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I. Introduction

Recently, an ecosystem of employees, partners, suppliers, and 
customers has begun to proliferate by using web 2.0 technologies, 

to develop capabilities by collectively generate, share and refine 
business knowledge. This ecosystem is named as an enterprise 2.0 
collaboration platform [1].

These kinds of platforms provide enterprises with new models and 
tools for an emergent collaboration and co-creation to assure and to 
harness collective intelligence [2], [3], [4]. 

In addition, the mobilization of collective intelligence in enterprises 
2.0 platforms encourages teamwork and knowledge sharing. The 
adoption of web 2.0 technologies as new collaborative management 
practices allows turning the emphasis on the development of human 
capital such as the knowledge, experience and skills of members and 
on the development of social capital – like relationships, communities 
and norms that facilitate collective action and collaborative behavior. 

To be effective, our work covers a wide range of goals and tasks in 
a more sophisticated way to lead the world and the current industry 
to a new win-win spirit as an agreement whereby each enterprise is 
also concerned with the interests of the other in an equally favorable to 
its own interests. In other words, it is an agreement that increases the 
earnings of each. 

Enterprise 2.0 supports the informal organization as a set of 

technologies i.e. social networks [5]. These social networks are 
combined with other resources as areas of collaboration, connection 
and communication to improve the organization of knowledge, 
skills of users and encouraging collaboration and innovation [6], [7]. 
Furthermore, the ability of a social group to develop its human capital 
has become a brand of collective intelligence within the meaning 
of [8], [9]: distributed intelligence everywhere, constantly valued, 
coordinated in a real time, resulted in a “full” mobilization of skills. 

Thus, according to the study that is provided in [10], a social network 
is defined as a set of relations of a specific type (e.g., collaboration, 
support, consulting, control, or influence) between a set of actors. 
Each actor in the network is required to create links with other actors; 
analysis of these links can predict the characteristics of the actors or the 
appearance of links between them.

Furthermore, social network can play an important role in supporting 
different types of decision making, as they provide their users various 
forms of support, ranging from instrumental to the emotional and 
informational. The synergy of these themes provides an innovative and 
unique perspective on the actual process of decision-making within 
social network.

An effective decision-making is often based on the control of 
information over time. This action aims to capture the current state of 
the most important pieces of information that are updated in different 
ways. In Enterprise 2.0 platform, employers are looking for the right 
information at the right time under confidentiality and security. However, 
employers don’t have all necessary information such as diagnosis 
or failure solution procedures. This information can be found intra 
enterprise (coordination), or inter enterprise (collaboration). To ensure 
exchange knowledge intra enterprise we must first ensure coordination.
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The coordination can be expressed by different techniques, which 
are summarized in: coordination languages, coordination algorithms, 
and coordination protocols. Several works have appeared in the field of 
coordination [11], [12], [13], which propose solutions that can provide 
consistency in production systems. Among those works, we can cite 
[14]; this approach is a centralized one. It is composed of a single agent 
which is responsible of the coordination system. This is on the one 
hand but on the other, several architectures that are [15] based on the 
distributed aspect were developed in order to provide a large number 
of interactions.

This work contributes within several principles and technicalities to 
build an enterprise 2.0 platform and to achieve collective intelligence 
via information sharing among trusted contacts in several enterprises.

Our platform consists on two levels: a collaborative environment, 
that allows users to exchange knowledge and information inter 
employers in different enterprises using their relations in social 
network, and coordination environment for exchanging knowledge and 
information intra enterprise which is based on a multi-agent system and 
coordination protocol. The motivation of our platform’s components is 
to make an efficient decision by offering effective diagnosis and failure 
solution procedures with a secured and confidential support.

In this article, we focus on the study of two basic components of the 
framework: the professional social network (Pro Social Network) and 
the coordination protocol (CordiNet). Pro Social Network is dedicated 
to companies that want to share their knowledge and expertise on the 
industrial diagnosis. CordiNet represents a coordination protocol that 
manages interactions between agents.

After a brief introduction that describes the context. Section 2 of 
this paper discusses some approaches of enterprise 2.0, collective 
intelligence, and multi-agents systems, emphasizing their strengths and 
limitations. The proposed approach is being presented in section 3 of the 
article. Herein, Pro Social Network as well as CordiNet are described. 
In Section 4, the most important performatives of the protocol are 
provided with some experiments that have been conducted with the 
proposed protocol. Finally, a conclusion regarding the research works 
as well as future works are mentioned in Section 5.

II. Background

This section presents an overview of related work (social networks, 
multi-agents systems and enterprise 2.0) and presents our major 
contribution as a continuation of this background.

A. Social Networks and Multi-agents Systems
Many studies have integrated agents in social networks in different 

ways. In this section, we concentrate on the most relevant works that 
influence our research.

