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Abstract. We presert CurryBro wser, a generic analysis environment
for the declarative multi-paradigm language Curry. CurryBro wser sup-
ports browsing through the program code of an application written in
Curry, i.e., the main module and all directly or indirectly imported mod-
ules. Each module can be shown in dierent formats (e.g., source code,
interface, intermediate code) and, inside each module, various properties
of functions de ned in this module can be analyzed. In order to sup-
port the integration of various program analyses, CurryBro wser has a
generic interface to connect local and global analysesimplemented in
Curry. CurryBro wser is completely implemented in Curry using libraries
for GUI programming and meta-programming.

1 Overview

CurryBrowser is intended as a tool to support the analysis of declarative pro-
grams.It canbeusedto browsethrough animplementation written in the declar-
ative multi-paradigm languageCurry [11,17], analyze properties of individual or
all functions de ned in a module, or visualize dependenciesbetweenmodules or
functions. It can be alsousedas a testbed for program analyses(the analysesof
functional logic programsis still ongoingreseart) sinceit supports the easyin-
tegration of new program analysesby a genericinterface. The implementation of
CurryBrowser is basedon an intermediate languageto which functional, logic,
and also integrated functional logic programs can be compiled (e.g., see[3,5,
19]). Thus, it is also adaptable to other declarative languages.

To getanimpressionof the useof CurryBro wser, Figure 1 shovs a snapshotof
its useon a particular application (here: the implementation of CurryBro wser).
The upper list box in the left column shows the modules and their imports in
order to browse through the modules of an application. Similarly to directory
browsers,the list of imported modules of a module can be openedor closedby

? A preliminary version of this paper appeared in the Proceedings of the Interna-
tional Workshop on Curry and Functional Logic Programming (WCFLP 2005),
ACM Press, pp. 43-48, 2005. This work has been partially supported by the Ger-
man Researd Council (DF G) under grant Ha 2457/5-1 and the NSF under grant
CCR-0218224.



Fig. 1. The main window of CurryBro wser

clicking. After selectinga module in the list of modules, its sourcecode, interface,
or various other formats of the module can be shown in the main (right) text
area. For instance, one can show pretty-printed versionsof the intermediate at

programs (seebelow) in order to seehow local function de nitions are translated
by lambda lifting [20] or pattern matching is translated into caseexpressiong11,
24]. SinceCurry is alanguagewith parametric polymorphism and typeinference,
programmersoften omit the type signatureswhen de ning functions. Therefore,
one can alsoview (and store) the selectedmodule as sourcecode where missing
type signaturesare added.

Below the list box for selectingmodules, there is a menu (\Analyze selected
module") to analyzeall functions of the currently selectedmodule at once.This
is usefulto spot somefunctions of a module that could be problematic in some
application contexts, like functions that are impure (i.e., the result depends
on the evaluation time) or partially de ned (i.e., not ewvaluable on all ground
terms). If such an analysisis selected,the namesof all functions are shown in
the lower list box of the left column (the \function list") with pre xes indicating
the properties of the individual functions.



The function list box can be also lled with functions via the menu \Select
functions". For instance, all functions or only the exported functions de ned in
the currently selectedmodule can be shown there, or all functions from di erent
modulesthat are directly or indirectly called from a currently selectedfunction.
This list box is certral to focuson a function in the sourcecode of somemodule
or to analyze somefunction, i.e., showing their properties. In order to focus on
a function, it is sucient to ched the \fo cus on code" button. To analyze an
individually selectedfunction, onecan selectan analysisfrom the list of available
program analyses(through the menu \Select analysis", seealsoFigure 3). In this
case,the analysis results are either shown in the text box below the main text
areaor visualized by separatetools, e.g.,by a graph drawing tool for visualizing
call graphs. Some analysesare local, i.e., they needonly to considerthe local
de nition of this function (e.g., \Calls directly," \Ov erlapping rules," \P attern
completeness” seeSection4), where other analysesare global, i.e., they consider
the de nitions of all functions directly or indirectly called by this function (e.g.,
\Dep endson," \Solution complete," \Set-valued"). Finally, there are a few ad-
ditional toolsintegrated into CurryBro wser,for instance, to visualize the import
relation betweenall modules as a dependency graph. These tools are available
through the \T ools" menu.

In the next section, we review somefeaturesof Curry in order to shov some
details of the implementation of CurryBro wserin Section3. The currently avail-
able analysesand tools are sketchedin Section4 beforewe concludein Section5.

