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Abstract

Both peerservicesand web servicesoffer a perspectiveof
servicesin the role of resoucesthat can be combinedto

enablenew capabilitiesgreaterthan the sumof the parts.
However, current service compositionsolutions seemto

supporteitherhighly dynamiadiscoveryor elseveryloosely
coupledservicedevelopmentput not both. We proposea
facilitator servicemedanismthat canleverage “r eflected”
XML-basedspecificationgborrowedfrom the webservice
domain)to directandenablecoordinatedsequencesf mes-
sage exchanges (cornversations)betweenservices. e ex-

tendthe specificationof a messge exchange with the abil-

ity to specifytransformationgo beappliedto bothinbound
and outbounddocumentsWe call theseextendedmessge

exchangestransformationainteractions Thefacilitator ser

vice can usethesetransformationalinteractionsto allow

service developes to decoupleinternal and external in-

terfaces. This meansthat servicescan be developedand
treatedas poolsof methodghat canbe composedlynami-
cally.

1 Intr oduction

Peerto-Peel(P2P)technologybringsdistributedcomput-
ing capabilitiesto individuals, creatinga new perspectie
of network-capabledevicesin the role of peerservicere-
sourcesthat can be combineddynamicallyto enablenew
capabilitiesgreaterthanthe sumof the parts. This goal of
enablingautonomouservicesn adynamicervironmentto
interactin a loosely coupledmanneris sharedby the web
servicecommunity Thus,thereareanumberof commoris-
sueghatbothpeerserviceandwebservicedeveloperamust
addressincluding:

« discovery. how to registerandfind servicesin a dy-
namicernvironment.

« interfaces how to invoke servicencethey have been
discovered.

« protocols how to coordinateserviceinteractionsbhe-
tweenextremelyloosely-coupledervices.

Thetwo communitieshave distinctapproachedowever.
Web servicesexist in arelatively staticervironmentof reg-
isteredhosts, and static IP addressesand can leveragea
numberof standardsand protocols(e.g., WSDL, WSCL,
WSFL) that supportthe compositionof loosely coupled
services. Peersystemssupporta highly dynamicdiscov-
ery model,but currentlytendto requireapplication-specific
centralizedcontrol of the distributed program,or elsere-
quire the download andinstallationof application-specific
softwareon participatingparties,or both.

It follows naturally that the two communitiesshould
leveragesachothersstrengthsSchneidefl] forseesacon-
vergenceof peerand web services,whereboth peerand
webserviceuseWSDL andSQAP for servicedescriptions
andinvocations.However, evenwith servicesusingWSDL,
SQAP, andWSCL, the questionstill remainsof how to co-
ordinatetwo serviceshat wereindependentallydeveloped
andmaynotconformto matchingmessagelocumentypes.
This problemis exacerbatedoy the highly dynamic and
low-barrierto-entrycharacteristicef thepeerenvironment.
Thatis to say giventhatP2Pdiscorerymechanismallow a
givenpeerto discover peersthat provide desiredresources
in a highly dynamicanddistributedfashion,we would like
a peerserviceto be ableto interactwith servicesprovided
by other peerswithout having to download or install new
application-specifisoftware.

Previously, in [2], we introduceda lightweight dynamic
corversationcontrollerfor E-Services. This “third-party”
externalservicecandirectandtrack spontaneousorversa-
tionsbetweerservicesandclients,thusenablingservicego
carry out an entire corversationwithout the servicedevel-
opershaving to implementary explicit corversatiorcontrol
mechanismsThisfunctionalityis especiallyusefulin aP2P
ervironment,becausét meansthattwo servicescaninter-
actwithout their developershaving to implementmatching
corversationpolicies. Furthermorepecausehe controller
canbeimplementedn a statelessnannerandbecausehe
controlleris only responsibldor corversatiorlogic (asde-
scribedin Sectiord), corversingpartiescanswitchbetween
arny numberof instancef a controllerin the courseof a
corversation.

However, our earlycontrollerstill requiredservicedevel-
opersto codeto matchingmessagelocumentypes. This
limitation is particularlyunacceptabléor the P2Perviron-
mentwhereit seemsamorerealisticto expectthereto bea
diversecollection of continually evolving documenttypes
thana setof fixedstandards.

We introducetransformationalinteractionsto help ad-
dressthe problemof how to designand implementsys-
temsthat are decentralizecand conducve to dynamicand
autonomousnteractionsbetweenindependentlydeveloped
applications. We adwocatea service-orientegharadigmin
whichwetreatservicesaspoolsof functionalendpointghat
canbe composedisingtyped messagexchangeginterac-
tions). A transformationalnteractionis anabstracspecifi-
cationof atypedmessagexchangehathasbeenextended
with the ability to specifytransformationgo be appliedto
bothinboundandoutbounddocuments.



