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Abstract

Recentresearchin orchestratiorof compositeweb-servicethashighlightedHaslell
asalanguagedealfor workflow orchestratiorsemanticat animplementatiorievel.
SinceHaslell is built on the conceptof building larger functionsby composinga
numberof smallerfunctions,it is ideal for composingservicesaswell. In orderto
composeserviceoperationghough,it is necessaryo enableHaslell to view services
as side-efecting functions. Our goal, accordingly is the creationof a framework
bothfor client-sideaccesof web-serviceoperationsjn termsof Haslell functions,
andalsoa sener-side function publishingframework, which would allow Haslell
functionsto beboundto URLsfor execution.This papelintroducedHAIFA, aservice
interoperatiortoolkit which goessomeof the way to providing thesefeatures,and
providesafoundationon which servicecompositioncanbe achiered.

1 INTRODUCTION

Serviceorientedcomputingis beingincreasinglyacceptedasthe paradigmwith
which web-basednteroperabilitycan be achiezed. By re-usingmuch of the ex-
isting protocolstackof theweb, suchtechnologiegenablebusinessefo propagte
their servicesusinginvocableoperationswith which applicationamay communi-
cateto enableincreasedunctionality However, this paradigmalonedoesnot deal
with the questionof compositefunctionality which canbe built by combiningthe
capabilitiesof several services.Servicecompositionis a very importantissueas
singleatomicservicesonly sene to provide functionalityrelevantto their domain.
For examplea bankingserviceonly knows how to manipulatebankaccountsand
atravel serviceonly knows how to booktransporiarrangements.
Recentresearcl1] in orchestratiorof compositeweb-servicesisingthe ser
vice ontology OWL-S [3] (formerly DAML-S) hashighlightedHaslell asa lan-
guagddealfor workflow orchestratiosemanticatanimplementatiorevel. Since
Haslell is built on the conceptof building largerfunctionsby composingogether
anumberof smallerfunctions,it is idealfor composingservicesaswell. In order
to composeserviceoperationghough,it is necessaryo enablethe vieving of ser
vicesasside-efectingfunctionsin Haslell. Many featuresn Haslell alsoprovide
anideal platform on which variousdata-processingpplicationscanbe elegantly
constructed and this motivatesthe ability to createatomic servicesin Haslell.
Ourgoalis, accordingly the creationof a framework for bothclient-sideacces®f
web-serviceoperationsjn termsof Haslell functions,anda sener-sidefunction
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publishingframework, which would allow Haslell functionsto be boundto URLs
for execution.

In light of this we have implementedhe Haslell Application Interoperation
Frameavork/Architecture(HAIFA), a library providing the basiccomponentgor
web-basednteroperability in the form of a servicemodelling framewvork. This
paperseekdo furthermotivatetheimplementatiorof suchaframevork in Haslell,
andthendescribehe corecomponent®f HAIFA. Theweb-servicearchitecturas
first setforth in Section2 alongwith a descriptionof how this canbe modelled
in Haslell. Following the motivation of anannotatingXML serializer in Section
3 we describehow type-classegan be utilized for this purposeas an extension
of existing Haslell XML tools. In Section4 the realizationof client sideservice
interoperations achiezed,andfinally in Section5 a methodof publishingHaslell
functionsin a serviceis described.

2 MODELLING SERVICES

In orderto take adwantageof the functionality presentin Haslell for producing
compositeservicesit is first necessaryo defineamethodfor modellingsingleser

vicesin Haslell. The SimpleObjectAccessProtocol(SQAP/1.1) has,for several
years,beenthe de-facto standardfor forming invocationmessagesDespitebe-
ing supersedetly SOAP 1.2 andnot itself beinga World-Wide Web Consortiunt

(W3C) recommendatiorit still retainsa stronguserbase.

SOAPstyleinvocationsareusually“executed’via HTTP/1.1[4], thatis to say
the POSTmechanisnpresentin HTTP is usedto modelremoteprocedurecalls
with its request/respong@rocedure.Although this is not necessarilythe case,in
mostinstancegshe HTTP methodis used,sinceit makesuseof port 80, which is
usuallyalwaysopenon seners. As aresultour researcthasprimarily focusedon
SOAPoverHTTP.

