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Abstract interpretation. A semantic concept should be interpreted

differently, depending on the context it relates to. Con-

Web services composition is a keystone towards the desequently, semantic description and interpretation mecha-
velopment of interoperable systems. However, despite sevaisms need consider context in order to interpret informa-
eral efforts for explicit semantic description, Web services tion efficiently. In the domain of Web services composition,
still face data-heterogeneity challenges. Correct interpre- context interpretation is generally buried in code, and its
tation of data exchanged between composed Web servicesexplicit descriptions are inexistent. Changes in context are
is hampered by different implicit modeling assumptions and dealt with manually, which requires lots of time and hand-
representations. In this paper, we demonstrate the impor- made work, and reduces availability and reliability of infor-
tance of context to facilitate data exchange, and describe mation systems.
a context representation model for Web services. Then, we In this paper, we provide a framework for explicitly de-
present a context-based mediation architecture that helpsscribing and managing context in order to enable meaning-
performing meaningful composition. ful data exchange between Web services that participate in
a composition. Our contribution consists of 1) a proposition
of context representation model for Web services, followed
by 2) a method for annotating WSDL input and output mes-
sages with context, and 3) a service-based mechanism for
context-aware mediation in a composition. This paper is or-

In the domain of service-oriented computing, Web ser- ganized as follows. In Sect. 2, we show, with a working
vices are now accepted as a standard means for enabling;xamme, the value added by managing the context of data
composition scenarios, and their capacity for loosely- jn Wweb service composition. In Sect. 3, we present the no-
coupled interactions allows answering to complex user tjon of semantic objegiintroduced in [2], that supports our
needs. Despite these advantages, the standard Web sefyork, prior to showing how we adapt the associated model
vices protocol-stackwas not initially planned for satisfy-  tg the domain of Web services. In Sect. 4, we detail our an-
ing the requirements of semantic interoperability. Recent notation for integrating context representation into the Web
languages and frameworks such as OWL-S [12], the Webservice protocol stack, and present a context and service-
Services Modeling Ontology WSMO [1] or WSDL-S [13],  hased mediation architecture for Web services composition.
eXp|ICIt|y describe the semantics of Web SerViceS, then re'|n Sect. 5 we overview re'ated Work on mediation and se-

ferred to as semantic Web services [7]. These initiatives mantics for Web services, and context representation. Fi-
use ontologiesas shared vocabularies to facilitate seman- nally, Sect. 6 concludes the paper and sets guidelines for

tic reconciliation. future work.
However, such approaches do not take the context of in-
formation into consideration. The term context is defined in
the rest of this paper as the collection of implicit assump-
tions that are required in order to perform accurate data

1. Introduction

2. Motivating Example

We demonstrate, with a simple booking example, how
1A Web Service is a software component that is described and being context changes the interpretation of information that flows

accessed via standard XML-based protocols. _ ~ between Web services. The example concerns a trip to
Simple Object Access Protocol SOAP [3], Web Service Description 35441 - A hotel, which has attractive rates, provides a Web

Language WSDL [5] and Universal Description, Discovery and Integration . . . . )

protocol UDDI [16]. service endpoint described with the usual WSDL file, for

3An ontology is a shared description of a domain knowledge [11]. booking rate estimate. In order to estimate the affordability




of this hotel for a European passenger, the following com- are resolved in an ad-hoc way at the level of the receiver

position of Web services occurBotel booking/VS; to cal- Web-service, if at all, as presented in Fig. 1-(a). This re-
culate charges based on the number of booked nights, anduces adaptability of Web services as parts of composition,
bankingWs, to manage payment. and furthermore, it gives them the responsibility of solving

From a technical perspective, WSends a paramefer ~ context heterogeneities. To conduct context-aware compo-
named “priceyen”, and WS receives a parameter named Sition, the context of data must be explicitly described, and
“price_euros”. Although it is possible to use different type @ mediation mechanism must handle data flow, as shown in
systems, we consider, for illustration purposes, both pa-Fig. 1-(b). As standard semantic Web services do not han-
rameters are described in XML Schema type system [17],dle such representation, we hence propose an annotation of
and are of type “double”. This information, obtained from WSDL to explicitly describe context of data, on the basis of
WSDL description, shows low level data compatibility be- the following model.
tween Web services.

