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Abstract
We proposea framework to constructweb-orienteduserinterfaces
in a high-level way by exploiting declarative programmingtech-
niques.Suchuserinterfacesare intendedto manipulatecomplex
data in a type-safeway, i.e., it is ensuredthat only type-correct
datais acceptedby the interface,wheretypescanbe speci�ed by
standardtypesof a programminglanguageas well as any com-
putablepredicateon the data.The interfacesareweb-based,i.e.,
the datacanbe manipulatedwith standardweb browserswithout
any speci�c requirementsontheclientside.However, if theclient's
browserhasJavaScriptenabled,onecouldalsocheckthecorrect-
nessof the dataon the client sideproviding immediatefeedback
to the user. In order to releasethe applicationprogrammerfrom
the tediousdetailsto interactwith JavaScript,we proposean ap-
proachwheretheprogrammermustonly provide a declarative de-
scriptionof the requirementsof theuserinterfacefrom which the
necessaryJavaScriptprogramsandHTML formsareautomatically
generated.This approachleadsto a very conciseandmaintainable
implementationof web-baseduserinterfaces.We demonstratean
implementationof this conceptin the declarative multi-paradigm
languageCurry wherethe integratedfunctionalandlogic features
areexploitedto enablethehighlevel of abstractionproposedin this
paper.
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1. Moti vation

Theimplementationof softwaresystemscanbecoarselyclassi�ed
into two parts:theimplementationof theapplicationlogic andthe
implementationof the userinterface.If oneusesdeclarative pro-
gramminglanguages,the �rst part canbe implementedwith rea-
sonableefforts (in particular, if oneuseslibraries with appropri-
ateinterfaces,see,for instance,[10, 12, 18] for databaseprogram-
ming). In contrast,theconstructionof theuserinterfaceis usually
complex andtedious.In orderto simplify the latter task,scripting
languageswith toolkits andlibraries,like Tcl/Tk, Perl,or PHP, are
one approachto supportthis goal. Sincescripting languagesof-
tenlack supportfor thedevelopmentof complex andreliablesoft-
waresystems(e.g.,no static type andinterfacechecking,limited
codereusedueto the lack of high-level abstractions),they areof-
ten usedto implementthe userinterfacewhereasthe application
logic is implementedin someother language.This approachcre-
atesnew problemssinceit is well known that suchcombinations
couldcausesecurityleaksin webapplications[25]. Therefore,an
alternative solutionis theembeddingof suchdomain-speci�clan-
guagesin high-level languagesableto provideappropriateabstrac-
tions(e.g.,see[9, 17, 29, 32, 34, 35] for functionalandlogic lan-
guages).This paperfollows the latteralternative andconsidersan
approachto constructwebuserinterfaces(WUIs) in a declarative
way. The core idea of the declarative constructionof WUIs has
beenpresentedin [21]. In this paperwe combinethis construction
with theexisting featuresof scriptinglanguagesby compilingparts
of thedeclarative interfacespeci�cationsinto a scriptinglanguage
availablein almostall webbrowsers:JavaScript.

In orderto provide an exampleof the new approachpresentedin
this paper, we give a shortsummaryof theframework to construct
WUIs presentedin [21]. Thisapproachto constructWUIs is useful
in situationswheredataof an applicationprogramshouldbe ma-
nipulatedvia standardweb browsers(i.e., by HTML forms).The
applicationprogramsuppliestheWUI with thecurrentdataof the
applicationand an operationto storethe modi�ed data.Further-
more (andmost important),it provides a type-orientedspeci�ca-
tion of theWUI structurethatmatchesthe typeof theapplication
data.For this purpose,the WUI framework containsa setof ba-
sic WUIs to manipulatedata of basic types,e.g., integers, truth
values,strings,�nite sets,anda setof WUI combinators to con-
structWUIs for complex datatypesfrom simpler typessimilarly
to typeconstructorsin programminglanguages.For instance,there
arecombinatorsfor tuples,lists, union typesetc. The framework
ensuresthat theuserinputsonly type-correctdata, i.e., if theuser
tries to input illegal data(e.g., incorrectinteger constants,empty
strings,wrongdatesor emailaddresses),theWUI doesnot accept
the dataandasksthe userto correctthe input. Figure1 shows an
exampleof aWUI for a list of personscontainingvariousinputer-
rors.Note thaterrorscanoccurnot only in individual input �elds
but alsoasillegal combinationsof different�elds, like thedatein



Figure1. A WUI for a list of personscontainingvariousinputerrors

thesecondrow. Thanksto this featureof theWUI framework, the
applicationprogramneednotchecktheinputdataandperformap-
propriateactions(e.g.,providing error forms to correctthe input
etc).Thisconsiderablysimpli�es thetaskof programmingtheuser
interface.

We have alreadymentionedthattype-correctinputshave to beun-
derstoodin a muchbroadersensethantypesusedin programming
languages.For instance,stringscontainingemail addressesmust
have a particularform, a datelike “February29, 2006” is illegal,
andtwo input �elds containinga password andthe repeatedpass-
word mustbe alwaysidentical.Therefore,WUIs canbe speci�ed
togetherwith any computablepredicateso that input datais only
acceptedif it satis�es the speci�ed predicate.Furthermore,WUIs
can be customizedin variousways,e.g., to provide application-
speci�c error messages in caseof illegal inputs,to usea speci�c
renderingor embedthemin webpageswith a speci�c layout,and
canbe easilyadaptedto user-de�ned types(see[21] for details).
In orderto provide acompactandhigh-level interfacefor theWUI
construction,a concreteimplementationhasbeenperformedwith
the declarative multi-paradigmlanguageCurry [16, 24]. Various
featuresof Curry, like the treatmentof functionsas�rst-order ob-
jects,logic variables,andstrongtyping areexploitedin this imple-
mentation,althoughnot all of themarerequiredto beusedby the
programmerconstructingWUIs. In particular, logic variablesare
usedasinternalreferencesto input �elds which arenot visible to
theprogrammer.

In this paperwe show how to exploit the existenceof JavaScript
interpretersin web browsersin orderto increasethe functionality
of WUIs. By translatingconditionsin WUIs into JavaScriptpro-
grams,onecancheckuserinputson theclientside,i.e., formswith
illegal inputsarenot sentto the web server. This featurereduces
thenumberof client/server interactionsandprovidesinstantaneous
feedbackon incorrect inputs on the client side. However, Curry
is a powerful languagewith advancedprogrammingfeatures(e.g.,
higher-orderfunctions,laziness,logic variables,constraintsolving,
concurrency). Thus,it is not reasonableto translateinto JavaScript
all possibleconditionsthatcanbeimplementedin Curry, sincethis
might �nally requireto communicatea completeCurry implemen-
tationto thewebclient.Thisis notonly inef�cient (sinceJavaScript
is usuallyinterpreted)or impossible(dueto spaceandtime limita-
tionsof theJavaScriptinterpreter)but alsonot necessary:thecor-
rectnessof theuserinput is alwayscheckedon theserver side(due

to the principle in web programmingthat oneshouldnever trust
userinputsfromwebbrowsers even if they arechecked by scripts
on theclient side,sinceonenever knows whethertheinput comes
from a humanusinga webbrowseror anothermaliciousprogram
[25]). Thus,oneis freeto selectonly particularconditionsthatare
easyto translateinto JavaScript.This is theideausedin thefollow-
ing in orderto getareasonableandpracticallyapplicablecombina-
tion of two differentworldsof programming.