Authors in their literature review on [16] internet based collaboration 
tools have mentioned that online collaboration tools are divided into 2 
classes; the first one regrouped some tools that are based on internet-
based technologies while the second class comprised the tools that 
are based on Web 2.0 technologies. These latter provides a support 
for a beneficial collaboration. Some well-known examples of these 
communication tools are wikis, blogs, forums, RSS feeds, community 
chats and social networking. Collaboration 2.0 has been initiated by the 
use of Web 2.0 tools. This new form of collaboration allows a robust 
real time collaboration between dispersed participants as it was well 
explained in the work [17].

More precisely, in the work that was presented in [17], the domain 
experts were given a collaborative WEB interface in order to save and 
capitalize their business knowledge as business rules through an agent-
based platform. Furthermore, domain ontology has been developed in 

order to generate the business model corresponding to the enterprise 
and check the consistency of business rules. The modeling was based 
on some agents such as Expert agent, Evaluator agent, Translator and 
Security agents. The main objective was to increase the execution 
speed of processes and effective response [17].

Among the early works on software agents supporting social 
networking system, the papers [18], [19] and [20] are particularly 
relevant.

In paper [18], author presented a multi-agent system that implemented 
a distributed social network system. By using such system, users are 
considered as the sole owners of the information they provide when 
they address privacy. The main particularity of this system is that users 
are represented by agents that both mediate access to private data and 
proactively negotiate with other agents in order to extend their user’s 
social network. A distributed connection discovery algorithm is also 
presented. This algorithm is developed to suggest connections to the 
users for constructing a social network through the information that 
is stored in their profile. This constitutes the main advantage of this 
approach. The major limitation is that the privacy is not guaranteed 
by only the fact that the users can specify which data shall be used in 
order to rich their social network especially when we deal with friends 
of friends. 

The study that was provided in [20] is quite different from other 
works which supported the social networking. This is due to the key 
points that were addressed in the corresponding paper. Our deeper 
review of the content gives us a precise point of view of the advantages 
of the use of enterprise 2.0 in project management such as the sharing 
of information and expertise between operators and senior managers 
and time flexibility.

Furthermore, this research offers a good list of examples of well-known 
companies that opened their road to success by promoting the web 2.0 
model in their projects and activities related to their organization.

In the work presented in [19], a simple framework has been 
proposed to help understand the collaboration that was offered by Web 
2.0 technologies.

The study was based on the development of a Web-based Decision 
Support System (DSS) which included five agents: Analyzer agent, 
Proposal agent, Resource agent, production agent and Coordinator agent. 
These latter were used to examine how human participants can create, 
share and exchange experiences or diagnosis on resources failures which 
each other to have new ideas or useful information for the decision-
making process. The limitation of this work consists in improving the 
communication and collaboration between the human operators and 
integrating a case base reasoning to take benefit from past experiences.

B. Research on Enterprise 2.0 
As defined in [20] [21], Enterprise 2.0 or E2.0 is represented as a 

set of organizational and technological approaches to implement new 
organizational models that are based on mass participation, technology-
optimized collaboration, knowledge sharing, and exploitation of 
professional social networks.

From our review on enterprise 2.0 notion and its application in 
industrial domain, we find that this technology has encountered various 
difficulties like any other technological innovation (technological, 
organizational, cultural, social...) [22].

It seems that the more imminent challenge is the compatibility of Web 
2.0 with the enterprise culture and existing technological infrastructure 
more precisely with the manager’s attitude. As well explained in [20], 
the acquisition of Web 2.0 tools is not enough to say that a company is 
an Enterprise 2.0. Corresponding managers and employers need to be 
motivated. The adoption of Enterprise 2.0 concept is conditioned by 
culture and certain attitudes.
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The review of the current proposals in the literature shows that the 
work presented in Schauer et al. [23] offers very interesting features; 
Authors introduced open-source enterprise 2.0 tools to support 
knowledge workers in the execution of cognitive tasks and information 
sharing. They also presented a study of the growing market for 
enterprise 2.0 systems using an open source license. In their study, 
they used a set of 97 individual features and criteria that are grouped 
around the central functionalities of communication, coordination and 
collaboration, in order to analyze the suitability of a representative 
sample for the average knowledge worker. 

Even more, among the basic functionalities of enterprise 2.0 
platforms, we cite electronic collaboration. In this context, a new study 
was described in [24], which can be considered as a real contribution 
for a better understanding by providing an overview of the market 
for E-Collaboration software packages. Based on the classification 
that was done in [24], five system classes have been identified to 
characterize the market for Collaboration systems.

The first identified class regrouped Everyday systems which are 
used continuously by the group as primary systems to support everyday 
activities. Such systems provide basic features to support all three 
processes of communication, coordination and collaboration.