We proposeextendingthe P2Pervironmentwith facilita-
tor serviceghatcanleveragé‘reflected”XML-basedspeci-
ficationsto directandenablecoordinatedsequencesf mes-
sageexchangegcorversationshetweenpeerservices.We
usethetermfacilitate becauseherole of suchserviceds to
enableasopposedo control, P2Pactvity. Separatinge-
tweencorversationalogic andinterfacelogic allows usto
usecorversationand interface specificationgo direct ser
vicesin their interactions thusfreeing servicedevelopers
from having to explicitly programcorversationalogic. Ex-
tendingcorversatiorspecificationsvith transformationsil-
lows usto free servicedevelopersto someextent,from the
responsibilityof navigating messageaype mismatches.In
addition, it allows the servicesto offload somecomputa-
tional responsibilityto thefacilitator.

For example,Figurel sketchegwo “shoppingcart” con-
versationspecificationgor digital photographstorageser
vices (similar to servicesoffered by companiessuch as
ofoto.com).Thesecorversationsarespecifiedrom the per
spectve of the photostorageservice. The circlesrepresent
interactions;the boxesrepreseninbounddocumentypes,
and the arcs betweenthe circles representhe transitions
betweeninteractions,which are driven by outbounddoc-
umenttypes.Thetwo corversationsarestructurallysimilar,
but notidentical. The “securealbum” corversatiorrequires
theclientto signin beforeselectinganalbum, whereaghe
“anonymousguest” corversationdoesnt requirethe client
to signin until they arereadyto purchasesomephotos.In
addition,oncethe client is readyto checkout, the “secure
album” corversationexpectsthe client to senda document
of type“CheckoutRQ”andthesenerto respondvith adoc-
umentof type “Bill, " while the “anonymousguest”corver
sationexpectsthe client to senda “Requestlwoice” docu-
mentthe serviceto respondwith an“Invoice” document.
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Fig. 1. Two examplecorversations.

Figure2 shovs how a procuremenservicedevelopedto
supportmessageypesfrom the “SecureAlbum” corversa-

tion canuseary instanceof a corversationfacilitator ser
vice to transformmessageand direct messagexchanges
wheninteractingwith a photoservicedevelopedto support
messageypesfrom the“AnonymousGuest’cornversation.

Procurement Photo
Service Service

Conversation
Facilitator

Fig. 2. A corversationfacilitator canhelp two servicesen-
gagein aninteraction.

In this paper we describehow we leverageweb service
technologiego createa facilitator servicethat enableghe
dynamiccoordinatiorandcompositionof P2Pservices For
example, our facilitator would enablea peer servicethat
supportonly the “anonymousguest’corversatiorto inter-
actwith anothempeerservicethatsupportsonly the “secure
album” corversation-without having to updateeitherser
vice. In fact, the servicedeveloperswould be freed from
having to implementary corversationalogic. We begin by
discussinghe similarities betweenB2B and P2P services
(in Section2), anddiscusshow P2Pcanbenefitfrom work
currentlybeingdonein theB2B domain.We thenintroduce
a model and paradigmfor facilitatedP2P computing. We
have implementeda prototypefacilitator service,and we
describdts architecturen Section3. Facilitatedcomputing
is relatedto a numberof otherefforts, which we discussn
Section5. Finally, we presenfuture work andconclusions
in Section6.

2 Applying a B2B Perspectiveto P2P

A numberof articleshave considerechow B2B webser
vicescanbenefitfrom theP2Pmodel[3], [4]. Here,wetake
a differentperspectie, and examineinsteadwhat P2Pcan
learnfrom webservices.

2.1 A Web-Sewice Perspective

Electronic Commerceis driving distributed computing
towardsa model of servicebasedinteractionswherecor-
porateenterprisesuse web-servicedo interactwith each
otherdynamically[5]. Web-servicesiremuchmoreloosely
coupledthantraditional distributed applications. This dif-
ferenceimpactsboth the requirementsand usagemodels
for web-servicesandmotivatesour comparisorto the P2P
model. Web-servicesredeployed on behalfof diverseen-
terprisesandtheprogrammersvhoimplementhemareun-
likely to collaboratewith eachother during development,
yet the purposeof web-serviceds to enablebusiness-to-
businessnteractions Therefore B2B servicesnustsupport
very flexible, dynamicbindings. Servicesshouldbe ableto
discover new servicesandinteractwith them dynamically



without requiringprogrammingchangego eitherservice.

For example, a servicein one enterprisecould sponta-
neouslydecideto engagea servicefronted by anotheren-
terprise.In orderfor thetwo serviceso interactwith each
otherdynamically they mustbe ableto do threefundamen-
tal things. First, clientsmustbe ableto discover services.
Second,a servicemustbe ableto describeits abstractin-
terfacesandprotocolbindingssothatclientscanfigure out
how to invoke it. Third, the servicesmustbe ableto carry
out comple interactions(corversationsjn orderto trans-
acttheir businesgfor example,the client shouldbe ableto
login andthenpurchasenitem from the service).