In the next section,we review the conceptsof Curry, HTML pro-
gramming,andJavaScriptthatarenecessaryto understandthecon-
tentsof this paper. Section3 reviews theideasof WUIs. Thebasic
ideasbehindthecombinationof WUIsandJavaScriptaredescribed
in Section4 beforethe translationof Curry into JavaScriptis de-
�ned in Section5. Section6 introducessomeimportantoptimiza-
tions. Section7 describesthe current implementation.Section8
discussesrelatedwork beforeweconcludein Section9.

2. Basics:Curry , HTML, JavaScript
2.1 Functional Logic Programming

Functional logic languages[15] integrate important featuresof
functionalandlogic languagesin orderto provide a varietyof pro-
grammingconcepts.Modern languagesof this kind [16, 24, 28]
combine the conceptsof demand-driven evaluation and higher-
orderfunctionsfrom functionalprogrammingwith logic program-
ming featureslike computingwith partial information(logic vari-
ables),uni�cation, andnondeterministicsearchfor solutions.This
combination,supportedby optimal evaluation strategies [4] and
new designpatterns[5], leadsto betterabstractionsin application
programs,e.g.,asshown for programmingwith databases[12, 18]
or dynamicweb pages[17, 21]. The declarative multi-paradigm
Curry [16, 24] is a functionallogic languageextendedby concur-
rentprogrammingconceptsandhasbeenusedin variousapplica-
tions.In thefollowing,wereview theelementsof Curryrelevantfor
this paperbut omit otherfeaturesnot usedhere(e.g.,constraints,
searchstrategies,concurrency, I/O concept,modules).Moredetails
aboutCurry'scomputationmodelandacompletedescriptionof all
languagefeaturescanbefoundin [16, 24].

Fromasyntacticpointof view, aCurryprogramis afunctionalpro-
gramextendedby the possibleinclusionof free (logic) variables
in conditionsand right-handsidesof de�ning rules.Curry hasa
Haskell-like syntax[30], i.e., (type) variablesandfunctionnames



usuallystartwith lowercaselettersandthenamesof typeanddata
constructorsstartwith anuppercaseletter. Theapplicationof f to
e is denotedby juxtaposition(“ f e”). A Curry program consists
of the de�nition of functionsand datatypeson which the func-
tions operate.Functionsare �rst-order citizensas in Haskell and
areevaluatedlazily. To provide the full power of logic program-
ming, functionscanbecalledwith partially instantiatedarguments
andde�ned by conditionalequationswith constraintsin thecondi-
tions.Functioncallswith freevariablesareevaluatedby apossibly
nondeterministicinstantiationof demandedarguments(i.e., argu-
mentswhosevaluesarenecessaryto decidethe applicability of a
rule) to therequiredvaluesin orderto applya rule.

In general,functionsarede�ned by (conditional) rulesof theform
“f t1 : : : tn | c = e” with f beinga function,t1 ; : : : ; tn patterns
(i.e., expressionswithout de�ned functions)without multiple oc-
currencesof a variable,the (optional) conditionc is a constraint
(e.g.,a conjunctionof equations),ande is a well-formedexpres-
sion which may also containfunction calls, lambdaabstractions
etc.A conditionalrule canbeappliedif its left-handsidematches
thecurrentcall andits conditionis satis�able.

EXAMPLE 2.1. The following Curry program de�nes the data
typesof Booleanvaluesand polymorphiclists, and functionsto
computetheconcatenationof listsandthelastelementof a list:

infixr 5 ++

data Bool = True | False
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

[] (emptylist) and: (non-emptylist) aretheconstructors for poly-
morphic lists (a is a typevariable rangingover all typesand the
type “ List a” is written as [a] for conformity with Haskell).
Thein�x operatordeclaration“ infixr 5 ++” declaresthesym-
bol “ ++” asa right-associativein�x operator with precedence5 so
thatwecanwrite functionapplicationsof thissymbolwith thecon-
venientin�x notation.The(optional)typedeclaration(“ :: ”) of the
function“ ++” speci�esthat “ ++” takestwo lists asinput andpro-
ducesanoutputlist, whereall list elementsareof thesame(unspec-
i�ed) type.1 Sincethe function“ ++” can be called with freevari-
ablesin arguments,the equation“ ys ++[x] =:= xs” is solved
by instantiatingthe�r st argumentys to thelist xs withoutthelast
argument,i.e., theonly solutionto this equationsatis�es that x is
thelastelementof xs. In order to supportsomeconsistencychecks,
extravariables, i.e., variablesof a rule notoccurringin a patternof
theleft-handside, mustbedeclaredby “ where...free ” (seethe
rule de�ning last ).

Theoperationalsemanticsof Curry, describedin detail in [16, 24],
is basedon an optimal evaluationstrategy [4] which is a conser-
vative extensionof lazy functionalprogrammingand(concurrent)
logic programming.Dueto its demand-drivenbehavior, it provides
optimalevaluation(e.g.,shortestderivationsequences,minimalso-
lution sets)on well-de�ned classesof programs(see[4] for de-
tails). Curry alsooffers standardfeaturesof functionallanguages,
like higher-order functionsor monadicI/O (which is identical to
Haskell's I/O concept[36]).

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

2.2 HTML Programming

Writing programsthatgenerateHTML documentsrequiresa deci-
sionabouttherepresentationof HTML documents.A textual rep-
resentation(as often usedin CGI scriptswritten in Perl or with
theUnix shell) is very poorsinceit doesnot avoid certainsyntac-
tical errors(e.g.,unbalancedparenthesis)in the generateddocu-
ment.Thus,it is betterto introduceanabstractionlayerandmodel
HTML documentsaselementsof aspeci�c datatypetogetherwith
a wrapperfunctionthat is responsiblefor thecorrecttextual repre-
sentationof thisdatatype.SinceHTML documentshaveatree-like
structure,they canberepresentedin functionalor logic languages
in a straightforward way [9, 17, 29, 34]. For instance,the type of
HTML expressionsis de�ned in Curryasfollows:2

data HtmlExp =
HtmlText String

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

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
thisstructure.Thus,theHTML code

<p>This is an <i>example</i></p>

is representedby thedataterm

HtmlStruct "p" []
[HtmlText "This is an ",
HtmlStruct "i" [] [HtmlText "example"]]

Since it is tediousto write HTML documentsin this form, one
canprovide variousfunctionsasusefulabbreviations(htmlQuote
transformscharacterswith a specialmeaningin HTML into their
HTML quotedform):

htxt s = HtmlText (htmlQuote s)
par hexps = HtmlStruct "p" [] hexps
italic hexps = HtmlStruct "i" [] hexps
...

