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Abstract.  The development of Web Serviceshas transformed the World

Wide Web into a more application-aware information portal. The vari-

ous standards ensurethat Web Servicesare interpretable and extensible,

opening up possibilities for simple servicesto be combined to build com-
plex ones. The Semartic Web preserts a new mechanism for users and

software agerts to discover, describe, invoke, composeand monitor Web
services. For these purposesthe Semartic Web Services (OWL-S) on-

tologies have been developed to provide vocabularies to describe Web
Servicesin a precise and machine-understandable way. It is necessaryto

ensure the ontological descriptions of the servicescapture the intended

meaning aserroneousdescription may causeinvocation of wrong services,
with wrong parameters, resulting in undesired outcome. In this paper,

we proposeto apply software engineering method and tools to visual-

ize, simulate and verify OWL-S processmodels. Namely, Live Sequence
Charts (LSCs) is usedto model services,capturing the inner workings of
services,and its tool support Play-Engine is usedto perform automated

visualization, simulation and cheding.
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1 Intro duction

The World Wide Web has ewlved from a static information repository to a
current dynamic distributed information sharing and processingsource. Web
Services[2,3] are one of the latest endeaors in this ewlution. Together with
layers of XML-based open standards [19,18,3], Web Servicesprovide a frame-
work for automated serviceadvertisemert, discovery, invocation, composition &
inter-operation and execution monitoring. Web applications can be dynamically
discovered, invoked and simple servicescan be composedto build more complex
ones.



The Semartic Web [1] is another frontier of the Web dewvelopmert that is
believed by many asthe future of the Web, in which software agers can coop-
erate to accomplishtasks without human supervision. Web resourcesare given
well-de ned meaning so that they are readily available to human usersas well
as macdhines to understand and process.Resourceson the Web are expressed
in terms of ontologies, which de ne conceptsand relationships of a particular
domain. Basedon description logics, OWL (Web Ontology Language) has been
published by W3C as a ProposedRecommendation.

A Semaric Web Servicesontology, the OWL-S [17], is currently being de-
veloped to semantially specify Web services.Expressedin OWL, it is a meta-
ontology aimed at supplying the service producers/consumerswith a core set
of machine-interpretable vocabulariesfor preciselydescribingthe properties and
capabilities of Web services.It can be foreseenthat the blending of OWL-S
and various Web Servicesstandards will presert a more automated, e®ective
approac to deweloping, deploying and utilizing Web services.As OWL-S on-
tologies de ne what a service (sometimesreferred to as a process)does, how it
works and what are its inputs, outputs, preconditions and e®ects(IOPESs), it
is necessarythat they capture the correct information. Erroneous de nition of
preconditions, for example, may make a serviceinvoked when it should not be.
Hence,tool support, especially reasoningand simulation tool support is highly
desirablefor Semartic Web Servicesdewelopers.

A number of reasoningengineshave beendeveloped for ontology languages
RDF, DAML+OIL and OWL, suc asFaCT [11]and RACER [5]. All thesetools
are concertrated on deducing subsumption relationship (deducing whether one
OWL classis a \sub class" of another class)and cheding consistencyof static
Semaric Web ontologies. We foreseethat, since OWL-S emphasizeon service
description, forthcoming tool support ought to exciently capture the dynamic
aspects of services.

In this paper, we proposeto usethe software engineeringlanguagelive Se-
quenceCharts (LSCs) [4] and its tool support Play-Engine [8] to visualize and
simulate OWL-S processmodel ontologies, which capture the essetial informa-
tion about how a serviceis to be invoked, executedand the expectedresult and
outputs. LSCs are a broad extension of the classic MessageSequenceCharts
(MSCs [13]). They capture communicating scenariosbetween system compo-
nents rigorously. LSCs distinguish scenariosthat must happen from scenarios
that may happen, conditions that must be ful'lled from conditions that may
be ful'lled, etc. Together with various high-level operators like bounded loop,
if-then-else, LSCs may well be usedto specify complicated inter-object system
requiremerts. One of the novel aspectsof LSCsis that they allow a\pla y-in/pla y-
out" approach to simulate and verify the requiremerts without implemernting the
underlying object systems[7], which is realizedin Play-Engine. It allows usersto
interactively introduce a set of LSCs as behavioral requiremerts and automat-
ically drive the execution of the requiremerts by emplaying formal veri cation
techniques.



