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Abstract.  The WSMO/WSML/WSMX initiative and the OWL-S ini-
tiative aim at similar goals: providing a support for Semant ic Web ser-
vices. Despite the similarity of the ultimate goal, the two a pproaches are
very di erent. In this paper, we analyze one of such di erenc es, namely
the concept of mediators in WSMO, and we show how those mediators
can be expressed in OWL-S. The result of this work shows that, given the
focus of OWL-S, mediators should not be rst class citizens i n OWL-S,
but that they can be expressed and discovered nevertheless.

1 Introduction

WSMO and OWL-S aim at representing Web services that make an ssential
use of ontologies from the Semantic Web, and the objective dboth e orts is to
support more e ective discovery, composition and interopeation. Yet, the two
e orts take very di erent approaches. WSMO stresses the rok of mediation in
order to support automatic interoperation between Web senices, while OWL-S
stresses action representation to support planning procees that provide auto-
matic composition.

In WSMO's vision, mediators address interoperability problems that emerge
when di erent Web services work together. But, while WSMO mediators rep-
resent a new concept in the eld of Semantic Web services, thinteroperability
problems that they solve are not new. Indeed these problemsra pervasive of
every application and every aspect the Web services life cye from discovery to
composition and enactment.

Despite the importance of mediators in the WSMO ontology, the concept
of mediator is still underspeci ed. As we shall show in the paer, virtually any
program can be described as a WSMO mediator. While this is nosurpring given
that WSMO is in its early stages of development, it also makesrery di cult to
make any claim on the features as well as on the use of WSMO meatbrs. The
rst contribution of this paper is to provide a critical anal ysis of the WSMO

? We would like to thank Ruken Lara and the participants of the  deri-wsmo-discussion
mailing list for their insights into WSMO's concept of media tors. The research was
funded by the Defense Advanced Research Projects Agency as prt of the DARPA
Agent Markup Language (DAML) program under Air Force Resear ch Laboratory
contract F30601-00-2-0592 to Carnegie Mellon University.
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mediators, as we understand it, with the objective to further the community
understanding of this concept.

Nevertheless, the stress that WSMO poses on mediators prodés a challenge
for OWL-S: if OWL-S aims at supporting automatic compaositio n of Web services,
it needs to address the mediation problem. The second contpoution of this paper
is to identify how mediators are realized in OWL-S, and, to the extent that
mediators are Web services, we also provide their descrigin in OWL-S.

In the rest of the paper we assume some familiarity with the three modules
of OWL-S, and speci cally with the OWL-S Service Pro le and P rocess Model,
while in the following section 2 we will provide an introduction to the WSMO
mediators. In section 3 we will discuss what we see as shorteings of the def-
inition of mediators in WSMO that are mostly due to the concept is still quite
underspeci ed. In section 4, we will analyze the role of meditors in OWL-S and
we will show how mediators can be represented in the languagén section 5
we will describe an example of broker, which can be represead as a stateful
mediator, that performs mediation among Web services and tle challengies that
it poses to OWL-S. Finally, in section 6 we conclude.

2 WSMO Mediators

WSMO is an ontology for the description of Web services in theinfosphere.
The de nition of WSMO hinges on the following four concepts: Web services,
Goals, Ontologies and Mediators The following list provide, to the best of our
understanding, a succinct explanation of the meaning of thee four concepts.

Webservices expose the interface of businesses on the Internet. Each Weder-
vice is characterized by a set of capabilities which speci s the functionalities
provided by the Web service, and a set of interfaces that spéfy how the ca-
pabilities are ful lled.

Goals \A goal speci es the objectives that a client may have when heconsults
a web servicé". Goals are characterized by aPostConditions that describe
the information state that the client desires, and E ects that describe the
state of the World that the client disires to achieve.

Ontologies provide a shared conceptualization and a formal speci catbn of
the domain. The use of ontologies achieves two objectivesist it provide a
formal semantics to information exchanged by Web servicesatilitating the
Web services interoperation; second, ontologies facilita the interoperation
between humans and Web services by specifying the precisertainology
accepted by the Web services.

