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ABSTRACT 
The environments of pervasive computing are open and 

dynamic. In order to ensure the adaptation of the service 

composition and the dynamic handling of the context in such 

environments, we suggest a new approach based on the taking 

into account information of context to adapt the process of 

composing services. Although there exist many composition 

norms that have been suggested, such as BPML and BPEL4WS, 

these norms are somewhat limited in terms of the dynamic 

adaptation of the service composition during the execution. In 

this paper, we present an approach that takes into account at the 

same time the user’s context and the services, with integrating 

them in the service description language WSDL and in the 

composition process BPEL. The suggested extensions, known as 

A-WSDL and A-BPEL, permit us to describe the adaptations 

capable of bearing the service, the composition of services and 

the dynamic handling of context. 
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1. INTRODUCTION 
    Pervasive systems examined by Weiser [25] aim to create a 

transparent and interoperable environment to ensure the sharing 

of information and services. In order to overcome pervasive 

information challenges, the service-oriented aspect of the 

architectures, which constitute a current trend in the integration 

of heterogeneous services. These architectures permit the 

interoperability of service conceived of independently, and the 

management of open systems, in which they may appear or 

disappear [3], respond to the opening and the dynamicity of the 

pervasive environments. 
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  Current research is based on the discovery and the composition 
of services by using standards such as the Web Service 
Description Language (WSDL) [4], BPML [1] and BPEL4WS 
[2], and so on. However, in a pervasive environment due to the 
diversity of users and the conditions under which they access to 
services. Other parameters must be considered when making the 
discovery, such as the type of the device used (PDA, laptop, and 
so on), user’s preferences, users’ localization, and so on. All 
these parameters form a particular context of use [5]. In such a 
context, the process of making up services satisfying the users’ 
needs must be able to adapt in a dynamic way to context changes. 
It is within this framework that the present work is undertaken. 

   Our objective is to suggest a solution for the composition of 
services in the pervasive environment in order to ensure the 
flexibility to dynamically generate adaptive systems, permitting 
the access, the sharing and the exchange of resources from the 
context information. 

   To overcome the limitations imposed by technology and the 
norms that do not tackle the questions related to description of 
service adaptation aspects, this article aims to provide a 
conceptual approach for describing and realizing the context 
adaptation of the service composition processes. In this paper, we 
suggest some extensions at the level of the service description 
language WSDL and the business process BPEL on the basis of a 
context model. These extensions allow us to describe the 
adaptations capable of sustaining services and their compositions. 
The suggested extensions, known as A-WSDL (adaptive WSDL) 
and A-BPEL (Adaptive BPEL). Finally, we validate our 
approach by implementing a home follow up scenario of a 
patient.  

   The rest of this article is structured as follows. Section 2 is 
devoted to the literature review. Section 3 is devoted to the 
description of our suggested approach concerning the 
examination of their context in order to dynamically compose 
elementary services, in an open and context sensitive 
environment. In section 4, we illustrate our approach via an 
example. Section 5 deals with the implementation and evaluation 
of the suggested approach. Section 6 concludes and presents 
some perspectives for future research. 

2.   RELATED WORK  

   The necessity of adapting a services composition process has 
been a topic of interest in recent years. Many authors have 
already confirmed the importance of the adaptability flexibility 
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for the service composition. Several research works highlight the 
introduction of the context in the discovery mechanism and 
service composition, in the domain of pervasive computing ([6], 
[7]).  [8] has integrated this aspect in the planning mechanism in 
an intelligent environment, and have indicated that the means to 
reach a given aim may depend on the context. [9] suggest a 
system in which the composition is influenced by the context. 
[10] present an approach for the web service composition based 
on the use of agents and the context. 

   Other approaches deal with different aspects of the context 
adaptation on the life cycle of web services. [11] defined three 
techniques of adaptation to web services context: content 
adaptation, adaptation of presentation and functional adaptation 
of the service. [12] present a generic framework to sustain the 
development of  adaptative and context sensitive web services. 