2 Curry Programs

Since CurryBrowser is implemented in Curry and intended to be applied to
Curry programs, we review in this sectionsomeaspects of Curry programs that
are necessaryto understand the functionality and implemertation of our pro-
gramming ernvironment. More details about Curry's computation model and a
complete description of all languagefeatures can be found in [11,17].

Curry is a declarative multi-paradigm language combining in a seamless
way features from functional, logic, and concurrert programming and supports
programming-in-the-large with speci ¢ features (types, modules, encapsulated
seard). From a syntactic point of view, a Curry program is a functional pro-
gram extendedby the possibleinclusion of free (logic) variablesin conditions and
right-hand sidesof de ning rules. Curry hasa Haskell-like syntax [22],i.e., (type)
variables and function namesusually start with lowercaseletters and the names
of type and data constructors start with an uppercaseletter. The application of
a function f to an argumert e is denoted by juxtap osition (\ f e").

A Curry program consistsof the de nition of functions and the data types
on which the functions operate. Functions are de ned by conditional equations
with constraints in the conditions. They are evaluated lazily and can be called
with partially instantiated argumerts.



Example 1. The following program de nes the typesof Booleanvaluesand poly-
morphic lists and functions to concatenatelists and to compute the last elemert
of 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 | concys [x] === xs = x wherexys free

The data type declarationsde ne True and False asthe Boolean constarts and
[l (empty list) and: (non-empty list) asthe constructorsfor polymorphic lists (a
is a type variable ranging over all typesand the type\List a" is usually written
as[a] for conformity with Haskell). The (optional) type declaration (\:: ") of
the function conc speci es that conc takestwo lists as input and producesan
output list, where all list elemeris are of the same (unspeci ed) type.!

The operational semartics of Curry [1,11]is a consenativ e extensionof lazy
functional programming (if free variables do not occur in the program or the
initial goal) and (concurrent) logic programming. To describe this semartics,
compile programs, or implement analyzers and similar tools, an intermediate
represeration of Curry programshasbeenshown to be useful. Programs of this
intermediate language,also called at programs contain a single rule for eadh
function where the pattern matching strategy is represened by case/or expres-
sions. The basic structure of at programsis de ned as follows:?

P :=Di:::Dm erl=v
Di=fwviiiivha=e cep:ilen

fe :ien
p = CViiiivVp case e of fpc I &g

fcase ey of fpr I &g
ep or e

A program P consistsof a sequenceof function de nitions D with pairwise di er-
ent variablesin the left-hand sides.The right-hand sidesare expressionse com-
posedby variables, constructor and function calls, caseexpressionsand disjunc-
tions. A caseexpressionhasthe form (f)casee of fcy Xp, ! e1;:::;¢ Xn, !

which occur only in the corresponding subexpressione;. The di erence between
case and fcase shows up when the argumert e is a free variable: case suspends
(which correspondsto residuation) whereasfcase nondeterministically binds this
variable to the pattern in a branch of the caseexpression(which correspondsto
narrowing).

! Curry usescurried function types where -> denotes the type of all functions
mapping elemerts of type into elemerts of type
2 ¢ denotes a sequenceof objects 01;:::; 0.



The PAKCS implementation of Curry [14] provides a library for meta-
programming which contains the data typesfor represerting at programs(i.e.,
the data typesand functions de ned in a module) and an I/O action for read-
ing a module and translating its contents into the corresponding data term. For
instance, a module of a Curry program is represeried as an expressionof type

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

where the argumens of the data constructor Prog are the module name, the
namesof all imported modules, the list of all type, function, and in x operator
declarations. Furthermore, a function declaration is represerted as

data FuncDecl = Func QNamént Visibility TypeExpr Rule

where the argumerts are the qualied name (i.e., a pair of module and func-
tion name), arity, visibility (Public or Private ), type, and rule (of the form
\Rule arguments expr") of the function. The remaining data type declarations
for represening Curry programs are similar but we omit them for brevity.

3 Implemen tation

CurryBrowser is implemented in Curry using libraries for GUI programming
[13] and meta-programming sketched above. In order to ensurea fast startup
time, only the interface les of all modules (they have the same structure as
at programs but contain only the type signatures of exported functions and
data types) are read at the beginning. This information is sucient to show
the import structure of all modules in the initial main window. Complete at

programs are only read as demandedby the analyses.