Mediators provide a general mechanism to reconcile the inevitable irgroper-
ability issues that emerge when Web services need to work tagher. Media-
tors are the core of our attention in this paper and we will andyze them in
some detalil.

! Cited from: D2v0l. Web Service Modeling Ontology (WSMO),
(http://ww.wsmo.org/2004/d2/v01/20040214)
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Mediators are de ned to attack the alignment problems that i nevitably emerge
when interoperability of Web services is attempted. For exanple, Web services
may use di erent ontologies, or di erent protocols or they may have been de-
signed with di erent goals in mind. Through the solution of t he interoperability
problem, mediators are expected to tackle other two problers: namely reusabil-
ity and scalability. Reusability is facilitated by the use of mediators because the
same component may be used in very di erent context by de ning a set of media-
tors that solve the interoperation problems generated in that particular context.
Scalability instead is the result because instead of proviohg n? direct mappings
between di erent components, only mappings between mediairs will be needed,
and these mappings are expected to be far fewer reducing thateroperability
complexity when compared with the direct mappings.

Mediator

A

Refiner Bridge

o

ooMediator gghMediator  wghMediator wwhediator

Fig.1. WSMO taxonomy of mediators

Four types of mediators have been de ned that are specializ¢ to handle
mediation between instances of the four basic concepts of WML. The di er-
ent types of mediators that are organized in the taxonomy shan in gure 1.
There main classi cation of mediators distinguishes two man types: Re ners
and Bridges. Re ners specify \a new component as a re nement of an exist-
ing components. They support the reuse by minimizing the e at in generating
new components from existing ones" Bridges instead enable di erent compo-
nents to interoperate overcoming their interoperability problems. For instance
bridges, such as ww-mediator presented below, may transfar the outputs of a
Web service into the inputs of another Web service.

Speci cally, the oo-mediators and the gg-mediators described below are re-
ners, while the ww-mediators and the wg-mediatorsare bridges.

OO-Mediators  provide translations and harmonization between di erent on-
tologies that are used by the Web services or any other WSMO aoponent.
GG-Mediators  provide a way to match goals at di erent levels of granularity.
For example a GG-Mediator may take the responsibility to re ne the goal

2 Cited from \D2v02. Web Service Modeling Ontology - Standard "
(http://mww.wsmo.org/2004/d2/v0.2/20040306/), sectio n 5.
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buy a ticket tothe goalbuy a train ticket  upon recognizing that there
is a subclass relation between the two concepts

WG-Mediators  handle partial matches between goals of the clients and the
functionalities provided by Web services.

WW-Mediators  resolves the interoperability issues between Web servicest
all levels: data, process, and protocol. These interoperality problems are
resolved both at the level of the single Web service choreogphy, as well as
at the level of the orchestration of multiple Web services.

One common thread that characterizes all the WSMO mediatords that they
can call each other. Typically, OO-Mediators are used at allevels since ontology
mismatches are the most likely of all possible mismatches. & it is also possible
to imagine that a WG-Mediator will invoke a GG-Mediator to de compose the
goal and facilitate the matching with the capabilities of a Web service.

2.1 Expressing Mediators

WSMO provides a language to express the characteristics of btliators. in the
following we show two examples of Mediators. The rst one an @-Mediator, the
second one a gg-Mediator.

ooMediator http://www.wsmo.org/.../owlCurrencyMediat or.wsml
namespace [...]
non-functional-properties [...]
sourceComponent

ontology http://www.daml.ecs.soton.ac.uk/ont/currenc y.daml
targetComponent

ontology http://www.wsmo.org/.../resources/po.wsmi
mediationService [...]

Fig.2. An example of speci cation of an OO-Mediator

Figure 2* showsowlICurrencyMediator, an example of oo-Mediator. Thenamespace
and non-functional-properties have been abbreviated for readability rea-
sons, but they provide a namespace mechanism equivalent tohat is provided by
XML and information on the authors of the mediator. Instead mediationService
which is unspeci ed in the original listing, a full wsml-webservice description.
The properties sourceComponeniand targetComponent which specify the source
DAML+OIL ontology ° and the target WSML ontology®. In this mapping the

3 The example is taken from \D3.2 v0.1. WSMO Use Case Modeling and Testing"
(http://mww.wsmo.org/2004/d3/d3.2/v0.1/20040719/), s ection 3.1.2.