Informally, a SOAPinvocationoccurswhena client passesa SOAPervelope
containinga requestmessagédo a sener running a service,the operationis ex-
ecutedon the sener and a responsemessagéen anotherervelopeis sentback.
SOAPtendsto beencodedisingXML (althoughthisis notstrictly necessaryand
thusparametersf theencapsulatedperatiorareaswell, with W3C XML Schema
usuallyproviding types.

A SOAP ervelopeconsistsof a body, which encapsulatethe messageand
a setof headerswhich corvey meta-dataaboutthe body The body itself can
hold eithera messag®r a SOAPfault, which is essentiallya serializedexception.
This leadsto the conclusionthat a SOAP ervelopeis intrinsically parametrically
polymorphic,andthisis representeth its XML schemawhich leavesthetype of
thebodyundefined.

As aresult,in Haslell the SOAPervelopeis representetly a parametridype,

1specificationgor XML, XML SchemaSOAPandWSDL canbefoundbefoundatthe Web
Consortiumssiteatht t p: / / www. w3. or g
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andeachmessage structurecanbe aly serializabledata-type.The overall types
adoptedor theEnvel ope andBody have thefollowing structure:

data Envelopea =
Envelope{ header:: [Conten}
, body :: Bodya
}

dataBodya = Body(EitherFaulta)

NotethattheBody canbeeitheraFaul t oramessageepresentetly a. The
structureof theFaul t is shav below:

data Fault =
Fault { faultcode :: QName
, faultstring:: String
, faultactor :: MaybeString
, detall :» MaybeContent

}

It is a four partstructureconsistingof a fault codewhich definesthe error with a
qualifiedname,afault stringto provide a description,andoptionally a fault actor
which is the identity of the link partnerwho the error relatesto and detail which
containsfurtherdetailonthefaultencodedas XML.

In the web-servicesvorld, servicescanbe describedn the languageWSDL
(Web-ServiceDescriptionLanguage)thoughthereis no formal link to theimple-
mentationanguagesWSDL, alongwith suitablesemantidescriptionsfacilitates
web-servicaliscovery by defininga services interface, thusallowing programgo
gain accessvithoutintervention. WSDL definesa serviceoperationn termsof

e Messagesi.e. theinputsandoutputs)

o Interfaces(the abstracttypesof operationswithin the service,in termsof
theirinputandoutputmessages)

¢ Bindings, which concretizethe interface with an execution medium (e.g
SOAPoverHTTP)

A simpleserviceoperationinterfacein WSDL could bedefinedlik e this:

<wsdl >
<nessage nanme="i nput Message"> ... </ nmessage>
<nmessage name="out put Message"> ... </nessage>

<i nterface nane="MServicelnterface">
<operation nanme="M/Qperation">
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<i nput message="i nput Message" />
<out put nessage="out put Message" />
</ operation>
</interface>

</ wsdl >

This defineghestructureof theinputandthe outputmessage&etailshidden)and
definesa serviceinterfacecontaininga single operation whoseconstituentnput
andoutputmessagearedefined.In reality, this interfacewould thenbe boundto
anexecutionprotocolandassignedo anendpointURL, but for the momentonly
the interfaceabstractions of interest. With this in mind, oneview of the service
boundto SOAP - which we shall shortly discard- is asa purefunction mapping
theinputmessagéo the outputmessageTheresultingSOAPoperatiorstubcould
betypedas:

EnvelopelnpuMessae — EnvelopeOutpuMessae
or ignoringexceptionsandheaderssimply
InpuMessage — Out puMessae

This modelis, however, limited to the domainof serviceswvhich do not affect the
stateof the world. Thereality is that mostservicesdo have side-efects (even if
they areinvisible),andthusjustmodellingservicesaspurefunctionsis insuficient.
In Haslell, functionsexplicitly statewhetherthey changethe world’s statesince
side-efects are propa@tedvia thel O monad. It is safeto say thenthat web-
services,even abstractly cannotbe modelledas functions,but shouldinsteadbe
modelledas monadicoperations. By modelling serviceoperationsin this way,
sequentiacompositionof servicescanbe achievzed via the usualbind ( >=) and
return functions.An examplesequentiatervicecompositionis consideredelow.