   However, contrary to our approach, none of these initiatives 
have tried to integrate the context in the process of service 
description and composition, to make face the limits of norms 
and service-oriented information technologies, which do not 
permit the description of users’ preferences and do not make 
them to take into account the context, and that services 
participate to the composition. However, there are many 
suggestions aiming to extend WSDL and BPEL to other domains, 
such as extensions for the security [13], the quality of the service 
[14], the BPEL extensions placed for the sub-processes [15], 
BPEL extension to address human interactions (BPEL4People) 
[16] and BPEL  extensions for the versions [17 ].  

   Another work related to our suggestion is [18] that proposes to 
add extensions at the level of WSDL and BPEL languages on the 
basis of the business event aspect. This suggestion is based on the 
principle of combining the service oriented architecture (SOA) 
and the event driven architecture (EDA). 

   Even these studies are different from each other, they defend 
the evolution of systems towards context-adaptative systems, 
either by integrating the context in the WSDL service 
description, or by inserting the context in the BPEL process. We 
think that the approaches are actually complementary, and that 
such an adaptation cannot be truly reached unless there is a 
combination between these two approaches.  In our view, only an 
adaptation mechanism for service composition may be based at 
the same time on the integration of the adaptation at the level of 
service description invoked in the composition process using 
WSDL extensions, and on the integration of the adaptation in the 
composition process using BPEL extensions. 

3. AN APPROACH FOR A FLEXIBLE 

COMPOSITION OF SERVICES IN A 

PERVASIVE ENVIRONMENT  
 

    In this work, we are mainly concerned with the adaptation of 
services composition to context, with regards to the dynamicity 
of service availability and context information in a pervasive 
environment. To reach this aim, we suggest to extend the 
classical service-oriented architecture (SOA) with the notion of 
context. Our contribution consists of adding different adaptation-
devoted components to this architecture. Figure 1 presents  the 
principles of our architecture, which are described in a preceding 
work, where we have demonstrated the importance of using 
contextual information and its benefit to the service composition, 
as well as the importance of taking into account the matching 
between service candidates during the composition process [19]. 

In this paper, we present our case study and the experiment that 
validates the suggested system. 

   We start by providing the definition and the context modeling 
approach that would be taken into account during the 
composition process and the selection of services as a response to 
a user’s request. To solve this adaptation problem of the service 
composition, we particularly use the concept of context. Our 
approach consists of presenting a context model expressing the 
adaptation criteria in the service description. This model is meant 
to be integrated in the service description by using WSDL and in 
the specification of the service composition. In our case, we use 
the BPEL to describe this composition. 

    The approach followed in our process of adapting the service 
composition includes two parts.  

1. The first part treats the WSDL language, which describes 
different services. This part is devoted to the description of 
different types of data necessary to the definition of the role of 
services involved in the composition process.  Thus, this 
description permits to handle heterogeneous context information 
sources by making a service act as a producer and/ or a context 
consumer. 

2. The second part concerns the description of the process of 
orchestrating different activities, which appear in a BPEL 
description.  

   These languages are based on the elements of context to 
describe the service composition. These elements are essential for 
the description of the behavior of the service composition within 
the framework of service composition adaptation. 

   To reach our approach, we describe the way we model the 
pervasive environment which is characterized by dynamicity and 
heterogeneity (of the physical environment), context-aware and 
users’ mobility. [23] describe the components of the pervasive 
information systems (PIS) as a services space. In our work, we 
also consider the pervasive environment as a services space 
inside which the users will evolve. In this space, the services 
execute a set of behavior and can interact with other services. 

Definition 1 (Pervasive Environment): A pervasive 
environment Ep consists of a set of services S characterized by a 
context Cx, a set of relations R with other services, and it 
performs the behavior B.  

                Ep = <S, Cx, B, R> in which: 

-S: Is a set of involved services; 

-Cx: The context for the proper functioning of the service; 

 -B: The play of behavior performed by the services; 

- R: The links between the services (subscription relations). 

    In what follows, we briefly describe the first steps by 
presenting first a definition of factors which affect the 
composition of services (i.e., its context). 

 

 

 

 

 



 

 

 

        Figure 1.  Adaptation of the service architecture. 

