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Abstract Communities gather Web services that provide a common ifumetity,
acting as an intermediate layer between end users and WebeserOn the one
hand, they provide a single endpoint that handles user stgjaed transparently
selects and invokes Web services, thus abstracting thetisel¢ask and leveraging
the provided quality of service level. On the other handy theximize the visibility
and use rate of Web services. However, data exchangeskbatiltece between Web
services and the community endpoint raise several issagsriicular due to se-
mantic heterogeneities of data. Specific mediation mesh@nare required to adapt
data operated by Web services to those of the community.¢jenediation facil-
ititates interoperability and reduces the level of difftguior Web services to join
and interact with communities. In this chapter, we proposeediation approach
that builds on 1) context-based semantic representatiokvét services and the
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community; and 2) mediation mechanisms to resolve the storfagterogeneities
occuring during data exchanges. We validate our solutimutih some experiments
as part of the WSMO framework over a test community and shevithitations of
our approach.

Key words. Context, community, mediation, semantics, Web serviceSM®.

1 Introduction

The service-oriented paradigm is gaining momentum as a wayteérconnect ap-
plications across distributed organizations. Especiailyhe World Wide Web, the
advent of Web services provides a framework to interconapptications. Web
services are remotely accessible software componentsdirgva specific func-
tionality. They rely on well-defined Web protocols such asTiHTfor transport,
which are coupled to some XML-based languages for suppmpriiessage ex-
change (SOAP [7]), functional service description (WSDIO]j1 and discovery
(UDDI [27]). The main advantage of Web services is their cityaof being com-
posed. A composition consists of combining several Webicesvinto the same
business process, in order to address complex user’s resddsgingle Web service
could not satisfy.

Due to the increasing number of services available on the Yeldliscovery and
selection steps are becoming of major importance. Theyatdl determine the rel-
evancy of a composition for fulfilling a specific goal in a sifiecsituation and also
contribute to its successful achievement. As stated in tivk of Al-Masri et al. [1],
the common practice nowadays is to manually search for dedts&feb services
depending on several Quality of Service (QoS) characiesistich as availability,
price, efficiency, reliability, etc.

Gathering Web services into communities facilitates ttsealiery and selection
tasks by providing a centralized access to several furaifipequivalent Web ser-
vices via a unigue endpoint. Community-based frameworks #énhance Web ser-
vices availability and improve the success rate of commosit They also improve
the confidence level as they select independent Web semicesding to a set of
criteria (price, availability, speed, response qualitg,)e Several research works
propose to use communities for easing the management aedsattt Web ser-
vices [3, 4, 15, 16, 23, 26].

However, several heterogeneities between Web servicahaedmmunity ham-
per straightforward integration. At the semantic levegcdépancies between the
data representations of Web services and the data repatieardf the community
must be resolved in order to allow transparent invocaticseofices via the commu-
nity. Indeed, when a user request is sent to the communifyant] the semantics of
this request is organized according to the community seingthis request is for-
warded to some Web service of the community. However, eadhs&fkvice already
has its own semantics chosen at design time, prior to siddsgrio the community.
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A mediation is required between the semantics of the Welicsesthat answer the
request and those of the community endpoint.

In this chapter, we address the interoperability problesised by semantic het-
erogeneities in Web services communities. Our motivataorg what makes the
originality and main contribution of this chapter, is to demstrate how context-
based mediation is relevant to the domain of Web service aamities, and to il-
lustrate the feasibility of our proposal via a concrete iempéntation. To do so, we
develop a mechanism for semantic mediation that relies antext-based model
for data representation proposed in previous work [19]. Wnsin the following
how to solve semantic discrepancies and enable seamlesstion of Web services
in communities, and we illustrate our work by implementing proposal within the
WSMO framework.

This chapter is organized as follows: Section 2 introdubesriotion of com-
munity for gathering Web services and summarizes the ctbised model we
rely on for describing data semantics. Section 3 discussestiie deployment of
a semantic mediation module helps solve semantic incemsitgts of data between
Web services and communities. Further details on the fanictg of the mediation
module and how it takes advantage of our context-based nawdejiven in this
section. Moreover, an implementation alternative basethetWSMO framework
is proposed in Section 4. Section 5 presents related worlerastic mediation in
communities, and section 6 discusses the limitations ohvamuk and presents some
insights for future work.

