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Abstract

Thispapemproposesnew techniqudor thehigh-level construction
of type-safeweb-orienteduserinterfaces.Our approachis useful
to equipapplicationsprocessingstructureddatawith interfacesto
manipulatehesedatain anef cient andmaintainablevay. Thein-
terfacesareweb-based, e., thedatacanbe manipulatedvith stan-
dardweb browserswithoutary speci ¢ requirement®n the client
side.In orderto supporttype-safeuserinterfaces,i.e., interfaces
whereuserscanonly inputtype-correctiata(typescanbestandard
typesof aprogrammindanguageswell asarny computableredi-
cateonthedata),we proposea setof type-orientecbuilding blocks
from which interfacesfor more complex typescanbe easily con-
structed.This techniqueleadsto a very conciseand maintainable
implementatiorof web-basediserinterfaces.

We shav an implementationof this conceptin the declaratie
multi-paradigmlanguageCurry. In particular its integratedfunc-
tional andlogic featuresare exploited to enablethe high level of
abstractiorproposedn this paper

Categoriesand SubjectDescriptors D.1.1[ProgrammingTec-
nique$: Applicative (Functional) Programming; D.1.6 [Pro-
gramming Technique$ Logic Programming; D.2.2 [Softwae
Engineering: Design Tools and Techniques—Uselinterfaces;
D.3.2 [Programming Languayeg: Language Classi cations—
Multiparadigm languages;D.3.3 [Programming Languaes:
LanguageConstructandFeatures—PolymorphismH.5.2[Infor-
mationinterfacesand Presentatioh Userinterfaces

GeneralTerms Languages

Keywords FunctionalLogic ProgramminglJserInterfaces Web
Programming

1. Motivation

The constructionof userinterfacesfor applicationsmanipulating
structureddatais usually a complex and often tedioustask. Our
experiencegrom variousapplicationsshav thatin mary caseghe
effort to implementa userinterfaceis equalor even biggerthan
theimplementatiorof the applicationitself, in particular if theap-
plication is implementedin a declaratve programminglanguage
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which offers a high level of abstractiorfor applicationprogram-
ming (e.g.,see[14] or thecollectionof Curry application$). Thus,
thereis a demandto supportthe efcient constructionof main-
tainableuserinterfaces.Scripting languageswith toolkits and li-

braries like Tcl/Tk, Perl,or PHR areoneapproacho supportthis
goal. However, scriptinglanguage®ften lack supportfor the de-
velopmenbf complex andreliablesoftwaresystemge.g.,no static
type andinterfacechecking,limited codereusedueto the lack of

higherorder functions) so that they are often usedto implement
the userinterfacewhereaghe applicationlogic is implementedn

someotherlanguagelt is well knovn thatsuchcombinationgould
causesecurityleaksin webapplicationg16]. Thereforewe prefer
to implementthe userinterfacewith the programminganguageof

the applicationlogic by providing speci c libraries for this pur

pose.In this paperwe presentsuchan approachfor the caseof

declaratve programmingand web userinterfaces(WUIs) where
theclientusesa standardvebbrowserfor communicatingvith the
application We will seethatthedecreasén e xibility of low-level

approachess nggligible in comparisorto theincreaseof program-
ming ef ciency andreliability supportedoy an integrationinto a
highetrlevel language.

Our approachis useful in situationswhere a web-basededitor
should be constructedfor data of an application program,i.e.,

the usershouldbe provided with an HTML form to manipulate
somedataof the application.For this purposewe assumehatthe

applicationprogramsuppliesthe WUI with the currentdataof the

applicationandanoperatiorto storethemodi ed data.lt is obvious

thatthisis notarestrictionsinceapplicationprogramsusuallyhave

suchafunctionality Usingour conceptnothingmoreis requiredto

construcWUIsin ahigh-level way by afew linesof programcode.
Our programmingmodel can be characterizedy the following

features:

The constructionof a WUI is type-orientedi.e., the de nition
of aWUI follows the structureof the datatypesof theapplica-
tion.

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

Thereis a setof WUI combinatos to constructWUIs for com-
plex datatypesfrom simplertypessimilarly to typeconstructors
in programmindanguagesk-or instancetherearecombinators
for tupleslists, uniontypesetc.

It is ensuredhat an updateof the datais only performedwith

type-corectinputs If the usertriesto input illegal data(e.qg.,
incorrectinteger constants)the WUI doesnot acceptthe data
andasktheuserto correcttheinput. Thus,the applicationpro-
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gramneednot checkthe dataand performappropriateactions
(e.g.,providing errorformsto correcttheinput etc).

Type-correcinputs(in the senseof typesusedin programming
languagesgre often not sufcient in real applicationsFor in-
stancestringscontainingemail addressemusthave a particu-
lar form, adatelike “February29, 2006” is illegal, or two input
elds containingapassverd andtherepeateghassverd mustbe
alwaysidentical.For this purposeWUIs canberestrictedwith
anycomputableredicatesothatinputdatais only acceptedf it
satis esthespeci edpredicateFurthermoreWWUIs canbecus-
tomizedto provide application-speci cerror messgesin case
of illegalinputs.

WUIs canbe adaptedo otherdatatypesin orderto provide a
simplemethodto de ne WUIsfor userde ned datatypes For

instance there exist WUI combinatorsfor tuplesthat can be
easilyadaptedo a userde ned recordtype by mappingtuples
to records Althoughthis methodis oftensufcient to construct
WUIs for userde nedtypes,thereis alsoa methodologyto ex-

tendthestandardsetof WUI combinatorswith new application
speci ¢ combinators.

In principle,ourideascanbeimplementedn variousprogramming
languagesHowever, in orderto supporta compact,high-level,

andtype-safeimplementationsomerequirementgo the underly-
ing programmindanguagearenecessarylhereforewe provide a

concreteimplementationof our conceptin the declaratve multi-

paradigmlanguageCurry [10, 15]. As we will see theintegration
of functionsas rst-order objects]ogic variablesandstrongtyping

is exploitedin ourimplementation.

In the next section,we review someconceptof Curry and func-

tional logic programmingn orderto understandhe restof the pa-

per HTML programmingin Curry is reviewed in Section3. Sec-
tion 4 introducesthe ideasof WUIs andtheir type-orientedcon-

struction.Section5 sketchesthe implementatiorof our approach.
Section6 discusseselatedwork beforewe concludein Section?.

2. Functional Logic Languagesand Curry

Modernfunctionallogic language$9] integrateimportantfeatures
of functional and logic languagesin order to provide a variety
of programmingconceptsFor instance the conceptsof demand-
driven evaluationand higherorderfunctionsfrom functional pro-

gramming are combinedwith logic programmingfeatureslike

computingwith partial information (logic variables),uni cation,

andnondeterministicearchfor solutions.This combination sup-
portedby optimalevaluationstrategyies[1] andnew designpatterns
[2], leadsto betterabstractionsn applicationprograms.e.g.,as
shavn for programmingdynamicweb pageq11]. The declaratve

multi-paradigmCurry [10, 15 is a functionallogic languageex-

tendedby concurrenprogrammingconceptsandhasbeenusedin

variousapplicationslin thefollowing, we review thoseelementf

Curry thatarenecessaryo understandhe subsequerpaper More

detailsaboutCurry's computatiormodeland a completedescrip-
tion of all languagdeaturescanbefoundin [10, 15)].

