit theinfrastructructue from someotherlanguage, and discusseshe importanceof modularmonadicinterpreters,
instrumentationandpartial evaluation.

J.JenningandE. BeuscherVerischemelogVerilog embedded Schemeln DSL-99[27], pagesl23-134.

Verilog, adigital hardware designlanguage, is extendedvith facilities for genemtingandmanipulatinghardware descrip-
tions by embeddingt into the geneil purposelanguage Sthheme The extendedanguage featuesearly error detection

andhigh customizability

R. E. JohnsorandB. Foote. DesigningreusableclassesJournal of Object-Oriented®rogramming 1(2):22—35,1988.

Introducedhenotionof object-orientedrameavorks.A frameavorkis definedasa setof classeghatembodiesn abstiact
designfor solutionsto a family of relatedproblemsandsupportseuseat a larger granularitythanclassesln awhite-box

frameawork, application-specifibehavioris obtainedvia methodoverriding or by addingnew methodgo theframevork’s



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

classesln a black-box supportfor extensibilityis providedby defininginterfacefor componentthatcanbepluggedinto
theframavork via objectcompositionthusbetterhiding theimplementatioretailsof the framevork. Seealso[32, 66|

S. Kamin, editor. DSL’'97 — First ACM SIGPLANWbrkshopon Domain-Specifit anguages,in Associatiorwith POPL
'97, Paris,France Januaryl997.Universityof lllinois ComputerScienceReport.

S.KaminandD. Hyatt. A special-purposknguageor picture-draving. In Ramming[64], page297-310.
Described=PIC, a reconstructiorof theoriginal PIC embeddedh ML.

K. C. Kang, S. G. Cohen,J. A. Hess,W. E. Novak, andA. S. Peterson. Feature-orientedomainanalysis(FODA)
feasibility study TechnicalReportCMU/SEI-90-TR-21,Software Engineeringinstitute, Carngyie Mellon University,
1990.

FODA is a domainengineeringappmoad emphasizindgeature analysis.A featuee is definedas a prominent,uservisible
characteristicof a softwae systemFODA aimsat building up a featuremode| consistingof a featuesdiagram (hierar-
chical decompositiof mandatoryalternative or optionalfeatues),feature definitions,compositiorrulesfor featues,
anda rationalefor featuesindicatingthetrade-ofs. Seealso[20, 70]

G.KiczalesJ.lrwin, J.Lamping,J.-M. Loingtier, C. Lopes,C. MaedaandA. MendhekarAspectorientedprogramming.
In Kamin[43], pages’5—88.

Presents novel programmingtednique calledaspect-orientegrogramming(AOP). Thistechniqueconsistsn describ-
ing each aspect(e.g. basicfunctionality communicationcoomination) of a systens behaviourin a (little) language
that allowsit to be expressedn its mostnatural form. An aspectweavermegesthesesepaate aspectdescriptionanto

a single efficient program. An importantbenefitof AOP is that it allows high-level domain-specifigprogrammingfor

performance-criticadomains Seealso[20]

R. B. Kieburtz, L. McKinney, J. M. Bell, J. Hook, A. Kotov, J. Lewis, D. P. Oliva, T. Sheard). Smith,andL. Walton. A

softwareengineeringxperimentin softwarecomponengenerationin Proceeding®f the 18thInternationalConfeence
on Softwae Engineerind CSE-18 page$42-553IEEE, 1996.

Reportsthe resultsof an experimentin which a template-basedppmoadc and a DSL approadc to softwae geneation
were compaed.Several subjectavere monitoedwhile performinga numberof developmenandmaintenancéasksusing
alternativelytemplatetechnology and DSL technolagy. Flexibility, productivity reliability, and usability were measued.
TheDSLappmoad scoedbetteronall counts.

N. KlarlundandM. I. Schwartzbach A domain-specifitanguagdor regularsetsof stringsandtrees.In DSL-IEEE[28],
pages378-386.An earlierversionappearedh [64].

Describesdesignand implementatiorof FIDO, a language to expresslarge finite-stateautomataon large alphabets.
Typical applicationis in verificationandmodelcheding.

C. W. Krueger. Softwarereuse. ACM ComputingSurveys, 24(2):131-183Junel992.

Categorizes,describesand compaesexisting approacesto softwae reuse amongwhich DSLs(or applicationgener
ators). Compaed to the other appmacesDSLsreducethe intellectual effort required to obtain an executablesystem
fromits specificationLimited availability and difficulty of building DSLsof optimal specificity/g@neality are listed as
disadvantgesof DSLs.