The essetial idea of capturing OWL-S processmodels using LSCsiis that a
OWL-S processmodel may be perfectly viewed as describing a scenarioof the
interactions betweena service-usingagert and the service-providing agert. The
bene ts of modeling OWL-S processmodels as LSCs are many-fold:

{ Allowing service designersto enjoy the visual power of LSCs by visually
designing OWL-S processmodels in Play-Engine. As LSCs are expressed
in XML, they can be easily transformed badk to OWL-S ontologies when a
servicedesigneris satis ed with the simulation runs in Play-Engine.

{ Using Play-Engine to simulate serviceswithout implementing them. By
smart playing-out [6] OWL-S processmodelsin Play-Engine, unwanted sce-
narios may be discovered early in the designstage.

{ Tapping Play-Engine's ability of interacting with dynamic linked libraries
(.dlls) such as COM, COM+, ActiveX Controls, servicedesignerscan more
easily write LSCs speci cations by directly calling functions from Web ser-
vicesde ned astheselibraries, therefore integrate existing Web serviceswith
OWL-S processmodels.

Moreover, we believe that mature developmert of the synthesis and veri cation
techniquesof LSCs and MSCs o®ershelpful guidanceon designingand verifying
Web Services.

The rest of the paper is organized as follows. In Section 2, an overview of
Web Services,the Semaric Web, ontology languagesRDF, OWL and OWL-S,
the language LSC and tool Play-Engine is brie°y preseried. In Section 3, we
preser the transformation rules from OWL-S processmodel ontology to LSCs.
The air ticket seard and booking casestudy is introducedin Section4. It is the
running example of the paper. In this section, we also demonstrate how Play-
Engine can be usedto run automatic simulation of servicesand verify properties
dynamically. Finally, Section 5 concludesthe paper and discussesfuture work
directions.

2 Overview

This sectionis dewted to a brief introduction of Semarics Web and Web Ser-
vices, LSCs and Play-Engine. Interested readersare referred to [17] and [8] for
detailed features of OWL Web Servicesand LSCs, respectively.

2.1 Semantic Web & Web Services

Web Servicesis a W3C coordinated e®ortto de ne a set of open and industry-
supported speci cations to provide a standard way of coordination betweendif-
ferert software applicationsin a variety of ervironments. A Web serviceis de ned
as\a software systemdesignedto support interoperable macine-to-machine in-
teraction over a network. It has an interface described in a machine-processable
format (speci cally WSDL). Other systemsinteract with the Web servicein a



manner prescribed by its description using SOAP messagestypically conveyed
using HTTP with an XML serialization in conjunction with other Web-related
standards" [2].

The various speci cations in the Web servicesdomain are all basedon XML,
making information processingand interchangeeasier.However,asXML Scema
only de nesthe syntax of adocumernt, it is hard for software agerts to understand
the semantics of a Web servicedescribed using these speci cations. A language
that is both syntactically well-formed and semartical is therefore desirable.

The Semaric Web [1] is an envisioned extension of the current Web, in
which resourcesare given machine-understandable, unambiguous meaning so
that software agerts can cooperate to accomplishcomplextasks without human
supervision. Resourcesn Semartic Web are marked up using ontologies, de ning
conceptsof and relationships betweenresources.Ontology languagesgive basic
vocabulariesfor expressingontologies. The Web Ontology Language(OWL) [15]
is the de-facto ontology language.Given a particular domain, OWL usesclasses
to represen abstract knowledge,useproperties to relate di®eren classesand use
individuals to represen concrete entities that belong to various classes.t lays
the foundation on which other ontologies can build.

