
Type-OrientedConstruction of Web User Interfaces �

MichaelHanus
Institut für Informatik,CAU Kiel, D-24098Kiel, Germany

mh@informatik.uni-kiel.de

Abstract
Thispaperproposesanew techniquefor thehigh-level construction
of type-safeweb-orienteduserinterfaces.Our approachis useful
to equipapplicationsprocessingstructureddatawith interfacesto
manipulatethesedatain anef�cient andmaintainableway. Thein-
terfacesareweb-based,i.e., thedatacanbemanipulatedwith stan-
dardwebbrowserswithout any speci�c requirementson theclient
side. In order to supporttype-safeuserinterfaces,i.e., interfaces
whereuserscanonly input type-correctdata(typescanbestandard
typesof aprogramminglanguageaswell asany computablepredi-
cateonthedata),weproposeasetof type-orientedbuilding blocks
from which interfacesfor morecomplex typescanbe easilycon-
structed.This techniqueleadsto a very conciseandmaintainable
implementationof web-baseduserinterfaces.

We show an implementationof this concept in the declarative
multi-paradigmlanguageCurry. In particular, its integratedfunc-
tional andlogic featuresareexploited to enablethe high level of
abstractionproposedin this paper.

Categoriesand SubjectDescriptors D.1.1 [ProgrammingTech-
niques]: Applicative (Functional) Programming; D.1.6 [Pro-
gramming Techniques]: Logic Programming; D.2.2 [Software
Engineering]: Design Tools and Techniques—Userinterfaces;
D.3.2 [Programming Languages]: Language Classi�cations—
Multiparadigm languages;D.3.3 [Programming Languages]:
LanguageConstructsandFeatures—Polymorphism;H.5.2[Infor-
mationInterfacesandPresentation]: UserInterfaces

GeneralTerms Languages

Keywords FunctionalLogic Programming,UserInterfaces,Web
Programming

1. Moti vation
The constructionof userinterfacesfor applicationsmanipulating
structureddatais usually a complex and often tedioustask.Our
experiencesfrom variousapplicationsshow that in many casesthe
effort to implementa userinterfaceis equalor even bigger than
theimplementationof theapplicationitself, in particular, if theap-
plication is implementedin a declarative programminglanguage
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which offers a high level of abstractionfor applicationprogram-
ming(e.g.,see[14] or thecollectionof Curryapplications1). Thus,
there is a demandto supportthe ef�cient constructionof main-
tainableuserinterfaces.Scripting languageswith toolkits and li-
braries,like Tcl/Tk, Perl,or PHP, areoneapproachto supportthis
goal.However, scriptinglanguagesoften lack supportfor the de-
velopmentof complex andreliablesoftwaresystems(e.g.,nostatic
typeandinterfacechecking,limited codereusedueto the lack of
higher-order functions)so that they are often usedto implement
theuserinterfacewhereastheapplicationlogic is implementedin
someotherlanguage.It is well known thatsuchcombinationscould
causesecurityleaksin webapplications[16]. Therefore,we prefer
to implementtheuserinterfacewith theprogramminglanguageof
the applicationlogic by providing speci�c libraries for this pur-
pose.In this paperwe presentsuchan approachfor the caseof
declarative programmingand web user interfaces(WUIs) where
theclientusesastandardwebbrowserfor communicatingwith the
application.Wewill seethatthedecreasein �e xibility of low-level
approachesis negligible in comparisonto theincreaseof program-
ming ef�ciency andreliability supportedby an integration into a
higher-level language.

Our approachis useful in situationswhere a web-basededitor
should be constructedfor data of an application program, i.e.,
the usershouldbe provided with an HTML form to manipulate
somedataof theapplication.For this purposewe assumethat the
applicationprogramsuppliestheWUI with thecurrentdataof the
applicationandanoperationto storethemodi�ed data.It is obvious
thatthis is notarestrictionsinceapplicationprogramsusuallyhave
suchafunctionality. Usingourconcept,nothingmoreis requiredto
constructWUIs in ahigh-level wayby afew linesof programcode.
Our programmingmodel can be characterizedby the following
features:

� Theconstructionof a WUI is type-oriented, i.e., thede�nition
of a WUI follows thestructureof thedatatypesof theapplica-
tion.

� Thereis a setof basicWUIsto manipulatedataof basictypes,
e.g., integers,truth values,strings,�nite sets.This setcanbe
easilyextendedsincethereis aclearmethodologyto implement
suchbasicWUIs.

� Thereis a setof WUI combinators to constructWUIs for com-
plex datatypesfromsimplertypessimilarly to typeconstructors
in programminglanguages.For instance,therearecombinators
for tuples,lists,uniontypesetc.

� It is ensuredthatanupdateof thedatais only performedwith
type-correct inputs. If the usertries to input illegal data(e.g.,
incorrectinteger constants),the WUI doesnot acceptthe data
andasktheuserto correcttheinput.Thus,theapplicationpro-

1 http://www.informatik.u ni- kie l.de /~c urry /ap plic ati ons.
html



gramneednot checkthedataandperformappropriateactions
(e.g.,providing errorformsto correcttheinputetc).

� Type-correctinputs(in thesenseof typesusedin programming
languages)areoften not suf�cient in real applications.For in-
stance,stringscontainingemailaddressesmusthave a particu-
lar form, adatelike “February29,2006” is illegal,or two input
�elds containingapasswordandtherepeatedpasswordmustbe
alwaysidentical.For this purpose,WUIs canberestrictedwith
anycomputablepredicatesothatinputdataisonly acceptedif it
satis�esthespeci�edpredicate.Furthermore,WUIs canbecus-
tomizedto provide application-speci�cerror messagesin case
of illegal inputs.

� WUIs canbeadaptedto otherdatatypesin orderto provide a
simplemethodto de�ne WUIsfor user-de�ned datatypes. For
instance,thereexist WUI combinatorsfor tuplesthat can be
easilyadaptedto a user-de�ned recordtypeby mappingtuples
to records.Althoughthismethodis oftensuf�cient to construct
WUIs for user-de�ned types,thereis alsoamethodologyto ex-
tendthestandardsetof WUI combinatorswith new application
speci�c combinators.

In principle,our ideascanbeimplementedin variousprogramming
languages.However, in order to supporta compact,high-level,
andtype-safeimplementation,somerequirementsto the underly-
ing programminglanguagearenecessary. Therefore,we provide a
concreteimplementationof our conceptin the declarative multi-
paradigmlanguageCurry [10, 15]. As we will see,the integration
of functionsas�rst-order objects,logic variables,andstrongtyping
is exploitedin our implementation.

In the next section,we review someconceptsof Curry andfunc-
tional logic programmingin orderto understandtherestof thepa-
per. HTML programmingin Curry is reviewed in Section3. Sec-
tion 4 introducesthe ideasof WUIs and their type-orientedcon-
struction.Section5 sketchesthe implementationof our approach.
Section6 discussesrelatedwork beforeweconcludein Section7.

2. Functional Logic Languagesand Curry
Modernfunctionallogic languages[9] integrateimportantfeatures
of functional and logic languagesin order to provide a variety
of programmingconcepts.For instance,the conceptsof demand-
driven evaluationandhigher-orderfunctionsfrom functionalpro-
gramming are combinedwith logic programmingfeatureslike
computingwith partial information (logic variables),uni�cation,
andnondeterministicsearchfor solutions.This combination,sup-
portedby optimalevaluationstrategies[1] andnew designpatterns
[2], leadsto betterabstractionsin applicationprograms,e.g., as
shown for programmingdynamicwebpages[11]. Thedeclarative
multi-paradigmCurry [10, 15] is a functional logic languageex-
tendedby concurrentprogrammingconceptsandhasbeenusedin
variousapplications.In thefollowing, wereview thoseelementsof
Curry thatarenecessaryto understandthesubsequentpaper. More
detailsaboutCurry's computationmodelanda completedescrip-
tion of all languagefeaturescanbefoundin [10, 15].