2 General architecture

2.1 Communities of Web services

A community is typically a group of people living together wnited by shared
interests, cultural, religious or political reasons. le thomain of Web services,
communities help gather Web services that provide a commuoctibnality, thus
simplifying the access to Web services via a unique comnatioic endpoint, that
is the access point to the community.

In previous work, we proposed an approach that supportsaheepts, archi-
tecture, operation and deployment of Web service comnam|23]. The notion
of community serves as a means for binding Web services. Araamty gathers
severalslaveWeb services that provide the same functionality. The comityus

accessed via a unigmeastenWeb service. Users bind to the master Web service that

transparently calls a slave in the community. On top of fadigy calls back and

forth between users and slave Web services, the master alsages its community
at a higher level. Our previous work details the managenasiksta master Web ser-
vice is responsible for. Such tasks include among othegthiagistering new Web
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services into the community, tracking bad Web services,rambving ineffective
Web services from the community.

A masterWeb service represents the community and handles useusstwith
slave Web services with the help of a specific protocol. Ingravious work we rely
on a slightly extended version of the Contract Net proto€Protocol) [25], as
illustrated in Fig. 1:

1. The master Web service sends a call for bids to the slavesaklices of the
community.

2. Slave Web services assess their current status and@lgilo fulfil the request
of the master Web service, and interested Web service rephetcall.

3. The master Web service examines the received proposélshamses the best
Web services according to its preferences (QoS, avaigbdlost, fairness...).
Then, it notifies the winner slave Web service.

4. Slave Web service that answered the call for bids but wetselected are noti-

fied too.
Slave
Web service
Chronology Slave
1. Service request; 2. Call for bid; 3. Expression of interest Web service
4. Contract awarded and peer notification

5. Result submission 6. Service response

Fig. 1 Contract-Net protocol interactions

In this chapter, we provide a context-based semantic mediatchitecture for
Web service communities. Indeed, the applicability of owdmtion proposition
goes beyond this domain. However, we specifically focus barés deployment
with communities as defined in [23], where semantic mediaisoperformed be-
tween the community master and slave Web services.

2.2 Context representation

The notion of context has for a while been a hot topic in thelbase field [12],
and has been specifically adapted in previous work to theigéis and mediation
of data semantics for Web services [19]. In this specific wiafq, context-based
representation of data semantics is particularly releaadtspecifically designed to
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data exchange between Web services engaged in a compositistinguishes two
concerns at different levels, where existing knowledgeesgntation approaches
see one concern only.

At the conceptual level, context-based approach encorapasatching the dif-
ferent domain concepts used by the actors involved in tha eéathange. While
semantic differences (such as different granularitiehefdomain concepts) may
hamper straightforward matching between world represients, we assume that
correspondences can be established between the domagptensed.

At the contextual level, context-based approach encorepaks description and
mediation of the different data interpretations attachedhe domain concepts,
which are intrinsically related to the (heterogeneousil@ssumptions of the ac-
tors involved. At this level, more complex conversion rudes required to enable
accurate data conversion and interpretation.

Thus, while typical approaches on knowledge represemtaigualize domain
concepts with attached properties, and perform data niediatan all-in-one fash-
ion, context-based approach distinguishes two concerdssimmplifies the medi-
ation steps by dividing the complex mediation task into tustidct subtasks. The
first subtask is to interconnect domain concepts at the sérievel, and the second
subtask is to mediate data between different contexts wsingersion rules.

Context description involves pushing data up to the levedarhantic objects
A semantic object is a data object with an explicit semard&scribed through its
context. A semantic obje&is a tupleS= (c,t,Vv,C) that holds a conceptdescribed
in a domain ontology, a typethat is the XML Schema type of the data, a vahikat
is the data itself and a conteRtthat is a set of semantic objects called modifiers.