Also, these parameters bind to particular semantics.3, Context Representation
WS, delivers a value that should be interpreted as a figure
in Yens, whereas WsSexpects a value that it will interpret
as a figure in Euros. We assume both parameters bind 9,
the same “Price” semantic concept, described in a common
ontology. Existing approaches to semantic description and
mediation of Web services, overviewed in Sect. 5, explic-
itly describe this information, to allow inferring a relation - . .
between these parameters, and performing appropriate cong'l' Definition of a Semantic Object
version. Such approaches use ontologies as references to
solve structural and semantic heterogeneities. Based on Sciore et al.'s notion sémantic valug14],

Now, let us inject context into these parameters. ;WS Bornh")vd defint_as a model for desc_ribing the underlying se-
binds to a “Japanese Hotel Booking” context, in which mantics of semi-structured data, with the concesarhan-

charges have a scale factor of 1000, prices do not includelic object[2]. . i

Value-Added Tax (VAT), dates required for conversion rates AN ontology @ is defined as a vocabulary for the nota-
are in Japanese format (yyyy.mm.dd); and J\hds to a tion and representation of a given application domain, and
“French Banking” context, where charges have a scale fac-formalized as a finite set of concepts:

torof 1, prices mclude_ Value-Added Tax, dates required f(_)r ®={Ch,... . CrlneN .

conversion rates are in French format (dd.mm.yyyy). This
example shows that heterogeneous contexts exist too, so aPach ConceptCi has a physica] representation type
agreement on the interpretqtio_n of values must be rgachedRepType(Ci) associated with it, to which the domain
by reconciling context Qesc_rlptlons. Co_ntext mform_atlon IS Dom(RepType(C;)) specifies the possible values for the
related to the local and implicit assumptions on the interpre- representation of data corresponding to this concept. Also,
tation of data, and is not described in the domain Ont0|Ogy. a semantic Obje(ﬁ'emOb‘] is defined as a trip|e:

Usually, in a semantic composition, context heterogeneities

In this section, we study a model for describing the se-
antics of semi-structured data [2]. Then, we adapt this
model to facilitate context description for data exchange in
Web service composition.

SemObj =< C,v,$ >,
(a) Semantic composition (b) Context-aware composition

Where C € & denotes the ontology concept to
e dougle St douple %, which the semantic object adheres, and the value

Inputs Inputs Inputs Inputs %,

o Baing | [ o samng _ { Euro-Banking ‘ Dom(RepType(C)) is the physical representation ofc-
Web Service A Web Service :'

| e e e cording to the physical representation of type$ specifies
; the context ofSemObj, and is defined as:
double H boolean double boolean ;
Contex -
Sy

Web Service

Hotel Booking }

’
’

$:{< Ci,v1,81 >,...,< Ck, v, & >},k€]N .

Comtent | Contoxt 2 where< Cy, v, 8, >,1 < i < k, are semantic objects,
referred to as “modifiers” in this paper, that describe differ-
Figure 1. Semantic vs. Context-aware com- ent semantic aspects SemObj. In turn, modifiers may
position provide additional context information #.. Are also in-

troduced the notion of complex semantic object, the means
for semantic conversion, comparability and equivalence of
“We refer to parameter as the parts of messages described in WSDL  semantic objects, that build the basis of this framework.




3.2. A Context Model for Web services As context ontologies specify structural representation
and meaning of terms, we need to define how to extension-
The model described previously provides a sound basisally describe context values for Web services. To do so, we
for describing messages parts of Web services as semantidefine two categories of modifiers. Static modifiers have to
objects, its main advantage being the combination of inten-be (statically) specified to clarify the meaning of data, and
sional and extensional descriptions. The concept of a se-dynamic modifiers can be (dynamically) determined from
mantic object is intensionally described in a domain ontol- other parts of the semantic object. We add static modifiers
ogy, while context is extensionally described under the form to the WSDL, so that our approach is compliant with the
of additional attributes, preventing an excessive complexity standard Web services protocol stack. We do not need to
of the domain ontology. specify dynamic modifiers, as they can be inferred from
Bornhdvd’'s model was designed for handling semi- static ones. In the next section, we present a solution for
structured data in a large sense. However, in the domain ofannotating descriptions of composed Web services, in order
semantic Web services, a major design choice to semantido make context information available at the execution stage
description is the separation of the grounding and abstractof composition, before describing a rule-based solution for
views on data. Generally, the grounding representation ofcontext mediation in a composition.
data follows the XML Schema type system, while its ab-
stract part is described in some ontology language. Such4, Context Management
separation of concerns requires an explicit description of
the physical representation of semantic objects. Therefore4 1. Annotating WSDL with Context
we deem appropriate to include the physical representation
in the definition of semantic object, as follows: Based on the model developed previously, we enrich the
SemObj =< C,v,t,$ >, description of Web services with context information. Us-
ing the WSDL extensible elements, we annotate WSDL
message parts, so that they can be describsdraantic ob-
jects WSDL depicts how to access a Web service and what