Thenwe canwrite theexampleas

par [htxt "This is an ", italic [htxt "example"]]

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,stylesheets),andthethird argu-
mentis thedocument's content.Sincea dynamicwebpageshould
representinformationthatoftendependson theenvironmentof the
webserver (e.g.,storedin databases),a dynamicwebpagehasal-
ways the type “ IO HtmlForm”, i.e., it is an I/O action [36] that
retrievessomeinformation from the environmentandproducesa
webdocument.

Dynamicwebpagesusuallyprocessuserinputs,placedin various
input elements(e.g., text �elds, text areas,check boxes) of an
HTML form, in order to generatea user-speci�c result.For this

2 This de®nition covers only the tree-like structureof HTML documents
but doesnotenforcefurtherrestrictions.Hence,documentsnotconforming
with theHTML standardcanbecreated.This canbeavoidedwith re®ned
de®nitionsandmoresophisticatedtypestructures[34].



purpose,the HTML library of Curry [17] provides an abstract
programmingmodel that can be characterizedas programming
with call-back functions. A web pagewith userinput andbuttons
for submittingthe input to a web server is modeledby attaching
an event handler to eachsubmit button that is responsiblefor
computingtheanswerdocument.In orderto accesstheuserinput,
the event handlerhas accessto an environment containing the
actualuserinput. We omit furtherdetailshere(they canbe found
in [17]) sincewe considera moreabstractlayer to constructweb-
baseduserinterfacesthatwill be describedin Section3. We only
want to remark that the functional as well as logic featuresof
Curry areexploited to implementthis programmingmodel:event
handlersandenvironmentsarefunctionsattachedto datastructures
representingHTML documents,andinput elementsin a document
have logic variablesasreferencesto supportconsistency checksby
the compiler (in contrastto the useof stringsin traditional web
scripting,e.g.,raw CGI, Perl,PHP).

2.3 JavaScript

JavaScript[13] is animperative scriptinglanguagethatcanbeem-
beddedin HTML documents.JavaScript programsare executed
by the client's web browserandhave access,via a documentob-
ject model, to the resourcesof the browser, in particular, to the
HTML documentshown in thebrowser. For this purpose,thedoc-
umentis representedasa hierarchicalobject structurewherethe
attributesof eachobject can be accessedor manipulatedby the
standard“dot notation”. For instance,the classidenti�er (whose
meaningis usuallyde�ned in astylesheet)of anobjectelem in an
HTML documentcanbe changedto myStyle by the assignment
elem.className = "myStyle" .

JavaScriptprogramsareusuallyexecutedby thewebbrowserwhen
someevent occurs.For instance,if a text input �eld in an HTML
form hasan attribute onblur="f(3)" , the function call f(3) is
evaluatedwhenever the userleaves this input �eld. In this paper,
we exploit this functionalityof JavaScriptto checkthe userinput
on theclientsidebeforethecompletewebform is submittedto the
server.

3. Type-OrientedWeb User Interfaces
In this sectionwe review the type-orientedconstructionof WUIs,
asproposedin [21], from aprogrammer's point of view, beforewe
discussits extensionto includeJavaScriptin thenext section.

The basicideaof our WUI framework is to provide an easilyap-
plicablemethodto implementaninterfacefor themanipulationof
dataof an applicationdomain.Thus,we assumethat the applica-
tion programsuppliesa WUI with thecurrentstateof thedataand
an operationto storethe datamodi�ed by the userandacknowl-
edgeit to theuser. Thus,themainoperationto constructaWUI has
the typesignature(rememberthatdynamicwebpagesareof type
IO HtmlForm)

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

so that an expression(mainWUI wspec d stor e) evaluatesto a
web pagecontainingan editor that shows the currentdatad and
executes( stor e d0) whentheusersubmitsthemodi�ed datad0.
The operationstor e (alsocalled updateform) usually storesthe
modi�ed datain a �le or database,returnsa webpagethatinforms
theuseraboutthesuccessful(or failed)modi�cation, andproceeds
with a furtherinteraction.

The �rst argumentof typeWuiSpeca, alsocalledWUI speci�ca-
tion, speci�esthekind of interfaceusedto manipulatedataof type
a. This is necessarysincethereareusuallyvariousalternative in-

teractionformsfor identicaldatatypes.For instance,integervalues
canbe manipulatedin text �elds (seelast columnin the tableof
Fig. 1) or, if thesetof possiblevaluesis small,via selectionboxes
(seethe two columnsbeforethe lastonein Fig. 1). Therefore,the
WUI framework providesa coupleof prede�nedinteractionforms
for variousdatatypes.For instance,thereareprede�nedentities

wString :: WuiSpec String
wInt :: WuiSpec Int

to manipulatestringsandintegervaluesin simpletext input �elds,
respectively. Similarly, thereis anentity

wSelectInt :: [Int] -> WuiSpec Int

to selecta valuefrom a list of integersby a selectionbox.

In orderto constructWUIs for complex datatypes,thereareWUI
combinators that are mappingsfrom simpler WUIs to WUIs for
structuredtypes.For instance,thereisafamily of WUI combinators
for tupletypes:

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

-> WuiSpec(a,b,c)
w4Tuple :: WuiSpeca -> WuiSpecb -> WuiSpecc ->

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

Thus,

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

wPerson = w4Tuple wString wString wString wDate

de�ne WUI speci�cationsfor datesandpersonsconsistingof �rst
name,surname,emailaddress,anddateof birth.To manipulatelists
of dataobjects,thereis a WUI combinatorfor list types:

wList :: WuiSpec a -> WuiSpec [a]

Thus,to manipulatelists of personsasshown in Fig.1, we apply
themainconstructionoperationmainWUIto theWUI speci�cation
(wList wPerson), which is of type

WuiSpec[(String,String,String,(Int,I nt,In t))] ,

andappropriatedatavaluesandupdateforms.

As discussedabove, our type-orientedconstructionof WUIs leads
to type-safeuserinterfaces,i.e.,theusercanonly entertype-correct
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 (29,2,1982)
is illegal from an applicationpoint of view. In order to support
alsocorrectnesschecksfor suchapplication-dependenttypecon-
straints, our framework allows to attacha computablepredicateto
any WUI: thereis anoperation(alsode�ned asanin�x operator)

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

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

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



de�nes a WUI that acceptsonly syntacticallycorrect email ad-
dressesprovidedthat isEmail is a predicateon stringsthat is sat-
is�ed if its argumentis a syntacticallyvalid emailaddress.

If application-speci�cconditionson inputvaluesareadded,appro-
priateerrormessagesshouldbeprovided.For thispurpose,thereis
anoperation(in�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 de�nition of wEmail with an
appropriateerrormessageasfollows:

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

Similarly, if correctDate is a predicate on triples of inte-
gers that checkswhetherthis triple representsa legal date(e.g.,
correctDate (29,2,1982) evaluatesto False ), then the WUI
speci�cationwDateabove shouldbebetterde�ned by

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

`withCondition` correctDate
`withError` "Illegal date:"

Rede�ningtheWUI for personsby

wPerson = w4Tuple wString wString wEmail wDate

theexpression(wList wPerson) denotesaWUI speci�cationfor
lists of personsthatchecksfor valid inputsandprovidestheerror
messagesshown in Fig. 1.

