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Abstract

We proposea framework to constructweb-orienteduserinterfaces
in a high-level way by exploiting declaratve programmingtech-
nigues.Suchuserinterfacesare intendedto manipulatecomplex
datain a type-safeway, i.e., it is ensuredthat only type-correct
datais acceptedy the interface,wheretypescanbe speci ed by
standardtypesof a programminglanguageas well asary com-
putablepredicateon the data. The interfacesare web-basedi.e.,
the datacanbe manipulatedwith standardwveb brovserswithout
ary speci c requirementsntheclientside.However, if theclient's
browserhasJasaScriptenabled pnecould alsocheckthe correct-
nessof the dataon the client side providing immediatefeedback
to the user In orderto releasethe applicationprogrammerfrom
the tediousdetailsto interactwith JazaScript,we proposean ap-
proachwherethe programmemustonly provide a declaratve de-
scriptionof the requirement®f the userinterfacefrom which the
necessaryavaScriptprogramsandHTML formsareautomatically
generatedThis approacHeadsto a very conciseandmaintainable
implementationof web-basediserinterfaces.We demonstratean
implementatiorof this conceptin the declaratve multi-paradigm
languageCurry wherethe integratedfunctionalandlogic features
areexploitedto enablethehighlevel of abstractiorproposedn this
paper
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1. Motivation

Theimplementatiorof softwaresystemsanbe coarselyclassi ed

into two parts:theimplementatiorof the applicationlogic andthe

implementatiorof the userinterface.lf one usesdeclarate pro-

gramminglanguagesthe rst partcanbe implementedwith rea-
sonableefforts (in particular if one useslibraries with appropri-
ateinterfaces seefor instance[10, 12, 18] for databas@rogram-
ming). In contrastthe constructiorof the userinterfaceis usually
complex andtedious.In orderto simplify the lattertask,scripting
languagesvith toolkits andlibraries, like Tcl/Tk, Perl,or PHR are
one approachto supportthis goal. Since scripting languageof-

tenlack supportfor the developmentof complex andreliablesoft-

ware systems(e.g., no static type andinterface checking,limited

codereusedueto the lack of high-level abstractions)they areof-

ten usedto implementthe userinterfacewhereashe application
logic is implementedn someotherlanguageThis approactcre-

atesnew problemssinceit is well known that suchcombinations
could causesecurityleaksin web applicationd25]. Thereforean

alternatve solutionis the embeddingdf suchdomain-speci clan-

guagesn high-level languagesbleto provide appropriateabstrac-
tions (e.g.,see[9, 17, 29, 32, 34, 35] for functionalandlogic lan-

guages)This paperfollows the latter alternatve and considersan

approacho constructweb userinterfaces(WUIs) in a declaratve

way. The coreidea of the declaratve constructionof WUIs has
beenpresentedn [21]. In this paperwe combinethis construction
with theexisting featuref scriptinglanguage®y compilingparts
of the declaratve interfacespeci cationsinto a scriptinglanguage
availablein almostall webbrowsers:JavaScript.

In orderto provide an exampleof the new approachpresentedn
this paper we give a shortsummaryof the frameavork to construct
WUIs presentedh [21]. Thisapproactto construcWUIs is useful
in situationswheredataof an applicationprogramshouldbe ma-
nipulatedvia standardveb browsers(i.e., by HTML forms). The
applicationprogramsuppliesthe WUI with the currentdataof the
applicationand an operationto storethe modi ed data.Further
more (and mostimportant),it provides a type-orientedspeci ca-
tion of the WUI structurethat matcheghe type of the application
data.For this purpose the WUI framevork containsa setof ba-
sic WUIs to manipulatedata of basictypes,e.g., integers, truth
values,strings, nite sets,anda setof WUI combinatos to con-
structWUIs for complex datatypesfrom simplertypessimilarly
to typeconstructorsn programmindanguagesi-or instancethere
are combinatordor tuples,lists, union typesetc. The framevork
ensureghatthe userinputsonly type-corectdats i.e., if theuser
tries to input illegal data(e.g.,incorrectinteger constantsempty
strings,wrongdatesor emailaddressesyhe WUI doesnot accept
the dataand asksthe userto correctthe input. Figure 1 shaws an
exampleof aWUI for alist of persongontainingvariousinputer
rors. Note thaterrorscanoccurnot only in individual input elds
but alsoasillegal combinationsf different elds, like the datein



Figure 1. A WUI for alist of persongontainingvariousinput errors

the secondrow. Thanksto this featureof the WUI framework, the
applicationprogramneednot checktheinput dataandperformap-
propriateactions(e.g., providing error forms to correctthe input
etc). This considerablysimpli es thetaskof programmingheuser
interface.

We have alreadymentionedhattype-correcinputshave to be un-
derstoodn a muchbroadersensahantypesusedin programming
languagesFor instance strings containingemail addressesnust
have a particularform, a datelike “February29, 2006" is illegal,
andtwo input elds containinga passvwerd andthe repeategass-
word mustbe alwaysidentical. Therefore WUIs canbe speci ed
togetherwith any computablepredicateso thatinput datais only
acceptedf it satis esthe speci ed predicate FurthermoreWUlIs
can be customizedin variousways, e.g.,to provide application-
speci ¢ error messgesin caseof illegal inputs,to usea speci ¢
renderingor embedthemin web pageswith a speci ¢ layout,and
canbe easily adaptedo userde ned types(see[21] for details).
In orderto provide acompactandhigh-level interfacefor the WUI
constructiona concreteimplementatiorhasbeenperformedwith
the declaratve multi-paradigmlanguageCurry [16, 24]. Various
featuresof Curry, like the treatmentof functionsas rst-order ob-
jects,logic variables andstrongtyping areexploitedin thisimple-
mentationalthoughnot all of themarerequiredto be usedby the
programmerconstructingWUls. In particular logic variablesare
usedasinternalreferencego input elds which arenot visible to
theprogrammer

In this paperwe shav how to exploit the existenceof JaraScript
interpreterdan web browsersin orderto increasethe functionality
of WUIs. By translatingconditionsin WUIs into JavzaScriptpro-
grams,onecancheckuserinputsontheclientside,i.e., formswith
illegal inputs are not sentto the web sener. This featurereduces
thenumberof client/sererinteractionsandprovidesinstantaneous
feedbackon incorrectinputs on the client side. However, Curry
is a powerful languagewith advancedprogrammingeaturege.g.,
higherorderfunctions,laziness|ogic variablesconstrainsolving,
concurreng). Thus,it is notreasonabléo translatento JavaScript
all possibleconditionsthatcanbeimplementedn Curry, sincethis
might nally requireto communicateacompleteCurryimplemen-
tationto thewebclient. Thisis notonly inef cient (sinceJasaScript
is usuallyinterpreted)r impossible(dueto spaceandtime limita-
tions of the JavaScriptinterpreter)but alsonot necessarythe cor
rectnes®f theuserinputis alwayschecled onthe sener side(due

to the principle in web programmingthat one shouldnever trust
userinputsfromwebbrowses evenif they arechecled by scripts
ontheclient side,sinceonenever knows whethertheinput comes
from a humanusinga web browseror anothemaliciousprogram
[25]). Thus,oneis freeto selectonly particularconditionsthatare
easyto translatdnto JavaScript.Thisis theideausedin thefollow-

ing in orderto getareasonablandpracticallyapplicablecombina-
tion of two differentworlds of programming.