A numberof currentlydevelopingB2B standardaddress
theseissues.UniversalDescriptionDiscovery andIntegra-
tion (UDDI) [6] defineshow to publishanddiscover infor-
mationaboutweb services.The currentversionof the Web
ServicesDescriptionLanguage(WSDL 1.0) [7] is a gen-
eral purposeXML-basedlanguagdor describingtheinter-
facesandprotocolbindingsof web servicefunctionalend-
points. WSDL also definesthe payloadthatis exchanged
using messagingorotocolssuch as SQAP. Neither UDDI
nor WSDL currently addresseghe problemof how a ser
vice canspecifythe sequencesf legal messagexchanges
(interactions}hatit supports.(We usethe term “conversa-
tion” from theagentcommunityto referto alegal sequence
of messagexchanges.) Corversationlanguagessuchas
HP’'s Web-ServiceCorversationLanguagé (WSCL) [8],
[9] and RosettaNes PIPs[10] addresghis issue,provid-
ing XML schemador defining legal sequence®f docu-
mentsthatweb-servicegsanexchange Corversatiordefini-
tion languagesndinterfacedefinitionlanguagesrehighly
complimentary- the latter specifieshow to sendmessages
to a serviceand former specifiesthe orderin which such
messagesan be sent. The advantageof keepingthe two
distinctis thatdoingsoallows usto decouplecorversational
interfacesfrom service-specifiinterfaces.This meanghat
a single corversationspecificationcan be implementecby
arny numberof services,jndependenbf the protocolssup-
portedby the variousimplementations.

2.2 A Model for Facilitated P2P Interactions

Many of the characteristic®f B2B servicesare equally
applicableto P2Pcomputing.Both the B2B andP2Pmod-
els requireinteractionbetweenloosely coupleddecentral-
ized peers. Both environmentsare subjectto difficulties
coordinatingservicedevelopers. We proposeto apply the
B2B servicemodel of interactionsin orderto extend peer
serviceswith the ability to supportvery flexible, dynamic
bindings.

In ourmodel,peerserviceqreferredto asservicedor the
remainderof this document)interactby exchangingmes-
sagesEachmessageanbe expressedsa structureddoc-
ument(e.g., usingXML) thatis an instanceof somedoc-
umenttype (e.g., expressedusing XML Schema).A mes-
sagemay be wrapped(nested)in an encompassinglocu-
ment, which can sene as an ervelopethat addscontex-

LWSCL was originally called the Corversation Definition Language
(CDL).

tual (delivery or corversationspecific) information (e.g.,
using SQAP). We definea corversationto be a sequence
of messagexchangeginteractions)oetweentwo or more
services.

We definea corversationspecification(alsoknown asa
corversation policy) to be a formal descriptionof “legal”
messageype-basedtonversationghat a servicesupports.
We defineaninterfacespecificatior(alsoknown asaservice
description)to be a formal descriptionof a services func-
tional endpoints We assumethatboth cornversationspecifi-
cationsandserviceinterfacedescriptionswill be published
sothatservicedeveloperscandeterminenow to invoke and
corversewith anewly discoveredservice.

2.2.1 ConversationLogic versusinterface Logic

We separatea services interfacelogic from the corver-
sationlogic that a servicemight support. This distinction
allows usto treatservicesaspoolsof interfacesthatcanbe
specifiedby individual participantsaandthenlatercomposed
using separatecorversationspecifications. We can then
createcorversationcontroller servicesthat can use con-
versationand interface specificationgo direct servicesin
theirinteractionsthusfreeingservicedeveloperdrom hav-
ing to explicitly programcorversationalogic. Suchasin-
gle third-party corversationcontroller could leverage“re-
flected”XML-basedspecificationgo directthemessagex-
change®f Peerservicesaccordingo protocolswithout the
servicedevelopershaving to implementprotocol-baseélow
logic themseles. The corversationcontrollercanassume
responsibilityfor thecorversatiorliogic, leaving servicede-
velopersfree to focuson service-specifitogic. For exam-
ple, the controllerwould handleexceptionsdueto message
typeerrors,while theservicewould beresponsibldor han-
dling exceptionsrelatedto messageontent.

Theadvantageof this approachs thatit enableservices
to be easilyandflexibly composedvith a minimum of pro-
grammingeffort. In orderto participatein a givencorver
sationtype, a serviceneedonly to be able to acceptand
producemessagesf theappropriatdypes.This allows ser
vicesandclientsto discovereachotherandinteractdynam-
ically usingpublishedspecifications.

