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ABSTRACT

Domain-SpecificLanguagesareusedin softwareengineeringin orderto enhancequality, flexibility , andtimely delivery of
softwaresystems,by takingadvantageof specificpropertiesof aparticularapplicationdomain.Thissurvey coversterminology,
risksandbenefits,examples,designmethodologies,andimplementationtechniquesof domain-specificlanguagesasusedfor
theconstructionandmaintenanceof softwaresystems.Moreover, it coversanannotatedselectionof 75key publicationsin the
areaof domain-specificlanguages.
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1 Intr oduction

In all branchesof scienceandengineeringonecandistinguishbetweenapproachesthataregenericandthosethatarespecific.
A genericapproachprovidesa generalsolutionfor many problemsin a certainarea,but sucha solutionmaybesuboptimal.A
specificapproachprovidesa muchbettersolutionfor a smallersetof problems.Oneof the incarnationsof this dichotomyin
computerscienceis thetopicof thissurvey: domain-specificlanguagesversusgenericprogramminglanguages.

Of course,this is not a new topic. The older programminglanguages(Cobol, Fortran,Lisp) all cameinto existenceas
dedicatedlanguagesfor solvingproblemsin acertainarea(respectivelybusinessprocessing,numericcomputationandsymbolic
processing).Graduallythey haveevolvedinto generalpurposelanguagesandoverandoveragaintheneedfor morespecialized
languagesupportto solve problemsin well-definedapplicationdomainshasresurfaced. Over time, the following solutions
havebeentried:

� Subroutinelibrariescontainsubroutinesthatperformrelatedtasksin well-defineddomainslike,for instance,differential
equations,graphics,user-interfacesanddatabases.Thesubroutinelibrary is theclassicalmethodfor packagingreusable
domain-knowledge.

� Object-orientedframeworksand componentframeworkscontinuethe ideaof subroutinelibraries. Classicallibraries
have a flat structure,andtheapplicationinvokesthe library. In object-orientedframeworks it is often thecasethat the
framework is in control,andinvokesmethodsprovidedby theapplication-specificcode[42, 32].

� A domain-specificlanguage (DSL) is a small, usuallydeclarative, languagethat offersexpressive power focusedon a
particularproblemdomain.In many cases,DSL programsaretranslatedto callsto acommonsubroutinelibrary andthe
DSL canbeviewedasameansto hidethedetailsof thatlibrary.

Althoughmany domain-specificlanguageshave beendesignedandusedover the years,the systematicstudyof domain-
specificlanguageshasonly startedmore recently. This survey providesan inventoryof the field andcovers referencesto
researchthat dealswith the following topics: terminology(Section2), risks and opportunities(Section3), exampleDSLs
(Section4), DSL designmethodology(Section5), and DSL implementationstrategies (Section6). The paperslisted are
annotatedwith summaries,which in turnarecross-referencedto relatedpapers.



2 Terminology

Thequestionwhatexactly is adomain-specificlanguageis subjectto debate.We proposethefollowing definition:

A domain-specificlanguage (DSL) is a programminglanguageor executablespecificationlanguagethat offers,
throughappropriatenotationsandabstractions,expressivepower focusedon,andusuallyrestrictedto, aparticular
problemdomain.

Thekey characteristicof DSLsaccordingto thisdefinitionis their focussedexpressivepower.
Our definition inheritsthevaguenessof oneof its definingterms:problemdomain. Ratherthanattemptingto definethis

volatile notion aswell, we list andcategorizea numberof domainsfor which DSLs have actuallybeenbuilt in Section4.
Moreover, we refer to [70], which containsan interestingdiscussioncontrastinga “domain asthe real world” point of view
asadoptedin the artificial intelligencecommunity, with a “domain asa setof systems”approach,asusedin the systematic
softwarereuseresearchcommunity.

DSLsareusuallysmall, offering only a restrictedsuiteof notationsandabstractions.In the literaturethey arealsocalled
micro-languagesand little languages[7]. Sometimes,however, they containan entiregeneral-purposelanguage(GPL) asa
sublanguage,thusoffering domain-specificexpressive power in addition to the expressive power of the GPL. This situation
occurswhenDSLsareimplementedasembeddedlanguages(seeSection6). LanguagessuchasCobolor Fortran,whichcould
be viewed aslanguagestailoredtowardsthe domainof businessandscientificprogramming,respectively, aregenerallynot
regardedasDSLs,becausethey arenotsmallandbecausetheirexpressivepower is not restrictedto thesedomains.