Modifiers are semantic objects that participate in a conféxtrefore, context is
seen as a tree of modifiers where the leaves are modifiers with eontext. Modi-
fiers can be of type static or dynamic. The main characte$tiynamic modifiers
is their capacity to have their value inferred from the valoéstatic modifiers. For
instance, as shown in Fig. 2, if price semantic object is attached to the coun-
try Franceand to the date 185/2005, then it can be inferred that tbarrency
modifier, which describes the currency of this price, Bago as a value, making
currencya dynamic modifier. Static modifiers have to be made explic@rder to
describe the meaning of the semantic object.

2.3 Domain and context ontologies

The use of context comes from a simple assumption: Web ssradhere to com-
munities with difficulty. Several reasons such as stratagit economic aspects are
involved, but are out of the scope of this chapter. Anothasoa is semantic in-
compatibility. In fact, each community follows a specificderiedge representation
that is not always compliant with other communities’ knodde representations,
and Web services already have, either implicitly or explictheir providers’ local
semantics.
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OWL concept

Context

/ Context\
\

VAT included = true ‘ Scale factor = 1

v v

‘ Date = 15/05/2005 Country = FR

l
— I

Notation : — ‘ static modifier | _

Fig. 2 Description of theprice semantic object

Therefore, the adhesion of a Web service to a new commurgtyines either a
hard-coded change in the service implementation or theydesfia wrapper that
acts on behalf of the original Web service, in order to comyithh the community’s
knowledge representation. Such tedious requirementepfii each new commu-
nity a Web service wishes to adhere to. Our context-base@hhad for objective to
ease the task of Web service providers when they decide grathnew communi-
ties, by scaling domain ontologies down to the minimum, aripling additional
context ontologies to handle the different local semardfcservice providers. To
do so, our context-based model makes the distinction betdemain knowledge
and context knowledge.

Domain knowledge includes main concepts that are assumbd tor should
be) common to all parties. For instance, the conceppride might be part of a
domain knowledge and included in domain ontologies. We dgmnopriate to limit
the application of domain ontologies to the concepts araticglships that can be
devised in a top-down way. Experts in the knowledge domasukshspecify domain
ontologies and limit to the minimum the extra descriptiodomain concepts. Thus,
domain ontologies should be the most similar and the burdesmvadhering to a
community should be limited. An ideal situation is the desid a uniqgue domain
ontology that all communities could adopt, although suctiuasgon is not likely to
happen in an open world like the Web.

Context knowledge includes all the knowledge (i.e. prdpsrffeatures, etc.) at-
tached to the concept @irice, which is useful for a correct interpretation when one
needs to understand an instancepoice. This is where context ontologies come
into play. A context ontology is attached to each concephefdomain ontology.
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Context ontologies describe all the different propertiedamain concepts that are
not described in the domain ontology. In order to populatedbntext ontology, a
bottom-up approach is adopted. The contexts of domain gisege updated by
service providers when they adhere to the community, asasedly the community
maintainer. Service providers should make their semaetipficit via the context
ontology. In addition Web service providers and the comryumiaintainer should
describe the links between the different context reprediemis that populate context
ontologies.

Separation of concerns has proven to be an efficient way & soimplex prob-
lems in the field of software engineering, and the separaficoncerns we propose
between domain and context ontologies follows such a vatildished practice in
order to facilitate semantic interoperability between \Webvices.

2.4 Context annotation of WSDL

Propelling input and output data of Web services (describatie WSDL docu-
ments) to the level of semantic objects requires additioxfarmation. In WSDL
documentssnessage> elements describe data exchanged for an operation. Each
message consists of one or meygar t > elements. We also refer tpar t > ele-
ments as “parameters” in the rest of this chapter. Each ptearhas ananme> and
a<t ype> attribute, and allows additional attributes.

In [20], we proposed a WSDL annotation that enriches inpdt@utput param-
eters contained in WSDL documents with a concept from a demaiology and
static modifiers from the context ontology attached to thecept. Our annotation
takes advantage of the extension proposed in the WSDL spriifi [10], so that
annotated WSDL documents operate seamlessly with botsicéand annotation-
aware clients<par t > elements are annotated wittcant ext attribute that de-
scribes the names and values of static modifiers using & kigiaified names. The
first qualified name of the list specifies the domain ontolagyoept of the semantic
object €). Additional elements refer to context ontology concestamces to de-
scribe the names and values of static modifiers. These cbimstpnces are OWL
individuals, thus they allow specifying the name and valfieantext attributes at
the same time.