Thatis to say becauseahe cornversationpoliciesare not
service-specific servicesand clients can interact even if
they werenot built to usepreciselymatchingcornversation
policies,aslong asboth partiesarecapableof sendingand
receving appropriatemessagesFurthermore pecausehe
serviceinterfacesandthe corversationpolicies are decou-
pled,differentinstance®f a servicecouldnametheir meth-
ods independentlye.g., a client could usethe samecon-
versationspecificationto talk to two differentbook-selling
services,despitethe fact that one servicesupportsa Lo-
gin methodwhile the otherusesa correspondingSign-on
method.

Finally, this approacltgivesus a scalablemechanisnfor
handlingtheversioning(evolution) of corversatiorpolicies.
Serviceswvould not necessarijhave to be updatedn order
to supportnew or modifiedcorversatiorpolicies.



2.2.2 Extending Conversation Definitions with Trans-
formation Specifications

Thusfar, we have explainedthat if peerservicescom-
municateby exchangingtypedmessagedhenservicescan
adwertiseand discover eachother using registriessuchas
UDDI, servicescan publish specificationgdescribingtheir
functionalinterfacessothatnew clientscanknow how toin-
voke them,andthird-partycorversationcontrollerscanuse
messagédype driven corversationspecificationsto direct
servicesn their corversations Whenwe move this model
to anevenmoredecoupled®2Pervironmentwith computa-
tionally limited peerserviceswe encountenew issues For
example, the documenttype mismatchproblem (where a
servicedoesnot supportthe exactdocumentypesrequired
by a corversationspecification)becomesven morelikely
asthe numberof diverseservicesincreases.Furthermore,
peerservicesnaybe computationallylimited (perhapsun-
ning on a small device suchasa wristwatch) and may not
be capableof performingcertainfunctions(e.g.,transform-
ing a documentor calculatingthe differencebetweentwo
meetingtimes).

We thereforeextendthe corversatiordefinitionlanguage
by allowing the specificationof documentiransformations
(expressedisingsomesortof transformationemplate such
as XSLT) that can be appliedto incoming and/or outgo-
ing documents We alsoextendthe corversationcontroller
mechanisnwith theability to interprettheextendedcorver-
sationspecificationsandapply the appropriategransforma-
tions.

With thisapproachye canenablepeerserviceghathave
beendevelopedindependentlyo engagen flexible andau-
tonomousyet potentiallyquite comple, interactiongcon-
versations}thatcanexceedthe functionality of the individ-
ual services. For example,in the examplefrom Figure 1,
two servicesnay not beindependentlgapableof engaging
in businesdransactiorwith eachotherbecauseeitherser
vice hasary meansof negotiatingthe documentype mis-
matches.Extendinga corversationspecificationwith doc-
umenttransformationtemplatesallows us to delegatethe
problemof documentransformationgo the facilitator ser
vice.

3 Paradigm for Facilitated P2P Interactions

Our facilitator servicecan act asa proxy to a peerser
vice andtrack the stateof an ongoingcorversation based
on the typesof messagegxchanged. In addition, as de-
scribedabove, the facilitator canalsoapply optionaltrans-
formationsto bothincomingandoutgoingmessageateach
stageof a corversation.A facilitator servicethat actsasa
proxy performsthefollowing tasks:

« Onceit hasrecevedamessagen behalfof apeerser
vice, the Facilitator servicecandispatchthe messagé¢o the
appropriateserviceentry point, basedon the stateof the
corversatiorandthedocumentstype.

« Whenforwardingtheresponsérom the peerserviceto
theclient, the Facilitator serviceincludesa promptindicat-
ing valid documentypesthatareacceptedy thenext stage
of the corversation.This promptcanoptionally be filtered

through a transformationappropriateto the client’s type.
(E.g.,if theclientis a web browserand hasindicatedthat
it would like form output,thenthe Facilitator servicemay
transformthe responsénto anHTML form beforesending
it to theclient.)

« The Facilitator servicecanusedocumenttransforma-
tions specifiedby the corwversationto correct for docu-
menttypemismatchesndto manipulatehedocumentype
basedn messageontent.

« If theclientrequestst andspecifiesappropriatesntry
points,the Facilitatorservicecanalsodirecttheclient’s side
of the corversation.This meanghatneitherthe servicenor
the client developermust explicitly handlecorversational
logic.

In orderfor a peerserviceto usea Facilitator serviceas
a proxy, the servicedevelopermustdo the following (note
thatthe servicedeveloperdoesnot needto implementcode
to handlethe corversatiorflow logic):

« Documenthetype-basednbounddocumentandling
entry pointsin a specification(ideally capturingbothinput
andoutputdocumentypes).

« Advertisetheservicewith anentrypointgoingthrough
the Facilitatorservice.

