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Abstract. TheASF+SDF Meta-Environmentis aninteractive developmentenvironmentfor theauto-
maticgenerationof interactive systemsfor constructinglanguagedefinitionsandgeneratingtools for
them.Over the years,this systemhasbeenusedin a variety of academicandcommercialprojects
rangingfrom formal programmanipulationto conversionof COBOL systems.Sincetheexisting im-
plementationof the Meta-Environmentstartedexhibiting moreandmorecharacteristicsof a legacy
system,we decidedto build a completelynew, component-based,version.We demonstratethis new
systemandstressits openarchitecture.

1 Intr oduction

The ASF+SDF Meta-Environment[12] is an interactive developmentenvironmentfor theautomaticgen-
erationof interactive systemsfor constructinglanguagedefinitionsandgeneratingtools for them.A lan-
guagedefinitiontypically includessuchfeaturesassyntax,prettyprinting,typechecking,andexecutionof
programsin thetargetlanguage.TheASF+SDF Meta-Environmentcanhelpin thefollowing cases:

– You haveto write a formal specificationfor someproblemandyouneedinteractivesupportfor this.
– Youaredevelopingyourown (application)languageandwantto createaninteractiveenvironmentfor

it.
– You have programsin someexisting programminglanguageandyou want to analyzeor transform

them.

TheASF+SDF formalism[1] [10] allows thedefinitionof syntacticaswell assemanticaspects.It can
beusedfor thedefinitionof languages(for programming,writing specifications,queryingdatabases,text
processing,or otherapplications).In additionit canbeusedfor theformal specificationof a wide variety
of problems.ASF+SDF provides:

– A general-purposealgebraicspecificationformalismbasedon(conditional)termrewriting.
– Modularstructuringof specifications.
– Integrateddefinitionof lexical, context-free,andabstractsyntax.
– User-definedsyntax,allowing you to write specificationsusingyourown notation.
– Completeintegrationof thedefinitionof syntax,andsemantics.
– Traversalfunctions(for writing very conciseprogramtransformations),memofunctions(for caching

repeatedcomputations),andmore.

TheASF+SDF Meta-Environmentoffers:

– Syntax-directededitingof ASF+SDF specifications.
– Incrementalcompilationandtestingof specifications.
– Compilationof ASF+SDF specificationsinto dedicatedinteractive stand-aloneenvironmentscontain-

ing varioustools suchasa parser, prettyprinter, syntax-directededitor, debugger, and interpreteror
compiler.

– User-definedextensionsof thedefault user-interface.

Thedesigngoalsof thenew implementationto bedemonstratedinclude:openness,reuse,extensibility,
andin particularthepossibilityto generatecompletestand-aloneenvironmentsfor user-definedlanguages.
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Fig.1. Architectureof theASF+SDF Meta-Environment

2 Technologicalbackground

ToolBus A hallmarkof legacy systemsin generalandtheold ASF+SDF Meta-Environmentin particular
is the entanglingof control flow andactualcomputation.To separatecoordinationfrom computationwe
usethe ToolBus coordinationarchitecture[2], a programmablesoftware bus basedon processalgebra.
Coordinationis expressedby a formal descriptionof thecooperationprotocolbetweencomponentswhile
computationis expressedin componentsthat may be written in any language.We thusobtaininteroper-
ability of heterogeneouscomponentsin a (possibly)distributedsystem.

ATerms Coordinationprotocolandcomponentshave to sharedata.We useATerms[4] for this purpose.
Theseare treeswith optionalannotationson eachnode.The annotationsareusedto storetool-specific
informationliketext coordinatesor colorattributes.Theimplementationof ATermshastwo essentialprop-
erties:termsarestoredusingmaximalsubtermsharing(reducingmemoryrequirementsandmakingdeep
equalitytestsvery efficient) andthey canbeexchangedusinga very densebinaryencodingthatpreserves
sharing.As a resultvery largeterms(with over
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nodes)canbeprocessed.

SGLR In our language-centricapproachthe parseris an essentialtool. We usescannerless,generalized-
LR parsing[13]. In this way we canparsearbitrarycontext-free grammars,an essentialpropertywhen
combiningandparsinglargegrammarsfor (dialectsof) real-world languages.