Curry is a multi-paradigmdeclarative languagethat combinesin
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 thepossibleinclusionof free(logic) variablesin conditionsand
right-handsidesof de�ning rules.Curry hasa Haskell-like syntax
[20], i.e., (type) variablesand function namesusually start with
lowercaselettersandthenamesof typeanddataconstructorsstart

with an uppercaseletter. The applicationof f to e is denotedby
juxtaposition(“ f e”).

A Curry program consistsof the de�nition of functionsanddata
types on which the functions operate.Functionsare evaluated
lazily. To provide the full power of logic programming,functions
canbecalledwith partially instantiatedargumentsandde�ned by
conditionalequationswith constraintsin the conditions.Function
calls with freevariablesareevaluatedby a possiblynondetermin-
istic instantiationof demandedarguments(i.e., argumentswhose
valuesare necessaryto decidethe applicability of a rule) to the
requiredvaluesin orderto applya rule. Concurrentprogramming
is supportedby primitives to suspendcomputationsandevaluate
constraintsconcurrently.

EXAMPLE 1. Thefollowing Curry programde�nesthedata types
of Booleanvalues,possiblevalues(Maybe), uniontypes(Either ),
polymorphiclists, and functionsto computethe concatenationof
listsandthelastelementof a list:

infixr 5 ++

data Bool = True | False
data Maybe a = Nothing | Just a
data Either a b = Left a | Right b
data List a = [] | a : List a

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

last :: [a] -> a
last xs | ys ++[x] =:= xs = x where x,ys free

For instance, [] (emptylist) and : (non-emptylist) are the con-
structors for polymorphiclists (a is a typevariable rangingover
all typesand the type“ List a” is written as [a] for conformity
with Haskell). Thein�x operatordeclaration“ infixr 5 ++” de-
clares the symbol“ ++” as a right-associativein�x operator with
precedence5 so that we can write function applicationsof this
symbolwith theconvenientin�x notation.The(optional) typedec-
laration (“ :: ”) of the function “ ++” speci�es that “ ++” takes
two lists as input and producesan output list, where all list el-
ementsare of the same(unspeci�ed) type.2 Since the function
“ ++” canbecalledwith freevariablesin arguments,theequation
“ ys ++[x] =:= xs” is solvedby instantiatingthe �r st argument
ys to thelist xs withoutthelastargument,i.e., theonlysolutionto
thisequationsatis�esthat x is thelast elementof xs.

In general,functionsarede�ned by (conditional) rulesof theform

f t1 : : : tn | c = e where vs free

with f beinga function,t1 ; : : : ; tn patterns(i.e.,expressionswith-
out de�ned functions)without multiple occurrencesof a variable,
theconditionc is a constraint,e is a well-formedexpressionwhich
mayalsocontainfunctioncalls,lambdaabstractionsetc,andvs is
thelist of freevariablesthatoccurin c ande but not in t1 ; : : : ; tn .
Theconditionandthewhere partscanbeomittedif c andvs are
empty, respectively. Thewhere partcanalsocontainfurther local
function de�nitions which are only visible in this rule. A condi-
tional rule canbe appliedif its left-handsidematchesthe current
call andits conditionis satis�able.

A constraint is any expressionof the built-in type Success. For
instance,the trivial constraintsuccess is an expressionof type
Success that denotesthe always satis�able constraint.“c1 &c2”
denotesthe concurrent conjunctionof the constraintsc1 and c2 ,

2 Curry usescurried function typeswhere � -> � denotesthe type of all
functionsmappingelementsof type� into elementsof type� .



i.e., this expressionis evaluatedby proving both argumentcon-
straintsconcurrently. EachCurry systemprovides at leastequa-
tional constraintsof theform e1 =:= e2 whicharesatis�ableif both
sidese1 ande2 arereducibleto uni�able patterns.However, spe-
ci�c Curry systemsalso supportmore powerful constraintstruc-
tures,like arithmeticconstraintson realnumbersor �nite domain
constraints,asin thePAKCS implementation[13].

Theoperationalsemanticsof Curry, describedin detail in [10, 15],
is basedon an optimal evaluationstrategy [1] which is a conser-
vative extensionof lazy functionalprogrammingand(concurrent)
logic programming.Dueto its demand-drivenbehavior, it provides
optimalevaluation(e.g.,shortestderivationsequences,minimalso-
lutionsets)onwell-de�nedclassesof programs(see[1] for details).
Curry also offers standardfeaturesof functional languages,like
higher-orderfunctions(e.g.,“ \ x -> e” denotesananonymousfunc-
tion thatassignsto eachx thevalueof e) or monadicI/O (which is
identicalto Haskell's I/O concept[25]).

3. HTML Programming in Curry
This sectionsurveys the model supportedin Curry for program-
ming dynamicweb pages.This modelexploits the functionaland
logic featuresof Curry and is available throughthe library HTML
which is partof thePAKCS distribution [13]. The ideasof this li-
braryandits implementationaredescribedin detailin [11].

If onewantsto write aprogramthatgeneratesanHTML document,
onemustdecideabouttherepresentationof suchdocumentsinside
a program.A textual representation(asoften usedin CGI scripts
written in Perl or with the Unix shell) is very poor sinceit does
notavoid certainsyntacticalerrors(e.g.,unbalancedparenthesis)in
thegenerateddocument.Thus,it is betterto introduceanabstrac-
tion layer andmodelHTML documentsaselementsof a speci�c
datatype togetherwith a wrapperfunction that is responsiblefor
the correcttextual representationof this datatype. SinceHTML
documentshave a tree-like structure,they can be representedin
functionalor logic languagesin a straightforwardway [7, 19,23].
For instance,thetypeof HTML expressionsis de�ned in Curry as
follows:

data HtmlExp =
HtmlText String

| HtmlStruct String [(String,String)] [HtmlExp]
| HtmlElem String [(String,String)]

Thus, an HTML expressionis either a plain string or a struc-
ture consistingof a tag (e.g.,b,em,h1,h2,. . . ), a list of attributes
(name/valuepairs),anda list of HTML expressionscontainedin
this structure(becausethereare a few HTML elementswithout
a closing tag, like <hr> or <br>, there is also the constructor
HtmElemto representtheseelements).

Notethatthisde�nition of HTML documentscoversonly theirtree-
likestructurebut doesnotput furtherrestrictionsonthedocuments
so that combinationsnot conform with the HTML standardcan
be created.Although this canbe avoidedwith re�ned de�nitions
and more sophisticatedtype systems[23], we usethis de�nition
for the sake of simplicity sincesuchdetailsarenot importantfor
oursubsequentapproach.

Writing HTML documentsin the form of this data type might
be tedious.Therefore,the HTMLlibrary de�nes several functions
asusefulabbreviations (htmlQuote transformscharacterswith a
specialmeaningin HTML into their HTML quotedform):

htxt s = HtmlText (htmlQuote s)
h1 hexps = HtmlStruct "h1" [] hexps
bold hexps = HtmlStruct "b" [] hexps

breakline = HtmlElem "br" []
...