<?xml version=''1.0"" encoding="‘UTF-8""?>
<wsdl:definitions ..>

<wsdl:message name=‘‘checkPriceReg’’
<wsdl:part name="'‘price’’ type=‘‘xsd:double’’
ctxt:context=‘‘dom:Price ctxl:ScaleFactorOne
ctxl:dateValue ctx1:VATIncluded ctxl:France >/
</wsdl:message

<'/‘;Nsdl:definition$

Listing1 Annotated WSDL Snippet
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With the help of such annotation, a valuand its data typ¢ described in the
WSDL document are enriched with the concemnd the necessary modifiers to
define the contex@, thus forming a semantic obje@t, v,t,C). To keep this chapter
self-contained, we provide a simplified structure of theciated WSDL document
in Listing 1.

A contextC is populated at runtime, using logical rules. Logical rulder the
values of dynamic modifiers from the information provideddtgtic modifiers of
the WSDL annotation. Using rules offers several advantagéss are easily mod-
ifiable, making this solution more adaptable to changes énsttmantics. Often-
changing values of dynamic modifiers could not be staticgtlbyed, so using rules
simplifies the annotation of WSDL. Furthermore, rules safaapplication logic
from the rest of the system, so updating rules does not regeivriting application
code. In this chapter, we rely on our annotation and rulethasechanisms in order
to provide the semantic information required to performaetic mediation within
a community.

Our annotation of WSDL is a way to add semantics to the stahdescription
language for Web services. While in our implementation {{8aet) we use another
language (OCML) for describing Web services, our WSDL aatioh allows exist-
ing Web services to comply with the requirements of conteaged representation
with few simple changes in the original WSDL file of the Webvées.

3 Semantic mediation for Web service communities

Our mediation architecture for Web service communitiesuidt lon a master Web
service that contains a mediation module. This mediatioduteenables the master
Web service to handle incoming requests from outside theroamity.

Thanks to the mediation module, the master Web service daasax mediator.
Upon reception of a user’s request, it uses the mediationufec convert the
message into the slave Web service’s semantics. Upon reaefftan answer from
a slave Web service, the master Web service uses the mediatdule again to
convert the message into the semantics of the communitydeénding it back to
the user. Our master Web service is also responsible for @tsles, such as selecting
a slave Web service upon reception of a request or managingdimmunity, as
described earlier.

3.1 Accessing the community

Typically, a user that wishes to interact with a communityftdfilling his/her goals
discovers and selects the WSDL file of the community via a UBdgistry. Then,
the client program uses this WSDL file to build a query and setalthe commu-
nity endpoint, i.e. the master Web service. The latter hesthie interactions with
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the client in order to hide the community complexity. Thergaammunity-based
architecture is completely transparent from the user'stpafiview.

However, the master Web service does not implement the canityrfunction-
ality itself. Its role is to select one of the slave Web sessithat belong to the
community according to the user’s preferences, and to fahtee client’s request
to this slave Web service. Then, it must forward back the ané&wm the slave Web
service to the client. We detail the functioning of the mag¥eb service hereafter.

3.2 Details on context-based mediation

When it comes to the mediation aspect, our master Web sdveitaves as a proxy
for the community. It handles and transfers incoming retpfesm users and outgo-
ing answers from slave Web services. On reception of an iff@prequest, it uses
the mediation module to perform the following actions in@rtb solve semantic
heterogeneities using our context-based approach. Thatiwdmodule contains
several components:

e an interface to communicate with the master Web service,

e a core component callechediatorthat orchestrates the different steps of the
mediation process described below,

e acomponent called/ SDLcontextreadeao read WSDL annotations,

e repositories for domain and context ontologies for the camity,

e arule engine and a knowledge repository to store rules ftar danversion and
context building.