Furthermore,the framework to constructWUIs alsosupportsthe
adaptationof WUIs for standardtypesto WUIs for application-
speci�c types,theuseof application-speci�crenderingsto produce
layoutsdifferent from the default layout, and the embeddingof
WUIs into webpageswith a �x eddesign(headers,menubars,etc)
or theembeddingof severalsWUIs with separatesubmitbuttonsat
arbitraryplacesinto a singleweb page(avoiding any con�icts in
thenamingof referencesfor input �elds). The detailsaboutthese
featuresarenot relevant for the contentsof this paperandcanbe
foundin [21].

4. Combining WUIs and JavaScript
As mentionedin Section1, we intend to exploit the existenceof
JavaScriptinterpretersin currentwebbrowsersto increasethefunc-
tionality of WUIs. In particular, we want to transmita JavaScript
program,togetherwith theHTML form implementinga WUI, that
implementsthevalidationof userinputsin theHTML form. With
thisapproach,invalid inputsaredetectedby thewebbrowseronthe
client sidewhich providesinstantaneousfeedbackto the userand
reducesthenumberof client/server interactions.Notethat it is not
our intentionto shift computationsfrom theserversideto theclient
sidein orderto reducetheloadof thewebserver: sincea webap-
plicationshouldnever trustuserinputsreceived from a client (see
Section1), thevalidationof inputsby thewebapplicationismanda-
tory. Thisdesigndecisionhasa numberof advantages:

� It is notnecessaryto checkall inputconditionsin aWUI onthe
client side.

� If theJavaScriptprogramrunningon theclientcannotcompute
a de�nite result, e.g., due to resourcelimitations, it causes
no problemfor the web applicationsincethe input is always
validatedon theserver side.

� Thesameis trueif JavaScriptis disabledin theclient'sbrowser
(e.g.,dueto securityreasons).In this case,theweb forms can
still be used(in contrastto approachesthat rely on JavaScript
like PowerForms[7]). The only differenceis that input errors
areshown after theform hasbeensubmittedto thewebserver
which sendsbacka new form with error-annotatedinput �elds
(identicalto theexamplein Fig. 1).

In order to develop our new approachto exploit JavaScript for
client-sideinput validation,we sketchthecurrentWUI implemen-
tation(see[21] for moredetails).

Theexecutionof a WUI by a call to mainWUI(seeSection3) with
someWUI speci�cation,datavalue,andupdateform is performed
by thefollowing steps:

1. Theinitial HTML form containinginputelementsto modify the
given datavalue is generatedaccordingto the WUI speci�ca-
tion andsentto theclient's browser.

2. If the usersubmitsthe form with the modi�ed value,the new
valueis extractedandthevalidity conditionsonthevariouslev-
els(sincethevaluecanbecomplex, theremight beconditions
on atomicpartsaswell ason constructedparts)arechecked.
If one of theseconditionsis not satis�ed, a new “error an-
swer” form with error-annotatedinput �elds is generatedand
sentbackto theclient (seeFig. 1). Then,step2 is repeated.

3. If all conditionson thesubmittedvaluearesatis�ed,theupdate
form is appliedto thenew value.

UsingJavaScript,wecanimprovestep2: If weaddJavaScriptcode
to the form sentto the client, variousconditionscan be checked
beforethe modi�ed form is sentto the web server. If oneof the
conditionsis not satis�ed, the form is not submittedbut an error
messageis displayedby the web browser. For this case,onecan
distinguishtwo kindsof conditions:

1. Conditionson individual �elds, e.g., text �elds for integers,
email addresses:They canbe immediatelychecked whenever
the userleavessuchan input �eld (i.e., in caseof an onblur
eventof thebrowser).

2. Conditionson combinationof several input �elds, e.g.,dates
representedby several selectbuttons:They arechecked when
theuserclicksthesubmitbuttonsinceit is dif�cult to determine
a �x ed point of time to checkthe conditionbeforesubmitting
theentireform.

In bothcases,anerrormessageis immediatelydisplayednearthe
invalid input. In caseof individual �elds, the error messageis
shown beforeor above the �elds, andin caseof combined�elds,
theerrormessageis displayedtogetherwith a frameenclosingall
�elds belongingto theinvalid value.

In order to display the error messageimmediately, it must be
alreadycontainedin the HTML form at the right position. This
canbedoneby theuseof stylesheetsthatmakestheerrormessage
initially invisible. For instance,the HTML form sentto the client
containsthefollowing stylede�nitions:3

<style type="text/css">
.hide f display: none; g
.nohide f display: inline; color: red;

font-weight: bold; background-color: yellow; g
</style>

Then the error messagehasinitially the style classhide that is
changedto nohide when the input is invalid. For instance,the

3 The codepresentedhereis simplerthanthe actualcodein orderto ease
theunderstanding.



HTML codefor atext �eld containinganemailaddresscouldbeas
follows:

<span class="hide" id="MSG1">
Invalid email address:

</span>
<input type="text" name="F1" value="smith.org"

onblur='setErrorClassName("MSG 1",
isEmail(stringValueOf("F1")))' />

ThefunctionisEmail is thetranslationof theCurry functionused
in theWUI speci�cationinto JavaScriptthatwill beshown below.
ThesimpleJavaScriptfunctionsetErrorClassName setsthestyle
classof theelementidenti�ed by the�rst argumentaccordingto the
Booleanvalueof thesecondargument(which is alsoreturnedand
usedin caseof nestedstructures):

function setErrorClassName(m,b) f
var errmsg = document.getElementById(m);
if (b) f errmsg.className = "hide"; g

else f errmsg.className = "nohide"; g
return b;

g

After the introductionof the principlesof combiningWUIs and
JavaScript, we considerthe translationof Curry programsinto
JavaScriptin thenext section.

5. Translating Curry into JavaScript
An advantageof our designdiscussedin the previous sectionis
the fact that it is not necessaryto translateany Curry program
into JavaScript. This is also not reasonablesince the advanced
featuresof a declarative multi-paradigmlanguagelike Curry (e.g.,
higher-orderfunctions,laziness,logic variables,constraintsolving,
concurrency) requiresa complex run-time systemthat must be
transmittedto theclientwith theHTML form.4

Thus,we de�ne a classof Curry programsthatare“easyto trans-
late” into JavaScript by omitting the more complex featuresof
Curry.

DEFINITION 5.1. A functionf dependsonfunctiong if anevalua-
tion (according to theoperational semanticsof Curry [1, 16]) of a
call to f mightevaluatea call to g. We denoteby f � = f f g [ f g j
f dependsongg thesetof all functionson which f depends.

Sincethis de�nition of dependency is undecidablein general,we
assumein the following a decidableapproximationof this prop-
erty, e.g.,by consideringthecall structureof theprogramrulesas
computedby existinganalysistools[19].