In the next section,we review the conceptsof Curry, HTML pro-

grammingandJavaScriptthatarenecessaryo understandhe con-

tentsof this paper Section3 reviews theideasof WUIs. The basic
ideasbehindthecombinatiorof WUIs andJavaScriptaredescribed
in Section4 beforethe translationof Curry into JavaScriptis de-

ned in Section5. Section6 introducessomeimportantoptimiza-
tions. Section7 describeshe currentimplementation Section8

discusseselatedwork beforewe concludein Section9.

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

Functionallogic languagedq15] integrate important featuresof
functionalandlogic languagen orderto provide a variety of pro-
grammingconceptsModern languageof this kind [16, 24, 28]
combine the conceptsof demand-drsien evaluation and higher
orderfunctionsfrom functionalprogrammingwith logic program-
ming featuredik e computingwith partialinformation (logic vari-
ables),uni cation, andnondeterministicearchfor solutions.This
combination,supportedby optimal evaluation stratgjies [4] and
new designpatterng5], leadsto betterabstractionsn application
programseg.g.,asshavn for programmingwith databasefl2, 18]
or dynamicweb pages[17, 21]. The declaratve multi-paradigm
Curry [16, 24] is a functionallogic languagesxtendedby concur
rent programmingconceptsand hasbeenusedin variousapplica-
tions.In thefollowing, wereview theelement®f Curryrelevantfor
this paperbut omit otherfeaturesnot usedhere(e.g.,constraints,
searchstratgjies,concurreny, 1/0 conceptmodules)More details
aboutCurry's computatiormodelanda completedescriptionof all
languagdeaturescanbefoundin [16, 24].

Fromasyntactigpointof view, a Curry programis afunctionalpro-
gram extendedby the possibleinclusion of free (logic) variables
in conditionsand right-handsidesof de ning rules. Curry hasa
Haslell-like syntax[30], i.e., (type) variablesandfunction names



usuallystartwith lowercasdettersandthe namesof type anddata
constructorstartwith an uppercasdetter. The applicationof f to

e is denotedby juxtaposition(“f €”). A Curry program consists
of the de nition of functionsand datatypeson which the func-

tions operate Functionsare rst-order citizensasin Haslell and
are evaluatedlazily. To provide the full power of logic program-
ming, functionscanbecalledwith partially instantiatecarguments
andde ned by conditionalequationswith constraintsn the condi-
tions.Functioncallswith freevariablesareevaluatedby a possibly
nondeterministidnstantiationof demandediguments(i.e., amgu-

mentswhosevaluesare necessaryo decidethe applicability of a

rule) to therequiredvaluesin orderto applyarule.

In generalfunctionsarede ned by (conditiona) rulesof theform

(i.e., expressionswithout de ned functions)without multiple oc-
currencef a variable,the (optional) conditionc is a constraint
(e.g.,a conjunctionof equations)ande is a well-formed expres-
sion which may also containfunction calls, lambdaabstractions
etc. A conditionalrule canbe appliedif its left-handsidematches
the currentcall andits conditionis satis able.

ExampLE 2.1. The following Curry program de nes the data
typesof Booleanvaluesand polymorphiclists, and functionsto
computethe concatenatiorof lists andthelast elemenof a list:

infixr 5 ++

data Bool = True | False

data List a =] | a: List a

++) = [@ -> [a] -> [a]

I ++ys =ys

(X:xs) ++ys = x : (xs ++ys)

last = [@ -> a

last xs | ys++[x] == xs =x where x,ys free

[ (emptylist) and: (non-emptyist) aretheconstructos for poly-

morphiclists (a is a typevariable rangingover all typesandthe
type “List a” is written as [a] for conformity with Haslell).

Thein x operatordeclaratiort‘ infixr 5 ++' declaesthe sym-
bol“ ++ asaright-associativan x opeator with precedencé so
thatwecanwrite functionapplicationsof this symbolwith thecon-
venientin x notation.The(optional)typedeclamtion (“:: ”) ofthe
function® ++' speci esthat“ ++' takestwo lists asinputand pro-

ducesanoutputlist, whee all list elementsre of thesamegunspec-
i ed) type! Sincethe function“ ++' can be called with freevari-

ablesin argumentsthe equation“ys ++[x] =:= xs” is solved
by instantiatingthe r stargumentys to thelist xs withoutthelast
argument,.e., the only solutionto this equationsatis esthat x is

thelastelemenbfxs. In orderto supportsomeconsistencgheds,

extravariablesi.e., variablesof a rule notoccurringin a patternof

theleft-handside mustbedeclaedby “ where...free " (seethe
rule de ning last ).

Theoperationabemantic®f Curry, describedn detailin [16, 24],
is basedon an optimal evaluationstratey [4] which is a conser
vative extensionof lazy functionalprogrammingand(concurrent)
logic programmingDueto its demand-dsien behaior, it provides
optimalevaluation(e.g.,shortestlerivationsequencesninimal so-
lution sets)on well-de ned classesof programs(see[4] for de-
tails). Curry alsooffers standardieaturesof functionallanguages,
like higherorderfunctionsor monadicl/O (which is identicalto
Haslell's /0 concep{36]).

1Curry usescurried function typeswhere -> denotesthe type of all
functionsmappingelementof type into elementof type .

2.2 HTML Programming

Writing programghatgenerattHTML documentsequiresa deci-
sionaboutthe representationf HTML documentsA textual rep-
resentation(as often usedin CGI scriptswritten in Perl or with
the Unix shell)is very poor sinceit doesnot avoid certainsyntac-
tical errors(e.g., unbalancedarenthesis)n the generatediocu-
ment.Thus,it is betterto introducean abstractiodayerandmodel
HTML documentaselementof aspeci ¢ datatypetogethewith
awrapperfunctionthatis responsibldor the correcttextual repre-
sentatiorof this datatype.SinceHTML documenthave atree-like
structure they canberepresenteih functionalor logic languages
in a straightforvard way [9, 17, 29, 34]. For instancethe type of
HTML expressionss de ned in Curry asfollows:?
data HtmlExp =
HtmIText
| HtmlStruct

String

String  [(String,String)] [HtmIEXp]

Thus, an HTML expressionis either a plain string or a struc-
ture consistingof a tag (e.g., b,emh1,h2,...), alist of attributes
(name/alue pairs),anda list of HTML expressionscontainedin
this structure Thus,the HTML code

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

HtmiStruct  "p" ]
[HtmIText "This is an ",
HtmiStruct "i* [] [HtmIText "example"]]

