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Abstract—Today, the integration of web services and agent technology into 
Internet applications has attracted the attention of many researchers, so that these 
applications allow a web service to call an agent service and vice versa. Web 
services are emerging and promising technologies for the development, deploy-
ment and integration of the Internet applications and the use of agents makes 
them dynamic and automatic, they can provide updates when there is new infor-
mation available and improve the qualities of web services by exploiting the ca-
pacities and the characteristics of agents. In this context, we propose a prototype 
of a multi-agent adaptive learning system based on Incremental Hybrid Case 
Based Reasoning in order to support the learner in his learning process by offer-
ing him a learning path adapted to his profile and predict his future learning. This 
support will be achieved through the execution of a hybrid cycle of Case Based 
Reasoning which brings together a set of agents collaborating and interacting 
with each other to provide specific services. 

Keywords—Adaptive Learning System, Multi-Agent System, Case Based Rea-
soning, Web Service, Java Agent DEvelopment platform. 

1 Introduction 

Since the appearance of the web, it was a huge warehouse of text and images, its 
evolution has made it also become a service provider. It was also a great success allow-
ing simple interactions between human and machines. The exponential growth of the 
Web has contributed to the development of adaptive learning by expanding its possi-
bilities in terms of interaction such as personalization. This growth has also enabled it 
to involve a considerable variety of technologies derived from artificial intelligence. 
This encourages the use of the Web and hypermedia in the transmission of knowledge 
in order to shape learning paths and guide the future development of learners. 

Adaptive learning hypermedia systems allow to personalize the content and the 
learning path in an online learning environment to minimize learner disorientation [1], 
using methods and techniques to adapt content of these systems to the needs, interests, 
objectives, and individual traits of the learners [2]. 
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This personalization requires individualized monitoring of the learners which plays 
an important role, because without information on the progress and the results obtained 
by the learners, it will be very difficult to support and control their behaviors. This 
monitoring requires "intelligent" components to detect in real time the learner's profile 
and learning preferences, in order to adapt automatically their learning at each step of 
the learning process. 

To overcome the difficulty of real-time monitoring, we propose the implementation 
of an multi-agent adaptive learning system based on Incremental Hybrid Case Based 
Reasoning (IHCBR) in order to support the learner in real time during his learning pro-
cess by offering him individualized learning according to his needs and preferences as 
well as predicting his future behavior, by integrating at each step of the hybrid cycle of 
Case Based Reasoning (CBR) [3] a set of agents to ensure a specific task and benefit 
advantages of agent technology. 

To implement our architecture, we use the JADE platform (Java Agent DEvelop-
ment) [4] for the implementation of our multi-agent system and the WSIG component 
(Web Service Integration Gateway) [5] as a gateway to offer discovery bidirectional 
and remote invocation of web services by JADE agents, as well as JADE agent services 
by web services. 

In this paper, we introduce the concept of intelligent agent in the field of e-learning 
and we present an architecture of multi-agent adaptive learning system allows to follow 
the learner in real time and to predict his future learning. The rest of this paper is orga-
nized as follows: the second section presents the combination of web services and 
multi-agent systems. The third section is dedicated to presenting our architecture of a 
multi-agent adaptive learning system based on the IHCBR. In the fourth section, we 
present the implementation of our architecture by using the JADE platform and the 
WSIG component. 

2 Web Service and Technology Agent 

2.1 Web service 

Web service refers to a self-contained, self-describing software component available 
on the Internet through a service provider, and accessible by customers via standard 
Internet protocols [6]. It takes up the principles of the web and applies them to the 
interactions between users and machines which are based on distributed architectures, 
which abandons centralized architectures (client / server). 

Web services are implemented through technologies that facilitate description, dis-
covery and communication between services, we quote: Universal Description, Discov-
ery and Integration (UDDI) [7], Simple Object Access Protocol (SOAP) [8] and Web-
Service Description Language (WSDL) [9]. Their objective is to promote a service-
oriented architecture, incorporating heterogeneous, complex and distributed systems 
that prove to cooperate without resorting to specific integration. They allow to create 
new aspects of collaboration between remote applications. 
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2.2 Multi-agent system 

Multi-Agent Systems (MAS) presents a new method for analyzing and implement-
ing sophisticated applications because they are part of the field of distributed artificial 
intelligence [10]. A MAS is a system made up of a set of agents who are organized and 
work together to solve a common problem. 

Today, most applications require distributing tasks between autonomous entities in 
order to achieve their objectives in an optimal manner. Since classical approaches are 
generally monolithic and their concept of intelligence is centralized, current applica-
tions are established using a multi-agent system. 

2.3 Combination of web services and agents 

The use of agents makes web services dynamic and automatic, they can provide up-
dates when there is new information available and improve the quality of web services 
by exploiting the capacities and characteristics of agents. 