Assumethatthereexist threefunctionswhich actasproxiesfor threeservices
(all of which haveinvisible side-efectswhichwewill presumeanbesatistctorily
modelledby thel Omonad);

findConfeence:: Name — 10 Date
bookTavel :» Date — 10 TravelDetail
updateMyDiary:: TravelDetail— 10 ()

Theserepresenservicesfor finding a conferencewith the given name,and
returningthedateit occurs pookingtravel onaparticulardateandupdatinga diary
with the new arrangement.Eachof the functionsrepresents single concurrent
processvhich mustbe orchestratedvithin aworkflow to form asingleprocessin
this casethe workflow is simply the executionof eachservicesequentially with
a singleparalleldata-flav. If we elide detailsof schedulinglwhich is requiredin
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morecomplex compositiorpatternsandto guarante@ services pre-conditionsare
fulfilled), the function representinghe compositeservicecan be constructecby
composingogetherthethreeservices functions:

confeenceBoo&r :: Name— 10 ()
confeenceBoo&r n = findConfeencen = bookTavel
>= updateMyDiary

In orderto achieve this level of abstractionandassuminghatthetype of each
operationis known beforehandthreecomponentsrerequired

1. An XML serializerfor producingandconsumingmessageepresentations.
2. An HTTP-baseclient-sideexecutorfor services.

3. A functionpublisher sothatcompositeservicesanbe propagted.

We now describehow this architecturecanberealised.

3 EXTENSIBLE XML SERIALIZA TION

In Section2 we fixed a data-typefor representingsOAP ervelopesand defined
a methodfor representingnvocationsin Haslell. It is nov necessaryo define
how SOAPenvelopesandencapsulatechessageareto be encodecasXML. Ex-
isting XML serializationsolutionsfor Haslell provide most of the functionality
requiredfor building XML basedapplications.In particular HaXML? [13], the
mostwell knovn XML library for Haslell, provides an elggant, yet simplistic,
Haskel | 2Xm type-class,which performsserializationand deserializationof
Haslell typesto XML. Essentiallyit providesan XML versionof the Read and
Show classeswhich performserializationin a similar way, but on St r i ng data.
With theadditionof DrIF T2 generatedhstanceso derive serializersautomatically
it would appeatthatthe only featurecurrentlymissingis XML namespace&ital
for modularserviceinteroperationand schematyping), which can be addedby
updatingtherelevanttypesto enhancexpressvity.

However, thereis onekey featurewhich HaXML's serializercannotcurrently
dealwith, andto which we intendto shav thereis currentlyno adequatesolution
provided; the conceptof dataannotation. Within the sphereof interoperability
annotatiorof XML datais of paramountmportanceasonits own XML datacon-
veys no meaningyelying insteadn a pre-processedchemdor the descriptionof
the structure. In mary caseshis is adequatebut whenmessagestructureis left
undefinedfor example,via wild-card schemaconstructs)it is importantthatdata

2Althoughwe referto HaXML in the paper HAIFA usestheHaslell XML Toolbox[11] asit
providesmorefeaturesanda moreexpressve data-structureAlthoughdifferenttypesareusedto
represenXML treesthetype-clasprinciplesarethesame.

3DrIFT is atype-sensitie pre-processdior Haslell, c.f.
http://repetae. net/john/ conputer/haskell/DrlFT/

107



is annotated.Further as more cometo the conclusionthat a syntacticstructure
definition aloneis inadequatdo describedata,and semanticannotationbecomes
importantto corvey the meaningof the data[2], dataannotatiorbecomesncreas-
ingly important.

To exemplify, asimpleSOAPervelopewhich suppliegheinputto anoperation
for addingtwo numbergogethemight beencodedn XML like this:

<Envel ope><Body>
<addRequest >
<numl>5</ numl>
<nun2>10</ nun>
</ addRequest >
</ Body></ Envel ope>

Withoutanexternalschemat is impossibleto determinehetype of thedatain the
elementsnamednunil andnun®. Oneway aroundthis problemis, aswe have
seento defineaschemdor themessagstructure Howeverif W3C XML Schema
is usedto definethe messagsatructureit is necessaryo fix theseasvalueshaving
amonomorphiaype. If insteadwe wish to take advantageof polymorphismthe
typedataneedso becarriedalongwith the dataitself.

Haslell's type-classeallow elegantattachmenbf meta-datdo types,but it is
not possibleto utilize this datawithin a closedtype-classdefinition, asprovided
by Haskel | 2Xm , becausedhe contet is fixed. It is thereforenecessaryhat
serializerscanbe provided with a customizablecontext, which cancorvey meta-
dataandallow furtherfunctionalityto be hookedin.