Integrated systems were considered as the second class of systems 
that share many features (e.g. E-Mail, calendars, address books and 
task lists) with everyday systems, but their constituent characteristic is 
the support of synchronous communication.

Another class of coordination systems has been identified. As 
mentioned in [24], this class comprises a total of 24 systems which 
focus on group coordination. Particularly, task coordination systems 
and process coordination systems are constituents of this class. 

A set of 13 systems are grouped in a class named meeting systems 
that support online and video conferences. The systems are based on 
extensive synchronous communication featuring such as text chat, 
audio and video communication. 

Regarding these 4 classes, we can say that our approach belongs to 
the subclass that regroups cases converging from one class to another, 
such as the systems being at the convergence of the coordination 
systems to the integrated systems.

As clearly explained in [24], the systems integrating project 
features are quite similar to coordination ones. The collaboration and 
coordination processes are supported by the coordination systems, 
whereas the integrated systems add the communication aspect that we 
find in the WEB 2.0 technologies integrated in our project. In addition 
to their project management capabilities, integrated systems as we see 
them are systems that provide a set of features ranging from a simple to 
knowledge management functionality regarding to the organization of 
an enterprise. This category of systems easily adheres to the use of WEB 
2.0 tools augmented by a set of additive project coordination functions.

Whereas Xu et al. [25] presented a survey on asynchronous 
collaboration tools that allow users to collaborate at different times. 
They structured their features in four major functional categories such 
as: communication, information sharing, electronic calendar and project 
management.

Furthermore, authors in [26] advocated the idea that enterprise 
collaboration must evolve towards a new paradigm in which 
knowledge workers are considered as co-producers of information, 
software services and applications without involving IT departments. 
Their prototype named EzWeb consisted on an implementation of an 
open Enterprise 2.0 collaboration platform that empowered its users to 
co-produce and share instant application.

In the study that was provided in [27], authors proposed a model of 
Enterprise 2.0 as a mash up developer which is supported in searching 

for assistance from developers owning specific knowledge, according 
to typical collaboration patterns. Their study focused on collaborative 
development in the Enterprise 2.0 contexts which include Web APIs for 
sharing Web sites, information about developers based on a specialization 
of ontology and relationships among developers and Web APIs.

In other works such as [35], authors were interested by sharing 
and managing knowledge in enterprise 2.0 platform. In this paper, 
author presented a model integrating the interpersonal network in 
enterprise 2.0. They took the knowledge governance as a regulator 
variable between enterprise knowledge system and its environment, a 
relationship between the performance of knowledge collaboration and 
structure entropy has been also built. In their paper, they constructed the 
self-organization concept model and logistic process analysis model of 
knowledge system in enterprise 2.0 environment, which are to explore 
the evolution pattern of knowledge collaboration system in favor of the 
organization mechanism design for enterprise knowledge governance. 
However, in enterprise 2.0 platform, sharing knowledge must be done 
under confidentiality and security which is not describe in their work. 
Authors mentioned also that their work lacks presumption appropriate 
control parameters and formulation of governance structure and 
strategies.

C. Our Contribution and Comparison with other Works
In current small and medium enterprises that exist in our country, 

collaboration became a very important way to proliferate or succeed. 
These Organizations used to ensure a lot of activities around blogs 
and wikis with a focus on collaboration and sharing of knowledge. 
Managers are usually encouraging employees to be connected with 
Facebook or LinkedIn social network but they don’t feel ready to 
consider a project based on Enterprise 2.0.

Our motivation behind this work is to convince senior managers that 
Enterprise 2.0 is a real solution which allows exploiting the WEB 2.0 
technologies.

In collaborative platforms or social networks, Web servers are 
constantly overloaded with client requests. An Enterprise 2.0 platform 
is essentially based on a web server that provides several services 
namely: internal tools and applications such as online ERP, monitoring, 
collaboration and coordination applications. As a result, services are 
multiplying in response to the number of companies and users who are 
members benefiting from all the functionalities offered by this platform.

To simplify the work of the web server, we propose a multi-agent 
system in order to perform complex tasks while ensuring the security and 
integrity of each company’s data. By sharing tasks with the web server, 
which will only be dedicated to displaying and processing replies to users’ 
requests, the multi-agent system takes over and searches for information 
in each database of each company, in an invisible way to the customer.

The originality of our approach lies in the suggested coordination 
protocol (CordiNet) which regroups a set of primitives that are deployed 
by realizing extensions of the performatives of the FIPA-ACL.

Moreover, the Supervisor agent (SuA) of the central container plays 
a very important role; it makes it possible to efficiently manage the work 
of every coordinator agent of the enterprise. The search for information 
in our platform is supported by the selection agent (SA) which executes 
a search orientation algorithm according to the semantics of the request 
and its priority in the system.