Curry is a multi-paradigmdeclaratie languagethat combinesin
a seamlesswvay featuresfrom functional, logic, and concurrent
programmingandsupportgrogramming-in-the-lgre with speci ¢
features(types, modules,encapsulatedgearch).From a syntactic
point of view, a Curry programis a functional programextended
by the possibleinclusionof free (logic) variablesin conditionsand
right-handsidesof de ning rules.Curry hasa Haslell-like syntax
[20], i.e., (type) variablesand function namesusually start with
lowercasdettersandthe namesof type anddataconstructorstart

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

A Curry program consistsof the de nition of functionsand data
types on which the functions operate.Functionsare evaluated
lazily. To provide the full power of logic programming functions
canbe calledwith partially instantiatecargumentsandde ned by

conditionalequationswith constraintdn the conditions.Function
callswith free variablesare evaluatedby a possiblynondetermin-
istic instantiationof demandedarguments(i.e., agumentswhose
valuesare necessaryo decidethe applicability of a rule) to the

requiredvaluesin orderto apply a rule. Concurrenfprogramming
is supportedby primitivesto suspendccomputationsand evaluate
constraintgoncurrently

ExampLE 1. Thefollowing Curry program de nesthe datatypes
of Booleanvalues possiblevalues(Maybe, uniontypes(Either ),

polymorphiclists, and functionsto computethe concatenatiorof
listsandthelastelemenbf a list:

infixr 5 ++

data Bool = True | False

data Maybea = Nothing | Just a

data Either a b = Left a | Right b

data List a =] | a: List a

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

(l t+ys =ys

(x:xs) ++ys =x: (XS ++Ys)

last :: [@ -> a

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

For instance [] (emptylist) and: (non-emptylist) are the con-
structors for polymorphiclists (a is a type variable ranging over
all typesandthetype*“List a” is writtenas[a] for conformity
with Haslell). Thein x operatordeclarationt’ infixr 5 ++' de-
claresthe symbol“ ++' as a right-associativein x opemtor with
precedences so that we can write function applicationsof this
symbolwith the corvenientin x notation.The(optional) typedec-
laration (“:: ") of the function “ ++' speciesthat “ ++ takes
two lists as input and producesan outputlist, wheee all list el-
ementsare of the same (unspeci ed) type? Since the function
“++' canbe calledwith freevariablesin argumentsthe equation
“ys++[x] == xs” is solvedby instantiatingthe r st argument
ys tothelist xs withoutthelastargumentj.e., theonly solutionto
this equationsatis esthatx is thelast elemenbf xs.

In generalfunctionsarede ned by (conditiona) rulesof theform

fti:::th | c = e where vs free

out de ned functions)without multiple occurrencesf a variable,
theconditionc is a constraintge is a well-formedexpressionwhich
may alsocontainfunction calls,lambdaabstractiongtc,andvs is

The conditionandthe where partscanbe omittedif ¢ andvs are
empty respectrely. The where partcanalsocontainfurtherlocal
function de nitions which are only visible in this rule. A condi-
tional rule canbe appliedif its left-handside matcheghe current
call andits conditionis satis able.

A constaint is ary expressionof the built-in type Success. For
instance the trivial constraintsuccess is an expressionof type
Success that denotesthe always satis able constraint.“c; &c,”
denotesthe concurent conjunctionof the constraintsc; andc;,

2Curry usescurried function typeswhere -> denotesthe type of all
functionsmappingelementof type into elementof type .



i.e., this expressionis evaluatedby proving both amgumentcon-
straintsconcurrently Each Curry systemprovides at leastequa-
tional constaintsof theform e; =:= e, whicharesatis ableif both
sidese; ande; arereducibleto uni able patternsHowever, spe-
ci ¢ Curry systemsalso supportmore powerful constraintstruc-
tures,lik e arithmeticconstraintson real numbersor nite domain
constraintsasin the PAKCS implementatiorf13].

Theoperationakemanticof Curry, describedn detailin [10, 15],
is basedon an optimal evaluationstratey [1] which is a conser
vative extensionof lazy functionalprogrammingand (concurrent)
logic programmingDueto its demand-dsien behavior, it provides
optimalevaluation(e.g.,shortestlerivationsequencesninimal so-
lution setsonwell-de ned classe®f programgse€/1] for details).
Curry also offers standardfeaturesof functional languageslike
higherorderfunctions(e.g.,“\ x -> €" denotesnanorymousfunc-
tion thatassigngo eachx thevalueof €) or monadicl/O (whichis
identicalto Haslell's I/O concep{25]).

3. HTML Programmingin Curry

This sectionsuneys the model supportedin Curry for program-
ming dynamicweb pagesThis modelexploits the functionaland
logic featuresof Curry andis available throughthe library HTML
which is partof the PAKCS distribution [13]. Theideasof this li-
braryandits implementatioraredescribedn detailin [11].

If onewantsto write aprogramthatgenerateanHTML document,
onemustdecideabouttherepresentationf suchdocumentsnside
a program.A textual representatioifas often usedin CGlI scripts
written in Perl or with the Unix shell) is very poor sinceit does
notavoid certainsyntacticakrrors(e.g.,unbalancegarenthesisn
the generatedlocumentThus,it is betterto introducean abstrac-
tion layerandmodelHTML documentsaselementsof a speci ¢
datatype togetherwith a wrapperfunction thatis responsibldor
the correcttextual representatiomf this datatype. Since HTML
documentshave a tree-like structure,they can be representedn
functionalor logic languagesn a straightforvardway [7, 19, 23].
For instancethetypeof HTML expressionss de ned in Curry as
follows:

data HtmlExp =

HtmlText  String
| HtmlStruct String [(String,String)] [HtmIEXp]
| HtmlElem  String [(String,String)]

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(becausehere are a few HTML elementswithout

a closing tag, like <hr> or <br>, thereis also the constructor
HtmElento representheseelements).

Notethatthisde nition of HTML documentgoversonly theirtree-
like structurebut doesnot putfurtherrestrictionsonthedocuments
so that combinationsnot conform with the HTML standardcan
be created Although this can be avoided with re ned de nitions
and more sophisticatedype systemg?23], we usethis de nition
for the sale of simplicity sincesuchdetailsare notimportantfor
our subsequergpproach.