A dynamicwebpage is an HTML document(with headerinfor-
mation)that is computedby a programat the time whenthepage
is requestedby a client (usually, a webbrowser).For this purpose,
thereis a datatype

data HtmlForm =
HtmlForm String [FormParam] [HtmlExp]

to representcompleteHTML documents,wherethe�rst argument
to HtmlFormis thedocument's title, thesecondargumentcontains
optionalparameters(e.g.,cookies,style sheets),and the third ar-
gumentis thedocument's content.As before,therearealsouseful
abbreviations:

form title hexps = HtmlForm title [] hexps

standardForm title hexps =
form title (h1 [htxt title] : hexps)

Theintentionof adynamicwebpageis to representsomeinforma-
tion thatdependsontheenvironmentof thewebserver (e.g.,stored
in databases).Therefore,a dynamicwebpagehasalwaysthetype
“ IO HtmlForm”, i.e., it is an I/O actionthat retrievessomeinfor-
mationfrom theenvironmentandproducesa webdocument.

Dynamicweb pagesbecomemore interestingby processinguser
inputs during the generationof a page.For this purpose,HTML
providesvariousinput elements(e.g.,text �elds, text areas,check
boxes).A subtlepoint in HTML programmingis thequestionhow
thevaluestypedin by theuseraretransmittedto theprogramgener-
atingtheanswerpage.Thisis thepurposeof theCommonGateway
Interface(CGI) but thedetailsarecompletelyhiddenby theHTML
library. Theprogrammingmodelsupportedby theHTMLlibrary can
becharacterizedasprogrammingwith call-back functions. A web
pagewith userinput andbuttonsfor submittingtheinput to a web
server is modeledby attachinganeventhandlerto eachsubmitbut-
tonthatis responsibleto computetheanswerdocument.In orderto
accesstheuserinput, theeventhandleris a function from a “CGI
environment”(holdingtheuserinput)into anI/O actionthatreturns
anHTML document.A CGI environmentis simplyamappingfrom
CGI references,which identify particularinput �elds, into strings.
Thus,therearethefollowing typesynonyms:

type CgiEnv = CgiRef -> String

type HtmlHandler = CgiEnv -> IO HtmlForm

Thus,a submit button takes string (shown in the button) and an
eventhandlerasa parameter, wheretheassociatedeventhandleris
calledwith theappropriateCGI environmentwhentheuserpushes
thesubmitbutton:

button :: String -> HtmlHandler -> HtmlExp

An inputelementthatoccursin anHTML form hasa parameterof
typeCgiRef sothataneventhandlercanrefer to its contents.For
instance,a text input �eld hasthefollowing type:

textfield :: CgiRef -> String -> HtmlExp

The �rst argumentis its referenceandthesecondargumentis the
initial contentsof this �eld.

What are the elementsof type CgiRef, i.e., the CGI references
to identify input �elds? In traditionalwebprogramming(e.g.,raw
CGI, Perl,PHP),oneusesstringsto referto input elements.How-
ever, thishastherisk of programmingerrorsdueto typosanddoes
not supportabstractionfacilities for composingdocuments(see
[11] for a moredetaileddiscussion).Here,free variablesareuse-
ful. Sinceit is not necessaryto know the concreterepresentation



of a CGI reference,thetypeCgiRef is abstract.Thus,we usefree
variablesasCGI references.Sinceeachinput elementhasa CGI
referenceasa parameter, thefreevariablesof typeCgiRef arethe
links to connecttheinputelementswith theuseof their contentsin
theeventhandlers.For instance,thefollowing programimplements
a(dangerous!)webpagewhereaclientcansubmita�le name.As a
result,thecontentsof this �le (storedonthewebserver)areshown
in theanswerdocument:3

getFile = return $ form "Question"
[htxt "Enter local file name:",
textfield fileref "",
button "Get file!" handler]

where
fileref free

handler env = do
contents <- readFile (env fileref)
return $ form "Answer"

[h1 [htxt ("Contents of " ++ env fileref)],
verbatim contents]

Sincethelocally de�nednamefileref (of typeCgiRef) is visible
in theright-handsideof thede�nition of getFile aswell asin the
de�nition of handler , it is notnecessaryto passit explicitly to the
eventhandler. Notethesimplicity of retrieving valuesenteredinto
the form: sincethe event handlersarecalledwith the appropriate
CGI environmentcontainingthesevalues,they caneasily access
thesevaluesby applyingthe environmentto the appropriateCGI
reference,like (env fileref) .

This structureof CGI programmingis madepossibleby the func-
tional as well as logic programmingfeaturesof Curry. Although
someaspectsof this programmingmodel,in particular, theuseof
eventhandlers,canalsobeimplementedin apurelyfunctionallan-
guage[24], otheraspectslike the useof free variablesfor locally
de�ned input �elds canonly besimulatedin a restrictedway, e.g.,
by the useof monadsto createuniquereferences,sincethe local
creationof globally uniqueidenti�ers is a typical functionallogic
designpattern[2]. Moredetailsandtheadvantagesof thisprogram-
mingmodelarediscussedin [11].

4. Constructing Web User Interfaces
In this sectionwe presentour conceptto constructWUIs from a
programmer's point of view, i.e., we presentthe WUI API before
we discussits implementationin thenext section.

4.1 BasicWUIs

In order to supportthe constructionof WUIs for a large classof
applications,we only requirethattheapplicationprogramsupplies
theWUI with thecurrentstateof thedataandanoperationto store
thedatamodi�ed by theuser. Thus,themainoperationto construct
a WUI couldhave thetypesignature(rememberthatdynamicweb
pagesareof typeIO HtmlForm)

mainWUI:: a -> (a -> IO HtmlForm) -> IO HtmlForm

so that an expressionof the form (mainWUI d stor e) evaluates
to a web pagecontainingan editor that shows the currentdatad
andexecutes( stor e d0) whentheusersubmitsthemodi�ed data
d0. Theoperationstor e (alsocalledupdateform) usuallystoresthe
modi�ed datain a �le or database,returnsa webpagethatinforms
theuseraboutthesuccessful(or failed)modi�cation, andproceeds
with a further interaction.Therefore,the result type of stor e is
IO HtmlFormratherthanIO () .

3 The prede®nedright-associative in®x operatorf $ e denotesthe applica-
tion of f to theargumente.

Note that mainWUIis polymorphic in the type of the datato be
processedsothatit canbeappliedto any kind of data.However, in
practiceoneneedsHTML formsthatdependon thedatatypesand
exploit thevariouspossibilitiesof HTML input elements(strings,
text areas,radiobuttons,selectionboxes,etc).Therefore,mainWUI
shouldbe bettertreatedasan overloadedfunction.Although type
classesas in Haskell [20, 26] allow an elegant formulation of
overloadedoperations,this is not suf�cient for our purposesince
therecouldbe differentinteractionforms for identicaldatatypes.
For instance,stringscanbemodi�ed with simpletext input�elds or
with largertext areas,�nite setsof constantscanberepresentedas
radiobuttonsor selectionboxes,etc.Basedontheseconsiderations,
mainWUIshouldalsotake aspeci�cationof theinteractionform as
a furtherargumentsothatwe obtainthetypesignature

mainWUI:: WuiSpec a -> a -> (a -> IO HtmlForm)
-> IO HtmlForm

Here, WuiSpec a is a data type to specify an interactionform,
which we alsocall WUI speci�cationor widget, to modify values
of typea. For instance,to edit simplestrings,thereis a prede�ned
entity

wString :: WuiSpec String

de�ning aWUI elementthatshows thestringin asimpletext input
�eld. For largertext paragraphs,thereis anentity

wTextArea :: (Int,Int) -> WuiSpec String

de�ning a WUI elementthatshows thestring in a text areawith a
particularheightandwidth (theargumentpairof thisentity).As an
examplefor anotherdatatype,thereis anentity

wInt :: WuiSpec Int

de�ning a WUI elementthatshows an integer in a text input �eld.
Note that WUI elementsare type safe, i.e., if the user inputs a
non-integer in suchan input �eld, the implementationof theWUI
emitsan error messageandasksthe userto correctthe input. As
an example,considerthe de�nition of a form that just shows its
argument:4

resultForm :: a -> IO HtmlForm
resultForm v =
return $ form "Result"

[htxt ("Modified value: "++show v)]

Thentheexpression

mainWUIwInt 42 resultForm

evaluatesto asimplewebpagewith aninput�eld (with initial value
42, seeleft partof Figure1) whereintegervaluescanbemodi�ed.
If theusertries to modify the input �eld with a non-integervalue,
an error pageis returnedthat allows the userto modify the input
with a correctvalue(seeright partof Figure1).