In Table 1, we present a comparison between some related works 
and ours. We just sort the items by using ‘+’ to indicate that the option 
exists and ‘-’ to indicate that the option doesn’t exist. We put our 
approach in the bottom of Table 1. Some indications are given with the 
Table1 in order to clarify some criteria that are used in the comparison.

A: Enterprise 2.0
B: Social network
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C: Coordination
D: Multi-Agents System
E: Interaction Protocol
F: Ontology
G: Learning Aspect
H: Information retrieval mechanism
I: Recommendation System
J: Knowledge sharing
As we can see in Table 1, no work has introduced the concept of 

multi-agents and protocols in enterprise 2.0 platform. 

TABLE I. Comparison between Some Related Works and our Approach

Works1 A B C D E F G H I J
1 + + + - - - - - - +
2 - + + - - - - - - +
3 - + + - - - - + - +
4 + + - - - + - - + +
5 + + - - - + - + - +
6 + - + - - - - - +
7 + + + + + - - + + +

1Works: 1: Schauer et al. [23], 2: K. Riemer [24], 3: Xu et al. [25], 4: J. Soriano 
et al. [26], 5: D. Bianchini et al. [27], 6: X. Yun et al. [35]; 7: Our work.

Our contribution is to integrate multi-agents system into enterprise 
2.0 platforms and more precisely into its social network.

An Enterprise 2.0 platform consists of several subsystems and 
components that are all connected to a Web server. The increase in the 
number of companies adhering to our platform implies an increase in 
the number of users; this could either cause a system crash or generate 
no response because the Web server cannot handle all requests (multiple 
users, multiple components). To avoid this, we have introduced a 
multi-agent system and an interaction protocol to perform a distributed 
processing which does not necessarily includes the web server, such 
as the search for information (in our case, the search for Industrial 
diagnostics).

In the next section, we describe and motivate the problem on which 
we will focus in the development of a collaborative platform that also 
supports the coordination of its agents.

III. Proposed Approach

The business model of enterprises has changed from an old one 
which is based on commands and information management to a new 
one which integrates a new paradigm of collaboration that is based 
on the WEB 2.0 technologies. In Our approach, we find two different 
types of enterprises information flows namely: external flow which will 
describe collaboration environment and internal flow for coordination 
environment. Figure 1 presents our platform that consists on several 
spaces which allow enterprises to collaborate, coordinate and control 
their internal or external flows. In this paper, we will focus and develop 
the collaboration and coordination space.

A. Pro Social Network Design
In the first environment, we implement a social network as a support 

to provide companies of new models and tools for collaboration, 
participation and co-creation.

This collaboration is established between the various participants 
such as company employees, customers, suppliers, experts with the 
ability to create groups that can contain these profiles.

Fig. 1. Architecture of our Enterprise 2.0 platform.

The profile is given throughout an interface that represents a user, 
group or company on our network. This latter corresponds to an 
identity that is established on the network. It may be a reflection of 
a real or virtual identity. The virtual identity means that any user can 
create an account, in this case user does not belong to a company which 
is adhered to our platform, and we cannot identify his real identity, it is 
said Freelancer while the real identity means that the account is given 
to users who belong to a company that adheres to our platform, an 
identity verification must be done in the administrative space of this 
company, the HRD account validates the creation of this account.

Our collaborative environment ensures the allocation of a digital 
professional identity to different profiles. It allows the establishment of 
the collaboration while enriching the relationship between the different 
profiles; the main objective behind this is to maintain the continuity of 
the professional links.

To fully enhance the collaborative environment, we have introduced 
a feature that allows the user to adopt good practices during knowledge 
sharing and participation in collaborative work.

Figure 2 presents an example of exchanging information between 
actors. For example, let’s us consider a simple user named as User 
X, this latter is in relationship with some other users of the same or 
different enterprise. Thus, he can share information on his wall, 
enterprise wall or his groups’ wall.

Fig. 2. Information’s exchange in our social network.

Our social network disposes some features for enterprise 
management and users like: profiles, expert base, relationship 
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management, flow of activities and foremost, asynchronous and 
synchronous communication.

In what follows, we present the general structure and features that 
characterize a user’s account (Figure 3).

Fig. 3. User’s account features.

More precisely, to access our platform, we provide two ways ; (i) by 
creating an account and enriching it, (ii) by using APIs that are offered 
by social networks (Google+, Facebook, etc) in order to retrieve the 
existing profiles from these networks.

Our collaborative environment allows participants to share and 
exchange diagnosis under confidentiality and security. Each enterprise 
can manage its employers in our platform, and each user can share 
diagnosis with its collaborators (different enterprise) or colleagues 
(same enterprise). By using a catalog, this latter can set, update and 
delete diagnosis and failure solution procedures in an easy way. 

