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ABSTRACT

This paperpresentsan approachfor the designand development
of service-dwven applications.Theseapplicationsrely on the col-
laborationof multiple serviceghatbusinessesffer to the external
community To ensurghatthecollaboratiorof servicegakesplace
effectively, servicechartdiagramsare proposecdasa speci cation
technigue.Thesediagramdeveragethe traditional statechartdia-
gramsof UML. Furthermorejn servicechartdiagramst is advo-
catedthatserviceslo notinvoke eachother However, they engage
corversationdeforecommittingthemselesto a compositiorpro-
cessof services.

Categoriesand Subject Descriptors
H.4.5[Information System$: service-oriente@pplications.

General Terms
Modeling,Diagrams.

Keywords
state service diagram.cornversation.

1. INTRODUCTION

With the rapid developmentof informationand communication
technologiesusersare becomingmore and more demandingon
businesseso provide themwith relevant and up-to-dateinforma-
tion. Furthermoreneedsof userscontinueto grov andchangebe-
comingovertimemorecomple to satisfy Needsvary from basic
onessuchasweatherforecastof city X, to complex onessuchas
stockquotationof businessy andits direct competitorssincelast
fall. This situationappealsfor adwancedapproachesndtools to
supportsoftware designersanddevelopersin their work. Service-
driven applicationsaredeemedhppropriateo dealwith the afore-
mentionedsituationg4, 15].

Thefollowing examplemotivatesheimportanceof service-dnven
applicationsPaulis planningfor his vacation;(i) hewantsto book
a domestic ight and an accommodation{ii) he, also, wantsto
nd someattractionsfor visit; (iii) he would like to renta car if
the locationof the major attractionis far from the locationof the
booled accommodationTo handlePaul's requestthe collabora-
tion of multiple service$ is required. Theseservicesare: ight

!Servicesarealsoknovn asWebservices.

Copyright is heldby theauthor/evner(s).
WWW2003May 20-24,2003,BudapestHungary
ISBN 963-311-355-5.

resenation, hotelbooking,attractionsearchandcarrental. All the
serviceshave to be connectedaccordingto a speci c o w of con-
trol. First, ight reserationis completed.Then,hotelbookingand
attractionsearchingaretriggeredconcurrently Eachbusinesshe-
ing involvedin thevacationscenarigrovidesits serviceghatmay
have to collaboratewith otherservicesif neededand vice-vesa
Ratherthanjust beinginvoked throughtheir applicationprogram-
ming interfaces we adwcatethatservicesshouldbe giventhe op-
portunityto engagecorversationsf they wish. Thereis anincreas-
ing trendtowardsrun-timecompositionwhereserviceshoosely-
namically with whom they would like to trade. The composition
of servicesfrom multiple origins calls for nev designapproaches
andrepresentatioformalisms. This is motivatedby the following
elements:

Distribution: businessethatprovide servicesaremostof the
time spreadacrosanultiplelocations.Thesebusinessebave
to gettogetherin orderto be awareof their respectie capa-
bilities andconstraints.

Heterogeneity:servicesare developedindependentlyfrom
eachotherwith diversetechnologies.It is agreedthat pro-
grammerswho implementservicesare unlikely to collabo-
ratewith eachotherduringdevelopment.

Autonomy: servicescarry out operationswithout consider
ing the operation®f otherservices.Servicesareconsidered
asself-containeccomponents.

To undertale work on servicecompositionwe suggestisa part
of the solutionthe useof servicechartdiagramsasan extensionto
thestatechartdiagramsf UML [9]. A servicechartdiagramiden-
ti es thecontet surroundinghe executionof aservicein termsof
who provides a service(organization),with whom a serviceen-
gagescorversations( o w), with what a service contrikutes (in-
formation), and where a service contritutes (location of execu-
tion). We strengthenthefactthatserviceshave to beableto decide
with whomto collaboratewhatkind of supportthey offer/request
to/from otherservicesandwhat"visible” partsof behaior (from
privateto public, andvice-vesa) to exhibit. Processethatimple-
mentservicedllustratethatbehaior.