3.1 Context Modeling 
   The notion of context is largely used in different domains of 

informatics, but today there is no agreement on a unique 

definition. The context, according to Dey and Abowd, is any 

information which may be used to characterize the situation of 

an entity, where an entity is a person, a place or an object which 

is considered as relevant for the interaction between a user and 

an interface [20]. In the literature, the context is defined 

according to the objective of the suggested approach. Within the 

framework of our approach, the objective pursued is the use of 

the context for the discovery and the composition of context 

sensitive services. 

 

    In the pervasive environment, the context is ensured from 

different resources, such as the sensors which can produce 

capture errors. In fact, it is necessary to have an abstract 

description of this information. This makes the context modeling 

an important stage in the service composition process. Our 

context model corresponds to an ontology to define the different 

elements which influence the selection of services involved in 

the composition process. Figure 2 represents a meta-model of 

contexts inspired from works carried out in this domain, and that 

we are trying to improve in the future.  

    

   In the present work, the context is presented by three types of 

information: the user’s context (U-Context), the service context 

((S-Context) and the environment context (E-Context). 

 

1) U-Context: this type of context contains information 

concerning the user. It is made up of two parts: 

• The user’s static context (his profile, interests, 

preferences). 

• The user’s dynamic context (his localization, used 

device, role, and so on). 

 

2) S-Context: this context gathers information related to the use, 

the behavior and the execution of a given service such as the 

features offered by the service, type of devices supporting the 

execution of this service, characteristics of the environment 

where to apply this service, and so on. 

  

3) E-Context: this context gathers information related to the 

user’s environment and the service (the date, the localization, 

and so on). 

 

   In our work, we use the notion of the contextual situation 

which can be defined by the values associated to elements of the 

context. The passage from one situation to another may change 

the behavior of the composition process, by selecting new 

services related to a given situation. 

  

 
                               

                       Figure   2. Meta model of context. 

 

3.2  Integration of the Adaptation in the 

WSDL Standard 
   Our work enables service-oriented architectures to withstand 

the process of searching and making available services adapted 

to the user’s context in order that a given service is able to 

respond to the user’s context. Existing studies in the domain of 

context-aware present a common view on the separation of 

context acquisition from context use.  In fact, according to [11] 

it is very important to encapsulate context acquisition 

mechanisms in components that offer a standard communication 

interface. Today, there is no standard context acquisition model 

from a variety of sources. Each context-aware system suggests 

its own acquisition and context collection model.  In order to 

handle the heterogeneity of the context information sources, a 

context manager is necessary in the pervasive environment 

which bears the responsibility of collecting, classifying and 

stocking contextual data, and so on. In order to make the access 

to contexts resources more flexible, it is necessary to structure 

the context managers and organize them in a way that makes 

each service possess its proper manager. We have suggested that 

the context sources such as the sensors be encapsulated by the 

services. Thus, each service can manage information related to 

its context. To be able to ensure the access and sharing of this 

information, the integration of the context in the description of 

the service presents many advantages in order to permits a given 

service to produce and / or consume the context. To achieve this 

solution, we have been inspired by the approach [18] who has 

suggested a solution based on the principle of combining 

between the service oriented architecture (SOA) and the event 

driven architecture (EDA). They suggest specific extensions to 

WSDL and BPEL. In order to permits to services to act as 

producers or consumers of events, which is equivalent to our 

approach, a service may, consequently, be a context source or a 

context consumer. 

 

   The approach [18] does not treat the adaptation and the 
management of context at the level of service description and 

thus objective interpretation is different. Contrary to this 

approach which makes use of the business event, defines the 

event as '' a significant change of state’’ [26]. For example, the 



 

 

purchase of a car changes the state of “to sale” to the state 

“sold”, and the event purchase triggers the invoicing activity. 

However, in our work consider the event as any information 

which may be used to characterize the user’s situation, a service, 

a device and the environment. 

 

   In front of the change in values of context parameters, we have 

also set the triggering of the context which presents this change 

to contextual situations. Meanwhile, the service must also 

preserve its capacity to expose operations. Consequently, we 

have decided to add new constructions to WSDL. 