Writing HTML documentsin the form of this datatype might
be tedious.Therefore,the HTMLibrary de nes several functions
asusefulabbreiations (htmlQuote transformscharacterswith a
specialmeaningn HTML into theirHTML quotedform):

htxt s = HtmIText  (htmlQuote s)
hl hexps = HtmiStruct "h1" [] hexps
bold hexps = HtmiStruct "b" [] hexps

breakline = HtmlElem "br" ]

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 adatatype

data HtmlForm =

HtmIForm String [FormParam] [HtmIExp]

to representompleteHTML documentswherethe rst agument
to HtmIFormis the documens title, the secondargumentcontains
optional parameterge.g., cookies,style sheets)andthe third ar
gumentis the documens content.As before therearealsouseful
abbreiations:

form title  hexps = HtmlFormtitle [] hexps
standardForm title  hexps =
form title  (hl [htxt title] hexps)

Theintentionof adynamicwebpageis to represensomeinforma-
tion thatdepend®ntheervironmentof thewebsener (e.g.,stored
in databases)Thereforeadynamicweb pagehasalwaysthetype
“1O HtmlFornt, i.e.,it is anl/O actionthatretrieves someinfor-
mationfrom the environmentandproducesawebdocument.

Dynamicweb pagesbecomemore interestingby processingiser
inputs during the generationof a page.For this purpose HTML
providesvariousinput elementqe.g.,text elds, text areascheck
boxes).A subtlepointin HTML programmings the questionhow
thevaluestypedin by theuseraretransmittedo theprogramgener
atingtheanswempage Thisis the purposeof the CommonGatavay
Interface(CGI) but the detailsarecompletelyhiddenby the HTML
library. Theprogrammingmodelsupportedy theHTMlibrary can
be characterizeds programmingwith call-bad functions A web
pagewith userinput andbuttonsfor submittingthe inputto aweb
seneris modeledby attachinganeventhandlerto eachsubmitbut-
tonthatis responsibléo computetheanswerdocumentin orderto
accesghe userinput, the event handleris a function from a “CGl
ervironment”(holdingtheuserinput)into anl/O actionthatreturns
anHTML documentA CGl ervironmenis simply amappingfrom
CGl referenceswhich identify particularinput elds, into strings.
Thus,therearethefollowing type synoryms:

type CgiEnv = CgiRef -> String

type HtmlHandler = CgiEnv -> 10 HtmlForm

Thus, a submit button takes string (shavn in the button) and an
eventhandlerasa parametemwherethe associatedventhandleris
calledwith theappropriateCGI ervironmentwhenthe userpushes
the submitbutton:

button String -> HtmlHandler -> HtmIExp

An inputelementhatoccursin anHTML form hasa parameteof
type CgiRef sothataneventhandlercanreferto its contentsFor
instanceatext input eld hasthefollowing type:

textfield CgiRef -> String -> HtmlExp

The rst agumentis its referenceandthe secondargumentis the
initial contentsof this eld.

What are the elementsof type CgiRef, i.e., the CGlI refeences
to identify input elds? In traditionalweb programminge.g.,raw
CGil, Perl,PHP),oneusesstringsto referto input elementsHow-
ever, this hastherisk of programmingerrorsdueto typosanddoes
not supportabstractionfacilities for composingdocuments(see
[11] for a more detaileddiscussion)Here, free variablesare use-
ful. Sinceit is not necessaryo know the concreterepresentation



of a CGl referencethetype CgiRef is abstractThus,we usefree
variablesas CGl referencesSinceeachinput elementhasa CGl
referenceasa parameterthe free variablesof type CgiRef arethe
links to connectheinput elementswith the useof their contentsn
theeventhandlersFor instancethefollowing programimplements
a(dangerous!jvebpagewhereaclientcansubmita le nameAsa
result,the contentof this le (storedonthewebsener)areshavn
in theanswerocument

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

fileref free

handler env = do
contents <- readFile (env fileref)
return $ form "Answer"
[h1 [htxt ("Contents of " ++ env fileref)],
verbatim contents]

Sincethelocally de nednamefileref  (of typeCgiRef) isvisible

in theright-handsideof thede nition of getFile aswell asin the

de nition of handler , it is notnecessaryo passt explicitly to the

eventhandler Note the simplicity of retrieving valuesenterednto

the form: sincethe event handlersare called with the appropriate
CGl ervironmentcontainingthesevalues,they caneasily access
thesevaluesby applyingthe ervironmentto the appropriateCGl

referencelike (env fileref)

This structureof CGI programmings madepossibleby the func-
tional aswell aslogic programmingfeaturesof Curry. Although
someaspectof this programmingmodel,in particular the useof
eventhandlerscanalsobeimplementedn apurelyfunctionallan-
guage[24], otheraspectdike the useof free variablesfor locally
de ned input elds canonly be simulatedin arestrictedway, e.g.,
by the useof monadsto createuniquereferencessincethe local
creationof globally uniqueidenti ers is a typical functionallogic
designpattern2]. More detailsandtheadwantage®f thisprogram-
ming modelarediscussedhn [11].

4. Constructing Web User Interfaces

In this sectionwe presentour conceptto constructWUls from a
programmes point of view, i.e., we presenthe WUI API before
we discusdts implementatiorin the next section.

4.1 BasicWUIs

In orderto supportthe constructionof WUIs for a large classof
applicationsye only requirethattheapplicationprogramsupplies
the WUI with the currentstateof the dataandanoperationto store
thedatamodi ed by theuser Thus,themainoperatiorto construct
aWUI could have thetype signaturgremembethatdynamicweb
pagesareof typelO HtmIForm)

mainwWul:: a -> (a -> IO HtmlForm) -> 10 HtmlForm

so that an expressionof the form (mainWUl d store) evaluates
to a web pagecontainingan editor that shaws the currentdatad

andexecuteq store d°) whenthe usersubmitsthe modi ed data
d® Theoperatiorstor e (alsocalledupdateform) usuallystoreshe

modi ed datain a le or databaseeturnsawebpagethatinforms

theuseraboutthe successfufor failed)modi cation, andproceeds
with a further interaction. Therefore,the result type of store is

10 HtmlFormratherthanlO () .

3The prede®nedight-associatie in®x operatorf $e denoteshe applica-
tion of f to theargumente.

Note that mainWUlIis polymorphicin the type of the datato be
processedothatit canbeappliedto ary kind of data.However, in
practiceoneneedHTML formsthatdependonthedatatypesand
exploit the variouspossibilitiesof HTML input elementgstrings,
text areasradiobuttons,selectiorboxes,etc). Therefore mainWul
shouldbe bettertreatedasan overloadedunction. Although type
classesas in Haslell [20, 26] allow an eleggant formulation of
overloadedoperationsthis is not sufcient for our purposesince
therecould be differentinteractionforms for identicaldatatypes.
Forinstancestringscanbemodi ed with simpletext input elds or
with largertext areas,nite setsof constantcanberepresenteds
radiobuttonsor selectiorboxes,etc.Basedntheseconsiderations,
mainWUEkhouldalsotake a speci cationof theinteractionform as
afurtheragumentsothatwe obtainthetype signature

mainWuUl:: WuiSpeca -> a -> (a -> |0 HtmlForm)