Similarly, thereareWUI elementsfor otherelementarydatatypes.
For instance,

wSelect :: (a->String) -> [a] -> WuiSpec a

de�nes a WUI elementto selecta valuefrom a list of valuesby a
selectionbox. The�rst argumentis a functionto show anelement
asa string (shown in the selectionbox) andthe secondargument
containsthelist of elementsto beselected.As a concreteexample,
wecanderive thefollowing WUI elementto selectBooleanvalues
(wheretheparametersarethestringsthatareshown for thevalues
True andFalse in theselectionbox,respectively):

wSelectBool :: String -> String -> WuiSpec Bool

4 showis auniversaloperationto portrayany valueasastring.



Figure1. A simpleintegerWUI (left) with aninputerror(right)

wSelectBool t f = wSelect (\b -> if b then t else f)
[True,False]

If oneprovides an interfaceto manipulatelarger datastructures,
it is often requiredthat somepartsof the structure(e.g.,unique
identi�ers like insurancenumbers)shouldonly be shown but not
modi�ed. For this purpose,we alsoprovide a WUI element

wConstant :: (a->HtmlExp) -> WuiSpec a

which requiresa function to visualizethe (non-editable)valueby
anHTML expression.Similarly, thereis aWUI element

wHidden :: WuiSpec a

thatdoesnot visualizethe valuein the interface.This is usefulto
hidepartsof largerstructuresthatshouldnotbeshown in theinter-
face(e.g.,internalidenti�ers suchasdatabasekeys).Theconstruc-
tion of WUIs for suchlargerstructuresis thetopicof thefollowing
section.

4.2 WUI Combinators

Similarly to the useof type constructorsfor the constructionof
complex datatypesfrom simpler types,WUIs for complex types
canbeconstructedfrom WUIs for simplertypesby WUI combina-
tors. A WUI combinatoris amappingfrom simplerWUIs to WUIs
for structuredtypes.For instance,thereis a family of WUI combi-
natorsfor tupletypes:

wPair :: WuiSpeca -> WuiSpecb -> WuiSpec(a,b)
wTriple :: WuiSpeca -> WuiSpecb -> WuiSpecc

-> WuiSpec(a,b,c)
...

Thus,theexpression

mainWUI(wTriple wString wInt
(wSelectBool "male" "female"))

("Joe",30,True) resultForm

evaluatesto an HTML form to edit a triple consistingof a string,
aninteger, andaBoolean.

In orderto manipulatelists of dataobjects,thereis a WUI combi-
natorfor list types:

wList :: WuiSpec a -> WuiSpec [a]

For instance,considerthe following derived WUI typesfor dates
andpersonsconsistingof �rst name,surname,anddateof birth:

wDate = wTriple (wSelect show [1..31])
(wSelect show [1..12])
wInt

Figure 2. A WUI for a personaldatalist

wPerson = wTriple wString wString wDate

In order to manipulatelists of persons,we can use the WUI
(wList wPerson) which is of type

WuiSpec[(String,String,(Int,Int,Int) )] .

Figure2 showsanexampleform of thistype.Notethattheelements
in a list arevertically alignedin a tablein theHTML form. Later
we will seehow suchdefault renderingscanbeeasilymodi�ed.

In orderto constructWUIs for union types,thereis a combinator
for Either types:

wEither :: WuiSpec a -> WuiSpec b
-> WuiSpec (Either a b)

Other types with more alternatives can be easily reducedto a
combinationof severalEither types.This is suf�cient in practice
sincewe will alsoprovide possibilitiesto adaptWUIs for standard
typesto arbitraryuser-de�ned types(seebelow).

4.3 Constraining WUIs

As alreadydiscussed,ourtype-orientedconstructionof WUIs leads
to type-safeuserinterfaces,i.e.,theusercanonly entertypecorrect
dataso that the applicationdoesnot needto performany checks
for this purpose.Up to now, type-correctnessis interpretedw.r.t.
thetypesof theunderlyingprogramminglanguage.However, many
applicationsrequireamore�ne-grainedde�nition of types.For in-
stance,notevery triple of naturalnumbersthatcanbeenteredwith
theWUI wDateabove is acceptable,e.g.,thetriple (29,2,2006)
is illegal from an applicationpoint of view. In order to support
alsocorrectnesschecksfor suchapplication-dependenttypecon-
straints, onecan attacha computablepredicateto any WUI. For
this purpose,thereis anoperation(alsode�ned asan in�x opera-
tor)

withCondition :: WuiSpeca -> (a->Bool) -> WuiSpeca

that combinesa WUI speci�cation with a predicateon valuesof
thesametype so that the resultspeci�esa WUI thatacceptsonly
valuessatisfyingthegivenpredicate.

As a simpleexample,we canderive a WUI thatacceptsonly non-
emptystrings:

wRequiredString :: WuiSpec String
wRequiredString =

wString `withCondition` (not . null)



Considera predicateisEmail on strings that is satis�ed if its
argumentis asyntacticallyvalid emailaddress.Thenwecaneasily
de�ne a WUI thatacceptsonly correctemailaddresses:

wEmail :: WuiSpec String
wEmail = wString `withCondition` isEmail

Obviously, onecanalsoaddconditionson non-elementaryWUIs.
For instance,if correctDate is a predicateon triples of inte-
gers that checkswhetherthis triple representsa legal date(e.g.,
correctDate (29,2,2006) evaluatesto False ), then the WUI
speci�cationwDateabove shouldbebetterde�ned by

wDate = wTriple (wSelect show [1..31])
(wSelect show [1..12])
wInt

`withCondition` correctDate

If speci�c conditionson input valuesareadded,appropriateerror
messagesshouldbeprovided.For this purpose,thereis an opera-
tion (alsode�ned asanin�x operator)

withError :: WuiSpec a -> String -> WuiSpec a

that combinesa WUI speci�cationwith a speci�c messagewhich
is shown in caseof inputsthatdo not satisfytheinput constraints.
For instance,we can improve the above WUI wEmail with an
appropriateerrormessageby thefollowing improvedde�nition:

wEmail = wString
`withCondition` isEmail
`withError` "Illegal email address:"

4.4 Adapting WUIs

In Section4.2 we have shown how to de�ne WUIs for complex
datatypesconstructedby standardtypeconstructorslike tuplesor
lists. WUIs for application-speci�ctypescanbe implementedby
thefollowing techniques:

� OneimplementsWUI combinatorsfor theapplication-speci�c
typesusingthesametechniquesasfor thestandardWUI combi-
nators.As wewill seein Section5, this is notdif�cult although
technicallynon-trivial andtediousto implementin detail.

� One usesthe standardWUI combinatorsand adaptsthem to
application-speci�ctypesby de�ning mappingsbetweenstan-
dardtypesandapplication-speci�ctypes.Sincesuchmappings
arenotdif�cult to de�ne in afunctionallogic language,wepro-
posethismethodin practice.