 

   The adaptation, which represents the reaction to context 

change, is based on the related context data collection and 

evaluation. The evaluation mechanisms must contain interfaces 

for the activation. To declare the context, in the same way as 

[18] we have introduced the concept of <awsdl: context>.  The 

context declaration is <interface> in the document WSDL. For 

the <awsdl: context>, we have to specify the name of the 

context.  

 

  To activate the support for a service to act as a context source 

or a context consumer, we have added the expression <awsdl: 

ContextSource> and <awsdl: ContextReceiver> constructed at 

the service interface (portType).  The <awsdl: ContextSource> 

declares that a given service is a context producer. The <awsdl: 

ContextReciever> declares that a given service is context 

consumer. 

 

   The adaptation is carried out in a given situation thanks to the 

phase pertaining to the evaluation of contextual information. 

This evaluation is based on the filtering mechanism to detect the 

appearance or disappearance of services. To filter the entering 

context, we have included the concept <awsdl: filter> by using 

the expressing language, XPath. To solve the adaptation 

problem, it is logical to trigger a situation during the reception of 

a service. To trigger a contextual situation, we have added a 

<awsdl: SituationTrigger>. 

 

   Before directly interacting with the context information 

producing services, the consumers asks, first of all, a directory 

service which we suppose to be present in the pervasive 

environment (see Figure 3). This directory service must 

characterize the producers of context information in a general 

way. Searching specifies the context information desired by the 

consumers. This is carried out as a second step thanks to a given 

protocol. 

 
 

 Figure 3.  Example of interactions between context 

consumer, context producer and directory service. 

3.3 Adaptation to Change of Context in a 

BPEL Process   
    In order to solve the problem of the adaptation to the service 

context raised in a composition process, we have relied on 

norms of specification of the composition process to suggest a 

conceptual model permitting the enrichment of the composition 

standard by the notion of context. In our case, we have been 

using BPEL. We have added extensions related to the dynamic 

handling of the context adaptation. The suggested extension is 

known as A-BPEL (Adaptive BPEL). 

 

   BPEL is an executable language to specify the business 

processes as service orchestrations. BPEL supports the origin of 

orchestrations based on the invocation of operations. We suggest 

extensions which would add support for the context-based 

service orchestrations. 

 

   To achieve the adaptation of services to the context during the 

execution of the composition process, for each time there is a 

contextual situation. The composition engine verifies the 

triggered situation and produces services adaptive to this 

situation by setting off adaptation rules to produce a series of 

adaptive services which might have been to the execution 

engine. Figure 4 presents the adaptation principle of the service 

composition process. Our adaptation policy rests on the choice 

of one or many services adaptive to the context. This choice is 

made with the help of a decision taken at the moment of the 

execution. This decision is based on the correspondence 

between the user’s context and the service context. An example 

of a composition process based on the context is presented in 

figure 5. 

 

 
 

    Figure 4.    The adaptation principle based on the context. 

  

 



 

 

 
 

          Figure 5.  Context-based composition process. 
 

   To activate the orchestrations of context-based services, we 

have implemented new BPEL activities We have used the 

activity <flow> to select a series of services in parallel which 

respond to the user’s context, and the activity < empty> , and so 

on, by adding activities which set off  the adaptation policy, i.e., 

the adaptation rules. 

 

   To trigger a BPEL contextual situation, we introduce a new 

activity <abpel: triggerContext>. To trigger the context, we 

specify the binding partner, port type, and source of context in 

the same manner as [18]. 

 

   To catch (receive) a situation, we define the <abpel: 

catchContext > activity.  

 

  To trigger the adaptation policy, we specify the activity <abpel: 

TriggerAdaptationRule>. 

 

 To compare between any context (request) and the contexts 

(offers), we define the activity <abpel: MatcherContext>. 

 

   To activate the adaptation to the context, some researchers in 

this domain must answer some fundamental questions: Where to 

adapt? When to adapt it? How to adapt it? And what to adapt? , 

and so on. The question is how to describe the adaptation 

technique used? The most known techniques are [11]: the 

reflexivity and contract adaptation and the aspect weaving 

adaptation. 

