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Abstract— Nowadays, the effective and adaptive dynamic Web
service composition is a major challenge for a real success of
Web services. In fact, the heterogeneity of the environment and
autonomy of web services make it difficult to compose web
services dynamically from various service providers. This

problem is also accentuated by the increase of the user mobility.

By analyzing the actual technology and its evolution, we
propose in this article a mediator-based architecture that
allows users to dynamically compose the ubiquitous web
services. Furthermore, the approach we have adopted also
facilitates the semantic web. A model which is implemented
in .NET has validated the feasibility of our proposal.
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. INTRODUCTION

With the rapid development of the web technology, the
Web Service (WS) has attracted great attention in the
industry domain. The WS, with its full autonomy and loose-
couple interface, provides an ideal integrate approach for the
implementation of the application deployed on the Web in
various domains.

With the rise of the applications based on the Internet, as
well as the B2B/B2C and the development of Cloud Services
and Internet of Things (loT), service integration and
performance requirements continue to increase. It is difficult
to meet the user’s needs through a single specific service. So,
the dynamic service composition attracted the attention of
academics and business in the past few years. However,
there are several problems to solve in the process of
composing dynamic services. First of all, we cannot easily
integrate the WSs from the different suppliers because of the
heterogeneity of the environment and the autonomy of WS.
Secondly, due to the dynamic nature of the operation and
process treatment, coding in a fixed form is no longer
applicable. Thirdly, because of the user mobility and their
diverse needs, we need a mechanism to dynamically
discover, select and combine the WSs in the inter-
organization and cross-platform.

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-232-5

Jiwen Yan, Antoine Bouhier

L2T1, Institute Galilée
University Paris 13
Paris, France
yan.jiwenyi.jiwen@gmail.com,
antoine.bouhier@gmail.com

With the development of the Cloud Computing and the
occurrence of the increasingly diverse WSs, as well as the
democratization of mobile terminal (Smartphones, Tablet),
more and more users would like to perform a sequence of
operation automatically according to their logic which refers
to use a series of individual existing WS.

Therefore, it is appropriate for us to conceive architecture
to provide the service composition such a benefit with the
development of SOA. One of the key issues is the semantic
web. It allows not only to solve the problem of mismatching
between the web services, but also to automatically identify
the functional equivalent service entities. The latter is very
useful to answer another key question that is the adaptation
to the context (or ubiquity), which is to be able to replace a
service entity by another functionally equivalent one. We
believe that the mediator-based approach that we propose
could be a response to these two key questions.

In this paper, our work is in the context of NGN/NGS
(Next Generation Network/ Next Generation Service) which
refers to the paradigms—nheterogeneity, mobility and user-
centric. Based on analyzing current language, technology
and the method of the service composition, we propose a
mediator-based architecture to achieve dynamic service
composition. We present the overall vision and we discuss
the technical solutions for the key component within it. We
illustrate the feasibility of our proposal through a model that
we have achieved and we present an application of our
architecture through a use case.

In our model, the mediator has a Knowledge Base of WSs,
each of them is assigned with a descriptor, a kind of meta-
model that contains various information, including the
inputs/outputs and constraints, the syntactic and semantic
(for the semantic web extension), and the location of
available entities to provide service (allows context
adaptation) as well as the contextual information. A natural
extension is the creation of meta-WS, which can be
integrated into the above knowledge base exactly in the
same manner as a real basic WS. These meta-WSs are a
kind of “proxy”. Thus, our WS-mediator also allows the
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creation of the true “intermediaries” to which we refer as a
semantic extension. In particular, a WS-mediator can be
used to select, at run time for instance, the best WS
according to the using context. Exploring the knowledge on
the existing WS for the purpose of semantic web can also
create such a WS-mediator. On the point related to the
context adaptation, our work is conducted partially within
the French ANR/VERSO/UBIS project, which proposes a
general architecture providing ubiquitous services that
include identifying, for each service (within the meaning of
abstract term), functionally equivalent services entities. Our
work has been in effect for the partial framework ANR /
UBIS.