Section2 presentdrie y UML statechartdiagrams.Section3
providesbasicde nitions aboutservices.Section4 introducesser
vice chartdiagramsn termsof rationaleandbasics. For illustra-
tion purposesSections appliesservicechartdiagramdo arunning
example. Section6 presentselatedwork. Finally, Section7 con-
cludesthepaper



2. STATE CHART DIAGRAM

A statechartdiagramis oneof the several diagramsthat UML
integrateq9]. It isagraphicakepresentationf astatemachinethat
visualizeshow andunderwhatcircumstances modelledelement
(e.g.,a class,a system,or a businessgprocess)changests states.
Furthermorea statechartdiagramis usedfor shaving which ac-
tivities areexecutedasaresultof theoccurrencef events.Mainly,
a statechartdiagramdisplaysthe stateghatan objecttakesduring
its life in responséo recevvedstimuli. Responsesorrespondo the
executionof actuities.

3. WEB SERVICES

Regardlessof its type (E-serviceor M-service),a Web service
is a setof orderedoperationsto performaccordingto certainin-
puts. The ordercanbe sequentiabr concurrent.Samplesof Web
servicesarecurreng cornversionandcinematicket purchasingPo-
tential usershave to know how to requesia servicefor execution.
However, usersdo not have to know neitherhow to operatethe
servicenor how the serviceoperateor is operated. [13] distin-
guisheshetweertwo typesof services:E-servicesandM-services
(M for Mobile).

In this paperacompositeserviceonsistof severalcomponent
serviceswhethercompositeservicesor services. Multiple tech-
nologiesareassociatedvith the succes®f Web services:WSDL,
UDDI, and SQAP. Thesetechnologiesim at supportingthe de -
nition of Web servicestheir adwertisementandtheir binding for
triggeringpurpose$10].

a. E-services

An E-services acomponenthatanorganizatiorprovidesin order
to be assemblecdndre-usedin a distributed, Internet-base@nvi-

ronment. A componentis an E-serviceif it is [5]: 1) indepen-
dentas much as possiblefrom speci ¢ platformsand computing
paradigms?2) developedmainly for inter-organizationakituations
ratherthan for intra-oiganizationalkituations;and 3) easily com-
posablejts assemblingvith otherE-servicesdoesnot requirethe
developmentof comple adapters.

b. M-services

Two de nitions areassociatedvith anM-service.The"weak” def-
inition is to trigger remotely an E-servicefrom a mobile device

for execution. In that case,the E-serviceis an M-service. The
"strong” de nition is to transferwirelesslyan E-servicefrom its

hosting site to a mobile device whereits executiontakes place.
In that case the E-serviceis an M-servicethat meetsthe follow-

ing requirement$l4]: 1) transportablehroughwirelessnetworks;
2) composablewith other M-services;3) adaptableaccordingto

the computingfeaturesof mobile devices; and nally 4) runnable
on mobile devices. In this paper we focuson the M-servicesthat
complywith the”strong” de nition.

Figure 1 illustratesa snapshobf a mobile servicerunning on
acell-phone.The serviceprovidesinformationto touristsvisiting
Dubai. Uponrequesbf tourists,the serviceis downloadedto their
mobiledevices.

c. E-servicess. M-services

The differencebetweenan E-serviceand M-serviceoccursat two
levels. The rst level concernshecommunicatiorchannelj.e.,wired
vs. wireless. The secondevel concernghe locationof wherethe
processingf theserviceoccurs:senersideona x edplatformfor
anE-servicevs. usersideon amobile platformfor anM-service.