ifies the type ofv defined in a specific type system, and oper_atio_ns it performs. Access is_ subject _to specific com-
$ specifies the context femObj. Such definition does munication protocols, and operations use input and output
not modify previous work on the model, however, it clar- arguments that have a number, an order, and a type. To keep
ifies the definition of data type, which is now clearly dis- the paper self-contained, we overview a simplified structure
tinguished from the conceptual referer¢@f the semantic ~ of the WSDL metamodel in Fig. 2.
object. Then, existing mediation approaches presented in

whereC € & denotes the ontology concept to which the
semantic objecEemOb;j adheres, the value € Dom(t)
is the physical representation @fccording ta, that spec-

Sect. 5, that also deal with low level descriptions of data cescsse Moo [ o S Part

types, can be combined to the context-based mediation ar- [ N veLement

chitecture presented in the following. In the example of ' . stype

Sect. 2, a possible semantic object would be: ;J PorType [@=72  Operation . N

) Definition +name Fname : =

<ns:Price, 55.00, xsd:double, Context rname Fowe i | W mem——
o . ) +targetNameSpace f«@ anA;;n. Binding v H rsr—— e 1!

wherens:Prices a qualified name referring to the concept of U e e inding

price described in a domain ontolo@.00is the value sent

by the Web servicessd:doubles the type in XML Schema, Ser'vice PP

andContextis a list of semantic objects that describe implicit

semantic aspects such as VAT rate and scale factor. ' ' '
Also, Bornhbvd adds the vocabulary for describing mod-

ifiers to domain ontologies, while stating that a context de- Figure 2. Context in WSDL metamodel
scription is always a subset of all the meaningful aspects of
an ontology concept, which are potentially infinite. How- Our annotation takes advantage of the extensibility el-

ever, Web service providers should be free to decide whichements proposed in the WSDL [5], so annotated descrip-
subset of modifiers is relevant to their application. In which tions can operate seamlessly with classical or annotation-
case, the size of domain ontologies would grow dependingaware clients. Axmessage> elements are composed of
on providers’ needs for context description. To overcome one or several parts, we annotajgart> elements with a
this problem, we deem appropriate to separate context oncontext attribute that contains the values of static mod-
tologies from domain ontologies, so that they do not sur- ifiers. Eachcontext attribute contains a list of qualified
charge the latter. Context ontologies should describe all thenames. The first qualified hame of the list specifies the on-
modifiers Web service providers associate to a concept.  tology concept of the valugX). Following elements refer



to instances (called individuals in the OWL vocabulary) of
static modifiers described in a context ontology. Thus, with
our annotation, a value, and its data type described in
WSDL are enhanced with the conceptand the modifiers
necessary to define the contéxtthus forming a semantic
object< C,v,t,$ > as defined previously. A sample anno-
tated WSDL file is shown below.

<?xml version="1.0" encoding="UTF-8"2
<wsdl:definitions targetNamespace="http://localhost:8080/axis/EuroBanking.jws”

xmins:xsd="http://www.w3.0rg/2001/XMLSchema”
xmins:wsdI="http://schemas.xmlsoap.org/wsdl/"
xmins:ctxt="http://www?710.univ-lyon1.fr/ mmrissa/context/context.xsd”
xmins:ctxt1="http://domain.ontology.org/Price.owl”
xmins:ctxt2="http://context.ontology.org/context/PriceContext.owl#">

<wsdl:message name="checkPriceRequest”
<wsdl:part name="price” type="xsd:doubletxt:context="ctxt1:Price
ctxt2:France ctxt2:VATIncluded ctxt2:ScaleFactorOne”/>
</wsdl:message

<wsdl:portType name="EuroBanking"
<wsdl:operation name="checkPrice” parameterOrder="price”
<wsdl:input name="checkPriceRequest” message="impl:checkPriceReqgsest"/
<wsdl:output name="checkPriceResponse”
message="impl:checkPriceResponse”/

Output Input
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Figure 3. Functioning of the mediation Web
service in the sample composition

Context reader
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ontologies

Now, let us detail the operation of the mediation Web
service. lIts role is to convert data from the context of the
Web service it originates (source context), to the context of
the Web service it is being sent to (target context). For each

