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Abstract. The AsrF+SDF Meta-Environments aninteractve developmentervironmentfor the auto-
matic generatiorof interactve systemdor constructinganguagedefinitionsandgeneratingools for

them. Over the years,this systemhasbeenusedin a variety of academicand commercialprojects
rangingfrom formal programmanipulationto corversionof COBOL systemsSincethe existing im-

plementationof the Meta-Environmenstartedexhibiting more and more characteristicef a legag

systemwe decidedto build a completelynew, component-basedgersion.We demonstratehis new

systemandstressts openarchitecture.

1 Intr oduction

The AsrF+SDF Meta-Environmenf12] is aninteractve developmentervironmentfor the automaticgen-
erationof interactve systemdor constructinganguagedefinitionsandgeneratingools for them.A lan-
guagedefinitiontypically includessuchfeaturesassyntax,prettyprinting,typecheckingandexecutionof
programdn thetargetlanguageThe AsrF+SDF Meta-Environmentanhelpin thefollowing cases:

— You have to write a formal specificatiorfor someproblemandyou needinteractve supportfor this.

— Youaredevelopingyour own (application)languageandwantto createaninteractive ervironmentfor
it.

— You have programsin someexisting programminglanguageand you want to analyzeor transform
them.

The Asr+SDF formalism[1] [10] allows the definition of syntacticaswell assemanticaspectslt can
be usedfor the definition of languagegfor programmingwriting specificationsgueryingdatabasesgxt
processingor otherapplications)In additionit canbe usedfor the formal specificatiorof a wide variety
of problems A srF+SDF provides:

— A general-purposelgebraicspecificatiorformalismbasedn (conditional)termrewriting.

— Modular structuringof specifications.

— Integrateddefinition of lexical, context-free,andabstracsyntax.

— Userdefinedsyntax,allowing you to write specificationsisingyour own notation.

— Completeintegrationof the definition of syntax,andsemantics.

— Traversalfunctions(for writing very conciseprogramtransformations)memofunctions(for caching
repeatedcomputations)andmore.

The AsF+SDF Meta-Environmenbffers:

— Syntax-directeaditingof ASF+SDF specifications.

— Incrementatompilationandtestingof specifications.

— Compilationof AsrF+SDF specificationsnto dedicatednteractive stand-alonervironmentscontain-
ing varioustools suchas a parser prettyprinter syntax-directededitor, delugger and interpreteror
compiler

— Userdefinedextensionoof the default userinterface.

Thedesigngoalsof thenew implementatiorto bedemonstratethclude:opennesgeuse extensibility,
andin particularthe possibilityto generateeompletestand-alonenvironmentsfor userdefinedanguages.
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Fig. 1. Architectureof the AsF+SDF Meta-Environment
2 Technologicalbackground

ToolBus A hallmarkof legag/ systemsn generalandthe old AsF+SbF Meta-Environmentn particular
is the entanglingof control flow andactualcomputation.To separateoordinationfrom computatiorwe
usethe ToolBus coordinationarchitecture[2], a programmablesoftware bus basedon processalgebra.
Coordinationis expressedy aformal descriptionof the cooperatiomprotocolbetweencomponentsvhile
computationis expressedn componentshat may be written in any languageWe thus obtaininteroper
ability of heterogeneousomponentsn a (possibly)distributedsystem.

ATerms Coordinationprotocoland componentiave to sharedata.We useATerms[4] for this purpose.
Theseare treeswith optional annotationson eachnode. The annotationsare usedto storetool-specific
informationlik etext coordinate®r color attributes. Theimplementatiorof ATermshastwo essentiaprop-
erties:termsarestoredusingmaximalsubtermsharing(reducingmemoryrequirementandmakingdeep
equalitytestsvery efficient) andthey canbe exchangedisinga very densebinary encodingthat preseres
sharing.As aresultvery largeterms(with over 1,000, 000 nodes)canbe processed.