In orderto supportthesecondalternative, thereis anoperationto
transformWUIs from onetypeto another:

transformWSpec :: (a->b, b->a) -> WuiSpec a
-> WuiSpec b

The correspondingvaluemappingsareprovided asparametersto
this transformation.Note that value mappingsmust be given for
bothdirections:�rst, a valueof typeb mustbetransformedinto a
valueof typea in orderto manipulateit with theWUI for a-values,
andafter submittingthis (modi�ed) value,it mustbe transformed
into a b-valuein orderto passit to theapplication.Fortunately, if
bothvaluetypesareisomorphic,it is suf�cient to provideonly one
transformationasa(bijective)functionsincetheotherdirectioncan
beautomaticallyderivedexploiting thefunctionallogic featuresof
Curry. For instance,considerthefollowing datatypesfor datesand
persons:

data Date = Date Int Int Int
data Person = Person String String Date

Thenonecaneasilyde�ne afunctionthatmapsvaluesof thetuple-
orientedpersontypeusedin Section4.2for theWUI wPersoninto
Person values:

tuple2person :: (String,String,(Int,Int,Int))
-> Person

tuple2person (first,name,(d,m,y)) =
Person first name(Date d m y)

Now, exploiting theconceptof functionpatterns[3], wherede�ned
functionscanalsooccurat patternpositions,we caneasilyde�ne
theinverseof tuple2person by

person2tuple (tuple2person t) = t

sothatWUIs for valuesof typePerson canbespeci�edasfollows:

wPersonType :: WuiSpec Person
wPersonType =
transformWSpec(tuple2person,person2tuple) wPerson

It is not dif�cult to provide a generalde�nition of this technique
so that we cande�ne a “WUI adapter”whereonly onebijective
mappingneedto beprovided:

adaptWSpec:: (a->b) -> WuiSpec a -> WuiSpec b
adaptWSpeca2b = transformWSpec (a2b,invert a2b)

Here,invert is a functionthatinvertsagivenfunctionby thecon-
ceptof functionpatternsabove, i.e.,it is requiredthatthe�rst argu-
mentto adaptWSpecis abijectivefunctionliketuple2person (of
course,this propertyis undecidableso that it mustbe ensuredby
the programmer),otherwisethe programmermustprovide an ex-
plicit de�nition of theinversemappingandusetransformWSpec.

4.5 Application-speci�c Rendering

To supportthe ef�cient constructionof WUIs, basic WUIs and
WUI combinatorshave standardrenderingsthat producereason-
ablelayoutsin mostcases.For instance,wSelect shows thealter-
native elementsin a selectionbox, wList alignstherenderingsof
theindividual list elementsvertically in a table,or tuplecombina-
torscombinetheelementshorizontally(seeFigure2).Nevertheless,
it is sometimesdesirableto have a particularlayoutin someappli-
cations.For this purpose,our approachalsosupportthemodi�ca-
tion of suchstandardrenderingsthatis describedin thefollowing.

Conceptually, we de�ne a renderingasa function that combines
the layout of the substructuresof someWUI (i.e., the HTML
expressionsfor thecomponentWUIs in a WUI combinator)into a
new combinedlayoutspeci�ed by someHTML expression.Thus,
a renderingis a functionof thefollowing type:

type Rendering = [HtmlExp] -> HtmlExp

For instance,thestandardrenderingsfor listsandtuplesarede�ned
asfollows:

renderList hexps = table (map (\h->[[h]]) hexps)
renderTuple hexps = table [map (\h->[h]) hexps]

renderList mapstheelementsinto a tablewhereeachelementis
put into onerow, andrenderTuple mapstheelementsinto a table
consistingof onerow whereeachelementis put into a columnof
thatrow.

As mentionedabove, eachWUI elementhasa default rendering,
like renderTuple for WUIs containingtuples or renderList
for list WUIs. Since the main renderingof basicWUIs is �x ed
(e.g.,selectionboxesfor wSelect or text input �elds for wString
or wInt ), the renderingfunction for suchbasicWUIs is simply
head, i.e., theprojectionon the �rst elementof the list of HTML
expressions.Thus,eachWUI elementcontainsa default rendering



functionof typeRendering. Thisdefaultrenderingcanbechanged
sothatonecandecoratebasicWUIs with furtherHTML structures
or de�ne new alignmentsor combinationsfor combinedWUIs.

To changethedefault renderingof a WUI, thereis anoperationto
transformaWUI into aWUI with anew rendering(alsode�ned as
anin�x operator):

withRendering :: WuiSpeca -> Rendering -> WuiSpeca

Thus,we caneasilyderive from wList anew WUI combinatorfor
listswheretheelementsarehorizontallyalignedin a table:

wHList :: WuiSpec a -> WuiSpec [a]
wHList wspec = wList wspec

`withRendering` renderTuple

WecancombinethecombinatorswList andwHList to acombina-
tor for matrices,i.e.,listsof listsof elementsvisualizedasamatrix:

wMatrix :: WuiSpec a -> WuiSpec [[a]]
wMatrix wspec = wList (wHList wspec)

The latter combinatorcanbe exploited to de�ne a WUI for “Su-
Doku” puzzles(seeSection4.7) consistingof a 9 � 9 matrix of
digits (wherezerois shown asa blank,seeupperpartof Figure3):

wSudoku:: WuiSpec [[Int]]
wSudoku=

wMatrix (wSelect (\i -> if i==0 then " "
else show i)

[0..9])

Note that this de�nition of a matrix WUI works well only for
matriceswherethecellsin eachcolumnhavethesamewidth, since
eachrow of the matrix is a separatetable.This drawbackcanbe
easilyavoidedby a new de�nition of renderList that mergesa
“tableof tables”(i.e.,a tablewhereeachrow containsa table)into
a singletable.Actually, this is theimplementationof renderList
in our library, otherwisea WUI for list of tuples,like in Figure2,
would not look well.

4.6 EmbeddingWUIs in WebPages

As we have seenin Section4.1, we cangenerateweb pagescon-
taining a form for a particularWUI speci�cationanddatavalues
by acall to thefunctionmainWUI(seeFigure1). However, in most
applicationsonewantsto embedthemanipulationof datainto web
pageswith a �x ed design(headers,menubars,etc).For this pur-
pose,thetranslationof aWUI into acompleteform is notdesirable
sothatit is reasonableto providea function

wui2html :: WuiSpeca -> a -> (a -> IO HtmlForm)
-> (HtmlExp,HtmlHandler)

that is similar to mainWUIbut returnsan HTML expressionim-
plementingthe WUI layout anda handlerthat canbe attachedto
a submitbutton.Using this function,WUIs canbe integratedinto
any web pageand the function mainWUIcanbe implementedas
follows:

mainWUIwuispec val store =
let (hexp,handler) = wui2html wuispec val store
in return $ form "WUI" [hexp, breakline,

button "Submit" handler]

Moreover, our WUI library alsooffers functionsto embeda WUI
into a web pagehaving “holes” for the WUI layout andhandler.
Note that the underlyinglibrary for HTML programming[11] is
compositional:a web form (i.e., anexpressionof typeHtmlForm,
seeSection3) can containHTML expressionswith an arbitrary
numberof submit buttons for different handlers.Thus, one can
alsoembedseveralsWUIs with separatesubmitbuttonsatarbitrary

Figure 3. A WUI for “SuDoku” puzzles(upperpart: input, lower
part:solutionoutput)

placesin a singlewebpagewithout any con�icts in thenamingof
referencesfor input �elds.

4.7 Summary

Beforediscussingtheimplementationof our WUI concept,which
we have introducedin this sectionfrom a programmer's point of
view, we summarizeits basic featuresand provide a complete
example.