Domain-specificlanguagesareusuallydeclarative. Consequently, they canbeviewedasspecificationlanguages,aswell
asprogramminglanguages.Many DSLsaresupportedby a DSL compilerwhich generatesapplicationsfrom DSL programs.
In thiscase,theDSL compileris referredto asapplicationgenerator in theliterature[17], andtheDSL asapplication-specific
language. OtherDSLs,suchasYACC [7] or ASDL [77], arenot aimedat programming(specifying)completeapplications,
but ratheratgeneratinglibrariesor components.Also, DSLsexist for whichexecutionconsistsin generatingdocuments(TEX),
or pictures(PIC [7]). A commontermfor DSLsgearedtowardsbuilding businessdataprocessingsystemsis 4th Generation
Language(4GL).

Relatedto domain-specificprogrammingis end-userprogramming, which happenswhenend-usersperformsimplepro-
grammingtasksusinga macroor scriptinglanguage.A typical exampleis spreadsheetprogrammingusingtheExcelmacro-
language.

3 Risksand Opportunities

Adoptinga DSL approachto softwareengineeringinvolvesbothrisksandopportunities.Thewell-designedDSL managesto
find theproperbalancebetweenthesetwo. Thebenefitsof DSLsinclude:

� DSLsallow solutionsto beexpressedin theidiom andat thelevel of abstractionof theproblemdomain.Consequently,
domainexpertsthemselvescanunderstand,validate,modify, andoftenevendevelopDSL programs.

� DSL programsareconcise,self-documentingto a largeextent,andcanbereusedfor differentpurposes[50].

� DSLsenhanceproductivity, reliability, maintainability[24, 47], andportability [38].

� DSLsembodydomainknowledge,andthusenabletheconservationandreuseof thisknowledge.

� DSLsallow validationandoptimizationat thedomainlevel [6, 13, 55].

� DSLsimprovetestabilityfollowing approachessuchas[71].

Thedisadvantagesof theuseof a DSL are:

� Thecostsof designing,implementingandmaintainingaDSL.

� Thecostsof educationfor DSL users.

� Thelimited availability of DSLs[49].

� Thedifficulty of finding theproperscopefor a DSL.
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� Thedifficulty of balancingbetweendomain-specificityandgeneral-purposeprogramminglanguageconstructs.

� Thepotentiallossof efficiency whencomparedwith hand-codedsoftware.

Comparisonsof theDSL approachto otherapproachesto softwaregenerationaremadein [20, 22, 47]. In [24] thecosts
andbenefitsof DSLsareanalyzedfrom theperspective of softwaremaintenance.In [49], DSLsarecategorizedasoneof the
mainapproachesto softwarereuse,anda detailedcomparisonis madeto otherreusetechniques.

4 ExampleDSLs

Literally hundredsof DSLsarein existencetoday. Of these,only a subsetis actuallydescribedin thesoftwareengineeringor
programminglanguageliterature. Best-known areclassicalexampleslike PIC, SCATTER, CHEM, LEX, YACC, andMake,
which aredescribedin [7]. Otherwell-known examplesareSQL, BNF, andHTML. We have includedreferencesto various
exampledomain-specificlanguages.Theirdomainscanbegroupedinto thefollowing areas:

� SoftwareEngineering
Financialproducts[12, 22, 24], behavior controlandcoordination[9, 10], softwarearchitectures[54], anddatabases[39].

� SystemsSoftware
Descriptionandanalysisof abstractsyntaxtrees[77, 19, 51], videodevice driver specifications[76], cachecoherence
protocols[15], datastructuresin C [72], andoperatingsystemspecialization[63].

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

� Telecommunications
Stringandtreelanguagesfor modelchecking[48], communicationprotocols[6], telecommunicationswitches[50], and
signaturecomputing[11].

� Miscellaneous
Simulation[2, 13], mobileagents[36], robotcontrol[61], solvingpartialdifferentialequations[26], anddigital hardware
design[41].

A collectionof severalpapersonDSLscanbefoundin [67].

5 DSL DesignMethodology

Thedevelopmentof a domain-specificlanguagetypically involvesthefollowing steps(see[17, 24]):

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

� Implementation
(5) Constructa library that implementsthesemanticnotions.(6) Designandimplementa compilerthat translatesDSL
programsto a sequenceof library calls.

� Use
(7) Write DSL programsfor all desiredapplicationsandcompilethem.

Theaimof theanalysissteps(1) through(4) is to build upa thoroughunderstandingof theunderlyingapplicationdomain.
Guidelinesfor acquiringsuchanunderstandingareprovidedby theresearchareaof domainanalysiswhich investigatesways
of modelingdomains.Following [58], a domainanalystis a personwho examinestheneedsandrequirementsof a collection
of systemswhichseem“similar”. Neighborsemphasizesthatthis is work thatonly canbedoneby apersonwhohasbuilt many
systemsfor differentcustomersin thesameproblemarea.Thedomainanalystis like a systemsanalyst,exceptthatthegoalis
to supportthedevelopmentof familiesof relatedsystems,not justone-of-a-kindproductions[75].
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Domainengineering[3] refersto the activity of systematicallymodelingdomains.Domainengineeringoriginatesfrom
researchin the areaof software reuse, andcanbe usedwhenconstructingdomain-specificreusablelibraries,frameworksor
languages.A recentdomainengineeringsurvey is providedby [20, Chapter3]. Severaldomainengineeringmethodologies
exists, of which ODM (OrganizationalDomainModeling [69, 70]), FODA (Feature-OrientedDomain Analysis [45]), and
DSSA(Domain-SpecificSoftwareArchitectures[75]) arebestknown.