DEFINITION 5.2. A functionf is totally de�ned if it is reducible
onall grounddataterms(i.e., expressionswithoutde�nedfunctions
andlogic variables).

Themainrestrictionsthatwe imposeon functionswhicharetrans-
lated into JavaScriptare totally de�nednessand the exclusionof
non-determinismaswell asin�nite datastructures,i.e.,weconsider
thefunctionalpartof Curryevaluableby aneagerstrategy. To char-
acterizethis class,we usesomeresultsaboutfunctionallogic pro-
grams.ISX [6] (“inductively sequentialprogramswith extra vari-
ables”)denotestheclassof functionallogic programswhereeach
function is de�ned suchthat its left-handsidescanbe organized
in a de�nitional tree[2] (i.e., it is inductively de�ned on the input
types)possiblycontainingextra variables(variablesin a rule that

4 A goodalternative is the static integrationof the Curry run-timesystem
into thewebbrowser, but this doesnotseema viablesolution.

do not occurin its left-handside).It is well known [3, 6] thatany
functional logic program(i.e., conditionalconstructor-basedterm
rewriting system)can be automaticallytransformedinto an ISX
program.Therefore,we consideronly ISX programsin thefollow-
ing.

DEFINITION 5.3. A function f of an ISX program is eagerexe-
cutableif all functionsof f � are totally de�ned and their rulesdo
not containextra variables,and the rewrite relation generatedby
all rulesde�ning f � is terminating.

The main motivation for this de�nition is the fact that eager-
executablefunctionscan be executedby an innermostrewriting
strategy without changingthecomputedresults:

PROPOSITION 5.4. If f is an eager-executablefunction,thenany
call to f withoutfreevariablesthat is evaluatedby innermostterm
rewriting producesthesameresultasin Curry.

PROOF: Sincewe have not fully formalizedall notionsnecessary
for a detailedproof,we give only aninformalsketch(thecomplete
proof is not dif�cult but tediousin all its details).Therequirement
for ISX programswithout free variablesin the rulesand the ini-
tial expressionsimpliesthattheevaluationstrategy of Curry [1, 16]
appliedto suchprogramsreducesto puretermrewriting, i.e.,non-
deterministicor concurrentcomputationsdo not occur. Further-
more,any innermosttermrewriting strategy computesavalue(i.e.,
atermwithoutde�ned functionsymbols)dueto totally de�nedness
andtermination(notethatbothrequirementsarenecessary).Since
ISX programswithout extra variablesarecon�uent, this value is
uniqueand,thus,thesameascomputedby Curry. 2

Note that the classof eager-executablefunctions is suf�cient in
practice.Most of the functions used as conditions in practical
WUIs areeithereagerexecutable(e.g.,all predicatesusedin the
examplesof this paper)or exploit advancedfeaturesthat arenot
reasonableto translateinto JavaScript(e.g.,constraintsolvingover
�nite domains,seetheSuDokusolver shown in [21]). If functions
arenottotally de�ned,they canbeeasily“totalized” by introducing
particularfailurevalues[20] sothatthisrequirementis notaserious
restriction.The requirementfor the absenceof extra variablesis
easyto check.Theterminationrequirementis moreseriousdueto
its undecidability. However, therearemany toolsto checksuf�cient
terminationcriteriathatcanbeapplied(e.g.,AProVE[14]).5

The previous propositionshows that eager-executablefunctions
canbe executedby an innermostrewrite strategy, i.e., basicallya
call-by-value strategy that is alsousedin JavaScript.Thus, these
functions can be more or less directly mappedinto JavaScript
functions.In theremainingsection,we de�ne a translationscheme
for eager-executableCurry functionsinto JavaScriptbasedonthese
considerations.Sincethis schemeproducesa lot of codeandthe
codesizeis a limiting factorof suchmobilecode,wediscussin the
subsequentsectiona numberof usefuloptimizations.

Sincefunctionsarede�ned in thesourcelanguageCurryby pattern
matching,local de�nitions etc,it is muchmoreconvenientto base
a compileron anintermediatelanguagewherethedetailedpattern
matchingstrategy hasbeenalreadyresolved,localde�nitions have
beenglobalizedby lambdalifting [26], andfurthersyntacticsugar
of thesourcelanguagehasbeeneliminated.This intermediatelan-
guagehasbeenalsousedto de�ne thesemanticsof Curry [1] and
variouslanguage-processingtools.

5 A more pragmaticapproachis to ignore this requirementsince web
browsersusually controls the spaceand time requirementsof executed
JavaScriptprogramsand terminatethem if necessary. However, suchan
approachdoesnot lead to web interfacesthat might be well acceptedby
users.



[[r  l ]] = r = �l (literal)

[[r  x]] = r = x (variable)

[[r  c(e1 ; : : : ; en )]] = var x1 ; [[x1  e1 ]]; : : : ; var xn ; [[xn  en ]]; (constructorcall)
r = new Array (c;x1 ; : : : ; xn )

[[r  ifThenElse (e1 ; e2 ; e3)]] = var x; [[x  e1 ]]; if ( x) f [[r  e2 ]] g else f [[r  e3 ]] g (conditional)

[[r  apply (e1 ; e2)]] = var x1 ; [[x1  e1 ]]; var x2 ; [[x2  e2 ]]; r = x1(x2) (higher-orderapplication)

[[r  f (e1 ; : : : ; en )]] = var x1 ; [[x1  e1 ]]; : : : ; var xn ; [[xn  en ]]; r = �f (x1 ; : : : ; xn ) (functioncall)

[[r  f (e1 ; : : : ; en � 1)]] = var x1 ; [[x1  e1 ]]; : : : ; var xn � 1 ; [[xn � 1  en � 1 ]]; (partialapplication)
r = function( x) f return �f (x1 ; : : : ; xn � 1 ; x); g

[[r  casee of f pn ! en g]] = var x; [[x  e]]; (case,where
swith ( x[0]) f pi = ci (x i 1 ; : : : ; x in i ))

: : :
case ci : var x i 1 =x[1]; : : : ; var x in i =x[ n i ]; [[r  ei ]]; break ;

: : :
g

Figure2. Translationof expressionsinto JavaScriptstatements

Programsof this intermediatelanguage,alsocalled�at programs,
canbe de�ned asfollows, wherewe write on for the sequenceof
objectso1 ; : : : ; on :6

Program
P ::= D 1 : : : D m

De�nition
D ::= f (x1 ; : : : ; xn ) = e

Expression
e ::= l (literal)

j x (variable)
j c(e1 ; : : : ; en ) (constructorcall)
j f (e1 ; : : : ; en ) (functioncall)
j casee of f pn ! en g (case)

Pattern
p ::= c(x1 ; : : : ; xn )

A literal l is a number, character, or Booleanconstant.Higher-
orderapplicationsarenot explicitly representedsincewe assume
thatthey arerepresentedby theprede�nedbinaryfunctionapply .
Similarly, aconditionallikeif-then-elseis representedbyafunction
ifThenElse that takes three argumentsand has the following
de�nition asa �at program:

ifThenElse(b,t,f) = case b of f True ! t,
False ! f g

Sinceeager-executablefunctionscanbeautomaticallytransformed
into such�at programs[23], wede�ne thecompilationprocessonly
for such�at programs.