Recently, we have noticed a rapprochement between MAS and Web services, this 
approach has attracted the attention of several researchers, we quote: 

• The interconnection of application domains by allowing a web service to call an 
agent service and vice versa (inter-domain invocation) 

• The use of a MAS as a proxy facilitating the localization of Web services [11] 
• The use of a Web service as an architecture and a technology allowing to implement 

MAS accessible through the Web, whose agents offer their capacities via Web ser-
vices [12, 13 and 14]. 

3 Our Proposed Approach 

We propose a prototype of a multi-Agent adaptive learning system based on IHCBR 
which is based on the past experiences of other learners and the Felder-Silverman learn-
ing style model (FSLSM) [15], in order to create dynamically the personalized learning 
paths, to provide individualized monitoring in real time of each learner and to predict 
their future learning situation which changes dynamically over time. This prototype use 
a hybrid cycle of CBR which combines the classic cycle (the order of the steps is im-
portant, there is no change during the execution of the cycle) and the dynamic cycle 
(the order of the steps does not matter, a detected change results a re-execution of cer-
tain steps several times) and by integrating the concept of the agents. 

Table 1 presents the distribution of agents in the different steps of IHCBR, as well 
as the tasks performed. 
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Fig. 1. Our proposed Architecture  

Table 1.  Agents of the system and their tasks in the different steps of IHCBR 

Phase / Step Agent Tasks 

Initialization phase Interface Agent 
Guide Agent 

Collect data from learners; 
Propose an initial learning path according to the 
FSLSM profile. 

Acquisition 
phase 

Elaboration 
Step 

Sensor Agent 
Context Agent 

Collect learning traces; 
Make the right decision when faced with a 
learning problem 

Retrieve step 
Cluster Agent 
Neighbor Agent 
Controller Agent 

Create a list containing the experiences nearset 
to the current learning situation that can be 
modified following a change in the situation 

Reuse and Re-
vise step 

Adaptation Agent 
Revise Agent 

Evaluate the resemblance between the selected 
past experiences and the current learning situa-
tion that can be modified following a change in 
the situation 

Retain step Learning Agent Report that the problem is resolved and that it 
becomes a new experience for future use. 

Knowledge Base Coordination Agent 

Save and update all information sent by other 
agents; 
Ensure communication between the different 
agents. 

3.1 Interface agent 

The structure of the Interface agent is as follows: 
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Fig. 2. Interface agent architecture 

Interface module: This module is responsible for managing communications be-
tween the system and the connected learners. 

Connection module: This module allows to: 

• Authenticate the learners 
• Register new learners 
• Detect the profile of each learner (the learning style of FSLSM) [16]. 

Communication module : This module is responsible for sending and receiving 
messages from the Coordination agent. The Interface agent acquires all the requests 
sent by the learners and sends them to the Coordination agent, which in turn sends them 
to the other appropriate agents. 

Mobile agent creation module : Through this module, the interface agent creates 
and dispatch mobile agents to learners' devices, if they are connected by mobile devices. 

3.2 Guide agent 

The structure of the Guide agent is as follows: 

 
Fig. 3. Guide agent architecture 

a) Display module: He is responsible for the display and presentation of courses 
adapted to learners according to their profiles and real behaviors. 

Display Module 
 

Adaptation of Courses Module 

 

Communication Module 
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b) Communication module: This module is responsible for sending and receiving 
messages from or to the other agents (Interface agent, Sensor agent and Coordination 
agent). 

c) Adaptation of courses module: This module is responsible for adapting the courses. 
This adaptation is carried out according to its learning profile by calculating the cor-
respondence between the result of the FSLSM learning test and the metadata de-
scribing the learning objects of the courses in order to start learning. At the start of 
the learning process, the adaptation is carried out according to his new context de-
tected by the Sensor agent. 

3.3 Sensor agent  

The structure of the Sensor agent is as follows: 

 
Fig. 4. Sensor agent architecture  

a) Collection module: This module captures the behavior of the learner during his 
learning process, in order to react automatically to the changes detected. The Sensor 
agent collects learning traces and characteristics of mobile devices at each instance 
ti. 

b) Communication module: Through this module, the Sensor agent communicates 
with the Coordination agent in order to save learning traces and characteristics of 
mobile devices at each instance ti of the learning process. 

3.4 Context agent 

The structure of the Context agent is as follows: 

Collection Module  

Communication Module 

Learning Traces Device Characteristics  
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Fig. 5. Context agent architecture 

a) Observation module: This module makes it possible to control the learning process 
of the learner by comparing their initial learning path proposed by the Guide agent 
and their behavior observed at each instant ti, in order to detect if the learner has 
encountered a learning problem. 

b) Decision module: At the level of this module, the Decision agent takes decisions 
when faced with a learning problem detected according to the observation module 
(the normal or abnormal learning process). 

c) Communication module: This module allows to send and receive messages from 
or to the Sensor agent and the Coordination agent. 

