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Abstract— The diversity of terminals used by the user to access 
resources (Personal Digital Assistant, mobile phone, etc.) using 
several types of networks (wireless, local, etc.) generates a 
growing need to adapt services dynamically to the user's 
context. In this article, we present our architecture that aims at 
adapting content and presentation of services to the user's 
context. We realize the content adaptation based on a new data 
modeling methodology. This methodology aims to take into 
account the different structures associated with the same data 
allowing a data representation in several viewpoints. The 
presentation adaptation is based on an automatic generation 
process of the interfaces service code. The context in our 
architecture is presented by a generic model for the user and 
the service. The adaptation process is detailed based on an e-
learning scenario.

Keywords-component; adaptation; content; presentation; 
context; service. 

I. INTRODUCTION

Nowadays, the variety of devices used by the user to 
access resources (PC, Personal Digital Assistant, etc.) using 
several types of networks (wireless, local, etc.) create an 
increasing need for services that adapt dynamically to the 
user’s context. So, to ensure the usability of the service, it is 
necessary to advance in the design phase of this service by 
finding ways to realize the adaptation to the user’s context. 
This context should contain information on the user's 
environment (device, network, location, etc.) and his profile 
(preferences, name, etc.). 

Researchers in the adaptation area consider, therefore, the 
context as a main parameter. However, they did not agree yet 
on a definition of the context concept which is generic and 
pragmatic. But among the different existing definitions, the 
definition of Dey is widely accepted: context is any 
information that can be used to characterize the situation of 
an entity. An entity is a person, a place or an object that may 
be relevant to the interaction between the user and the 
application, including user and application themselves [2]. 

 Several works address the problem of providing the user 
with an adaptive service from different viewpoints: terminal, 
network, etc. 

(i) The objective of Cheverest [10] and Brut [14] is to
propose a service which returns to the user relevant 
information to his context where the context is presented by 
user location and his preferences. 

(ii) CAMELEON [5], MONTAGE [13] and SOMA [18]
are platforms interested in applying of mobile agents in order 
to personalize services. The context, in these platforms, is 
characterized by the terminal capacity. 

(iii) VESPER (Virtual Home Environment for Service
PErsonalization and Roaming Users) [3] and CESURE [15] 
projects realize the modeling and the operation of service 
applications to the mobile user. The context is often 
represented either by the network resources, or by the 
terminal capacity. 

In spite of the importance of the context notion, we note 
that the majority of previous works have a limited usage of 
this notion, such as Cheverest that considers only the user 
location. Nowadays, several systems are interested only in 
the user location or in aspects related to the use of mobile 
devices as CAMELEON. 

In addition, researchers in this domain work to save 
multiple versions of the service and then send to the user a 
version pertinent to his context in order to achieve the 
service adaptation to the context changes: 

(i) [16] proposed an architecture that aims to realize
dynamic services adaptation according to the user’s context. 
In this work, each service is presented by a set of 
components. The context concerns only the user's needs. 
Profiles, which describe not only the user’s context but also 
the context of each component containing in the service, are 
used by an “Adapter” to verify the compatibility between the 
user profile and the profile of each component of the service. 
When the Adapter detects the incompatibility between the 
profiles, it starts an adaptation process by adding, removing 
or replacing components of the service. 

(ii) [17] presented an architecture that aims to
dynamically adapt services to the user’s context where each 
service is composed of a set of interconnected components. 
The services adaptation is realized at the access time of the 
service and at the time of his execution on the terminal. This 
adaptation aims to select and assemble the service 
components depending on the context. The adaptation of the 
service at the time of his execution consists of dynamically 
changing the service composition following the changes of 
the environment by adding, removing or replacing service 
components. 

(iii) [20] proposed a generic architecture in order to
provide adaptable services to mobile users. This architecture 
addresses simultaneously the logic service adaptation and the 
multimedia content adaptation. A database of multimedia 
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data and anther database of services and/or services 
components are generated by the service provider. These two 
databases contain several versions of service data and 
components in order to select the relevant version of the 
service to user’s context. 

We note that precedents works aim to save multiple 
versions of service components and/or data in order to 
realize the adaptation process. This method leads to the 
saturation of the system. So, we propose in this article an 
architecture that aims to treat this problem and to propose 
some solutions in order to reduce the system overload.    

Indeed, researches distinguish between two types of 
adaptation.  

(i) Logic adaptation: Several researchers focus on the
logic adaptation of services such as work [7][4]; in this case 
the service is represented by a set of components; the 
adaptation aims at changing assembly of these components 
by adding or replacing a component. 