Eachtime the Facilitator servicerecevesa messagen
behalfof the service,it will identify the currentstageof the
corversationand verify that the message’ documenttype
is appropriatejf not, thenit will raiseanexception. If the
messagés of a valid type, thenthe Facilitator servicewill
invoke the serviceappropriately If not, thenit will attempt
to applyappropriatéransformation$o corvertthemessage
into avalid type. (If it is notpossibleto corvertthemessage
into avalid type,thenthefacilitatorwill raiseanexception.)
Oncethe messagéasbeenappropriatelyconverted,then
thefacilitatorwill sendit to theservice.

Whenthe servicerespondgo the messagethe facilita-
tor will identify the documenttype of the responsefrom
the service,identify the new stateandthe valid input docu-
mentsfor thatstate,andformatanappropriateesponséor
theclient. Thefacilitatorservicecanalsopasstheresponse
throughappropriate¢ransformationsasshown in Figure 3.
For example,if theclientisanHTML browser thentheFa-
cilitator servicecouldreturnanHTML form promptingfor
appropriaténput. Moreover, if the clientis anotherservice
thatcanreturnaspecificatiorof its own serviceentrypoints,
thentheFacilitatorservicecouldautomaticallysendtheout-
put messagé¢o appropriateclient entry points;if avalid in-
put documentfor the new stateis returned,the Facilitator
servicecouldthenforwardit to theservice thusmaoving the
conversatiorforwarddynamically As aresult,the Facilita-
tor servicecanhelp a client andservicecarry out an entire
corversationwithout eitherthe client or the servicedevel-
operhaving to implementany explicit conversationcontrol
mechanismsThis meanghatthe client developerdoesnot
needcompleteknowledgeof all the possiblecorversations
supportedby all the serviceswith which the client might
interactin the future. Figure 3 sketchesa flow chartillus-
tratinganalgorithmthata Facilitator servicecould execute
eachtime it recevesa messagen behalfof aservice.
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Fig. 3. A Facilitator servicecanhandlemessageen behalf
of aservicejncludingtheapplicationof documentransfor
mationsto bothincomingandoutgoingmessages.

3.1 Client Automation

An argumentcanbe madethatdevelopersasmplementing
Peerserviceclientswill notwanta facilitator serviceto di-
recttheir partof the corversationpoth becausehey expect
to hard-codeheclient partsof thecorversatiorandalsobe-
causeahey will find theideaof usingathird-partyto control
corversationforeigr®. However, decouplingcorversation
logic from businesdogic ontheclientsidegreatlyincreases
theflexibility of a client by allowing it to interactdynami-
cally with servicesvenif their corversatiorpoliciesdo not
matchexactly. For example,the sameclient codecould be
usedto interactwith two serviceghatsupportdifferentcon-
versatiornpoliciesbut commoninterfaces.

In orderfor a facilitator serviceto directthe client’s part
of a corversation,the controller must be able to dispatch
messagetheclientreceivesfrom thesenerin orderto gen-
eratedocumentghat the sener requests.This meansthat
theclientmustbeableto communicatéts serviceinterfaces
to the Facilitatorservice.For example the upperright hand
cornerof Figure3 shawvs the Facilitatorinvoking the client.

3.2 Facilitator sewice state

The Facilitator servicethatwe have outlinedabove does
notincludeary performancenanagementjistory; or roll-
backmechanismslf onesubscribego the ideathatinter-
mediatestatef a Peerservices corversatiorarenottrans-
actional,andonealsosupposeshat CorversationManage-
mentfunctionality (including performancénistory, statusof
ongoingcornversationsetc.) is distinctfrom Corversation
Control functionality, thenthe Facilitator servicecanoper
atein a statelessnode.

Thereare advantagesand dravbacksto both a stateful
anda statelesémplementation Servicescaneasilytransfer
betweenstatelesdacilitators, even in the courseof a sin-
gle corversationanda statelesg$acilitatordoesnot have to
handlerecovery of ongoingcorversatiorshouldit crashand

2Corversationwith Kevin Smathergegardingcornversationcontrollers,
1/4/2001.

restart. However, a statefulfacilitator could be extendedto
explicitly supportadvancedeaturesuchasrollbackmech-
anismsandvisibility into corversationahistories.

4 Prototype implementation

We have implementeda prototypeFacilitator serviceas
well asexampleservicesandclients. We basedour proto-
typeonapreviousimplementatiorof alightweightdynamic
corversationcontrollerthat could receve messagesn the
behalfof the service,validatethateachmessageavasof an
appropriaténput documentypefor the currentstateof the
corversationdispatcheachmessageo appropriateservice
entry point, andusetheresultingoutputdocumentypesto
identify the next appropriateinteractionfor the corversa-
tion [2]. We extendedour previous architectureto include
supportfor transformationainteractions Figure4 sketches
thecomponent®f ourimplementation.
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Fig. 4. TheFacilitatorhandleamessagesn the behalfof services.

