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Abstract

Recentresearchin orchestrationof compositeweb-serviceshashighlightedHaskell
asa languageidealfor workflow orchestrationsemanticsatanimplementationlevel.
SinceHaskell is built on the conceptof building larger functionsby composinga
numberof smallerfunctions,it is ideal for composingservicesaswell. In orderto
composeserviceoperationsthough,it is necessaryto enableHaskell to view services
asside-effecting functions. Our goal, accordingly, is the creationof a framework
both for client-sideaccessof web-serviceoperations,in termsof Haskell functions,
andalsoa server-side function publishingframework, which would allow Haskell
functionsto beboundto URLsfor execution.ThispaperintroducesHAIFA, aservice
interoperationtoolkit which goessomeof the way to providing thesefeatures,and
providesa foundationonwhichservicecompositioncanbeachieved.

1 INTRODUCTION

Serviceorientedcomputingis being increasinglyacceptedas the paradigmwith
which web-basedinteroperabilitycanbe achieved. By re-usingmuchof the ex-
isting protocolstackof theweb,suchtechnologiesenablebusinessesto propagate
their servicesusinginvocableoperationswith which applicationsmay communi-
cateto enableincreasedfunctionality. However, this paradigmalonedoesnotdeal
with thequestionof compositefunctionalitywhich canbebuilt by combiningthe
capabilitiesof several services.Servicecompositionis a very importantissueas
singleatomicservicesonly serve to provide functionalityrelevantto theirdomain.
For examplea bankingserviceonly knows how to manipulatebankaccounts,and
a travel serviceonly knowshow to booktransportarrangements.

Recentresearch[1] in orchestrationof compositeweb-servicesusingtheser-
vice ontologyOWL-S [3] (formerly DAML-S) hashighlightedHaskell asa lan-
guageidealfor workflow orchestrationsemanticsatanimplementationlevel. Since
Haskell is built on theconceptof building largerfunctionsby composingtogether
a numberof smallerfunctions,it is ideal for composingservicesaswell. In order
to composeserviceoperationsthough,it is necessaryto enablethe viewing of ser-
vicesasside-effectingfunctionsin Haskell. Many featuresin Haskell alsoprovide
an ideal platform on which variousdata-processingapplicationscanbe elegantly
constructed,and this motivatesthe ability to createatomic servicesin Haskell.
Ourgoalis, accordingly, thecreationof a framework for bothclient-sideaccessof
web-serviceoperations,in termsof Haskell functions,anda server-sidefunction
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publishingframework, whichwouldallow Haskell functionsto beboundto URLs
for execution.

In light of this we have implementedthe Haskell Application Interoperation
Framework/Architecture(HAIFA), a library providing the basiccomponentsfor
web-basedinteroperability, in the form of a servicemodelling framework. This
paperseeksto furthermotivatetheimplementationof suchaframework in Haskell,
andthendescribethecorecomponentsof HAIFA. Theweb-servicearchitectureis
first set forth in Section2 alongwith a descriptionof how this canbe modelled
in Haskell. Following themotivationof anannotatingXML serializer, in Section
3 we describehow type-classescanbe utilized for this purposeasan extension
of existing Haskell XML tools. In Section4 the realizationof client sideservice
interoperationis achieved,andfinally in Section5 amethodof publishingHaskell
functionsin aserviceis described.

2 MODELLING SERVICES

In order to take advantageof the functionality presentin Haskell for producing
compositeservices,it is first necessaryto defineamethodfor modellingsingleser-
vicesin Haskell. TheSimpleObjectAccessProtocol(SOAP/1.1)has,for several
years,beenthe de-factostandardfor forming invocationmessages.Despitebe-
ing supersededby SOAP1.2andnot itself beinga World-Wide WebConsortium1

(W3C) recommendation,it still retainsastronguserbase.
SOAPstyleinvocationsareusually“executed”via HTTP/1.1[4], thatis to say

the POSTmechanismpresentin HTTP is usedto model remoteprocedurecalls
with its request/responseprocedure.Although this is not necessarilythe case,in
mostinstancestheHTTP methodis used,sinceit makesuseof port 80, which is
usuallyalwaysopenon servers.As a resultour researchhasprimarily focusedon
SOAPoverHTTP.

