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Abstract
Both peerservicesandwebservicesoffer a perspectiveof
servicesin the role of resourcesthat can be combinedto
enablenew capabilitiesgreater than the sumof the parts.
However, current service compositionsolutions seemto
supporteitherhighlydynamicdiscoveryor elseveryloosely
coupledservicedevelopment,but not both. We proposea
facilitatorservicemechanismthat canleverage “r eflected”
XML-basedspecifications(borrowedfrom the webservice
domain)to directandenablecoordinatedsequencesof mes-
sage exchanges(conversations)betweenservices. We ex-
tendthespecificationof a message exchange with theabil-
ity to specifytransformationsto beappliedto bothinbound
andoutbounddocuments.We call theseextendedmessage
exchangestransformationalinteractions. Thefacilitator ser-
vice can usethesetransformationalinteractionsto allow
servicedevelopers to decoupleinternal and external in-
terfaces. This meansthat servicescan be developedand
treatedaspoolsof methodsthat canbecomposeddynami-
cally.

1 Intr oduction
Peer-to-Peer(P2P)technologybringsdistributedcomput-

ing capabilitiesto individuals, creatinga new perspective
of network-capabledevices in the role of peerservicere-
sourcesthat can be combineddynamicallyto enablenew
capabilitiesgreaterthanthe sumof the parts. This goalof
enablingautonomousservicesin adynamicenvironmentto
interactin a looselycoupledmanneris sharedby the web
servicecommunity. Thus,thereareanumberof commonis-
suesthatbothpeerserviceandwebservicedevelopersmust
address,including:� discovery: how to registerandfind servicesin a dy-
namicenvironment.� interfaces: how to invokeservicesoncethey havebeen
discovered.� protocols: how to coordinateserviceinteractionsbe-
tweenextremelyloosely-coupledservices.

Thetwo communitieshavedistinctapproaches,however.
Webservicesexist in a relatively staticenvironmentof reg-
isteredhosts,and static IP addresses,and can leveragea
numberof standardsand protocols(e.g., WSDL, WSCL,
WSFL) that support the compositionof loosely coupled
services. Peersystemssupporta highly dynamicdiscov-
erymodel,but currentlytendto requireapplication-specific
centralizedcontrol of the distributed program,or elsere-
quire the downloadandinstallationof application-specific
softwareon participatingparties,or both.

It follows naturally that the two communitiesshould
leverageeachother’sstrengths.Schneider[1] forseesacon-
vergenceof peerand web services,whereboth peerand
webservicesuseWSDL andSOAP for servicedescriptions
andinvocations.However, evenwith servicesusingWSDL,
SOAP, andWSCL, thequestionstill remainsof how to co-
ordinatetwo servicesthat wereindependentallydeveloped
andmaynotconformto matchingmessagedocumenttypes.
This problem is exacerbatedby the highly dynamic and
low-barrier-to-entrycharacteristicsof thepeerenvironment.
Thatis to say, giventhatP2Pdiscoverymechanismsallow a
givenpeerto discover peersthatprovide desiredresources
in a highly dynamicanddistributedfashion,we would like
a peerserviceto beableto interactwith servicesprovided
by other peerswithout having to downloador install new
application-specificsoftware.

Previously, in [2], we introduceda lightweight dynamic
conversationcontroller for E-Services.This “third-party”
externalservicecandirectandtrackspontaneousconversa-
tionsbetweenservicesandclients,thusenablingservicesto
carry out an entireconversationwithout the servicedevel-
opershaving to implementany explicit conversationcontrol
mechanisms.Thisfunctionalityis especiallyusefulin aP2P
environment,becauseit meansthat two servicescaninter-
actwithout their developershaving to implementmatching
conversationpolicies. Furthermore,becausethe controller
canbe implementedin a statelessmannerandbecausethe
controlleris only responsiblefor conversationlogic (asde-
scribedin Section4), conversingpartiescanswitchbetween
any numberof instancesof a controller in the courseof a
conversation.

However, ourearlycontrollerstill requiredservicedevel-
opersto codeto matchingmessagedocumenttypes. This
limitation is particularlyunacceptablefor theP2Penviron-
mentwhereit seemsmorerealistic to expect thereto be a
diversecollectionof continuallyevolving documenttypes
thana setof fixedstandards.