We tried to leverageas muchexisting technologyaswe
couldin building this prototype:

« We used the Web Service Corversation Language
(WSCL) asabasefor conversatiorspecifications.

« WeimplementedheservicesasApacheJSernservlets
(they could also have easily beenimplementedusing E-
SpeakChaiserer, Jini, or CORBA).

« WeusedApaches XercesandXalanpackagesor their
XML andXSL functionality.

« WeusedasubsetftheWebServiceDescriptionLan-
guage(WSDL) to describePeerserviceinterfaces. WSDL
is astandarcgroposedy IBM andMicrosoft.

We madea numberof simplifying assumptiondor this
implementation. The Facilitator serviceis not responsible
for maintainingmanagemerntiistory, transactionagjuaran-
tees,or the synchronizationof multiple relatedcorversa-
tions. We do notaddressecurityissuesat thistime.

4.1 SpecifyingConversationsand Transformations

As mentionedabove, we extendedthe Web ServiceCon-
versationLanguage(WSCL) to meetour needfor a con-
versationdefinitionlanguagehatincludesdocumentrans-
formationspecifications WSCL is an XML-basedspecifi-
cationthat definesa serviceinterfacein termsof a list of
interactiongkeyed by documentype), a list of transitions
that describelegal interactionorderings. We extendedour
usageof WSCL to include mappingsof the input andout-
putdocumentypesto correspondinglocumentransforma-
tions. Spaceconstraintgdo not permita full descriptionof



WSCL; insteadwe present brief overview, first of WSCL
andthenof how we usedit.

4.1.1 WSCL

WSCL addressethe problemof how to enableservices
from different enterprisesto engagein flexible and au-
tonomous yet potentially quite complex, businessnterac-
tions. It adoptsan approachfrom the domainof software
agentsmodellingprotocolsfor businessnteractionascon-
versation policies, but extendsthis approacho exploit the
fact that servicemessageare XML-basedbusinessdocu-
mentsand can thus be mappedto XML documenttypes.
EachWSCL specificationdescribesa single type of con-
versationfrom the perspectie of a single participant. A
servicecan participatein multiple typesof corversations.
Furthermorea servicecanengagen multiple simultaneous
instance®f agiventypeof corversation.

For example,a servicethatsupportghe“securedalbum”
corversationtype from Figure 1 expectsa corversationto
begin with thereceiptof aLoginRQor aRegRQdocument.
Oncethe servicehasreceivzedoneof thesedocumentsthen
thecorversatiorcanprogresgo eithera“loggedin” stateor
a “registered”state,dependingon the type of messagehe
servicegenerate$o returnto theclient.

Therearethreeelementgo a WSCL specification:

« Documentypedescriptionspecifythetypes(schemas)
of XML documentghatthe servicecanacceptandtransmit
in the courseof a corversation.

« Interactions model the statesof the corversationas
document exchangesbetween corversation participants.
WSCL currently supportsfour typesof interactions:Send
(theservicesendsoutanoutbounddocument)Receivgthe
servicereceves an inbound document),SendReceivéhe
servicesendutanoutbounddocumentthenexpectsto re-
ceive aninbounddocumentn reply), andReceiveSen(the
servicereceivesaninbounddocumentandthensendutan
outbounddocument).

« Transitionsspecifythe orderingrelationshipdetween
interactions. A transition specifiesa sourceinteraction,
a destinationinteraction, and a documenttype that trig-
gersthe transition. WSCL 1.0 also supportstwo special
transitions: Default Transition and ExceptionTransition.
A defaulttransitionis triggeredif a valid inbound (for a
SendReceiviateraction)or outboundfor aReceiveSend-
teraction)documents recevved for a giveninteraction,but
no othertransitionis triggered. At mostonedefault transi-
tion canbe definedpersourceinteraction.

Although WSCL specifiesthe valid inbound and out-
bounddocumentdor aninteraction,t doesnotspecifyhow
the corversationparticipantswill handleandproducethese
documents.The WSCL specificationof a cornversationis
thusservice-independengndcanbe used(andreusedpy
ary numberof services.

4.1.2 Associatinginteractions with transformations

With languagedike WSDL and WSCL, the facilitator
canactasa third-partycorversationcontrolleranduse‘re-
flected” XML specificationgo directservicesn theirinter-

actionsaccordingo agivencorversationaprotocolwithout
the servicedevelopershaving to implementcorversational
logic themseles. However, WSDL andWSCL do not ad-
dressthe problemof how to facilitatecorversatiorbetween
two servicesthat do not supporta commoncorversational
protocol.