Informally, a SOAPinvocationoccurswhena client passesa SOAPenvelope
containinga requestmessageto a server runninga service,the operationis ex-
ecutedon the server and a responsemessagein anotherenvelopeis sentback.
SOAPtendsto beencodedusingXML (althoughthis is notstrictly necessary),and
thusparametersof theencapsulatedoperationareaswell, with W3CXML Schema
usuallyproviding types.

A SOAP envelopeconsistsof a body, which encapsulatesthe message,and
a set of headers,which convey meta-dataabout the body. The body itself can
hold eithera messageor a SOAPfault,which is essentiallya serializedexception.
This leadsto the conclusionthat a SOAPenvelopeis intrinsically parametrically
polymorphic,andthis is representedin its XML schema,which leavesthetypeof
thebodyundefined.

As a result,in Haskell theSOAPenvelopeis representedby aparametrictype,
1Specificationsfor XML, XML Schema,SOAPandWSDL canbefoundbefoundat theWeb

Consortium’ssiteathttp://www.w3.org
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andeachmessage’s structurecanbe any serializabledata-type.Theoverall types
adoptedfor theEnvelope andBody have thefollowing structure:

data Envelopea =
Envelope{ header:: [Content]

, body :: Bodya
}

data Bodya = Body(EitherFault a)

NotethattheBody canbeeitheraFault or amessagerepresentedbya. The
structureof theFault is show below:

data Fault =
Fault { faultcode :: QName

, faultstring:: String
, faultactor :: MaybeString
, detail :: MaybeContent
}

It is a four partstructureconsistingof a fault codewhich definestheerrorwith a
qualifiedname,a fault stringto provide a description,andoptionallya fault actor
which is the identity of the link partnerwho the error relatesto anddetail which
containsfurtherdetailon thefault encodedasXML.

In the web-servicesworld, servicescanbe describedin the languageWSDL
(Web-ServiceDescriptionLanguage),thoughthereis no formal link to theimple-
mentationlanguages.WSDL, alongwith suitablesemanticdescriptions,facilitates
web-servicediscovery by defininga service’s interface,thusallowing programsto
gainaccesswithout intervention.WSDL definesaserviceoperationin termsof

• Messages(i.e. theinputsandoutputs)

• Interfaces(the abstracttypesof operationswithin the service,in termsof
their inputandoutputmessages)

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

A simpleserviceoperationinterfacein WSDL couldbedefinedlike this:

<wsdl>
...
<message name="inputMessage"> ... </message>
<message name="outputMessage"> ... </message>

<interface name="MyServiceInterface">
<operation name="MyOperation">
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<input message="inputMessage" />
<output message="outputMessage" />

</operation>
</interface>
...

</wsdl>

Thisdefinesthestructureof theinputandtheoutputmessages(detailshidden)and
definesa serviceinterfacecontaininga singleoperation,whoseconstituentinput
andoutputmessagesaredefined.In reality, this interfacewould thenbeboundto
anexecutionprotocolandassignedto anendpointURL, but for themomentonly
the interfaceabstractionis of interest.With this in mind, oneview of theservice
boundto SOAP- which we shall shortly discard- is asa purefunction mapping
theinputmessageto theoutputmessage.TheresultingSOAPoperationstubcould
betypedas:

EnvelopeInputMessage → EnvelopeOut putMessage

or ignoringexceptionsandheaders,simply

InputMessage→ Out putMessage

This modelis, however, limited to thedomainof serviceswhich do not affect the
stateof the world. The reality is that mostservicesdo have side-effects(even if
they areinvisible),andthusjustmodellingservicesaspurefunctionsis insufficient.
In Haskell, functionsexplicitly statewhetherthey changethe world’s statesince
side-effects are propagatedvia theIO monad. It is safeto say then that web-
services,even abstractly, cannotbe modelledasfunctions,but shouldinsteadbe
modelledas monadicoperations. By modelling serviceoperationsin this way,
sequentialcompositionof servicescanbe achieved via theusualbind ( >>=) and
return functions.An examplesequentialservicecompositionis consideredbelow.