Dueto thefactthatthetargetJavaScriptprogramshouldimplement
aninnermostrewriting strategy, wecanmapeacheager-executable
Curry functioninto a de�nition of a JavaScriptfunction.However,
expressionsin the right-handside of function de�nitions cannot
be mappedinto JavaScriptexpressionssincecaseexpressionsare
translatedinto a switch constructwhich is a statementratherthan
an expressionin JavaScript.Therefore,we map expressionsinto
JavaScriptstatementsthatstoretheresultvaluein a givenvariable.
Hence,we de�ne a translationfunction [[r  e]] that translatesan
expressione into a statementthatstorestheresultin variabler .

6 We have simpli®ed the ¯at languagedue to our requirementfor eager-
executablefunctions.

A function de�nition f (x1 ; : : : ; xn ) = e is translatedinto the
following JavaScriptfunctiondeclaration:

function f ( x1 ,..., xn ) f
var r ;
[[r  e]];
return r ;

g

Thetranslationof expressionsisde�nedby acasedistinctiononthe
differentkindsof expressionsasshown in Fig. 2. In thetranslation
rules,every variablex i introducedby a var declarationdenotesa
freshvariable.In theliteral translationrule,�l denotestheJavaScript
constantcorrespondingto theCurry literal l . In thefunctiontrans-
lation rule, �f is f for ade�ned functionf or thenameof thecorre-
spondingJavaScriptfunctionin caseof aprimitivefunctionf (e.g.,
arithmeticfunction,comparison,characterconversion).Construc-
tor applicationsare representedasarrayswherethe �rst element
containstheconstructor(e.g.,in stringrepresentationor asaninte-
gerif weassociateauniqueindex to everyconstructor).In therules
for constructorandfunctioncalls,weassumethatc andf arefully
applied(i.e., they have arity n), respectively. In a partial applica-
tion, someargumentin a call to ann-ary function(or constructor)
f is missing(for the sake of simplicity, we de�ne the translation
schemeonly for a single missingargument).In this casewe ex-
ploit the higher-order featuresof JavaScriptby generatinga new
functionthatcouldbelaterappliedto themissingargument(com-
paretranslationrule for apply ). In thecasetranslationrule,a case
distinction is performedon the currentconstructor(comparethe
translationof constructorcalls)beforethepatternvariablesx ij are
extractedfrom thedatastructure.An obvious optimizationof this
translationscheme,performedby our compiler, is thereplacement
of eachaccessto a patternvariablex ij in the translationof ei by
x[ j ] .

EXAMPLE 5.5. ConsiderthefollowingWUI speci�cationdescrib-
ing an interfacefor a pair of integers where their summustbepos-
itive:

let posSum(x,y) = x+y > 0
in wPair wInt wInt `withCondition` posSum

Using our translationscheme, the predicateposSumis translated
into thefollowingJavaScriptcode:



function posSum(x1) f
var x2;
var x3; x3 = x1;
switch (x3[0]) f

case "(,)" : // pair constructor?
var x4;
var x5; x5 = x3[1];
var x6; x6 = x3[2];
x4 = (x5 + x6);
var x7; x7 = 0;
x2 = (x4 > x7); break;

g
return x2;

g

Obviously, this schematicallygeneratedcodehasthepotentialfor
many optimizationsthat shouldbe appliedin order to reducethe
codesize.This will bediscussedin thenext section.

6. Optimizations
Dueto thetranslationof expressionsinto statements,nestedexpres-
sionsare �attened by introducingauxiliary variables.In general,
this is necessaryto exploit switchstatementsto implementpattern
matching.As example5.5 shows, this schematictranslationoften
introducesvariablesthat areonly assignedandusedonce.There-
fore,weintroduceacodeoptimizationthatremovessuchvariables:

Removal of singlevariables If thereis acodesequence(i.e.,with
a sequentialcontrol�o w betweentheshown points)of theform

... var x; ... x = e; ... x ...

without any other occurrencesof x, remove the declarationand
assignmentfor x andreplacethe remainingsingleoccurrenceof
x by e.

This speci�c combinationof constantpropagationand liveness
analysisis veryeffective in our example:

EXAMPLE 6.1. If we apply the removal of singlevariablesto the
generatedcodeof Example5.5,weobtain:

function posSum(x1) f
var x2;
var x3; x3 = x1;
switch (x3[0]) f

case "(,)" : x2 = (x3[1] + x3[2] > 0); break;
g
return x2;

g

Themotivation to remove only variableswith a singleoccurrence
is to avoid additionalcomputationalwork thatcouldbeintroduced
by duplicatingcode.Sinceall variablesin an eagerlanguageare
already evaluated,we can also remove variableswith multiple
occurrencesthathave valuesidenticalto othervariables:

Removal of aliasing variables If thereis a codesequence(i.e.,
with a sequentialcontrol �o w betweenthedeclarationandassign-
ment)of theform

... var x; ... x = y; ...

without any other assignmentto x, remove the declarationand
assignmentfor x and replaceall remainingoccurrencesof x by
y.

EXAMPLE 6.2. If weapplytheremoval of aliasingvariablesto the
codeof Example6.1,weobtain:

function posSum(x1) f
var x2;
switch (x1[0]) f

case "(,)" : x2 = (x1[1] + x1[2] > 0); break;
g
return x2;

g

Thelattercodecanbefurther improvedby exploiting thefact that
it is thetranslationof astronglytypedsourcelanguage.Dueto this
property, it is not necessaryto checktheconstructorin theswitch
statement,sincetheargumentexpressionof theswitchis alwaysa
valuethatbelongsto a datatypewith a singleconstructor:

Removal of recordconstructors Let T beatypeconstructorwith
a singledataconstructor, i.e.,de�ned by

data T a1 : : : an = C � 1 : : : � m

Thenreplace“switch ( x[0]) f case C: s; break; g” by s.

EXAMPLE 6.3. Applyingtheremoval of record constructors to the
codeof Example6.2 combinedwith a further removal of single
variablesyieldsthe�nal code:

function posSum(x1) f return (x1[1] +x1[2] > 0); g

This codeis much smallerand more ef�cient than the originally
generatedcodeof Example5.5 andalsosimilar to a hand-written
code.