Sinceit is tediousto write HTML documentsn this form, one
canprovide variousfunctionsasusefulabbreiations (htmlQuote
transformscharactersvith a specialmeaningin HTML into their
HTML quotedform):

htxt s = HtmIText  (htmIQuote s)
par hexps = HtmiStruct "p" [] hexps
italic  hexps = HtmIStruct "i" [] hexps
Thenwe canwrite the exampleas
par [htxt "This is an ", italic [htxt "example"]]

A dynamicweb page is an HTML document(with headerinfor-
mation)thatis computedby a programat the time whenthe page
is requestedby a client (usually aweb browser).For this purpose,
thereis a datatype

data HtmlForm =

HtmlForm String [FormParam] [HtmIExp]

to representompleteHTML documentswherethe rst agument
to HtmIFormis the documens title, the secondargumentcontains
optionalparameterge.g.,cookies style sheets)andthethird argu-

mentis the documens content.Sincea dynamicweb pageshould
represeninformationthatoftendepend®nthe ervironmentof the
websener (e.g.,storedin databasespi dynamicweb pagehasal-

waysthe type “10 HtmlFornt, i.e., it is an I/O action[36] that
retrieves someinformation from the environmentand producesa
webdocument.

Dynamicweb pagesusuallyprocesaiserinputs, placedin various
input elements(e.g., text elds, text areas,check boxes) of an
HTML form, in orderto generatea userspeci c result. For this

2This de®nition covers only the tree-like structureof HTML documents
but doesnot enforcefurtherrestrictionsHence documentsiot conforming
with the HTML standardcanbe created This canbe avoidedwith re®ned
de®nitionsandmoresophisticatedype structureg34].



purpose,the HTML library of Curry [17] provides an abstract
programmingmodel that can be characterizedas programming
with call-bad functions A web pagewith userinput andbuttons
for submittingthe input to a web sener is modeledby attaching
an event handler to each submit button that is responsiblefor

computingthe answerdocumentln orderto accesghe userinput,

the event handlerhas accessto an ervironment containing the

actualuserinput. We omit further detailshere(they canbe found

in [17]) sincewe considera more abstractayerto constructweb-

baseduserinterfacesthat will be describedn Section3. We only

want to remark that the functional as well as logic featuresof

Curry areexploited to implementthis programmingmodel: event
handlerandervironmentsarefunctionsattachedo datastructures
representinddTML documentsandinput elementsn adocument
have logic variablesasreferenceso supportconsisteng checksby

the compiler (in contrastto the use of stringsin traditional web

scripting,e.g.,raw CGl, Perl,PHP).

2.3 JavaScript

JavaScript[13] is animperatve scriptinglanguagehatcanbeem-
beddedin HTML documentsJa/aScript programsare executed
by the client's web browvserand have accessyia a documentob-
ject model, to the resourcef the browser in particular to the
HTML documenshavn in the browser For this purposethe doc-
umentis representeds a hierarchicalobject structurewherethe
attributes of eachobject can be accessedr manipulatedby the
standard‘dot notation”. For instance the classidenti er (whose
meanings usuallyde nedin astylesheetof anobjectelemin an
HTML documentcanbe changedo myStyle by the assignment
elem.className = "myStyle" .

JaraScriptprogramsareusuallyexecutedby thewebbrowvserwhen
someevent occurs.For instancejf atext input eld in anHTML
form hasan attribute onblur="f(3)" , the function call f(3) is
evaluatedwheneer the userleavesthis input eld. In this paper
we exploit this functionality of JavaScriptto checkthe userinput
ontheclientsidebeforethe completewebform is submittecto the
sener.

3. Type-Oriented Web User Interfaces

In this sectionwe review the type-orientecconstructionof WUIs,
asproposedn [21], from aprogrammes point of view, beforewe
discussdts extensionto includeJavaScriptin the next section.

The basicideaof our WUI framework is to provide an easilyap-
plicablemethodto implementaninterfacefor the manipulationof
dataof an applicationdomain.Thus,we assumehatthe applica-
tion programsuppliesa WUI with the currentstateof the dataand
an operationto storethe datamodi ed by the userand acknavl-

edgeit to theuser Thus,themainoperatiorto construce WUI has
the type signatureg(remembethat dynamicweb pagesare of type
10 HtmlForm)

mainWuUl:: WuiSpeca -> a -> (a -> 10 HtmlForm)

-> |10 HtmlForm

sothat an expression(mainWUl wspec d store) evaluatesto a
web pagecontainingan editor that shawvs the currentdatad and
executes(store d% whenthe usersubmitsthe modi ed datad®.
The operationstor e (also called updateform) usually storesthe
modi ed datain a le or databasereturnsawebpagethatinforms
theuseraboutthe successfufor failed)modi cation, andproceeds
with afurtherinteraction.

The rst agumentof type WuiSpeca, alsocalledWUI speci ca-
tion, speci esthekind of interfaceusedto manipulatedataof type
a. This is necessargincethereare usually variousalternatve in-

teractionformsfor identicaldatatypes.For instanceintegervalues
canbe manipulatedn text elds (seelastcolumnin the table of
Fig. 1) or, if the setof possiblevaluesis small, via selectiorboxes
(seethe two columnsbeforethe lastonein Fig. 1). Therefore the
WUI framework providesa coupleof prede nedinteractionforms
for variousdatatypes.For instancethereareprede nedentities

wString WuiSpec String
wint : WuiSpec Int

to manipulatestringsandintegervaluesin simpletext input elds,
respectiely. Similarly, thereis anentity

wSelectint @ [Int] -> WuiSpec Int

to selectavaluefrom alist of integersby a selectiorbox.

In orderto constructWUIs for comple datatypes,thereare WUI
combinatos that are mappingsfrom simpler WUIs to WUIs for
structuredypes .Forinstancethereis afamily of WUl 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 wsString wString wDate

de ne WUI speci cationsfor datesandpersonsonsistingof rst
name surnameemailaddressanddateof birth. To manipulatdists
of dataobjects thereis aWUI combinatorfor list types:

wlList WouiSpeca -> WuiSpec [a]

Thus,to manipulatelists of personsasshavn in Fig.1, we apply
themainconstructioroperatiormainWUto the WUI speci cation
(wList wPerson), whichis of type

WuiSpec[(String,String,String,(Int,| ntin t)] ,

andappropriatedatavaluesandupdateforms.