SGLR In our language-centriapproactthe parseris an essentiatool. We usescannerlesggeneralized-
LR parsing[13]. In this way we can parsearbitrary context-free grammarsan essentiapropertywhen
combiningandparsinglargegrammardor (dialectsof) real-world languages.

Termrewriting A SF+SDF specificationsireexecutedas(conditional)rewrite rules.Bothinterpretatiorand
compilation(usingthe ASF2Ccompiler[5]) of theserewrite rulesaresupportedThe compilergenerates
very efficientC codethatimplementgpatternmatchingandtermtraversal. ThegeneratedodeusesATerms
asits maindatarepresentatiormndensures minimal useof memoryduringnormalizationof terms.

3 Architecture

The architectureof the AsF+SDF Meta-Environments shawvn in Figure 1. It consistsof a ToolBusthat
interconnectshe following components:

— Userinterface: thetop level userinterfaceof the systemlt consistgprimarily of a graphbrowserfor
theimport graphof the currentspecification.

— Text Editor : acustomizedrersionof XEnacs for text editing.

— Structur e Editor : a syntax-directeeditorthatcloselycooperatesvith the Text Editor.

— Parser: scannerlesgieneralized-LRparser(SGLR)thatis parametrizedavith a parsetable.

— Parsetablegenerator. takesan SDF syntaxdefinitionasinputandgenerates parsetablefor SGLR.

— TreeRepository: storesall termscorrespondindo specificationmodules parsetables,userdefined
terms,etc.

— Compiler: the ASF2Ccompilet

— Inter preter: executesspecifiationdy directinterpretation.

— Unparser generator. generategrettyprinters.
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Fig. 2. The main userinterfaceof the Meta-Environments a modulebrowserthat providesa graphicalanda textual
view of themodulesin a specificationA numberof operationsanbeinitiatedfor eachmodule Hereit is shavn with
themodulesfrom a smallspecificatiorof atypecheckr for thetoy languagePico.

4 Applications of AsF+SDF and the Meta-Environment

Therearea numberof academiandindustrial projectsthat useeither A sF+SbDF directly or components
of the Meta-Environmentn oneway or another c The applicationsof AsF+SDF canbe split into three
groups:

1. In the field of languageprototyping AsF+SDF hasbeenusedto describethe syntaxand semantics
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
the Meta-Environment.

2. In thefield of reverseengineeringand systenrenovation, ASF+SDF is usedto analyzeandtransform
COBOL legagy code[8].

3. As analgebraicspecificatiorformalismfor specifyinglanguage processingools. In fact,a numberof
component®f the Meta-Environmenitself have beenspecifiedusing A SF+SDF:

— the ASF2Ccompiler,

— theunparsegeneratorand

— partsof the parsetablgeneratar
For othercomponentssuchasthe ToolBusandthe syntax-directeaditor, an A SF+SDF specification
wasmadefor prototypinguseonly. Thatspecificatiorformedthe basisfor an optimized,handcrafted
implementation.

Componentsf the Meta-Environmenareusedasstand-alondoolsin avarietyof applicationsExam-
plesarethe Stratgyo compiler[14], the Risla compiler, the Elan ervironment[6], anda commercialtool
for designingandimplementingnformationsystems.

5 Demonstration

We will shov a numberof applicationsof the Meta-Environmentangingfrom a simple typechecking
problem(Figure2) to syntax-directeediting andtransformatiorof COBOL systems.



6 Obtaining the ASF+SDF Meta-Environment

The AsrF+SDF Meta-Environmentanbe downloadedrom:
http://ww. cw . nl/projects/ MetaEnv/ conpl et a/

Individual componentssuchasthe ATermlibrary, ToolBus, parsergeneratagrandparser(SGLR) can
beobtainedfrom: http : //www.cwi.nl/projects/MetaEnv/.
All componentsf the AsF+SDF Meta-Environmenareavailableasopensourcesoftware.
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