Abu Dhabi GITEX
Dubai Puibai Shopping
et Festivals
AT Dubai Al Showe

Fias Alkhaima

Figure 1: Mockup of tourist mobile-book

4. DESCRIPTION OF SERVICE CHART DlI-
AGRAMS

4.1 Rationale

The currentrequirement®f designingapplicationscall for new
representatioriormalismsand designapproaches.Designersare
facedwith multiple obstacleshatneedto bedealtwith quickly and
efciently. An exampleof thesechallengesonsistsof maintain-
ing the coherencef the contentof a databasef an e-commerce
site. Thousand®of customerdrom over the world may initiate at
the sametime multiple purchaseequestdor the sameproductbut
with different selectioncriteria. This scenarioputs forward nev
demandsotonly on supportanddelivery informationtechnology
but also on the way businessprocessesave to be designedde-
veloped,andmaintained Anotherexampleof challengeghatface
designersonsistsof dealingwith the issuesandobstacleof mo-
bile applications.Designersaandprogrammersre put on the front
line of satisfyingthe promiseof businessesand serviceproviders
of delivering Internetcontentto usersof mobile devices. Service-
drivenapplicationsseemnto be oneof therelevanttechnologieshat
couldhelpin addressinghe aforementionedhallengesandobsta-
cles. Servicesratherthancode,areemepging asthe key artifacts
of software designanddevelopment raisingthereforethe level of
abstraction. Servicechartdiagramsare amongthe pillars on top
of which thetrendof service-dwenapplicationscanbe built. Ser
vicesin suchdiagramsarenot only invokedfor their operationsut
ratherasled to establishconversationsbeforejoining ary service
compositionprocess.

4.2 Concepts& Formalisms

A service-diwen applicationis a processthat connectsmulti-
ple services. The connectionis an outcomeof the corversations
thattake placebetweerservices Differentparameterareincluded
in thosecorversations,e.g., workload and location of a service.
Having severalservicesenableghe consideratiorof multiple busi-
nesseghat offer thoseservices. Quality and executioncostof a
serviceareamongthe selectiorcriteriathataffect the shapeof ary
compositeservicein termsof numberof serviceso be considered
andexecutionchronologyof theseservices.

Servicechartdiagramsarebasedon UML statechartdiagrams.
This time, the emphasizas on the context surroundingthe exe-
cution of a serviceratherthan on the statesthat a servicetakes.



Servicesarerepresentedrom ve perspecties. Besidesthe state
perspectie thatincludesthe statesf a service(seeSection2), the
0w perspectie correspondgo the executionchronologyof the
connectedervicesHere the o wis conversation-basedheorga-
nizationperspectie identi es the businesghat suppliesa service.
Theinformationperspectie identi es the datathatareexchanged
betweenservices. Thesedataare identi ed during corversations
andpackagednto XML documents.A servicethat completests
executionmay have to leave certaindatato the next servicesthat
areduefor execution,sothey couldresumependingoperationsFi-
nally, thelocationperspectieidenti es thecurrentsiteof aservice.
A servicecanbein oneof thetwo sites:1) businesssite waiting to
be selectedandinsertedinto a compositeservice;or 2) execution
site underperformance Accordingto Section3, an executionsite
correspondso a businesssite for an E-serviceor client site for an

M-service.

A servicechartdiagramenhances statechartdiagramwith de-
tails obtainedrom thevariousperspectiesof Figure2. Therefore,
the servicechartdiagramof a compositeserviceconsistsof con-
nectingthe servicechartdiagramsof all the serviceghatconstitute
that compositeservice. Table 1 summarizeghe threelayersthat
constituteaservicechartdiagram.Interestings layer2 which con-
tainsthe statesthat a servicetakes. Thesestatesconstitutethem-
seles a statechartdiagramthat is wrappedin the different per
spectves. It shouldbe notedthat the statesof layer 2 integrate
both normalandad-hocoperatingof a service. Ad-hoc operating
correspondgo the exceptionalcaseshat may occur e.g., execu-
tion failure. Thus, back-upstatesandalso, extra servicescanbe
requestedo dealwith theexceptionalcases.

Service

Layers -
Previous . Next
1 . Business A
services services
B E
Stati State, |---------- Stat
) .%( p g }—ﬁ g} { ; q]%
in State, |- /out
Data from . V' Datato
3 - . Site .
previous service| next services

Figure 2: Representationof a sewvice chart diagram

In Figure2, the three-layerepresentatiof a servicechartdi-
agramofferstwo major advantages First, the layersallow a clear
distinction betweenthe componentghat contritute to the speci -
cationof a service. If acomponenhasto be modi ed, the mod-
i cation impacton thatspeci cationwill belimited. Secondthe
layersoffer aconnectiorbetweerthe servicesatthreelevelsof ab-
straction.Theselevelsaredata,state,andservice.