3.5 Cluster agent 

The structure of the Cluster agent is as follows: 

 
Fig. 6. Cluster agent architecture 

Observation Module 

Decision Module 

Communication Module 

168 http://www.i-jet.org



Paper—Implementation of an Adaptive Learning System based on Agents and Web Services 

a) Creation of clusters module: The aim of this module is grouping and identifying 
the nearest cluster to the learner in difficulty. This cluster makes it possible to re-
cover all the learners having similar behaviors to the current learning situation at 
each instant ti in the form of a vector V_Clusti, using the Fuzzy C-Means method 
(FCM) [17]. 

b) Communication module: This module allows the Cluster agent to communicate 
with the other agents in the system (the Context agent and the Coordination agent) 
by sending and receiving messages from or to these agents. 

3.6 Neighbor agent 

The structure of the Neighbor agent is as follows: 

 
Fig. 7. Neighbor agent Architecture  

a) Creation of similarity matrices module: Each current or past learning situation 
(target case and source case) is described in the form of a vector describing the learn-
ing traces at each instant ti, which are stored in the knowledge base (case base). 
The K- Nearset Neighbors method (K-NN) [18] makes it possible to find the k 
nearset learning situations of the current situation based on a similarity measure. 
In our case, the goal of using the K-NN method is to find the list of the k nearset 
learners at each instant ti of the learning process in order to classify the majority 
learners who repeat several times and have optimal similarity. The list of the k 
nearset learners and the resemblance table will be update at each detection of a new 
change in the learning situation. 

b) Communication module: In order to retrieve the data necessary for the similarity 
calculation, the Neighbor agent needs to send and receive messages from or to the 
Coordination agent and the Cluster agent. 
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3.7 Controller agent 

The Control Agent is listening for a new detected change. In this case, it sends a 
message to the Cluster agent which in turn sends it to the Neighbor agent to update the 
list of the nearest learners. 

3.8 Adaptation agent 

The Adaptation agent is responsible for validating the experiences of the nearset 
candidate learners, either by choosing the first experience offered, or by leaving the 
tutor the choice of choosing one from the experiences offered. 

3.9 Revise agent 

The Revise Agent is listening for a new detected change. In the case of the change, 
there will be a new elaboration of the current learning situation and an update of the list 
of nearset learners, which leads to a modification of the similarity table. 

3.10 Learning agent 

The Learning Agent is responsible for presenting the current learning situation and 
its solution as a new future experience to be saved in the knowledge base. 

3.11 Coordination agent 

The structure of the Coordination agent is as follows: 

 
Fig. 8. Coordination agent Architecture 

a) Coordination module: In order for our system to function properly and gets better 
performance, it will be necessary to coordinate and control the different agents in the 
system. This module allows coordination and synchronization between messages 
sent and received between agents. 

b) Database management module: This module is responsible for the management 
and updating of the knowledge base (learner profiles, learning paths, learning ob-
jects). This module allows to manage: 

Module communica-
tion 

Module de 
coordination Module de Gestion 

de base de 
connaissances 

Profile 
FSLSM 

Base de cas 
(Parcours 

d’apprentissag
e) 

Tableau de 
resemblance Objets 

d’apprentissa
ge 
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• Requests of registration and identification; 
• Requests to save the learning traces and the characteristics of the mobile device at 

each instance ti; 
• Requests for updating profiles and learning paths of the learners. 

c) Communication module: This module allows the Coordination agent to communi-
cate with other agents in the system, by sending and receiving messages from or to 
other agents. 

4 Implementation of our Approach 

4.1 Designing and modeling our approach (Reminder) 

For more details, regarding the design and modeling of our approach, we invite you 
to review our work published in [19]. 

4.2 Basic architecture of JADE and WSIG 

a) JADE platform 

The best way to build a multi-agent system is to use a MAS platform allowing the 
commissioning of agents. There are several reasons for choosing the JADE platform 
[20]: 

• It is compatible with most hardware and software configurations; 
• It is generic for the design and execution of multi-agent systems; 
• It makes it possible to develop MASs that comply with FIPA standards; 
• It is implemented in JAVA language using a jar file; 
• It has the ability to communicate between JADE agents and non-JADE agents. 

The JADE platform uses: 

• AID (Agent Identifier): this service makes it possible to distinguish and identify each 
agent, it builds from the name of the agent and the JADE container on which it runs; 

• DF (Directory Facilitator): this service makes it possible to record the skills of each 
agent. The consultation of this service is used to obtain information on the skills of 
the agents in order to ensure good collaboration between them; 

• AMS (Agent Management System): this service makes it possible to record the 
transport addresses of the various agents of the platform, by matching the agents 
with the AID in order to facilitate their control and supervision. 

b) WSIG component 

The WSIG presents a component of the JADE platform, allowing the translation of 
messages used by web services, to messages understandable by software agents. It uses 
a stack of standard web service protocols such as: UDDI, SOAP and WSDL. 