OWL-S is an OWL-based Web serviceontology, which supplies Web service
producers/consumerswith a core set of markup languageconstructs for describ-
ing the properties and capabilities of their Web servicesin an unambiguous,
computer-interpretable form. OWL-S was expectedto enablethe tasks of “auto-
matic Web servicediscovery', “automatic Web serviceinvocation' and “automatic
Web service composition and inter-operation'. OWL-S consists of three essen-
tial typesof knowledge about a service:the prole, the processmodel and the
grounding. Figure 1 shows the high-level architecture of an OWL-S ontology. A
ServicePro'letells what the servicedoes It is the primary construct by which
a serviceis advertised, discovered and selected.The ServiceGroundingells how
the serviceis used It speci es how an agert can accessa service by specifying,
for example, communication protocol, messagdormat, port numbers, etc.. The
primary concern of our work in this paper is the OWL-S ServiceMalel (also
called processmodel), which tells how the serviceworks. Thus, the classService
is descriled By a ServiceMalel It includesinformation about the service'sinputs,
outputs, preconditions and e®ects.It also shavs the componert processef a
complex processand how the cortrol °ows betweenthe componerts.

The OWL-S processmodel is intended to provide a basisfor specifying the
behavior of a wide array of services.There are two chief componerts of an OWL-
S processmodel { the process,and processcortrol model. The processdescribes
a Web Servicein terms of its input, output, precondition, e®ectsand, where ap-
propriate, its componert subprocess.The processmodel enablesplanning, com-
position and agert/service inter-operation. The processcontrol model { which
describesthe control °ow of a composite processand shows which of various in-
puts of the composite processare acceptedby which of its sub-processeg allows
agerts to monitor the execution of a servicerequest. The constructs to specify
the cortrol °ow within a processmodel include SequencgSplit, Split+Join, If-



ServiceProfile

ServiceGrounding
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Fig. 1. Architecture of OWL-S Ontology

Then-Else Repeat-While and Repeat-Until. The full list of control constructs in
OWL-S and its semartics can be found in the latest version of OWL-S [17].

2.2 LSC & Play-Engine

LSCs are a powerful visual formalism which servesas an enriched requiremerts
speci cation language.There are two kinds of charts in LSCs. Existential charts
are mainly usedto describe possibleinteractions between participants in early
stagesof system design. At a later stage, knowledge becomesavailable about
when a systemrun has progressedfar enoughfor a speci ¢ usageof the system
to becomerelevant. Universal charts are then used to specify behaviors that
should always be exhibited. A universal chart may be precededby a pre-chart,
which senesasthe activation condition for executing the main chart. Whenever
a communication sequencematches a pre-chart, the system must proceed as
speci ed by the main chart. A chart typically consists of multiple instances,
which are represened as vertical lines. Along with ead line, there are a nite
number of locations (i.e. the joint points of instancesand messages)A location
carries the temperature annotation for progresswithin an instance. Message
passingbetweeninstancesis represened as horizontal lines. Cold conditions are
usedto assistart specifying complex cortrol structures like guarded-doice, do-
while. Hot conditions are assertedto assurecritical properties at certain point
of execution. Typically, a systemis described by a set of LSCs, both universal
charts and existertial charts. LSCs support advanced MSC features like co-
region, hierarchy and etc. For details on features of LSCs, refer to [7]. LSCs
are far more expressie than MSCs, which makes them capable of expressing
complicated inter-objects system requiremerts.

An interaction-basedmodel speci esthe desiredinter-object relationships be-
fore a systemis actually constructed. It is bene cial if the model canbe simulated
and tested soasto detect inconsistenciesand under-speci cation. One of the sig-
ni cance of LSCsiis that descriptions in the LSC languagecan be executed by



Play-Engine without implemerting the underlying object system. Play-Engine
is a tool recertly deweloped to support an approac to the speci cation, valida-
tion, analysisand execution of LSCs, called \play-in" and \play-out". Behavior

is \playedin" directly from the system'suserinterface, and asthis is being done
the Play-Engine cortinuously constructs LSCs. Later, behavior can be \played
out" freely from the userinterface, and the tool executesthe LSCsdirectly, thus
driving the system's behavior. When \playing out", Play-Engine computes a
\maximal response"to a user-provided evert, called a super-step. During the
computing of a super-step, hot conditions are evaluated. If any hot condition

evaluates to false, a violation is caugh. Otherwise, simulation cortinues with

the user provided events. This way, users may detect undesired behaviors al-
lowed by the speci cation early in the developmert. The basic play-out engine
arbitrarily exploresa single super-step, hence possibly running into problems.
The smart play-out approac usesmodel chedking to compute a valid super-step
if it exists. Alternativ ely, test casemay be supplied by the usersas existertial

charts sothat Play-Engine may guide the systemaccordingly to verify a scenario
of interactions betweenthe user and systemis possible.