As discussedbove, our type-orientecconstructiorof WUIs leads
to type-safauserinterfacesj.e.,theusercanonly entertype-correct
dataso that the applicationdoesnot needto performary checks
for this purpose .Up to now, type-correctnesss interpretedw.r.t.

thetypesof theunderlyingprogrammindanguageHowever, mary

applicationgequireamore ne-grainedde nition of types.Forin-

stancenoteverytriple of naturalnumberghatcanbe enteredvith

the WUI wDateabove is acceptablee.g.,thetriple (29,2,1982)

is illegal from an applicationpoint of view. In orderto support
also correctnesghecksfor suchapplication-dependertype con-
straints our framework allows to attacha computablepredicateto

ary WUI: thereis anoperation(alsode ned asanin x operator)

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

that combinesa WUI speci cation with a predicateon valuesof
the sametype sothattheresultspeci esa WUI thatacceptonly
valuessatisfyingthe givenpredicateFor instance,

wEmail ::
wEmail =

WuiSpec String

wString “withCondition®  isEmail



de nes a WUI that acceptsonly syntactically correctemail ad-
dresseprovidedthatisEmail is a predicateon stringsthatis sat-
is ed if its agumentis a syntacticallyvalid emailaddress.

If application-speci cconditionsoninputvaluesareadded appro-
priateerrormessageshouldbe provided. For this purposethereis
anoperation(in x operator)

withError WuiSpeca -> String -> WuiSpeca

that combinesa WUI speci cationwith a speci ¢ messageavhich
is shavn in caseof inputsthatdo not satisfythe input constraints.
For instance,we can improve the de nition of wEmail with an
appropriateerrormessageasfollows:

wEmail = wString
‘withCondition™
“withError

isEmail

“Invalid email address:"

Similarly, if correctDate is a predicateon triples of inte-
gersthat checkswhetherthis triple represents legal date (e.g.,
correctDate (29,2,1982) evaluatesto False), thenthe WUI
speci cationwDateabove shouldbe betterde ned by

wDate = wTriple (wSelectint [1..31])
(wSelectint  [1..12])  wint

‘withCondition®™  correctDate
‘withError "llegal  date:"

Rede ningthe WUI for personsy
wPerson = w4Tuple wString wsString wEmail wDate

theexpressionwList wPerson) denotesaWUI speci cationfor
lists of personghat checksfor valid inputsandprovidesthe error
messageshavn in Fig. 1.

Furthermorethe frameawork to constructWUIs also supportsthe
adaptationof WUIs for standardtypesto WUIs for application-
speci ¢ types theuseof application-speci aenderinggo produce
layouts different from the default layout, and the embeddingof

WUIs into webpageswith a x eddesign(headersmenubars,etc)
or theembeddingf severalsWUIs with separatsubmitbuttonsat
arbitrary placesinto a singleweb page(avoiding ary con icts in

the namingof referencedor input elds). The detailsaboutthese
featuresare not relevant for the contentsof this paperandcanbe
foundin [21].

4. Combining WUIs and JavaScript

As mentionedin Sectionl, we intendto exploit the existenceof

JavaScriptinterpretersn currentwebbrowsersto increasehefunc-

tionality of WUIs. In particular we wantto transmita JazaScript
program togethemwith theHTML form implementinga WUI, that
implementghe validationof userinputsin the HTML form. With

thisapproachinvalid inputsaredetectedy thewebbrowvseronthe
client sidewhich providesinstantaneoufeedbackto the userand
reduceghe numberof client/serer interactionsNote thatit is not
ourintentionto shift computationgrom thesener sideto theclient
sidein orderto reducetheload of theweb sener: sinceaweb ap-
plication shouldnever trustuserinputsreceived from a client (see
Sectionl), thevalidationof inputsby thewebapplicationis manda-
tory. This designdecisionhasa numberof advantages:

It is notnecessaryo checkall inputconditionsin aWuUI onthe
clientside.

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

Thesamaeis trueif JavaScriptis disabledn theclient's browser
(e.g.,dueto securityreasons)In this case the web forms can
still be used(in contrastto approacheshatrely on JavaScript
like PaverForms|[7]). The only differenceis thatinput errors
areshavn after the form hasbeensubmittedto the web sener
which sendshacka new form with errorannotatednput elds

(identicalto theexamplein Fig. 1).

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

The executionof aWUI by acall to mainWU([seeSection3) with
someWUI speci cation,datavalue,andupdateform is performed
by thefollowing steps:

1. Theinitial HTML form containinginputelementg¢o modify the
given datavalueis generatedccordingto the WUI speci ca-
tion andsentto the client's browser

2. If the usersubmitsthe form with the modi ed value,the new
valueis extractedandthevalidity conditionsonthevariouslev-
els(sincethe valuecanbe comple, theremight be conditions
on atomic partsaswell ason constructecparts)are checled.
If one of theseconditionsis not satis ed, a nev “error an-
swer” form with errorannotatednput elds is generatecand
sentbackto theclient (seeFig. 1). Then,step2 is repeated.

3. If all conditionsonthe submittedvaluearesatis ed,theupdate
form s appliedto the new value.

UsingJavaScript,we canimprove step2: If we addJavaScriptcode
to the form sentto the client, variousconditionscan be checled
beforethe modi ed form is sentto the web sener. If oneof the
conditionsis not satis ed, the form is not submittedbut an error
messageés displayedby the web browser For this case,one can
distinguishtwo kinds of conditions:

1. Conditionson individual elds, e.g.,text elds for integers,
email addressesThey canbe immediatelychecled wheneer
the userleavessuchaninput eld (i.e., in caseof an onblur
eventof thebrowser).

2. Conditionson combinationof several input elds, e.g.,dates
representedby several selectbuttons: They are checled when
theuserclicksthesubmitbuttonsinceit is dif cult to determine
a x ed point of time to checkthe condition beforesubmitting
the entireform.

In both casesan error messagés immediatelydisplayednearthe
invalid input. In caseof individual elds, the error messagds
shawvn beforeor abore the elds, andin caseof combined elds,
the errormessagés displayedtogetherwith a frameenclosingall
elds belongingto theinvalid value.

In order to display the error messagammediately it must be
alreadycontainedin the HTML form at the right position. This
canbedoneby the useof stylesheetdhatmakestheerrormessage
initially invisible. For instancethe HTML form sentto the client
containgthefollowing stylede nitions:®

<style type="text/css">

.hide f display: none; g

.nohide f display: inline; color: red;
font-weight:  bold; background-color: yellow; g

</style>

Thenthe error messagéhasinitially the style classhide thatis
changedto nohide whenthe input is invalid. For instance,the

3The codepresentedhereis simplerthanthe actualcodein orderto ease
theunderstanding.



HTML codefor atext eld containinganemailaddresgouldbeas
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 the Curry functionused
in theWUI speci cationinto JavaScriptthatwill be shavn below.
ThesimpleJavaScriptfunctionsetErrorClassName setsthestyle
classof theelemenidenti ed by the rst agumentaccordingo the
Booleanvalueof the secondargument(which is alsoreturnedand
usedin caseof nestedstructures):

function setErrorClassName(m,b) f
var errmsg = document.getElementByld(m);
if (b) f errmsg.className = "hide"; g
else f errmsg.className = "nohide"; g
return b;

g

After the introduction of the principles of combiningWUls and
JavaScript, we considerthe translationof Curry programsinto
JasaScriptin thenext section.