-> |O HtmlForm

Here, WuiSpec a is a datatype to specify an interactionform,
which we alsocall WUI speci cation or widget, to modify values
of typea. For instanceto edit simplestrings,thereis a prede ned

entity
wString WuiSpec String

de ning aWUI elementhatshavs the stringin a simpletext input
eld. Forlargertext paragraphghereis anentity

(Int,Int)

de ning a WUI elementthatshaws the stringin a text areawith a
particularheightandwidth (theargumentpair of this entity). As an
examplefor anotherdatatype, thereis anentity

wTextArea :: -> WuiSpec String

wint 1 WuiSpec Int

de ning aWUI elementthatshavs anintegerin atext input eld.
Note that WUI elementsare type safe,i.e., if the userinputs a
non-intgerin suchaninput eld, theimplementatiorof the WUI
emitsan error messageand asksthe userto correctthe input. As
an example, considerthe de nition of a form that just shaws its
agument*

resultForm a -> 10 HtmlForm
resultForm v =
return $ form "Result"

[htxt ("Modified
Thentheexpression

value: "++showV)]

mainWUlwint 42 resultForm

evaluatego asimplewebpagewith aninput eld (with initial value
42, seeleft partof Figure1) whereintegervaluescanbe modi ed.
If the usertriesto modify theinput eld with a non-inteyervalue,
an error pageis returnedthat allows the userto modify the input
with acorrectvalue(seeright partof Figurel).

Similarly, thereareWUI elementdor otherelementarydatatypes.
For instance,

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

de nesaWUI elementto selecta valuefrom a list of valuesby a
selectionbox. The rst argumentis a functionto shav anelement
asa string (shavn in the selectionbox) andthe secondargument
containghelist of elementdo beselectedAs a concretesxample,
we canderive thefollowing WUI elemento selectBooleanvalues
(wherethe parametersrethe stringsthatareshavn for the values
True andFalse in the selectionbox, respectiely):

-> WuiSpec a

wSelectBool String -> String -> WuiSpec Bool

4 showis a universaloperatiorto portrayary valueasastring.



Figurel. A simpleintegerWuUl (left) with aninputerror (right)

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

If oneprovides an interfaceto manipulatelarger datastructures,
it is often requiredthat somepartsof the structure(e.g., unique
identi ers like insurancenumbers)shouldonly be shavn but not
modi ed. For this purposewe alsoprovide aWUI element

(a->HtmlExp) -> WuiSpeca

which requiresa function to visualizethe (non-editable)alue by
anHTML expressionSimilarly, thereis aWUI element

wHidden ::

thatdoesnot visualizethe valuein the interface.This is usefulto

hide partsof largerstructureghatshouldnotbeshawvn in theinter-

face(e.qg.,internalidenti ers suchasdatabasé&eys). Theconstruc-
tion of WUIs for suchlargerstructuress thetopic of thefollowing

section.

wConstant ::

WuiSpec a

4.2 WUI Combinators

Similarly to the use of type constructordfor the constructionof
complex datatypesfrom simplertypes,WUIs for compl types
canbe constructedrom WUIs for simplertypesby WUI combina-
tors. A WUI combinatotis amappingfrom simplerWUls to WUIs
for structuredypes.For instancethereis a family of WUI combi-
natorsfor tupletypes:

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

wPair
wTriple

Thus,theexpression

mainWUl(wTriple  wString wint
(wSelectBool "male" "female"))
("Joe",30,True)  resultForm

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

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

wlList WouiSpeca -> WuiSpec [a]

For instance considerthe following derived WUI typesfor dates
andpersongonsistingof rst namesurnameanddateof birth:

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

Figure2. A WUI for a personabatalist

wPerson = wTriple wsString wString wDate

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

WuiSpec[(String,String,(Int,Int,Int) )

Figure2 shavs anexampleform of thistype.Notethattheelements
in alist arevertically alignedin atablein the HTML form. Later
we will seehow suchdefaultrenderingsanbe easilymodi ed.

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

WuiSpeca -> WuiSpech
-> WuiSpec (Either a b)

Other types with more alternatves can be easily reducedto a
combinationof several Either types.Thisis sufcient in practice
sincewe will alsoprovide possibilitiesto adaptWUIs for standard
typesto arbitraryuserde ned types(seebelaw).

wEither

4.3 Constraining WUIs

As alreadydiscussedyurtype-orienteadtonstructiorof WUIs leads
to type-safaiserinterfacesij.e.,theusercanonly entertypecorrect
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 enteredwith

the WUI wDateabove is acceptablee.g.,thetriple (29,2,2006)

is illegal from an applicationpoint of view. In orderto support
also correctnesghecksfor suchapplication-dependertype con-
straints one can attacha computablepredicateto ary WUI. For
this purposethereis an operation(alsode ned asanin x opera-
tor)

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

that combinesa WUI speci cation with a predicateon valuesof
the sametype sothatthe resultspeci esa WUI thatacceptonly
valuessatisfyingthegivenpredicate.

As asimpleexample,we canderive a WUI thatacceptonly non-
emptystrings:

wRequiredString
wRequiredString =
wString “withCondition®  (not . null)

WuiSpec String



Considera predicateisEmail on stringsthat is satis ed if its
arguments a syntacticallyvalid emailaddressThenwe caneasily
de ne aWUI thatacceptonly correctemailaddresses:

wEmail ::  WuiSpec String

wEmail = wString “withCondition®  isEmail

Obviously, onecanalsoaddconditionson non-elementaryVUls.
For instance,if correctDate is a predicateon triples of inte-
gersthat checkswhetherthis triple representsa legal date (e.g.,
correctDate (29,2,2006) evaluatesto False), thenthe WUI
speci cationwDateabove shouldbe betterde ned by

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

“withCondition®

If speci c conditionson input valuesare added,appropriatesrror
messageshouldbe provided. For this purposethereis an opera-
tion (alsode ned asanin x operator)

correctDate

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 above WUl wEmail with an
appropriateerrormessag®y thefollowing improvedde nition:

wEmail = wString
‘withCondition®
“withError

isEmail

"llegal  email address:"

4.4 Adapting WUIs

In Section4.2 we have shavn how to de ne WUIs for comple
datatypesconstructedy standardype constructordik e tuplesor
lists. WUIs for application-speci ctypescan be implementedby
thefollowing techniques:

OneimplementsWUI combinatordor the application-speci ¢
typesusingthesameechniquesisfor thestandardVUI combi-
nators As we will seein Section5, thisis notdif cult although
technicallynon-trivial andtediousto implementin detail.

One usesthe standardWUl combinatorsand adaptsthemto

application-speci ctypesby de ning mappingsbetweenstan-
dardtypesandapplication-speci ctypes.Sincesuchmappings
arenotdif cult tode ne in afunctionallogic languagewe pro-

posethis methodin practice.