Stronglyrelatedto domainengineeringis thenotionof programfamilieswhich aresetsof similar programs[52, 18]. At
Lucent,a systematicapproachto the developmentof families is in use,the Family-OrientedAbstraction,Specificationand
Translation(FAST) approach,which hasbeensuccessfullyappliedto over 25 differentdomains[18]. Programfamiliesare
in turn relatedto software productlines. Theseemphasizefeaturessharedby all products,andarefocusedon theneedsof a
selectedmarket [21, 53, 78].

A prerequisiteto developing a DSL is maturedomainknowledge. For that reason,a DSL is viewed as the final and
mostmaturephaseof theevolutionof anobject-orientedapplicationframework [66, 22]. For thesamereason,theexistenceof
legacysystemsimplementingdomainconceptswill beof usewhendevelopingaDSL for thatdomain[70]. Reverseengineering
techniquesmaybeusedto distill domainknowledgefrom suchlegacy systems— anoverview of suchtechniquesis provided
by [16, 25].

6 DSL Implementation

Theimplementationsteps(5) and(6) of theprevioussectioncanbecarriedoutusingseveralapproaches:

Inter pretation or compilation

This is theclassicalapproachto implementinga new language.Standardcompilertools[1, 7] canbeused,or toolsdedicated
to the implementationof DSLs like Draco [58], ASF+SDF[23], Kephera[31], Kodiyak [38], designby selection[62], or
InfoWiz [56].

The main advantageof building a compileror interpreteris that the implementationis completelytailoredtowardsthe
DSL andno concessionsarenecessaryregardingnotation,primitivesandthe like. Also, error detection,staticanalysis,and
optimizationscanbedoneat thedomainlevel, for exampleusinganeffectsystemasin [13].

Clearly, animportantproblemis thecostof building suchacompileror interpreterfrom scratch,andthelackof reusefrom
other(DSL) implementations,althoughsomeDSL tool sets(for exampleInfoWiz [56]) areparticularlydesignedto overcome
suchproblems.

As an alternative to implementinga DSL from scratch,a DSL canbe implementedby extendinga givenbaselanguage.
For instance,[6] describesanextensionof (arestrictedversionof) ageneral-purposelanguagewith domain-specificconstructs.
Themainadvantageof thisapproachis thatall featuresof thebaselanguageremainavailableandneednotbere-implemented.

Whenimplementingdomain-specificextensionsof abaselanguage,theimplementationof thebaselanguagecanbereused
in threedifferentways:

Embeddedlanguages/ domain-specificlibraries

In this approach,existingmechanismssuchasdefinitionsfor functionsor operatorswith user-definedsyntaxareusedto build
a library of domain-specificoperations.Thesyntacticmechanismsof thebaselanguageareusedto expressthe idiom of the
domain.

An advantageof this approachis that the compileror interpreterof the baselanguageis reusedas is for the DSL. The
mainlimitation is in theexpressivenessof thesyntacticmechanismsin thebaselanguage.In many cases,theoptimaldomain-
specificnotationhasto becompromisedto fit thelimitationsof thebaselanguage.Typical examplesof this approachare[61]
(a robot control languageembeddedin Haskell) and[44] (a PIC-like drawing languageembeddedin ML). The conceptof
domain-specificembeddedlanguagewascoinedby Hudak[40].

Preprocessingor macro processing

In this approachthenew constructsaretranslatedto statementsin thebaselanguageby a preprocessor. Themainadvantage
of this approachis simplicity. Its maindisadvantageis thatstaticcheckingandoptimizationarenot doneat thedomainlevel.
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Consequently, generatedcodeis error prone,andthe useris provided with feedbackon theseerrorsat the level of the base
language,or only at run-time.

Extensiblecompiler or interpreter

This approachis similar to thepreviousone,but thepreprocessingphaseis now integratedin thecompiler. Theadvantageis
thatmoretypecheckingandbetteroptimizationis possible.Thisapproachis takenby [30, 74]. TheTcl [59] interpreteris also
a primeexample:it hasbeenextendedfor dozensof domains.

Apartfrom building adedicatedDSL compileror interpreter, or reusingtheimplementationof anunderlyingbaselanguage,
otherimplementationtechniquesmaybeused.For instance,in aspect-orientedprogramming[46] aDSL is usedto describean
aspectof a system’s behavior that is orthogonalto its mainfunctionality. An aspectweaveris thenusedto generatedomain-
specificcodeandmergeit with themaincode.