Apart from thesecodeoptimizations,oneshouldalsoconsiderthe
representationof datatypesin thegeneratedJavaScriptcode.Prim-
itive typeslike numbersor truth valueshave a direct correspon-
dencebetweenCurry andJavaScript.Constructedtypesarerepre-
sentedasarraystructures(seeFig. 2).An alternativerepresentation
couldbeobjectsin JavaScript,but theredoesnot seemto beclear
advantagesfor onetheseoptions.However, thesituationis different
for strings.Many input�elds containstringsthatshouldbechecked
accordingto variousconditions.For instance,our small run-time
systemto executeJavaScriptprogramsfor WUIs containsthefunc-
tion stringValueOf thatextractsa stringfrom aninput �eld and
passesit to the correspondingcheckfunction (seethe examplein
Section4). Sincethetypeof stringsis [Char] in Curry, i.e., identi-
cal to a list of charactersin orderto reuseall existing polymorphic
list functionsalsofor strings,the function stringValueOf must
convert theinput stringinto a list of characters.However, it is well
known that this representationis inef�cient comparedto a primi-
tive string representation[11]. Thesamedrawbackis presenthere
sinceeachcharacterin this list is representedby an (array) ob-
ject whereasstringsareprimitive in JavaScriptwith a muchbetter
representation.For instance,a conditionwhich checkswhetheran
input �eld containsa non-emptystringcanbede�ned in Curryby

notEmpty [] = False
notEmpty (_:_) = True

which is translatedby our techniquesinto

function notEmpty(x1) f
var x2;
switch (x1[0]) f

case "[]" : x2 = false; break;
case ":" : x2 = true; break;

g
return x2;

g

Sincethetransformationof astringinto acharacterlist whereonly
the �rst elementis checked could be expensive (we detectedper-
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Figure3. Structureof theWUI/JavaScriptimplementation

ceivable computationcostswith stringscontainingseveral thou-
sandscharacters),we have implementedanothersolutioninspired
by Curry's lazy evaluationstrategy: the functionstringValueOf
directly returnsthe JavaScriptstring without any transformation.
In orderto comply with the standardlist functionsfor processing
stringsin Curry, we lazily convert a string into a list if it is de-
manded,i.e., in front of a switchstatementon lists.Thus,thecode
for thefunctionnotEmpty is modi�ed as

function notEmpty(x1) f
var x2;
if ((typeof(x1) == "string")) f

x1 = string2charlist(x1);
g
switch (x1[0]) f

case "[]" : x2 = false; break;
case ":" : x2 = true; break;

g
return x2;

g

wherethe function string2charlist converts an empty string
into theemptylist [] anda non-emptystringinto a non-emptylist
consistingof the �rst characterandthe remainingstring (in place
of thetail list).

7. Implementation
This sectionsketchestheimplementationof our framework that is
visualizedin Fig. 3. Thecompleteimplementationis availablewith
thecurrentdistributionof PAKCS [22].

As discussedin detailin Section5, it is not intendedto translateall
possibleconditionsin WUIs into correspondingJavaScriptcode.
Therefore,onehasto selectthe conditionssatisfyingthe criteria
presentedin Section5 beforethetranslationstarts.Thus,thecom-
pilation of a web pagecontainingWUIs is performedby the fol-
lowing steps:

1. The sourceprogramis analyzedand eager-executablecondi-
tionsin WUIs aremarked.

2. Theeager-executableconditionsarecollectedtogetherwith the
functionson which they depend(which might bedistributedin
variousimportedmodules)into a singleCurryprogram.

3. This Curry programis translatedinto a JavaScript program
following themethodsdescribedin Sections5 and6.

4. Theoriginal Curry programis compiledwith a standardCurry
compilerandinstalledon thewebserver.

5. If a client demandsa webpagecontainingtheWUI, theCurry
programcomputesthecorrespondingHTML form andsendsit
to theclient togetherwith thegeneratedJavaScriptprogram,as
describedin Section4.

Program Curry JS JSO
lines bytes lines bytes lines bytes

posSum 1 21 19 278 3 63
isEmail 27 654 183 3050 77 1598
person 71 1624 404 6546 126 2777
exam 102 2333 629 10072 211 4613

Table1. Codesizeof someprograms

Note that the implementationof WUIs, asdescribedin [21], must
alsoconsidertheintegrationof JavaScriptcodein theHTML form.
For this purpose,theindividual functionsto generateHTML code
from WUI speci�cations(they areimplicitly containedin theWUI
speci�cationsbut not directly accessible)generatealso the calls
to theJavaScriptcodefor eager-executableconditions.Thesecalls
areattachedto input �elds if possible(in caseof text �elds with
onblur events)andalsocollectedfor the completeWUI andat-
tachedto the submitbutton.The checkof the completeWUI fol-
lows an innermoststrategy in caseof hierarchicaldatastructures
(like list of personscontainingdates):�rst, the basicinputsparts
are checked and, if they do not containan error, the partscon-
structedfrom thesepartsarechecked. This strategy is reasonable
sinceit avoidssuper�uouserrormessagesrelatedto globalproper-
tiesif theindividualpartscontaininputerrors.

Ourcurrentimplementationthatcomeswith PAKCS doesnot inte-
grateananalyzerfor eager-executableconditions,i.e., the�rst step
of the implementationmustcurrentlybedoneby theprogrammer
(the connectionof a terminationanalysistool for Curry is part of
future work). For this purpose,the WUI programmercanmark a
conditionto be translatedinto JavaScriptby usingtheWUI func-
tion withConditionJS insteadof withCondition .7 All the re-
mainingstepsof theimplementationarefully automaticanddonot
requireany helpby theprogrammer.

In order to provide an impressionof the size of the generated
JavaScriptcode,Table 1 containsthe resultsof compiling some
exampleprogramsfrom Curry into JavaScript.The columnscon-
tain thesizesof thesourceCurryprogram(includingall dependent
functionsbut without comments),the generatedJavaScriptcode
without optimization(JS),and the generatedJavaScriptcodein-
cluding the optimizationpresentedin Section6 (JSO).For each
classof programs,the numberof codelines andthe codesizein
bytesis shown. The�rst threeprogramsareWUI conditionsmen-
tionedin this paper, andprogramexamconsistsof the conditions
of a web-basedexaminationmanagementtool. Thedifferencebe-

7 The explicit marking of conditions that should be translated into
JavaScriptis alsousefulin thepresenceof ananalyzerfor eager-executable
functions,sincetherecouldbesituationswhereeager-executableconditions
shouldnot be transferredto theclient, e.g.,if they containcon®dentialal-
gorithms.



tweentheentriesin thecolumnsJSandJSOclearlyshows thatthe
optimizationsof Section6 areimportantandeffective.

8. RelatedWork
Web-baseduserinterfacesare importantfor many modernappli-
cations.In principle,a dynamicweb pagecanbe implementedin
any programminglanguagesince the requirementson CGI pro-
gramsthat generatedynamicweb pagesarevery low due to the
text-basedCGI protocol.Althoughscriptinglanguageslike Perlor
PHParequite commonfor this purpose,they lack supportfor re-
liable programming(e.g.,types,staticcheckingof declarations)so
that variousapproachesto implementweb interfaceswith higher-
level programminglanguageshave beendeveloped.Someof them
arediscussedin thefollowing.