Assumethatthereexist threefunctionswhich actasproxiesfor threeservices
(all of whichhaveinvisibleside-effectswhichwewill presumecanbesatisfactorily
modelledby theIO monad);

findConference :: Name → IO Date
bookTravel :: Date → IO TravelDetail
updateMyDiary:: TravelDetail→ IO ()

Theserepresentservicesfor finding a conferencewith the given name,and
returningthedateit occurs,bookingtravel onaparticulardateandupdatingadiary
with the new arrangement.Eachof the functionsrepresentsa singleconcurrent
processwhichmustbeorchestratedwithin aworkflow to form asingleprocess.In
this casethe workflow is simply the executionof eachservicesequentially, with
a singleparalleldata-flow. If we elidedetailsof scheduling(which is requiredin
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morecomplex compositionpatternsandto guaranteeaservice’spre-conditionsare
fulfilled), the function representingthe compositeservicecanbe constructedby
composingtogetherthethreeservice’s functions:

conferenceBooker :: Name→ IO ()
conferenceBooker n = findConferencen >>= bookTravel

>>= updateMyDiary

In orderto achieve this level of abstraction,andassumingthatthetypeof each
operationis known beforehand,threecomponentsarerequired

1. An XML serializerfor producingandconsumingmessagerepresentations.

2. An HTTP-basedclient-sideexecutorfor services.

3. A functionpublisher, sothatcompositeservicescanbepropagated.

Wenow describehow thisarchitecturecanberealised.

3 EXTENSIBLE XML SERIALIZA TION

In Section2 we fixed a data-typefor representingSOAPenvelopesanddefined
a methodfor representinginvocationsin Haskell. It is now necessaryto define
how SOAPenvelopesandencapsulatedmessagesareto beencodedasXML. Ex-
isting XML serializationsolutionsfor Haskell provide mostof the functionality
requiredfor building XML basedapplications. In particular, HaXML2 [13], the
most well known XML library for Haskell, provides an elegant, yet simplistic,
Haskell2Xml type-class,which performsserializationand deserializationof
Haskell typesto XML. Essentiallyit providesan XML versionof theRead and
Show classes,which performserializationin a similar way, but onString data.
With theadditionof DrIFT3 generatedinstancesto deriveserializersautomatically,
it would appearthat theonly featurecurrentlymissingis XML namespaces(vital
for modularserviceinteroperationand schematyping), which can be addedby
updatingtherelevanttypesto enhanceexpressivity.

However, thereis onekey featurewhich HaXML’s serializercannotcurrently
dealwith, andto which we intendto show thereis currentlyno adequatesolution
provided; the conceptof dataannotation. Within the sphereof interoperability,
annotationof XML datais of paramountimportance,ason its own XML datacon-
veys no meaning,relying insteadon a pre-processedschemafor thedescriptionof
the structure. In many casesthis is adequate,but whenmessagestructureis left
undefined(for example,via wild-cardschemaconstructs),it is importantthatdata

2Althoughwereferto HaXML in thepaper, HAIFA usestheHaskell XML Toolbox[11] asit
providesmorefeaturesandamoreexpressivedata-structure.Althoughdifferenttypesareusedto
representXML trees,thetype-classprinciplesarethesame.

3DrIFT is a type-sensitivepre-processorfor Haskell, c.f.
http://repetae.net/john/computer/haskell/DrIFT/
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is annotated.Further, asmorecometo the conclusionthat a syntacticstructure
definition aloneis inadequateto describedata,andsemanticannotationbecomes
importantto convey themeaningof thedata[2], dataannotationbecomesincreas-
ingly important.

To exemplify, asimpleSOAPenvelopewhichsuppliestheinputto anoperation
for addingtwo numberstogethermightbeencodedin XML like this:

<Envelope><Body>
<addRequest>
<num1>5</num1>
<num2>10</num2>

</addRequest>
</Body></Envelope>

Withoutanexternalschemait is impossibleto determinethetypeof thedatain the
elementsnamednum1 andnum2. Oneway aroundthis problemis, aswe have
seen,to defineaschemafor themessagestructure.However if W3CXML Schema
is usedto definethemessagestructureit is necessaryto fix theseasvalueshaving
a monomorphictype. If insteadwe wish to take advantageof polymorphism,the
typedataneedsto becarriedalongwith thedataitself.

Haskell’s type-classesallow elegantattachmentof meta-datato types,but it is
not possibleto utilize this datawithin a closedtype-classdefinition, asprovided
by Haskell2Xml, becausethe context is fixed. It is thereforenecessarythat
serializerscanbeprovidedwith a customizablecontext, which canconvey meta-
dataandallow furtherfunctionalityto behookedin.