Table 1: Layers of a sewice chart diagram

Layer Field Perspectie
1 Previousservices Flow
Next services
Business Organization
2 States State
3 Datafrom previousservices| Information
Datafor next services
Site Location

In Tablel, next serviceseld representshelist of serviceghat
areduefor executionaftera servicecompletests execution. This
list is an expressionthat combinesservicesover logical operators
(AND, OR).Forinstanceserviceghatareconnectedvith anAND
operatorhave to be triggeredin a concurrentway. A similar de-

scriptionappliesto ORoperator Eachservicethatappearén next ser
vices eld is alsoannotatedvith thefollowing elements:
1. Theprotocolthatenablegheinvocationof theservice. SCAP
over HTTP is amongthe protocolsthatcanbe used[1].
2. The conditionsto checkbeforethe serviceis invoked. The
elementsof a condition are obtainedfrom the statesof the
servicethatis underexecution.

5. APPLICATION OF SERVICE CHART DI-
AGRAMS

In Sectionl, the vacationof Paul motivatedour discussion®n
the importanceof new designapproaches.We pointed out that
4 serviceswere requiredto handlePaul's request. Figure 3 is a
sampleof travel planningcompositeservicethatwill beusedin the
restof this paper In additionto theseservices2 new servicesare
added: driving time calculationthat checksthe distancebetween
thelocationof thehotelandthelocationof the mainattraction,and
usernoti cation thatprovidesresponseto user

Flight
reservatio

Hotel
booking

Car
rental

Attraction
searching

Figure 3: Travel planning compositeservice

In anopeneconomymarket, competitionbetweerbusinessess
a naturalpractice. To setup a compositeservicebrokering mech-
anismssuchasUDDI have to be madeavailable. Therole of such
mechanismss rst, to facilitate the searchof businesseshat of-
fer servicesand second to matchtheseservicesto the submitted
requestof users.Despitetheirimportance prokering andservice
selectiormechanismslo notfall within the scopeof this paper

5.1 Sewicechart diagramsvs. Sites

Accordingto thelocationperspectie,aservice(i.e.,aninstance)
canbein oneof thefollowing two sites:businessite or execution
site. Both typesof sitein uence the content(in termof statesjand
shape(in termof chronology)of a servicechartdiagram. In what
follows, the conceptuatescriptionof the servicechartdiagramof
Figure 2 is appliedaccordingto the featuresof eachsite. Flight
resenationserviceof Figure3 is usedfor illustrationpurposes.

servicetakes standby statewaiting, rst to be selectedamong
multiple servicesby the compositionprocessandthen, connected
to otherservices.Figure4 is the servicechartdiagramof the ser
vice in businesssite. In this diagram,certain elds of Table 2
(e.g.,businessnext services,andsite) are lled with values. In
addition, standby, preparationandtransferarethe stateshatthe
servicetakes. Differentactiities areundertakenwithin eachstate.
Transferstateonly appliesto M-services.Indeed the executionof
M-servicegtakesplacein adifferentsiteto thebusinessite. Flight
resenation serviceis followed by two services:hotelbookingand
attractionsearching. Both servicesare triggeredin casea ight
resenationis con rmed.

serviceis duefor execution. This executionoccurseitherin the
businesssite for an E-serviceor client site for an M-service. Fig-
ure 5 is the servicechartdiagramof ight reseration servicein
executionsite. Preparatiorstateonly appliesto M-services;they
needto bechecledandinstalleduponarrival from thebusinessite
to thesite of userwhichis amobiledevice. Table3 illustrateshow
the elds of Table 1 areinstantiatedaccordingto executionsite.