Our approachis tailored towardsan ef�cient implementationof
WUIs wheretheapplicationprogrammeris freedfrom implement-
ing the processof retrieving the input datafrom individual input
�elds or checkingthe type correctnessor otherconstraintson in-
put values.Although somedefault designdecisionssupportthe
straightforwardconstructionof WUIs, our conceptalsoallows the
modi�cation of thesedefaults.For instance,the programmercan
de�ne partsof thedataasconstant(i.e.,non-editable)or hide it in
the form. Standardrenderingscanbe easilymodi�ed or complex
input conditionscanbeattachedto WUIs. Furthermore,WUIs for



user-de�ned datatypescanbeeasilyderivedby providing bijective
mappingsto standarddatatypeslike lists, tuples,or unions.

During thedesignof our concept,we have alsoinvestigatedpossi-
bilities to providestandardWUIs for dynamicdatastructures,such
aslists, with interactionelementsto extendthem(e.g.,adda new
valueto a list of values).However, our framework doesnotprovide
speci�c supportfor this dueto thenumerouspossibilitesto extend
suchstructures(e.g.,insertelementsat arbitrarypositionsin a list,
extendtreestructuresat arbitrarynodesor leaves).Nevertheless,it
is fairly easyto implementHTML forms that supportsuchvalue
extensionsat well-de�ned places,e.g.,by generatingWUIs with
default or blankinputvalues.

As asmallexamplefor theconstructionof acompletewebapplica-
tion exploiting our concept,we show theimplementationof a web
interfaceto a“SuDoku”solver. A SuDokupuzzleconsistsof a9� 9
matrixof digitsbetween1 and9 sothateachrow, eachcolumn,and
eachof thenine3� 3 sub-matricescontainpairwisedifferentdigits.
Thechallengeis to �nd themissingdigits if somedigits aregiven
(seeupperpartof Figure3). We assumethata solver exists asan
operation

solveSudoku :: [[Int]] -> IO (Maybe [[Int]])

that takes a matrix of integers(wherea zero value representsan
unknown digit) andreturnsa solution or Nothing if no solution
exists (an implementationof this operationusing �nite domain
constraintsin Curry is shown in theappendix).

Theinitial webform hasamatrix (e.g.,adistinctexample)asinput
andallows the userto changesomedigits by the WUI wSudoku
de�ned above. It puts the HTML expressionand handlerinto a
standardform with a “Solve” button:

initForm s =
let (hexp,handler) = wui2html wSudokus solveForm
in return $ standardForm "SuDoku"

[hexp, button "Solve" handler]

Theintegermatrixde�nedby theuserin thiswebform is processed
by the operationsolveForm that calls the SuDoku solver and
returnsa web page that shows the solution (see lower part of
Figure3):

solveForm m = do
sol <- solveSudoku m
return $ standardForm "SuDoku"
(if sol==Nothing
then [h1 [htxt "No solution"]]
else [fst (wui2html wMatConst

(fromJust sol) initForm)])
where wMatConst= wMatrix (wConstant (htxt . show))

Notethatwe alsouseour WUI conceptto show the(non-editable)
constantvalueof a solution.In this case,the button andcontinu-
ation storeform is not used.Therefore,we put initForm at the
correspondingargumentposition.

Now we can provide an initial “empty” form by evaluating the
expression

initForm (map (const (take 9 (repeat 0))) [1..9])

which canbe interpretedas the main function of our web script.
This exampleshows thecompactnessof codethat is necessaryto
attacha webuserinterfaceto anexistingapplication.

5. Implementation
Thissectionsketchestheimplementationof ourWUI conceptusing
the featuresfor HTML programming[11] of Curry. Thecomplete

implementationis availablewith thecurrentdistributionof PAKCS
[13].

As apparentfrom the type of the function wui2html (seeSec-
tion 4.6),theimplementationmustbeableto translateaWUI spec-
i�cation togetherwith a valueandan updateform into an HTML
expressionthatimplementstheWUI layoutandahandlerfor asub-
mit button.Furthermore,WUI combinatorstakethefunctionalityof
thecomponentWUIs asinput andproducethefunctionalityof the
combinedWUI. Therefore,aWUI speci�cationmustcontainsome
information about translatingWUIs into appropriateHTML ex-
pressionsandgeneratingthecorrespondingeventhandlers.Based
on theseconsiderations,onecouldde�ne thetypeWuiSpecasfol-
lows:

data WuiSpec a = WuiSpec (a -> HtmlState)
(CgiEnv -> WuiState -> a)

type HtmlState = (HtmlExp,WuiState)

Thus, a WUI speci�cation consistsof two operations.From the
current value to be manipulatedby the user, the �rst operation
producesthe correspondingHTML expressioncontainedin the
web form togetherwith a statethat is passed(by the implemen-
tation of wui2html ) to the event handler(suchpairs areof type
HtmlState ). The stateis necessaryto storethe referencesof the
input �elds of the HTML expressionin orderto enablethe event
handlerto extractthecorrespondinguserinputs.Consequently, the
secondoperationof aWUI speci�cationreturnsthevaluemodi�ed
by theuserin the form from thecurrentCGI environmentandthe
state.

For instance,assumeoperationsto encodeanddecodeaCGI refer-
encein a state(of typeWuiState , seebelow):

cgiRef2state :: CgiRef -> WuiState

state2cgiRef :: WuiState -> CgiRef

ThenonecanimplementthebasicWUI for stringsasfollows:

wString :: WuiSpec String
wString =
WuiSpec
(\v -> let ref free in

(textfield ref v, cgiRef2state ref))
(\env state -> env (state2cgiRef state))

In orderto implementa WUI combinatorlike wPair , it is neces-
sary to composeanddecomposeseveral statesinto one.For this
purpose,we assumetheexistenceof theoperations

states2state :: [WuiState] -> WuiState

state2states :: WuiState -> [WuiState]

sothatonecanimplementthepair combinatorasfollows:

wPair :: WuiSpec a -> WuiSpec b -> WuiSpec (a,b)
wPair (WuiSpec showareada) (WuiSpec showbreadb) =
WuiSpec
(\(va,vb) -> let (hexpa,statea) = showa va

(hexpb,stateb) = showb vb
in (renderTuple [hexpa,hexpb],

states2state [statea,stateb]))
(\env state ->

let [statea,stateb] = state2states state
in (reada env statea, readb env stateb))

OtherWUI combinatorscanbe constructedin a similar way. It is
alsonotdif�cult to implementthetransformationof WUIs between
datatypes(seeSection4.4) by applyingthe transformationfunc-
tionsatappropriateplaces:



transformWSpec :: (a->b,b->a) -> WuiSpec a
-> WuiSpec b

transformWSpec (a2b,b2a) (WuiSpec showa reada) =
WuiSpec (\vb -> showa (b2a vb))

(\env state -> a2b (reada env state))

Thedatatypeof statesusedin WUIs canbede�ned asfollows:

data WuiState = Ref CgiRef
| CompNode[WuiState]
| AltNode (Int,WuiState)
| Hidden String

TheconstructorRef representsa referenceto anelementaryinput
�eld (seecgiRef2state andstate2cgiRef above), CompNode
representsastatecombinedfromseveralstates(seestates2state
andstate2states above), AltNode representsalternatives,i.e.,
the union of componentsasusedin a combinatorlike wEither ,
andHidden is usedto keepastringrepresentationof hiddenvalues
(usedto implementwConstant andwHidden).