All these components participate in the semantic medigtimtess in the fol-
lowing way, as illustrated in Fig. 3:

1. Reading WSDL annotation

a. It selects a slave Web service and fetches its WSDL déisarip

b. Then, it parses the input and output parameters of thetedl®/SDL opera-
tion of this slave Web service.

c. For each parameter, it extracts the domain concept atid stadifiers con-
tained in the WSDL annotation. We assume our semantic niediatodule
is configured for a specific community and already has in-nrgmepresen-
tations of the input/output parameters of the communityeasamtic objects,
so there is no need to fetch the WSDL file proposed by the corityaun

2. ldentifying domain vocabulary

a. It communicates with the domain ontology to identify therdin concepts
contained in the annotation.

b. If the terms are not found, an exception is raised, ottemitlie next step is
confirmed.

3. Identifying context



10 Mrissa et al.

a. It communicates with the context ontology to identify thedifiers contained
in the annotation.

b. If the terms are not found, an exception is raised, ottemitlie next step is
confirmed.

4. Building semantic objects

a. Using the information contained in the WSDL annotatiam,roediation mod-
ule converts the annotated WSDL parameters into semarjéctsb

b. Itinteracts with a rule engine in order to infer the valaédynamic modifiers
available in the context. Sometimes not all dynamic modifean be popu-
lated. In such a case, data semantic conversion is stililjessver a limited
context.

5. Performing data conversion

a. At this stage, our mediation module possesses two in-mesaonantic ob-
jects that have different contexts, and needs now to comlatet from the
context of the community to the context of the slave Web servio do so, it
interacts with a knowledge repository that stores congamiles and enables
data conversion from the community semantics to the slave $&evice’s se-
mantics.

b. If the conversion is not possible, an exception is raisdtgrwise data is for-
warded to the slave Web service.

Onreception of an outgoing answer, the task of our mediatiodule is reversed:

1. Itreads the WSDL description of the slave service it mtes with, identifies the
domain and context information contained in the annotatiod builds semantic
objects.

2. It interacts with the rule engine that converts data fromdlave Web service’s
semantics back to the community semantics.

3. It raises an exception if the conversion does not succeéarwards the con-
verted data back to the client of the community.

4 |Interoperability with semantic Web services frameworks:
the case of WSMO

In order to demonstrate the applicability of our approace,censider the imple-
mentation of the conceptual approach proposed in this eh#ptough established
Semantic Web Service (SWS) frameworks. Particularly, veeuss in the follow-
ing its implementation through the established Web SerMoeeelling Ontology
(WSMO) framework.
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Web service
community

Fig. 3 Overview of the mediation process

4.1 Semantic Web services and WSMO

SWS frameworks aim at the automatic discovery, orchestraind invocation of
distributed services for a given user goal on the basis ofrehensive semantic de-
scriptions. SWS are supported through representatiodatds such as WSMO [2]
and OWL-S [14]. In this chapter, we refer to the Web Servical®liing Ontology
(WSMO), a well established SWS reference ontology and freonle The concep-
tual model of WSMO defines the following four main entities:

e Domain Ontologies provide the foundation for describingwdins semantically.
They are used by the three other WSMO elements. WSMO domadtogies
not only support Web services related knowledge representhut semantic
knowledge representation in general.

e Goals define the tasks that a service requester expects adnéteso fulfill. In
this sense they express the requester’s intent.

e Web service descriptions represent the functional behafi@an existing de-
ployed Web service. The description also outlines how Webices communi-
cate (choreography) and how they are composed (orchestyati

e Mediators handle data and process interoperability isthasarise when han-
dling heterogeneous systems.

WSMO is currently supported through several software taals runtime envi-
ronments, such as the Internet Reasoning Service IRS}HAH® WSMX [28]. IRS-
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Il is a Semantic Execution Environment (SEE) that also fites a development
and broker environment for SWS following WSMO. IRS-IIl matlis between a
service requester and one or more service providers. Basadlient request cap-
turing a desired outcome, the goal, IRS-IIl proceeds thinoilng following steps
utilizing the set of SWS capability descriptions:

1. Discovery of potentially relevant Web services.

2. Selection of a set of Web services which best fit the incgmaguest.

3. Invocation of selected Web services whilst adhering yodata, control flow and
Web service invocation constraints defined in the SWS céipebi

4. Mediation of mismatches at the data or process level.

In particular, IRS-IIl incorporates and extends WSMO ascgpistemological
framework of the IRS-III service ontology which providesramtic links between
the knowledge level components describing the capalsilitiea service and the
restrictions applied to its use. IRS-III utilizes OCML [18% knowledge modelling
language to represent WSMO-based service models.