(ii) Content adaptation: Other researchers [12] and [9]
concentrate on the content adaptation; it is a set of 
adaptability forms that chooses changes of the content 
provided by the service depending on the context. A typical 
form of the content adaptation is changing the encoding of a 
multimedia stream or changing the presentation of a service 
depending on the context. 

In our work we focus on content adaptation of a service. 
We consider that a service is a combination of data and 
operations. So, the adaptation of the content of a service is 
the adaptation of services data to the user’s context. To 
achieve this adaptation, we propose an architecture that 
performs the content adaptation based on a new 
methodology of data modeling. This methodology does not 
impose a data structure in priori but personalizes data 
representations according to usages and contexts changes. 
The context in our architecture is presented by a generic 
model for the user and service. 

In this article we present a scenario that illustrates 
different adaptation situations. Then, in Section 3 we present 
our architecture. In Section 4, we explain the adaptation 
process of the content and the presentation of service 
introduced in our architecture by detailing the methodology 
of data modeling that is the basic of our research. In Section 
5, we expose the context modeling in our work. In Section 6, 
we illustrate our architecture basing on the scenario 
introduced in Section 2. We conclude, in Section 7, by 
presenting some perspectives. 

II. SCENARIO

Step1. Antony wants to improve his English level, but 
first he must clarify his current level. By using the Web 
browser of his PC, he connects to a service allowing 
evaluating the English level through a test of 3 exercises 
which include questions written by an English teacher. 
Antony desires that the test questions are presented in text 
mode.  

Step2. Suddenly, Antony remembers that he has an 
appointment after 10 minutes with his friends in the 
downtown. Having a mobile phone, he can continue his 
testing. He turns on his phone and asks to recover the service 

that he uses on his PC hoping that the test questions are 
presented by video mode. 

The previous scenario shows the need to adapt a service 
to changes in the user environment and his preferences. To 
adapt a service, it requires the presentation adaptation and 
the content adaptation of this service. In the next paragraph, 
we present our architecture that allows the user to restore an 
adapted service. 

III. ARCHITECTURE FOR PROVIDING AN ADAPTIVE
SERVICE

In this Section, we present an architecture that manages 
the dynamic service adaptation to the user’s context (Figure 
1). This architecture is composed of five elements: the user, 
the provider, Services Management (SM), the Context 
Management (CM) and the Adaptation Management 
(AM).  

  A service is a combination of data and operations made 
available to users through the Internet. The user can interact 
with the service by their interfaces. Each service has two 
interfaces input and output that contain their data. This 
service is available on the Web by a provider. In order to 
adapt this service dynamically to the user’s context, we adapt 
their data based on a new methodology of data modeling 
proposed in our team. This methodology is based on the 
consideration of various structures associated with data 
which allow data representation according to several 
viewpoints. So, no structure is imposed in priori to data but a 
personalization of representation to various usages and 
context is induced (cf. Section IV.A). 

The service provider must then store specific and generic 
structures of his service data “Data and SGS”. It must also 
provide the context of his service and store it in a database 
“Context of the Service (CS)” (cf. Section V). 
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Figure 1. Architecture for managing an adaptive service to the user’s 
context 

When the user connects to a service, the Context 
Management component captures the user’s context and 
stores it in a database “Context of the User (CU)”. The 
user’s context is retrieved by explicit and implicit ways (cf. 



Section V). The user may at any time change his preferences 
and context. Thus, CU is updated by the Context 
Management component. 

The interaction between the user and the service is not 
direct but is realized by Services Management component. 
When the user starts interacting with the service, Services 
Management component verifies the compatibility between 
the user’s context and the service context. If the two contexts 
are not compatible, Services Management component 
triggers an adaptation process by the Adaptation 
Management component. This later retrieves the context of 
user and service in order to trigger a loop of the service 
adaptation. 

The service is updated by the Adaptation Management 
component after each adaptation process. Services 
Management component download the adapted service to the 
current context of user. 

IV. ADAPTATION MANAGEMENT (AM)
As we have mentioned, the Adaptation Management 

component is responsible for managing the adaptation 
process of services to the user’s context. It adapts the service 
content and the presentation of them interfaces to the user’s 
context. 

A. Content adaptation
The content adaptation aims to change the properties of

the data presented to the concerned user. It can be illustrated 
by changing the data type to the terminal capacities, to the 
network capacities or to user preferences. For example, 
transforming a text into a speech synthesis. 

   The service content adaptation; i.e. adapt the data 
service to the terminal capabilities, to the network 
capabilities and/or to the user preferences. 

