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Abstract
In this paperwe presentCurryBrowser, a genericanalysisenvi-
ronmentfor thedeclarativemulti-paradigmlanguageCurry. Curry-
Browsersupportsbrowsing throughthe implementationof an ap-
plicationwritten in Curry, i.e., themainmoduleandall directly or
indirectly importedmodules.Eachmodulecanbeshown in differ-
ent formats(e.g.,sourcecode,interface,intermediatecode)and,
insideeachmodule,variouspropertiesof functionsde�ned in this
modulecanbeanalyzed.In orderto supporttheintegrationof var-
ious programanalyses,CurryBrowser hasa genericinterface to
connectlocal and global analysesimplementedin Curry. Curry-
Browser is completelyimplementedin Curry using libraries for
GUI programmingandmeta-programming.

Categoriesand SubjectDescriptors D.1.1 [ProgrammingTech-
niques]: Applicative(Functional)Programming; D.1.6[Program-
ming Techniques]: Logic Programming; D.2.6 [Software Engi-
neering]: ProgrammingEnvironments; F.3.2 [Logics and Mean-
ingsof Programs]: Semanticsof ProgrammingLanguages

GeneralTerms Languages

Keywords FunctionalLogic Programming,ProgrammingEnvi-
ronments,ProgramAnalysis

1. Overview
CurryBrowseris intendedasatool to supporttheanalysisof declar-
ativeprograms.It canbeusedto browsethroughanimplementation
written in the declarative multi-paradigmlanguageCurry [6, 12],
analyzepropertiesof individual or all functionsde�ned in a mod-
ule,or visualizedependenciesbetweenmodulesor functions.It can
bealsousedasatestbedfor programanalyses(theanalysesof func-
tional logic programsis still ongoingresearch)sinceit supportsthe
easyintegrationof new programanalysesby a genericinterface.
The implementationof CurryBrowseris basedon an intermediate
languageto which functional,logic, andalsointegratedfunctional
logic programscanbecompiled(e.g.,see[2, 4,13]).Thus,it is also
adaptableto otherdeclarative languages.

To get an impressionof the use of CurryBrowser, Figure 1
shows a snapshotof its useon a particularapplication(here:the
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implementationof CurryBrowser).The upperlist box in the left
column shows the modulesand their imports in order to browse
through the modules of an application. Similarly to directory
browsers,the list of importedmodulesof a modulecanbeopened
or closedby clicking. After selectinga modulein the list of mod-
ules,its sourcecode,interface,or variousotherformatsof themod-
ule canbe shown in the main (right) text area.For instance,one
canshow pretty-printedversionsof the intermediate�at programs
(seebelow) in orderto seehow local functionde�nitions aretrans-
latedby lambdalifting [14] or patternmatchingis translatedinto
caseexpressions[6, 16]. SinceCurry is a languagewith paramet-
ric polymorphismandtypeinference,programmersoftenomit the
type signatureswhende�ning functions.Therefore,onecanalso
view (andstore)theselectedmoduleassourcecodewheremissing
typesignaturesareadded.

Thelower list box of theleft columnshows thelist of exported
or all functionsde�ned in the selectedmodule.This list box is
centralfor theanalysisof functions,i.e., showing their properties.
For this purpose,the lower list box of themiddlecolumnoffersa
list of availableprogramanalysesthat canbe appliedto individ-
ual functions.Their resultsare either shown in the text box be-
low the main text areaor visualizedby separatetools, e.g.,by a
graphdrawing tool for visualizingcall graphs.Someanalysesare
local, i.e., they needonly to considerthe local de�nition of this
function(e.g.,“Calls directly,” “Overlappingrules,” “Patterncom-
pleteness”),whereotheranalysesareglobal,i.e., they considerthe
de�nitions of all functionsdirectlyor indirectlycalledby this func-
tion (e.g.,“Dependson,” “Solution complete,” “Set-valued”).The
middle list box of the middle columnallows to analyzeall func-
tionsof thecurrentmoduleat once(in orderto seesome“critical”
functions,like impureor incompletelyde�ned ones).Finally, the
upperlist box is useful to focuson a function in the sourcecode
of somemodule.For this purpose,onecanput therethe list of all
functionsof thecurrentmoduleor all importedmodules,or thelist
of all functionsdirectly or indirectly calledfrom thecurrentlyse-
lectedfunction. Selectinga function in this list shows its source
codein themaintext area.Furthermore,therearea few additional
tools integratedinto CurryBrowser, for instance,to visualizethe
import relationbetweenall modulesasadependency graph.