This article is organized as follows. In Section 2, we
present the related work about the current technology and
solutions of the service composition. In Section 3, we
conceive our proposal -- a mediator-based architecture and
its main features. Section 4 shows our model which is
implemented based on the .NET 4.0. An application on a
scenario is illustrated in Section 5. Finally, conclusion and
the future work are presented in Section 6.

Il.  RELATED WORK

Different views and focuses on the approaches for the Web
service composition have been suggested in the literature
during the last years. All of these try to provide languages,
methods and models in order to propose efficient solutions
for this problem.

Generally speaking, there are three types of language for
the service composition. First of all, there is the process-
oriented description language. Such as the BPEL4WS [1]
(Business Process Execution Language for Web Service) and
WS-CDL [2] (Web Services Choreography Description
Language), BPEL4AWS is largely used in the industrial
domain. It devises a business process into an abstract and
executable process. In addition, it defines the model and
description language of the business process behavior. Thus,
it greatly facilitates the process description and execution.
WS-CDL  describes  peer-to-peer  collaborations  of
participants by defining, from a global viewpoint, their
common and complementary observable behavior, where
ordered message exchanges result in accomplishing a
common business goal. Both languages are XML-based, so
they are usually applied to describe the Orchestration and
Choreography [3]. Secondly, AXML [4] is a data-oriented
language that is used in some specific areas such as
astronomy or meteorology in order to handle the
heterogeneous and massive data sources. The third type is
the semantic-oriented language such as OWL-S [5]
(Semantic Markup for Web Service) and SAWSDL
(Semantic Annotation Web Service Description Language)
[6]. By adding the semantic information into the description
of Web service, it is possible to make the data and
functionality machine-understood in the life cycle of a WS,
and then generate a dynamic process of composing various
WSs automatically.
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With regard to the existing methods and tools for service
composition, the WSMF (Web Service Modeling
Framework) coined the term data mediation in the WSs
context, the aim is to strengthen the semantic feature in order
to automatically discover, compose and execute the services.
It defines preconditions and effects and can be used for
semantic annotation of WSDL with WSDL-S. However,
there is no mechanism to describe Choreography or
Orchestration in the WSMF, which seems an incomplete mix
of semantic and syntactic. The WSMX (Web Services
Modeling Execution Environment) is the reference
implementation of WSMO [7][8] (Web Service Modeling
Ontology). The principle of WSMF design is: a) strict
decoupling of various components of the web service; b) use
of the mediator to coordinate the various components. Thus,
WSMF defines four elements, i.e. Ontology, Goal, Web
Service and Mediator. WSMX creates an environment for
WSMF and then increase business process automation in a
very flexible manner while providing scalable integration
solutions. The METEOR-S [9] project at the LSDIS Lab,
University of Georgia, aims to extend the standards (SOAP,
WSDL, UDDI) with Semantic Web technologies to achieve
greater dynamism and scalability. They endeavor to define
and support the complete lifecycle of Semantic Web
processes [10]. In SWORD [11], a service is represented by
a rule that expresses certain given inputs, and the service is
capable of producing particular outputs. A rule-based expert
system is then used to automatically determine whether a
desired composite service can be realized using existing
services. SWORD does not require (but could benefit from)
wider deployment of emerging service-description standards
such as WSDL, SOAP, RDF and DAML. Comparing to the
traditional Petri Net based framework for Web services
composition, the model proposed in [20] makes use of a kind
of high level Petri nets called G-Nets instead of elementary
ones. Basic and advanced constructs which are supported by
the proposed algebra are syntactically and semantically
defined. Considering the no-functional aspect, [23] provides
a model which meets the QoS requirements of service
consumers, guarantees the availability of Web Services
composition and maximizes service providers’ benefit.
Meanwhile, [24] takes the QoS, user preference and the
service relationships into account and proposes a method
based Viterbi algorithm to reason out the global optimal
solution of web composition service.