7 Concluding Remarks

This survey on domain-specificlanguagescoveredcoveredterminology, risks andopportunities,exampleDSLs,anddesign
andimplementationissues,listing relevantreferencesfor eachof thesetopics.Thereferencesthemselvesareannotatedwith a
summaryof themostimportantresultsdiscussedin eachpaper.

For up to dateinformationon thetopic of domain-specificlanguages,we referto theseriesof DSL conferencesorganized
by USENIX [64, 27], whichmostlikely will havesuccessorsin theyearsto come.

Anothervaluablesourceof up to dateinformationmaybetheweb. A searchabledomainengineeringbibliography, with
abstracts,is availableathttp://www.iese.fhg.de/pubs_and_links/spl/ biblio graphy/ . An onlinebibliographyonthetopic
of generativeprogrammingcanbefoundathttp://home.t- online.de/home/Ulrich.Eisenecker/ gpref.h tm. Finally, http:

//www.irisa.fr/compose/dsl/ providesa survey of domain-specificlanguagesin general.
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completeapplicationsthatcanbespecializedto producecustomapplications.Covers classification,strengthsandweak-
nesses,andfuture trends.Seealso[66].

[33] M. Ferńandez,D. Suciu,andI. Tatarinov. Declarative specificationof data-intensive websites. In DSL-99[27], pages
135–148.

Covers a querylanguage to describedata-intensivewebsites.Threeprogrammingtasksare distinguishedto build such
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sites: accessingand integrating the data availablein the site, building the site’s structure, and generating the HTML
representationof thesite. Thesolutionproposedis a declarativequerylanguage(StruQL)to definethesite’scontentand
structure, a templatelanguage to definetheHTML representationandan extensionof thequerylanguagewith functions
to describedynamicbehaviourand to promotereusabilityof queries.Reengineeringan existing AT&T website using
thisapproach hasresultedin less,moremaintainable, codewith more functionality. Theinitial learningcurveof thenew
languageis more thancompensatedfor by theadvantagesgained.

[34] M. Fromherz,V. Gupta,andV. Saraswat. cc — A genericframework for domain-specificlanguages.In Kamin [43],
pages89–96.

Proposescc, a family of languagesfor concurrentconstraint programming, as a framework for DSL construction.Two
approachesareexplainedbyexample:building a DSLon topof cc, andextendingccwith domain-specificconstructs.

[35] M. Fuchs.Domainspecificlanguagesfor adhocdistributedapplications.In Ramming[64], pages27–36.

Thecurrent architecture of the Web is basedon a client/servermodelin which mostof the computationis doneat the
serverside, while theclient sideis a browserthat only displaysthe resultsof servercomputations.SGML/XMLis used
as meta-language for describingthe interactionsbetweenheterogeneousagentson the Web. Essentially, a grammaris
definedof all possibleinteractionsandthisgrammarsteers thebehaviourof each agent.See[9] for a fully process-based
approach to thisproblem.

[36] R. Gray. AgentTcl: A transportableagentsystem.In J.MayfieldandT. Finnin,editors,Proceedingsof theCIKM Work-
shopon Intelligent InformationAgents,Fourth InternationalConferenceon Informationand Knowledge Management
(CIKM’95), December1995.

Describesanextensionof Tcl [59] for mobileagents.

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

A languageis presentedfor annotatingC librarieswith informationthat is exploitedbyanoptimizingcompiler. Domain-
specificinformationis conveyedbyannotationsthat in effectdefine(i) a dataflowanalysisproblemonthevariouslibrary
procedures,and(ii) procedurespecializationsthatare to betriggeredby theoutcomeof theanalysis.Theapproach aims
at giving librariessomeof thecompilersupportenjoyedbyDSLs.

[38] R. M. HerndonandV. A. Berzins. The realizablebenefitsof a languageprototypinglanguage.IEEE Transactionson
SoftwareEngineering, SE-14:803–809,1988.

Discusseslanguage prototypingtools (LPT) in general, as well as the specificLPT Kodiyak.Lists applicationareasof
LPTsandbenefitsof applyingthem.Givesa brief descriptionof Kodiyakandreportsonexperiencewith it.

[39] E. Horowitz, A. Kemper, andB. Narasimhan.A survey of applicationgenerators.IEEE Software, pages40–54,January
1985.

Surveysa numberof databasequeryandupdatelanguages,asprimeexamplesof applicationgenerators(DSLcompilers),
andhypothesizesa ‘generic’databaselanguage. Discussesthepossibilitiesof combiningsuch a languagewith a general
purposelanguage. OutlinesAdaRel,anextensionof Adawith relationaldatabaseprogrammingconstructs.