In thenext section,we review somefeaturesof Curry in order
to show a few detailsof the implementationof CurryBrowser in
Section3. Thecurrentlyavailableanalysesandtoolsaresketched
in Section4 beforeweconcludein Section5.

2. Curry Programs
SinceCurryBrowser is implementedin Curry and intendedto be
appliedto Curry programs,we review in this sectionsomeaspects
of Curry programsthat arenecessaryto understandthe function-
ality andimplementationof our programmingenvironment.More
detailsaboutCurry's computationmodelanda completedescrip-
tion of all languagefeaturescanbefoundin [6, 12].



Figure1. Themainwindow of CurryBrowser

Curry is a declarative multi-paradigmlanguagecombiningin
a seamlessway featuresfrom functional, logic, and concurrent
programmingandsupportsprogramming-in-the-largewith speci�c
features(types,modules,encapsulatedsearch).From a syntactic
point of view, a Curry programis a functionalprogramextended
by the possibleinclusionof free (logical) variablesin conditions
and right-handsidesof de�ning rules. Curry hasa Haskell-like
syntax[15], i.e., (type)variablesandfunctionnamesusuallystart
with lowercaselettersandthenamesof typeanddataconstructors
startwith anuppercaseletter. Theapplicationof a functionf to an
argumente is denotedby juxtaposition(“ f e”).

A Curry programconsistsof thede�nition of functionsandthe
datatypeson which the functionsoperate.Functionsarede�ned
by conditionalequationswith constraintsin the conditions.They
are evaluatedlazily and can be called with partially instantiated
arguments.

EXAMPLE 1. Thefollowing programde�nesthetypesof Boolean
valuesandpolymorphiclistsandfunctionsto concatenatelistsand
to computethelastelementof a list:

data Bool = True | False
data List a = [] | a : List a

conc :: [a] -> [a] -> [a]
conc [] ys = ys
conc (x:xs) ys = x : conc xs ys

last xs | conc ys [x] =:= xs = x where x,ys free

Thedatatypedeclarationsde�ne True andFalse astheBoolean
constantsand [] (empty list) and : (non-emptylist) as the con-
structorsfor polymorphiclists (a is a type variablerangingover

all typesandthe type“List a” is usuallywritten as[a] for con-
formity with Haskell). The (optional) type declaration(“ :: ”) of
the function conc speci�es that conc takestwo lists asinput and
producesanoutputlist, whereall list elementsareof thesame(un-
speci�ed) type.1

Theoperationalsemanticsof Curry [1, 6] is a conservative ex-
tensionof lazy functionalprogramming(if no freevariablesoccur
in theprogramor theinitial goal)and(concurrent)logic program-
ming.To describethissemantics,compileprograms,or implement
analyzersandsimilar tools,anintermediaterepresentationof Curry
programshasbeenshown to be useful.Programsof this interme-
diatelanguage,alsocalled�at programs, containa singlerule for
eachfunctionwherethepatternmatchingstrategy is representedby
case/orexpressions.Thebasicstructureof �at programsis de�ned
asfollows:2

P ::= D 1 : : : D m e ::= v
D ::= f v1 : : : vn = e j c e1 : : : en

j f e1 : : : en
p ::= c v1 : : : vn j case e0 of f pk ! ek g

j fcase e0 of f pk ! ek g
j e1 or e2

A programP consistsof asequenceof functionde�nitions D with
pairwisedifferentvariablesin the left-handsides.The right-hand
sidesare expressionse composedby variables,constructorand