4 The example is taken from \D3.2 v0.1. WSMO Use Case Modeling and Testing"
(http://ww.wsmo.org/2004/d3/d3.2/v0.1/20040719/), L isting 8

5 http://mww.daml.ecs.soton.ac.uk/ont/currency.daml

5 http://mww.wsmo.org/2004/d3/d3.2/v0.1/20040607/reso  urces/po.wsml
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source ontology speci es concept such aSountry and Currency while the target
ontology speci es trading concepts such aBuyer, Seller and price . Consid-
ered the distance between the two ontologies, it is natural 6 expect that the
resulting mapping is partial. But to the best of our knowledge such partiality is
not speci ed anywhere in the de nition and we can only specuhbte that it will
be speci ed in the de nition of the mediationService

ggMediator
http://lwww.wsmo.org/2004/d3/d3.2/v0.1/20040607/reso urces/ggml.wsml
namespace [...]
non-functional-properties [...]
sourceComponent
goal http://www.wsmo.org/.../goall.wsml
targetComponent
goal http://www.wsmo.org.../goal.wsmi
mediationService
axiom GGReduction
logical-expression
"trainltinerary memberOf tc:itinerary[
trip hasValue someTrip memberOf tc:trainTrip[
start hasvalue LOC,end hasvalue LOC,],
passenger hasValue _# memberOf loc:person
] and
(LOC..locatedIn = austria or
LOC..locatedIn = germany)."

Fig. 3. An example of speci cation of an GG-Mediator

A GG-Mediator is provided in gure 37 which species the mapping be-
tween goall which corresponds tdouy a ticket to a more speci c goal which
corresponds to"buy a train ticket" . In this example the mediationService
provides a restriction on the location that can be either in Austria or in Germany.

Other types of mediators are speci ed in a similar way, but shce we could not
nd neither an example, nor a speci cation of the language, we do not venture
to provide our own examples.

3 Problems with the WSMO Concepts of Mediator

Despite its importance, the concept of mediator in WSMO is stll underspeci-
ed. Virtually any program can be re-casted as a mediator, oras composed of
mediators, since any program produces a mapping from a datépe to another
or a mapping from a functionality to another. Any attempt to d e ne mediators

" The example is taken from \D3.2 v0.1. WSMO Use Case Modeling and Testing"
(http://ww.wsmo.org/2004/d3/d3.2/v0.1/20040719/), L isting 11
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only on the bases of generality or reusability does not quitehold. For example,
the OO-Mediator in gure 2 is very specialized and do not genealize to any
other mediation problem, though it may be argued that such a mediator may
take advantage of more reusable mediators that map DAML+OIL to WSML.

In general though, mediators that are generated with the WSMX tools® seem to
generate very speci c sets of rules that depend on the ontolgies from which they
are constructed. Part of the problem with the concept of medator in WSMO is

that the role of semantics and the Semantic Web have not beenxploited. For
example, it would be nice to see a way to derive OO-Mediators @omatically

as has been proposed by the C-OWL project [2]. Indeed, profoxd questions on
what is the contribution of the Semantic Web provide to the interoperability

problem remain unanswered.

Another aspect that is still unclear is whether mediators are client side com-
ponents, or server side components or whether they are sepgds that reside
somewhere between the client and the server. Furthermoret is universally rec-
ognized that the interaction between Web services is sepatad in three di erent
problems: discovery, composition and invocation, but it is still unclear, where
each type of Mediator plays a role. In this section we will try to address these
problems.

3.1 Where do Mediators Reside?

It is still underspeci ed is whether mediators reside in the client, in the server or
somewhere in between acting like a Middle Agents [14]. WSMOeems to collapse
two di erent concepts in the same mediator concept. The rst one is Mediators
as internal modules or translation rules. The second is a vie of Mediators as
services which provide translation services to other Web gwices.

Architecturally speaking, these two models of mediation ae very di erent:
rules describe private knowledge of the Web service, and ofs clients, as such
they specify an internal module of the Web service infrastricture. On the other
hand, if mediators are interpreted as Web services, they sprfy components of
the Web services infrastructure ; they are components of the overall infrastruc-
ture as UDDI servers are.