WSIG is a web application composed of two main elements: 
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• WSIG servlet: presents the facet towards the internet 
• WSIG agent: presents the gateway between the web and the agents. 

4.3 Implementation steps 

In order to implement the prototype of our multi-agent adaptive learning system, a 
set of steps to follow: 

a) Creation of agents: Each agent created is saved in a container which is also regis-
tered with a Main-Container.  

 
Fig. 9. Main Container OF JADE 

As well as the use of WSIG allows to create an agent named "ControlWSIG-Con-
tainer" (figure 10) allowing to integrate the agents existing in "Main Container" in the 
component WSIG. 
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Fig. 10.  Creation of the ControlWSIG Container 

All agents in the system must inherit the JADE Agent class. This class redefines 
methods that define the agent’s life cycle in the platform and implements the setup() 
method that will be called after the agent is instantiated by the container. 

The following figure shows the registration of the Interface agent in the JADE plat-
form in the container " Initialization": 

 
Fig. 11. Registering of the Interface Agent in JADE 

To expose an agent service as a web service, we must set the wsig property to "true" 
in the properties of the service description when the DF registering:  

ServiceDescription sd = new ServiceDescription (); 
sd.addProperties (new property ("wsig", "true")); 
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In our architecture, we create six containers that contain the various agents listed in 
Table 1: 

 
Fig. 12. Registration of different agents in our system 

b) Registration oh the agents: 

JADE agents publish their services in the DF, providing a structure called DF-Agent-
Description. This last one contains one or more service descriptions describing a service 
provided by the registration agent. A service-description specifies one or more ontolo-
gies in order to access the published service, these ontologies define all the actions of 
the agent which are in fact capable of being executed. 

WSIG allows an agent to publish a service description as a web service. The agent 
sends his service description to DF to save it in Web Services Description Language 
(WSDL) files [21]. The following figure shows the process for registering the DF of 
the Interface agent in the WSDL. 
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Fig. 13.  Example of process for registering the DF of the Interface agent in the WSDL 

To save the DF of the Interface agent in WSDL files, the following lines of code 
must be mentioned: 

try 
{ 
DFService.register(this,dfadv); 
} 
catch(Exception e) 
{ 
log.error("Problème pendant Enregistrement Agent Inter-

face") ; 
doDelete(); 
} 

Fig. 14.  Code of registration of the Interface agent in the WSDL 

c) Liaison of agents to their services 

WSIG ensure the consistency of the system by linking each agent to its correspond-
ing service through the creation of WSDL files for each service description saved in the 
DF, and possibly the publication of the services exposed in the UDDI directory. 

d) Communication between agents 

 The JADE platform adopts the communication language FIPA-ACL (Agent Com-
munication Language) [22]. Generally, the communication between agents is done 
through the ACLMessage class, using the send () method to send a message and the 
receive() method of the Agent class to receive a message sent by another agent. 

The JADE platform provides graphical tools to monitor and control the exchange of 
messages between the different agents, we use the Sniffer tool which has the role of 
displaying the interaction flow between the agents and the content of each message 
exchanged. 
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Fig. 15. Communication between the agents of the container Initialization 

 and the Coordination agent 

5 Conclusion & Perspectives 

Personalized monitoring in real time of the learner in an adaptive learning system 
allows to offer him an adapted learning to his profile and needs. We have proposed an 
architecture of a multi-agent adaptive learning system based on IHCBR which takes 
into account the dynamic change of the behaviors of learners and the other successful 
experiences of learners. The Retrieve step of IHCBR uses the K-NN algorithm to facil-
itate the filtering of the learners nearset to the learning situation with similar behaviors, 
these learners are grouped in homogeneous clusters using the FCM method. Our system 
contains a set of agents who communicate through an incremental hybrid cycle, using 
a classic and dynamic cycle of CBR in order to ensure synchronization and coordination 
between the tasks performed in each step of IHCBR. 

We used the JADE platform to develop our multi-agent adaptive learning system 
and the WSIG component to ensure interaction and communication between JADE 
agents and the web by Viewing the tasks / activities performed by agents as web ser-
vices in order to properly exploit the characteristics, capacities and skills of agents. 

Our future work consists in testing the effectiveness of our multi-agent adaptive 
learning system on real cases of learners in order to validate our approach in a concrete 
way as well as to patent it in the form of a generic and adaptive prototype by using other 
types of agents in the latter, such as mobile agents, to make our application more gen-
eral. 
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