"Flight Reservation" service

(Res(?).Hotel-Book)
null Business and
(Res(?).Attr.-Search,.
‘ Stand by Preparation Transfer
Do/ Select Do/ Ready to transf
service create instanc /m-service]
Ready to execgg%
I[e-service]
? Destination city
null Site, ?Departure date

?Return date

Figure 4: Sewice chart diagram - Businesssite

Table 2: Statechart diagram details - Businesssite

Table 3: Statechart diagram details - Execution site
Field Value
Previousservices null
Next services (Res.(y).HoteBooking)/Prow g
and
(Res.(y).AttractiorSearching)/Pras

Business Business (offerstheservice)
States /PreparationExecution

Datafrom previous null

services

Datafor next services| Value(Descity,Dep.date,Retdate)
Place Siter  Siteyser

Field Value
Previousservices null
Next services (Reseration(?).HoteBooking)
and
(Reseration(?).AttractiorSearching)

Business Business (offerstheservice)

States Standby, Preparation/Transfer

Datafrom previous null

services

Datafor next services| ?Destinatiorcity, ?Departuredate,
?Returndate

Site Sitey (wheretheserviceis locatednow)

After nishing the executionof ight resenation service,the rel-
evantinformationsuchasdateof departureanddateof returnare
obtainedandafterwards,submittedto the next services.

"Flight Reservation” service

(Res.(y).Hot.-Boo.)/Pio,
null Business and
(Res.(y).Att.»%earch.)/Prp.
Preparation Ef:cﬁéo Execution e/m
Service arrival Do/ Terminate
fim-service] | check service ﬁ runservice | /Ino servie
— request ™
Ready to execute/[e-service] next service out
Destination city = value
null Site, xor Site, . Departure date = value
Return date = value

Figure5: Sewice chart diagram - Execution site

Note: In Table3, Protocol; g andProtocohs correspondespec-
tively to the protocolsthat trigger Hotel Booking serviceand At-
tractionSearchingservice.

5.2 Conversation-driven composition

In Section5.1, we pointedout thata serviceis initially in a se-
lectionstage(i.e.,businessite)andafterwards entersanexecution
stage(i.e., executionsite). We adwocatethat serviceamustbe able
to talk to eachother beforethey decideif to join a composition
processwhat stateghey take accordingto the outcomeof corver-
sations andwhatactvities they performwithin thesestates.Con-
versationsarebasedon a ConversationLanguaggCL) andare of
differenttypes,e.g.,representates, directives, commissies, and
permissves [8]. When servicesengagecorversationsthey need
a-priori to agreeuponthe exchangeprotocolto communicatevith
eachother

In our researchthe useof corversationsimsat raisingthelevel
of servicedo thelevel of autonomougsomponentshatareableto
malke independentlecisiong11]. This aidsin building composite
servicesat run-timeinsteadof design-time.Whatis interestingto
point out is the concurreng that exists betweenthe selectionand

executionstagesf a servicein anexecutionsite. Whena service
is underexecution,it hasatthe sametime to initiate cornversations
with theserviceshatareduefor execution(seenext serviceseld).
The purposeof theseconversationds twofold: invite the services
to join the compositionprocessandmale surethatthe servicesare
readyfor executionafterthey agreedon joining the process Since
servicechartdiagramsf Figure4 andFigure5 do not containary
corversationstate,we deemedappropriateto completethesedia-
gramswith the missingstates.

a. BusinessSSite

Figure6 illustratesa light version(i.e.,with no perspecties)of the
new servicechartdiagramin businessiteafterintroducingthecon-
versationstate. Themaindifferencewith the servicechartdiagram
of Figure4 is thatnow a servicecaneitheracceptor rejectjoining
a compositionprocess.Without conversationsjt wasgrantecdthat
a servicewill take partto the compositionprocess.A servicecan
turndown aninvitationto join a procesof composingservicesor
variousreasonsg.g.,the maximumnumberof the instanceghat
canbedeplo/edatthe sametime of thatservicehasbeenreached.