5. Translating Curry into JavaScript

An adwantageof our designdiscussedn the previous sectionis
the fact that it is not necessaryto translateary Curry program
into JavaScript. This is also not reasonablesince the adwanced
featuresof a declaratve multi-paradigmlanguagdike Curry (e.g.,
higherorderfunctions,laziness|ogic variablesconstrainsolving,
concurreng) requiresa comple run-time systemthat must be
transmittedo the clientwith the HTML form.*

Thus,we de ne aclassof Curry programsthatare“easyto trans-
late” into JasaScriptby omitting the more comple featuresof
Curry.

DEFINITION 5.1. Afunctionf depend®nfunctiong if anevalua-
tion (accoding to the operational semanticof Curry [1, 16]) ofa
call tof mightevaluatea call to g. Wedenotebyf = ffg[ fgj
f depend®ngg thesetof all functionsonwhich f depends.

Sincethis de nition of dependengcis undecidablén generalwe
assuman the following a decidableapproximationof this prop-
erty, e.g.,by consideringhe call structureof the programrulesas
computedoy existing analysistools[19].

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

Themainrestrictionshatwe imposeon functionswhich aretrans-
lated into JavaScriptare totally de nednessand the exclusion of
non-determinisnaswell asin nite datastructuresi.e.,weconsider
thefunctionalpartof Curry evaluableby aneageistratey. To char
acterizethis class,we usesomeresultsaboutfunctionallogic pro-
grams.ISX [6] (“inductively sequentiaprogramswith extra vari-
ables”)denoteghe classof functionallogic programswhereeach
function is de ned suchthatits left-handsidescan be organized
in ade nitional tree[2] (i.e., it is inductively de ned on theinput
types)possiblycontainingextra variables(variablesin a rule that

4 A goodalternatie is the staticintegration of the Curry run-time system
into thewebbrowser but this doesnot seema viable solution.

do not occurin its left-handside).lt is well known [3, 6] thatary
functionallogic program(i.e., conditionalconstructotbasecdterm
rewriting system)can be automaticallytransformedinto an ISX
program.Thereforewe consideronly ISX programsn thefollow-
ing.

DEFINITION 5.3. A functionf of an ISX program is eagerexe-
cutableif all functionsoff are totally de ned andtheir rulesdo
not contain extra variables,and the rewrite relation geneated by
all rulesde ning f isterminating

The main motivation for this de nition is the fact that eager
executablefunctions can be executedby an innermostrewriting
stratgyy without changingthe computedesults:

PropPosITION 5.4. If f is an eager-executablefunction,thenany
calltof withoutfreevariablesthatis evaluatedbyinnermosterm
rewriting produceshe sameresultasin Curry.

PrRoOOF: Sincewe have not fully formalizedall notionsnecessary
for adetailedproof, we give only aninformal sketch(the complete
proofis notdif cult but tediousin all its details).The requirement
for ISX programswithout free variablesin the rulesandthe ini-
tial expressionsmpliesthattheevaluationstrateyy of Curry[1, 16]
appliedto suchprogramsreduceso puretermrewriting, i.e., non-
deterministicor concurrentcomputationsdo not occur Further
more,ary innermostermrewriting stratgly computesavalue(i.e.,
atermwithoutde ned functionsymbols)dueto totally de nedness
andtermination(notethatbothrequirementsarenecessary)Since
ISX programswithout extra variablesare con uent, this valueis
uniqueand,thus,thesameascomputecby Curry. 2

Note that the classof eagerexecutablefunctionsis sufcient in
practice. Most of the functions used as conditionsin practical
WUIs are eithereagerexecutable(e.qg.,all predicatesusedin the
examplesof this paper)or exploit adwancedfeaturesthat are not
reasonablé¢o translaténto JavaScript(e.g.,constrainsolvingover
nite domainsseethe SuDokusolver shawvn in [21]). If functions
arenottotally de ned, they canbeeasily“totalized” by introducing
particularfailurevalueg20] sothatthisrequiremenis notaserious
restriction. The requirementfor the absenceof extra variablesis
easyto check.Theterminationrequirements moreseriousdueto
its undecidabilityHowever, therearemary toolsto checksuf cient
terminationcriteriathatcanbe applied(e.g.,AProVE [14]).°

The previous propositionshavs that eagerexecutablefunctions
canbe executedby aninnermostrewrite stratay, i.e., basicallya

call-by-value stratgy thatis alsousedin JazaScript. Thus,these
functions can be more or less directly mappedinto JavaScript
functions.In theremainingsection,we de ne atranslationrscheme
for eagerexecutableCurry functionsinto JavaScriptbasednthese
considerationsSincethis schemeproducesa lot of codeandthe

codesizeis alimiting factorof suchmobilecode we discussn the

subsequergectiona numberof usefuloptimizations.

Sincefunctionsarede nedin thesourcdanguageCurry by pattern
matching,local de nitions etc, it is muchmorecorvenientto base
acompileron anintermediatdanguagewvherethe detailedpattern
matchingstratgy hasbeenalreadyresohed,local de nitions have
beenglobalizedby lambdalifting [26], andfurthersyntacticsugar
of the sourcdanguagenhasbeeneliminated.This intermediatdan-
guagehasbeenalsousedto de ne the semanticof Curry [1] and
variouslanguage-processingols.

5A more pragmaticapproachis to ignore this requirementsince web
browsers usually controls the spaceand time requirementsf executed
JavaScriptprogramsand terminatethem if necessaryHowever, suchan
approachdoesnot leadto web interfacesthat might be well acceptedcby
users.



[r 1J=r-=lI (literal)
Ir xI=r=x (variable)
[r cle;:::;en)] = var x1; [xa  el; :::;var Xn; [xn enl; (constructorcall)
r = new Array (C;X1;:::;Xn)
[r ifThenElse (e1;ex;e3)] = var x; [x e]; if (x) f[r e]lgelse f[r e]g (conditional)
[r apply(er;e)] = var xi1; [x1 e]; var x2; [x2 €], r = x1(X2) (higherorderapplication)
[r f(e;::;en)] = var xa1; [xa  el; :::;var Xn; [xn en]; r =f(xq;:::;%n)  (functioncall)
[r f(e:issen 1) = var xg; [xa ed]; ii;var xn 15 [Xn 12 en 1]; (partialapplication)
r = function( x)f return f(X1;:::;Xn 1;X); @

var x; [x €];

[r caseeof fpn &1 g] ;
swith (x[0]) f

case ¢ : var Xj1=x[1];

g

(casewhere

irnyvar Xing =x[nil; [r e]; break;

Figure 2. Translationof expressionsnto JavaScriptstatements

Programf this intermediatdanguagealsocalled at programs
canbe de ned asfollows, wherewe write o, for the sequencef

Program
P = Di1:::Dn
De nition
D == f(xiiixn)=e
Expression
e = | (literal)
j X (variable)
i clern:iiien) (constructorcall)
i f(ew;:iiien) (functioncall)
j caseeof fpn I eg (case)
Pattern
p = c(X1;iiiiXn)

A literal | is a number characteror Booleanconstant.Higher
orderapplicationsare not explicitly representedincewe assume
thatthey arerepresentedy the prede nedbinaryfunctionapply .
Similarly, aconditionallik eif-then-elsds representebly afunction
ifThenElse that takes three agumentsand has the following
de nition asa at program:

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

False ! f g

Sinceeagerexecutabldunctionscanbeautomaticallytransformed
intosuch at programg23], wede ne thecompilationproces®nly
for such at programs.