D. A. LaddandJ.C. Ramming.Two applicationlanguage softwareproduction.ln USENIXVeryHigh Level Languajes
SymposiunProceedingspagesl 69—1780ctober1994.

Describeshow PRL5, an application-orienteddeclamtive language usedto maintainthe integrity of databasesn the
AT&T 5ESStelecommunicationswitdh, evolvedfrom an earlier, impefative domain-specifidtanguage, PRL, which in

turn replaceda combinationof Englishand C. Theconstaint descriptionsxpressedn PRL5can be usedin more than
oneway, wheeasa programto ched constaintsis usefulonly for performingthat particular computationA key lesson
is that domain-specifitanguagesshouldnot be designedo describecomputationput to expressusefulfactsfromwhich

oneor more computationganbederived.

D. LeijenandE. Meijer. Domainspecificembeddedompilers.In DSL-99[27], pagesl09-122.

Explainshowa DSL (SQLis takenas example)canbe embeddedh Haslell by (i) codingan abstract syntaxof the DSL
asa Haslell datatype(ii) writing a codegenegator in Haslell that mapsthe abstiact syntaxto the concetesyntax,and

(iii) makingHaslell call an externalserverwhich compilesandexecuteghegeneatedDSL code
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[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

F. vanderLinden, editor Developmentnd Evolutionof Softwae Architectuesfor ProductFamilies volume 1429 of
Lecture Notesin ComputerScienceSpringerVerlag,1998.

Proceedingsof a workshoporiginating from the ESPRITARESproject, which investigatessoftwae architectures for
familiesof embeddegystems.

R.R.Macala,L. D. Sutcley, andD. C. Gross.Managingdomain-specifiproduct-linedevelopment.IEEE Softwae, 13,
May 1996.

Describesecommendationand lessondearnedfrom managing a reusabilityprojectat Boeingin the area of real-time
training systemsor flight crews.Product-linedevelopmensepaatesthe softwae-developmenprocessnto two sepaate
life cycles:domainengineeringwhich aimsto createreusableassetsand applicationengineeringwhich fieldssystems
usingthoseassetsLessondearnedincludethat product-linedevelopmentiemandsareful strategic planning a mature
developmenprocessandtheability to overcomeorganizationalresistance

N. Medvidovic andD. S. Rosenblum.Domainsof concernin software architecturesand architecturedescriptionlan-
guagesln Ramming[64], pagesl99-212.

Givesa catggorizationof DSLsfor describingsoftwae architectues.

V. MenonandK. Pingali. A casefor source-lgel transformationgn MATLAB. In DSL-99[27], pages3—66.

Threekindsof source-to-soucetransformationgor optimizingMATLAB programsare proposedandshowrto beeffective
The transformationgyield performancebenefitsadditional to thoseobtainedby (optimizing)compilation,and may be

usefulfor otherDSLsthatare high-level,untypedandinterpreted.

L. NakataniandM. Jones.Jagonsandinfocentrism.In Kamin[43], page$9-74.
Describesandadvocateshedevelopmenof DSLsasjargons domain-specifiextension®fatiny commorbasdanguage.
Accodingto a new programmingparadigm(infocentrisn) theapplicationsemantic$or thesgargonscanbeprogrammed
by providing actionsfor the constructsspecificto the jargon only; the traversal semanticds inherited from the base
language. Becausall jargonsshake the basesyntaxand semanticsit is easyto combineand reusetheir definitionsas
well astheir tools. ThelnfoWiz technolagy which supportshe developmentf jargonsis discussed.

L. H. Nakatani,M. A. Ardis, R. G. Olsen,andP. M. Pontrelli. Jagonsfor domainengineering.In DSL-99[27], pages
15-24.
Discussesheuseof jargons(se€[56]) in thedomainof configuration control.

J.M. NeighborsTheDracoapproacho constructingsoftwarefrom reusableomponentslEEE Transaction®n Softwae
Engineering SE-10(5):564—74Septembel 984.

TheDracoappmoad startsby capturingdomainanalysisnformationin a DSL.TheobjectsandopemtionsofthisDSLare
refinedinto variousDSLsof lower levelsof abstraction,andfinally into executabldanguages.Theseaefinementsaptue
designinformation(implementatiomecisions)TheDracosystensupportshedevelopmenandreuseof constellationof
DSLsandrefinementdt offers tacticsfor refinemenselectionaswell asautomaticconsistencgheding of theresulting
systenspecification.

J.K. OusterhoutScripting: Higherlevel programmingor the 21stcentury IEEE Computey March 1998.