Termrewriting ASF+SDF specificationsareexecutedas(conditional)rewrite rules.Bothinterpretationand
compilation(usingtheASF2Ccompiler[5]) of theserewrite rulesaresupported.Thecompilergenerates
veryefficientC codethatimplementspatternmatchingandtermtraversal.ThegeneratedcodeusesATerms
asits maindatarepresentation,andensuresa minimaluseof memoryduringnormalizationof terms.

3 Ar chitecture

The architectureof the ASF+SDF Meta-Environmentis shown in Figure1. It consistsof a ToolBusthat
interconnectsthefollowing components:

– User interface: thetop level user-interfaceof thesystem.It consistsprimarily of a graphbrowserfor
theimport graphof thecurrentspecification.

– Text Editor : a customizedversionof XEmacs for text editing.
– Structur eEditor : a syntax-directededitorthatcloselycooperateswith theText Editor.
– Parser: scannerless,generalized-LRparser(SGLR)thatis parametrizedwith aparsetable.
– Parsetablegenerator: takesanSDFsyntaxdefinitionasinput andgeneratesaparsetablefor SGLR.
– TreeRepository: storesall termscorrespondingto specificationmodules,parsetables,user-defined

terms,etc.
– Compiler: theASF2Ccompiler.
– Inter preter: executesspecifiationsby directinterpretation.
– Unparser generator: generatesprettyprinters.



Fig.2. Themainuser-interfaceof theMeta-Environmentis a modulebrowserthatprovidesa graphicalanda textual
view of themodulesin a specification.A numberof operationscanbeinitiatedfor eachmodule.Hereit is shown with
themodulesfrom a smallspecificationof a typechecker for thetoy languagePico.

4 Applications of ASF+SDF and the Meta-Environment

Therearea numberof academicandindustrialprojectsthatuseeitherASF+SDF directly or components
of the Meta-Environmentin oneway or another. c The applicationsof ASF+SDF canbe split into three
groups:

1. In the field of languageprototypingASF+SDF hasbeenusedto describethe syntaxandsemantics
of domainspecificlanguages, e.g., the languageRisla for describingfinancial products[3]. As an-
other example,the syntaxof the algebraicspecificationlanguageCASL hasbeenprototypedusing
ASF+SDF [7]. BOX [9] [11] is a small domainspecificlanguagedevelopedfor prettyprintingwithin
theMeta-Environment.

2. In thefield of reverseengineeringandsystemrenovation, ASF+SDF is usedto analyzeandtransform
COBOL legacy code[8].

3. As analgebraicspecificationformalismfor specifyinglanguageprocessingtools. In fact,a numberof
componentsof theMeta-Environmentitself havebeenspecifiedusingASF+SDF:

– theASF2Ccompiler,
– theunparsergenerator, and
– partsof theparsetablegenerator.

For othercomponents,suchastheToolBusandthesyntax-directededitor, anASF+SDF specification
wasmadefor prototypinguseonly. Thatspecificationformedthebasisfor anoptimized,handcrafted
implementation.

Componentsof theMeta-Environmentareusedasstand-alonetoolsin avarietyof applications.Exam-
plesarethe Stratego compiler[14], the Risla compiler, the Elan environment[6], anda commercialtool
for designingandimplementinginformationsystems.

5 Demonstration

We will show a numberof applicationsof the Meta-Environmentrangingfrom a simple typechecking
problem(Figure2) to syntax-directededitingandtransformationof COBOLsystems.



6 Obtaining the ASF+SDF Meta-Environment

TheASF+SDF Meta-Environmentcanbedownloadedfrom:

http://www.cwi.nl/projects/MetaEnv/completa/

Individual components,suchastheATermlibrary, ToolBus,parsergenerator, andparser(SGLR)can
beobtainedfrom: ����������������������������� �! �����"�#�$�%&�'�)(��'*�%+��,�-���.�� .

All componentsof theASF+SDF Meta-Environmentareavailableasopensourcesoftware.
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