[40] P. Hudak.Building domain-specificembeddedlanguages.ACM ComputingSurveys, 28(4es),December1996.

Arguesthata DSLis the“ultimate abstraction”, capturingpreciselythesemanticsof theapplicationdomain,but alsothat
designingand implementinglanguagesis difficult andresistsevolution.Proposesthenotionof embeddedDSLs,which
inherit theinfrastructructure fromsomeother language, anddiscussestheimportanceof modularmonadicinterpreters,
instrumentation,andpartial evaluation.

[41] J.JenningsandE. Beuscher. Verischemelog:Verilog embeddedin Scheme.In DSL-99[27], pages123–134.

Verilog, a digital hardwaredesignlanguage, is extendedwith facilitiesfor generatingandmanipulatinghardwaredescrip-
tionsby embeddingit into thegeneral purposelanguage Scheme. Theextendedlanguage featuresearly error detection
andhighcustomizability.

[42] R. E. JohnsonandB. Foote.Designingreusableclasses.Journalof Object-OrientedProgramming, 1(2):22–35,1988.

Introducedthenotionof object-orientedframeworks.A framework is definedasa setof classesthatembodiesanabstract
designfor solutionsto a familyof relatedproblems,andsupportsreuseata larger granularitythanclasses.In a white-box
framework,application-specificbehavioris obtainedvia methodoverridingor byaddingnew methodsto theframework’s
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classes.In a black-box, supportfor extensibilityis providedbydefininginterfacesfor componentsthatcanbepluggedinto
theframeworkvia objectcomposition,thusbetterhiding theimplementationdetailsof theframework.Seealso[32, 66]

[43] S.Kamin,editor. DSL’97 – First ACM SIGPLANWorkshopon Domain-SpecificLanguages,in Associationwith POPL
’97, Paris,France,January1997.Universityof Illinois ComputerScienceReport.

[44] S.KaminandD. Hyatt. A special-purposelanguagefor picture-drawing. In Ramming[64], pages297–310.

DescribesFPIC, a reconstructionof theoriginal PIC embeddedin ML.

[45] K. C. Kang, S. G. Cohen,J. A. Hess,W. E. Novak, and A. S. Peterson. Feature-orienteddomainanalysis(FODA)
feasibility study. TechnicalReportCMU/SEI-90-TR-21,SoftwareEngineeringInstitute,Carnegie Mellon University,
1990.

FODA is a domainengineeringapproach emphasizingfeature analysis.A feature is definedasa prominent,user-visible
characteristicof a software system.FODA aimsat building up a featuremodel, consistingof a featuresdiagram(hierar-
chical decompositionof mandatory, alternative, or optionalfeatures),feature definitions,compositionrulesfor features,
anda rationalefor featuresindicatingthetrade-offs.Seealso[20, 70]

[46] G.Kiczales,J.Irwin, J.Lamping,J.-M.Loingtier, C.Lopes,C.Maeda,andA. Mendhekar. Aspectorientedprogramming.
In Kamin[43], pages75–88.

Presentsa novelprogrammingtechnique, calledaspect-orientedprogramming(AOP).Thistechniqueconsistsin describ-
ing each aspect(e.g. basic functionality, communication,coordination) of a system’s behaviourin a (little) language
that allowsit to beexpressedin its mostnatural form. An aspectweavermergestheseseparateaspectdescriptionsinto
a single, efficient program. An importantbenefitof AOP is that it allows high-level domain-specificprogrammingfor
performance-criticaldomains.Seealso[20]

[47] R. B. Kieburtz,L. McKinney, J.M. Bell, J.Hook,A. Kotov, J.Lewis, D. P. Oliva,T. Sheard,I. Smith,andL. Walton. A
softwareengineeringexperimentin softwarecomponentgeneration.In Proceedingsof the18thInternationalConference
onSoftwareEngineeringICSE-18, pages542–553.IEEE,1996.

Reportsthe resultsof an experimentin which a template-basedapproach and a DSL approach to software generation
werecompared.Several subjectsweremonitoredwhileperforminga numberof developmentandmaintenancetasksusing
alternativelytemplatetechnology andDSLtechnology. Flexibility, productivity, reliability, andusabilitywere measured.
TheDSLapproach scoredbetteronall counts.

[48] N. KlarlundandM. I. Schwartzbach.A domain-specificlanguagefor regularsetsof stringsandtrees.In DSL-IEEE[28],
pages378–386.An earlierversionappearedin [64].

Describesdesignand implementationof FIDO, a language to expresslarge finite-stateautomataon large alphabets.
Typicalapplicationis in verificationandmodelchecking.

[49] C. W. Krueger. Softwarereuse.ACM ComputingSurveys, 24(2):131–183,June1992.