 

   In our work, we also consider that an adaptation following an 

adaptation policy is necessary to define the rules according to 

which the composition process will react to adapt its behavior to 

changes of its context of use. These adaptation rules are based 

on the Event-Condition-Action (ECA) paradigm, which is 

inspired from the active data bases [21]: the event (E) describes 

the context changes, leading us to a situation identified by the 

conditions (C) to trigger an adaptation (A). 

  Definition 2 (ECA rule):  A ECA R rule is defined as a triplet 

(E, C, A). 

 

E is a finite set of contexts. 

C is a finite set of conditions. 

A is a finite set of adaptations. 

  

  We model a rule by a triplet (E, C, A). Figure 6 gives a simple 

example of an adaptation rule where the « event » part expresses 

the contextual situation: « the terminal does not withstand the 

ECG graphs. The action associated to this situation is « block 

access to the service ». 

 

Rule ID 

 When context: device.PDA.   

  If     PDA=No accepted ECG.  

  Do service. NO display ECG.  

 

             Figure 6. Example of an adaptation rule. 

 

  According to [22], we distinguish two types of adaptation rules 

depending on whether they respond to a change in context. This 

distinction gives raise to inter versus intra- context adaptation 

rules. 

 

 Intra-context adaptation rules. The intra-context 

adaptation rule defines the context of use in which this 

rule is active. It carries out local transformations on a 

given service.  

 

                In Ci when event if condition do action. 

 

 Inter-context adaptation rules. The event that triggers 

the rule is here a change in context. We can, thus, 

precise that the inter-context adaptation rule makes 

transformations on the BPEL composition process. It 

carries out a set of modifications. For instance, it 

substitutes a given service by another. These 

adaptation rules are performed by the adaptation 

manager. 

 

               When Ci->Cj if condition do action. 

 

  We have opted for the service technology to implement the 

service adapters. For every service, the adaptation manager 

instantiates an adaptor to ensure its adaptation. The syntax of the 

A-BPEL can be seen in Figure 7.  



 

 

  < process> 

    <receive  partnerLinks = “partnerLinks”   

                           Porttype=”Port2” 

                           Operation=”Op2” 

                           Variable=requestS1” 

                           Name=”receiveS1” 

        </receive > 

   <invoke   partnerLinks = “partnerLinks”   

                           Porttype=”PortS1” 

                           Operation=”Op1” 

                           InputVariable=requestS2” 

                           Name=”receiveS2” 

         < / invoke     > 

      <sequence> 

      <adaptation> 

          < triggerContext > 

              <context> . . . </ context> 

             < MatcherContext > 

                  <partnerLinks > . . . </ partnerLinks> 

                   <variables > . . . </ varibles> 

                  <sequence > . . . </ sequence> 

                 < / MatcherContext> 

              <adaptation Policy> 

                  <partnerLinks > . . . </ partnerLinks> 

                   <variables > . . . </ varibles> 

                  <sequence > . . . </ sequence> 

              </adaptation Policy> 

          </ triggerContext > 

        </adaptation> 

        <invoke/> 

                  . . . 

         </sequence> 

</process>                                                   

                          

                Figure 7.  The syntaxis of the A-BPEL. 

 

4. CASE STUDY 

  
    To demonstrate how our work can contribute to the 

improvement of the services composition by adding a dynamic 

adaptation, we use a short scenario on the consultation of a 

patient’s record to prescribe a treatment. Our motivating 

scenario concerns Mohamed, a patient aged 40 years and is 

being taken care of in a cardiothoracic service at Benbadis 

Hospital in Constantine. Mohamed connects to a mobile monitor 

ECG (PEM) [24], which is used to detect and manage his 

cardiac condition. An electrodiagram (ECG) is a test which 

registrates the heart’s cardiac activity. The mobile monitor 

(PEM) detects the cardiac problems and sends an alarm to a 

medical center if necessary. This monitor PEM can identify 

types of alarm: serious and minor alarms. In the case of a minor 

alarm, the system selects the service “doctor” close to 

Mohammed’s present location. When a doctor is assigned to 

Mohammed, he consults his medical report and checks up the 

ECG registered reference. Then, he diagnoses the case and 

prescribes an appropriate treatment for his case. In the case of a 

serious alarm, the emergency hospital localizes the patient in 

order to trigger other services.  