A methodfor context customizationhasbeendescribedby Hughesin [7]. This
allows type-classesto be referencedasfirst-classtypesby assigninganalgebraic
type,calledadictionary, whichallowsaclass’functionalityto bedeterminedfrom
its structure. This proxy type can thenbe insertedinto the serializationprocess
by meansof anextra parameterof themainserializationclass,alongwith a hook
functionwhichencodestheextradatainto thetree.

Wethusintroduceaversionof Haskell2Xml4 with thefollowing classhead

— h is thecontext hookanda is theserializedtype.
classData(DictHaskell2Xmlh) a ⇒ Haskell2Xmlh a

where
— Serializethetypea in thecontext of hookh.
toContent:: h → a → [Content]
— Deserializein thecontext of h to typea.
fromContent:: h → [Content] → (a, [Content])

whereh is the type of the hook that is to be appliedto the serializationprocess
andContent is the HaXML type representingthe XML tree. TheData class

4Theclassin HAIFA is actuallycalledXMLData andhasdifferentmethodnames,but hasthe
samefunctionality
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(asdefinedin [8]) actsasthecarrierfor thecustomizablecontext (it alsoprovides
reflection functions,but we elide thesefor now). DictHaskell2Xml is the
proxy typefor Haskell2Xml, asshown below:

data DictHaskell2Xmlh a =
DictHaskell2Xml { toContentD :: a → [Content]

, fromContentD:: [Content] → (a, [Content])
}

Theh parameteris missingfrom the function proxiesbecauseit is automati-
cally propagatedvia thedictionarydefinition,asshallbedemonstrated.This new
typeis currentlyonly aninterfacefor theclassandneedsto bepopulatedwith ac-
tual functiondefinitionsto beuseful. This taskis donevia thedict functionof
theSat class,whichhasthejob of returningavalueof thetypeit is parameterised
over, but populatedwith actualdata. Thedefinitionof theclass,andthe instance
for theHaskell2Xml dictionaryis asshown:

— Returnapopulateddictionaryfor thegivenproxy type
classSata wheredict :: a
— PopulatetheHaskell2Xml dictionary.
instance(XmlHookh a, Haskell2Xmlh a) ⇒ Sat(DictHaskell2Xmlh a)

where
dict = DictHaskell2Xml

{— Performserializationandannotate
toContentD= λ x . annotateq x (toContentq x)
— Performdeserialization

, fromContentD= fromContentq
}
whereq = ⊥ :: h — Propogatethehookvia q.

The instanceof Sat for DictHaskell2Xml populatesthe dictionarywith
functionsfrom the actualclassby applyingthe constraintthat for a dictionaryto
beextractedfor aparticulartypeandhook,theremustbeasuitableinstanceavail-
ableof Haskell2Xml. TheSat instanceis alsoconstrainedwith a furtherclass
calledXmlHook whosesingle function performsa transformationon the XML
document,insertingtheannotation.Thepresenceof theconstrainthereguarantees
that every type down the serializationtreecanhave the hook appliedto it. The
classstructureis shown below:

classXmlHookh a
where

— Produceadocumenttransformationfor hookh andtypea.
annotate:: h → a → ([Content] → [Content])

Eachhook shouldbe representedby a dummytype with no constructors(in-
dicatedby thepropagationof its valueas⊥ in thedictionarypopulation),sinceit
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merelyactsasa label.Theproxy for toXml in thedictionarydefinitionautomati-
cally annotatestheserializedoutput,makingthisapplicationtransparent.

AlthoughXmlHook exposesthe typea directly, ratherthanspecifyinganno-
tationsfor specifictypes,it is moreconvenientto constrainthetypea with agiven
class,thusallowing the hook to pull in externaldatafrom otherclasses.For in-
stance,asimpleHaskell typeannotatormightbe:

— Labeltypewith noconstructors
data TypeHook
— Typeablestoresuniquetypeidentifiersfor Haskell types
instanceTypeablea ⇒ XmlHookTypeHooka

where
annotate_ x = 〈Add XML attributefor annotation〉

Using this annotatorhasthe effect of addingan attribute specifyingthe Haskell
typeto XML elementdeclarations,for example:

<year haskellType="Data.Int.Int">2005</year>

This methodcanthusbe usedto annotateserializeddatawith a wide variety
of meta-data,which is decoupledfrom theoriginalserializerdefinition,andhighly
modularin nature. It shouldbe notedthat Haskell cannot,as such,easily take
advantagesof type annotations.Type meta-datacannotbe usedbeyond simple
validationsinceall typesmustbe decidedon at compiletype. A moreadvanced
methodinvolving dynamictypingwouldberequiredin this instance.