4.2 I mplementing context-based mediation through WSMO and
IRSII

Particularly with respect to mediation, the use of WSMO aRr8-lll provides sev-
eral advantages, since mediation is an implicit notion ofW@Bwith explicit sup-
port through dedicated mediators [8]. Mediators are oftargified as OO-, GG-,
WG- and WW-mediators [22]. Whereas OO-mediators resolsamatches between
distinct WSMO ontologies, GG-mediators refine a WSMO godb-¥iediators me-
diate between heterogeneous goals and SWS specificati@msagiVW mediators
resolve heterogeneities between distinct Web serviceemehtations. Whereas
0OO0-, GG-, and WG-mediators primarily support SWS discoyéyvV mediators
are related to orchestration and invocation. However, atidi usually involves a
set of multiple different mediators. For instance, a WG-iaga usually requires
OO-mediation as well in order to align distinct vocabulapyrhalizations. There-
fore, we use the generic term mediator throughout the rengasections instead of
explicitly separating between different sorts of medisitor

The conceptual model of WSMO is well-suited to support theceptual ap-
proach proposed in this chapter, since the representdtiintinct service provider
perspectives, i.e., their contexts, is an implicit eleneftVSMO. Moreover, dis-
tinct contexts are addressed through the notion of mediatibich aims at resolv-
ing heterogeneities which will definitely occur betweertidigtive Web service im-
plementations and representations. Particularly, régattie conceptual approach
proposed in this chapter, we propose an implementationeofrtédiation scenario
(Section 3) utilizing WSMO and IRS-11I as follows:

1. Representation of slave Web services as SWS following WSM
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2. Representation of context ontologies utilized by eackiger as WSMO ontolo-
gies associated with each SWS.

3. Aligning the WSMO ontologies to a common upper-level donmatology.

4. Representation of a common WSMO goal expressing the caitymequest.

5. Description of WSMO mediators linking WSMO SWS to the WSM@al by
defining appropriate mediation rules.

Given these semantic representations, IRS-1l is able lecsappropriate ser-
vices, which are orchestrated and invoked, whereas theateedesolves hetero-
geneities at runtime. In that, by referring to the desanipf the functionalities of
the master Web service (Section 3.2), it can be stated, hieabuilt-in reasoning
of IRS-III facilitates steps 1-4 as proposed in Section @Rile the implemented
WSMO mediator (Med.1 in Fig. 4) aims at resolving data hegermities (step 5 of
Section 3.2). Fig 4 depicts the created WSMO goal, mediatdiSWS descriptions
which implement the use case described in Section 3.

User

(7
(12

wemo:Goal
G.1:Booking Reqguest

(8) 'Y

(2
wamoMediator
Med.1 I (lSJ
(3

wamo:WebService
WS 2 UK Booking

wsmoWebService
W3 1. France Booking

Chronology (4

(11 Goal invocation request.

(21 Invocation of appropriste medistor

(31 Selection of appropriste SWS,

(41 Invocation of actual VWeh service with mediated inputs.
(51 Response message.

(61 Medisted response message.

(7)1 Response is returned to user.

Fig. 4 WSMO Goal linked to Semantic Web Services through commoniaied

Please note, that the context ontologies, representingahtext of each Web
service provider are now explicit parts of the WSMO SWS detions, i.e., WS.1
and WS.2, whereas the domain ontology is implemented asdapé@ndent upper-
level WSMO ontology, which is derived for certain contextsaugh the WSMO
SWS descriptions, respectively the context ontologiededul, the context and do-
main ontologies as mentioned in Section 2.2 are not phygisaparated, but the



14 Mrissa et al.

context-based approach still holds as the two levels (der@icept matching and
data interpretation/conversion) remain clearly distiviet WSMO ontologies and
SWS descriptions. Apart from that, we would like to point thet following the
proposed WSMO-based approach, the previously introduaed services are now
supported through WSMO-compliant SWS, whereas the funality of the master
Web service is provided by the WSMO reasoning mechanismR®flll together
with the mediation rules defined in the corresponding WSM@iater.