3 Mo deling OWL-S with LSCs

In this section, we concerrate on the processmodel of OWL-S and abstract
away the servicegrounding details. The key idea of using LSCsto visualize and
simulate the OWL-S processmodelsis to usean LSC universal chart capturing
a processmodel. In other words, ead processis viewed as describing a possible
communicating scenariobetweena service-usingagen and the service-proiding
agert. For eath processmodel, we assumethere is a pre-servicerequest from
the service-usingagen to the service-praviding agert that identi es the service
to perform, which corresponds to the service grounding phasethat we ignore
in this work. For instance, the request) messagein Figure 3 is a pre-service
requestfrom a HolidayBookingAgent to a BdgtChker. Once a pre-servicerequest
is exchanged between the service-usingagert and the service-providing agert,
subsequen interactions follow precisely as de ned in the servicede nition (the
processmodel).

The classesof processesof a OWL-S ontology are categorized into three
groups: atomic, composite and simple. An atomic processcorresponds to the
actionsthat a servicecan perform by engagingit in a singleinteraction, i.e. a one-
step servicethat expects a bundle of inputs and producesa bundle of outputs.
An atomic processis a \black box" represenation; that is, no description is
given of how the processworks (apart from inputs, outputs, preconditions, and
e®ects).The following are a list of processfeatures of atomic processes.

{ processhasinput: It speci es one of the inputs of the service.

{ processhaslocal: It speci es one of the local parameters. Local parameters
are only usedin atomic processes.

{ processhasOutput: It speci es one of the outputs of the service.



{ processhasPrecondition : It speci es one of the pre-conditions of the service.
Preconditions are evaluated with respect to the client ernvironment before
the processis invoked.

{ processhasResult: It speci ed one of the e®ectsof the service.Result condi-
tions are e®ectiely meart to be “ewaluated' in the sener context after the
processhas executed.

Basically, a servicede ned by an atomic processis translated to an LSC uni-
versal chart precededby a pre-chart containing only the pre-servicerequest. An
atomic processhas always two participants, i.e. service-usingagert and service-
providing agen if the participants are skipped in the OWL-S ontology. Other-
wise, participants in an ontology are translated to instancesin the chart. Ac-
cording to [17], \inputs and outputs specify the data transformation produced
by the process”,hencethey areidentied with communication betweendi®eren
participants in the main chart. If a processhasa precondition, it cannot be per-
formed successfullyunlessthe precondition is true. Pre-condition of a serviceis,
therefore, identi ed with a sharedcold condition (among all participants) at the
very beginning of the main chart. Thus, if the condition is violated, the chart
terminates and hencethe process(service) is not performed. Post-condition of
the inCondition propertiesin processhasResult are conjoinedand identi ed with
a shared hot condition at the end of the chart so that if the post-condition is
violated, an error is raised by Play-Engine. The withOutput properties are then
identi ed with communications after the hot condition.

The data bindings are analyzedto identify the corresppndencebetween dif-
ferert inputs and outputs and local variables (if there are). Besides, built-in
functions in the processmodels are translated to external functions in LSC
(Play-Engine) and local variables are identi ed with variables assaiated with
the instancesin the chart.

Composite processesre composedof sub-processesand specify constraints
on the ordering and conditional execution of these sub-processes.These con-
straints are captured by the \comp osedOf" property. Composite processesare
constructed using cortrol constructs and referencesto processescalled PER-
FORMSs. Theseare analogousto function calls in procedural languagefunction
bodies.PERFORM itself is akind of control construct specifying wherethe client
should invoke a processprovided by somesener. PERFORM may be references
to atomic or other composite processesPERFORM are composed using other
control constructs. The minimal initial set includes Sequene, Split, Split+Join ,
Any-Order, Condition, If-Then-Else, Iterate, Repeat-While and Repeat-Until . We
summarizethe list of control constructsin Table 1 (accordingto OWL-S 1.1).

In the following, we discusshow composite servicesare systematically trans-
formed to LSCs. We presen the transformation in the following as transforma-
tion rules for each and every cortrol construct in Table 1.