1 Curry usescurried function typeswhere®-> ¯ denotesthe type of all
functionsmappingelementsof type® into elementsof type¯ .
2 ok denotesasequenceof objectso1 ; : : : ; ok .



function calls, caseexpressions,anddisjunctions.A caseexpres-
sionhastheform (f )caseeof f c1 xn 1 ! e1 ; : : : ; ck xn k ! ek g,
wheree is an expression,c1 ; : : : ; ck aredifferentconstructorsof
the type of e, and e1 ; : : : ; ek are expressions.The pattern vari-
ablesxn i arelocalvariableswhichoccuronly in thecorresponding
subexpressionei . Thedifferencebetweencaseandfcaseshowsup
whentheargumente is a freevariable:case suspends(which cor-
respondsto residuation)whereasfcase nondeterministicallybinds
thisvariableto thepatternin abranchof thecaseexpression(which
correspondsto narrowing).

ThePAKCS implementationof Curry [9] providesa library for
meta-programmingwhich containsthedatatypesfor representing
�at programs(i.e.,thedatatypesandfunctionsde�nedin amodule)
andanI/O actionfor readinga moduleandtranslatingits contents
into thecorrespondingdataterm.For instance,amoduleof aCurry
programis representedasanexpressionof thetype

data Prog = Prog String
[String]
[TypeDecl]
[FuncDecl]
[OpDecl]

wherethe argumentsof the dataconstructorProg arethe module
name,the namesof all imported modules,the list of all type,
function,andin�x operatordeclarations.Furthermore,a function
declarationis representedas

data FuncDecl = Func QNameInt Visibility
TypeExpr Rule

wheretheargumentsarethequali�ed name(i.e., a pair of module
and function name),arity, visibility (Public or Private ), type,
andrule (of the form “Rule arguments expr”) of the function.
The remainingdatatype declarationsfor representingCurry pro-
gramsaresimilarbut weomit themdueto lackof space.

3. Implementation
CurryBrowser is implementedin Curry using libraries for GUI
programming[8] andmeta-programmingsketchedabove. In order
to ensurea faststartuptime,only theinterface�les of all modules
(they have the samestructureas �at programsbut containonly
the type signatureof exportedfunctionsanddatatypes)are read
at thebeginning.This informationis suf�cient to show the import
structureof all modulesin the initial mainwindow. Complete�at
programsareonly readasdemandedby theanalyses.

As discussedin Section1, CurryBrowser offers a genericin-
terfaceto integratevariousanalysistoolsfor declarative programs.
Since�at programsareanappropriateabstractionlevel for imple-
mentingsuchtools [10, 11], this interfaceis basedon them.To
be moreconcrete,CurryBrowserprovidesthe following type def-
inition to connectprogramanalyzers(wherea is the type of the
analysisresult):

data FunctionAnalysis a =
LocalAnalysis (FuncDecl -> a)

| LocalDataAnalysis ([TypeDecl] -> FuncDecl -> a)
| GlobalAnalysis ([FuncDecl] -> [(QName,a)])
| GlobalDataAnalysis ([TypeDecl] -> [FuncDecl]

-> [(QName,a)])

A local analysisassociatesresultsto single function de�nitions
(e.g., “Calls directly”), a local dataanalysisrequiresin addition
the type declarations(e.g., “Pattern completeness”),and global
analysesrequire all de�ned functions and yield lists containing
for eachfunction name(QName) an associatedresult. Thanksto
laziness,theresultsfor all functionsarenot computedat oncebut
only asdemandedby theuser.