We introducetransformationalinteractions to help ad-
dressthe problem of how to designand implementsys-
temsthat aredecentralizedandconducive to dynamicand
autonomousinteractionsbetweenindependentlydeveloped
applications.We advocatea service-orientedparadigmin
whichwetreatservicesaspoolsof functionalendpointsthat
canbecomposedusingtypedmessageexchanges(interac-
tions).A transformationalinteractionis anabstractspecifi-
cationof a typedmessageexchangethathasbeenextended
with the ability to specifytransformationsto be appliedto
bothinboundandoutbounddocuments.



Wepropose� extendingtheP2Penvironmentwith facilita-
tor servicesthatcanleverage“reflected”XML-basedspeci-
ficationsto directandenablecoordinatedsequencesof mes-
sageexchanges(conversations)betweenpeerservices.We
usethetermfacilitatebecausetheroleof suchservicesis to
enable,asopposedto control,P2Pactivity. Separatingbe-
tweenconversationallogic andinterfacelogic allows us to
useconversationand interfacespecificationsto direct ser-
vices in their interactions,thus freeingservicedevelopers
from having to explicitly programconversationallogic. Ex-
tendingconversationspecificationswith transformationsal-
lows usto freeservicedevelopers,to someextent,from the
responsibilityof navigating messagetype mismatches.In
addition, it allows the servicesto offload somecomputa-
tional responsibilityto thefacilitator.

For example,Figure1 sketchestwo “shoppingcart” con-
versationspecificationsfor digital photographstorageser-
vices (similar to servicesoffered by companiessuch as
ofoto.com).Theseconversationsarespecifiedfrom theper-
spective of thephotostorageservice.Thecirclesrepresent
interactions;the boxesrepresentinbounddocumenttypes,
and the arcsbetweenthe circles representthe transitions
betweeninteractions,which are driven by outbounddoc-
umenttypes.Thetwo conversationsarestructurallysimilar,
but not identical.The“securealbum” conversationrequires
theclient to sign in beforeselectinganalbum, whereasthe
“anonymousguest”conversationdoesn’t requirethe client
to sign in until they arereadyto purchasesomephotos.In
addition,oncethe client is readyto checkout, the “secure
album” conversationexpectstheclient to senda document
of type“CheckoutRQ”andtheserverto respondwith adoc-
umentof type“Bill, ” while the“anonymousguest”conver-
sationexpectsthe client to senda “RequestInvoice” docu-
menttheserviceto respondwith an“Invoice” document.
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Fig. 1. Two exampleconversations.

Figure2 shows how a procurementservicedevelopedto
supportmessagetypesfrom the“SecureAlbum” conversa-

tion canuseany instanceof a conversationfacilitator ser-
vice to transformmessagesanddirect messageexchanges
wheninteractingwith a photoservicedevelopedto support
messagetypesfrom the“AnonymousGuest”conversation.

Procurement
Service

Photo
Service

Procurement
Service

Conversation
Facilitator

type 1 type 2

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

In this paper, we describehow we leverageweb service
technologiesto createa facilitator servicethat enablesthe
dynamiccoordinationandcompositionof P2Pservices.For
example,our facilitator would enablea peerservicethat
supportsonly the“anonymousguest”conversationto inter-
actwith anotherpeerservicethatsupportsonly the“secure
album” conversation–without having to updateeitherser-
vice. In fact, the servicedeveloperswould be freed from
having to implementany conversationallogic. We begin by
discussingthe similaritiesbetweenB2B andP2Pservices
(in Section2), anddiscusshow P2Pcanbenefitfrom work
currentlybeingdonein theB2B domain.Wethenintroduce
a modelandparadigmfor facilitatedP2Pcomputing. We
have implementeda prototypefacilitator service,and we
describeits architecturein Section3. Facilitatedcomputing
is relatedto a numberof otherefforts,which we discussin
Section5. Finally, we presentfuturework andconclusions
in Section6.

2 Applying a B2B Perspective to P2P
A numberof articleshave consideredhow B2B webser-

vicescanbenefitfrom theP2Pmodel[3], [4]. Here,wetake
a differentperspective, andexamineinsteadwhat P2Pcan
learnfrom webservices.