Categorizes,describesand comparesexistingapproachesto software reuse, amongwhich DSLs(or applicationgener-
ators). Compared to the other approachesDSLsreducethe intellectualeffort required to obtain an executablesystem
from its specification.Limited availability and difficulty of building DSLsof optimal specificity/generality are listed as
disadvantagesof DSLs.

[50] D. A. LaddandJ.C.Ramming.Two applicationlanguagesin softwareproduction.In USENIXVeryHighLevelLanguages
SymposiumProceedings, pages169–178,October1994.

Describeshow PRL5,an application-oriented,declarative language usedto maintainthe integrity of databasesin the
AT&T 5ESStelecommunicationsswitch, evolvedfrom an earlier, imperative domain-specificlanguage, PRL, which in
turn replaceda combinationof EnglishandC. Theconstraint descriptionsexpressedin PRL5canbeusedin more than
oneway, whereasa programto check constraintsis usefulonly for performingthat particular computation.A key lesson
is that domain-specificlanguagesshouldnotbedesignedto describecomputation,but to expressusefulfactsfromwhich
oneor morecomputationscanbederived.

[51] D. LeijenandE. Meijer. Domainspecificembeddedcompilers.In DSL-99[27], pages109–122.

Explainshowa DSL(SQLis takenasexample)canbeembeddedin Haskell by (i) codingan abstract syntaxof theDSL
asa Haskell datatype(ii) writing a codegenerator in Haskell that mapstheabstract syntaxto theconcretesyntax,and
(iii) makingHaskell call anexternalserverwhich compilesandexecutesthegeneratedDSLcode.
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[52] F. vanderLinden,editor. Developmentand Evolutionof Software Architecturesfor ProductFamilies, volume1429of
LectureNotesin ComputerScience. Springer-Verlag,1998.

Proceedingsof a workshoporiginating from the ESPRITARESproject, which investigatessoftware architectures for
familiesof embeddedsystems.

[53] R. R. Macala,L. D. Sutckey, andD. C. Gross.Managingdomain-specificproduct-linedevelopment.IEEESoftware, 13,
May 1996.

Describesrecommendationsand lessonslearnedfrommanaging a reusabilityprojectat Boeingin theareaof real-time
trainingsystemsfor flight crews.Product-linedevelopmentseparatesthesoftware-developmentprocessinto twoseparate
life cycles:domainengineering, which aimsto createreusableassets,and applicationengineering, which fieldssystems
usingthoseassets.Lessonslearnedincludethat product-linedevelopmentdemandscareful strategic planning, a mature
developmentprocess,andtheability to overcomeorganizationalresistance.

[54] N. Medvidovic andD. S. Rosenblum.Domainsof concernin softwarearchitecturesandarchitecturedescriptionlan-
guages.In Ramming[64], pages199–212.

Givesa categorizationof DSLsfor describingsoftware architectures.

[55] V. MenonandK. Pingali. A casefor source-level transformationsin MATLAB. In DSL-99[27], pages53–66.

Threekindsof source-to-sourcetransformationsfor optimizingMATLABprogramsareproposedandshowntobeeffective.
The transformationsyield performancebenefitsadditional to thoseobtainedby (optimizing)compilation,and maybe
usefulfor otherDSLsthatare high-level,untyped,andinterpreted.

[56] L. NakataniandM. Jones.Jargonsandinfocentrism.In Kamin [43], pages59–74.

DescribesandadvocatesthedevelopmentofDSLsasjargons: domain-specificextensionsofa tinycommonbaselanguage.
Accordingtoa newprogrammingparadigm(infocentrism) theapplicationsemanticsfor thesejargonscanbeprogrammed
by providing actionsfor the constructsspecificto the jargon only; the traversal semanticsis inherited from the base
language. Becauseall jargonsshare thebasesyntaxandsemantics,it is easyto combineandreusetheir definitionsas
well astheir tools.TheInfoWiz technologywhich supportsthedevelopmentof jargonsis discussed.

[57] L. H. Nakatani,M. A. Ardis, R. G. Olsen,andP. M. Pontrelli. Jargonsfor domainengineering.In DSL-99[27], pages
15–24.

Discussestheuseof jargons(see[56]) in thedomainof configurationcontrol.

[58] J.M. Neighbors.TheDracoapproachto constructingsoftwarefrom reusablecomponents.IEEETransactionsonSoftware
Engineering, SE-10(5):564–74,September1984.

TheDracoapproachstartsbycapturingdomainanalysisinformationin a DSL.Theobjectsandoperationsof thisDSLare
refinedinto variousDSLsof lower levelsof abstraction,andfinally into executablelanguages.Theserefinementscapture
designinformation(implementationdecisions).TheDracosystemsupportsthedevelopmentandreuseof constellationsof
DSLsandrefinements.It offers tacticsfor refinementselectionaswell asautomaticconsistencycheckingof theresulting
systemspecification.