To give more confidentiality for user intervention on the use of 
catalog, many options are given as below:

1. Me only: It means that user is the only one who can see this 
publication 

2. Colleague: It means that a colleague who is in relationship with 
this user can get this diagnosis.

3. Collaborator: it means that collaborators who are in relationship 
with this user can get this diagnosis.

4. Freelancers: it means that the freelancers who are in relationship 
with this user can get this diagnosis

5. Open: all users that are connected to the platform can get this 
diagnosis. 

User can use a customized type to combine between confidentialities 
in case of need (except for Me only and Open) eg. Confidentiality 
= colleague and collaborators, Confidentiality = colleagues and 
freelancers, Confidentiality = collaborators and freelancers.

When user searches an industrial diagnosis of any machine, the 
result must respect diagnosis’ confidentiality that is established by their 
editors. 

As it can be seen a lot information are exchanged during the 
treatments, it’s why we opt to use agents as modeling entities in order 
to control the whole system and we develop a coordination protocol 
for this task.

B. CordiNet Design
In the second environment, we want to set up a coordination 

environment (CordiNet) to exchange knowledge and information 
between employers of the same enterprise. The goal is to make the 
system more secure and confidence, reactive and produce a quick 

execution. In this section we present our coordination environment as 
a multi-agent system and the corresponding coordination protocol.

Our approach uses reactive and cognitive agents which need an 
elaborated language to be able to exchange messages. However, a 
structural format of a message is not sufficient in itself to be able to 
formalize all the conversations between agents. The protocol concept 
was introduced to support such conversations, allowing speech acts. We 
can define coordination protocols as shared conventions on messages 
that are exchanged by agents working together in a coordinated manner. 
More protocol is effective; less information needs to be transmitted and 
less time is spent in the communication as mentioned in [28].

1. Agent-based Modeling
The use of a multi-agents system that is opened in an application 

for Internet offers three main advantages: scalability, stability and load 
balancing.

The advantages of Multi-agents system (MAS) such as autonomy, 
adaptability, knowledge level, learning aspects and availability of 
interaction protocols have encouraged us to adopt them in our platform 
to balance overload the web server [29].

Our multi-agent architecture is developed as a blackboard behind 
the Web server. The proposed model mainly consists of two types 
of containers; enterprise container which controls internal enterprise 
flow and central main container which controls external flow of our 
collaborative environment (see Figure 4).

Fig. 4. Architecture of our Multi-agent system to support our social network.

Each enterprise that is connected to our platform is represented 
by a container. In fact, every enterprise Container consists of three 
components: Checker Enterprise Agent (ChEA), Search Enterprise 
Agent (SeEA), and Coordinator Agent Enterprise (CoEA). The central 
main container consists of two components: Selection Agent (SA), and 
Supervisor Agent (SuA).

We have also developed a coordination protocol ensuring the 
exchange of messages between internal flow and external flow. The 
SuA has a learning aspect. This mechanism facilitates decision-making 
in the system and requires less execution time. Coordination in multi-
agent systems can be performed in a centralized manner in which 
circulation of information between enterprises is assured by the central 
main container’s agents.

As we have previously described, we had used two types of 
container: enterprise’s container and central main container.

1. Enterprise Container: : It is a container that regroups agents that 
control internal flows in a given enterprise, when an enterprise 
adheres to our platform then enterprise’s container’s agents are 
created by Supervisor Agent (SuA) of central container. These 



- 75 -

Regular Issue

agents are described as follows:
• Checker Enterprise Agent (ChEA): It is a reactive agent which 

detects if a new diagnosis is required by enterprise user.
• Search Enterprise Agent (SeEA): It is a cognitive agent which 

searches if diagnosis exists in enterprise’s database and returns 
it.

• Coordinator Enterprise Agent (CoEA): It is a cognitive 
agent which works with the Central Coordinator Agent in 
order to receive diagnosis’ request and processing. It verifies 
confidentialities and undesired messages. The internal 
architecture of CoEA is illustrated in Figure 5.

2. Central Main Container: includes 2 agents that control external 
flows coming from different enterprises such as exchanging of 
diagnosis namely:
• Selection Agent (SA): It is a reactive agent which selects 

and directs the diagnosis’ request to the corresponding agent 
enterprise according to any user of our social network. 

• Supervisor Agent (SuA): It is a cognitive agent which controls 
enterprises’ containers, by creating and supervising certificated 
agents. In addition of its specific role of supervision, this agent 
executes some tasks such as verification of confidentiality, 
detection and filtering of undesired messages and control of 
all messages. The internal architecture of SuA is illustrated in 
figure 6.

Fig. 5. Internal architecture of COordinator Enterprise Agent (CoEA).

Fig. 6. Internal architecture of Supervisor Agent (SuA).

2. The Proposed Protocol
An agent sends a message in two cases: (i) When receiving a 

message that needs an answer; and (ii) When executing an action and 
needs information. Each message sent of our protocol is designed using 
the language communication FIPA-ACL [30].