</wsdl:operation>

: message part, the role of the mediation Web service con-
</wsdl:portType>

sists in 1) building source and target contexts using WSDL
annotation, ontologies and rules; 2) examining differences
between contexts and performing data conversion to target

To obtain a complete contest values of dynamic modi- context, or generating an error message, and 3) sending re-
fiers are inferred at runtime by rule-based mechanisms. This » Or'g 9 g, 9

. . - Its to th ropriate target. As Fig. 3 shows, the media-
comes with several advantages: rules are easily modlflableSu s to the appropriate target. As Fig. 3 shows, the media

<o our architecture is more adaptable to chanaes in the urJion service communicates with four components: a context
. . P . g€ reader to extract context extensibility attributes from WSDL
derlying semantics. Also, often-changing modifiers could

. . S 2 descriptions, context and domain ontologies to identify con-
not be statically stored, so using rules simplifies the annota- P 9 fy

tion to WSDL. Furthermore, rules separate application logic cept.s,_ and a rule engine to determ|.ne values of dynamic
. modifiers and to perform the conversion.
from the rest of the system, so updating rules does not re- . L
quire rewriting application code. In the following, we detail For each message part conce_:rned with the mediation pro-
our context mediation architecture, that integrates into com- €55 th_e medla'qon web service performs the following
position as a Web service, and show its interactions with asteps: F_|rst step, itgenerates an In-memory model qf WSDL
rule-based component (a rule engine). descriptions, extracts context annotations and_t_)wlds con-
texts of the message part. Second step, it identifies the first
qualified name of the annotation as the ontology concept of
the parameter. Then, it verifies that the concepts of both
annotations match. Third step, the mediation Web service
As a first step, we examine how context managementextracts contexts from the context ontologies referred to in
capabilities should be granted to composition scenarios.the WSDL annotation. Contexts of semantic objects are the
Based on previous works (Sect. 5), we follow a decoupled sets of subsuming semantic objects described in the con-
approach, and we encapsulate context mediation functiontext ontology. Additional annotation attributes help specify
alities into a Web service front-end. This solution presents the values of static modifiers. Fourth step consists of two
two main advantages. Firstly, the mediation Web service stages. Stage one, the rule engine infers the values of dy-
can be triggered, via its WSDL interface, so it remains in- namic modifiers from the values of static modifiers of the
dependent from composition languages and engines. Secannotation. Stage two, for each modifier, the rule engine
ondly, it is straightforward to handle context by invoking the applies appropriate conversion to the parameter, in order to
mediation Web service between every two composed Webconvert the value of the modifier to the target context. If
services. The main problematic aspect of this solution is its an error happens at some point of the process, an exception
limited scope, as data flow is bound to data types specifiedis thrown, and the mediation Web service sends a failure
in WSDL descriptions. However, it is possible to generate message. If the mediation process was performed correctly,
adapted WSDL interfaces at design time. data is converted to the target context and transmitted to the

<lwsdl:definitions>

4.2. Context Mediation for Web Services



next Web service. OWL-S [12] is a subset of the OWL (ex-DAML) ontol-

A prototype has been fully developed as a proof-of- ogy language. It is a general ontology that provides support
concept to demonstrate the feasibility of this architecture for building semantic Web services. OWL-S was designed
under the Java" NetBeans environment. We developed a to be coupled with standard description formats like WSDL.
graphical user interface to read and write context annota-It consists of three ontologies, namgiyocess modeker-
tions from and to WSDL files. This tool enables providers vice profileandgrounding that respectively descrilaow
or advanced users to annotate WSDL files with context, the service works”“what the service does’and“how to
so that it becomes possible to compose them with context-access the service'Inspired from OWL-S, several research
aware mediation Web services. We also developed a mediaprojects have been developed, such as ODESWS [6] that
tion Web service, that reads context annotation from WSDL models Web services using problem-solving methods.
files and converts data received from its source contexttoa From the DERI laboratory, WSMO [1] is a formal lan-
target context. Our implementation performs dynamic and guage and ontology that describes varied aspects of seman-
accurate context interpretation, and enables meaningful extic Web services. It supports the development and descrip-
ecution of composition. To illustrate our proposal, we im- tion of semantic Web services with the WSMF [7] concep-
plemented the example of Sect. 2. With annotated WSDL tual model, that enables mediation as a service, so that it
and the mediation Web service, not only the “Price” con- allows maximal decoupling between component Web ser-
cepts match, but data is transformed at-runtime, to complyvices.
with the different scale factors, heterogeneous date formats With WSDL-S, Miller et al. annotate WSDL with sev-
that allow getting up-to-date conversion rates between cur-eral extensions related to operations and messages [13].
rencies, and different VAT rates that also are not always in- These extensions refer to concepts of domain models to
cluded in the price. specify semantics of messages, but also preconditions and

Our current composition example runs into a effects of operations.