2.1 A Web-ServicePerspective

Electronic Commerceis driving distributed computing
towardsa modelof servicebasedinteractions,wherecor-
porateenterprisesuse web-servicesto interact with each
otherdynamically[5]. Web-servicesaremuchmoreloosely
coupledthantraditionaldistributedapplications.This dif-
ferenceimpactsboth the requirementsand usagemodels
for web-services,andmotivatesour comparisonto theP2P
model.Web-servicesaredeployedon behalfof diverseen-
terprises,andtheprogrammerswhoimplementthemareun-
likely to collaboratewith eachother during development,
yet the purposeof web-servicesis to enablebusiness-to-
businessinteractions.Therefore,B2B servicesmustsupport
very flexible, dynamicbindings.Servicesshouldbeableto
discover new servicesandinteractwith themdynamically



without requiringprogrammingchangesto eitherservice.
For example,a servicein one enterprisecould sponta-

neouslydecideto engagea servicefrontedby anotheren-
terprise.In orderfor thetwo servicesto interactwith each
otherdynamically, they mustbeableto do threefundamen-
tal things. First, clientsmustbe ableto discover services.
Second,a servicemustbe ableto describeits abstractin-
terfacesandprotocolbindingssothatclientscanfigureout
how to invoke it. Third, the servicesmustbe ableto carry
out complex interactions(conversations)in order to trans-
act their business(for example,theclient shouldbeableto
login andthenpurchaseanitemfrom theservice).

A numberof currentlydevelopingB2B standardsaddress
theseissues.UniversalDescriptionDiscovery andIntegra-
tion (UDDI) [6] defineshow to publishanddiscover infor-
mationaboutwebservices.Thecurrentversionof theWeb
ServicesDescriptionLanguage(WSDL 1.0) [7] is a gen-
eralpurposeXML-basedlanguagefor describingtheinter-
facesandprotocolbindingsof webservicefunctionalend-
points. WSDL alsodefinesthe payloadthat is exchanged
using messagingprotocolssuchas SOAP. Neither UDDI
nor WSDL currentlyaddressesthe problemof how a ser-
vice canspecifythesequencesof legal messageexchanges
(interactions)that it supports.(We usethe term“conversa-
tion” from theagentcommunityto referto a legalsequence
of messageexchanges.) Conversationlanguagessuchas
HP’s Web-ServiceConversationLanguage1 (WSCL) [8],
[9] andRosettaNet’s PIPs[10] addressthis issue,provid-
ing XML schemasfor defining legal sequencesof docu-
mentsthatweb-servicescanexchange.Conversationdefini-
tion languagesandinterfacedefinitionlanguagesarehighly
complimentary– the latter specifieshow to sendmessages
to a serviceand former specifiesthe order in which such
messagescanbe sent. The advantageof keepingthe two
distinctis thatdoingsoallowsusto decoupleconversational
interfacesfrom service-specificinterfaces.This meansthat
a singleconversationspecificationcanbe implementedby
any numberof services,independentof the protocolssup-
portedby thevariousimplementations.

2.2 A Model for Facilitated P2PInteractions

Many of the characteristicsof B2B servicesareequally
applicableto P2Pcomputing.Both theB2B andP2Pmod-
els requireinteractionbetweenloosely coupleddecentral-
ized peers. Both environmentsare subjectto difficulties
coordinatingservicedevelopers. We proposeto apply the
B2B servicemodelof interactionsin order to extendpeer
serviceswith the ability to supportvery flexible, dynamic
bindings.

In ourmodel,peerservices(referredto asservicesfor the
remainderof this document)interactby exchangingmes-
sages.Eachmessagecanbeexpressedasa structureddoc-
ument( @BA C ., usingXML) that is an instanceof somedoc-
umenttype ( @DA C ., expressedusingXML Schema).A mes-
sagemay be wrapped(nested)in an encompassingdocu-
ment, which can serve as an envelope that addscontex-

E
WSCL was originally called the ConversationDefinition Language

(CDL).

tual (delivery or conversationspecific) information ( @DA C .,
using SOAP). We definea conversationto be a sequence
of messageexchanges(interactions)betweentwo or more
services.