In our coordination protocol, each type of agent has some behavior 
classes that are ready to use. Classes contain a set of methods in order 
to monitor each step of the protocol. They are called when specific 
messages are received or are to be sent and must be treated in order 
to adapt the protocol to its context of use. In what follows, we give a 
general description of our coordination protocol.

1. The sending of messages: An agent sends a message in both cases: 
Following receipt of a message that requires a response or when 
performing an action.

2. Structure of a message that is sent: Each message which is sent in 
our protocol is designed using the communication language FIPA-
ACL [30]. In our MAS, each message has the following syntax:
• Content Object: Content of message.
• Protocol: Protocol used to exchange ACL messages.
• Conversation-id: Conversation identifier (expression) that is 

used for the following acts of communication.
• Reply-with: The term used by the agent as to identify this 

message.
• Receiver: the name of the agent who receives the message.
• Sender: the name of the agent who sends the message.

3. Secure communication: In a replay attack gained knowledge 
of data content is used to modify data that has been transported 
before to acquire unauthorized information. In case of a spoofing 
and masquerading attack, we use certificated messages where 
each agent has a communication and firewall module. Firewall 
module helps to eliminate undesirable messages by identifying a 
digital signature.

4. The rules: The rules define the possible message exchange 
between agents under certain conditions. This representation is 
taken from [31] and appears to be most suitable for the description 
of our protocol due to its ease of writing and reading, and for its 
rigorous notation that facilitates coding. The upper part of the rule 
1 defines the sending of a message from X to Y. The lower part 
defines actions (a1 ... an) that can be executed by Y, after that, Y 
sends a response to Z if the condition (C) which is expressed at the 
right of the rule is verified (Z is optionally X).

 (1)

5. Classes of our protocol: We distinguish 3 classes that composed 
our protocol in order to manage different situations for each agent. 
Some of the classes of our protocol represent finite state machines, 
in fact with state and transitions.
• panneUserInitiator Class : It is used by CoEA when there is a 

search of a diagnosis launched by user. Figure 7 shows the finite 
state machine of this class and Table 2 gives its description.

Fig. 7. Finite state machine of panneUserInitiator.
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TABLE II. panneUserInittiator’s States and Transitions Descriptions

State1 Description Transition

1 Initialization of 
protocol

1: Preparing information search 
2: Error of initialization

2 Sending information 
search

1: Information search request send
2:Error of sending

3 Waiting result of the 
searched information 

1: Result received with success
2: Error of waiting

4 Saving result and 
forwarding feedback

1 : Operation succeed
2 : Error of saving or forwarding

5 End of protocol None

1States: 1: init, 2: send_req_search, 3: wait_result, 4: save_result, 5:end.

• panneUserResponder Class: It is used by CoEA to send the 
diagnosis after receiving request from panneUserInitiator. 
This class replaces the user behavior while respecting its 
confidentialities put in place.

• panneCoordinatorCentral Class: It is used by Supervisor Agent 
(SuA) for receiving a diagnosis’s request, collecting available 
CoEA, sorting CoEA list by learning mechanism, sending 
diagnosis requests to list of CoEA, receiving diagnosis and 
solutions. Figure 8 shows the finite state machine of this class 
while Table 3 gives its description.

Fig. 8. Finite state machine of panneCoordinatorCentral.

TABLE III. 
 Panne Coordinator Central’s States and Transitions Descriptions

State1 Description Transition

1 Initialization of 
protocol

1: Initialization request waiting 
2: Error of initialization

2 Waiting information 
search request

1: Waiting of request information search
2:Error of waiting

3 Collecting list of 
active CoEA 

1: Success of collect
2: Error of collect

4
Sorting CoEA list 
with search strategy 
max uniform cost

1 : Establishing search strategy to sort 
CoEA list to get optimal solution
2 : Error strategy or sorting list

5 Sending information 
search to CoEA list

1: Send information search request to 
CoEA succeed
2: Error sending

6 Waiting results 1: Waiting until results received
2: Error of waiting

7 Sending results to 
CoEA 

1: Sending results succeed
2: Error of sending results

8 End None

1State: 1: init, 2: req_search_received, 3: collect_CoEA_list, 4: sort_CoEA_
list, 5: send_req_rearch_CoEA_list, 6: wait_result, 7: send_result, 8: end.

3. Communication between Agents
Finding diagnosis and failures solutions bring us to information 

seeking context. This notion is an important part of our framework. To 
describe how diagnoses are founded, AUML sequence diagram (Figure 
9) and UML sequence diagram (Figure 10) are given.

Fig. 9. AUML sequence diagram of CordiNet Protocol.

Fig. 10. Form for publishing and adding a diagnosis to a catalog.