Oneof theearlydomain-speci�clanguagesfor webprogramming
is MAWL [27]. It supportsthe checkingof well-formednessof
HTML documentsby writing HTML documentswith somegaps
that are �lled by the server beforesendingthe documentto the
client.Sincethesegapsare�lled only with simplevalues,thegen-
erationof documentswhosestructuredependon complex datais
largely restricted.More complex tree structuresare supportedin
DynDoc [33] (part of the <bigwig> project [8]) which supports
higher-orderdocumenttemplates,i.e., thegapsin a documentcan
be�lled with otherdocumentsthatcanalsocontaingaps.In order
to validateuserinputsin HTML forms,the<bigwig> projectpro-
posesPowerForms[7], an extensionof HTML with a declarative
speci�cation languageto annotateacceptableform inputs. Since
thespeci�cationlanguageis basedonregularexpressions,it is less
powerful thanour approachwhich supportsany computablepred-
icateon inputs.Similarly to our approach,PowerFormsaretrans-
lated into JavaScriptso that input checkingis doneon the client
side. As a drawback, the implementationof PowerForms com-
pletelyreliesonJavaScriptsothatthey cannotbeusedif JavaScript
is disabled.Finally, the <bigwig> project is basedon a domain-
speci�c languagefor writing dynamicweb serviceswhile we ex-
ploit thefeaturesof theexistinghigh-level languageCurry.

Similar to the basicHTML programminglibrary of Curry [17],
thereare also libraries to supportHTML programmingin other
functionalandlogic languages.For instance,the PiLLoW library
[9] is anHTML/CGI library for Prolog.SincePrologis notstrongly
typed,staticcheckson the form of HTML documentsarenot di-
rectly supported.Furthermore,thereis no higher-level supportfor
complex interactionsequencesas requiredin typical user inter-
faces.

Meijer [29] developeda CGI library for Haskell thatde�nesa data
type for HTML expressionstogetherwith a wrapperfunction that
translatessuchexpressionsinto a textual HTML representation.
However, it doesnot offer any abstractionfor programmingse-
quencesof interactions(e.g., by event handlers).Thesemust be
implementedin thetraditionalwaybychoosingstringsfor identify-
ing input �elds, passingstatesashiddeninput �elds etc.Thiemann
[34] proposedarepresentationof HTML documentsin Haskell that
ensuresthewell-formednessof documentsby exploiting Haskell's
typeclasssystem.In [35] heextendedthis approachby combining
it with the ideasof [17] to implementinteractionsequencesby an
event handlermodel.Although his approachalso supportstyped
input �elds similarly to our WUIs, it is morerestricted.It doesnot
supportarbitraryconditionson input dataor type-basedcombina-
tors for input �elds, andthe layout of the generatedweb pagesis
morerestrictive (dueto the monadicimplementationin the func-
tionalbaselanguage).

The iData toolkit [31, 32] is a framework, implementedwith
genericprogrammingtechniquesin thefunctionallanguageClean,

to constructtype-safeweb interfaces.Similarly to WUIs, editors
for typed valuesare createdin a type-orientedway. However, in
contrastto our framework, the editabledataelementsare identi-
�ed by stringsthatmight causeconsistency problemssimilarly to
scriptinglanguageslikePerlor PHP. Furthermore,apartfrom well-
typedness,validity conditionson input dataasin our approachare
notsupported.

TheGoogleWebToolkit (GWT8) is aframework to implementdy-
namicwebpagesin Java.GWT containsacompilerto translatethe
developedJava programsinto a setof JavaScriptandHTML �les.
Similarly to our approach,GWT proposesthe useof a statically
typedlanguageto catchmany programmingerrorsatcompiletime
insteadof programmingin JavaScript.In contrastto our proposal,
GWT hasnospeci�c supportto constructtype-safewebformsin a
high-level manner.

Ruby on Rails9 is a framework to generateweb interfacesto ma-
nipulatedatastoredin databasesfrom thecorrespondingdatabase
schema.Similarly to our WUIs, Rails reducesthe codethat must
be explicitly written by generatingmost of it from the database
schema.Rails is basedon the dynamically-typed,object-oriented
languageRuby, whereaswehave exploitedthestrongtypingdisci-
plineof Curry.

9. Conclusion
We have proposeda new framework to constructweb-baseduser
interfacesin a declarative way that is combinedwith featuresof
JavaScriptin orderto exploit existing technologieswithout efforts
for theapplicationprogrammer. Theconstructionof WUIs is type-
oriented,i.e., the programmerselectsbasicWUI componentsand
combinethemwith speci�c combinatorsin orderto obtaina WUI
that canbe appliedto manipulatethe dataof the applicationdo-
main. An importantfeatureof WUIs is the possibility to include
computableconditionson input data.Sincetheseconditionsare
checked beforethe datais transferredto the applicationprogram,
the applicationmust only specify such conditionsbut neednot
checktheir validity or implementthe necessaryinteractionswith
theuserto correctwronginputs.

In this paperwe have shown how to exploit the existing technol-
ogy for client-sideinput checkingwithin this framework but with-
out additionalefforts for theapplicationprogrammer. For this pur-
pose,we have characterizeda classof functionsthat canbe eas-
ily translatedinto a languagelike JavaScriptwith a call-by-value
semantics.Conditionsin WUIs thatareimplementedby functions
belongingto thisclassareautomaticallytranslatedinto correspond-
ing JavaScriptcode.This codeis usedon theclient sidewhenthe
usermanipulatesor submitstheapplicationdatain awebform gen-
eratedby theWUI description.

The advantagesof programmingwith WUIs has been already
shown in a previous paper[21] andvariousapplicationsbasedon
this concept.Theadvantageof thecurrentwork is thereuseof the
technologyavailablein almostevery web browserwithout efforts
for theprogrammer. Insteadof programmingin differentlanguages,
e.g.,writing scriptsin a dynamicallytyped, interpretedlanguage
like JavaScript,which oftenleadsto unreliableprogramsandmust
bekeptin conformancewith theapplication(rememberthatserver-
side input checkingis always necessaryto avoid security risks),
we proposeto generatethenecessarycodefrom theexisting WUI
speci�cation.In principle,thisconceptcanbealsoappliedto other
programminglanguagesthanCurry. However, it hasbeendemon-
stratedthat the combinedfeaturesof a multi-paradigmlanguage

8 http://code.google.com/ webtool kit /
9 http://www.rubyonrails. com



likeCurrycanbeexploitedto providebetterAPIsfor suchlibraries
[17, 21].

For futurework it would be interestingto provide usefultools for
theautomaticterminationor complexity analysis.They canbeused
for a bettercharacterizationof programsthat shouldbe translated
into JavaScript.For instance,functionswith a high computational
complexity shouldnot beexecutedon theclient's browser, even if
they areterminating.Furthermore,thecompilationinto JavaScript
couldbeimproved.Althoughthecurrenttranslationinto recursive
JavaScriptfunctionsis suf�cient in our practicalapplications,fu-
ture applicationsmight demandfor better compilationschemes,
e.g.,tail recursionoptimization.Finally, onecouldexploit themore
recentAjax framework to increasethe interaction,e.g.,by execut-
ing complex conditionson thewebbrowserbeforesubmittingthe
form, or by extendingthe framework to allow conditionsof type
“ IO Bool”, i.e., which dependon the server's stateandmustbe
executedonthewebserverduringtheuserinteractionwith hisweb
browser.
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