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Abstract

In this paperwe presentCurryBronser a genericanalysiservi-
ronmentfor thedeclaratve multi-paradigmanguageCurry. Curry-
Browser supportsbrowsing throughthe implementatiorof an ap-
plicationwrittenin Curry; i.e., the mainmoduleandall directly or
indirectly importedmodules Eachmodulecanbe shavn in differ-
ent formats(e.g., sourcecode, interface, intermediatecode) and,
insideeachmodule,variouspropertiesof functionsde ned in this
modulecanbe analyzedln orderto supporttheintegrationof var
ious programanalysesCurryBrowvser has a genericinterface to
connectlocal and global analysesmplementedin Curry. Curry-
Browseris completelyimplementedin Curry using libraries for
GUI programmingandmeta-programming.

Categoriesand SubjectDescriptors D.1.1[ProgrammingTec-
nique$: Applicative (Functional)Programming; D.1.6[Program-
ming Tedhnique$: Logic Programming; D.2.6 [Softwae Engi-
neering: ProgrammingEnvironments; F.3.2 [Logics and Mean-
ingsof Programg: Semantic®f Programmind.anguages

GeneralTerms Languages

Keywords FunctionalLogic Programming,ProgrammingEnvi-
ronmentsProgramAnalysis

1. Overview

CurryBrawserisintendedasatool to supportheanalysisof declar
ative programslt canbeusedo browsethroughanimplementation
written in the declaratve multi-paradigmlanguageCurry [6, 12],
analyzepropertiesof individual or all functionsde ned in a mod-
ule,orvisualizedependencidsetweermodulesor functions.It can
bealsousedasatestbedor programanalysegtheanalyse®f func-
tionallogic programss still ongoingresearchyinceit supportshe
easyintegration of nev programanalyseshy a genericinterface.
The implementatiorof CurryBravseris basedon anintermediate
languageo which functional,logic, andalsointegratedfunctional
logic programsanbecompiled(e.g.,se€2, 4,13]). Thus,it is also
adaptabléo otherdeclaratve languages.

To get an impressionof the use of CurryBrowser Figure 1
shaws a snapshoof its useon a particularapplication(here:the
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implementationof CurryBrowser). The upperlist box in the left

column shavs the modulesand their importsin orderto browvse
through the modulesof an application. Similarly to directory
browsers thelist of importedmodulesof a modulecanbe opened
or closedby clicking. After selectinga modulein thelist of mod-

ules,its sourcecode,interface,or variousotherformatsof themod-

ule canbe showvn in the main (right) text area.For instanceone
canshawv pretty-printedversionsof theintermediateat programs
(seebelaw) in orderto seehow localfunctionde nitions aretrans-
lated by lambdalifting [14] or patternmatchingis translatednto

caseexpressiong6, 16]. SinceCurry is alanguagewith paramet-
ric polymorphismandtype inference programmer®ften omit the

type signaturesvhen de ning functions.Therefore,one canalso
view (andstore)the selectednoduleassourcecodewheremissing
typesignaturesreadded.

Thelower list box of theleft columnshaws thelist of exported
or all functionsde ned in the selectedmodule. This list box is
centralfor the analysisof functions,i.e., shaving their properties.
For this purposethe lower list box of the middle columnoffersa
list of available programanalyseghat canbe appliedto individ-
ual functions. Their resultsare either shavn in the text box be-
low the main text areaor visualizedby separateools, 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”)whereotheranalysesreglobal,i.e., they considerthe
de nitions of all functionsdirectly or indirectly calledby this func-
tion (e.g.,"Dependson; “Solution complete, “Set-valued”). The
middle list box of the middle columnallows to analyzeall func-
tions of the currentmoduleat once(in orderto seesome‘critical”
functions,like impure or incompletelyde ned ones).Finally, the
upperlist box is usefulto focuson a functionin the sourcecode
of somemodule.For this purposepnecanput therethe list of all
functionsof the currentmoduleor all importedmodulesor thelist
of all functionsdirectly or indirectly calledfrom the currently se-
lectedfunction. Selectinga function in this list shaws its source
codein the maintext area.Furthermoretherearea few additional
tools integratedinto CurryBrowset for instance to visualizethe
importrelationbetweerall modulesasa dependencgraph.