Discussescriptinglanguages,sud as Perl, Tcl, and Visual Basic,which are designedor gluing applications,assuming
the existenceof a setof componentshat just needto be connectedogether Emphasizethat scriptinglanguagesshould

betypelesandinterpreted.
J.PetersorandG. Hager Monadicrobotics.In DSL-99[27], pages95-108.

Discussesheimportanceof monadsn theimplementatiorof tasksin Frob (see[61]), which helpto achieve modularity
andreusability

J.PetersonP. Hudak,andC. Elliott. Lambdain motion: Controllingrobotswith Haslell. In PADL'99, volume1551of
LNCS page91-105,1999.

Describedwo domain-specifiextensionof Haslell: Froba language for robotcontmol and Frana language for reactive
animations.
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[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

P. PfahlerandU. Kastens.Languagealesignandimplementatiorby selection.In Kamin[43], page97-108.

A language designsystenis presentedvhich allowsa userto designa DSL by selectinganguage featuesfrom menus.
After selection,an implementatiorof the DSL can be geneated. The systenrelies on domaindesignes to provide a
definitionof the designspace aswell asspecificatiorcomponentfor all possibldanguage featues.

C. Pu,A. Black, C. Cowan, J. Walpole,andC. Consel. Microlanguagedor operatingsystemspecialization.In Kamin
[43], pagesA9-57.

Discusseshe useof DSLsin the domainof operating systenspecialization A high-level DSL s ervisionedto describe
applicationbehaviorwhich will be compiledinto a low-level DSLdescribingcustomizeapeating systenbehavior

J. C. Ramming,editor Proceedingf the USENIXConfeenceon Domain-Specifit. anguages Berkeley, CA, Octo-
ber15-171997.USENIX Association.

J. Reichwein,G. RothermelandM. Burnett. Slicing spreadsheetsAn integratedmethodologyfor spreadshedesting

anddehugging.In DSL-99[27], pages25-38.

Building on techniquesfor dynamicprogram slicing and program dicing, a fault localizationtechniquefor incremental

spreadsheetiehugging is developed.Using variouskindsof visual clues,the techniqueis integratedinto a spreadsheet
ervironment.

D. Robertsand R. Johnson. Evolve frameworks into domain-specifidanguages.In 3rd International Confeenceon
PatternLanguages Allerton Park, Ill., Septembe996.

Discusse® stagesof framevork developmentAn object-orientedramevork evolvesgradually, starting from three ex-
amplesmoving via a white-boxframevork, componentibrary, pluggableobjects,to a bladk-boxframevork. Thefinal,
andmostmatue, stage is whenthe domainknowledg is suficiently stableto meritthedevelopmentf a domain-specific
language or visualbuilder to accesghe framavork.

PH. Saluseditor. Little Languages volumelll of Handbookof ProgrammingLanguages MacMillan, 1998.
Thisbookcontainsa collectionof mostlyreprintsandonly a few original papesdescribingDSLs It containsfor instance
papes like Little LanguagegBentley [7]), A systemfor typesetttingnathematicsEQN (Kernighanand Cherry), and
an overviev of the Documentes Workbend (Akkerhuis) covering TROFF and several DSLsfor describinggraphics,
chemicalformulag andthelike. Otherchaptess cover AWK, SED,SQL, TCL/TK,PERLandPYTHON.Themostoriginal
papess are a survey of DSLsand domain-specifiextensionlanguagesby Hudakand an elaborate descriptionof Little
Music Language$y Langston.

T. SheardZ. BenaissaandE. Pasalic.DSL implementatiorusingstagingandmonads.n DSL-99[27], pages31-94.

Discussesiowtheuseof staging(sepaating compile-timecomputationgromrun time ones)and monadgfor capturing
effectsandactionsof thetarget code)leadto a simple reusablgecontolable, and correct DSL methodolgy.

M. Simos.Organizatiordomainmodeling(ODM): Formalizingthe coredomainmodelinglife cycle.In M. Samadzeland
M. Zand,editors,Proceeding®f the Symposiunon Softwae ReusabilitySSR’95 pagesl 96-205,August1995. ACM
SoftwareEngineering\otes.

Summarizethekey element®f the ODM domainengineeringnethodolgy. Thefull descriptionis givenin [70].

M. Simos,D. CrepsC. Klinger, L. Levine,andD. Allemang. Organizatiordomainmodelling(ODM) guidebookversion
2.0. TechnicalReportSTARS-VC-A025/001/00SynquiryTechnologiesinc, 1996.