Dueto thefactthatthetagetJavaScriptprogramshouldimplement
aninnermostewriting stratgy, we canmapeacheagerexecutable
Curry functioninto ade nition of a JavaScriptfunction. However,
expressionsn the right-handside of function de nitions cannot
be mappednto JaraScriptexpressionsincecaseexpressionsare
translatednto aswitch constructwhichis a statementatherthan
an expressionin JasaScript. Therefore,we map expressionsnto
JavaScriptstatementshatstoretheresultvaluein agivenvariable.
Hence,we de ne atranslationfunction [r €] thattranslatesan
expressiore into a statementhatstorestheresultin variabler .

6We have simpli®ed the "at languagedue to our requirementfor eager
executablgfunctions.

A function de nition f (x1;:::;Xn) = e is translatedinto the
following JavaScriptfunctiondeclaration:
function f(X1,.., Xn) f
var r;
[r el
return r;
g

Thetranslatiorof expressionss de ned by acasedistinctiononthe
differentkinds of expressionsasshavn in Fig. 2. In thetranslation
rules,every variablex; introducedby avar declarationdenotesa
freshvariable.In theliteraltranslatiorrule,| denotesheJavaScript
constantorrespondingo the Curry literal I. In the functiontrans-
lationrule,f isf for ade nedfunctionf orthenameof thecorre-
spondinglavaScriptfunctionin caseof a primitive functionf (e.g.,
arithmeticfunction, comparisongcharacterconversion).Construc-
tor applicationsare representeds arrayswherethe rst element
containgheconstructor(e.g.,in stringrepresentationr asaninte-
gerif we associat@ uniqueindex to every constructor)In therules
for constructorandfunctioncalls,we assumeéhatc andf arefully
applied(i.e., they have arity n), respectiely. In a partial applica-
tion, someargumentin a call to ann-ary function (or constructor)
f is missing(for the sale of simplicity, we de ne the translation
schemeonly for a single missingamgument).In this casewe ex-
ploit the higherorder featuresof JavaScriptby generatinga new
functionthatcouldbe laterappliedto the missingargument(com-
paretranslatiorrule for apply ). In the casetranslatiorrule, a case
distinctionis performedon the currentconstructor(comparethe
translationof constructorcalls) beforethe patternvariablesx; are
extractedfrom the datastructure An obvious optimizationof this
translationschemeperformedby our compiler is thereplacement
of eachaccesdo a patternvariablex; in thetranslationof e by

x[j].

ExAMPLE 5.5. Considerthefollowing WUI speci cationdescrib-
ing aninterfacefor a pair of integers whete their summustbe pos-
itive:

let posSum(x,y) = x+y >0

in wPair wint wint “withCondition® posSum

Using our translationscheme the predicateposSunis translated
into thefollowing JavaScriptcode:



function

var x2;

var x3; x3 = x1;

switch (x3[0]) f
case "(,)"
var x4;

var x5; x5 = x3[1];

var x6; x6 = x3[2];

x4 = (x5 + x6);

var X7; X7 = 0;

X2 = (x4 > x7);

posSum(x1) f

/I pair constructor?

break;

return  x2;
g

Olwviously, this schematicallygeneratedodehasthe potentialfor
mary optimizationsthat shouldbe appliedin orderto reducethe
codesize.Thiswill bediscussedn the next section.

6. Optimizations

Dueto thetranslatiorof expression#nto statement:estedxpres-
sionsare attened by introducingauxiliary variables.In general,
thisis necessaryo exploit switch statement$o implementpattern
matching.As example5.5 shaws, this schematidranslationoften
introducesvariablesthat are only assignecand usedonce.There-
fore,weintroducea codeoptimizationthatremovessuchvariables:

Remaal of singlevariables If thereis acodesequencéi.e.,with
asequentiatontrol o w betweerthe shavn points)of theform

var X; X =€ .. X ..

without ary other occurrence®of x, remove the declarationand
assignmentor x and replacethe remainingsingle occurrenceof
X by e.

This speci c combinationof constantpropagationand liveness
analysisis very effective in our example:

ExAMPLE 6.1. If we applythe removal of singlevariablesto the
genentedcodeof Example5.5, we obtain:

function
var X2;
var x3; x3 = x1;
switch (x3[0]) f
case "(,)" x2 = (x3[1]

posSum(x1) f

+ x3[2] > 0); break;

g
return x2;

g

The motivationto remove only variableswith a singleoccurrence
is to avoid additionalcomputationavork thatcouldbeintroduced
by duplicatingcode.Sinceall variablesin an eagerlanguageare
already evaluated,we can also remove variableswith multiple
occurrencethathave valuesidenticalto othervariables:

Remaval of aliasing variables If thereis a codesequencdi.e.,
with a sequentiatontrol o w betweerthe declaratiorandassign-
ment)of theform

var X; X =Y,

without ary other assignmento x, remove the declarationand
assignmenfor x andreplaceall remainingoccurrence®f x by
y.

EXAMPLE 6.2. If weapplytheremaal of aliasingvariablesto the
codeof Example6.1,we obtain:

function
var X2;
switch (x1[0]) f
case "(,)" x2 = (x1[1]

posSum(x1) f

+ x1[2] > 0); break;

return x2;
g

Thelattercodecanbe furtherimproved by exploiting the factthat
it is thetranslationof a stronglytypedsourcdanguageDueto this
property it is not necessaryo checkthe constructotin the switch
statementsincethe agumentexpressiornof the switchis alwaysa
valuethatbelonggto a datatypewith a singleconstructor:

Remaval of recordconstructors Let T beatypeconstructomvith
asingledataconstructari.e.,de ned by

data T ai::tan =C 1:iim
Thenreplace‘switch (x[0]) fcase C: s; break; g” bys.