In the sequence diagram that is presented in Figure 9, we 
distinguish three actors: a panneUserInitiator which corresponds 
to the initiator agent (CoEA of the applicant user enterprise), a 
panneCoordinatorCentral which corresponds to the Supervisor agent 
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of main container (SuA), and panneUserResponder which corresponds 
to all participants agents (all CoEA of all enterprises). 

After the reception of a request from the panneUserInitiator 
to panneCoordinatorCentral, a cfp message is sent to all 
panneUserResponder with a deadline and confidentialities.

We distinguish three types of response:
• reject_proposal if time of response is out.
• propose if a solution is found then this set of solution is propagated 

to panneUserInitiator.
• Failure in others cases (agent error, database error, etc...). 

Figure 10 shows interaction between user, webserver, multi-agents 
system and database server. The internal process of MAS actor is given 
by the previous AUML (Figure 

4. General Process of Information Seeking
To describe how information is sought we adopted the description 

from [32] and defined information seeking task as: the act of seeking 
information as a consequence of a need to satisfy some goal. 
Furthermore, search process has been studied extensively [33], [34]. 
Figure 11 summarizes our process of information retrieval.

Fig. 11. General process of information retrieval.

Each company named “i” has its proper database (EiDB). When 
the user initiates the search (Input Research) from his own account, a 
notification is then sent to the agent CChA. The CoEA agent directs 
the request both to the external stream (to SuA) and the internal stream 
(to SeEA). SuA is then responsible for sending a message to the other 
CoEAs to initiate the search for all the necessary confidentiality 
information in their respective databases. The result of this search 
makes it possible to return solutions to the agent SuA which will 
propagate them to the CoEA that is identified as the requestor.

IV. Experiments

This paper describes the major experiments that are done to 
demonstrate the feasibility of our suggested approach. For that a 
simulation study was launched on the basis of Java and JADE platform 
for multi-agents; Html5, Css3, AJAX and Php for social network.

During the simulation, we generate some databases that are 
implemented using MySQL. The agents communicate using the 
JADE platform, which includes several predefined performatives 
communication. In this work, Sniffer Agent provided by JADE was 
employed to monitor the communication among agents on the agent 
platform. 

We illustrated three enterprises and 30 connected employers. JADE 
platform shows containers created for each enterprise (sbo, ametal, 
inotis) and main container for central agents as it appears in figure 12.

Fig. 12. JADE Platform showing main and enterprise containers.    

Figure 13 shows a form which helps a simple user for adding 
diagnosis or failure solution to his personal catalog.

Fig. 13. Form for publishing and adding a diagnosis to a catalog.

Figure 14 gives an overview on the diagnosis’ catalog for a user of 
an enterprise with his confidentialities.

Fig. 14. User’s diagnosis’ catalog.

Figure 15 shows JADE’s sniffer agent which describes the exchange 
of messages between agents from user’s request until finding solutions.
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Fig. 15. Sniffer Agent for monitoring messages’ exchange between agents.

Figure 16 visualizes some solutions that are received after seeking 
information from several users coming from different enterprises.

Fig. 16. Solutions received from several users.

V. Results 

We plot several aspects of the results in series of figures. First, 
we consider an evaluation of our multi-agents system (MAS). Then, 
we present a simple comparison between using a webserver and its 
combination with MAS. Secondly we present an evaluation of our 
interaction protocol, and finally an evaluation of our social network is 
given by using a questionnaire.

A. Multi Agents and Webserver Evaluation
As we had described in previous sections, the adoption of multi 

agents system decreases the webserver overhead. 
Table 4 illustrates the ratio between number of enterprises which 

adhere in our platform and number of agents created. As we see 
number of agents increase proportionally with number of enterprises. 
The messages are generated considering one user’s request.

TABLE IV. Ratio between Number of Enterprises, Number of Generated 
Agents and Generated Messages

Number of 
Enterprises

Number of 
generated agents

Number of 
generated messages

2 8 9
10 32 41
50 152 201
100 302 401
200 602 801
300 902 1201
600 1802 2401

Table 5 and Figure 17 provide an indication to measure the 
performance of the web server by considering the contribution of 
MAS. For that, we had developed our approach with and without using 
MAS. As we notice, for a single user request, the overhead of the web 

server which is expressed by the number of queries that are performed 
using the agents keeps its stability, whatever the number of companies 
that adhere to our platform. Whereas if we ignore this contribution, 
the webserver is overloaded by all executed queries. We can explain 
that all other treatments of research information and respect for 
confidentialities are made by agents. 

TABLE V. Comparison between Number of Executed Queries with/
without using MAS

Approach 1 : simple 
webserver application

Approach 2: Merging webserver 
application and SMA

Number of 
Enterprises

Number of 
webserver’s queries 

without MAS

Number of MAS
queries 

Number of 
webserver’s queries  

using MAS
2 118 13 105

10 158 53 105

50 358 253 105

100 608 503 105

200 1108 1003 105

300 1608 1503 105

600 3108 3003 105

Fig. 17. Number of executed queries with/without using MAS.

