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Abstract: In today's collaborative environments such as bioinformatics and healthcare, the access to an increasing number of distributed data 

sources is an important step towards enhancing decision support systems.  In this context, we propose a mediation framework for integrating 

distributed Web services into communities and we show how the use of communities provides a scalable solution for gathering and managing 

functionally-equivalent Web services. Hence, in this paper we first propose a model of Web services communities. Secondly, as the specificities 

and design complexity of Web services communities call for a language and tool support to guide a Web services community design we propose 

a WSC-UML profile for the design of web services communities .The proposed tool extends UML to express specific concepts of web services 

communities. Finally, the paper illustrates the usefulness of the proposed profile notation using a health care community example designed with 

the WSC-UML Tool 
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I. INTRODAUCTION  

In today’s medical environment, information technology 
was adopted for supporting digitized equipment, administrative 
tasks, and data management but less has been achieved in the 
use of computational techniques to exploit the medical 
information in research or practice. There is an emerging 
demand for the integration and exploitation of heterogeneous 
biomedical information for improved clinical practice, medical 
research and personalized healthcare [1].  

In practice, biomedical information is spread over many 

independent data sources and there is no sharing of common 

knowledge among the different information sources. In this 

context, web services appear to be a privileged mean to assist 

the federation of distributed data sources into dedicated 

communities to share common knowledge between members of 

a health care community. In fact, medical information must be 

available and sharable among different members. To fulfill 

theses requirements, we propose a framework through which 

web services communities   are built and interact with one 

another. This enabled a potentially large number of health 

information sources to act as a community    to serve 

knowledge sharing. 

The approach is based on Web services architecture. It 

uses the notion web services communities where services 

catering for similar customer needs are grouped together and 

form a single community. Information sources register 

themselves to a health care service community as members and 

the communities themselves interact with each others. The 

community can be viewed as a domain specific data integration 

mediator which holds metadata and registry information about 

its members  
Our work, so far, has focused on designing Web services 

communities. In this paper, we draw the general design of the 

system.  

The paper proceeds as follows. In section 2 we argue our 

choice of the notion of the community and we situate our 

approach regarding the others proposed in the literature.  Web 

services communities requirements are described in section 3. 

The associated meta- model is described in section 4. In section 

5 we detail our proposed model. In section 6   we illustrate our 

approach by a running example related to a health care 

community. Section 7 describes our system implementation. 

Finally section 8 concludes our work and gives future 

directions of our research 

II. STATE OF THE ART 

A community has been defined as a group of people living 

together or united by shared  social interactions, social ties, and 

a common 'space' [2]; as a social network of relationships that  

provide sociability support, information, and a sense of  

belonging [3], and as a set of relationships where  people 

interact socially for mutual benefit [4]. The term community is 
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not particular to Web services. In grid computing for example, 

solutions for sharing resources in a grid rely on communities 

[5].   

When applied to Web services, communities help 

gathering Web services that provide a common functionality in 

order to simplify the access to Web services via a unique 

communication endpoint, which is the access point to the 

community. In [6], the concept of community gathers services 

from the same domain of interest and publishes the 

functionalities offered by Web services as generic operations. 

The authors provide a general template referred to as 

community ontology for describing semantic Web services and 

communities.  

Web services communities appear to be a solution towards   

reshaping online communication and collaboration between 

Web services. However, the   organization into communities 

raises management issues: how to initiate, set up, and specify a 

community of Web services.  Several works gather 

functionally-similar Web services into communities that are 
accessed via a common interface and propose solutions for 

tackling Web services communities’ management issue 

described above. 
Such a solution is proposed in SELF-SERV framework [7], 

which distinguishes 3 types of services: elementary services, 
composite services, and service communities. The fundamental 
element of a Web Service Community (WSC) according to [8] 
is subject-club which is something like a special service 
container in which some services localized in different place 
across the globe but with similar domain interest are clustered.  

Subject-club ontology, one important part of the 
hierarchical community ontology, is divided into club local 
ontology and web service private ontology, respectively 
characterizing commonness and peculiarity of services with 
similar function, because practice has proved that the 
description on commonness and peculiarity of web service 
deserve same considerations.   