ExAMPLE 6.3. Applyingtheremaal of recod constructos to the
code of Example6.2 combinedwith a further remaoal of single
variablesyieldsthe nal code:

posSum(x1) f return (x1[1] +x1[2]

This codeis mud smallerand more efcient than the originally
generted codeof Example5.5 and also similar to a hand-written
code

function >0); g

Apart from thesecodeoptimizationsoneshouldalsoconsiderthe
representationf datatypesin thegeneratedavaScriptcode. Prim-
itive typeslike numbersor truth valueshave a direct correspon-
dencebetweenCurry andJavaScript.Constructedypesarerepre-
sentedasarraystructuregseerig. 2). An alternatve representation
could be objectsin JavaScript,but theredoesnot seemto be clear
adwantaged$or onetheseoptions. However, thesituationis different
for strings.Many input elds containstringsthatshouldbechecled
accordingto variousconditions.For instance our small run-time
systento executeJavaScriptprogramgor WUIs containghefunc-
tion stringValueOf thatextractsa stringfrom aninput eld and
passest to the correspondingheckfunction (seethe examplein
Sectiord). Sincethetype of stringsis [Char] in Curry; i.e.,identi-
calto alist of charactersn orderto reuseall existing polymorphic
list functionsalsofor strings,the function stringValueOf must
corverttheinputstringinto alist of charactersHowever, it is well
known thatthis representatioiis inef cient comparedo a primi-
tive string representatiofil1]. The samedravbackis presenthere
since eachcharacterin this list is representedy an (array) ob-
jectwhereasstringsare primitive in JavaScriptwith a muchbetter
representatiorf-or instance a conditionwhich checkswhetheran
input eld containsanon-emptystringcanbede nedin Curry by

= False
= True

notEmpty ]
notEmpty (_:)

whichis translatedy ourtechniquesnto

function notEmpty(x1) f
var X2;
switch (x1[0]) f
case "[|' : x2 = false; break;
case "' : X2 = true; break;
return Xx2;
g

Sincethetransformatiorof a stringinto a charactetist whereonly
the rst elementis checled could be expensve (we detectedoer
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Figure 3. Structureof theWUI/JavaScriptimplementation
ceivable computationcostswith strings containingseveral thou- Program Curry JS JSO
sandscharacters)we have implementecanothersolutioninspired lines | bytes|| lines | bytes|| lines | bytes
by Curry's lazy evaluationstrateyy: the function stringValueOf posSum 1 21 19 278 3 63
directly returnsthe JavaScriptstring without ary transformation. isEmail 27 654 || 183 | 3050 77 | 1598
In orderto comply with the standardist functionsfor processing person 71| 1624 404 | 6546 126 | 2777
stringsin Curry, we lazily convert a string into a list if it is de- exam 102 | 2333 629 | 10072 211 | 4613

mandedj.e., in front of a switch statemenon lists. Thus,thecode
for thefunctionnotEmpty is modi ed as

function notEmpty(x1) f

var x2;

if ((typeof(xl) == "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 corverts an empty string
into theemptylist[] andanon-emptystringinto a non-emptylist
consistingof the rst characterandthe remainingstring (in place
of thetail list).

7. Implementation

This sectionsketcheghe implementatiorof our framework thatis
visualizedin Fig. 3. Thecompleteémplementatioris availablewith
the currentdistribution of PAKCS [22].

As discussedh detailin Section5, it is notintendedo translateall
possibleconditionsin WUIs into correspondinglazaScriptcode.
Therefore,one hasto selectthe conditionssatisfyingthe criteria
presentedn Section5 beforethe translationstarts. Thus,the com-
pilation of a web pagecontainingWUIs is performedby the fol-
lowing steps:

1. The sourceprogramis analyzedand eagerexecutablecondi-
tionsin WUIs aremarked.

2. Theeagerexecutableconditionsarecollectedtogethemwith the
functionson which they dependwhich might be distributedin
variousimportedmodules)into a singleCurry program.

3. This Curry programis translatedinto a JavaScript program
following the methodsdescribedn Sectionss and6.

4. Theoriginal Curry programis compiledwith a standardCurry
compilerandinstalledon thewebsener.

5. If aclientdemands web pagecontainingthe WUI, the Curry
programcomputeghe correspondindgd TML form andsendst
to theclienttogethemith the generatedavaScriptprogram,as
describedn Section4.

Table 1. Codesizeof someprograms

Note thatthe implementatiorof WUIs, asdescribedn [21], must
alsoconsidettheintegrationof JasaScriptcodein theHTML form.
For this purposetheindividual functionsto generattHTML code
from WUI speci cations(they areimplicitly containedn the WUI
speci cationshut not directly accessiblegeneratealso the calls
to the JavaScriptcodefor eagerexecutableconditions.Thesecalls
are attachedo input elds if possible(in caseof text elds with
onblur events)andalso collectedfor the completeWUI and at-
tachedto the submitbutton. The checkof the completeWUl fol-
lows aninnermoststrateyy in caseof hierarchicaldatastructures
(like list of personscontainingdates): rst, the basicinputs parts
are checled and, if they do not containan error, the parts con-
structedfrom thesepartsare checled. This stratgy is reasonable
sinceit avoidssuper uouserrormessageeelatedto globalproper
tiesif theindividual partscontaininputerrors.

Our currentimplementatiorthatcomeswith PAKCS doesnotinte-

grateananalyzerfor eagerexecutableconditions,.e., the rst step
of the implementatiormustcurrentlybe doneby the programmer
(the connectionof a terminationanalysistool for Curry is part of

future work). For this purposethe WUI programmercanmark a

conditionto be translatednto JavaScriptby usingthe WUI func-

tion withConditionJS  insteadof withCondition .7 All the re-

mainingstepsof theimplementatiorarefully automaticanddo not

requireary helpby the programmer

In order to provide an impressionof the size of the generated
JaraScriptcode, Table 1 containsthe resultsof compiling some
exampleprogramsfrom Curry into JavaScript. The columnscon-
tain thesizesof thesourceCurry program(includingall dependent
functions but without comments) the generatedJavaScriptcode
without optimization (JS), and the generatedJavaScriptcodein-
cluding the optimizationpresentedn Section6 (JSO).For each
classof programsthe numberof codelines andthe codesizein
bytesis shavn. The rst threeprogramsareWUI conditionsmen-
tionedin this paper and programexamconsistsof the conditions
of aweb-basedxaminationmanagementool. The differencebe-

"The explicit marking of conditions that should be translated into
JavaScriptis alsousefulin the presenc®f ananalyzerfor eagerexecutable
functions sincetherecouldbesituationsvhereeagerexecutableconditions
shouldnot be transferredo the client, e.g.,if they containcon®dentialal-
gorithms.



tweentheentriesin the columnsJSandJSOclearly shavs thatthe
optimizationsof Section6 areimportantandeffective.

8. RelatedWork

Web-basediserinterfacesare importantfor mary modernappli-
cations.In principle, a dynamicweb pagecanbe implementedn
ary programminglanguagesince the requirementson CGlI pro-
gramsthat generatedynamicweb pagesare very low dueto the
text-basedCGl protocol.Althoughscriptinglanguagedik e Perlor
PHP are quite commonfor this purposethey lack supportfor re-
liable programmingle.g.,types,staticcheckingof declarationsyo
thatvariousapproacheso implementweb interfaceswith higher
level programminganguage$ave beendeveloped.Someof them
arediscussedn thefollowing.