In orderto supportthe secondalternatve, thereis an operationto
transformWUIs from onetypeto another:

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

-> WuiSpech

The correspondingalue mappingsare provided as parameterso
this transformation Note that value mappingsmust be given for
bothdirections: rst, avalueof type b mustbe transformednto a
valueof typea in orderto manipulatét with theWUI for a-values,
andafter submittingthis (modi ed) value,it mustbe transformed
into a b-valuein orderto passit to the application.Fortunately if
bothvaluetypesareisomorphic,it is sufcient to provide only one
transformatiorasa (bijective) functionsincetheotherdirectioncan
be automaticallyderived exploiting the functionallogic featuresof
Curry. Forinstanceconsidetthefollowing datatypesfor datesand
persons:

Date Int Int Int
Person String String Date

data Date
data Person

Thenonecaneasilyde ne afunctionthatmapsvaluesof thetuple-
orientedpersortypeusedin Section4.2for the WUl wPersoninto
Person values:

tuple2person (String, String, (Int,Int,Int))
-> Person
tuple2person (first,name,(d,m,y)) =

Person first name(Date d my)

Now, exploiting theconcepif functionpatterng3], wherede ned
functionscanalsooccurat patternpositions,we caneasilyde ne
theinverseof tuple2person by

person2tuple (tuple2person t) =t
sothatWUIs for valuesof typePerson canbespeci edasfollows:

wPersonType:: WuiSpec Person
wPersonType =

transformWSpec (tuple2person,person2tuple) wPerson

It is not dif cult to provide a generalde nition of this technique
sothatwe cande ne a “WUI adapter"whereonly one bijective
mappingneedto be provided:

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

Here,invert isafunctionthatinvertsagivenfunctionby thecon-
ceptof functionpatternsabove,i.e., it is requiredthatthe rst argu-
mentto adaptWSpeds abijective functionliketuple2person (of
course this propertyis undecidableso thatit mustbe ensurecby
the programmer) ptherwisethe programmemust provide an ex-
plicit de nition of theinversemappingandusetransformWSpec.

4.5 Application-speci ¢ Rendering

To supportthe efcient constructionof WUIs, basic WUIs and
WUI combinatorshave standardrenderingsthat producereason-
ablelayoutsin mostcasesFor instancewSelect shaws thealter
native elementsn a selectionbox, wList alignsthe renderingsof
theindividual list elementsvertically in a table,or tuple combina-
torscombinetheelementsorizontally(seeFigure2) Nevertheless,
it is sometimeslesirableto have a particularlayoutin someappli-
cations.For this purpose pur approachalsosupportthe modi ca-
tion of suchstandardenderingghatis describedn thefollowing.

Conceptuallywe de ne a renderingas a function that combines
the layout of the substructureof someWUI (i.e., the HTML
expressiondor thecomponenWWUIs in aWUI combinator)into a
new combinedlayoutspeci ed by someHTML expressionThus,
arenderings a functionof thefollowing type:

type Rendering = [HtmIExp] -> HtmIExp

Forinstancethestandardenderinggor listsandtuplesarede ned
asfollows:

renderList hexps
renderTuple hexps

table (map (\h->[[h]])
table [map (\h->[h])

renderList mapsthe elementsnto atablewhereeachelementis
putinto onerow, andrenderTuple mapsthe elementsnto atable
consistingof onerow whereeachelementis putinto a columnof
thatrow.

hexps)
hexps]

As mentionedabore, eachWUI elementhasa defaultrendering
like renderTuple for WUIs containingtuplesor renderList
for list WUIs. Since the main renderingof basicWUIs is x ed
(e.g.,selectionboxesfor wSelect or text input elds for wString
or wint ), the renderingfunction for suchbasicWUIs is simply
head, i.e., the projectionon the rst elementof thelist of HTML
expressionsThus,eachWUI elementcontainsa default rendering



functionof typeRendering . Thisdefaultrenderingcanbechanged
sothatonecandecoratéasicWUIs with furtherHTML structures
or de ne new alignmentor combinationgor combinedWUIs.

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

withRendering WuiSpeca -> Rendering -> WuiSpeca

Thus,we caneasilyderive from wList anewv WUI combinatoffor
listswheretheelementsarehorizontallyalignedin atable:

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

‘withRendering™ renderTuple

We cancombinethecombinatorsvList andwHList to acombina-
tor for matricesj.e., lists of lists of elementwisualizedasa matrix:

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

The latter combinatorcan be exploited to de ne a WUI for “Su-
Doku” puzzles(seeSection4.7) consistingof a9 9 matrix of
digits (wherezerois shavn asablank, seeupperpartof Figure3):

wSudoku::  WuiSpec [[Int]]
wSudoku=
wMatrix (wSelect (\i -> if i==0 then " "
else show i)

[0..9])

Note that this de nition of a matrix WUI works well only for
matriceswherethecellsin eachcolumnhave thesamewidth, since
eachrow of the matrix is a separatdable. This dravback canbe
easily avoided by a new de nition of renderList thatmemgesa
“table of tables”(i.e., atablewhereeachrow containsatable)into
asingletable.Actually, thisis theimplementatiorof renderList

in our library, otherwisea WUI for list of tuples,like in Figure2,
would notlook well.

4.6 EmbeddingWUIs in Web Pages

As we have seenin Section4.1, we cangenerateveb pagescon-
taining a form for a particularWUl speci cation and datavalues
by acall to thefunctionmainWU[(seeFigure1). However, in most
applicationnewantsto embedhe manipulationof datainto web
pageswith a x ed design(headersmenubars,etc). For this pur
pose thetranslatiorof aWUI into acompleteform is notdesirable
sothatit is reasonabl¢o provide a function

wui2html WuiSpea -> a -> (a -> 10 HtmlForm)

-> (HtmlExp,HtmIHandler)

that is similar to mainWUlbut returnsan HTML expressionim-
plementingthe WUI layout anda handlerthat canbe attachedo
a submitbutton. Using this function, WUIs canbe integratedinto
ary web pageand the function mainWUIcan be implementedas
follows:

mainWUlwuispec val store =
let (hexp,handler) = wui2html wuispec val store
in return $ form "WUI" [hexp, breakline,
button "Submit* handler]

Moreover, our WUI library alsooffers functionsto embeda WUI
into a web pagehaving “holes” for the WUI layout and handler
Note that the underlyinglibrary for HTML programming[11] is
compositionala webform (i.e., an expressionof type HtmlForm
seeSection3) can containHTML expressionswith an arbitrary
numberof submit buttonsfor different handlers.Thus, one can
alsoembedsereralsWUIs with separatsubmitbuttonsatarbitrary

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

placesin asingleweb pagewithoutary con icts in the namingof
referencesor input elds.

4.7 Summary

Beforediscussingheimplementatiorof our WUI conceptwhich
we have introducedin this sectionfrom a programmes point of
view, we summarizeits basic featuresand provide a complete
example.