BPWS4J  (http://www.alphaworks.ibm.com/tech/bpws4j)

composition engine hosted in a Apache Axis con- 5.2, Mediation between Web services
tainer (http://ws.apache.org/axis). We use Jena

2 (http://jena.sourceforge.net/) APl and a Drools  Mediation between Web services is a hot topic and re-
(http://www.drools.org/) rule engine, to access and cejves alot of attention from the research community. Many
manipulate OWL ontologies, infer values that modifiers mediation approaches rely on the concept of mediator for
should take and perform data conversion at runtime. Oursplving data heterogeneities between participants of an in-
prototype includes domain and context ontologies designederaction.
with Proégé (http://protege.stanford.edu/) for describing Cabral and Domingue [4] provide a broker-based me-
the “Price” concept and contéxt diation framework for composing semantic Web services.
Their approach follows WSMO conceptual framework [1]
5. Related Work that recommends using strongly decoupled and service-
based mediation capacities. The mediator component is a
This section presents different initiatives that relate to key part_ of their arch|t(.ecture. gnd it mediates concepts be-
the semantic and mediation aspects of Web services, and téween different qntolog[es..wnhams et "’?'- [18] use agents to
perform semantic mediation between input and output pa-

previous work on context description. These related works . . -
helped us build ideas, and backed our approach as they aréameters of Web services by encapsulating the composition
important references of the domain. m;o an agent, that controls the developpement of the oper-
ation. Spencer et al. [15] present a rule-based approach to
semantically match outputs and inputs of Web services. An
inference engine analyzes OWL-S descriptions and gener-

ates multiple data transformation rules using a description-
Semantic Web services constitute an active domain of jogic reasoning system.

research. Most approaches rely on ontologies to express the

semantics of a domain, however, there are several ways 0§ 3 Approaches to Context Description
inserting semantics into Web Services. One way involves
using description languages like OWL-S [12], and another
way consists in extending syntactic standards like WSDL
with semantic features (WSDL-S) [13].

5.1. Semantics for Web services

In many works, context refers to the interactions with
the surrounding environment. In this paper we follow an-
other definition and only detail similar work for space lim-

SAvailable at http:/www710.univ-lyon1.f¥mmrissa/price.owl itation purpose. In the domain of database interoperability,
and http://imww710.univ-lyon1.frmmrissa/PriceContext.ow! the Context Interchange approach [9] provides formalisms




for context representation, based on the notion of seman- [4] L. Cabral and J. Domingue. Mediation of semantic web
tic value. It has proved to be a highly scalable, extensible
and adaptable approach to semantic reconciliation of data,
and was first introduced by Sciore et al. [14]. Goh [10] and
Firat [8] presented implementations and extensions to this
approach. Then, Boridlvd [2] adapted this model to the
description of semi-structured data. We use this latter work
as a basis to our approach.

While mediation and semantic description of Web ser-
vices in a composition are very active research fields, to the
best of our knowledge, none of these works actually con-
sider the use of explicit context description to solve hetero-
geneities of type value in Web services composition.

6. Conclusion

In this paper we highlighted the importance of context
in Web services composition, and proposed an architecture
for handling context, in order to obtain meaningful compo-
sition scenarios. We first demonstrate, with an illustrative
example, that context is required for a correct interpretation

of data exchanged between Web services. Then, we pro-

vide a solution for describing and handling such informa- [11)
tion,
This proposal includes a model for context description, cou- [12]

using context ontologies and rule-based mechanisms.

pled with a method for annotating WSDL parameters, pro-
pelling them to the level cdemantic objectswvhile respect-
ing WSDL extensibility elements; and a service-based con-
text mediation architecture.

Future improvements of context-based mediation in Web

service composition targets three aspects: first, the study Of[13]

methods for enabling the integration of the mediation Web
service into dynamic composition; second, the addition of
capabilities to the mediation mechanism, like the ability to
compose Web services specialized in conversion and to inte-
grate them in the mediation process; and third the extension[14]
of this architecture to Web service discovery and selection
stages, that could consider the possibilities of context medi-
ation as a selection criteria in the discovery step.
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