If Mediators are Web services, important issues need to be sti ed such as
how are Mediators discovered; and how are mediators used. W&O is still silent
on these issues. The representations in gures 2 and 3 sugdsshat one possible
way to perform the discovery of mediators is to exploit the sourceComponent
and targetComponent in a way that is similar to the inputs and outputs in the
OWL-S Pro les. The discovery algorithms that have been devédoped for OWL-S
may be used in the context of WSMO.

As for the interaction, the problem is much deeper, and it degnds on the
WSMO choreography and orchestration languages that are sti unde ned. The
simpler case here is to de ne stateless mediators that take anessage from the
client and send it to the server and vice versa. Such stateleasmediator would

8\D13.3v0.1 Mediation" available at http://www.wsmo.org/ ~ 2004/d13/d13.3/v0.1/20040628
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not keep track of the interaction between the two parties. Fa example, the
owlCurrencyMediator above seems to be of this type. A more complex case is
when the mediator needs to maintain an history of the interadion. For example,
an OWL-S to WSML mediator would have to satisfy this requirement since it
will have to present to act as an OWL-S Web service on one sideand as a
WSML web service on the other, which in turn means that it has to maintain
the two services synchronized consistently with their proess models.

We believe that in its evolution, the speci cation of WSMO wi Il have to
recognize the distinction between de ning mediators as ru¢ sets, and de ning
mediators as services in order to de ne a discovery mechanis and provide
support for complex interaction protocols.

3.2 Mapping Mediators to Web services Problems

The mapping of Mediators to the problems of Web services is dt quite under-
speci ed. The use of Web services is accompanied by three poems: discovery,
composition and invocation, but there is no clear speci caton of how the medi-
ators help the solution of them. In this section we attempt to de ne a mapping
between the Web Services problems and the WSMO mediators.

Composition and invocation of Web services seems to be addssed princi-
pally by WW-mediators who \are applied to resolve heterogereities on the data,
process, and protocol level between the Choreographies of&ld Services that are
ought to interact in a global interaction model" °.

The discovery problem presents a more complex picture, sircGG-mediation
and WG-mediation seem to be relevant during discovery when hie goals of the
requester need to be mapped to the goals of a Web service. Netreless, there
seems to be a di erence between the type of discovery that isupported by OWL-
S matchmakers [13,7, 3] and the functionality that is provided by mediations.
Matchmakers attempt to check whether the goal of the requestr matches the
goal of one or more providers. When a match is not recognizeche matchmaker
fails. Similarly given two goals the mediators attempts to nd map between them.
But it is not quite clear what happens if such a mapping does nbsucceed. One
solution would be to fail, in which case mediators behave siitarly to a match
in the OWL-S discovery. Alternatively, mediators could be used to reconcile the
di erences between goals, in which case the use of mediatoduring discovery
may be disputable since every service would be discoverablgssentially, the role
of gg-mediators is still quite unclear, if they can be used foselection, then their
use in discovery is quite straightforward; alternatively, if instead they are used
for reconciliation, then their role may be more important in composition and
discovery in WSMO would be still completely unde ned.

While WW-mediation seems to be principally about composition and invoca-
tion, while WG and GG-mediation may be applied to discovery, OO-mediation

9 Cited from D32 v0.1. WSMO Use Case Modeling and Testing
(http://ww.wsmo.org/2004/d3/d3.2/v0.1/20040719), di scussion on  WW-
Mediators in section 3.1.2
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is pervasive in WSMO since di erences between ontologies nyaemerge during
discovery, composition and invocation.

4 Representing WSMO Mediators in OWL-S

If our hypothesis on the role of the di erent mediators in addressing the fun-
damental problems of Web services is correct, then it also mvides an initial
mapping between infrastructure that is assumed by OWL-S Webservices and
the mediators stipulated by WSMO. For instance, above we shaed that gg-
mediators and wg-mediators may provide the basic step towad a discovery
mechanism. In such a case, the matching algorithms that havebeen de ned
to support discovery in OWL-S may also be used to de ne those VEMO medi-
ators. Similarly, while OWL-S does not mandate the existene of ww-mediators
or wg-mediators, it assumes the existence of composition nahanisms, such as
planning [15, 10, 12, 9] that perform essentially the same e of the mediators.