A methodfor contet customizatiorhasbeendescribedy Hughesn [7]. This
allows type-classe$o be referencedsfirst-classtypesby assigningan algebraic
type,calledadictionary, which allows a class’functionalityto bedeterminedrom
its structure. This proxy type canthen be insertedinto the serializationprocess
by meansof an extra parameteof the main serializationclass,alongwith a hook
functionwhich encodeshe extradatainto thetree.

We thusintroducea versionof Haskel | 2Xm 4 with thefollowing classhead

— his thecontext hookandais the serializedtype.
classData (DictHaslell2Xmlh) a = Haslell2Xmlh a
where
— Serializethetypeain thecontext of hookh.
toContent:: h — a — [Content
— Deserializen the context of hto typea.
fromContent:: h — [Content — (a, [Conten})

whereh is the type of the hook thatis to be appliedto the serializationprocess
andCont ent is the HaXML type representinghe XML tree. The Dat a class

4Theclassin HAIFA is actuallycalledXM_Dat a andhasdifferentmethodnamesput hasthe
samefunctionality
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(asdefinedin [8]) actsasthe carrierfor the customizablecontet (it alsoprovides
reflectionfunctions, but we elide thesefor now). Di ct Haskel | 2Xm is the
proxytypefor Haskel | 2Xni , asshavn below:

data DictHaslell2Xmlh a =
DictHaslell2Xml ~ { toContentD :: a — [Content
, fromContentD: [Content — (a, [Conten})

}

The h parameteis missingfrom the function proxiesbecausat is automati-
cally propagtedvia thedictionarydefinition, asshallbe demonstratedThis new
typeis currentlyonly aninterfacefor the classandneedgo be populatedwith ac-
tual function definitionsto be useful. This taskis donevia thedi ct function of
theSat classwhichhasthejob of returningavalueof thetypeit is parameterised
over, but populatedwith actualdata. The definition of the class,andthe instance
for theHaskel | 2Xm dictionaryis asshawn:

— Returna populateddictionaryfor the given proxy type
classSatawheredict :: a
— Populateghe Haslell2Xml dictionary
instance(XmlHookh a, Haslell2Xmlh a) = Sat(DictHaslell2Xmlh a)
where
dict = DictHaslell2Xml
{— Performserializationandannotate
toContentD= A x. annotateq x (toContenig X)
— Performdeserialization
, fromContentD= fromContent

whereq = L i h — Propogtethehookviaqg.

Theinstanceof Sat for Di ct Haskel | 2Xm populateghe dictionarywith
functionsfrom the actualclassby applyingthe constraintthat for a dictionaryto
be extractedfor a particulartypeandhook, theremustbe a suitableinstanceavail-
ableof Haskel | 2Xm . TheSat instancds alsoconstrainedvith afurtherclass
called Xm Hook whosesingle function performsa transformationon the XML
documentjnsertingtheannotation.The presencef theconstrainthereguarantees
that every type down the serializationtree can have the hook appliedto it. The
classstructureis shovn below:

classXmlHookh a
where
— Producea documentransformatiorfor hookh andtypea.
annotate:: h — a — ([Content — [Content)

Eachhook shouldbe representedby a dummytype with no constructorgin-
dicatedby the propagtionof its valueas | in the dictionarypopulation),sinceit
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merelyactsasalabel. Theproxyfort oXm in thedictionarydefinitionautomati-
cally annotateshe serializedoutput,makingthis applicationtransparent.

Although Xm Hook exposegshetypea directly, ratherthanspecifyinganno-
tationsfor specifictypes,it is morecorvenientto constrairnthetypea with agiven
class,thusallowing the hook to pull in external datafrom otherclasses.For in-
stancea simpleHaslell typeannotatomight be:

— Labeltypewith no constructors
data TypeHook
— Typeablestoresuniquetypeidentifiersfor Haslell types
instanceTypeablea = XmIHookTypeHooka
where
annotate_x = (Add XML attributefor annotatiot

Using this annotatorhasthe effect of addingan attribute specifyingthe Haslell
typeto XML elementdeclarationsfor example:

<year haskel | Type="Data.Int.|nt">2005</year>

This methodcanthusbe usedto annotateserializeddatawith a wide variety
of meta-datawhichis decoupledrom the original serializerdefinition,andhighly
modularin nature. It shouldbe notedthat Haslell cannot,as such, easily take
advantagesof type annotations. Type meta-datacannotbe usedbeyond simple
validationsinceall typesmustbe decidedon at compiletype. A moreadwanced
methodinvolving dynamictyping would berequiredin this instance.