B. Social Network Evaluation
An evaluation of the quality of the developed social network 

was carried out using a questionnaire. We developed our questions 
according to several criteria for the ergonomic evaluation of the multi-
user interface. The questionnaire was distributed to 30 users of three 
enterprises.

Figure 18 shows the usability results obtained from the questionnaire, 
in which a question is generally followed by an inverse question to 
reveal opposite facts. For each question we assigned a weight. At the 
end, we count the sum of weights to find the level of satisfaction of 
the user. Some of the questions in the questionnaire are given in the 
following tables (Table 6, Table 7, and Table 8).

TABLE VI. Some Relevant Questions related to Accessibility

Number Question

Q1 Is content structurally separated from navigational elements?

Q2 Is the website cross-browser compatible?

Q3 Is the website adapted for every computer resolution?

Q4 Is the URL short and simple?

Q5 Is the time of loading the home page correct?
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Fig. 18. Statistics of the responses of our platform’s users.

TABLE VII. Some Relevant Questions related to Design

Number Question

Q1 Is the site’s design aesthetically appealing?

Q2 Are the colors used harmonious and logically related?

Q3
Are the color choices visually accessible? (For example high 

enough in contrast to assist the colorblind and visually impaired 
in reading the site appropriately)

Q4
Is the design audience appropriate?- The standard text size should 

be readable for visitors who don’t know how to adjust their 
browsers.

Q5 Are the fonts easy to read on various screen resolutions?

Q6 The site is homogeneous from one page to another (no visual break)

Q7 The number of colors is limited (correct = 4)?

TABLE VIII. Some Relevant Questions related to Navigation

Number Question

Q1 Are links labeled with anchor text that provides a clear indication 
of where they lead without over using exact match anchor text?

Q2 What is the maximum number of clicks it takes to reach a page 
within the depths of the site?

Q3 Is a response given immediately (0.1 seconds) after a click is 
made on a hyperlink?

Q4 Do clickable items stylistically indicate that they are clickable?

Q5
How intuitive is it to navigate? Are signs obvious or obscured? 
Buttons/Links Like Text that are not clickable and vice versa, 

links/buttons that cannot be identified as such?

We proposed a questionnaire consisting of six (6) categories for 
thirty (30) adhered users. We collected the answers to the questions 
and we obtained the results that are presented in Figure 19.

Satisfaction rate of 30 users
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40%
30%

20%
10%

0%

75%
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50%
60%

85%
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Accesibility Navigation Design Content Security Enterprise 2.0
Plateforme

Fig. 19. Evaluation of the usability of our platform.

According to the results, we concluded that the system could be 
improved to increase design and content. This can be achieved by 
adding new collaborative environmental assessment questions.

VI. Conclusion and Future Works

The emergence of Web 2.0 and its recent success in public-
sector organizations (Enterprise 2.0) has served to fulfill objectives 
that are planned for an organization. It is shown in this research 
that the application of an enterprise 2.0 project (that is based on 
Web 2.0 technologies) could assist organizations improve business 
processes and increase employee’s productivity, communications, and 
information sharing.

More precisely, the emergence of Enterprise 2.0 platforms has given 
SMEs a big step forward in providing solutions to overcome hard-to-
solve problems. In this paper, some of them have been tackled especially 
collective intelligence, social interaction, and knowledge management. 
Our suggested solution implies three domains of research: enterprise 
2.0, multi-agents systems (MAS), and social network.

Our motivation behind the choice of the MAS is to lighten the Web 
server tasks in enterprise2.0 platform, and to provide more security 
to information exchange with some respect to confidentialities intra 
and inter enterprises. The objective of our work is to propose a 
helpful approach utilizing new coordination protocol (CordiNet) and 
computational collective intelligence for enterprise 2.0 design. Firstly, 
we implement a collaborative environment (Pro Social Network) 
that allows employers to share diagnosis and fault repair procedures. 
Secondly, we propose a coordination environment that is based on 
multi-agents system and interaction protocol.

This study is based on capitalization of user’s intelligence that 
is expressed in catalogs in order to be used by other users with a 
specialized authorization. The MAS is responsible of managing 
information traffic inter or intra enterprises. To optimize and reorder 
the information research, a max cost uniform algorithm has been used 
with a slight modification.

Some companies are candidates and interested by our prototype 
such as: Unilever (Oran-Algeria), Inotis (Oran-Algeria) for a real 
implementation.

For further research, this framework should be improved by using 
learning coordinator agent which capitalizes knowledge from past 
experiences. Furthermore, even if our framework consists on a learning 
feature to find solution, a semantic feature is very essential. We intend 
to integrate some tools that treat the Semantic Web. 
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