In the next section,we review somefeaturesof Curry in order
to shav a few detailsof the implementationof CurryBravserin
Section3. The currentlyavailableanalysesandtools are sketched
in Section4 beforewe concludein Section5.

2. Curry Programs

SinceCurryBrawseris implementedn Curry andintendedto be

appliedto Curry programsye review in this sectionsomeaspects
of Curry programsthat are necessaryo understandhe function-

ality andimplementatiorof our programmingenvironment.More

detailsaboutCurry's computationmodelanda completedescrip-
tion of all languagdeaturescanbefoundin [6, 12].



Figure 1. Themainwindow of CurryBravser

Curry is a declaratve multi-paradigmlanguagecombiningin
a seamlesswvay featuresfrom functional, logic, and concurrent
programmingandsupportgprogramming-in-the-larewith speci ¢
features(types, modules,encapsulategearch).From a syntactic
point of view, a Curry programis a functional programextended
by the possibleinclusion of free (logical) variablesin conditions
and right-handsidesof de ning rules. Curry hasa Haslell-like
syntax[15], i.e., (type) variablesandfunction namesusually start
with lowercasdettersandthe namesof type anddataconstructors
startwith anuppercaséetter Theapplicationof afunctionf to an
amgumente is denoteddy juxtaposition(“f €”).

A Curry programconsistf thede nition of functionsandthe
datatypeson which the functionsoperate Functionsare de ned
by conditionalequationswith constraintgn the conditions.They
are evaluatedlazily and canbe called with partially instantiated
arguments.

ExAMPLE 1. Thefollowing programde nesthetypesof Boolean
valuesandpolymorphiclists andfunctionsto concatenatésts and
to computethelastelementof alist:

data Bool = True | False

data List a =] | a: List a

conc :: [a -> [a] -> [a]

conc [] ys = ys

conc (X:XS) ysS = X : conc xs ys

last xs | concys [x] == xs = x wherexys free

The datatype declarationgle ne True andFalse astheBoolean
constantsand[] (emptylist) and: (non-emptylist) asthe con-
structorsfor polymorphiclists (a is a type variablerangingover

all typesandthetype“List a” is usuallywrittenas[a] for con-
formity with Haslell). The (optional) type declaration(“:: ") of
the function conc speci esthatconc takestwo lists asinput and
producesanoutputlist, whereall list elementsareof thesame(un-
speci ed)type!

The operationakemanticof Curry [1, 6] is a conserative ex-
tensionof lazy functionalprogramming(if no free variablesoccur
in the programor the initial goal) and(concurrentjogic program-
ming. To describethis semanticscompileprogramspr implement
analyzersindsimilartools,anintermediateepresentatioof Curry
programshasbeenshown to be useful. Programsof this interme-
diatelanguagealsocalled at programs containa singlerule for
eachfunctionwherethe patternmatchingstratey is representetly
case/orexpressionsThebasicstructureof at programss de ned
asfollows?

P = D1:::Dm e = v
D = fwvi:iiivhn=e ce1 :::en
fe :iien
p ‘= CV1:iiivVp caseep of fpgr I eg

fcaseep of fpxk I exg
e1 0or ex

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

1Curry usescurried function typeswhere®->" denotesthe type of all
functionsmappingelementof type® into elementf type .



function calls, caseexpressionsanddisjunctions.A caseexpres-
sionhastheform (f )caseeof fci Xn, ! er;:ii;o Xn, ! &0,

ablesxy; arelocalvariableswvhichoccuronly in thecorresponding
subexpressiorg . Thedifferencebetweercase andfcase shavsup
whentheagumente is a free variable:case suspendgwhich cor
respondgo residuationwhereadcase nondeterministicallypinds
thisvariableto thepatternin abranchof thecaseexpressior(which
correspondso narrawing).