Finally we cancreatethe actualfunctionswhich will serializeanddeserialize
atypewithin agivenhook’s contect. This functionusesthetype of hookanddata
to createa suitabledictionary acquirethet oXm functionviat oXm Dandrunit
onthedata.

toXml ::(Data (DictHaslkell2Xmlh) Int, XmIHookh a)
= h — a — [Conten}
toXml (q::h) (x::a) = toXmID(dict :: DictHaslell2Xmlh a) x

However, one caveatstill existsin the serializerasit stands.The readermay
have noticedthat no code hasbeensuppliedfor addingthe XML attribute for
Haslell type annotationithis is simply becauset is not possibleto do this using
the HaXML data-typeif our serializerrecursvely produces contentln HaXML
attributesarenottreatedasregularcontentbut assub-propertiesf anelementand
cannotexist outsideof one. Now in the contet of anentire XML documenthis
is absolutelycorrect- it is not possiblefor attributesto exist outsideelementsput
whenrecursvely building thetreeby composinga numberof functionsit mustbe
possible.Thisis particularlyimportantwhenthe attribute belonggo the dataitself
andnotto the encapsulatinglementasis oftenthe casewhendealingwith poly-
morphicdata.This,alongwith HaXML’slack of namespacsupportmotivatesour
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usingthe Haslell XML Toolbox[11], which hasa moreliberal attitude,allowing
attributesto appeaianywhere.This naturallymeanghatfalseXML structuresan
be representedyut in practicethis is not a problem. The reademrmustnot assume
that the intentionis to condemnHaXML's model; it perfectly matcheshe W3C
XML Schemalatamodel. Rathera moreexpressie modelis sought.

Onefurtherfeaturewhich canbe addedto the serializeris aninternalschema
definition, which candefinethe structureof algebraictypesin termsof their ele-
mentsandattributes.Eachtypeis assignedlist of schemasgefininghow eachof
the child termsof thetypeis representeéh XML. This canthenbe usedto auto-
matically serializeanddeserializedataandrequiresmuchlesseffort thancreating
the serializersmanually For the purposeof HAIFA, a schemastructurewascho-
senwhichwould bemorenaturalfor usewith Haslell data-typestatherthanusing
an establishedschemasuchas XML Schemaor RELAX-NG. Neverthelessthe
schemastructurehasbeendefinedwith type mappingin mind, andis thusstrictly
more generalthan XML Schemawhilst RELAX-NG is a future target) so asto
allow completerepresentationf its data-model.The data-typeusedto represent
XML structureqor particleg of eachtermis shovn below:

— Schemaepresentationf XML particles

dataPartSthema= Attr Occurs String(MaybeURI) |
ElemOccurs String (MaybeURI)|
ChoiceOccurs [PartShema |
Sequenc®ccurs [PartSdhema |
Inter Occurs [PartShema |
AnyAttrAnyRes |
AnyElemenOccuris AnyRes |
TextContent

Eachparticle’s cardinalityconstraints definedby the Occurs type,which de-
finesthe upperandlower boundsof the numberof timesthe particle canoccut
Suchconstraintsarevital for list data,whereeachlist membermay be encapsu-
latedby arecurringtag. A schemds allocatedto a type by meansof new method
of Haskel | 2Xm . Eachdescriptorrespectiely represents

¢ Attributes,which aretreateduniformly with elements

Elementgi.e. XML tags)

Choicesof multiple structuraloptions

Orderedsequencesf particles

UnorderedInterleaved) particles

Wildcard attributes(whereAnyRegdefinesary restrictionson whattype of
attribute canoccur)
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e Wildcardelements

e Textual content(atleaf nodes)

TheHaskel | 2Xm classis thenassignediefaultdefinitionsfor fronCortert
andtoContert which containrulesfor processinghe data-typeusingthe schema
definition. Defining serializersfor mappedtypesthus becomessimply a caseof
mappingfrom thetyperepresentingheactualXML schemato theinternalschema
of Haskel | 2Xnl . Furtherthereflectiondataavailablevia theDat a classcanbe
usedto generateserializersautomaticallyfor particulartypes.For example,record
syntaxdata-typesanhave serializersgeneratedvhich serializeasa sequencef
elementsiamedafterthetype’sfield names.