From the perspective of realization, we can define the
service composition as manual, semi-automatic and
automatic. The manual service composition [12] demands
the user to clarify the process through GUI or a text editor,
and then submit such process to the execution engine. For
example, BPWS4J provides an eclipse plug-in which use
WSDL and BPEL to describe the executable process. A
model ontology tool named Protégé [13] can work with
OWL-S API [14]. It can produce the OWL through WSDL,
and then create the service composition with the service
element manually selected by the user. The automatic or
semi-automatic technology use the artificial intelligence (or
Al planning) during the composition process. SWORD [11]
adopting the service description based on rules, composes
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services across details of the initial and final states, but it
asks the user to specify the states of the service and lacks the
part of service discovery. [21] propose a set of heuristics to
effectively prune a large number of candidate abstract
services and a novel approach to fully automate the
generation of abstract services from a service community
that consists of a set of functionally similar services.
However, it lacks the human intervention. The IEEE Next-
Generation Service Overlay Networks (NGSON) working
group is focusing on the integration. The NGSON
architecture was proposed [15] according to the NGSON
concept with its extension for service composition.
Sivasubramanian et al. [16] proposes some criteria to
identify the levels of dynamism and automation in service
compositions. Moreover, the NGSON group proposes a
strategy where different techniques can be used to make
compositions more automatic and dynamic with a model
driven approach. However, a problem of such approach
exists where, although the method can generate the process
model automatically, there is a lack of the interactions
between the designers and the process. This means it cannot
accept the designer’s decision as auxiliary information to
generate next flow path during the composition process at
runtime, because only the syntactic binding exists. Radiant
[17] is an eclipse plug-in graphical tool that enables one to
annotate existing Web service descriptions with Ontologies
to create SAWSDL files [18]. Besides, there is also the
“mash up” type composition approach, which offers a better
legerity. For example, APIhut [19] builds a nice ecosystem
in which one can reuse Web APIs, but advanced capabilities
must also be developed in order to lead to dynamic
configuration and composition for complex services.
Moreover, following the survey and observation under the
traditional composition context, Syu et al. [22] suggests two
approach patterns and point out possible future challenges as
well as directions, to the influence of the mature of mobile
devices and environment.

Taking into account the current methods and the
technologies of the service composition, we can add
semantic information hierarchically in our mediator to
realize our architecture. Concerning the specification and
implementation of process, we adopt a process-oriented
approach to achieve the control and execution for the service
composition. In general, our architecture was integrated by
several elements proposed in the existing solutions, for
example the knowledge base of WSMF, the semantic
annotation of METEOR-S, the matching of input/output in
SWORD.

I1l.  PROPOSITION: ARCHITECTURE AND
FUNCTIONALITIES

We present hereafter the main architecture of our
mediator and the functional entities within our approach.

The user begins by choosing the web services that he
wants according to his logic. The WSs are registered in the
Knowledge base with all the information of each WS
element, and in particular, a model for each WS.
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Furthermore, the functional semantics, domain ontology and
parameter ontology based Web service description methods
can be used for WS composition that allow the semantic
web. The composition is done, in our current prototype,
through a Graphic User Interface, script-based extension
will be added in the future. In this way, we get a composed
execution entity that is totally autonomous. As the
composition is based on the model of the WS, the Mediator-
based system monitors Web Services at different locations

in the Internet and dynamically assesses their dependability.