As discussedn Sectionl, CurryBro wsero ers a genericinterfaceto integrate
various analysis tools for declarative programs. Since at programs are an ap-
propriate abstraction level for implementing such tools [8,15,16], this interface
is based on them. To be more concrete, CurryBro wser provides the following
type de nition to connectprogram analyzers(where a is the type of the analysis
result):

data FunctionAnalysi s a =

LocalAnalysis (FuncDecl -> a)
| LocalDataAnalys is ([TypeDecl] -> FuncDecl -> a)
| GlobalAnalysis ([FuncDecl] -> [(QName,a)])

| GlobalDataAnaly sis ([TypeDecl] -> [FuncDecl] -> [(QName,a)])

A local analysis ass@iates results to single function de nitions (e.g., \Calls di-
rectly"), a local data analysis requiresin addition the type declarations (e.g.,
\P attern completeness"),and global analysesrequire all de ned functions and
yield lists containing for ead function name (QNanjean assaiated result. Thanks
to laziness,the results for all functions are not computed at once but only as
demandedby the user.

As a simple example,considerthe \Ov erlapping rules" analysis. This analysis
is intended to indicate whether a function is de ned by rules with overlapping



left-hand sides.Although this analysisis simple, it is interesting since functions
(sometimesaccidentally) de ned by overlapping rules might causenondetermin-
istic evaluations evenfor ground expressions.This property can be easily spotted
in the at represeration of Curry programs as an occurrence of a disjunction
(or) in the right-hand side of the rule de ning this function. Thus, the analysis
is a local onethat can be implemented as follows:

isOverlappingFu nction :: FuncDecl -> Bool
isOverlappingFu nction (Func _ _ _ _ (Rule _ e)) = orlnExpr e

where the operation orlnExpr cheds for occurrencesof disjunctions in an ex-
pression.

For the simple addition of new analyzers, the implementation of Curry-
Browserhasa con guration module cortaining de nitions of the currently avail-
able tools. For instance, it contains a constart functionAnalyse s of type

functionAnalyse s :: [(String,  FunctionAnalysis AnalysisResult)]

where eath elemert in this list consists of the name and the operation imple-
merting the analysis. The result type of a concrete function analysis indicates
the way the result is handledinside CurryBro wser.Currently, this typeis de ned
as

data AnalysisResult = MsgResult String
| ActionResult (10 ())

Thus, the analysis result is a string to be shown inside the CurryBro wser in-
terface or an 1/0 action to visualize the result via an external tool (e.g., a
graph drawing tool). Thus, to test a new analysis by integrating it into Cur-
ryBrowser, one has to connectits implementation by adding a new elemer to
the list functionAnalyse s and recompilethe system. Then, the CurryBro wser
ernvironment provides the analysiswith the appropriate data wheneer the user
selectsthe analysis.

Note that the possibleresult types of analysesto be integrated into Curry-
Browserare xed 3 sincethe implementation needsto know what to do with the
analysisresult. Therefore, the current implementation supports

{ string results that are shown inside the main window, or
{ /O actionsthat calls someexternal tool for visualization.

For instance, to show the dependency graph of a function, the corresponding
global analysis computes a graph structure and calls an external program, the
DOT graph drawing tool*, to visualize this graph structure (seeFigure 2 for an
example). Sincethe main GUI of CurryBrowseris executedin the /0 monad,
the event handlersthat implemernt reactionsto userevents are /0 actions [13].
Thus, analyseswith a result type IO() can be executedby the event handlers

3 The possible analysis results might be extended in future version of CurryBro wser.
For instance, one could map complex analysis results into a source code transforma-
tion that is shown in the code widget.

4 http://www.graphviz.org/



Fig. 2. Visualization of the dependency graph of the prelude function elem

responsible for analyzing programs. In order to avoid the crash of the Curry-
Browser ervironment if someanalysesfails with run-time errors, the execution
of an analysesis wrapped into an exception handler.

The restriction to a xed set of analysisresult typesrequiresthe transforma-
tion of arbitrary program analyseswhenthey are integrated into CurryBro wser.
For instance, the \Ov erlapping rules" analysis sketched above delivers Boolean
results that must be converted into appropriate strings showvn to the user. For
this purpose,one can de ne a simple conversion operation to show the result of
the overlapping analysis:

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

In order to support a simple corversion of arbitrary analysesinto the analyses
with string results as required by the interface of CurryBro wser,the implemen-
tation of CurryBro wser contains the following corversion operation:

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



showWithMsg(LocalAnalysis ana) showresult =
LocalAnalysis (A f -> MsgResult (showresult (ana f)))
showWithMsg(LocalDataAnaly sis ana) showresult =
LocalDataAnalysi s (\tds f -> MsgResult (showresult (ana tds f)))
showWithMsg(GlobalAnalysis ana) ...
showWithMsg(GlobalDataAnal ysi s ana) ...