[59] J.K. Ousterhout.Scripting:Higherlevel programmingfor the21stcentury. IEEEComputer, March1998.

Discussesscriptinglanguages,such asPerl, Tcl, andVisual Basic,which are designedfor gluingapplications,assuming
theexistenceof a setof componentsthat just needto beconnectedtogether. Emphasizesthat scriptinglanguagesshould
betypelessandinterpreted.

[60] J.PetersonandG. Hager. Monadicrobotics.In DSL-99[27], pages95–108.

Discussestheimportanceof monadsin theimplementationof tasksin Frob (see[61]), which helpto achievemodularity
andreusability.

[61] J.Peterson,P. Hudak,andC. Elliott. Lambdain motion: Controllingrobotswith Haskell. In PADL’99, volume1551of
LNCS, pages91–105,1999.

Describestwodomain-specificextensionsof Haskell: Froba languagefor robotcontrol andFrana languagefor reactive
animations.
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[62] P. PfahlerandU. Kastens.Languagedesignandimplementationby selection.In Kamin [43], pages97–108.

A language designsystemis presentedwhich allowsa userto designa DSLby selectinglanguage featuresfrommenus.
After selection,an implementationof the DSL can be generated.Thesystemrelies on domaindesigners to provide a
definitionof thedesignspace, aswell asspecificationcomponentsfor all possiblelanguagefeatures.

[63] C. Pu,A. Black, C. Cowan,J. Walpole,andC. Consel. Microlanguagesfor operatingsystemspecialization.In Kamin
[43], pages49–57.

Discussestheuseof DSLsin thedomainof operating systemspecialization.A high-level DSLis envisionedto describe
applicationbehavior, which will becompiledinto a low-levelDSLdescribingcustomizedoperatingsystembehavior.

[64] J. C. Ramming,editor. Proceedingsof the USENIXConferenceon Domain-SpecificLanguages, Berkeley, CA, Octo-
ber15–171997.USENIX Association.

[65] J. Reichwein,G. Rothermel,andM. Burnett. Slicing spreadsheets:An integratedmethodologyfor spreadsheettesting
anddebugging.In DSL-99[27], pages25–38.

Building on techniquesfor dynamicprogramslicing andprogramdicing, a fault localizationtechniquefor incremental
spreadsheetdebugging is developed.Usingvariouskindsof visual clues,the techniqueis integratedinto a spreadsheet
environment.

[66] D. RobertsandR. Johnson. Evolve frameworks into domain-specificlanguages.In 3rd InternationalConferenceon
PatternLanguages, Allerton Park,Ill., September1996.

Discusses9 stagesof framework development.An object-orientedframework evolvesgradually, starting from threeex-
amples,moving via a white-boxframework, componentlibrary, pluggableobjects,to a black-boxframework. Thefinal,
andmostmature, stage is whenthedomainknowledge is sufficientlystableto merit thedevelopmentof a domain-specific
languageor visualbuilder to accesstheframework.

[67] P.H. Salus,editor. Little Languages, volumeIII of Handbookof ProgrammingLanguages. MacMillan, 1998.

Thisbookcontainsacollectionofmostlyreprintsandonlya few original papersdescribingDSLs.It contains,for instance,
papers like Little Languages(Bentley [7]), A systemfor typesetttingmathematics:EQN (Kernighanand Cherry),and
an overview of the Documenter’s Workbench (Akkerhuis)covering TROFF and several DSLsfor describinggraphics,
chemicalformulae, andthelike. OtherchapterscoverAWK,SED,SQL,TCL/TK,PERLandPYTHON.Themostoriginal
papers are a survey of DSLsanddomain-specificextensionlanguagesby Hudakandan elaboratedescriptionof Little
MusicLanguagesbyLangston.

[68] T. Sheard,Z. Benaissa,andE. Pasalic.DSL implementationusingstagingandmonads.In DSL-99[27], pages81–94.

Discusseshowtheuseof staging(separatingcompile-timecomputationsfromrun timeones)andmonads(for capturing
effectsandactionsof thetargetcode)leadto a simple, reusable, controlable, andcorrectDSLmethodology.

[69] M. Simos.Organizationdomainmodeling(ODM): Formalizingthecoredomainmodelinglife cycle. In M. Samadzehand
M. Zand,editors,Proceedingsof theSymposiumon Software ReusabilitySSR’95, pages196–205,August1995. ACM
SoftwareEngineeringNotes.

Summarizesthekey elementsof theODM domainengineeringmethodology. Thefull descriptionis givenin [70].

[70] M. Simos,D. Creps,C. Klinger, L. Levine,andD. Allemang.Organizationdomainmodelling(ODM) guidebookversion
2.0. TechnicalReportSTARS-VC-A025/001/00,SynquiryTechnologies,Inc, 1996.