Referring to the previously given definition of a semantigeabS= (c,v,t,C), c
is defined as part of the upper-level WSMO domain ontologyleathis defined as
part of the WSMO SWS, describing on the one hand the XML bigdifthe actual
input message of the Web service and its expression follpttia used modelling
language (OCML) on the other hand. The valueepresents the actual value of
an input parameter chosen to invoke the WSMO goal while timeesadC is repre-
sented as part of the WSMO SWS descriptions. Moreover, pl@de into account,
that the WSMO descriptions proposed above not only enablmtdiation between
distinct data formats, i.e., currencies and date formatisalso the selection of the
most appropriate Web service, either WS.1 or WS.2, basedeimput values used
to invoke the goal G.1. Particularly, the requested depaxtauntry is utilized with
this respect, i.e., WS.1 is selected in case the requestddrizppdeparts from any
European country other than UK, while in the case of UK, WS.Aautomatically
invoked. The Web service selection is based on the semagabdity descriptions
provided through WSMO. Figure 2 shows a simple SWS capglifith/S.2 en-
abling the selection proposed above:

wsmo:WebService WS.2

(DEF-CLASS Get-UK—BOOKING-REQUESTWS-CAPABILITY
(CAPABILITY)
?2CAPABILITY
((USED-MEDIATOR :VALUE GET-BOOKING-REQUESTMED)
(HAS-ASSUMPTION
"VALUE
(KAPPA
(?WEB-SERVICE)
(= (WSMO-ROLE-VALUE ?WEB-SERVICE HASDEPARTURECOUNTRY) "UK”)))
(HAS-NON-FUNCTIONAL—PROPERTIES
“VALUE
Get-UK—BOOKING-REQUESTWS-CAPABILITY —~NON-FUNCTIONAL—PROPERTIES)))

Listing2 SWS capability description of WS.2

It can be summarized, that basing the conceptual approapoged in this chap-
ter on a common SWS framework, i.e., WSMO, and an establiskedution envi-
ronment and reasoning engines, namely IRS-111, providesgportunity of reusing
predefined functionalities related to SWS representati@tovery and orchestra-
tion. Particularly, it could be shown, that the WSMO-bagsaglementation enabled
the reuse of IRS-IIl in order to deal with the master servigectionalities 1-4 (Sec-
tion 3.2). Moreover, the approach of aligning distinct exttrepresentations, being
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implicit part of SWS descriptions, to a common upper-levebtogy is well-suited
to facilitate interoperability between distinct SWS regeetations [11].

5 Reated work

To the best of our knowledge, there are no existing works omasg¢ic mediation
within the context of Web service communities as defined Bj.[BHlowever, our
approach is inspired by several works on semantic medi&ioweb services and
communities of Web services, that we detail hereafter.

5.1 Semantics and mediation for Web services

Semantic description and mediation for Web services is aastive research topic,
as the many works on the subject [2, 5, 6, 8, 13, 14, 17, 21]g1onhe following,
we describe the most important works that inspired us far¢hiapter.

In [21], Nagarajan et al. classify the different semantteionperability concerns
that apply to Web services. They distinguish several aspibett are particularly
useful for the purpose of semantic mediation.

OWL-S [14] is a language for semantic description of Web ises; relying on
the OWL language [24], OWL-S enables explicit semantic dpson of Web ser-
vices input an output parameters via references to condegtsibed in OWL do-
main ontologies. With [17], Miller et al. propose an annimtatto the standard de-
scription language WSDL in order to facilitate the semadéscription of Web ser-
vices. However, OWL-S is a full language and does not offeittnefits of WSDL
annotation, and the WSDL-S annotation typically relies omein ontologies and
does not support additional context attributes nor the fiserext ontologies.

With WSMX [13], Haller et al. propose a solution that is a pafrthe WSMO
framework (WSMX is the reference implementation of WSM@)this work, the
semantics of the terms used are encoded into the WSMO dgsurifles of the
services. Semantic heterogeneities between Web servieesolved by reasoning
on the content of a common domain ontology that has for perposxplicitly
describe reference vocabulary. The mediation processtiabwut converting data
but more about matching the semantic description stordukimhtologies.