The PAKCS implementatiorof Curry [9] providesallibrary for
meta-programmingvhich containsthe datatypesfor representing
at programgi.e.,thedatatypesandfunctionsde nedin amodule)
andan|/O actionfor readinga moduleandtranslatingits contents
into thecorrespondinglataterm.For instanceamoduleof a Curry
programis representedsanexpressiorof thetype

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

wherethe agumentsof the dataconstructorProg arethe module
name,the namesof all imported modules,the list of all type,
function,andin x operatordeclarationsFurthermorea function
declaratioris representeds

data FuncDecl = Func QNamént Visibility
TypeExpr Rule

wherethe agumentsarethe quali 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 declarationdor representingCurry pro-
gramsaresimilar but we omit themdueto lack of space.

3. Implementation

CurryBrawser is implementedin Curry using libraries for GUI
programmind8] andmeta-programmingketchedabove. In order
to ensurea faststartuptime, only the interface les of all modules
(they have the samestructureas at programsbut containonly
the type signatureof exportedfunctionsand datatypes)areread
at the beginning. This informationis sufcient to shawv theimport
structureof all modulesin the initial mainwindow. Complete at
programsareonly readasdemandedy theanalyses.

As discussedn Sectionl, CurryBrowser offers a genericin-
terfaceto integratevariousanalysistoolsfor declaratve programs.
Since at programsarean appropriateabstractiorievel for imple-
menting suchtools [10, 11], this interfaceis basedon them. To
be more concrete CurryBrowser providesthe following type def-
inition to connectprogramanalyzergwherea 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 analysisassociatesesultsto 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(QNanjean associatedesult. Thanksto
lazinesstheresultsfor all functionsarenot computedat oncebut
only asdemandedy theuser

As asimpleexample consideithe“Overlappingrules”analysis.
This analysisis intendedto indicatewhethera functionis de ned
by ruleswith overlappingeft-handsides Thiscanbeeasilyspotted
in the at representatiorof Curry programsas an occurrenceof
a disjunction(or) in the right-handside of the rule de ning this
function.Thus,this analysids alocal onethatcanbeimplemented
asfollows:

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

isOverlappingFunction
isOverlappingFunction
= orlnExpr e

wherethe operationorinExpr checksfor occurrencesf disjunc-
tionsin anexpression.

For the simple addition of new analyzersthe implementation
of CurryBrownserhasa con gurationmodulecontainingde nitions
of the currentlyavailabletools. For instancejt containsa constant
functionAnalyses of type

[(String, FunctionAnalysis  AnalysisResult)]

whereeachelemenin thislist consistof thenameandthefunction
implementingheanalysis Theresulttype of the concretdunction
analysesge ned as

data AnalysisResult =
MsgResult String | ActionResult (10 ()

indicateswhetherthe analysisresultis a stringor anl/O actionto
visualizetheresultvia anexternaltool (e.g.,agraphdraving tool).
Thus,to testanew analysisy integratingit into CurryBronset one
hasto connectits implementatiorby addinga new elemento the
list functionAnalyses andrecompilethesystemThen,the Cur-
ryBrowserervironmentprovidesthe analysiswith the appropriate
datawheneerthe userselectgheanalysis.

Note that the possibleresulttypesof analysedo be integrated
into CurryBrowser are x ed since the implementationneedsto
know whatto do with the analysisresult. Therefore,the current
implementatiorsupports

2 stringresultsthatareshavn insidethe mainwindow, or
2 1/0 actionsthatcallssomeexternaltool for visualization.

For instance,to shawv the dependeng graph of a function, the
correspondinglobalanalysiscomputes graphstructureandcalls
anexternalprogramthe DOT graphdrawing tool, to visualizethis
graphstructure(seeFigure?2 for anexample).Sincethemain GUI
of CurryBrawseris executedin the /O monad,the eventhandlers
thatimplementreactionsto usereventsarel/O actions[8]. Thus,
analyseswith a resulttype I0() can be executedby the event
handlergesponsibldor analyzingprogramsln orderto avoid the
crashof the CurryBrowserervironmentif someanalysegails with
run-time errors, the executionof an analyseds wrappedinto an
exceptionhandler

The restrictionto a x ed setof analysisresulttypesrequires
thetransformatiorof arbitraryprogramanalysesvhenthey arein-
tegratedinto CurryBrowser For instancethe “Overlappingrules”
analysissketchedabove deliversBooleanresultsthatmustbe con-
vertedinto appropriatestringsshown to the user For this purpose,
onecande ne asimplecorversionoperationto shav theresultof
the overlappinganalysis:

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

In orderto supporta simple conversionof arbitrary analysesnto
the analyseswith string results as required by the interface of

3 http://www.graphviz.org/



Figure 2. Visualizationof thedependencgraphof the preludefunctionelem

CurryBrawser, the implementationof CurryBrowser containsthe
following cornversionoperation:

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) ...