   Indeed, in our team, [8] worked to find solutions in 
order to rebuild data dynamically replying to the user’s 
needs. To achieve this goal, they created a data warehouse. 
This warehouse organizes and classifies data and enriched it 
by the metadata that is considered like any other data that we 
can display and use in order to adapt the data dynamically to 
the users needs. 

   The proposal of [8] replays to users needs using a 
desktop computer. But since the users are becoming mobile, 
we note that the proposal of [8] is insufficient to restore the 
user with the response the most relevant to his context that 
concern the type of device and network etc. 

Other work in our team [11] based on the work of [8] 
focuses on storage, handling and usage of data. In this work, 
the author proposed a new methodology which aims to take 
into account the different structures associated with the same 
data allowing a data representation in several viewpoints.  

To ensure the generation of adapted service content, we 
focus on the methodology proposed in previous work. 
Indeed, the primary interest of this methodology is to not 
impose a data structure in prior, but personalizes data 
representations to various usages and contexts. The second 
interest concerns the system; various structures of the same 
data are saved but data are saved only once, then this 
methodology diminishes the system overload.  

In this methodology the author proposes two structures: 
generic structure and specific structure. 

The specific structure determines the content elements of 
specific views.  The specific view notion is presented as a set 
of nodes where every node can be an element, an attribute or 
a metadata. For example, a student file can have "fist-name", 
"last-name" and "address" elements. The links between these 
nodes are established by relationships. Each relationship is 
typed:  composition, synchronization, etc. 

Each specific structure is attached to a generic structure. 
This latter materializes a global structure that covers a set of 
sub-structures. These sub-structures are represented by 
generic views. So, each generic view designates a class of 
specific views (for more detail sees Figure 2). 

   So in our work, the service provider must store not only 
the contents of his service, but also specific and generic 
structures of this content in a database (data + SGS). When 
the user begins the interaction with the service, the Services 
Management component verifies the change of context. In 
order to adapt the content of the service to these changes, the 
Adaptation Management component exploits (SGS) the 
generic and specific structure that is compatible with the 
current context. It generates the content of these structures, 
and then starts the presentation adaptation. 

B. Presentation adaptation
The presentation adaptation follows directly the content

adaptation in order to prepare adapted service interfaces that 
will present to the user adapted data.   

   The presentation adaptation, in our case, applies to the 
service interfaces: i.e. transformations lie at the display in its 
interfaces. These transformations follow the terminal 
characteristics used by the user, his network and his 
preferences.   

   In order to realize this adaptation, the Adaptation 
Management component provides with an automatic 
generation process to the service interfaces code 
(input/output) for multi-user and multi-terminal 
environment. 

   This component (AM) retrieves the user’s context in 
order to specify the characteristics that concern the 
presentation. The AM retrieves also the content of the 
service after the content adaptation. Based on the automatic 
generation process of the service interfaces code, it generates 
new interfaces of the service. Finally, the AM sends the 
adaptation result to the Service Management which presents 
to the user the adapted service. 

V. CONTEXT MODELING

In this field, researchers did not agree yet on a definition 
of the context concept which is generic and pragmatic. 
Indeed, proposed definitions are very specific to a particular 
domain. These definitions make the formalization of context 
difficult due to a lack of precision or of generality.  

   A generalized notion of context has been proposed by 
Dey. But Chaari [19] considers that this definition may be a 
source of conflict because it does not help in separating the 
contextual data from the application data. To provide more 
precision in Dey’s definition, Chaari proposed the following 



definition “the set of the external parameters that can 
influence the behavior of the application by defining new 
views on its data and its available services. These parameters 
may be dynamic and may change during the execution”.  

   We think that this definition is more useful for the 
context exploitation in applications. Therefore, we will use 
this definition to define the structure of our context model.  

   Figure2 presents the general structure of our context 
model. For each user session we associate a profile "Context-
Profile" which describes the four elements of the context 
“Context-Element”. Each “Context-Element” may contain a 
“Context-Sub-Element”. Each “Context-Sub-Element” may 
contain another “Context-Sub-Element” or a “Context-
Attribute”. The contextual situation is defined by the values 
associated with Context-Sub-Element of the context. The 
modification of one of these values corresponds to a 
transition to another contextual situation. Each Sub-Element 
of the context can be static if it does not change in a user 
session or dynamic if its value can vary in the same user 
session. That's why we associate for each Sub-element, an 
attribute "Type" to differentiate dynamic elements from 
static ones. This differentiation is very important for the 
adaptation process. 

Figure 2. General structure of the context 

   In order to return to the user the list of the most 
services relevant to his context, we must take into account 
not only the user’s context but also the services context. In 
our architecture, we define the service context by the four 
elements identified before to the user. 