{ Seuene: It is naturally translated to sequeitial communications along the
vertical linesin achart. If a sub-processtself is composedby other processes,
the sub-processis transformed to a sub-chart or a pre-service request in



Table 1. A Partial Summary of the OWL-S constructs

OWL-S Constructs |Description

process:Squene@ Executesa list of processesn order.

process:Split Executesa bag of processesoncurrertly.

process:Split+Join Executesa bag of processesoncurrertly with bar-
rier synchronization.

process:Any-Order Execute a bag of processesin any order but not
concurrertly .

process:Choie Choosesbetweenalternativesand executes.

process:If-Then-Else |Teststhe if-condition. If true executesthe \Then"
branch, if false executesthe \Else" branch.

process:iterate Seres as the common superclassof Repeat-While
and Repeat-Until and potentially other speci ¢ it-
eration constructs.

Repeat-While Iterates execution of a bag of processesuntil the
while Condition becomestrue.

Repeat-Until Iterates execution of a bag of processesuntil the
until Condition becomestrue.

timeout Interval of time allowed for completion of the pro-

cesscomponert (relative to the start of procesg
componert execution).

casethe sub-processis reusedin other processesVariables in the output
bindings are parameterized with the messageso that they are uni ed with
the variablesin the invoked processes.

Split: Becauseno speci cation about waiting or synchronization is made
amongthe bag of processcomponerts, processesn Split correspond to mul-
tiple pre-servicerequestsgrouped as a co-regionsothat the ordering of the
execution of the componerts are not constrained. Each pre-servicerequest
will in term activate an LSC modeling the corresponding service.

Split-Join: Becauseof the possiblebarrier synchronization, it is transformed
to LSCs similarly as Split with additional 0-bu®eredcommunication cor-
responding to the barrier syndironization. The 0-bu®eredcommunication
everts are sharedby all LSCs modeling the invoked services.Therefore, the
syndironization is made among all sub-processes.Moreover, the location
where the co-regionis is setto be hot sothat completion of all componerts
are guararteed.



{ Unordered: All componerts must be executed. This is transformed to LSCs
exactly asSplit exceptall locationsin LSCscorresponding to the components
are setto be hot sothat completion of all componerts are guaranteed.

{ Choice: This correspondsto the SELECT -Case construct in LSCs. Thus, a
choicein OWL-S is transformed to a SELECT -Case sub-chart with equally
distributed possibility.

{ If-Then-Else: The exact same construct if -then-else is available in LSCs.
The If-condition and Else-mndition are mapped to cold conditions in the
respective sub-chart. The only problem is to syntax-rewrite the logical ex-
pression used in OWL-S (represeried in DRS® or SWRL [12] or perhaps
KIF 2) properly to logical expressionin LSCs.

{ Repeat-While and Repeat-Until : Whether the test occurs at a xed place
within the iteration or runs asyndronously variesfrom subclassedo subclass
of these classes.The former is transformed to a looping sub-dhart in LSCs
with a shared cold condition (corresponding to the condition in the service
de nition) at the end of the sub-chart. The latter is transformed to a looping
sub-chart in LSCs with a cold condition (corresponding to the negation of
the condition in the servicede nition) at the end of the sub-dhart.

{ timeout: It is mapped to a timer set evert followed by a timeout evert in
LSCs cortaining the respective processcomponerts.

The transformation rules for composite processesare applied inductiv ely.
One of the ditculties of using LSCs to simulate the OWL-S processmodels
is to do the correct data binding and data computation. We assumethat a
simple underlying data and functional model of the systemis supplied by the
users,i.e. the underlying systemvariablesand the implemertation of the external
functions and soon. To simulate the set of processmodelsinteractively, we may
build a simple userinterface to trigger ervironmental everts manually. A simple
user-interface is built with a button for triggering every processmodel. Play-
Engine supports sudc user-interface built with Visual Basic, and plays-out the
corresponding LSCs according the userinteraction through the interface.

4 Case Study

This sectionillustrates the approad with an exampleof an online holiday book-
ing system.

4.1 System scenario

The holiday booking systemis a Web portal o®eringaccesgo information about
air tickets and hotels. This Web portal provides automated air ticket and hotel
booking servicesto userswho are planning their holidays.