As asimpleexample,considerthe“Overlappingrules”analysis.
This analysisis intendedto indicatewhethera function is de�ned
by ruleswith overlappingleft-handsides.Thiscanbeeasilyspotted
in the �at representationof Curry programsas an occurrenceof
a disjunction(or ) in the right-handsideof the rule de�ning this
function.Thus,thisanalysisis a localonethatcanbeimplemented
asfollows:

isOverlappingFunction :: FuncDecl -> Bool
isOverlappingFunction (Func _ _ _ _ (Rule _ e))

= orInExpr e

wheretheoperationorInExpr checksfor occurrencesof disjunc-
tionsin anexpression.

For the simpleadditionof new analyzers,the implementation
of CurryBrowserhasacon�gurationmodulecontainingde�nitions
of thecurrentlyavailabletools.For instance,it containsa constant
functionAnalyses of type

[(String, FunctionAnalysis AnalysisResult)]

whereeachelementin thislist consistsof thenameandthefunction
implementingtheanalysis.Theresulttypeof theconcretefunction
analyses,de�ned as

data AnalysisResult =
MsgResult String | ActionResult (IO ())

indicateswhethertheanalysisresultis a stringor an I/O actionto
visualizetheresultvia anexternaltool (e.g.,agraphdrawing tool).
Thus,to testanew analysisby integratingit intoCurryBrowser, one
hasto connectits implementationby addinga new elementto the
list functionAnalyses andrecompilethesystem.Then,theCur-
ryBrowserenvironmentprovidestheanalysiswith theappropriate
datawhenever theuserselectstheanalysis.

Note that the possibleresulttypesof analysesto be integrated
into CurryBrowser are �x ed since the implementationneedsto
know what to do with the analysisresult.Therefore,the current
implementationsupports

² stringresultsthatareshown insidethemainwindow, or
² I/O actionsthatcallssomeexternaltool for visualization.

For instance,to show the dependency graph of a function, the
correspondingglobalanalysiscomputesagraphstructureandcalls
anexternalprogram,theDOT graphdrawing tool3, to visualizethis
graphstructure(seeFigure2 for anexample).SincethemainGUI
of CurryBrowseris executedin the I/O monad,theeventhandlers
that implementreactionsto usereventsareI/O actions[8]. Thus,
analyseswith a result type IO () can be executedby the event
handlersresponsiblefor analyzingprograms.In orderto avoid the
crashof theCurryBrowserenvironmentif someanalysesfailswith
run-time errors,the executionof an analysesis wrappedinto an
exceptionhandler.

The restrictionto a �x ed set of analysisresult typesrequires
thetransformationof arbitraryprogramanalyseswhenthey arein-
tegratedinto CurryBrowser. For instance,the “Overlappingrules”
analysissketchedabove deliversBooleanresultsthatmustbecon-
vertedinto appropriatestringsshown to theuser. For this purpose,
onecande�ne a simpleconversionoperationto show theresultof
theoverlappinganalysis:

showOverlap :: Bool -> String
showOverlap True = "Overlapping"
showOverlap False = "Not Overlapping"

In orderto supporta simpleconversionof arbitraryanalysesinto
the analyseswith string resultsas requiredby the interface of

3 http://www.graphviz.org/



Figure2. Visualizationof thedependency graphof thepreludefunctionelem

CurryBrowser, the implementationof CurryBrowsercontainsthe
following conversionoperation:

showWithMsg:: FunctionAnalysis a
-> (a->String)
-> FunctionAnalysis AnalysisResult

showWithMsg(LocalAnalysis ana) showresult =
LocalAnalysis
(\f -> MsgResult (showresult (ana f)))

showWithMsg(LocalDataAnalysis ana) showresult =
LocalDataAnalysis
(\tds f -> MsgResult (showresult (ana tds f)))

showWithMsg(GlobalAnalysis ana) ...
showWithMsg(GlobalDataAnalysis ana) ...

Based on this conversion operation (which is also de�ned as
an in�x operator), it is easy to integrate an analysis like
isOverlappingFunction into CurryBrowser by addingan ele-
mentto thecon�gurationlist functionAnalyses asfollows:

functionAnalyses =
[...,
("Overlapping rules",
LocalAnalysis isOverlappingFunction

`showWithMsg` showOverlap),
...]