( ) Join composite
o N Conversatio servicel[Accept Preparation
equest to.
Stand by Do/ Not join composit
CONVErse ! analyse conv. | SloLjoin COMPOSTE, )

service/[Reject]

Figure 6: Updated sewice chart diagram - Businesssite

b. ExecutionSite

Figure 7 illustratesa light versionof the new statechartdiagram
in executionsite after introducingthe corversationstate. While

aserviceis beingexecuted it engagesonversationswith the next

serviceghatareduefor execution.It shouldbenotedthatexecution
andcorversationstatesareconcurrent.

concurrent states
( 1 |Send conversati%

Conversatio
xecution = oo ce | Dol

prepare conv.
o)

Stop conversatiol
- O
[[last service] go

Figure 7: Updated sewice chart diagram - Execution site

Figure8 representa corversation-basehteractiondiagrambe-
tweentwo serviceof a compositeserviceCS. It includesn com-
ponentserviceqservice; ;i j; . n). Forthesale of simplicity,
the servicesareexecutedsequentially In this gure, roundedrect-
anglescorrespondo statesjtalic sentencesorrespondo conver
sations,and numberscorrespondo the chronologyof thesecon-



versationslnitially, service takestwo concurrenstatesgxecution
statewherecertainactiities are carriedout and corversationstate
wherecertainactvities to selectthe next servicesnamelyservice,

arecarriedout, too. In whatfollows, We focuson the corversation

stateof service.
service % % Service
>( Stand by

C} 1. Request to join
Request to

Conversations

(Executlon Conversati a composite service

2.2.1 Accept to delay

[Servicg done]/Invoke service -
Execution

Exchange

Figure 8: Conversation-basedinteraction diagram between
sewices

With corversations,our aim is to enableservicesto malke de-
cisionsregardingtheir intention to join a compositeservice. In
Figure8, the rst establishe@donversationconsistof sendingare-
questfrom service to servicg to join the compositeservice(1).
This compositeserviceis decomposednto threesegments. The
rst segmentcorrespond$o the serviceghathave completedheir
execution(service; i 1). Thesecondseggmentcorrespondso
the servicethatis currentlyunderexecution(service). Finally, the
third sggmentcorresponddo the compositeservicethatis under
preparatior(servicg :n). Servicg is in standby modewaiting
to receve invitations of joining a compositionprocess. Wheniit
recevesaninvitation, servicg enterstheassessmerstate.Within
that state,servicg considersts constraintsand makes a decision
whetherto declinetheinvitation, to delayits makingdecisionor to
acceptthe invitation. Samplesf constraintscould be the number
of active requestsnvoking a servicesimultaneoushandthe period
of no-availability of a servicefor somemaintenancevork. Table4
illustratesa corversatiormessag¢hathasseveralattributesamong
themtheidenti er andsubjectof conversation.

Casea. - In caseservicg declinesthe invitation, a corversation
messagés sentbackfrom service to service for noti ca-
tion (2.1). Thus,service entersagainthe conversationstate,
asking anotherservicg; (« ¢ j) to join the compositeser
vice (1). It couldbeassumedhatthereis alwaysoneservice
thatreturnsa positive responseo the invitation of joining a
compositeservice.

be considered

Assessmennt
Reject/ -
Accept Decision made
to delay
Assessmene

2.3 Accept to join

v

later on

Conversatio

/[more services]

Table4: Sampleof a corversation message
< Corversation

Identi er: conversation

In-reply-to: null

From: Service

To: Service

Content:
Subject:request-to-join-composite-service
Deadline-to-respondime & date

/>

Caseb. - In caseservicg cannotmale adecisionbeforethedead-
line of responsethat service has x ed, servicg requests
from service to extendthis deadling(2.2). Service hastwo
alternatves: a) refusethe requestof servicg which means
thatservice hasto look againfor anotherservice(Casea.),
orb) acceptherequesbf servicg whichmeansservice will
getnoti ed abouttheacceptancef service (2.2.1).In alter
native b), service enterstheassessmerstateagainin order
to male adecision.Servicg mayrequestanextensionof the
deadlinefor several reasonsFor example,it cannotcommit
additionalinstancesof service while otherinstanceshave
not yet completedtheir execution. Indeedi,it is aguedthat
for servicecompositionit is desirableo dynamicallychoose
serviceproviders,andserviceinstancedasedn currentnet-
work andsenersloads.

Casec. - In caseservicg acceptdo join the compositeserviceit
noti es its acceptanceo service (2.3), so a ServicelLevel
Agreemen{SLA) canbeestablished12]. At thesametime,
servicg entersthe preparationstateto get itself ready for
execution. It shouldbe notedin Figure8 thatAccept-to-join
link betweencorversationandpreparatiorstatesof service
playstwo roles:atransitionto enterthe preparatiorstateand
atriggerfor acornversationrmessagéo notify service.