Finally we cancreatetheactualfunctionswhich will serializeanddeserialize
a typewithin a givenhook’s context. This functionusesthetypeof hookanddata
to createasuitabledictionary, acquirethetoXml functionvia toXmlD andrun it
on thedata.

toXml′ ::(Data(DictHaskell2Xmlh) Int, XmlHookh a)
⇒ h → a → [Content]

toXml′ (q :: h) (x :: a) = toXmlD(dict :: DictHaskell2Xmlh a) x

However, onecaveatstill exists in the serializerasit stands.The readermay
have noticed that no codehasbeensuppliedfor adding the XML attribute for
Haskell type annotation;this is simply becauseit is not possibleto do this using
the HaXML data-typeif our serializerrecursively produces content.In HaXML
attributesarenot treatedasregularcontent,but assub-propertiesof anelementand
cannotexist outsideof one. Now in thecontext of anentireXML documentthis
is absolutelycorrect- it is not possiblefor attributesto exist outsideelements,but
whenrecursively building thetreeby composinga numberof functionsit mustbe
possible.This is particularlyimportantwhentheattributebelongsto thedataitself
andnot to theencapsulatingelement,asis oftenthecasewhendealingwith poly-
morphicdata.This,alongwith HaXML’slackof namespacesupport,motivatesour



111

usingtheHaskell XML Toolbox[11], which hasa moreliberal attitude,allowing
attributesto appearanywhere.This naturallymeansthatfalseXML structurescan
berepresented,but in practicethis is not a problem.Thereadermustnot assume
that the intentionis to condemnHaXML’s model; it perfectlymatchesthe W3C
XML Schemadatamodel.Ratheramoreexpressivemodelis sought.

Onefurther featurewhich canbeaddedto theserializeris an internalschema
definition,which candefinethe structureof algebraictypesin termsof their ele-
mentsandattributes.Eachtypeis assigneda list of schemas,defininghow eachof
thechild termsof the type is representedin XML. This canthenbeusedto auto-
maticallyserializeanddeserializedataandrequiresmuchlesseffort thancreating
theserializersmanually. For thepurposeof HAIFA, a schemastructurewascho-
senwhichwouldbemorenaturalfor usewith Haskell data-types,ratherthanusing
an establishedschema,suchasXML Schemaor RELAX-NG. Nevertheless,the
schemastructurehasbeendefinedwith typemappingin mind, andis thusstrictly
moregeneralthanXML Schema(whilst RELAX-NG is a future target) so asto
allow completerepresentationof its data-model.The data-typeusedto represent
XML structures(or particles) of eachtermis shown below:

— Schemarepresentationof XML particles
dataPartSchema= Attr OccursString(MaybeURI) |

ElemOccursString(MaybeURI)|
ChoiceOccurs [PartSchema] |
SequenceOccurs [PartSchema] |
Inter Occurs [PartSchema] |
AnyAttrAnyRes |
AnyElementOccursAnyRes |
TextContent

Eachparticle’s cardinalityconstraintis definedby theOccurs type,which de-
finesthe upperand lower boundsof the numberof timesthe particlecanoccur.
Suchconstraintsarevital for list data,whereeachlist membermay be encapsu-
latedby a recurringtag. A schemais allocatedto a typeby meansof new method
of Haskell2Xml. Eachdescriptorrespectively represents

• Attributes,whicharetreateduniformly with elements

• Elements(i.e. XML tags)

• Choicesof multiplestructuraloptions

• Orderedsequencesof particles

• Unordered(Interleaved)particles

• Wildcardattributes(whereAnyResdefinesany restrictionson what typeof
attributecanoccur)
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• Wildcardelements

• Textual content(at leafnodes)

TheHaskell2Xml classis thenassigneddefaultdefinitionsfor f romContent
andtoContent which containrulesfor processingthedata-typeusingtheschema
definition. Defining serializersfor mappedtypesthusbecomessimply a caseof
mappingfrom thetyperepresentingtheactualXML schema,to theinternalschema
of Haskell2Xml. Further, thereflectiondataavailablevia theData classcanbe
usedto generateserializersautomaticallyfor particulartypes.For example,record
syntaxdata-typescanhave serializersgeneratedwhich serializeasa sequenceof
elementsnamedafterthetype’s field names.