4 SERVICE INTEROPERATION

Having equippedurseheswith asuitableXML serializerwearenow in aposition
to satisfy our original goal, the invocationof SOAP operationsasfunctions. We
do this via a generalinvocationfunction, which views calls asconsistingof three
components

1. A serializablenput messagelata-type.
2. A serializableoutputmessagelata-type.

3. An executor which performstheinvocation.

The two messagelata-typecanbe madeserializablewith suitableinstances
of Haskel | 2Xm , but the executorrequiresmore discussion.An executorcan
be viewed asa side-efecting IO operationwhich transformsone serializedmes-
sagerepresentethy a St r i ng to another Thus,executorsarerepresentetby the
following class:

classServiceExecutaa
where
— Produceanexecutionfunctionfrom the executortypea.
executeService: a — String — 10 String

Thusaserializedcall canbeformedfrom theinput messagegxecutedandthe
responsealeserializedo form the outputmessage This givesrise to the function
soapCal | which actsasthe generalfunction wrapperfor servicesandhasthe
following type:

soapCall:: (Haslell2Xmlh a, Haslell2Xmlh b,
ServiceExecutoe)
= e — h — a — |0 (EitherFaultb)
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This simplefunctionmalkesthe creationof SOAPstubssimply a caseof creat-
ing serializerdor themessagéypesanddefiningasuitableexecutorfor theservice.
As anexamplethe executortypefor HTTP is shavn below:

dataHTTPExec=
HTTPExe¢ httpEndpoint :: URI
, httpSQ\PAction :: MaybeURI }

It simply definesa HTTP requestsconsistingof a suitableURL®, andmaybe
a SOAPAction (rarelyused but partof the SOAP/1.1specification).The Haslell
HTTP library® canthenbe utilized to build aninstanceof Ser vi ceExecut or
for theHTTPEX ec typewhich performsasuitablePOSTrequesto thegivenURL,
returningthebody of thereply. Thusour executionparadigms complete andcre-
atingstubsis simply a caseof definingtheinterfaces type structureandproviding
asuitablebindingto soapCal | .

For example,the googl eSear ch operationof the theGoogleweb-servicé
canbeaccessewith thefollowing stub:

goagleSeath :: DoGogleSeach —
IO (Either Fault DoGoaleSeachResponse
goaleSeach = soapCall(HTTPExegoogleURLNothing XSITypeHook

whereDoCGoogl eSear ch andDoGoogl eSear chResponse arethepre-defined
inputandoutputmessageypesrespectiely, googl eURL is theendpointURL of
the GoogleWeb-ServiceandXSI TypeHook is theannotatomwhich insertsXML
Schemaypeannotations.

5 PUBLISHING FUNCTIONS

In this sectionthe publishingof Haslell functionsas serviceswill be examined.
Sincewe've establishedhat a serviceoperationcan be modelledas a function
from the input to the outputmessag@lus a side-efect, we cangeneralisdurther
from the previousfunctionmodelandsayary functionof theform

— MonadlOis theclassof |0 basedside-efectingmonads.
f 1 (Haslell2Xmlh a, Haslell2Xmlh b, MonadlOm) = a — mb

canbedirectly be invoked via a service. All thatis requiredis the machineryto
bind it to anexecutionprotocol. As mentionedthis researctprimarily focuseson
SQAP/HTTR andsothefirst stepis to createa simpleHTTP sener for Haslell.
Therealreadyexists sucha sener in reasonablygood working ordet called
HWS-WPJ9][12], but it cannotbe useddirectly becaus¢he HTTP/1.limplemen-
tationis meantfor testingonly, essentiallyonly supportingpropagtionof HTML

5Notethatwe usethe URI data-typesinceit represents supersebf URLS.
6Seeht t p: / / www. haskel | . org/ http/
"Seeht t p: / / wwv. googl e. cond api s/ for detailsof the GoogleAPI
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documents.What it doesprovide however is a good starting point for creating
therequeshandler andthusit hasbeencombinedwith the Haslell HTTP library,
which providesa full implementation.The HTTP library containstwo key data-
types,Request andResponse which represena HTTP requestandresponse
respectirely. A notion of HTTP handlersis adoptedwhich mirrors the operation
architecturein thata handleris viewed asa functionfrom arequesto aresponse
andside-efect, which canthenbe boundto anendpointURL. The HTTP sener
thustakesa setof handlersaswell asvariousconfigurationoptions,andbuilds a
senerin thel Omonad,asshavn below.