Figure 1 shows our proposal, initially, our mediator
provides the basic function of data mediation for the service
composition. The modules within the mediator work with the
human intervention, the Process model of service
composition can send its transaction taking into
consideration of QoS, certain restraint and rules [23] as well
as the models and algorithms [24]. In addition, the mediator
adopts a knowledge base with WS available that can be
dynamically composed. This database allows our
architecture to provide both the extension to the Semantic
Web and the ability of the context adaptation (ubiquity).
Indeed, by identifying the WS (identified in the database)
which are best suited to the user’s semantic logic, the
mediator is able to provide an appropriate service
composition. On the other hand, we can also identify the
service entity suited to the service (abstract) depending on
the user preference through the same logic. This can be
coupled with the service discovery that is dynamically fed by
the knowledge base. The mediator can use the service entity
which is best suited to the location of the user and ensure the
context adaptation.

Service
discovery

Service request

Process model of
service composition

Qos _ _Model an
Jrestraint algorithm
and rules

service matching and slection

i )

’ Knowledge Base

Generate process

Deploymentand
execution

Jojelpaw

- W

Meta model Base

QoS Base Ontology Base

Figure 1. A mediator-based architecture

Our mediator can also provide the mapping between
elements of SAWSDL. To illustrate various mapping
representation options, we can use SPARQL for

114



CENTRIC 2012 : The Fifth International Conference on Advances in Human-oriented and Personalized Mechanisms, Technologies, and Services

representing mappings through the ontology knowledge
base. The reasoning ability of ontology can help to resolve
the substitution operation for the mismatching problem of
web services so that we have a context adaptation with the
semantic extension. The semantic extension will be
integrated in accordance with certain rules for effective
bonding to form a new web service composition. If there is
no single service that could meet the user requirements, we
can proceed by deductions and the dynamical combinations
of semantic, based on the self-descriptions and the marks on
the OWL-S of either the functional or the non-functional
requirement among the known web services. Therefore, our
approach enables us to access a loose-coupled way for the
WS-mediator both on syntax and semantic. The
implementation of the semantic extension (which will be
based on existing tools [8] [11] [18]) is out of the scope of
this paper.

A. Knowledge base

We get inspiration from storage of knowledge in WSMF
and storage of XML in METEOR-S, and then we define a
Knowledge Base which identifies the web services known to
the mediator. The purpose of the Knowledge Base is to
gather all the information (URI, operation, input / output
from WSDL) of Web Services. The Knowledge Base is
made manually (offline) in the current phase of our work.
We define three sub-bases in our Knowledge Base:

e Meta model Base, which identifies the models of
processes. For the common used services, a
synoptic model can be generated by the service
provider.

e QoS Base, which is used to store the QoS
information. The mediator may find the semantic
description of QoS based on WSDL during the
period of discovery and matching. In the process of
matching and optimization, QoS performance
evaluation may be associated with the operation
parameters during execution, so it is useful to save
them to feedback. For example, considering the
reliability of the service, we should refer to the
success rate of execution because it is not
comprehensive only depending on the service
provider.

e Ontology Base, which is to store and manage the
ontology service description and the semantic
annotation, the upper level ontology and the
domain specific ontology.

B. Discovery, matching and selection

Service discovery consists of two parts: a) the semantic
discovery of each service request to create a process; b) the
semantic discovery of service registered in UDDI that
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contains semantic information. The discovery of the
semantics process, coupled with that of WS identified in
Knowledge base, allows the identification of WS which may
be involved in the process depending on their semantics. If
we want to compose two web services, we will begin with
choosing the services that we want to use, testing whether
the services are available by the QoS restraint and rules, and
checking the inputs and outputs of them. Both the syntactical
and semantic heterogeneity may exist in the input and output
messages that are exchanged between WSs. Once the
services are ready to be used, the binding will be implied in
the invocation of the composed services, and then we have
the service selection done.

C. Generation and Execution

The execution entity receives the process model provided
by the composition module. By setting the WSDL files and
workflows, the output is an XML file that contains the entire
process / composition. The execution entity receives the
composition scheme provided by the composition entity. The
mediator then generates an execution entity that is
completely autonomous and re-usable.

V.