We believe that mediators can be represented within OWL-S, ad that such
a representation can be used to support discovery and compit®n of mediators
and Web services during orchestration. As an initial test ofthis hypothesis, in
this section we provide an OWL-S description of three di erent mediators. The
rst one is a detailed description of an oo-mediator that translates F-Logics
into OWL 19; the second one is the gg-mediator in gure 3; the last one is a
ww-mediator that has been described in [6].

4.1 OO Mediators

The rst mediator translates from OWL ontologies [4] to F-Lo gic ontologies [8].
Although such a translation may be extremely complicated, an algorithm for
such a mapping can be derived from [1]. Since we take the OWL-$oint of
view, we describe the inputs and outputs required by that algrithm ignoring,
for explanation purposes, issues such as performance andmnspleteness of the
mapping. A scenario in which this mediator may be used in the éllowing one.
An agent which uses OWL as ontology description language mayvant to com-
municate with a Web service that instead of OWL uses F-Logic.At discovery
time the agent would use a pro le that speci es the transformation that it ex-
pects from the Web service, namely the translation from OWL to F-Logic. A
pro le describing that transformation is described in gur e 4'1.

10 We thank Ruten Lara for proposing this example as a challeng e for OWL-S.

11 Note that our representation assumes the existance of a conept FLogic in an OWL
ontology. In principle one may wonder how to discover a Web service that translates
between a given OWL ontology and a given F-Logic ontology, or between statements
derived from ontologies. OWL-S approach to this problem is t he following: rst the
client identi es the logics used to represent the ontologie s or the statements, in
our examples OWL and F-Logic; second, the prole shown in gu re 4 is used for
discovery, then the found service is used for the translation.
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<profileHierarchy:oo_mediator rdf:ID="OwlI2FLogic_Tra nslator">
(]
<profile:haslnput>
<process:Input rdf:ID="OWL_Input">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.w3.0rg/2002/07/owl#Thing
</process:parameterType>
</process:Input>
<profile:haslnput>

<profile:hasOutput>
<process:Output rdf:ID="FLogic_Output">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.wsmo.org/2004/d16/d16.2/v0.1/fLogic
</process:parameterType>
</process:Output>
<profile:hasOutput>

[.]

</profileHierarchy:oo_mediator>

Fig.4. The pro le of an oo-mediator

This pro le speci es that the input of the Web service is an OW L concept,
while the output is an F-Logic statement formatted consistently with the WSMO
serialization. Additional constraints could be de ned in t he preconditions and
e ects to specify additional features such as partial mappng and restrictions
that guarantee that the object represented in the output is indeed the same
thing of the input.

Assuming for sake of simplicity that the oo-mediator found is stateless, the
process model for this Web service is quite trivial and it reqires just an OWL
object as input to be sent to it, and it returns F-Logic statements as output. The
Web service described in gure 5 simply computes the mappingnd sends it back
to the client, who then takes the responsibility to send it to the F-Logic service.
Alternatively, the OO-mediator may interact directly with the server providing
a real translation service. The process model in the latter ase is shown in gure
6. Here the mediator takes as input the message to translateral a recipient, and
it returns as output an acknowledgment, and provides as e et the guarantee
that the recipient will receive a message in F-Logic that is e translation of the
input. Of course the condition in the e ects will have to be expressed in SWRL
or some other rule language.

The pattern described in this section can be used for other tpe of mediators.
For instance the gg-mediator in gure 3 is represented by subtituting the in-
puts and outputs of the Pro le with concepts that correspond to WSMO goals.
Additional restrictions may be added to represent additional information such
as the restriction to travel in Austria or Germany.
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<process:AtomicProcess rdf:ID="OwlI2FLogic_Translator _Process">
<process:haslnput>
<process:Input rdf:ID="OWL_Input">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.w3.0rg/2002/07/owl#Thing
</process:parameterType>
</process:Input>
<process:haslnput>
<process:hasOutput>
<process:Output rdf:ID="FLogic_Output">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.wsmo.org/2004/d16/d16.2/v0.1/fLogic
</process:parameterType>
</process:Output>
<process:hasOutput>
</process:AtomicProcess>

Fig.5. The process model of an oo-mediator

4.2 WW Mediator

In this second example we describe a mediation task that hasden proposed in
([6] section 3.4.1). The scenario for this mediator is the fhowing: two business
parties P and R need to exchange purchase orders, yet P intends to send each
line item in a separate message, while R expects the complefmrchase order.
The role of the mediator M in this case is to assemble the linetéms coming
from P in a complete purchase order and send it to R.