A compehensivalescriptionof the ODM approac to domainengineering Thethreemain ODM stepsare: (1) planthe
domain,selectingobjectivesstaleholdes, and a setof boundarydecisiongo scopethe domain.(2) modelthe domain,
building a domainlexicon,anddescribingthe conceptandfeatuies,aswell astheir commonalitiesindvariabilities. (3)
(optional) engineeran assethaseof componentby combiningfeatuesand customes in novel ways.ODM emphasizes
existing (legacy)softwae systemss valuablesouicesof domainknowledg. It takesthe “domain as a setof systems”
pointof view, ratherthanthe “domain asthereal world” viewpoint.

E. G. SirerandB. N. Bershad Usingproductiongrammarsn softwaretesting.In DSL-99[27], pagesl—14.

Describedava, a DSL for specifyingproductiongrammarsTheseare usedto generatesentencesver a language, for the

purposeof testingtoolsimplementinghat language. Experiencewith lava demonstatesthat a specialpurposdanguage

for productiongrammas can bring high coverage, simplicity, manageability, and structue to the testingeffort. Observe
thatthe productiongrammarapproach canalsobe usedto for testingDSL-tools.
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[72] Y. SmaragdakiandD. Batory, DiSTiL: A transformatioribrary for datastructuresin Ramming[64], page257-270.

[73]

[74]

[75]

[76]

[77]

[78]

DescribesDiSTL, a DSL for describingcontainerdata structuesin C, implementedn top of MicroSofts Intentional
Programming(IP) system.

D. E. StevensornandM. M. Fleck. Programmindanguagesupportfor digitizedimagesor, themonstersn the closet. In
Ramming[64], page271-284.

Describegheimage manipulationlanguage Ervision,implementedsan extensionof Stheme

J. M. StichnothandT. Gross.Codecompositionasanimplementatiodanguagedor compilers.In Ramming[64], pages
119-132.

Describesthe ANSIC compilerframavork Catacombthat supportscode composition By providing userdefinedcode
templateqgdescribingnew language constructssud as parallel array assignmentanda fixedcodecompositiormedta-
nisminsidethe compiler new constructcanbeimplementedh the samewayasstandad ones.Seealso[30].

R. N. Taylor, W. Tracz,andL. Coglianese.Software developmentusing domain-specifisoftware architectures. ACM
SIGSOFTSoftwae EngineeringNotes 20(5):27-37,1995.

Providesthe material usedfor a courseon DSSA Domain-SpecifiSoftwae Architectules,which aimsat the reduction
in time and costof producingspecificapplication systemsvithin a supporteddomain.The papercovers key examples,
architectue representatiorformalismsdomainengineeringandthe DSSAprocess Seealso[20, 70]

S.A. Thibault,R. Marlet,andC. Consel.Domain-specifitanguagestEromdesignto implementatiorapplicationto video
device driversgenerationin DSL-IEEE[28], pages363—377.An earlierversionappearedh [64].

A videocard storesanddisplaysimageson a computerdisplay Eac card is programmedby similar, but highly vendor
specific,instructions.Theauthors exploit this similarity by designinga DSL for specifyingdrivers for videocardsin the
contet of the XFree86implementatiorof X windows.This Graphic AdaptorLanguae is implementedh two stages: a C
library providesa low level abstract madinethatis usedby an interpreterfor the DSL. The Tempopartial evaluatorfor
C is usedto eliminatethe overheadof interpretationand of the geneality of the abstiact madine Includesa discussion
of themeritsof the DSLapprmadh in thisdomain.

D. C. Wang,A. W. Appel, J.L. Korn,andC. S. Serra. The Zephyrabstracsyntaxdescriptionlanguage.In Ramming
[64], pages213-28.

Presentghe Abstiact SyntaxDescriptionLanguage (ASDL). Reportsthe implementatiorof a tool that converts ASDL
descriptiongnto C, C++, Java, or ML code Thegenertedcodedefinesdata-structuescorrespondingo this abstact

syntaxaswell asfunctionsfor readingandwriting abstiacttermsto a standad flattenedrepresentationASDLhasbeen
usedto respecifithe compilerintermediateformat SUIR

J. Withey. Investmentanalysisof softwareassetdor productlines. TechnicalReportCMU/SEI-96-TR-010Software
Engineeringnstitute,1996.
Presentsx modelfor analyzingthe expectedenefitfrominvestingin domain-specifisoftwae productlines. Oneof the
key conceptss economyof scopewhich is a conditionwhere fewerinputs(sud aseffort andtime)are neededo produce
a greatervariety of outputs By contrast,economyof scaleis achievedwhele fewerinputsare neededo producegreater
guantitiesof a singleoutput.
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