Unfortunately, theimplementationshown sofar is not ableto sup-
port the completefunctionality of WUIs presentedin Section4.
For instance,the functionality of WUIs canbe modi�ed by oper-
ationslike withRendering , withError , or withCondition so
thatWUIs mustalsocontaininformationabouttherendering,error
messagesin caseof input errors,andpredicateson the input data.
For thispurpose,wecande�ne thefollowing datatypeto keepthis
informationin onestructure:

type WuiParamsa = (Rendering, String, a->Bool)

Theseparametersmustbe storedin a WUI speci�cation(in order
to modify themby anoperationlike withRendering ) andpassed
to the WUI operationsso that we obtain the following improved
de�nition of thetypeof WUI speci�cations:

data WuiSpec a =
WuiSpec (WuiParams a)

(WuiParams a -> a -> HtmlState)
(WuiParams a -> CgiEnv -> WuiState -> a)

However, one�nal modi�cation of this type is necessaryin order
to implementthe reactionto illegal inputs in a form. In this case,
the input valuesarenot returnedto the updateform but they are
shown in a new HTML form togetherwith thecorrespondingerror
message(seeright of Figure1). Therefore,the returntype of the
secondWUI operationmustbemodi�ed to a Maybevalue(where
Nothing is returnedin caseof an illegal input) togetherwith an
HTML expressionandstatefor thesubsequenterror form. Hence,
we obtainour �nal de�nition of thetypeof WUI speci�cations:

data WuiSpec a =
WuiSpec (WuiParams a)

(WuiParams a -> a -> HtmlState)
(WuiParams a -> CgiEnv -> WuiState

-> (Maybe a, HtmlState))

Note that the structureof the error form must be always con-
structed,i.e., also in caseof valid inputs,sinceillegal inputscan
occuratany level of theconstructionof theoutputvalue.

Accordingto this �nal de�nition of the type WuiSpec, the imple-
mentationof thebasicWUI for stringsis asfollows:

wString :: WuiSpec String
wString =
WuiSpec
(head, "?", const True)
(\(rnd,_,_) v -> stringWidget rnd v)
(\wparams env s ->

checkLegalInput wparams stringWidget
(env (state2cgiRef s)))

where
stringWidget render v =

let ref free in
(render [textfield ref v], cgiRef2state ref)

The polymorphic function checkLegalInput is responsibleto
checkauserinputandreturns,accordingto thevalidity of theinput,
acorrespondingMaybevaluetogetherwith aform thatis usedif the
input is invalid:

checkLegalInput :: WuiParamsa
-> (Rendering -> a -> HtmlState)
-> a
-> (Maybe a,HtmlState)

checkLegalInput (rnd,errmsg,legal) v2widget v =
if legal v
then (Just v, v2widget rnd v)
else (Nothing, v2widget (renderError rnd errmsg) v)

ThefunctionrenderError is of type

renderError :: Rendering -> String -> Rendering

andcombinesa given renderingwith anerrormessageso that the
resultingrenderingproducesan HTML expressioncontainingthe
input renderingsurroundedby theerrormessage(seeright partof
Figure1).

In a similar way, the implementationof WUI combinators,like
wPair shown above, can be adaptedto the �nal de�nition of
WuiSpecwith errorhandling.

A tricky detailof thecompleteimplementationof ourWUI concept
is thegenerationof input forms anderrorhandlingforms.This is
doneby the main operationwui2html introducedin Section4.6.
This operationtranslatesa WUI speci�cation,a value,andanup-
dateform into anHTML expressionandahandlerthatimplements
theedit form. Basically, anexpression

(wui2html wuispec val store) (1)

wheretheargumentwuispec hastheform

WuiSpec wparams showhtml readval

is evaluatedasfollows:

1. Computetheinitial HTML form containingtheinput elements
to modify the given valueval : this is doneby evaluatingthe
expression(showhtml wparams val) . The result is a pair
(hexp,wstate) of typeHtmlState , wherehexp is theHTML
expressionspecifyingthelayoutof theinitial form andwstate
isaWuiState valuecontainingthereferencesto theinput�elds
of hexp.

2. Thevaluehexp is the�rst componentof theresultof (1).

3. Thesecondcomponent(theeventhandler)of theresultof (1) is
computedasfollows.Firstof all, thelambdaabstraction

\env -> readval wparams env wstate

has the functional type CgiEnv -> (Maybea, HtmlState) .
In order to obtain the requiredevent handler from this ab-
straction, i.e., a function of type HtmlHandler , we have
to process the result (mb,hst) of the body expression
“readval wparams env wstate ”:

� If mbhastheform Just v, thenthemodi�ed valuev is legal
so thatwe return(store v) which is of therequiredtype
IO HtmlForm.



� If mbis thevalueNothing , thenthecurrentuserinput is not
legal. In this casewe usehst = (errhexp,errwstate)
whichconsistsof anHTML expressionerrhexp specifying
thelayoutof theerrorhandlingform andastateerrwstate
containingthe referencesto the input �elds of errhexp .
Then our event handlerproceedswith step (2.) where it
useserrhexp anderrwstate insteadof hexpandwstate ,
respectively.

This casedistinctiontogetherwith the recursionin thesecond
caseimplementsthe dynamicgenerationof correcterror han-
dling forms.Note that, conceptually, the error handlingforms
arealwaysconstructed,i.e., even in the caseof legal userin-
puts.However, thanksto lazy evaluation,the concreteHTML
expressionsareonly computedwhenthey arereallydemanded.

With thesetypede�nitions andexplanations,theimplementationof
theconcretecodecanbe donewithout dif�culties. Thus,we omit
furtherdetailshere.Theinterestedreadermightlook into thesource
codeof the WUIlibrary that can be found in the currentPAKCS
distribution [13].

6. RelatedWork
Theimplementationof web-baseduserinterfaceshasanincreasing
relevancein modernapplications.In principle,dynamicwebpages
can be implementedin any programminglanguagesincethe re-
quirementsonCGI programsthatgeneratedynamicwebpagesare
very low due to the text-basedCGI protocol.Although scripting
languageslikePerlor PHParequitecommonfor thispurpose,they
lack supportfor reliableprogramming(e.g.,types,staticchecking
of declarations)sothatvariousapproachesto implementwebinter-
faceswith higher-level programminglanguageshave beendevel-
oped.Someof themarediscussedin thefollowing.

MAWL [18] is an early domain-speci�c languagefor program-
ming web interfaces.It supportsthecheckingof well-formedness
of HTML documentsby writing HTML documentswith somegaps
that are �lled by the server beforesendingthe documentto the
client.Sincethesegapsare�lled only with simplevalues,thegen-
erationof documentswhosestructuredependson complex datais
largely restricted.To relax this restriction,MAWL offers special
iterationgapswhich canbe �lled with list values.More complex
treestructuresaresupportedin DynDoc[22] (partof the<bigwig>
project[5]) which supportshigher-orderdocumenttemplates,i.e.,
the gapsin a documentcan be �lled with other documentsthat
can also containgaps.In order to validateuserinputs in HTML
forms, the<bigwig> projectproposesPowerForms[4], anexten-
sion of HTML with a declarative speci�cation languageto anno-
tate acceptableform inputs. Since the speci�cation languageis
basedon regularexpressions,it is lesspowerful thanour approach
which supportsany computablepredicateon inputs.Furthermore,
PowerFormsare translatedinto JavaScriptso that input checking
is doneon the client side.This hasthe advantageto reducenet-
work traf�c but thedisadvantagethatsuchformscannotbeusedon
clientswhereJavaScriptis disabledfor securityreasons.Finally,
the <bigwig> projectis basedon a domain-speci�clanguagefor
writing dynamicwebserviceswhile we exploit the featuresof the
existinghigh-level languageCurry.