Our approachis tailored towards an ef cient implementationof
WUIs wherethe applicationprogrammeis freedfrom implement-
ing the procesof retrieving the input datafrom individual input
elds or checkingthe type correctnes®r otherconstrainton in-
put values. Although some default designdecisionssupportthe
straightforvard constructiorof WUIs, our conceptalsoallows the
modi cation of thesedefaults. For instance the programmercan
de ne partsof the dataasconstan({i.e., non-editablepr hideit in
the form. Standardrenderingscan be easilymodi ed or comple
input conditionscanbe attachedo WUIs. FurthermoreWUls for



userde ned datatypescanbeeasilyderived by providing bijective
mappinggo standardlatatypeslik e lists, tuples,or unions.

During the designof our conceptwe have alsoinvestigatedossi-
bilities to provide standardVUls for dynamicdatastructuressuch
aslists, with interactionelementgo extendthem(e.g.,adda new
valueto alist of values)However, ourframeavork doesnotprovide
speci ¢ supportfor this dueto the numerougossibilitesto extend
suchstructurege.g.,insertelementsat arbitrarypositionsin allist,
extendtreestructuresat arbitrarynodesor leaves).Neverthelessit
is fairly easyto implementHTML forms that supportsuchvalue
extensionsat well-de ned places,e.qg., by generating/VUls with
defaultor blankinputvalues.

As asmallexamplefor the constructiorof acompletevebapplica-
tion exploiting our conceptwe shav theimplementatiorof aweb
interfaceto a“SuDoku” solver. A SuDokupuzzleconsistofa9 9
matrix of digits betweeri and9 sothateachrow, eachcolumn,and
eachofthenine3 3 sub-matricesontainpairwisedifferentdigits.
Thechallenges to nd themissingdigits if somedigits aregiven
(seeupperpartof Figure3). We assumehata solver exists asan
operation

solveSudoku ::  [[Int]] -> 10 (Maybe [[Int]])

that takes a matrix of integers(wherea zero value representsan
unknavn digit) andreturnsa solution or Nothing if no solution
exists (an implementationof this operationusing nite domain
constraintsn Curryis shavn in theappendix).

Theinitial webform hasamatrix (e.g.,adistinctexample)asinput
and allows the userto changesomedigits by the WUI wSudoku
de ned above. It putsthe HTML expressionand handlerinto a
standardorm with a“Solve” button:

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

[hexp, button "Solve" handler]

Theintegermatrixde ned by theuserin thiswebformis processed
by the operationsolveForm that calls the SuDoku solver and
returnsa web pagethat shavs the solution (see lower part of
Figure3):

solveForm m = do
sol <- solveSudoku m
return $ standardForm "SuDoku"
(if sol==Nothing
then [h1 [htxt "No solution"]]
else [fst (wui2html wMatConst
(fromJust  sol) initForm)])
where wMatConst= wMatrix (wConstant (htxt . show))

Notethatwe alsouseour WUI concepto shav the (non-editable)
constantvalue of a solution.In this case the button and continu-

ation storeform is not used.Therefore,we put initForm at the

corresponding@rgumentposition.

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

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

which canbe interpretedas the main function of our web script.
This exampleshavs the compactnessf codethatis necessaryo
attachawebuserinterfaceto anexisting application.

5. Implementation

Thissectiorsketchegheimplementatiorof ourWUI concepusing
thefeaturesfor HTML programming11] of Curry. The complete

implementationis availablewith the currentdistribution of PAKCS
[13].

As apparentfrom the type of the function wui2html (seeSec-
tion 4.6),theimplementatiormustbeableto translatea WUI spec-
i cation togetherwith a valueandan updateform into an HTML

expressiorthatimplementgheWUI layoutandahandlerfor asub-
mit button.FurthermoreWWUI combinatorgake thefunctionalityof
thecomponenWUIs asinput andproducethe functionality of the
combinedWUI. ThereforeaWUI speci cationmustcontainsome
information abouttranslatingWUIs into appropriateHTML ex-

pressionsandgeneratinghe correspondingventhandlersBased
ontheseconsiderationspnecouldde ne thetype WuiSpecasfol-

lows:

data WuiSpeca = WuiSpec (a -> HtmiState)
(CgiEnv -> WuiState -> a)

type HtmiState = (HtmlExp,WuiState)

Thus, a WUI speci cation consistsof two operations.From the
currentvalue to be manipulatedby the user the rst operation
producesthe correspondingHTML expressioncontainedin the
web form togetherwith a statethatis passedby the implemen-
tation of wui2html ) to the event handler(such pairs are of type
HtmiState ). The stateis necessaryo storethe referencef the
input elds of the HTML expressionin orderto enablethe event
handlerto extractthe correspondingiserinputs.Consequenththe
secondperationof aWUI speci cationreturnsthevaluemodi ed

by the userin the form from the currentCGI ervironmentandthe
state.

Forinstanceassumeperationgo encodeanddecodea CGl refer
encein a state(of type WuiState, seebelow):

CgiRef -> WuiState
WouiState -> CgiRef
Thenonecanimplementthe basicWUI for stringsasfollows:

cgiRef2state
state2cgiRef

wString
wString =
WuiSpec
(\v -> let ref free in
(textfield ref v, cgiRef2state ref))
(\env state -> env (state2cgiRef state))

In orderto implementa WUI combinatorike wPair, it is neces-
saryto composeand decomposesereral statesinto one. For this
purposewe assumehe existenceof the operations

[WuiState] -> WuiState
WouiState -> [WuiState]
sothatonecanimplementthe pair combinatorasfollows:

WuiSpec String

states2state
state2states

wPair :: WuiSpeca -> WuiSpecb -> WuiSpec (a,b)
wPair (WuiSpec showareada) (WuiSpec showbreadb) =
WuiSpec
(\(va,vb) -> let (hexpa,statea) = showava
(hexpb,stateb) = showb vb
in (renderTuple [hexpa,hexpb],
states2state  [statea,stateb]))
(\env state ->
let [statea,stateb] = state2states  state

in (reada env statea, readb env stateb))

OtherWUI combinatorscanbe constructedn a similar way. It is

alsonotdif cult toimplementhetransformatiorof WUIs between
datatypes(seeSection4.4) by applyingthe transformatiorfunc-

tionsatappropriateplaces:



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

-> WuiSpechb

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

(\env state -> a2b (reada env state))
Thedatatypeof statesusedin WUIs canbede ned asfollows:

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

The constructoRef represents referenceo anelementaryinput
eld (seecgiRef2state andstate2cgiRef above), CompNode
representastatecombinedrom severalstategseestates2state
andstate2states above), AltNode representsilternatves,i.e.,
the union of componentsasusedin a combinatorlike wEither ,
andHidden is usedto keepastringrepresentationf hiddenvalues
(usedto implementwConstant andwHidden).