— Associatea sener URL stringwith a handlerfunction
type HTTPHandler =
(String Config — Request— 10 (Either StringResponsg

— Runthe HTTP Sener, usingthe configurationfilenamegivenwith a setof
— HTTP HandlersandXML configuratiorreaders.
httpServer:: FilePath — [HTTPHandlef —

[Document— Config — Config — 10 ()

A HTTP handleris viewed as a pair, mappinga local URL on the sener to
a handlerfunction taking a global configuration,a HTTP requestand producing
eitheranerrorstringor aHTTP responsén thel Omonad.

In the SOAP servicearchitecture,it is possibleto have multiple operations
boundto a single URL. Many authors(oursehesincluded),criticise this feature,
dueto its non-composabl&iew of an applications interface,exemplified by the
factthataservicecannotsimply beexpandedr contractedy addingandremoving
URLSs. Neverthelessit is afeaturewhich,for now, mustbedealtwith. In thefuture
we would prefera view of endpointadwertisementsimilar to that taken by the
REST(5] architecturejn which the URL hierarcly is usedto organizeoperations
directly.

The processof binding Haslell functionsto a URL via SOAP is a process
of creatinganinterfacefor the functionsbetweerserializabledata-typesandthen
convertingtheseheterogeneousinctionsto ahomogeneoukandlerfunctionwhich
canbeinsertednto theHTTP sener. Tofacilitatethis corversionwe have createch
classcalledSer vi ce, containingasinglefunction,publ i sh. ThistakesaHTTP
sener configuration a wrappedHaslell function parameterisedver a Monadl O
monadandproducestransformatiorfrom oneXML treeto anotheiin themonad,
encapsulatinghe SOAPoperation.The structureof this classis shav belaw:

— Parameterisedverthefunctionwrappertype andthe monad
— beingusedto executethe service.
classServicesm
where
publish :: Config — sm — (Document— mDocument

Eachwrapperallows corversionof differenttypesof functionto a serviceop-
eration. Thewrapperis primarily theresothatall functionscanbe parameterised
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over the monadrepresentethy m evenif it is not usedin the functionitself. For
example thewrapperfor a puretransformatiorfunctionis

data MonadlOm = SimpleFun@abm =
SimpleFund sfunc:: (a — b) }

This typeis parameterisedver the input type, the outputtype andthe monad
beingused.lt is importantthatmis thelastvariablesothatthetype Si npl eFunc
A B (whereA andB aretypes)canunify with s in thepubl i sh function,which
is parameterisedverm

Thepossibilityof errorsin codeexists,andthusexceptionanustbe dealtwith.
This canbeachievedvia afunctionwhich corvertstheHaslell Except i on type,
which canbe throvn by a function, to a SOAP Faul t type and serializesthe
representation.

Finally eachfunctioncanbeintegratedinto the handlerandfitted with aguard
to pick which of the functionsis beingcalledby checkingthe nameof theincom-
ing message.Eachvalid requestwill yield a 200 HTTP respons€i.e. request
succeededhereis the response)with the body of the HTTP responseorveying
the SOAPervelope.

All of thisis doneby the bui | dW5 functionwhich allows multiple heteroge-
neousfunctionsto be boundto an operationnameandturnedinto a singleHTTP
handlervia an existentially quantifiedtype which wrapsthe polymorphicservice
functions. The function also takes an optional HTML documentwhich will be
displayedif the services URL is browsed,i.e. whenan HTTP GET is receied,
asopposedo a POST Thestructureof bui | dW5 andthe associatedxistentially
quantifiedPubFunc typeis shavn below:

— Allows ary memberof the Serviceclassto bewrappedup as
— amonomorphiadype parameterisedver the operationrmonad.
dataPubFuncm = V's. Servicesm = PubFunc(sm)

— Build aservicefrom a setof name/operatiopairsanda

— HTML documentor display Produceafunctionfrom a config

— andrequesto eitheranerroror response.

buildWS :: MonadlOm =- [(String PubFuncm)] — MaybeHtml —
(Config — Request— m (Either StringResponsg

PleaseseeAppendixA for anexampleservicemodulebuilt usingthis API.