For example,suppose servicethatwasonly compatible
with the “SecureAlbum” shoppingcart corversationfrom
Figure 1 wantedto corversewith a servicethat wasonly
compatiblewith the*Anonymousguest”shoppingcartcon-
versation. Also supposeherewere an XSLT style sheet,
chedkoutRQ2equestirmoice thattransformsa chedkoutRQ
documentinto the documenttype requestinoice and an-
other style sheet,bill2invoice that transformsa bill docu-
mentinto typeinvoice Thefacilitatorcouldusethesestyle
sheetdo facilitate cornversationbetweenthe two services
However, wefirst neededo addresshe problemof how the
facilitator canidentify that style sheetsexist andthatit is
appropriatdor themto be usedto mediatebetweerthetwo
corversatiortypes.

Thereare a numberof ways we could have addressed
thisissue. For example,we could have directly extendeda
corversatiorspecificatiodanguageo associaténteractions
with appropriatdransformationsHowever, to do sowould
coupleindividual corversationspecificationgo eachother
Alternatively, we couldhave madeanassumptiorthatthere
would besomethird-partydocumentransformatiorservice
available whom the facilitator could ask to transformthe
documentsHowever, for the purposeof this implementa-
tion we simply useda simple XML documentto describe
availabletransformations.

4.2 Directing corversations

In orderto trackthe stateof corversationsthe Facilitator
serviceneededto be ableto perform the following func-
tions:

« Given a messagedeterminethe type of corversation
(corversationspecificationandthe stage(interactioniden-
tifier) of the ongoingcorversation.

« Givenamessageadentify its documentype.

« Givena CorversationSpecificatiorandan interaction
identifierfrom thatspecificationreturnthedocumentypes
acceptedhsvalid input to thatinteraction.

« Given a Corversation Specification, an interaction
identifierfrom thatspecificationanda documentype (rep-
resentingan input document),returna Booleanindicating
whetheror not the documenttype would be acceptedas
valid input for thatinteraction.

« Given a CorversationSpecification,a sourceinterac-
tion identifier from that specificationanda documentype
(representingnoutputdocument)returnthetargetinterac-
tion representetly thetransitionfrom thesourcanteraction
giventhe outputdocumentype.

Oursimplemethodof implementinghefirst two require-
mentswasto give eachmessaga specialcontext element:

<Cont ext >
<Conver sationl d/ >
<l n- Repl y- To\ >



<Reply-Wth/>
<Docunent Type/ >
</ Cont ext >

Eachof theseelementshasan“owner” who controlsthe
contentof the elementvalue. The Facilitator serviceowns
the Corversationldfield, which canbe usedto mapto the
corversationtype identifier, the currentinteractionandthe
valid inputdocumentypesfor the currentinteractionof the
currentcorversation.The messagsenderownsthe Reply-
With and Document¥pe element. The In-Reply-To ele-
ments valueshouldbethevalueof the Reply-Wth element
of themessagé¢o which the currentmessagés responding.
Eachpartyis responsibldor protectingthe contentof their
fieldsfrom tamperinge.g.,usingencryption.

To meetthe last threerequirementsgachtime the Fa-
cilitator servicereadsa new corversationspecification(ex-
pressedn WSCL), it populatestwo hashtables: onethat
mapsfrom interactionidentifiersto valid input document
types, and one that mapsfrom sourceinteractionidenti-
fier/transitiondocumenttypesto target interactionidenti-
fiers. The Facilitator serviceusesthe first tableto look up
the valid input documenttypesfor a given interaction. It
usesthe secondableto determinewhena corversatiorhas
progressedrom oneinteractionstateto another(giventhe
documentype of anoutputdocumentanda sourceinterac-
tion identifier).

4.3 Dispatching messageto sewices

In orderto forward message$o appropriateserviceen-
try points,the Facilitator serviceneededo mapinput and
outputdocumentypesto serviceentry points. For this, we
createda WSDL specificationfor eachservice. Eachtime
the Facilitator servicereadsa WSDL specificationjt pop-
ulatestwo hashtables:onethatmapsfrom input document
typesto serviceentry pointandoutputdocumentypes,and
onethatmapsfrom outputdocumentypesto serviceentry
pointandinput documentypes.

Oneopenissueis how to couplethedispatchandthecon-
versationflow specifications.Our currentimplementation
usesthesetablesto find actionsthat can handleincoming
documentypesandproduceoutputdocument®f appropri-
atedocumentypes. Thatis to say currentlythe Facilitator
servicedoesnot considetthe stateof the corversationvhen
dispatchingthe message.This is becausehe WSDL and
WSCL arecompletelyindependentFor the future, we are
consideringassociatingg WSDL specificatiorwith eachin-
teraction.