Similarly to the list constantfunctionAnalyses , the con�gura-
tion moduleof CurryBrowser containstwo further list constants
thatspecifytheavailableanalyses:

² a list constantallFunctionAnalyses that containsanalyses
that are appliedto all functionsof the selectedmodule(e.g.,
applying the analysis“Patterncompleteness”to all functions
of a moduleis useful to spot thosefunctionswith incomplete
patternde�nitions): the resultsof theseanalysesareshown as
pre�xes in the columnshowing the list of all functionsof the
currentlyselectedmodule;

² a list constantmoduleAnalyses thatcontainsanalysesthatare
appliedto completemodules(e.g.,to generatetheinterface,the
�at representationof a module,or a sourcecoderepresentation
wheremissingtype signaturesareadded);similarly to a func-
tion analysis,the resultof a moduleanalysisis eithera (pro-
gram) text to be shown in the main window or an I/O action
thatvisualizestheresultby anexternaltool.

Thus,it is easyto integrateexisting tools (implementedin Curry)
into CurryBrowser.

4. Available Analysesand Tools
Thissectionshortlysurveystheanalysesandtoolsthatarecurrently
availablein CurryBrowser.Dueto thesimpleintegrationof further
analysesandtools,thissetis likely to beextendedin futurereleases
of CurryBrowser.

In the�at representationof Curry, patternmatchingis madeex-
plicit by caseexpressionsand disjunctions,and local de�nitions
are“globalized” by lambdalifting [14]. Thus,it is sometimesin-
terestingto show thesetransformationsperformedby thefront end
of a Curry implementation.For this purpose,CurryBrowser can
show the�at representationof eachfunctionor moduleaswell asa
source-like representationwherecaseexpressionsanddisjunctions
aretranslatedbackinto pattern-basedde�nitions but local de�ni-
tionsareglobalized.Furthermore,thefollowing analysesareavail-
ablefor individual functions:

Calls directly (localanalysis):Showsall functionsthataredi-
rectlycalledby this function.

Depends on (globalanalysis):Shows all functionsthat might be
directlyor indirectlycalledin therulesde�ning this function.

Dependency graph (globalanalysis):Shows the dependency
graph of the selectedfunction. This is a combination as
well as a graphical visualization of Calls directly and
Depends on, i.e., an arc is drawn from eachfunction symbol
to all functionsdirectlycalledin therulesde�ning this function



andall reachablefunctionnodesareincludedin thegraph(see
Figure2 for anexample).

Local dependency graph (globalanalysis):Shows the depen-
dency graphof theselectedfunctionrestrictedto all rulesoccur-
ring in thecurrentmodule.Thisis usefulfor complex functions,
e.g.,dependingonothernon-trivial library functions,wherethe
completedependency graphbecomesunreadabledueto its size.

Called by (globalanalysis):Shows thelist of all functionsin the
currentmodulethatcall this functionin their de�ning rules.

Overlapping rules (localanalysis):Shows whether the func-
tion is de�ned by overlappingrules (which might causenon-
deterministicevaluationsevenfor groundexpressions).This is
interestingfor logic programmingbut might bealsousefulfor
purelyfunctionalprograms.

Right-linear rules (localanalysis):Shows whetherthe func-
tion is de�ned by right-linearrules,i.e., ruleswhereeachvari-
ablehasatmostoneoccurrencein theright-handside.

Right-linearity (globalanalysis):Shows whetherthefunction
is de�ned by right-linearrulesanddependsonly on functions
de�ned by right-linear rules. This information is useful for
someprogramoptimizations(e.g.,[3]).

Pattern completeness (localdataanalysis):Shows whether
the patternmatchingis exhaustive, i.e., if the function is re-
ducibleonany combinationof (well-typed)groundconstructor
argumentterms.

Solution completeness (globalanalysis):Shows whether the
function is operationallycomplete,i.e., if it is ensuredthat the
executionof thefunctiondoesnotsuspendfor any arguments.