Whenservicg nishes its execution,it invokesservicg according
to theagreementhatwasestablishedh Casec. Thereforeservice
entersthe executionstateandat the sametime, initiatescornversa-
tions with the next services. Servicg adoptsthe aforementioned
approach.

6. RELATED WORK

The Web Service CorversationLanguage(WSCL) of [6] de-
scribesthe structureqtypes)of documents serviceexpectsto re-
ceive and produce,aswell asthe orderin which the interchange
of documentgakesplace. In fact, the corversationcomponenbf
a serviceis seenasa way to describethe kinds of operationghe
servicesupportge.g.,clientsto log in rst andthenrequestcata-
log). In our work, we seecorversationsasa meandor servicego
discusgheestablishmentf acompositeserviceat differentlevels:
if to join, whento join, andwith whatto join. A serviceenters
different statesdependingon the outcomeof corversations. The
interactionghata servicesupportsare partof the activities under
takenwithin the states.

In [7], theauthorsdiscussedhe way DAML-S organizesa Web
servicedescriptioninto threeconceptuabreas Thepro le areade-
scribeswvhattheservicedoesin termsof adwertising,discovery, and
matching. This is the kind of information service-seekinggents
requirein theirwork. The processmodelareatells how the service



works, including information aboutthe services inputs, outputs,
pre-conditionsandeffects. The processnodelis alsoimportantin
composingand monitoring processesFinally, the groundingarea
tells how an agentcan accessa service. Typically, it speci esa
communicatiorprotocolandprovidesdetailssuchasport numbers
usedin contactingthe service.The conceptuahreaghat DAML-S
putsforwardshave a lot of similaritieswith the perspectiesthat
embeda servicechartdiagram.First, thepro le canbeassociated
with theorganizatiorperspectie. Indeed anorganizatiorthatpro-
videsa servicedecidesvhatfunctionalitiesandcapabilitiesto put
into a service.Secondthe processnodelcorrespondso the ow
perspectie atthecompositeservicelevel andto the statechartdia-
gramattheservicelevel. Finally, the groundingcorrespondso the
next serviceseld of the o w perspectie. A servicethatis listedin
that eld is annotatedvith the protocolthatenablests invocation.

ConversationdetweenNebserviceshave attractedheattention
of Ardissonoet al. [3]. Ardissonoet al. worked on a corversa-
tional modelthataimsat supportingcomple interactionsetween
clientsand Web serviceswhereseveral messagebave to be ex-
changedeforethe serviceis completed Corversationmayevolve
in differentways,dependingn the stateandthe needsof the par
ticipants. While we view the corversationsof [3] asapplication-
domaindependenand execution-drven, our suggesteatorversa-
tionsareapplication-domairindependenandcomposition-dren.
It shouldbe notedthat both typesof conversationscomplement
eachother Composition-dien corversationsare part of the ini-
tial exchangeof messagethat takes placeduring the preparation
of a compositeservice(e.g.,doesa Web servicehave an interest
in joining a compositionprocess?).While execution-drven con-
versationdllustratetheexchangeof messagethatoccurduringthe
deplgyment of a compositeservice(e.g.,how to submita users
requesto a Web service?). Therefore the chronologyof corver
sationsstartswith composition-drien conversationsandcontinues
with execution-drven corversations.

7. CONCLUSION

In this paper we presentedin approachfor designingservice-
drivenapplications Servicechartdiagramsonstitutehebackbone
of the approachthey leveragethe traditional statechartdiagrams
of UML. Additional elementsareaddedto statediagramssuchas
the organizationthat offers a serviceand the place of wherethe
executionof the servicetakes place. The speci cation of a com-
positeserviceconsistf connectinghe servicechartdiagramsof
all theserviceghatareinvolvedin thatcompositeservice.Before
connectinghem,contrituting servicesengagecorversationgo de-
cideif they join thecompositeserviceor not. Corversationsim at
raisingraisethe servicesto the level of autonomougomponents.
As statedin [2], the servicesthat are capableof engagingintelli-
gentinteractionsvould be ableto discorer andnegotiatewith each
other mediateon behalf of their users,and composethemseles
into morecomplex services.