Basedon this corversionoperation (which is alsode ned asanin x operator), it
is easyto integrate an analysislik e isOverlappingFunc ti oninto CurryBro wser
by adding an elemer to the con guration list functionAnalyses as follows:

functionAnalyse s =
[,
("Overlapping rules",
LocalAnalysis isOverlappingFu nctio n

“showWithMsg™ showOverlap),

]

Similarly to the list constant functionAnalyses , the con guration module of
CurryBro wsercontains two further list constarts that specify the available anal-
yses:

{ alist constart allFunctionAnalys esthat contains analysesthat are applied
to all functions of the selectedmodule (e.g., applying the analysis\P attern
completeness"to all functions of a module is useful to spot those functions
with incomplete pattern de nitions): the results of theseanalysesare shavn
as pre xes in the column showing the list of all functions of the currently
selectedmodule;

{ alist constart moduleAnalyses that contains analysesthat are applied to
complete modules (e.g., to generatethe interface, the at represenation of
a module, or a sourcecode represenation where missingtype signaturesare
added); similarly to a function analysis, the result of a module analysis is
either a (program) text to be shawvn in the main window or an I/O action
that visualizesthe result by an external tool.

Thus, it is fairly easyto integrate existing tools (implemented in Curry) into
CurryBro wser.

4 Available Analyses and Tools

This section shortly surveysthe analysesand tools that are currently available
in CurryBro wser(seeFigure 3). Due to the simpleintegration of further analyses
and tools, this setis likely to be extendedin future releasesof CurryBro wser.
In the at represenation of Curry (seeSection?2), pattern matching is made
explicit by caseexpressionsand disjunctions, and local de nitions are \global-
ized" by lambda lifting [20]. Although it is possibleto deal with local de nitions
at run time (e.g., [6]), lambda lifting is usefulto simplify the operational model
[1] of Curry programsand, thus, often usedin implementations of functional logic



Fig. 3. Selection of a function analysis

languages(e.g., [3,5,21]. Thus, it is sometimesinteresting to show the e ect of
these transformations performed by the front end of a Curry implementation.
For this purpose,CurryBro wsercan shaow the at represenation of ead function
or module aswell asa source-like represenation where caseexpressionsand dis-
junctions are translated back into pattern-based de nitions but local de nitions
are kept globalizedto get an impressionof the program usually passedto a back
end. Furthermore, the following analysesare available for individual functions:

Calls directly (local analysis): Showsall functions that are directly called by
this function.

Depends on (global analysis): Shows all functions that might be directly or in-
directly called in the rules de ning this function.

Dependency graph (global analysis): Shows the dependency graph of the se-
lected function. This is a combination aswell asa graphical visualization of
Calls directly and Dependson, i.e., an arc is drawn from ead function
symbol to all functions directly calledin the rules de ning this function and



all reachable function nodes are included in the graph (seeFigure 2 for an
example).

Local dependency graph (global analysis): Shavs the dependency graph of
the selectedfunction restricted to all rules occurring in the current mod-
ule. This is useful for complexfunctions, e.g.,depending on other non-trivial
library functions, wherethe completedependencygraph becomeaunreadable
dueto its size.

Called by (global analysis): Shows the list of all functions in the current mod-
ule that call this function in their de ning rules.

Overlapping rules (local analysis): Shows whether the function is de ned by
overlapping rules (which might causenondeterministic evaluations even for
ground expressions).This is interesting for logic programming but might be
also useful for purely functional programs.

Right-linear  rules (local analysis): Shonvswhether the function is de ned by
right-linear rules, i.e., rules where each variable has at most one occurrence
in the right-hand side.

Right-linearity (global analysis): Shavs whether the function is de ned by
right-linear rules and dependsonly on functions de ned by right-linear rules.
This information is useful for someprogram optimizations (e.g., [4]).

Pattern completeness (local data analysis): Shovs whether the pattern
matching is exhaustive, i.e., if the function is reducible on any combination
of (well-typed) ground constructor argumert terms.

Totally defined (global data analysis): Shavs whether the function is totally
de ned, i.e., if the function evaluatesto a value for any combination of (well-
typed) ground constructor argumert terms. This is the caseif it directly or
indirectly dependsonly on operations that are pattern complete.