Similar to the approachfor HTML programmingin Curry [11],
thereare also libraries to supportHTML programmingin other
functionalandlogic languages.For instance,the PiLLoW library
[7] is anHTML/CGI library for Prolog.Dueto theuntypednature
of Prolog,staticcheckson the form of HTML documentsarenot
supported.Furthermore,thereis no higher-level supportfor com-
plex interactionsequencesasrequiredin typical userinterfaces.

Meijer [19] hasdevelopeda CGI library for Haskell thatde�nes a
datatypefor HTML expressionstogetherwith a wrapperfunction
that translatessuchexpressionsinto a textual HTML representa-
tion. However, it doesnot offer any abstractionfor programming
sequencesof interactions(e.g.,by event handlers).Thesemustbe
implementedin thetraditionalwaybychoosingstringsfor identify-
ing input �elds, passingstatesashiddeninput �elds etc.Thiemann
[23] proposedarepresentationof HTML documentsin Haskell that
ensuresthewell-formednessof documentsby exploiting Haskell's
typeclasssystem.In [24] heextendedthis approachby combining
it with the ideasof [11] to implementinteractionsequencesby an
eventhandlermodel.Althoughhisapproachalsosupportstypedin-
put �elds similarly to our concept,it is morerestricted.It doesnot
supportarbitraryconditionson input dataor type-basedcombina-
tors for input �elds. Furthermore,the layoutof thegeneratedweb
pagesis morerestrictive.SinceThiemannusesa purelyfunctional
languageanda monadicmodelto createreferencesto input �elds,
submitbuttonsmustalwaysbeplacedbelow theinput �elds. Such
a restrictionis not requiredin our approachdueto theuseof logic
programmingfeatures(freevariablesasreferences).

Plasmeijerand Achten [21] proposedthe iData toolkit to imple-
ment type-safeweb interfacesin the functional languageClean.
Similarly to our approach,editorsfor typedvaluesarecreatedin
atype-orientedway. However, therearealsoimportantdifferences.
For instance,the editabledataelementsare identi�ed in the pro-
gramby stringsso that it is the taskof theprogrammerto useun-
ambiguousnamesthroughoutthe programfor differentdata.The
useof strings,thatarenot checkedat compile-time,is a sourceof
potentialprogrammingerrorssimilarly to scriptinglanguageslike
Perl or PHP. Furthermore,the applicationusing the iData toolkit
mustbebuilt aroundtheiDatamodelsinceit providesspeci�c sup-
port for makingtheconsidereddatapersistent.This is in contrastto
our approachwhich hasno speci�c restrictionon the application.
For instance,persistentdatacanbe storedin �les or in databases
usingstandardaccessmethods[8, 12], anda web-baseduserinter-
facecanbeaddedin anindependentwayaftertheapplicationlogic
hasbeenimplemented.

7. Conclusion
Wehavepresentedanew conceptto implementwebuserinterfaces
in a type-orientedway. As we have shown in the paper, the type-
orientedconstructionleadsto a high-level, compact,andmaintain-
ableimplementationof theinterface.Theconstructionis basedon
basic WUI componentsfor elementarydata typesand powerful
combinatorsto constructWUIs for complex datatypes.Further-
more,ourapproachhasseveraladvantages:

� Interfacesare type safe, i.e., it is ensuredthat the modi�ed
valuessatisfythegiventypesor constraints.

� Interfacescanbeintegratedinto separatelydesignedwebpages.
Thereareno restrictionson thelayout,e.g.,thesubmitbuttons
canbeputat any placein thewebform.

� Interfacesarecompositional,i.e.,formscancontainany number
of value editors and submit buttons where it is ensuredthat
con�icts betweenthereferencesof thedifferentinput �elds do
notoccur.

� The editing facilities areseparatedfrom the applicationas in
theclassicalmodel/view/controllerparadigmfor userinterfaces
[17]: by de�ning severalWUI speci�cationsfor thesamedata
type,onecanhave differentviews on thesamedata.

� Interfaceshave variousdefaults to producereasonableresults
without much effort. However, it is easily possibleto mod-



ify thesedefaults(e.g.,renderings,input conditions,errormes-
sages)for speci�c applications.

� Existing interfaces can be transformedinto interfaces for
application-speci�ctypesby providing mappingsbetweenthe
datatypes.

Dueto theseadvantages,our WUI conceptis alreadyusedin sev-
eralapplications.Onesimpleapplication,asolver for SuDokupuz-
zles,hasbeenshown in thispaper. Thecompactnessof thecode(12
linesof codefor thesolverand9 linesof codefor thewebinterface)
shows theadvantagesof functionallogic languagesanddeclarative
programming.It is questionablewhethersucha compactnesscan
beobtainedin otheruniversalprogramminglanguages.

For future work it would be interestingto adaptpartsof this pro-
grammingmodel to other programminglanguages.Furthermore,
the checkingof userinputscould be improved for speci�c cases.
Currently, thevalidity of userinputsis checkedon theserver side.
This hastheadvantagethatno speci�c requirementsareplacedon
client side(e.g.,enabledJavaScript)andonecoulduseany predi-
cateimplementedin thebaselanguageCurry to specifythevalidity
of userinputs.However, thedisadvantageis an increasednetwork
traf�c in caseof illegal userinputs.Instantaneousfeedbackon in-
correctinputsontheclientsidecouldbeprovidedby JavaScriptif it
is enabledon theclient side.Thus,it would beinterestingto trans-
late simplepredicatesinto JavaScriptprogramsthat aresentwith
the generatedforms to the client, e.g.,asdonewith PowerForms
[4]. However, this doesnot free the server-side applicationfrom
input checkingin order to avoid securityrisks from hand-crafted
maliciousclient inputs.
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A. A SuDokuSolver
The following programimplementsa SuDokusolver in Curry us-
ing constraintsover �nite domains[13]. TheSuDokupuzzleis rep-
resentedasa matrix of integersbetween1 and9 containingfree
variablesfor unknown digits:

sudoku :: [[Int]] -> Success
sudoku m =
domain (concat m) 1 9 &
foldr1 (&) (map allDifferent m) &
foldr1 (&) (map allDifferent (transpose m)) &
foldr1 (&) (map allDifferent (squaresOfNine m)) &
labeling [FirstFailConstrained] (concat m)

-- translate a matrix into a list of elements
-- of small 3x3 squares
squaresOfNine :: [[a]] -> [[a]]
squaresOfNine [] = []
squaresOfNine (l1:l2:l3:ls) =

group3Rows [l1,l2,l3] ++ squaresOfNine ls
where group3Rowsl123 = if null (head l123) then []

else concatMap (take 3) l123 :
group3Rows (map (drop 3) l123)

The de�nition of the constraintsudoku is straightforward. First,
the domainof all matrix elementsis de�ned to be between1 and
9. Then,theconstraintsfor differentelements(allDifferent ) in
rows, columns,and3 � 3 squaresareestablishedby higher-order
functionsandstandardoperationsonlistsbeforeconcretesolutions
aretestedby a �rst-f ail labelingstrategy.

A solution to a sudoku constraintis computedby the standard
operatorgetOneSolution for encapsulatingsearch(see[6] for a
discussiononencapsulatingsearchin Curry) thatreturnsNothing
if no solutionexists for a constraintabstraction,or onesolutions
in theform Just s. TheauxiliaryoperationtransDigit translates
zerosfrom theinput matrix into freevariables.

solveSudoku :: [[Int]] -> IO (Maybe [[Int]])
solveSudoku s =

getOneSolution (\m -> m=:= map(map transDigit) s
&> sudoku m)

where
transDigit i = if i==0 then let x free in x else i