Oneof the early domain-speci clanguagegor web programming
is MAWL [27]. It supportsthe checkingof well-formednessof

HTML documentsy writing HTML documentsvith somegaps
that are lled by the sener before sendingthe documentto the
client. Sincethesegapsare lled only with simplevaluesthegen-
erationof documentsvhosestructuredependon complex datais

largely restricted.More comple tree structuresare supportedn

DynDoc [33] (part of the <bigwig> project[8]) which supports
higherorderdocumentemplatesi.e., thegapsin a documentan
be lled with otherdocumentghatcanalsocontaingaps.In order
to validateuserinputsin HTML forms, the<bigwig> projectpro-

posesPawerForms([7], an extensionof HTML with a declaratve

speci cation languageto annotateacceptablgorm inputs. Since
thespeci cationlanguages basedon regularexpressionsit is less
powerful thanour approachwhich supportsary computablepred-
icateon inputs. Similarly to our approachPowverFormsaretrans-
latedinto JavaScriptso that input checkingis doneon the client
side. As a dravback, the implementationof PaverForms com-
pletelyrelieson JavaScriptsothatthey cannotbeusedf JazaScript
is disabled.Finally, the <bigwig> projectis basedon a domain-
speci ¢ languagefor writing dynamicweb serviceswhile we ex-

ploit thefeaturesof the existing high-level languageCurry.

Similar to the basicHTML programminglibrary of Curry [17],
there are also libraries to supportHTML programmingin other
functionalandlogic languagesFor instance the PiLLoW library
[9] isanHTML/CGlI library for Prolog.SincePrologis notstrongly
typed, staticcheckson the form of HTML documentsare not di-
rectly supportedFurthermorethereis no higherlevel supportfor
comple interactionsequencess requiredin typical userinter
faces.

Meijer [29] developeda CGl library for Haslell thatde nesadata
typefor HTML expressiongogetherwith a wrapperfunctionthat

translatessuch expressionsinto a textual HTML representation.

However, it doesnot offer any abstractionfor programmingse-
guencesof interactions(e.g., by event handlers).Thesemust be
implementedn thetraditionalway by choosingstringsfor identify-
ing input elds, passingstatesashiddeninput elds etc. Thiemann
[34] proposedrepresentationf HTML documentsn Haslell that
ensureghe well-formednes®f documentsy exploiting Haslell's
typeclasssystemln [35] he extendedthis approactby combining
it with theideasof [17] to implementinteractionsequenceby an
event handlermodel. Although his approachalso supportstyped
input elds similarly to our WUIs, it is morerestricted It doesnot
supportarbitraryconditionson input dataor type-basedombina-
torsfor input elds, andthe layout of the generatedveb pagess
more restrictve (dueto the monadicimplementationin the func-
tional basdanguage).

The iData toolkit [31, 32] is a frameawork, implementedwith
genericprogrammingechniquesn thefunctionallanguageClean,

to constructtype-safeweb interfaces.Similarly to WUIs, editors
for typed valuesare createdin a type-orientedwvay. However, in
contrastto our framawork, the editabledataelementsare identi-
ed by stringsthat might causeconsisteng problemssimilarly to
scriptinglanguagesik e Perlor PHP Furthermoreapartfrom well-
typednessyalidity conditionson input dataasin our approactare
notsupported.

TheGoogleWeb Toolkit (GWT?) is aframewvork to implementdy-
namicwebpagesn Javza. GWT containsa compilerto translatehe
developedJava programsinto a setof JavaScriptandHTML les.
Similarly to our approachGWT proposeshe useof a statically
typedlanguageo catchmary programmingerrorsat compiletime
insteadof programmingn JavaScript.In contrastto our proposal,
GWT hasno speci ¢ supportto constructype-safevebformsin a
high-level manner

Ruby on Railg’ is a framavork to generateveb interfacesto ma-
nipulatedatastoredin databasefrom the correspondinglatabase
schemaSimilarly to our WUIs, Rails reduceghe codethat must
be explicitly written by generatingmost of it from the database
schemaRails is basedon the dynamically-typedpbject-oriented
languageRuby, whereasve have exploitedthe strongtyping disci-
pline of Curry.

9. Conclusion

We have proposeda new framavork to constructweb-basediser
interfacesin a declaratve way thatis combinedwith featuresof

JaraScriptin orderto exploit existing technologiewithout efforts
for theapplicationprogrammerThe constructiorof WUIs is type-
oriented,i.e., the programmerselectsbasicWUI componentand
combinethemwith speci ¢ combinatorsn orderto obtaina WUI

that canbe appliedto manipulatethe dataof the applicationdo-
main. An importantfeatureof WUIs is the possibility to include
computableconditionson input data. Since theseconditionsare
checled beforethe datais transferredo the applicationprogram,
the applicationmust only specify such conditionsbut need not
checktheir validity or implementthe necessarynteractionswith

theuserto correctwronginputs.

In this paperwe have shavn how to exploit the existing technol-
ogy for client-sideinput checkingwithin this framevork but with-
out additionalefforts for the applicationprogrammerFor this pur-
pose,we have characterized classof functionsthat canbe eas-
ily translatednto a languagdike JaraScriptwith a call-by-value
semanticsConditionsin WUIs thatareimplementedy functions
belongingto this classareautomaticallytranslatednto correspond-
ing JavaScriptcode.This codeis usedon the client sidewhenthe
usermanipulate®r submitstheapplicationdatain awebform gen-
eratedby the WUI description.

The adwantagesof programmingwith WUIs has been already
shavn in a previous paper[21] andvariousapplicationsbasedon
this concept.The adwantageof the currentwork is the reuseof the
technologyavailablein almostevery web browserwithout efforts
for theprogrammerinsteacf programmingn differentlanguages,
e.g.,writing scriptsin a dynamicallytyped, interpretedlanguage
like JaraScript,which oftenleadsto unreliableprogramsandmust
bekeptin conformancavith theapplication(remembethatsener
side input checkingis always necessaryo avoid security risks),
we proposeto generatehe necessargodefrom the existing WUI
speci cation.In principle,this concepttanbealsoappliedto other
programminganguageshan Curry. However, it hasbeendemon-
stratedthat the combinedfeaturesof a multi-paradigmlanguage

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



like Curry canbeexploitedto provide betterAPIsfor suchlibraries
[17, 21].

For future work it would beinterestingto provide usefultoolsfor
theautomatiderminationor compleity analysisThey canbeused
for a bettercharacterizatiof programsthat shouldbe translated
into JavaScript.For instance functionswith a high computational
compleity shouldnot be executedon the client's browser evenif
they areterminating.Furthermorethe compilationinto JazaScript
couldbeimproved. Althoughthe currenttranslationinto recursve
JavaScriptfunctionsis sufcient in our practicalapplicationsfu-
ture applicationsmight demandfor better compilation schemes,
e.g..tail recursioroptimization.Finally, onecouldexploit themore
recentAjax framework to increasehe interaction,e.g.,by execut-
ing comple conditionson the web brovserbeforesubmittingthe
form, or by extendingthe framework to allow conditionsof type
“10 Bool”, i.e., which dependon the sener's stateand mustbe
executedonthewebsenerduringtheuserinteractionwith hisweb
browser
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