Unfortunately theimplementatiorshavn sofar is notableto sup-
port the completefunctionality of WUIs presentedn Section4.
For instance the functionality of WUIs canbe modi ed by oper
ationslike withRendering , withError , or withCondition so
thatWUIs mustalsocontaininformationabouttherenderinggerror
messagem caseof input errors,andpredicateson the input data.
For this purposewe cande ne thefollowing datatypeto keepthis
informationin onestructure:

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

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

data WuiSpeca =
WuiSpec (WuiParams a)
(WuiParams a -> a -> HtmiState)
(WuiParams a -> CgiEnv -> WuiState -> a)

However, one nal modi cation of this typeis necessaryn order
to implementthe reactionto illegal inputsin a form. In this case,
the input valuesare not returnedto the updateform but they are
shavn in anev HTML form togethemwith the correspondingrror
messagéseeright of Figure 1). Therefore the returntype of the
secondWUI operationmustbe modi ed to a Maybevalue (where
Nothing is returnedin caseof anillegal input) togetherwith an
HTML expressiorandstatefor the subsequengrrorform. Hence,
we obtainour nal de nition of thetype of WUI speci cations:

data WuiSpeca =
WuiSpec (WuiParams a)
(WuiParams a -> a -> HtmlState)
(WuiParams a -> CgiEnv -> WouiState
-> (Maybe a, HtmlIState))

Note that the structureof the error form must be always con-
structed,i.e., alsoin caseof valid inputs, sinceillegal inputs can
occuratary level of the constructiorof the outputvalue.

Accordingto this nal de nition of the type WuiSpe¢ the imple-
mentationof the basicWUI for stringsis asfollows:

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

(\wparams env s ->

wparams stringWidget
(env (state2cgiRef s)))

checkLegallnput

where
stringWidget render v =
let ref free in
(render [textfield

The polymorphic function checkLegallnput is responsibleto
checkauserinputandreturns accordingo thevalidity of theinput,
acorresponding/laybevaluetogethemwith aform thatis usedf the
inputis invalid:

ref v], cgiRef2state ref)

WuiParamsa

-> (Rendering -> a-> HtmlState)

-> a

-> (Maybe a,HtmlIState)
(rnd,errmsg,legal) v2widget v =

checkLegallnput

checkLegallnput
if legal v
then (Just v, v2widget rnd v)

else (Nothing, v2widget (renderError rnd errmsg) v)

ThefunctionrenderError is of type

renderError Rendering -> String -> Rendering

andcombinesa givenrenderingwith an errormessageao thatthe
resultingrenderingproducesan HTML expressioncontainingthe
input renderingsurroundedy the errormessagéseeright partof
Figurel).

In a similar way, the implementationof WUl combinatorslike
wPair shavn aborve, can be adaptedto the nal de nition of
WuiSpecwith errorhandling.

A tricky detailof thecomplete@mplementatiorof our WUI concept
is the generatiorof input forms anderror handlingforms. This is
doneby the main operationwui2html introducedin Section4.6.
This operationtranslatesa WUI speci cation,a value,andan up-
dateform into anHTML expressioranda handlerthatimplements
theeditform. Basically anexpression

(wui2html
wheretheamgumentwuispec hastheform

wuispec val store) Q)

WuiSpec wparams showhtml readval
is evaluatedasfollows:

1. Computetheinitial HTML form containingthe input elements
to modify the givenvalueval : this is doneby evaluatingthe
expression(showhtml wparamsval) . The resultis a pair
(hexp,wstate) of typeHtmIState , wherehexpistheHTML
expressiorspecifyingthelayoutof theinitial form andwstate
isaWuiState valuecontainingthereferenceso theinput elds
of hexp.

2. Thevaluehexp is the rst componenbf theresultof (1).

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

\env -> readval wparamsenv wstate

has the functional type CgiEnv -> (Maybea, HtmIState) .
In order to obtain the required event handlerfrom this ab-
straction, i.e., a function of type HtmlHandler, we have
to processthe result (mb,hst) of the body expression
“readval wparamsenv wstate "

If mbhastheform Just v, thenthemodi ed valuev is legal
sothatwe return(store v) whichis of therequiredtype
10 HtmIForm



If mbis thevalueNothing , thenthecurrentuserinputis not
legal. In this casewe usehst = (errhexp,errwstate)
which consistof anHTML expressiorerrhexp specifying
thelayoutof theerrorhandlingform anda stateerrwstate
containingthe referencedo the input elds of errhexp .
Then our event handler proceedswith step (2.) where it
usesrrhexp anderrwstate insteacbf hexp andwstate ,
respectiely.

This casedistinctiontogethemwith the recursionin the second
caseimplementsthe dynamicgeneratiorof correcterror han-
dling forms. Note that, conceptuallythe error handlingforms
are always constructedi.e., even in the caseof legal userin-
puts.However, thanksto lazy evaluation,the concreteHTML
expressionareonly computedvhenthey arereally demanded.

With thesetypede nitions andexplanationstheimplementatiorof
the concretecodecanbe donewithout dif culties. Thus,we omit
furtherdetailshere Theinterestedeademightlook into thesource
codeof the WUllibrary that canbe found in the currentPAKCS
distribution [13].

6. RelatedWork

Theimplementatiorof web-basedserinterfaceshasanincreasing
relevancein modernapplicationsin principle,dynamicwebpages
canbe implementedn ary programminglanguagesincethe re-

quirementon CGI programghatgeneratelynamicwebpagesare
very low dueto the text-basedCGI protocol. Although scripting
languagesik e Perlor PHParequitecommonfor this purposethey

lack supportfor reliableprogramminge.g.,types,staticchecking
of declarations}othatvariousapproachet implementwebinter

faceswith higherlevel programminglanguagesave beendevel-

oped.Someof themarediscussedn thefollowing.

MAWL [18] is an early domain-speci clanguagefor program-
ming web interfaces It supportsthe checkingof well-formedness
of HTML document®y writing HTML documentsvith somegaps
that are lled by the sener before sendingthe documentto the
client. Sincethesegapsare lled only with simplevalues thegen-
erationof documentsvhosestructuredependon complex datais
largely restricted.To relax this restriction, MAWL offers special
iterationgapswhich canbe lled with list values.More complex
treestructuresresupportedn DynDoc[22] (partof the<bigwig>
project[5]) which supportshigherorderdocumentemplatesi.e.,
the gapsin a documentcanbe lled with other documentghat
canalso containgaps.In orderto validateuserinputsin HTML
forms, the <bigwig> projectproposed?onverForms[4], anexten-
sion of HTML with a declaratve speci cation languageto anno-
tate acceptableform inputs. Since the speci cation languageis
basedon regularexpressionsit is lesspowerful thanour approach
which supportsary computablepredicateon inputs. Furthermore,
PawerFormsare translatednto JavaScriptso thatinput checking
is doneon the client side. This hasthe advantageto reducenet-
work traf ¢ butthedisadwantagehatsuchformscannotbeusedon
clientswhere JasaScriptis disabledfor securityreasonsFinally,
the <bigwig> projectis basedon a domain-speci clanguagefor
writing dynamicweb serviceswhile we exploit the featuresof the
existing high-level languageCurry.

Similar to the approachfor HTML programmingin Curry [11],

there are also libraries to supportHTML programmingin other
functionalandlogic languagesFor instance the PiLLoW library
[7] isanHTML/CGI library for Prolog.Dueto the untypednature
of Prolog, staticcheckson the form of HTML documentsarenot
supported Furthermorethereis no higherlevel supportfor com-
plex interactionsequenceasrequiredin typical userinterfaces.