Obviously Web service description in WSC combines 
explicit representation and implicit representation 
concordantly, taking both commonness and peculiarity of web 
service into account. This prominent feature helps the service 
discovery and selection process to improve efficiency and 
flexibility by narrowing search space into certain one or several 
subject-clubs. 

In [9], authors propose an approach that supports the 
concepts, architecture, operation and deployment of Web 
service communities. The notion of community serves as an 
intermediary layer to bind to Web services. A community 
gathers several slave Web services that provide the same 
functionality. The community is accessed via a unique master 
Web service. Users bind to the master Web service that 
transparently calls a slave in the community. . This work details 
the management tasks a master Web service is responsible for. 
Such tasks include among other things registering new Web 
services into the community, tracking bad Web services, and 
removing ineffective Web services from the community. A 
master Web service represents the community and handles 
users’ requests with slave Web services with the help of a 
specific protocol.   

Built upon this work, authors propose in [10] context-based 
semantic mediation architecture for Web service communities. 
Indeed, the applicability of the mediation proposition goes 
beyond this domain. However, they specifically focus on its 
deployment with communities as defined in [9], where 
semantic mediation is performed between the community 
master and slave Web services. 

A community-based architecture for semantic Web services 
is proposed in [11]. In this work, communities gather services 
from the same domain of interest and publish the functionalities 
offered by Web services as generic operations. Community 
ontology is used as a general template for describing semantic 
Web services and communities. A major advantage of this 
work is the peer-to-peer community management solution that 
addresses the problems of centralized approaches. 

What sets us apart from the proposed approaches is that we 

aim at addressing the design of Web services communities in 

general. We neither rely on a globally fixed domain nor on 

ontology of permitted classes of data, both strong assumptions 

that are often not realistic. 
To cope with the specific aspects of web services several 

design notations have been proposed (cf., Provost [12], Ortiz 
and Hernandez [13], Belouadha and Roudiés [14] [15], Skogan 
[16]).  While most of the proposed notations agreed on a set of 
concepts specific to Web services, none of then addresses the 
issue of Web Services communities.  This shortage motivated 
our work in proposing a Web services communities design 
language, called WSC-UML, which increases the 
expressiveness of UML for WS and guides their design. 
Stereotypes and graphical annotations have been added to 
UML diagrams in order to distinguish between the different 
aspects in a Web services community.  Overall, three main 
motivations are behind our extensions of the original UML 
notation 

III. WEB SERVICES COMMUNITIES  REQUIREMENTS   

Our system attempts to build a community for end users 
and service providers by providing the means of managing 
community memberships and member’s contacts. The  main  
requirements  related  to  communities’  management  can  be  
resumed  by creating and updating Web Services Communities  
then building  relationships between  them.  

Community Creation: The Community Manager creates a 
community by grouping Web Services related to the same 
domain then he defines its schema to provide a description of 
the field to which the community belongs without referring the 
Web Services providers.  

Community  Update:    As  communities  evolve  in  the  
Web  environment  characterized  by  its  dynamism,  changes  
can  frequently  affect  communities.  Hence, communities 
should be permanently updated.  The community update takes 
in general two forms, deletion or modification.  

The Web  Services  providers’  registration:  In  order  to  
be  accessible  through  a community,  the  Web Service 
provider must apply for registration. The registration of its Web 
Service is done by Web Service provider must apply for 
registration. The registration of its Web Service is done by the 
Member Manager. When a request for registration arrives, the 
Member Manager associates the web service provider with the 
correspondent community. By registration, the Web Service 
provider becomes a member of the community.  

Converting Web Information Sources to Web Services:  In 
case of Web information source does not take the form of Web 
Service, the Member Manager have to convert it to Web 
Service. Defining  Communities  Members:  The  Web  
Services  provider  defines  communities  members  by  feeding 
communities with Web Services related to its domain. 

In order  to meet  the  system  requirements described  
above, we aim to propose  in  these part  a model of a 
community which is “container “that clusters Web services 
based on a specific area of interests. A community offers to its 
user’s functions which allow them to share information about 
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the community and a framework for selecting Web services 
registered in the community. We suppose here that providers 
interested by offering their services are in the origin of different 
Web services communities. All Web services belonging to a 
given community share the same area of interests’ exp: Health 
care services.  The community provides description of desired 
services without referring to any actual provider. 