5 RelatedWork

A numberof peerto-peersystemssupportthe coordina-
tion of distributedapplications.However, to the bestof our
knowledgeexisting systemgequirethe distributedprocess
to becentrallymanagedar elserequireparticipantso down-
load andinstall platform specificcomponentsor both. For
example,the SETI project[11], which allows anyonewith
acomputerandaninternetconnectiorto donatesparecom-
puting cyclesto searchfor extraterrestriallife, consistsof
an applicationwith specific hard-codedfunctionality that

participantddownload;a centralcoordinatingsite combines
theresultsfrom the testsites.ParabonComputations Fron-

tier product[12] allows clientsto download codedynami-
cally, but still requiresdevelopersto write separateodeto

handlethe centralcontrolandmonitoringof the distributed
clients. ConsilientSitelets[13], which bundle up project-
relateddatafrom the documentgo the workflow, do not

require central coordinatingsoftware, but do require par

ticipantsto download and install platform and application
specificcomponents.Our facilitator requiresneithercen-
tral managementor installationof componentsye require
only that participantssupportXML messageommunica-
tions(e.g.,.SQAP).

Severalexisting agentsystemsallow agentdo communi-
catefollowing corversationaprotocols(or patterns).How-
ever, to the bestof our knowledge,all of thesearetightly
coupledto specificagentsystemsandrequirethatall par
ticipating entitiesmustbe built upona commonagentplat-
form. For example theKnowledgeablédgent-orienteBys-
tem(KaoS)[14] is anopendistributedarchitecturdor soft-
ware agents,but requiresagentdevelopersto hard-wire
corversationpoliciesinto agentsin advance. Walker and
Wooldridge[15] addresghe issueof how a group of au-
tonomousagentanreacha globalagreemenon corversa-
tion policy; however, they requirethe agentshemselesto
implementstratgiesandcontrol. Chen,etal. [16] providea
framework in which agentscandynamicallyload corversa-
tion policiesfrom one-anotherbut their solutionis homo-
geneousand requiresthat agentsbe built upona common
infrastructure. Our facilitator requiresonly that a partici-
pating serviceproducetwo XML-baseddocuments- 1) a
specificatiorof the corversationaflowsit supportsaand2) a
specificationof the services functionality (describinghow
the servicecan be invoked). In addition, our transforma-
tional interactionsare uniquein thatthey enablethe facili-
tatorto negotiateappropriatedocumentransformationso
asto mediatebetweermismatcheaorversationdefinitions
automatically

Some E-Commercesystemssupportcorversationsbe-
tweenservices. However, theseall requirethat the client
and service developersimplementmatching corversation
controlpolicies,andto thebestof ourknowledge nonepro-
vide explicit supportfor documentransformationsRoset-
taNets Partner Interface Processes (PIPs) [10] specify
therolesandrequiredinteractiondbetweenwo businesses.
Commece XML (cXML) [17] is a proposedstandardbe-
ing developedby more than 50 companiesfor business-
to-businesselectroniccommerce.cXML associateXML
DTDs for businessdocumentswith their request/response
processes.Both RosettaNetand CommerceXMLrequire
thatparticipantgre-conformto their standardsOurwork is
completelycompatiblewith suchsystemsbutis alsounique
in thatwe do not requirethe eitherthe client nor the sener
pre-conformto ary givencorversationabpecifications.

Insofar asthey reflecttheflow of businesprocesseser
vice corversationsalsoresembleworkflows. However, as
the authorsof the E-SpeakCorversationDefinition Lan-
guage(CDL) [18] obsene, workflows and corversations



sene different purposes. Corversationsreflect the inter-
actionsbetweenserviceswhereasvorkflows delineatethe
work doneby a service. A corversationmodelsthe exter-
nally visible commercialinteractionsof a service,whereas
aworkflow implementgheservices businesgunctionality.
In addition, workflows represeniong-runningconcurrent
fully integratedprocessesyvherea-Servicecornversations
arelooselycoupledinteractions.

6 Conclusionsand Future Work

We have proposecdherea mechanisnior afacilitatorser
vice thatcanactasa proxy to servicesenablingpeerser
vicesto engageén complex interactionswith a minimum of
developmentakffort. Our solutionis uniquein thatwe dis-
tinguish betweenthe corversationaprotocolsand service-
specificinterfaces. This allows usto provide an extremely
lightweight solution relieving servicedevelopersfrom the
burdenof implementingconversation-handlingpgic. In ad-
dition, we alsointroducetransformationainteractionsthat
allow facilitator servicesto leveragedocumentransforma-
tionsandmalke possibleheautomateaoordinatiorof com-
plex corversationbetweerpeerserviceghatdonotsupport
compatiblemessagelocumentypes.

In the future, we plan to investigatemore sophisticated
usesof corversationpolicies. For example,we would like
to provide a modelfor the explicit supportof decidingcon-
versationversioncompatibility We would alsolike to ex-
plore how to supportboth nestedcorversationsand multi-
party. Finally, we hopeto addressiow to exploit document
type relationshipsvhenmanipulatingmessagelocuments.
For example wewouldlik eto usesubtypegpolymorphisnto
establisha relationshipbetweena documentype accepted
asinput by an interfacespecificationand a corresponding
documentypein a corversationspecification.
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