L ¢f. http://lwww.daml.org/services/owl- s/1.0/conditions.html
2 ¢f. http://logic.stanford.edu/kif/dpans.html



In the courseof operation, the customersubmits a request,which includesthe
information about the destination, travelling time and maximum budget, to the
holiday booking agert. Upon receiving the request, the holiday booking agert
tries to nd the most suitable air ticket and hotel basedon information in the
customer'spreferenceswhich have beenobtained from his online, OWL-encoded
prole. The preferencesmay include the preferred airlines, hotels, etc. Following
that, the holiday booking agert calculatesif the total cost overruns the budget
limit. If the total costis more than customer's budget, the holiday booking
agert tries to nd another cheaper hotel or ticket. If there is no ticket and hotel
combination that can be found within the budget, the customerwill be noti ed.
Otherwise the booking agert shaws the information about the matched ticket
and hotel to the customer. If the customer is satis ed, he/she submits his/her
credit card information to the holiday booking agen. The holiday booking agen
asksa third-part credit cheding agert to ched if the card is valid with suxcient
credit. If it is, the book will be made.

Figure 2 shows part of the OWL-S processmodel for the holiday booking
agernt®. The holiday booking service has a composite processBookingProcess
which sequettially performsfour sub-processe¢ SerchTicketHotel, CheckBudget,
CheckCredit and PlaceOrder. SearchTicketHotel is a composite processas well,
which performs two atomic process,SerchHotel and SerchTicket, in parallel.
The complete OWL-S processmodel can be found at http://www.cs.man.ac.
uk/~hwang/booking.xml .

Being part of our casestudy, the following is the processmodel of an atomic
OWL-S service ontology that cheds whether the current air ticket and hotel
prices are within user budget, given as inputs the air ticket price (variable X1),
hotel accommalation cost (variable X2) and the user'sbudget (variable X34. As
output, this atomic servicereturns true for variable Check Budget result if
X3 X1+ X2, and false otherwise. For atomic processesthe inputs must come
from the service-usingagen.

<process:AtomicProcess rdf:ID="CheckBudget">
<process:haslnput><process:Input rdf:ID="budget_hotel_Cost">
<process:parameterType rdf.datatype="&xsd;#nonNegativelnteger"/>
</process:Input></process:haslnput>
<process:haslnput><process:Input rdf:ID="budget_ticket_Cost">
<process:parameterType rdf.datatype="&xsd;#nonNegativelnteger"/>
</process:Input></process:haslnput>
<process:haslnput><process:Input rdf:ID="budget_total_Cost">
<process:parameterType rdf.datatype="&xsd;#nonNegativelnteger"/>
</process:Input></process:haslnput>
<process:hasOutput><process:Output  rdf:ID="Check_Budget_result">
<process:parameterType rdf:datatype="&xsd;#anyURI">&xsd;#boolean
</process:parameterType></process:Output></process:hasOutput>
<process:hasResult>

3 The diagram has beenslightly revised for presertation purpose.
4 These variables are represerted as budget_ticket _Cost, budget_hotel _Cost and
budget_total _Cost in the ontology, respectively.



Fig. 2. Holiday booking System

<process:Result rdf:ID="Within_budget">
<process:withOutput>
<process:OutputBinding>
<process:toParam rdf:resource="#Check_Budget_result"/>
<process:valueData rdf:.datatype="&xsd;#boolean">true
</process:valueData></process:OutputBinding></process:withOutput>
<process:inCondition>
<expr:KIF-Condition>
<expr:expressionBody>
(>= ?budget_total Cost
(+ 7?budget_ticket_Cost  ?budget_hotel_Cost))
</expr:expressionBody>
</expr:KIF-Condition>
</process:inCondition>
</process:Result>
</process:hasResult>
<process:hasResult>
<process:Result rdf:ID="beyond_budget">

</process:Result>
</process:hasResult>
</process:AtomicProcess>



Fig. 3. LSC Example: Budget cheding

Figure 3 shows an LSC universal chart capturing the necessaryinterac-
tions between a service-usingagert and a budget-chedking agert cooperating
in the above atomic service. Once the service-usingagert requeststhe service
CheckBudget (after determining whether the service meetsits needshy explor-
ing the service pro le), necessaryinformation like budget_ticket_Cost and
budget_hotel_Cost is supplied by the service-usingagert. The budget-cheding
agent replies with true, if the budget is at least as much as the sum of the air
ticket and hotel prices, and false otherwise.