   To represent the contextual information, the majority of 
researchers used the format CC/PP (Composite 
Capability/Preference Profiles) [6]. CC/PP is a 
decomposable, uniform and extensible standard but we did 
not use it to represent our context because of its lack of 
structured functionalities where its two leveled strict 
hierarchy is not appropriate to capture structures of complex 
profiles. 

   We use the CSCP (Comprehensive Structured Context 
Profiles) format to overcome the structure deficits of CC/PP. 

CSCP provide a multileveled structure which allows the 
representation of all the types of contextual information [1].  

   So, we stock all the contextual information in an XML 
document based on this CSCP model. Each element of this 
document presents a context element. 

Based on the general structure of our context model 
presented in Figure 2, we present the user’s context by four 
elements and the service context by three. The main 
difference between these two contexts (user, services) is 
there profile. 

The user’s context is composed of four elements: 
1. User characteristics which are composed of static

characteristics (langue, first name, etc) and of evolutive 
characteristics defined by his environment (his localization, 
time, etc) and his preferences,  

2. Device characteristics which are presented by
hardware characteristics (device type, screen size, etc.) and 
software characteristics (operating system, version, etc.). 

3. Network characteristics which expose information
about type network, bandwidth, etc.  

4. Session characteristics which present the user
connection to the system (duration, date, etc). 

The service context is composed of three elements: 
1. Service characteristics which are presented by the

service name, description (location, time, language, etc.), 
Pre-Condition (free memory, etc.) and QoWS (bandwidth, 
response time, etc.), 

2. Device characteristics (hardware and software
characteristics)  

3. Network characteristics (type, bandwidth, etc.)

VI. ILLUSTRATION OF OUR ARCHITECTURE BY THE 
SCENARIO

Going back to the first of our scenario (Section II), 
supposing that the service input interface contains three 
exercises; each one includes questions presented in video 
mode. We note that Antony desires that the questions are in 
text mode. In this case, Services Management component 
(SM) discovers the incompatibility between the service 
context and the user’s context by consulting the two 
contexts. The SM triggers the adaptation process by 
connecting to the Adaptation Management component which 
will searches in the database (data + SGS) for the generic 
and specific structure which is compatible with the Antony 
context. 

   In our example Antony is a student. The AM must 
select among the generic views stored in the database, the 
view corresponding to the representative of the Antony 
context. So we must choose the student view (Figure 3). 

   Then, AM selects the specific view that matches the 
generic view selected (Figure 4) taking into account the 
user’s context and his preferences. Antony wants questions 
are in text mode. So, AM selects the specific view (a) 
presented in Figure 4. After selecting the specific view of the 
data, the AM generates the content which corresponds with 
this specific view. The adapted content is sent to Services 
Management by AM. 
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Figure 4. Generic and specific structures of the student 

Taking the second step of our scenario, Antony 
Connected from his mobile phone requests to recover the 
service that he uses on his PC. This situation requires the 
recovery of the service execution context. Since the mobile 
phone has different characteristics from those of a PC, a loop 
of adaptation processes is triggered by the Adaptation 

Management component. This latter recovers from the 
Context Management component the new user’s context that 
contains the profile of new terminal. The Adaptation 
Management component determines adaptation actions in 
order to achieve the presentation and the content adaptation 
of the service. 

   Concerning the content adaptation, as we have 
mentioned, it selects the generic and specific structure from 
the database SGS and generates the content. In this example 
Antony would need to view the questions in video mode. 
The Adaptation Management component then chooses the 
structure (b) Figure 4. The change of the terminal 
characteristics aims to change the characteristics of the 
service interfaces to be compatible with the phone. After 
adapting the content, AM passes to the presentation 
adaptation, it generates automatically the service graphic 
interfaces for the mobile phone environment. 

VII. CONCLUSION

In this article we proposed a general architecture that 
allows adapting automatically a service to changes in the 
user's context. This architecture aims at adapting the content 
and the presentation of service to the user's context. 

   To achieve the content adaptation, we focus on a new 
methodology proposed in our team. This methodology does 
not impose a data structure in priori but personalizes data 
representations according to usages and contexts changes. 
This methodology also diminishes the system overload 
because it saves various structures of the same data but data 
are saved only once. 

   To realize the presentation adaptation, we proposed an 
automatic generation process of the service interfaces code.  

   The context, in this architecture, is presented by a 
generic model regarding the user and the service. The service 
context is provided directly by the provider. The user's 
context is retrieved by explicitly (as user preferences) and 
implicit (such as device type, network type, etc.) ways. 

   In the near future, we envisage implanting our 
architecture. Then, we envisage also improving the process 
of automatic generation of service interfaces code.
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