A comprehensivedescriptionof theODM approach to domainengineering. ThethreemainODM stepsare: (1) plan the
domain,selectingobjectives,stakeholders,anda setof boundarydecisionsto scopethedomain.(2) modelthedomain,
building a domainlexicon,anddescribingtheconceptsandfeatures,aswell astheir commonalitiesandvariabilities.(3)
(optional)engineeran assetbaseof componentsby combiningfeaturesandcustomers in novel ways.ODM emphasizes
existing (legacy)software systemsas valuablesourcesof domainknowledge. It takesthe “domain as a setof systems”
pointof view, ratherthanthe“domain asthereal world” viewpoint.

[71] E. G. SirerandB. N. Bershad.Usingproductiongrammarsin softwaretesting.In DSL-99[27], pages1–14.

Describeslava, a DSLfor specifyingproductiongrammars. Theseareusedto generatesentencesovera language, for the
purposeof testingtoolsimplementingthat language. Experiencewith lava demonstratesthat a specialpurposelanguage
for productiongrammars canbring high coverage, simplicity, manageability, andstructure to thetestingeffort. Observe
that theproductiongrammarapproach canalsobeusedto for testingDSL-tools.
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[72] Y. SmaragdakisandD. Batory. DiSTiL: A transformationlibrary for datastructures.In Ramming[64], pages257–270.

DescribesDiSTiL, a DSL for describingcontainerdata structuresin C, implementedon top of MicroSoft’s Intentional
Programming(IP) system.

[73] D. E. StevensonandM. M. Fleck. Programminglanguagesupportfor digitizedimagesor, themonstersin thecloset. In
Ramming[64], pages271–284.

DescribestheimagemanipulationlanguageEnvision,implementedasanextensionof Scheme.

[74] J.M. StichnothandT. Gross.Codecompositionasanimplementationlanguagefor compilers.In Ramming[64], pages
119–132.

Describesthe ANSIC compilerframework Catacombthat supportscodecomposition.By providing user-definedcode
templates(describingnew language constructssuch asparallel array assignment)anda fixedcodecompositionmecha-
nisminsidethecompiler, new constructscanbeimplementedin thesamewayasstandard ones.Seealso[30].

[75] R. N. Taylor, W. Tracz,andL. Coglianese.Softwaredevelopmentusingdomain-specificsoftwarearchitectures.ACM
SIGSOFTSoftwareEngineeringNotes, 20(5):27–37,1995.

Providesthematerialusedfor a courseon DSSA,Domain-SpecificSoftware Architectures,which aimsat thereduction
in time and costof producingspecificapplicationsystemswithin a supporteddomain.Thepapercovers key examples,
architecturerepresentationformalisms,domainengineering, andtheDSSAprocess.Seealso[20, 70]

[76] S.A. Thibault,R.Marlet,andC. Consel.Domain-specificlanguages:Fromdesignto implementationapplicationto video
devicedriversgeneration.In DSL-IEEE[28], pages363–377.An earlierversionappearedin [64].

A videocard storesanddisplaysimageson a computerdisplay. Each card is programmedby similar, but highly vendor-
specific,instructions.Theauthors exploit this similarity by designinga DSLfor specifyingdrivers for videocardsin the
context of theXFree86implementationof X windows.ThisGraphicAdaptorLanguageis implementedin twostages: a C
library providesa low level abstract machinethat is usedby an interpreterfor theDSL.TheTempopartial evaluatorfor
C is usedto eliminatetheoverheadof interpretationandof thegenerality of theabstract machine. Includesa discussion
of themeritsof theDSLapproach in thisdomain.

[77] D. C. Wang,A. W. Appel, J. L. Korn, andC. S. Serra. TheZephyrabstractsyntaxdescriptionlanguage.In Ramming
[64], pages213–28.

Presentsthe Abstract SyntaxDescriptionLanguage (ASDL).Reportsthe implementationof a tool that convertsASDL
descriptionsinto C, C++, Java,or ML code. Thegeneratedcodedefinesdata-structurescorrespondingto this abstract
syntaxaswell asfunctionsfor readingandwriting abstract termsto a standard flattenedrepresentation.ASDLhasbeen
usedto respecifythecompilerintermediateformatSUIF.

[78] J. Withey. Investmentanalysisof softwareassetsfor productlines. TechnicalReportCMU/SEI-96-TR-010,Software
EngineeringInstitute,1996.

Presentsa modelfor analyzingtheexpectedbenefitsfrominvestingin domain-specificsoftware productlines.Oneof the
key conceptsis economyof scope, which is a conditionwherefewer inputs(such aseffort andtime)areneededto produce
a greatervarietyof outputs.By contrast,economyof scaleis achievedwhere fewer inputsare neededto producegreater
quantitiesof a singleoutput.
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