We definea conversationspecification(alsoknown asa
conversationpolicy) to be a formal descriptionof “legal”
messagetype-basedconversationsthat a servicesupports.
Wedefineaninterfacespecification(alsoknownasaservice
description)to be a formal descriptionof a service’s func-
tionalendpoints.We assumethatbothconversationspecifi-
cationsandserviceinterfacedescriptionswill bepublished
sothatservicedeveloperscandeterminehow to invokeand
conversewith a newly discoveredservice.

2.2.1 ConversationLogic versusInterface Logic

We separatea service’s interfacelogic from the conver-
sationlogic that a servicemight support. This distinction
allows usto treatservicesaspoolsof interfacesthatcanbe
specifiedby individualparticipantsandthenlatercomposed
using separateconversationspecifications. We can then
createconversationcontroller servicesthat can use con-
versationand interfacespecificationsto direct servicesin
their interactions,thusfreeingservicedevelopersfrom hav-
ing to explicitly programconversationallogic. Sucha sin-
gle third-party conversationcontroller could leverage“re-
flected”XML-basedspecificationsto directthemessageex-
changesof Peerservicesaccordingto protocolswithout the
servicedevelopershaving to implementprotocol-basedflow
logic themselves. The conversationcontrollercanassume
responsibilityfor theconversationlogic, leaving servicede-
velopersfree to focuson service-specificlogic. For exam-
ple, thecontrollerwould handleexceptionsdueto message
typeerrors,while theservicewouldberesponsiblefor han-
dling exceptionsrelatedto messagecontent.

Theadvantageof this approachis thatit enablesservices
to beeasilyandflexibly composedwith a minimumof pro-
grammingeffort. In orderto participatein a givenconver-
sationtype, a serviceneedonly to be able to acceptand
producemessagesof theappropriatetypes.Thisallowsser-
vicesandclientsto discovereachotherandinteractdynam-
ically usingpublishedspecifications.

That is to say, becausethe conversationpoliciesarenot
service-specific,servicesand clients can interact even if
they werenot built to usepreciselymatchingconversation
policies,aslong asbothpartiesarecapableof sendingand
receiving appropriatemessages.Furthermore,becausethe
serviceinterfacesandthe conversationpoliciesaredecou-
pled,differentinstancesof aservicecouldnametheirmeth-
ods independently, e.g., a client could usethe samecon-
versationspecificationto talk to two differentbook-selling
services,despitethe fact that one servicesupportsa Lo-
gin methodwhile the other usesa correspondingSign-on
method.

Finally, this approachgivesusa scalablemechanismfor
handlingtheversioning(evolution)of conversationpolicies.
Serviceswould not necessarilyhave to beupdatedin order
to supportnew or modifiedconversationpolicies.



2.2.2 Extending
F

Conversation Definitions with Trans-
formation Specifications

Thus far, we have explainedthat if peerservicescom-
municateby exchangingtypedmessages,thenservicescan
advertiseand discover eachother using registriessuchas
UDDI, servicescanpublishspecificationsdescribingtheir
functionalinterfacessothatnew clientscanknow how to in-
voke them,andthird-partyconversationcontrollerscanuse
messagetype driven conversationspecificationsto direct
servicesin their conversations.Whenwe move this model
to anevenmoredecoupledP2Penvironmentwith computa-
tionally limited peerservices,weencounternew issues.For
example, the documenttype mismatchproblem(wherea
servicedoesnot supporttheexactdocumenttypesrequired
by a conversationspecification)becomeseven morelikely
asthe numberof diverseservicesincreases.Furthermore,
peerservicesmaybecomputationallylimited (perhapsrun-
ning on a small device suchasa wristwatch)andmay not
becapableof performingcertainfunctions(e.g.,transform-
ing a documentor calculatingthe differencebetweentwo
meetingtimes).

We thereforeextendtheconversationdefinitionlanguage
by allowing the specificationof documenttransformations
(expressedusingsomesortof transformationtemplate,such
as XSLT) that can be applied to incoming and/oroutgo-
ing documents.We alsoextendtheconversationcontroller
mechanismwith theability to interprettheextendedconver-
sationspecificationsandapply the appropriatetransforma-
tions.

With thisapproach,wecanenablepeerservicesthathave
beendevelopedindependentlyto engagein flexible andau-
tonomous,yet potentiallyquitecomplex, interactions(con-
versations)thatcanexceedthefunctionalityof the individ-
ual services.For example,in the examplefrom Figure1,
two servicesmaynotbeindependentlycapableof engaging
in businesstransactionwith eachotherbecauseneitherser-
vice hasany meansof negotiatingthe documenttype mis-
matches.Extendinga conversationspecificationwith doc-
ument transformationtemplatesallows us to delegatethe
problemof documenttransformationsto thefacilitatorser-
vice.