Based on SOA and WSC technologies, we have
implemented our approaches and provided a comprehensive
tool. The tool suite accepts WSs described using standard
language such as WSDL as well as SAWSDL, which can
provide us a semantic extension. The description of the
process is done through an intuitive graphical interface to
specify the user’s logic, requirements and goals. From this
description (which may be also provided as script), the
component "mediator” of the system composes the services
identified in the BDC, and then generates the composition
as an execution entity that is available to the user.

We choose to implement the tool using web service
developed in WCF (Windows Communication Foundation)
of the Framework .NET 4.0. Because WCF supports not
only SOAP message, but also it can be configured to
support standard XML data that is not wrapped in SOAP, or
can even be used to support other formats. This yields
opportunities for evolutions such as the integration of the
RESTful service.

IMPLEMENTTATION

We build the WCF based on three elements:

e Address: the address that the user must connect to
use the service.

e Binding: the protocol to be used by the user to
communicate with the service.

e Contract: the information exchanged between the
mediator and the user so that he knows how to
use the service.

The tool suite is an integrated developing environment for
the process designers to

o Import candidate WSs and their description files

o Specify process hierarchies, initial state and goals
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e Generate the plan and convert the plan into the
corresponding execution entity.

In order to realize the three points mentioned above, we
define and create the service contract and its parser module
to provide the output of the previous WSs exactly match the
required input of the successive WS. The Service contract is
defined

o To be exchanged between the mediator and user

e To allow the user to know what are the methods
proposed by the service and how to use them.

The development of the Service Contract is performed
through the 3 following metadata:

e <ServiceContract>: This metadata is used to define
a class. It serves to indicate the class or an
interface is a Service Contract.

e <OperationContract>: This metadata is attached to
the methods that we want to expose through
WCF service. Thus, it is technically possible to
expose certain methods of a class to the user.

o <DataMember>: This attribute is placed before the
properties of classes to define objects that are
then going to exchange the parameters with the
service.

For example, we
Multiplication,
2)

want to compose the WSs
Subtraction and Addition (see Figure

Service WEB 1

Multiplication

atb=c) Service WEB 3

(erbma )
b Addition
Service WEB 2 ’—’
Subtraction LE——

(a—b=c})

{axb=c)

Ll Ll

Figure 2. Example for the service composition

The service contract outlines the information that
describes the service delivery. It defines a mechanism for
the service orchestration between the service elements. It
defines in particular the interface specification and describes
the service logic and service purpose as to implement the
process information about the service elements to supply a
more efficient treatment. The service contract focuses on the
organization and parsing of input/output data treatment as
well as the QoS (if needed). Figure 3 provides the details of
the service contract with schema XSD (XML Schema
Document)
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<?uml version="1.8" encoding="utf-8" >
<Contrat ymlns:xsi="http://www.w3.0org/2001/XMLSchema-instance™
®si:noNamespaceSchemalocation="Structure_Contrat.xsd">
<Services>
<Servicer
<ServiceNom>Addition</ServiceNom>
<Inputs>
<Input>
<Inputlom>a</Inputhom>
<InputTyperint</InputType>
</Input>
<Inputs
<Inputhom>b</Inputhom>
<InputTypexint</InputType>
</Inputy
</Inputs>
<Outputs>
<Outputs>
<OutputNom>RéponseAddition</Outputiion>
<OutputTyperint</OutputType>
</fOutput>
</Outputs>
<Indice>1</Indice>
<visibilitertrue</visibilite>
</Service>
<Servicer
<ServiceNom>Multiplication</ServiceNom>
<Inputs>
<Input>
<Inputhom»a</Inputlom>
<InputTyperint</InputType>
</Input>
<Inputs
<InputNom>b</Inputhom>
<InputTyperint</InputType>

</Input>
</Inputs>
<Outputs»
<Outputs
<0Out putMom>REponseMultipli cations /outputions>
<0utputType:int</OutputTypes>
</output>
<foutputs:
</ Indice>
terfalse</visibiliter

<Inputss
<Input>
<InputMom:a</Inpuiiom>

<InputT mt</InputType:

</Inputs
<Input>
<InputNom:b</Inpuiiom>
<InputTyperimt</InputTypes
</Inputs
</Inputs >
<Outputs>
<Outputs
<out putMom>Réponsesoustractions/outputioms
<OutputType>inte/OutputType>
<foutput>

<Indice»3</Indice>
<visibilitertrue</visibiliter

ceConnectes

ition</Mom>

<IndiceIn>1</IndiceInz

<Mom_Input:a</MNom_Input:

<Service_Entrant:Mu. ication</service_Entrant:
<Indicedut>2</Indic
<Mom_out put>RéponseMultiplication</Mom_outputs

<Mom>Add itione/Moms
<IndiceIn>1</IndiceInz
<Mom_Input>b</Mom_Inputs
<Service_Entrant=Soustraction:/Service_Emtrant>
<Indicedut>3</Indiceout>
<Mom_out put>Réponsesoustractions/Nom outputs
</serviceConnecte:
</relation>
</Contrat>

Figure 3. Schema XSD of the service contract

Then we parse this XSD file and generate the code (see
Figure 4) that allows creating the execution entity for the
end-user.
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ArtributService i1z new ArtribuzService();

Multiplicariond. Suiv

F t = Addiwionl;
Additionl.petInpuc{”

) .connexdon=Multiplicationl. peeOutput | "Réponsefultiplicatic
T
Ji
_liste Add{Multiplication2);
5 i Suni itiond;

onnextion=Soustractiond. getDutput{ "AéponseSoustraction’);

24

Figure 4. Part of Code to generate the execution entity

Finally in the GUI, we will get the result in “Figure 5”

Figure 5. Result in the GUI

V. APPLICATION

We present below an application of our system through
the following use case scenario.

This is a provider for customizing the web services
specialized in real estate. For this, it has identified the WSs
in its Knowledge Base; on the other hand, the following
services can be claimed by a potential user:

e WSI: « Square Habitat » is a service of real estate
o WS2: « Mappy » is map service (Google/Apple)
e WS3: «BUS » : is a carpool service

e WS4: a service of local real estate agent

The available services are provided through the interface
"Catalog" that the user can preselect and then create his own
logic using these services through a GUI. The transaction is
to find the corresponding service elements to achieve the
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composition and generate executable code available to the
user.

"Figure 6" shows the interface that allow user to specify
the desired services and their sequence by his own logic. For
example, searching for properties, and then identifying the
location of the real estate agent in order to find a way to get
there by carpooling. So as to the context adaptation of the
composition, the mediator must replace the concrete service
entity by a "proxy", which is a meta-WS symbolizing the
abstract service. The role of meta-WS is to identify and
operate the concrete entities which are best suited at run
time depending on their context.

| 4, Dynamic Service Compostion L) S
File Edition ?
3 )
Bl @[] KA (@
DO %
square | (Geo8te a & -
HARITAT .com,
List of available Services List of selected Services
BUS RechercheBien
TAXI ‘GoogleMap
ADD>> | TAXI
<< Remove
sunmugmposmon
| %) Dynamic Service Compostion =B %
File Edition ?
TR = [€
o
o b &
saunre | (8098 S ~
HARITAT -com,
J
4 =k
_— 1o R
=[RBlv[X[ B[]y
[Combinaison service

(Group
test -RechercheBien; GoogleMap,
testi TAX,

Figure 6. Application

VI. CONCLUTION AND FUTURE WORKS

In this paper, we propose a mediator-based architecture
for dynamic service composition. We have clarified the main
functionalities. Meanwhile, we show the potential capacity
of this architecture to integrate the semantic web and to
ensure the context adaptation. We presented a model (based
on .NET/WCF) that we developed to validate our proposal
and to provide a functional service composition tool
ultimately. Furthermore, we should pay attention to the
RESTful Web services which are lightweight. This
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supposition, however, is going to be considered in our future
work.
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