4.2 Simulation

Figure 4 shaws in Play-Engine part of the LSC of the HolidayBooking process
model. Givena setof inputs including departure and destination cities, outbound
and inbound dates, budgets, etc., the servicewill seart for valid air tickets and
hotels. Finally if sudch °ights and hotel accommalation are available, it will
proceedto book the °ight and room.

Our simulation beginswith building a simple Graphical User Interface (GUI)
for interactively introducing external everts. A systematic approach is to build
one GUI componert for eat user-accessibléVeb service.In our example, only
one Web serviceis accessibleto service-usingagens, namely HolidayBooking.
The simple GUI is shown in the left bottom corner of Figure 4. Play-Engine
allows user-de ned variables and external function through ActiveX DLLs. For



Fig. 4. Simulation ScreenShot

the purposeof simulation beforeactual implementation, an abstract \implemen-
tation" capturing only necessarydetails of the systemis suxcient. Howewer, if
the underlying data and functional systemis implemerted using techniqguescom-
patible with ActiveX DLLs, e.g.ASP, .NET, Play-Engine may import the actual
implemertation of the underlying systemand perform the simulation.

From our experiences,symbolic messagesnd instancesare very helpful for
capturing the OWL-S processmodels compactly. After building the LSC model,
a user may interactively play out the systemby initiating an (or a seriesof) ex-
ternal event and chedk how the system proceedsstep-by-step. Assertion can be
inserted freely by introducing hot conditions in the LSCs. During simulation, a
violation of the hot condition will be caugh by Play-Engine. This way, inconsis-
tency and under-speci cation is detectedintuitiv ely. In casean external process
(to be o®eredby third party) is assumed.the user may specify the possibleout-
put of the processmanually or Play-Engine would usemodel-cheding techniques
to automatically nd a valid value (if the variables have "nite domain). In our
example, during simulation, windows are popped up for the userto specify the
ticket price and the hotel price. Alternativ ely, a user may build a test caseof
the system as an existertial chart (with assertions)and let Play-Engine do the
guided play-out according the existertial chart.

In Figure 4, the HolidayBooking processis invoked by two di®eren service-
using agerts. Hence,two copiesof the chart HolidayBooking (according to the



HolidayBooking process)are monitored. With simulation run of this scenario,

where a number of service-usingagert are using the ticket-booking service, we

gain con dencethat the samesharedresource(e.g. ticket vacancy) are accessed
exclusiwely.

5 Conclusion

In this paper, we proposeto useLSCsand Play-Engine to visualize and simulate
OWL-S processmodels. The signi cance and novel aspects can be summarized
as follows. Firstly, by transforming an OWL-S service model ontology into an
LSC, service dewveloper can design the servicesin a more visual and intuitiv e
manner. In XML format, the LSCs can be easily transformed bad to OWL-
S. Secondly we may simulate the interactions without implemerting the Web
service (exploring the servicegrounding), and be able to gain con dence of the
service models. The key point of this approacd is that a Web service can be
naturally viewed as a desired usage of the web agert, i.e., a scenario of the
interaction betweenthe service-usingagert the service-providing agert. Thirdly ,
as Play-Engine supports dynamic linked libraries such as COM and ActiveX
Controls, Web serviceswritten in theselibraries can be more easily transformed
to LSCs, from which the OWL-S service model may be derived. Hence, our
approad alsofacilitates the integration of Web serviceswith OWL-S. Moreover,
we preseried a travel booking casestudy to demonstrate our approach.

There are a number of future work directions that we deem as worthwhile
to pursue. First of all, it is necessaryto dewelop programs to automatically
construct LSCs from the OWL-S processmodels to make this approach more
practical. Recerlly an OWL-S editor has been developed® as a plug-in for the
Prot§df OWL Editor [14]. It will be valuable for OWL-S dewelopersif they can
obtain feedbad, in terms of simulation results, from Play-Engine simulations
directly to the editor. Hence,sud a deeplinking betweenPlay-Engine and the
OWL-S editor is desirable.BesidesLSC and Play-Engine, formal languagessuch
as CSP [9] can also be consideredto represenh OWL-S ontologies and their tool
support, such asthe FDR [16] or SPIN [10] model cheders, may also be usedto
perform veri cation tasks.