3 Paradigm for Facilitated P2PInteractions
Our facilitator servicecanact asa proxy to a peerser-

vice andtrack the stateof an ongoingconversation,based
on the typesof messagesexchanged. In addition, as de-
scribedabove, the facilitatorcanalsoapplyoptionaltrans-
formationsto bothincomingandoutgoingmessagesateach
stageof a conversation.A facilitator servicethat actsasa
proxy performsthefollowing tasks:� Onceit hasreceivedamessageonbehalfof apeerser-
vice, theFacilitatorservicecandispatchthemessageto the
appropriateserviceentry point, basedon the stateof the
conversationandthedocument’s type.� Whenforwardingtheresponsefrom thepeerserviceto
theclient, theFacilitatorserviceincludesa promptindicat-
ing valid documenttypesthatareacceptedby thenext stage
of theconversation.This promptcanoptionallybefiltered

througha transformationappropriateto the client’s type.
(E.g., if the client is a web browserandhasindicatedthat
it would like form output,thenthe Facilitator servicemay
transformtheresponseinto anHTML form beforesending
it to theclient.)� The Facilitator servicecanusedocumenttransforma-
tions specifiedby the conversationto correct for docu-
menttypemismatchesandto manipulatethedocumenttype
basedon messagecontent.� If theclient requestsit andspecifiesappropriateentry
points,theFacilitatorservicecanalsodirecttheclient’sside
of theconversation.This meansthatneithertheservicenor
the client developermust explicitly handleconversational
logic.

In orderfor a peerserviceto usea Facilitator serviceas
a proxy, the servicedevelopermustdo the following (note
thattheservicedeveloperdoesnot needto implementcode
to handletheconversationflow logic):

� Documentthetype-basedinbounddocumenthandling
entrypointsin a specification(ideally capturingboth input
andoutputdocumenttypes).� Advertisetheservicewith anentrypointgoingthrough
theFacilitatorservice.

Eachtime the Facilitator servicereceivesa messageon
behalfof theservice,it will identify thecurrentstageof the
conversationandverify that the message’s documenttype
is appropriate;if not, thenit will raiseanexception. If the
messageis of a valid type, thentheFacilitatorservicewill
invoke theserviceappropriately. If not, thenit will attempt
to applyappropriatetransformationsto convertthemessage
into avalid type.(If it is notpossibleto convertthemessage
into avalid type,thenthefacilitatorwill raiseanexception.)
Oncethe messagehasbeenappropriatelyconverted,then
thefacilitatorwill sendit to theservice.

Whenthe servicerespondsto the message,the facilita-
tor will identify the documenttype of the responsefrom
theservice,identify thenew stateandthevalid input docu-
mentsfor thatstate,andformatanappropriateresponsefor
theclient. Thefacilitatorservicecanalsopasstheresponse
throughappropriatetransformations,asshown in Figure3.
For example,if theclient is anHTML browser, thentheFa-
cilitator servicecouldreturnanHTML form promptingfor
appropriateinput. Moreover, if theclient is anotherservice
thatcanreturnaspecificationof its ownserviceentrypoints,
thentheFacilitatorservicecouldautomaticallysendtheout-
put messageto appropriateclient entrypoints;if a valid in-
put documentfor the new stateis returned,the Facilitator
servicecouldthenforwardit to theservice,thusmoving the
conversationforwarddynamically. As a result,theFacilita-
tor servicecanhelpa client andservicecarryout anentire
conversationwithout eitherthe client or the servicedevel-
operhaving to implementany explicit conversationcontrol
mechanisms.This meansthat theclient developerdoesnot
needcompleteknowledgeof all thepossibleconversations
supportedby all the serviceswith which the client might
interactin the future. Figure3 sketchesa flow chart illus-
tratinganalgorithmthata Facilitatorservicecouldexecute
eachtime it receivesa messageon behalfof aservice.
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Fig. 3. A Facilitatorservicecanhandlemessageson behalf
of aservice,includingtheapplicationof documenttransfor-
mationsto bothincomingandoutgoingmessages.