4 SERVICE INTEROPERATION

Having equippedourselveswith asuitableXML serializer, wearenow in aposition
to satisfyour original goal, the invocationof SOAPoperationsasfunctions. We
do this via a generalinvocationfunction,which views callsasconsistingof three
components

1. A serializableinputmessagedata-type.

2. A serializableoutputmessagedata-type.

3. An executor, whichperformstheinvocation.

The two messagedata-typescanbe madeserializablewith suitableinstances
of Haskell2Xml, but the executorrequiresmorediscussion.An executorcan
be viewed asa side-effecting IO operationwhich transformsoneserializedmes-
sagerepresentedby aString to another. Thus,executorsarerepresentedby the
following class:

classServiceExecutora
where

— Produceanexecutionfunctionfrom theexecutortypea.
executeService:: a → String → IO String

Thusaserializedcall canbeformedfrom theinputmessage,executed,andthe
responsedeserializedto form theoutputmessage.This givesrise to the function
soapCall which actsasthe generalfunction wrapperfor services,andhasthe
following type:

soapCall :: (Haskell2Xmlh a, Haskell2Xmlh b,
ServiceExecutore)
⇒ e → h → a → IO (EitherFault b)
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Thissimplefunctionmakesthecreationof SOAPstubssimplyacaseof creat-
ingserializersfor themessagetypesanddefiningasuitableexecutorfor theservice.
As anexampletheexecutortypefor HTTP is shown below:

dataHTTPExec=
HTTPExec{ httpEndpoint :: URI

, httpSOAPAction :: MaybeURI }

It simply definesaHTTP requestasconsistingof a suitableURL5, andmaybe
a SOAPAction (rarelyused,but partof theSOAP/1.1specification).TheHaskell
HTTP library6 canthenbeutilized to build an instanceof ServiceExecutor
for theHTTPExec typewhichperformsasuitablePOSTrequestto thegivenURL,
returningthebodyof thereply. Thusourexecutionparadigmis complete,andcre-
atingstubsis simplyacaseof definingtheinterface’s typestructureandproviding
asuitablebindingto soapCall.

For example,thegoogleSearch operationof the theGoogleweb-service7

canbeaccessedwith thefollowing stub:

googleSearch :: DoGoogleSearch →
IO (EitherFault DoGoogleSearchResponse)

googleSearch = soapCall(HTTPExecgoogleURLNothing) XSITypeHook

whereDoGoogleSearch andDoGoogleSearchResponse arethepre-defined
inputandoutputmessagetypesrespectively, googleURL is theendpointURL of
theGoogleWeb-ServiceandXSITypeHook is theannotatorwhich insertsXML
Schematypeannotations.

5 PUBLISHING FUNCTIONS

In this sectionthe publishingof Haskell functionsasserviceswill be examined.
Sincewe’ve establishedthat a serviceoperationcan be modelledas a function
from the input to theoutputmessageplusa side-effect, we cangeneralisefurther
from thepreviousfunctionmodelandsayany functionof theform

— MonadIOis theclassof IO basedside-effectingmonads.
f :: (Haskell2Xmlh a, Haskell2Xmlh b, MonadIOm) ⇒ a → mb

canbe directly be invoked via a service. All that is requiredis the machineryto
bind it to anexecutionprotocol.As mentioned,this researchprimarily focuseson
SOAP/HTTP, andsothefirst stepis to createasimpleHTTPserver for Haskell.

Therealreadyexists sucha server in reasonablygoodworking order, called
HWS-WP[9][12], but it cannotbeuseddirectlybecausetheHTTP/1.1implemen-
tationis meantfor testingonly, essentiallyonly supportingpropagationof HTML

5NotethatweusetheURI data-typesinceit representsasupersetof URLs.
6Seehttp://www.haskell.org/http/
7Seehttp://www.google.com/apis/ for detailsof theGoogleAPI
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documents.What it doesprovide however is a good startingpoint for creating
therequesthandler, andthusit hasbeencombinedwith theHaskell HTTP library,
which providesa full implementation.The HTTP library containstwo key data-
types,Request andResponse which representa HTTP requestandresponse
respectively. A notion of HTTP handlersis adoptedwhich mirrors the operation
architecture,in thata handleris viewedasa functionfrom a requestto a response
andside-effect, which canthenbe boundto an endpointURL. The HTTP server
thustakesa setof handlers,aswell asvariousconfigurationoptions,andbuilds a
server in theIO monad,asshown below.