We foreseethat Web Serviceswill be a newand fruitful application domain of
Software Engineering (SE) methods and tools. Our approad, along with other
approaceson applying SE methods to the Web domain, o®ersboth experience
and possibletool supports for developing Web serviceslanguagesand techniques.

Acknowledgemen t

The secondauthor would like to thank Singapore Millennium Foundation® for
the "nancial support. This work was supported in part by HyOntUse Project

5 cf. http://owlseditor.semwebcentral.org/index.shtml
6 ¢f. http://www.smf- scholar.org/



(GR/S44686) funded by the UK Engineering and Physical Science Researt
Council.

References

1

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

T. Berners-Lee, J. Hendler, and O. Lassila. The Semartic Web. Scientic Ameri-
can, 284(5):35{43, 2001.

D. Booth, M. Champion, C. Ferris, F. McCabe, E. Newcomer,and D. Orchard. Web
Services Architecture.  http://www.w3.0rg/TR/2004/NOTE- ws-arch- 20040211/,
Feb. 2004.

. E. Christensen, F. Curbera, G. Meredith, and S. Weeravarana. Web Services

Description Language(WSDL) 1.1. W3C, 1.1 edition, March 2001. http://www.
w3c.org/TR/wsdl .

. W. Damm and D. Harel. LSCs: Breathing Life into Message SequenceCharts.

In Proceedings of the IFIP TC6/WG6.1 Third International Conference on For-
mal Methods for Open Object-Based Distributed Systems (FMOODS) , page 451.
Kluwer, B.V., 1999.

. V. Haarslev and R. MAller. RACER User's Guide and Reference Manual: Version

1.7.6, Dec. 2002.

. D. Harel, H. Kugler, R. Marelly, and A. Pnueli. Smart play-out. In OOPSLA

Companion, pages68{69, 2003.

. D. Harel and R. Marelly. Specifying and Executing Behavioral Requirements:

The Play-In/Pla y-Out Approach. Tednical Report MCS01-15, The Weizmann
Institute of ScienceRehovot, Israel, 2002.

. D. Harel and R. Marelly. Come, Let's Play: Scenario-Based Programming Using

LSCs and the Play-Engine. Springer-Verlag, 2003.

. C. A. R. Hoare. Communicating Sequential Processes Prentice-Hall International,

1985.

G. Holzmann. The model cheder spin. IEEE Trans. on Software Engineering,
23(5):279{295, May 1997. Special issueon Formal Methods in Software Practice.
I. Horrocks. The FaCT system. Tableaux'98, LNCS, 1397:307{312,1998.

I. Horrocks, P. F. Patel-Schneider, H. Boley, S. Tabet, B. Grosof, and M. Dean.
SWRL: A Semartic Web Rule Language Combining OWL and RuleML. http:
IIwww.w3.0rg/Submission/2004/SUBM- SWRL20040521/, May 2004.

ITU. MessageSejuene Chart(MSC) , Nov 1999. SeriesZ: Languagesand general
software aspects for telecommunication systems.

H. Knublauch, R. W. Fergerson,N. F. Noy, and M. A. Musen. The Prot§ds OWL
Plugin: An Open Development Environment for Semartic Web Applications. In
Proceedings of the Thir d International Semantic Web Conference (ISWC 2004),,
Hiroshima, Japan, Nov. 2004.

M. K. Smith and C. Welty and D. L. McGuinness (editors). OWL Web Ontology
Language Guide. http://www.w3.0rg/TR/2004/REC- owl- guide- 20040210/, 2004.
A. W. Roscece. Theory and Practice of Concurrency. International Seriesin Com-
puter Science.Prentice-Hall, 1997.

The OWL ServicesCoalition. OWL-S: Semartic Markup for Web Services. http:
Iliww.daml.org/services/owl- s/, 2004.

UDDI. Universal Description, Discovery, and Integration of Businessfor the Web,
October 2001. http://www.uddi.org .

W3C. Simple Object AccessProtocol (SOAP) 1.1, 2000. http://www.w3c.org/TR/
SOAP