6 FUTURE WORK

A key assumptiommadein this paperis that the type of a services operationis
known beforehand,althoughin reality this is rarely the case. We are currently
working onan XML Schemaype mappermwhich worksin concertwith the XML

serializerclassandcurrentlyhastheability to mapSchemaypesto Haslell types,
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aswell asgeneratingerializersvia theintermediateschemaepresentatiorthough
currentlynot from Haslell to XML Schemaprimarily becauséHaslell algebraic
typesare a lot more expressve than XML Schema). This is one stepcloserto

the developmentof a discovery frameavork to complemenHAIFA, which would

allow theautomatidntegrationof particularserviceswith Haslell usingtheservice
broker architectureandservicedescriptionanguagesuchasWSDL.

All this is leadingtoward our ultimate goal which is the creationof a service
compositionframenork, usingHaslell to provide orchestratiorof workflows. It
is our hopethat by making useof semanticweb-servicesand a future discovery
framework it will be possibleto automaticallyfind the appropriatewveb-services
requiredfor ataskandthencomposehemtogether

Theexampleof servicecompositionn Section2 is only very simpleandin re-
ality canhavelittle practicaluse.Instead awidervarietyof constructsarerequired
otherthan sequenceand a model of data-flav so that outputscan be mediated
betweenservices. All of this canbe achieved with a suitableprocesscalculus,
which canprovide orchestratiorof a compositeworkflow andserializationof the
associated/O operations.This work is currentlybeingundertalenin the Cashev
project [6], with HAIFA providing the low-level web-servicesupport.

7 CONCLUSION

We have outlineda web-servicdramework for Haslell which allows boththe ac-
cessingof existing servicesandthe creationof new ones,in Haslell. This frame-
work canbe usedboth for client-sidemappingof web-servicedo functions,and
the creationof servicedrom Haslell functions.Further this work leavesthe door
openfor usingHaslell asservicecompositionanguage.

Thework on XML thatwe have demonstratedepresentsnly afractionof the
featuresexhibitedby theserializerin HAIFA, andin futurewe hopeto achieve full
schemasupportto enabletransparentnappingof schemaypesto Haslell types
andservicediscovery.

It is fair to saythatthis paperhasnot describedarything which canbe con-
sideredas“new” to thefunctionalprogrammingcommunity;insteadit hasuseda
numberof well known techniquego give an elegantimplementatiorof the web-
servicearchitecture. This work givesrise to a groundingfor Cash& basedor-
chestrationsjn the form of monadicbindingsfor the underlying calculus’ pro-
cessesHow suchprocesseform operationserializationdhasbeendemonstrated,
whilst eliding the more comple issuesof scheduling. The detailsof how high-
level orchestratiorsemanticareformedcanbefoundin our operationakemantics
paper[10].

8The Cashev projectpagecanbefoundat
http://ww. dcs. shef. ac. uk/ ~barry/ CASheW s/
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A “HELLO WORLD” SOAP SERVICE IN HASKELL

Themodulebelow definesasimple SQAP/HTTP servicewhich acceptamessage
encapsulating persons nameasa St r i hg andreturnsa messageontaininga
greetingto thatname.

modul e Hel | oWr | dServi ce where

-- Inport the XM. Serializer and service publisher.
i mport Text.XM.. Serializer
i mport Network. Service

-- Input nessage type, contains a single

-- string representing the nane.

data HWRequest = HWRequest String

-- Qutput nessage type, contains the returned greeting.
dat a HWResponse = HWResponse String

-- The actual pure-function which will be published,
-- fromthe input nessage to the output nmessage.
hel loWrld :: HWRequest -> HWResponse
hel | oWrl d (HWRequest n)
= HWResponse ("Hello there " ++ n ++ "1")

-- Make nessages serializable using Haskell 2Xm cl ass.
-- Data constraint is explicit to allow hook propagation.
i nstance Data (DictHaskell2Xm h) HWRequest

=> Haskel | 2Xml h HWRequest where ...

i nstance Data (DictHaskell 2Xm h) HWResponse
=> Haskel | 2Xm h HWResponse where ...

-- Define the service's HITP handl er
hel | oWorl dServi ce :: HITPHandl er
hel | oWorl dService =
("hel | oWor | dServi ce",
bui | dWS [ (" hel | oWor | dRequest ",
PubFunc (Si npl eFunc hellowrlid))])

-- Create the server with the given configuration file and
-- a single handl er function.
runHel loworld :: 10 ()
runHel | oWorl d
= httpServer "config.xm" [hell oWrl dService] []
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