 

Figure 1.  Web services communities model 

 

We define a Community Knowledge Base (figure1) for 
creating a community of Web services. The Community 
Knowledge Base provides concepts that allow the description 
of the community. Communities are instances of the 
Community Knowledge Base. Community providers are 
generally groups that share a common domain of interest for 
example providers: medical centers, X-Ray storage center and 
Surgery Rooms would define a community which offers Health 
care services for its members. A community is itself a service 
that is created, advertised, discovered and invoked in the same 
way “regular” Web services are.   The providers of a 
community register themselves in a Community Knowledge 
Base. Communities are published in a registry so that they can 
be discovered by service providers. Service providers ( X-Ray 
Storage  center)  identify the community of interest and register 
their services with it . A Web service may belong to different 
communities.  

A composite service may out-source operations that have 
different domain of interests. For example a patient historical 
data comes from Web services belonging to medical center and 
X-Ray storage center. Since “patient historical data “belong to 
two different communities. The composite Web service is 
registered in both of cited communities. End user “A doctor” 
selects a community of interest and invokes its operations. 
Each invocation of a community operation is translated to an 
invocation of community members operations . 

IV. THE WSC-UML META-MODEL 

The Unified Modeling Language (UML) is considered as 

the industry de-facto standard for modeling software systems 

and plays a central role in Model Driven Architecture (MDA) 

[17]. In UML, the structural aspects of software systems are 

defined as classes, each formalizing a set of objects with 

common services, properties, and behaviour. Services are 

described by methods. Properties are described by attributes 

and associations. Object Constraint Language (OCL) can be 

used to express additional constraints. 

 

UML can also serve as foundation for building domain 

specific languages by specifying stereotypes, which introduce 

new language primitives by subtyping UML core types, and 

tagged values, which represent new properties of these 

primitives. Model elements are assigned to such types by 

labeling them with the corresponding stereotypes. 

In addition, UML can also be used as metamodeling language, 

where UML diagrams are used to formalize the abstract syntax 

of another modeling language. 

For the reasons presented above we adopted UML for the 

elaboration of our Metal-model and it’s associated model  

Our main objective in defining a UML-based meta-model using 

a design language called WSC-UML in order to cover 

perspectives related to Web services communities. Our design 

language is based on an extended UML class diagram. In 

addition, in defining each perspective, we made sure to provide 

for pertinent standard.  The resulting meta-model illustrated in 

Figure 1.   

The main modelling element is the class stereotyped 

<<community>> used to represent a Web services community 

as a collection of Web services related to the same area of 

interest. A community is identified by <<ID-parameter>> a 

stereotype representing an abstract definition of the data used to 

identifier a community. Data used to identify the community 

are essentially the identifier and the category which describe 

the area of interest of the community. 

 The stereotype <<web service>> is an abstraction of 

services providers which become members of the community 

while accomplishing the registration process. The community 

is accessible via a set of operations. The stereotype << 

operation >> represents “abstract” operations that summarize 

the major functions needed by community members.  

Community providers define generic operations based on their 

expertise on the corresponding area of interest. 

 Quality of Service specifies a set of quality requirements on 

the behaviour of a community.  To model this aspect, we used   

class stereotyped <<quality of services >> that offers RunTime, 

business and security attributes    

 In addition to proposed stereotype we attached an icon to each 

of them in the class diagram as described in the following. 

 
Table I. Stereotypes and icons of the community class diagram 
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Figure 2 . Meta-model of the Web services community 

 

V. DESIGN OF THE WEB SERVICES COMMUNITY  

 

After the definition of the WS-UML meta-model, our next 

step was to complement the WS-UML meta-model with a mod 

l (figure 3).   The current WSC-UML Tool prototype allows 

the user to draw class diagrams according to the WS-UML 

language notation presented in table 1.  To implement the 

UML extensions added by WSC-UML, we begin with loading 

the UML meta-model. This later offers an editor for viewing 

and editing UML models 

Specifications of our system refer and are inspired  from 

Web services communities structure presented in  [19]. 