Basedon this conversion operation (which is also de ned as
an inx operator), it is easy to integrate an analysis like
isOverlappingFunction  into CurryBrowser by addingan ele-
mentto the con gurationlist functionAnalyses asfollows:

functionAnalyses =

'i'.',OverIapping rules”,

LocalAnalysis  isOverlappingFunction
“showWithMsg®~ showOverlap),

]

Similarly to the list constantfunctionAnalyses , the con gura-
tion module of CurryBravser containstwo further list constants
thatspecifytheavailableanalyses:

2 alist constantallFunctionAnalyses thatcontainsanalyses
that are appliedto all functionsof the selectedmnodule (e.g.,
applying the analysis“Patterncompletenessto all functions
of a moduleis usefulto spotthosefunctionswith incomplete
patternde nitions): the resultsof theseanalysesare showvn as
pre xesin the columnshawing the list of all functionsof the
currentlyselectednodule;

2 alist constantmoduleAnalyses thatcontainsanalysesghatare
appliedto completemodulede.g.,to generateheinterface the
at representatioof amodule,or a sourcecoderepresentation
wheremissingtype signaturesare added);similarly to a func-
tion analysis,the resultof a moduleanalysisis eithera (pro-
gram)text to be shavn in the main window or an I/O action
thatvisualizesheresultby anexternaltool.

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

4. Available Analysesand Tools

Thissectiornshortlysurneystheanalysesindtoolsthatarecurrently
availablein CurryBrowser.Dueto the simpleintegrationof further
analysesndtools,thissetis likely to beextendedn futurereleases
of CurryBrowser.

In the at representatioof Curry, patternmatchingis madeex-
plicit by caseexpressionsand disjunctions,and local de nitions
are“globalized” by lambdalifting [14]. Thus,it is sometimesn-
terestingto shav thesetransformationperformedby thefront end
of a Curry implementation.For this purpose,CurryBravser can
shaw the at representationf eachfunctionor moduleaswell asa
source-lile representatiowherecasesxpressionanddisjunctions
aretranslatedbackinto pattern-basede nitions but local de ni-
tionsareglobalized Furthermorethefollowing analysesreavail-
ablefor individual functions:

Calls directly (localanalysis):Shavsall functionsthataredi-
rectly calledby this function.

Depends on (globalanalysis):Shows all functionsthat might be
directly or indirectly calledin therulesde ning this function.

Dependency graph (globalanalysis):Shavs the dependenc
graph of the selectedfunction. This is a combination as
well as a graphical visualization of Calls directly and
Dependson, i.e., anarcis dravn from eachfunction symbol
to all functionsdirectly calledin therulesde ning thisfunction



andall reachabldunction nodesareincludedin the graph(see
Figure2 for anexample).

Local dependency graph (globalanalysis):Shavs the depen-
deng graphof theselectedunctionrestrictedo all rulesoccur
ring in thecurrentmodule. Thisis usefulfor comple functions,
e.g.,dependingn othernon-trivial library functions wherethe
completedependengcgraphbecomesinreadableluetoits size.

Called by (globalanalysis):Shavs thelist of all functionsin the
currentmodulethatcall this functionin theirde ning rules.

Overlapping rules (localanalysis):Shavs whetherthe func-
tion is de ned by overlappingrules (which might causenon-
deterministicevaluationsevenfor groundexpressions)This is
interestingfor logic programmingout might be alsousefulfor
purelyfunctionalprograms.

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

Right-linearity (globalanalysis):Shawvs whetherthe function
is de ned by right-linearrulesanddependsnly on functions
de ned by right-linear rules. This information is useful for
someprogramoptimizationg(e.g.,[3]).