Meijer [19] hasdevelopeda CGl library for Haslell thatde nesa
datatypefor HTML expressiongogetherwith a wrapperfunction
that translatessuchexpressiondnto a textual HTML representa-
tion. However, it doesnot offer any abstractiorfor programming
sequencesf interactionge.g.,by eventhandlers) Thesemustbe
implementedn thetraditionalway by choosingstringsfor identify-
ing input elds, passingstatesashiddeninput elds etc. Thiemann
[23] proposedrepresentationf HTML documentsn Haslell that
ensureghe well-formednes®f documentdy exploiting Haslell's
typeclasssystemln [24] heextendedthis approactby combining
it with theideasof [11] to implementinteractionsequenceby an
eventhandlemodel.Althoughhis approachalsosupportgypedin-
put elds similarly to our conceptit is morerestricted.It doesnot
supportarbitrary conditionson input dataor type-based¢ombina-
torsfor input elds. Furthermorethe layout of the generatedveb
pagess morerestrictive. SinceThiemannusesa purely functional
languageanda monadicmodelto createreferenceso input elds,
submitbuttonsmustalwaysbe placedbelown theinput elds. Such
arestrictionis not requiredin our approactdueto the useof logic
programmindeaturedqfreevariablesasreferences).

Plasmeijerand Achten [21] proposedthe iData toolkit to imple-
ment type-safeweb interfacesin the functional languageClean.
Similarly to our approachgditorsfor typedvaluesare createdin
atype-orientedvay. However, therearealsoimportantdifferences.
For instance the editabledataelementsareidenti ed in the pro-
gramby stringssothatit is the taskof the programmeto useun-
ambiguousnamesthroughoutthe programfor differentdata.The
useof strings,thatarenot checled at compile-time is a sourceof
potentialprogrammingerrorssimilarly to scriptinglanguagedike
Perl or PHR Furthermorethe applicationusing the iData toolkit
mustbebuilt aroundtheiDatamodelsinceit providesspeci ¢ sup-
portfor makingtheconsiderediatapersistentThisis in contrasto
our approachwhich hasno speci ¢ restrictionon the application.
For instance persistendatacanbe storedin les or in databases
usingstandardaccessnethodq8, 12], andaweb-basediserinter
facecanbeaddedn anindependentvay aftertheapplicationlogic
hasbeenimplemented.

7. Conclusion

We have presented nev concepto implementwebuserinterfaces
in atype-orientedvay. As we have shawvn in the paper the type-
orientedconstructiorieadsto a high-level, compactandmaintain-
ableimplementatiorof theinterface.The constructionis basedon

basicWUI componentsor elementarydatatypes and powerful

combinatorgto constructWUIs for comple datatypes. Further

more,our approachasseveraladwantages:

Interfacesare type safe, i.e., it is ensuredthat the modi ed
valuessatisfythe giventypesor constraints.

Interfacescanbeintegratedinto separatelylesignedvebpages.
Thereareno restrictionson thelayout, e.g.,the submitbuttons
canbeputatary placein thewebform.

Interfacesarecompositionalj.e.,formscancontainary number
of value editors and submit buttonswhereit is ensuredthat
con icts betweerthereference®f the differentinput elds do
notoccur

The editing facilities are separatedrom the applicationasin
theclassicamodel/viev/controllerparadignfor userinterfaces
[17]: by de ning several WUI speci cationsfor the samedata
type,onecanhave differentviews onthe samedata.

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



ify thesedefaults(e.g.,renderingsinput conditions,errormes-
sagesJor speci c applications.

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

Dueto theseadwantagespur WUI conceptis alreadyusedin sev-
eralapplicationsOnesimpleapplication asolver for SuDokupuz-
zles,hasbeenshavn in thispaper Thecompactnessf thecode(12
linesof codefor thesolverand9 linesof codefor thewebinterface)
shavs theadwantage®f functionallogic languagesinddeclaratie
programminglt is questionablaevhethersucha compactnessan
be obtainedn otheruniversalprogrammindanguages.

For future work it would be interestingto adaptpartsof this pro-
grammingmodel to other programminglanguagesFurthermore,
the checkingof userinputs could be improved for speci ¢ cases.
Currently thevalidity of userinputsis checled onthe sener side.
This hasthe advantagethatno speci ¢ requirementsreplacedon
client side(e.g.,enabledJavaScript)and onecould useary predi-
cateimplementedn thebasdanguageCurryto specifythevalidity
of userinputs.However, the disadwantageis anincreasecetwork
traf ¢ in caseof illegal userinputs.Instantaneoufeedbackon in-
correctinputsontheclientsidecouldbeprovidedby JavaScriptif it
is enabledbn the client side.Thus,it would beinterestingto trans-
late simple predicatesnto JavaScriptprogramsthat are sentwith
the generatedorms to the client, e.g.,asdonewith PoverForms
[4]. However, this doesnot free the sener-side applicationfrom
input checkingin orderto avoid securityrisks from hand-crafted
maliciousclientinputs.
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A. A SuDoku Solver

The following programimplementsa SuDokusolver in Curry us-
ing constraintover nite domaing13]. The SuDokupuzzleis rep-
resentedas a matrix of integersbetweenl and 9 containingfree
variablesfor unknavn digits:

sudoku :: [[Int]] -> Success

sudoku m=

domain (concat m) 1 9 &

foldrl (&) (map allDifferent m) &

foldrl (&) (map allDifferent (transpose m)) &
foldrl (&) (map allDifferent (squaresOfNine m)) &
labeling [FirstFailConstrained] (concat m)

-- translate a matrix into a list of elements
-- of small 3x3 squares
squaresOfNine :: [[a]] -> [[a]]
squaresOfNine [ =]
squaresOfNine (I11:12:13:ls) =
group3Rows [I1,12,13] ++ squaresOfNine Is
where group3Rowsl123 = if null (head 1123) then []
else concatMap (take 3) 1123 :
group3Rows (map (drop 3) 1123)

The de nition of the constraintsudoku is straightforvard. First,
the domainof all matrix elementss de ned to be betweenl and
9. Then,theconstraintgor differentelementgallDifferent ) in

rows, columns,and3 3 squaresareestablishedy higherorder
functionsandstandardperationnlists beforeconcretesolutions
aretestedby a rst-f ail labelingstrateyy.

A solutionto a sudoku constraintis computedby the standard
operatorgetOneSolution for encapsulatingearch(see[6] for a
discussioron encapsulatingearchin Curry) thatreturnsNothing
if no solutionexists for a constraintabstractionpr onesolutions
in theform Just s. Theauxiliary operatiortransDigit  translates
zerosfrom theinput matrix into freevariables.

solveSudoku ::  [[Int]] -> 10 (Maybe [[Int]])
solveSudoku s =
getOneSolution (\m -> m=:= map(map transDigit) s
&> sudoku m)
where
transDigit i =if i==0 then let x free in x else i