All Web services that belong to community class have the 

same category. The category of a community is formally 

defined by a set of attributes (Domain, Synonyms, 

Specialization ,Overlapping ). Domain gives the area of 

interest of the community (e.g.,“healthcare”). It takes its value 

from taxonomy for domain names. For flexibility purposes, 

different communities may adopt different taxonomies to 

specify their category .Specialization is a set of characteristics 

of the community domain. For example, “insurance” and 

“children” are specialization of “healthcare”. Communities are 

generally not independent. They are linked to each other via 

inter-ontology relationships. These relationships are specified 

in the Overlapping attribute. 

The community is accessible via set of operations called 

generic operations. Community providers define generic 

operations based on their expertise on the corresponding area 

of interest  . A generic operation is defined by a set of 

functional and non-functional attributes. Functional attributes 

describe syntactic and semantic features of generic operations. 

Syntactic attributes represent the structure of a generic 

operation. An example of syntactic attribute is the list of input 

and output parameters that define the operation’s messages. 

Semantic attributes refer to the meaning of the operation or its 

messages. We consider two types of semantic attributes: static 

and dynamic semantic attributes. Static semantic attributes (or 

simply static attributes) describe non-computational features 

of generic operations. Those are semantic attributes that are 

generally independent of the execution of the operation. 

An example of static attribute is the operation’s category. 

Dynamic semantic attributes (or simply dynamic attributes) 

describe computational features of generic operations. They 

generally refer to the way and constraints under which the 

operation is executed. An example of dynamic attribute is the 

business logic of the operation i.e., the results returned by the 

operation given certain parameters and conditions. 

Service providers can, at any time, select a community of 

interest (based on categories) and register their services with it. 

The registration process requires giving an identifier (WS-ID), 

name, and description for the Web service. 

Multiple Web services that belong to the same community 

may import the same generic operation. It is hence important 

to define a set attributes that help select the “best” Web service 

supporting a given functionality. For this purpose, we define a 

Quality of Service (QoS) model based on a set of qualitative 

attributes that are transversal to all operations such as the cost 

and response time. 

 

 
 

 

Figure 3 . Design  of the Web services community; 

 

VI .  RUNNING EXAMPLE 

 

In order to exemplify how the previously described  

model  can be applied to a specific field   we choosed a 

running  example related to  a health care community. In our  

work, we followed  the UML profiling mechanism.  

The main diagram in the model is a UML  class diagram 

describing the system information entities, its properties and 

relation. Figure 4 describes the analysis model for the  helth 

care  community system as  a UML class diagram. The main 

classes in the domain are represented: Health care community, 
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Health care community members and the Health  care Service 

Provider. 

 

 
Figure  4 . Design  of  health care  community 

VII.  IMPLEMENTATION 

To ensure the deployment of the tool, and to provide for 

its potential extensions, we adopted tan open source platform 

called StarUml.  In fact, StarUML [18] is a software modelling 

platform which supports UML (Unified Modeling Language). 

It is based on UML notations and eleven different types of 

diagram. It actively supports the MDA (Model Driven 

Architecture) approach by supporting the UML profile 

concept.  StarUML allows adding new functions which are 

adaptable to our domain of interest. For these reasons we 

adopted StarUML for generating our profile.  The adoption 

was facilitated thanks to our UML-based meta-model defining 

WSC-UML generated by adding stereotypes and icons specific 

to Web services communities. 

Thus, after the definition of the WSC-UML meta-model, 

we completed  the WSC-UML meta-model with a model for 

the tool’s GUI and afterwards apply the necessary 

transformations to generate the code.  To conduct these last 

two steps, we used the Eclipse Ganymede and the Eclipse 

Graphical Modeling The current WSC-UML Tool prototype 

allows the user to draw class diagrams according to the WSC-

UML language notation.  Due to space limitations, in this 

paper we focus only on the GUI for specifying the class 

diagram. 

 

VIII.  CONCLUSION 

 
This paper first overviewed the UML-based design 

language for web services WSC-UML. It then presented a 
CASE tool for the WSC-UML language that provides for the 
graphical representation of Web services communities 
applications.  The tool offers the design Web services 
communities’ elements and helps the developer to distinguish 

between these elements. The tool usage was illustrated through 
the design of Web services communities for health care 
information.  

 In our work, the proposed profile tackles only the 
community structure which represents the static part in the 
community modeled using the class diagram. We are currently 
investigating how to improve the tool by integrating   the 
dynamic part including community activity modeling using 
sequence diagram. 
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