— AssociateaserverURL stringwith ahandlerfunction
type HTTPHandler=

(String, Config → Request→ IO (EitherStringResponse))

— RuntheHTTPServer, usingtheconfigurationfilenamegivenwith asetof
— HTTPHandlersandXML configurationreaders.
httpServer:: FilePath → [HTTPHandler] →

[Document→ Config → Config] → IO ()

A HTTP handleris viewed asa pair, mappinga local URL on the server to
a handlerfunction taking a global configuration,a HTTP requestandproducing
eitheranerrorstringor aHTTPresponsein theIO monad.

In the SOAP servicearchitecture,it is possibleto have multiple operations
boundto a singleURL. Many authors(ourselvesincluded),criticise this feature,
dueto its non-composableview of an application’s interface,exemplifiedby the
factthataservicecannotsimplybeexpandedorcontractedbyaddingandremoving
URLs. Nevertheless,it is afeaturewhich,for now, mustbedealtwith. In thefuture
we would prefer a view of endpointadvertisementsimilar to that taken by the
REST[5] architecture,in which theURL hierarchy is usedto organizeoperations
directly.

The processof binding Haskell functionsto a URL via SOAP is a process
of creatinganinterfacefor thefunctionsbetweenserializabledata-types,andthen
convertingtheseheterogeneousfunctionstoahomogeneoushandlerfunctionwhich
canbeinsertedinto theHTTPserver. To facilitatethisconversionwehavecreateda
classcalledService, containingasinglefunction,publish. ThistakesaHTTP
server configuration,a wrappedHaskell functionparameterisedover aMonadIO
monadandproducesatransformationfrom oneXML treeto anotherin themonad,
encapsulatingtheSOAPoperation.Thestructureof this classis show below:

— Parameterisedover thefunctionwrappertypeandthemonad
— beingusedto executetheservice.
classServicesm

where
publish :: Config → sm → (Document→ mDocument)

Eachwrapperallows conversionof differenttypesof functionto a serviceop-
eration.Thewrapperis primarily theresothatall functionscanbeparameterised
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over themonadrepresentedby m, even if it is not usedin the function itself. For
example,thewrapperfor apuretransformationfunctionis

data MonadIOm ⇒ SimpleFunca bm =
SimpleFunc{ sfunc:: (a → b) }

This type is parameterisedover the input type,theoutputtypeandthemonad
beingused.It is importantthatm is thelastvariablesothatthetypeSimpleFunc
A B (whereA andB aretypes)canunify with s in thepublish function,which
is parameterisedoverm.

Thepossibilityof errorsin codeexists,andthusexceptionsmustbedealtwith.
Thiscanbeachievedvia a functionwhichconvertstheHaskell Exception type,
which can be thrown by a function, to a SOAPFault type and serializesthe
representation.

Finally eachfunctioncanbeintegratedinto thehandler, andfittedwith aguard
to pick which of thefunctionsis beingcalledby checkingthenameof theincom-
ing message.Eachvalid requestwill yield a 200 HTTP response(i.e. request
succeeded,hereis the response),with thebodyof theHTTP responseconveying
theSOAPenvelope.

All of this is doneby thebuildWS functionwhich allows multiple heteroge-
neousfunctionsto beboundto anoperationnameandturnedinto a singleHTTP
handlervia an existentially quantifiedtype which wrapsthe polymorphicservice
functions. The function also takes an optional HTML documentwhich will be
displayedif the service’s URL is browsed,i.e. whenan HTTP GET is received,
asopposedto a POST. Thestructureof buildWS andtheassociatedexistentially
quantifiedPubFunc typeis shown below:

— Allowsany memberof theServiceclassto bewrappedupas
— amonomorphictypeparameterisedover theoperationmonad.
dataPubFuncm = ∀ s . Servicesm ⇒ PubFunc(sm)

— Build aservicefrom asetof name/operationpairsanda
— HTML documentfor display. Producea functionfrom aconfig
— andrequestto eitheranerroror response.
buildWS :: MonadIOm ⇒ [(String, PubFuncm)] → MaybeHtml →

(Config → Request→ m(EitherStringResponse))

PleaseseeAppendixA for anexampleservicemodulebuilt usingthisAPI.