This mediator can be expressed in OWL-S in two di erent ways. The rst
solution can be achieved internally to P. Speci cally, P may have some knowledge
of how to take line items coming from its purchase departmentand fuse them in
a complete purchase order. Typically, these capabilities e described as planning
operators, therefore the mediator would be automatically ©nstructed through
P's internal planning process. This solution does not use OW-S directly, yet
the goal of composing one purchase order would come from R'squirements
expressed in the process model.

The second solution, which seems to be entailed by the examgl requires the
use of a ww-mediatof?. In this case the discovery of the mediator is again driven
by the requirements of the R's process model (to receive a sijte purchase order)
and P's requirement to send all the line items separately. Duing the discovery,
a Pro le can be generated expressing the request for the medior. Such Pro le

12 We assume that the type of mediator required here is a ww-mediator because it
mediates between the Web service of P (or at least P as a Web sevice client) and
the Web service of R. Nevertheless, an argument could be madethat really the
mediator needed is a wg-mediator which harmonizes the the gaals of P (send each
line item separately) with the goals of R (receive a single purchase order).
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<process:AtomicProcess rdf:ID="OwlI2FLogic_Translator _Process">
<process:haslnput>
<process:Input rdf:ID="OWL_Input">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.w3.0rg/2002/07/owl#Thing
</process:parameterType>
</process:Input>
<process:haslnput>
<process:haslnput>
<process:Input rdf:ID="F-LogicWS">
<process:parameterType rdf:datatype="&xsd;#anyURI">
http://www.daml.org/services/owl-s/1.1B/Service.owl #Service
</process:parameterType>
</process:Input>
<process:haslnput>
<process:hasOutput>
<process:Output rdf:ID="Acknowledgement">
<process:parameterType rdf:datatype="&xsd;#String">
</process:parameterType>
</process:Output>
<process:hasEffect>
receive(#F-LogicWS,msg) & F-Logic(msg) & translation(#0O  WL_Input,msg)
</process:hasEffect>
</process:AtomicProcess>

Fig. 6. The process model of an oo-mediator revised

will specify that the expected inputs of the desired mediata are the line items,
and the expected output is a complete purchase order.

The Process Model of such mediator is schematically shown in gure 7. It
consists of a sequence of two processes of which the rst o@nvert Lineltem
to PurchaseOrder is a loop that collects all the line items (exploiting the process
Get Line Item ) and compiles the purchase order. The second procesSend To
Server is responsible to send the constructed purchase order to R. lhough not
shown, Send To Server may produce an acknowledgment of success or failure,
but more importantly it speci es that the e ect of the sendin g is that R receives
the purchase order.

5 OWL-S Broker

The ww-mediator discussed in the previous section mediatebetween the Web
service protocol of the seller, namely R, that expects one sgle message and
the Web service protocol of the buyer, namely P, that expectsto send multiple

13 We skip the complete listing for both space and explanation c larity reasons.
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Fig.7. The Process Model the WW Mediator

messages. This is a specic case of broker middle agent [5] that mediates
between two di erent Web services.

The basic protocol of the broker is shown in gure 8. The broke collects the
advertisements of providers available in the infosphere adh store them for future
discovery. Upon receiving a request of service (1) from a regpster, the broker
selects the best provider to address that request and (2) théoroker passes the
request to the selected provider. Upon receiving the requédrom the selected
provider (3), the broker relays the information back to the requester.