Solution completeness (global analysis): Shovs whether the function is op-
erationally complete,i.e., if it is ensuredthat the execution of the function
doesnot suspend for any argumerts.

Nondeterministic  (global analysis): Showvs whether the function is possibly
nondeterministic, i.e., if it directly or indirectly depends on an operation
de ned by overlapping rules so that it might deliver (nondeterministically)
two valuesfor the sameground constructor argumerts.

Set-valued (global analysis): Shavs whether the function is possibly set-
valued, i.e., if it directly or indirectly dependson an operation de ned by
overlapping rules or rules containing extra variables (variables occurring in
the right-hand side but not in the left-hand side) so that an application to
someground constructor argumerts is equalto a set of more than onevalue.
For instance, the prelude function unknownde ned by

unknown= x where x free

is set-valued but not nondeterministic: the evaluation of unknownis deter-
ministic (and yields a fresh logic variable) but, from a semarical point of
view, it is set-valued sinceit denotesany possiblevalue.

Purity (global analysis): Shavs whether the function is pure (referertially
transparent), i.e., if it is ensuredthat it delivers always the same values



Fig. 4. Module dependency graph of the library GUlusedin the CurryBro wser imple-
mentation (visualized by CurryBro wser)

for the sameground constructor argumerts at ead time and all schedulings
of the evaluation. This might not be the caseif committed choice or sending
via ports is executedduring its evaluation [12].

Finally, there are also useful tools to processcomplete modules or collections
of modules. For instance, beyond shawing the source code, interface, and at
represertation of a module, one can alsoshow a version of the sourcecode where
type signaturesare addedto functions wherethe programmer hasomitted them.

To get more information about the import structure between modules, one
can show all modules directly imported by the current one together with their
exported functions that are accessedn the current module. This is useful to
spot super uously imported modules. Finally, one can also visualize the ertire
import relation between all modules of the currently loaded application as a
module dependencygraph (seeFigure 4 for an example).



5 Conclusions

We have preserted CurryBro wser,a genericanalysisernvironment for Curry pro-
grams. CurryBro wser supports browsing through the modules of an application
and o ers a wide range of analysistools in an integrated manner. The currently
available set of analysesand tools can be easily extended due to the generic
interface o ered by the implementation of CurryBro wser.

The mostly related system (and, in somesense,its predecessor)is CIDER
[15], an ervironment to analyze single Curry modules. In contrast to CIDER,
CurryBro wsercan be applied to complete applications consisting of seweral mod-
ulesand supports the browsing through the module structure. Furthermore, Cur-
ryBrowser provides a better structure to integrate analyzers: CIDER assumes
that every analysistakesthe complete program asinput, whereasCurryBro wser
distinguishesbetweendi erent kinds of analyses(local, global, data-dependert)
and providesthem with the appropriate information from the modulesand func-
tions selectedby the user.

Another related systemis | DE [10], a graphical developmert environment
for the functional logic languagesToy and Curry. | DE supports the writing of
programsin a standard text editor window and the compilation and execution of
programs. However, | DE doesnot o er further tools, e.g., for program analysis.
This is in contrast to the Ciao Preprocessor(CiaoPP) [18], a tool integrat-
ing sophisticated program analyseswith validation and transformation methods
for logic programs. The emphasisof CiaoPP is the use of program analysesto
manipulate logic programs rather than a graphical programming environment
supporting an easyway to browsethrough programs, asin CurryBrowser.

CurryBrowseris completely implemented in Curry. The advanced program-
ming techniques o ered by Curry (e.g., higher-order functions, demand-driven
evaluation, meta-programming, high-level abstractions with logic variables for
GUI programming [13]) hassupported the fast and maintainable implementation
of this ervironment. The size of the complete implementation of CurryBro wser
is approximately 1400lines of Curry code. This includes the implementation of
the graphical userinterface and all currently available analysesand tools. In ad-
dition, the total sizeof all imported systemlibraries is approximately 2500lines
of Curry code. Thesenumbers provide an indication of the advantagesobtained
by the useof declarative high-level programming languagesfor the implementa-
tion of complexsystems.The implementation of CurryBro wseris freely available
with the latest distribution of PAK CS [14]whereit hasbeenintegrated for easy
use.

For future work, it is interesting to integrate further toolsinto CurryBro wser,
like tools for program transformation (e.g., partial evaluation [2], refactoring
[23]), program obsenation [7], tracing [9], in order to obtain a comprehensie
programming ernvironment.
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