3.1 Client Automation

An argumentcanbemadethatdevelopersimplementing
Peerserviceclientswill not wanta facilitatorserviceto di-
recttheir partof theconversation,bothbecausethey expect
to hard-codetheclientpartsof theconversationandalsobe-
causethey will find theideaof usingathird-partyto control
conversationforeign2. However, decouplingconversation
logic from businesslogic ontheclientsidegreatlyincreases
the flexibility of a client by allowing it to interactdynami-
cally with servicesevenif theirconversationpoliciesdonot
matchexactly. For example,thesameclient codecouldbe
usedto interactwith two servicesthatsupportdifferentcon-
versationpoliciesbut commoninterfaces.

In orderfor a facilitatorserviceto direct theclient’s part
of a conversation,the controller must be able to dispatch
messagestheclient receivesfrom theserver in orderto gen-
eratedocumentsthat the server requests.This meansthat
theclientmustbeableto communicateits serviceinterfaces
to theFacilitatorservice.For example,theupperright hand
cornerof Figure3 shows theFacilitatorinvoking theclient.

3.2 Facilitator servicestate

TheFacilitatorservicethatwe have outlinedabove does
not includeany performancemanagement,history, or roll-
backmechanisms.If onesubscribesto the ideathat inter-
mediatestatesof aPeerservice’sconversationarenot trans-
actional,andonealsosupposesthatConversationManage-
mentfunctionality(includingperformancehistory, statusof
ongoingconversations,etc.) is distinct from Conversation
Control functionality, thentheFacilitatorservicecanoper-
atein a statelessmode.

Thereare advantagesand drawbacksto both a stateful
anda statelessimplementation.Servicescaneasilytransfer
betweenstatelessfacilitators,even in the courseof a sin-
gle conversation,anda statelessfacilitatordoesnot have to
handlerecoveryof ongoingconversationshouldit crashand
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restart.However, a statefulfacilitatorcouldbeextendedto
explicitly supportadvancedfeaturessuchasrollbackmech-
anismsandvisibility into conversationalhistories.

4 Prototype implementation
We have implementeda prototypeFacilitator serviceas

well asexampleservicesandclients. We basedour proto-
typeonapreviousimplementationof alightweightdynamic
conversationcontrollerthat could receive messageson the
behalfof theservice,validatethateachmessagewasof an
appropriateinput documenttypefor thecurrentstateof the
conversation,dispatcheachmessageto appropriateservice
entrypoint, andusetheresultingoutputdocumenttypesto
identify the next appropriateinteractionfor the conversa-
tion [2]. We extendedour previousarchitectureto include
supportfor transformationalinteractions.Figure4 sketches
thecomponentsof our implementation.
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Fig. 4. TheFacilitatorhandlesmessageson thebehalfof services.

We tried to leverageasmuchexisting technologyaswe
couldin building this prototype:ï We used the Web Service Conversation Language
(WSCL)asa basefor conversationspecifications.ï WeimplementedtheservicesasApacheJServservlets
(they could also have easily beenimplementedusing E-
Speak,Chaiserver, Jini, or CORBA).ï WeusedApache’sXercesandXalanpackagesfor their
XML andXSL functionality.ï Weusedasubsetof theWebServicesDescriptionLan-
guage(WSDL) to describePeerserviceinterfaces.WSDL
is astandardproposedby IBM andMicrosoft.

We madea numberof simplifying assumptionsfor this
implementation.The Facilitator serviceis not responsible
for maintainingmanagementhistory, transactionalguaran-
tees,or the synchronizationof multiple relatedconversa-
tions.We do not addresssecurityissuesat this time.

4.1 SpecifyingConversationsand Transformations

As mentionedabove,we extendedtheWebServiceCon-
versationLanguage(WSCL) to meetour needfor a con-
versationdefinitionlanguagethat includesdocumenttrans-
formationspecifications.WSCL is an XML-basedspecifi-
cation that definesa serviceinterfacein termsof a list of
interactions(keyedby documenttype),a list of transitions
that describelegal interactionorderings.We extendedour
usageof WSCL to includemappingsof the input andout-
putdocumenttypesto correspondingdocumenttransforma-
tions. Spaceconstraintsdo not permita full descriptionof