Pattern completeness (localdataanalysis):Shawvs  whether
the patternmatchingis exhaustve, i.e., if the functionis re-
ducibleon ary combinationof (well-typed)groundconstructor
argumentterms.

Solution completeness (globalanalysis):Shavs whether the
functionis operationallycomplete,.e., if it is ensuredhatthe
executionof thefunctiondoesnot suspendor ary alguments.

Nondeterministic  (globalanalysis):Shavs whether the func-
tion is possiblynondeterministici.e., if it directly or indirectly
depend=on an operationde ned by overlappingrules so that
it might deliver (nondeterministicallyjwo valuesfor the same
groundconstructomrguments.

Set-valued (globalanalysis):Shavswhetherthefunctionis pos-
sibly set-\alued,i.e., if it directly or indirectly depend=n an
operatiorde ned by overlappingrulesor rulescontainingextra
variables(variablesoccurringin the right-handside but not in
the left-handside) so that an applicationto somegroundcon-
structorargumentss equalto a setof morethanonevalue.

Purity (globalanalysis):Shovswhetherthefunctionis pure(ref-
erentiallytransparent),e.,if it is ensuredhatit deliversalways
the samevaluesfor the samegroundconstructorargumentsat
eachtime andall scheduling®f the evaluation.This might not
bethecaseaf committedchoiceor sendingvia portsis executed
duringits evaluation[7].

Finally, therearealsousefultoolsto procesompletemodulesor
collectionsof modules.For instance beyond shaving the source
code,interface,and at representatiomf a module,one canalso
shav aversionof the sourcecodewheretype signaturesreadded
to functionswherethe programmehasomittedthem.

To get more information aboutthe import structurebetween
modules,one canshav all modulesdirectly importedby the cur-
rentonetogethemwith their exportedfunctionsthatareaccesseth
the currentmodule. This is usefulto spotsuper uouslyimported
modules Finally, onecanalsovisualizethe entireimport relation
betweenrall modulesof the currentlyloadedapplicationasa mod-
ule dependenggraph(seeFigure3 for anexample).

5. Conclusions

We have presentedCurryBrowser,a genericanalysiservironment
for Curry programs CurryBravsersupportsrowsing throughthe
modulesof anapplicationandoffersawide rangeof analysigtools

in anintegratedmannerThecurrentlyavailablesetof analysesand
toolscanbeeasilyextendeddueto the genericinterfaceofferedby
the CurryBrawserimplementation.
Themostlyrelatedsystem(and,in somesenseits predecessor)
is CIDER [10], an ervironmentto analyzesingle Curry modules.
In contrastto CIDER, CurryBravser canbe appliedto complete
applicationsconsistingof severalmodulesandsupportghe brows-
ing throughthe modulestructure FurthermoreCurryBrovserpro-
videsa betterstructureto integrateanalyzersCIDER assumeghat
every analysistakesthe completeprogramasinput, whereasCur
ryBrowserdistinguishedetweerdifferentkindsof analyseglocal,
global,data-dependengndprovidesthemwith the appropriaten-
formationfrom themodulesandfunctionsselectedy the user
Another relatedsystemis | DE [5], a graphicaldevelopment
ervironmentfor the functional logic languagesToy and Curry.
| DE supportsthe writing of programsin a standardtext editor
window andthe compilationandexecutionof programsHowever,
| DE doesnot offer furthertools, e.g.,for programanalysis.
CurryBrawser is completelyimplementedin Curry. The ad-
vancedprogrammingtechniquesoffered by Curry (e.g., higher
order functions, demand-dsien evaluation, meta-programming,
high-level abstractionsvith logic variablesfor GUI programming
[8]) hassupportedhefastandmaintainablémplementatiorof this
ervironment. The size of the completeimplementationof Curry-
Browseris approximatelyl400lines of Curry code.This includes
theimplementatiorof the graphicaluserinterfaceandall currently
available analysesandtools. In addition, the total size of all im-
portedsystemlibrariesis approximately2500lines of Curry code.
Thesenumbersprovidesan indication of the advantagebtained
by the useof declaratve high-level programmindanguagesor the
implementatiorof comple systems.
The implementationof CurryBrowseris freely available with
the latestdistribution of PAKCS [9] whereit hasbeenintegrated
for easyuse.
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