 

  To illustrate our suggestion, we present two contextual 

situations C1 and C2. C1 presents a situation where the user is a 

doctor localized in his office and uses a standard PC to consult 

the patient’s medical report after having been sent an emergency 

alarm to prescribe a treatment. In the context C2, the doctor 

consults the same medical report at home by using a PDA. In 

both situations, the user interacts with the same process. 

However, the composition does not behave in the same way in 

both cases. The changes in the values of context parameters lead 

to changes in the service request: the locality (office and home) 

modifies the available list of services, the type of device used 

offers the services which bear its characteristics, for example to 

compress the document, substitute one service by another, and 

so on). 

In the present paper, we have not dealt with the used adaptation 

rules, but we relied on some adaptation rules often found in the 

adaptation approaches such as substituting a service.  

 

   Figure 8 presents our scenario for the consultation of the 

medical report with a standard PC. 

 

 
 

     Figure 8. Consultation of the medical report by a 

standard PC.  

  

Figure 9 presents a scenario adapted to the situation where the 

consultation of the medical report is done by a doctor with his 

PDA. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

  Figure 9. Consultation of the medical report with a PDA. 

 

5. IMPLEMENTATION  

 
   To implement our approach, different development tools have 

been offered to us among which J2EE that we have opted for as 

a platform and the «java» as a programming language, due to 

many material and software constraints. Throughout the 

development of our prototype, we have been using the Apache 

Tomcat server. The publication of the register of our Web 

services has been established in a relational database to facilitate 

the treatment of data. Our system of dynamic composition of 

services that we have realized offers to users the right to access 

in order to ensure security. Figure 10 presents the authentication 

interface to gain access to our system. 

 

 
                                    

                  Figure 10.  Authentication Interface. 

 

  The interface for handling the medical file uses context 

information specific to the user such as the patient’s profile (first 

name, last name, address, blood group, and so on) (see figure 

11). 

 

 
                      

 Figure 11. Interfaces corresponding to the handling of the 

medical file. 

 

   We have undertaken experiments to validate our approach of 

context sensitive composition approach. These experiments have 

been carried out on two different contextual situations by using 

the following parameters (user’s role, type of terminal used, 

localization of the user). Consequently, we have selected a set of 

adaptative services for each situation in order to respond to the 

contextual situation characterized by the following parameters 

C1 = {user ='' doctor '', device ='' PDA '', location = '' hospital 

''}. The service composition will be adapted according to the 

doctor’s profile. We have, thus, searched for services capable of 

supporting the capacities of a Smartphone (for example, we 

compress data in small chunks). Figure 12 illustrates the result 

of the search for the best service which might adapt to this 

situation. 

 
 

Figure 12. The search result corresponds to a given 

situation. 

 



 

 

6. CONCLUSION 

 
   The adaptability and the flexibility are difficult questions in 

the pervasive environment. In this respect, the main contribution 

of our approach is the dynamic orchestration adaptive to the 

user’s context and the service context. To make this approach 

realizable, we have used the service-oriented architecture in a 

way our solution allows services to act as producers and / or 

context consumers, in order to handle well heterogeneous 

context information sources. This architecture permits to the 

orchestrations of context-aware services. We have suggested 

extensions specific to WSDL and BPEL. With the WSDL 

extension, we have introduced context management and 

adaptability management. 

 

   The BPEL extension permits to the user to include the 

handling of the adaptability in order to create dynamically 

adaptable composition processes. We have also presented the 

manner through which the users may define their own context to 

trigger the adaptation of the composition process. With a simple 

scenario, we have demonstrated how our approach may be used 

to manage information of the context of a composition process 

and to adapt dynamically. The present approach may be 

improved by enriching our context model through the treatment 

of the semantic adaptation. On the other hand, we intend to test 

our approach with a more complex scenario and to evaluate it 

with a semantic base containing a broader range of service 

descriptions.
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