In [5], Dogac et al. propose an interoperability framewarkthe healthcare do-
main. This framework relies on the notion of archetype tacdbs data semantics.
An archetype is a formal way to describe domain conceptsaistcaints on data.
Data instances are constrained instances of a referencaimlonodel. This work
is similar to our context-based approach in the sense thatremon agreement is
made on a domain concept, and the different views of Webces\dre represented
under the form of constraints over the instances of theseadoooncepts. However,
the work of Dogac et al. requires the domain concept to enessall the different
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views of Web services, which is feasible in the healthcarea@a where predefined
models are agreed on, but not in a more general context asnpeelsn this chapter.

In [6], Bowers and Ludscher propose a semantic mediationdveork for scien-
tific workflows. Their work relies on the notion of semantipgyand structural type,
defined on a global ontology shared by all the users. The sintgpe corresponds
to the abstract concept that characterizes data, and thetwstil type is the schema
that describes data structure. For a single semantic typ®Hjective is to adapt the
different structural data representations of Web serviths paper relies on typi-
cal semantic matching methods before performing strukteval data mediation.
In the present work, we propose context-based, semantt-diata mediation for
Web services.

5.2 Communities of Web services

Several works gather functionally-similar Web service® icommunities that are
accessed via a common interface. Benatallah et al. propa$ess solution with
SELF-SERV [3]. In this work, several mediators establisiregpondences between
the community interface and Web services that implemenfuhetionality of the
community.

Benslimane et al. [4], also group Web services into comnesiiThe community
is accessed via an interface implemented as an abstract&fébesthat describes
the provided functionality in an abstract fashion and a sairecrete Web services
that implement the functionality. A generic driver callegéh Software Connectiv-
ity (OSC) handles the interactions between clients anddh@&wunity.

Building upon this work, Taher et al. [26] address the problef Web service
substitution in communities. Web service substitutionsists of replacing a non-
functioning or non-responding Web service with a functihaquivalent one, in
order to find an alternative way to enable a composition i cdexception. Sub-
stituting a service with another requires the mediationashmunications between
the replacing service and the original client. Mediator VBebvices communicate
with the concrete Web services that implement the functiphaach mediator con-
nects to a specific service.

In Taher et al.’s work, Web service selection is performezbading to a set of
QoS criteria (speed, reliability, reputation, etc.). Tlenenunity is also in charge
of administrative tasks such as addition and suppressisargices to and from the
community.

Medjahed and Bouguettaya proposes a community-basedeithie for seman-
tic Web services in [16]. In this work, communities gathewsmes from the same
domain of interest and publish the functionalities offelbgd\eb services as generic
operations. A community ontology is used as a general temfda describing se-
mantic Web services and communities. A major advantagei®fnbrk that relates
to our proposal is the peer-to-peer community manageméuticothat addresses
the problems of centralized approaches.
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6 Conclusion

Communities facilitate the discovery and selection of sgfenctionally-equivalent
Web services. Nevertheless, researches on communiti@lyusupose a unique
ontology that Web services must bind to, or require userslaptito the seman-
tic requirements of Web services belonging to the commuhitythis work, we
present a trade-off between these approaches by usingextdaised approach that
separates shared knowledge from the local contexts of Weiregroviders. We
demonstrate the significance of our proposal and developati@ad mechanisms
that handle semantic data discrepancies between Web egm@iel communities,
thus enabling seamless interoperation at the semantic &vert-term future work
includes studying other aspects related to mediation in ¥égbice communities
such as transactional or security aspects.

However, we noticed from our experimentation that creaéind using several
ontologies is a difficult task, the hardest task being theatgodf context ontologies.
Indeed, it is required that providers correctly updatertbentext ontologies with
their own context representations, but also they must gdeothe correspondences
between their context and the contexts of other provideekiy such knowledge
explicit is a hard task for providers, particularly on a kasgale.

In that way, it would be interesting to find suitable soludo avoid such con-
straints on providers. Therefore, long-term future worglides studying how to
reduce this task by proposing advanced reasoning mechsittigthcould help in-
terconnect the different contexts of providers.
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