6 FUTURE WORK

A key assumptionmadein this paperis that the type of a service’s operationis
known beforehand,althoughin reality this is rarely the case. We arecurrently
working on anXML Schematypemapperwhich works in concertwith theXML
serializerclass,andcurrentlyhastheability to mapSchematypesto Haskell types,
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aswell asgeneratingserializersvia theintermediateschemarepresentation,though
currentlynot from Haskell to XML Schema(primarily becauseHaskell algebraic
typesare a lot more expressive than XML Schema).This is one stepcloserto
the developmentof a discovery framework to complementHAIFA, which would
allow theautomaticintegrationof particularserviceswith Haskell usingtheservice
brokerarchitectureandservicedescriptionlanguagessuchasWSDL.

All this is leadingtowardour ultimategoalwhich is thecreationof a service
compositionframework, usingHaskell to provide orchestrationof workflows. It
is our hopethat by makinguseof semanticweb-servicesanda future discovery
framework it will be possibleto automaticallyfind the appropriateweb-services
requiredfor a taskandthencomposethemtogether.

Theexampleof servicecompositionin Section2 is only verysimpleandin re-
ality canhavelittle practicaluse.Instead,awidervarietyof constructsarerequired
other than sequence,and a model of data-flow so that outputscan be mediated
betweenservices. All of this can be achieved with a suitableprocesscalculus,
which canprovide orchestrationof a compositeworkflow andserializationof the
associatedI/O operations.This work is currentlybeingundertakenin theCashew
project8 [6], with HAIFA providing thelow-level web-servicesupport.

7 CONCLUSION

We have outlineda web-serviceframework for Haskell which allows boththeac-
cessingof existing services,andthecreationof new ones,in Haskell. This frame-
work canbe usedboth for client-sidemappingof web-servicesto functions,and
thecreationof servicesfrom Haskell functions.Further, this work leavesthedoor
openfor usingHaskell asservicecompositionlanguage.

Thework onXML thatwehavedemonstratedrepresentsonly a fractionof the
featuresexhibitedby theserializerin HAIFA, andin futurewehopeto achievefull
schemasupportto enabletransparentmappingof schematypesto Haskell types
andservicediscovery.

It is fair to saythat this paperhasnot describedanything which canbe con-
sideredas“new” to thefunctionalprogrammingcommunity;insteadit hasuseda
numberof well known techniquesto give anelegant implementationof theweb-
servicearchitecture.This work gives rise to a groundingfor Cashew basedor-
chestrations,in the form of monadicbindingsfor the underlyingcalculus’ pro-
cesses.How suchprocessesform operationserializationshasbeendemonstrated,
whilst eliding the morecomplex issuesof scheduling.The detailsof how high-
level orchestrationsemanticsareformedcanbefoundin ouroperationalsemantics
paper[10].

8TheCashew projectpagecanbefoundat
http://www.dcs.shef.ac.uk/~barry/CASheW-s/
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A “HELLO WORLD” SOAP SERVICE IN HASKELL

Themodulebelow definesasimpleSOAP/HTTPservicewhichacceptsamessage
encapsulatinga person’s nameasa String andreturnsa messagecontaininga
greetingto thatname.

module HelloWorldService where

-- Import the XML Serializer and service publisher.
import Text.XML.Serializer
import Network.Service

-- Input message type, contains a single
-- string representing the name.
data HWRequest = HWRequest String
-- Output message type, contains the returned greeting.
data HWResponse = HWResponse String

-- The actual pure-function which will be published,
-- from the input message to the output message.
helloWorld :: HWRequest -> HWResponse
helloWorld (HWRequest n)

= HWResponse ("Hello there " ++ n ++ "!")

-- Make messages serializable using Haskell2Xml class.
-- Data constraint is explicit to allow hook propagation.
instance Data (DictHaskell2Xml h) HWRequest

=> Haskell2Xml h HWRequest where ...

instance Data (DictHaskell2Xml h) HWResponse
=> Haskell2Xml h HWResponse where ...

-- Define the service’s HTTP handler
helloWorldService :: HTTPHandler
helloWorldService =

("helloWorldService",
buildWS [("helloWorldRequest",

PubFunc (SimpleFunc helloWorld))])

-- Create the server with the given configuration file and
-- a single handler function.
runHelloWorld :: IO ()
runHelloWorld

= httpServer "config.xml" [helloWorldService] []