Oneof themainissueghatneeddo bedealtwith duringconver-
sationss scalability If aserviceis requestedby a greatnumberof
servicesa bottlenecksituationmay happen.ndeedtherequested
servicehasto engagecorversationswith eachservicewhich could
de nitely take time andrequirecomputingresources.

Acknowledgments

The authorswould like to thank AyshaAlsayedMohamedismail
Almarzougi,afourthyearstudentatZU for hertouristmobile-book
service.

8. REFERENCES

[1] SimpleObjectAccessProtocol(SCAP).
http:/iwwww3.0g/TR/SQAP/, Visited July 2002.

[2] S.Akhil, M. Vijay, S.Mehmet,L. Li Jie,andC. Fabio.
AutomatedSLA Monitoring for Web ServicesTechnical
ReportHPL-2002-191HP LaboratoriesPalo Alto,
California,USA, 2002.

[3] L. ArdissonoA. Goy, andG. PetroneEnabling
Corversationavith Web Servicesin Proceeding®f the
SecondnternationalJoint Confeenceon Autonomous
Agents& Multi-AgentSystem$AAMAS'2003) Melbourne,
Australia,2003(forthcoming).

[4] B.BenatallarandF. Casati(Editors). Speciallssueon Web
ServicesDistributedandParallel Databasesin
Internationallournal Kluwer publishers12(2-3)September
2002.

[5] B.BenatallahQ.Z. ShengandM. Dumas.The Self-Serv
Environmentfor Web ServicesCompositionIEEE Internet
Computing 7(1), January/Februarg003.

[6] D. Beringer H. Kuno,andM. Lemon.UsingWSCLin a
UDDI Registry 1.02.
http://www uddi.og/pubs/wscIBPforuDD_16.011.doc,
2001.UDDI Working Draft BestPraticedDocument,
Hewlett-PackardCompay.

[7] J.J.Bryson,D. L. Martin, S. A. Mcllraith, andL. A. Stein.
TowardBehavioral Intelligencein the SemantidVeh IEEE
Computer35(11),November2002.

[8] B. Chaib-draaandF. Dignum.Trendsin Agent
CommunicatiorLanguageComputationalntelligence
2002.

[9] L. L. ConstantineFundamental®f Object-Orientedesign
in UML. Addison-Wesley, 2000.

[10] F. CurberaM. Duftler, R. Khalaf, W. Nagy N. Mukhi, and
S. WeeravaranaUnraveling the Web ServicesNeb: An
Introductionto SCAP, WSDL, andUDDI. IEEE Internet
Computing 6(2), March/April 2002.

[11] M. Huhns.AgentsasWeb ServiceslEEE Internet
Computing 6(4), July/August2002.

[12] H. Ludwig, A. Keller, A. Dah,andR. King. A ServicelLevel
Agreementanguagdor DynamicElectronicServicesin
Proceeding®f the 4th IEEE International\Workshopon
Advancedssuexf E-CommeteandWeb-Based
InformationSystem{WECWIS'2002)Newport Beach,
California,USA, 2002.

[13] Z. MaamayB. BenatallahandQ. ShengTowardsa
CompositionFramavork of E-/M-Servicesln Proceedings
of Thelstinternational\Workshopon UbiquitousAgentson
Embeddedy\earable and Mobile Devicesheldin
conjunctionwith the 1stinternationalJoint Confeenceon
Autonomoupgents& Multi-Agent System$AAMAS'2002)
Bologna,ltaly, 2002.

[14] Z. MaamarW. MansooyandQ. H. Mahmoud.Software
Agentsto SupportMobile ServicesIn Proceeding®f the
FirstInternationalJoint Confeenceon Autonomous
Agents& Multi-Agent System$AAMAS'2002) Poster
Session)Bologna,ltaly, 2002.

[15] J.Roy andA. RamanujanUnderstandingVeb Services.
|IEEEIT ProfessionalNovember/DecembgR001.