Nondeterministic (globalanalysis):Shows whether the func-
tion is possiblynondeterministic,i.e., if it directly or indirectly
dependson an operationde�ned by overlappingrulesso that
it might deliver (nondeterministically)two valuesfor thesame
groundconstructorarguments.

Set-valued (globalanalysis):Showswhetherthefunctionis pos-
sibly set-valued,i.e., if it directly or indirectly dependson an
operationde�nedby overlappingrulesor rulescontainingextra
variables(variablesoccurringin the right-handsidebut not in
the left-handside)so that an applicationto somegroundcon-
structorargumentsis equalto asetof morethanonevalue.

Purity (globalanalysis):Showswhetherthefunctionis pure(ref-
erentiallytransparent),i.e.,if it is ensuredthatit deliversalways
thesamevaluesfor thesamegroundconstructorargumentsat
eachtime andall schedulingsof theevaluation.This might not
bethecaseif committedchoiceor sendingvia portsis executed
duringits evaluation[7].

Finally, therearealsousefultools to processcompletemodulesor
collectionsof modules.For instance,beyond showing the source
code,interface,and�at representationof a module,onecanalso
show a versionof thesourcecodewheretypesignaturesareadded
to functionswheretheprogrammerhasomittedthem.

To get more information about the import structurebetween
modules,onecanshow all modulesdirectly importedby the cur-
rentonetogetherwith their exportedfunctionsthatareaccessedin
the currentmodule.This is useful to spotsuper�uouslyimported
modules.Finally, onecanalsovisualizethe entireimport relation
betweenall modulesof thecurrentlyloadedapplicationasa mod-
uledependency graph(seeFigure3 for anexample).

5. Conclusions
We have presentedCurryBrowser,a genericanalysisenvironment
for Curry programs.CurryBrowsersupportsbrowsing throughthe
modulesof anapplicationandoffersawide rangeof analysistools

in anintegratedmanner. Thecurrentlyavailablesetof analysesand
toolscanbeeasilyextendeddueto thegenericinterfaceofferedby
theCurryBrowserimplementation.

Themostlyrelatedsystem(and,in somesense,its predecessor)
is CIDER [10], an environmentto analyzesingleCurry modules.
In contrastto CIDER, CurryBrowsercanbe appliedto complete
applicationsconsistingof severalmodulesandsupportsthebrows-
ing throughthemodulestructure.Furthermore,CurryBrowserpro-
videsabetterstructureto integrateanalyzers:CIDERassumesthat
every analysistakesthecompleteprogramasinput, whereasCur-
ryBrowserdistinguishesbetweendifferentkindsof analyses(local,
global,data-dependent)andprovidesthemwith theappropriatein-
formationfrom themodulesandfunctionsselectedby theuser.

Another relatedsystemis I DE [5], a graphicaldevelopment
environment for the functional logic languagesToy and Curry.
I DE supportsthe writing of programsin a standardtext editor
window andthecompilationandexecutionof programs.However,
I DE doesnotoffer furthertools,e.g.,for programanalysis.

CurryBrowser is completely implementedin Curry. The ad-
vancedprogrammingtechniquesoffered by Curry (e.g., higher-
order functions, demand-driven evaluation, meta-programming,
high-level abstractionswith logic variablesfor GUI programming
[8]) hassupportedthefastandmaintainableimplementationof this
environment.The sizeof the completeimplementationof Curry-
Browseris approximately1400linesof Curry code.This includes
theimplementationof thegraphicaluserinterfaceandall currently
availableanalysesand tools. In addition, the total sizeof all im-
portedsystemlibrariesis approximately2500linesof Curry code.
Thesenumbersprovidesan indicationof the advantagesobtained
by theuseof declarativehigh-level programminglanguagesfor the
implementationof complex systems.

The implementationof CurryBrowser is freely available with
the latestdistribution of PAKCS [9] whereit hasbeenintegrated
for easyuse.
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