The apparent simplicity of the broker's protocol is quite deceiving. The in-
teraction between the provider and the requester may not be estricted to one
single loop, but it may involve many exchanges. For instancethe requester may
have asked for a ticket from Innsbruck to Frankfurt, but the p rovider, presum-
ably the railway station, may want to know which train the req uester intends
to use. The request for additional information sparks a new dop through the
protocol since rather than answering the requester, at steg4) the broker ask
the requester for some additional information to send to theprovider.

The second level of complexity stems from the fact that protaol used by the
requester may not agree with the protocol used by the provide For example
the requester may have asked for a ticket on the 4:30 train frm Innsbruck to
Frankfurt, but the rst asks for the departure and arrival st ations and only later
for the time of departure. This time around, the broker would have to recognize
that the requester already provided the information and that it is useless to ask
for the information again. Rather the broker can shortcut the protocol directly
answer the provider.

The quick glimpse in the broker protocol shows that it summaizes all four
WSMO mediators. The broker provides a ww-mediation to harmamize the pro-
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Fig. 8. The Broker's Protocol

tocol of the provider with the protocol of the requester; furthermore, it performs

oo-mediation to abstract the incoming query from the requeser to the corre-

sponding goal to be used select the best provider. Also, gg dnwvg-mediation are
performed to link the selected goal to the provider's web serice that actually

interacts with the broker. Potentially, there are addition al uses of mediators, for
instance the oo-mediator may be used to reconcile di erent atologies used by
the provider and the requester.

Since the broker summarizes the all the WSMO mediators it beomes an
interesting test case for OWL-S. An implementation of the broker is provided
in [11] where details of the mediation processes are provide Brokers challenge
OWL-S' assumption that process model of the provider shouldbe provided in
advance since the requester cannot query the broker until a ypcess model is
provided, and the broker cannot provide a process model untithe query is
issued and a provider is selected. The solution of this dilema is to support
dynamic process modeling that allow the interaction protoml of a Web service
to change mid-stream. Crucially, the limitation of OWL-S do es not come from
the representation of WSMO style mediators, but on the assurption that the
Process Model of Web services is always prespeci ed. The e&pence of the
broker suggests that OWL-S can represent the mediators thaWWSMO speci es,
but it also shows that the exibility to change interaction p rotocol mid stream
will also be required for WSMO mediators.
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6 Conclusions

In this paper we tackle the problem of representing WSMO medators in OWL-S.
Since the problems the mediators attempt to solve in the Web srvices infrastruc-
ture are not new, the issue of representing mediators has baedecomposed into
two problems: rst nding which other components of the Web service infras-
tructure that is assumed by OWL-S provide the desired mediaton mechanism,
and second, to the extent that mediators can be casted into We services, how
they can be represent in OWL-S.

The contributions of this work are twofold. First we show that some compo-
nents and algorithms that have been developed for OWL-S may mvide di erent
types of mediation. For instance, to the extent that gg-medators can act as selec-
tors among goals, the discovery algorithms that have been geerated for OWL-S
indeed specify how to do gg-mediation. Similarly, the planing algorithms used
for automatic composition provide means for ww-mediation aad wg-mediation.
While, oo-mediation has not been the focus of any research iIQWL-S Web ser-
vices, its scope is more general since it relates to every asgt of reasoning with
and exploiting the Semantic Web. Any contribution toward th e solution of oo-
mediation will be immediately re ected in OWL-S Web service representation.

The second contribution of this paper is the representationof WSMO media-
tors as OWL-S Web service descriptions. As we discussed, it istill quite unclear
how WSMO mediators are re ected in the architecture of Web sevices. Specif-
ically, there is still an ambiguity of whether WSMO mediator s are a component
of the client, of the server or they act as middle agents that nediate between the
client and the server. Nevertheless, we show that to the extat that mediators
can act as Web services they can also be represented in OWL-S.

Finally, we describe how to represent a broker in OWL-S, whib can be
considered as a stateful mediator. On the opposite of other ediators that con-
centrate on the translation task that they have to produce, sateful mediators
should also manage the interaction protocol between the atint and the server and
provide a translation that is contextualized and the internal reasoning becomes
more complex. Nevertheless, we show that stateful mediatarcan be represented
in OWL-S, as long as contingencies for the dynamic loading oProcess Models
are provided.
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