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Abstract. This paper presents our approach integrating a high level of intel-
ligence within telecommunication networks. Artificial intelligence has 
proved its efficiency in resolving complex issues in different fields like air 
traffic control, robotics, and medical diagnosis. However its usage in tele-
communication networks is still very moderated. The main objectives of our 
framework is to encourage the deployment of techniques characterized by a 
high level of intelligence – inspired from the artificial intelligence domain in 
networking. For this reason, we build an extension, with intelligent capabili-
ties, to the J-Sim simulation environment.  This extension proposes an intel-
ligent package having the essential entities required for simulating intelligent 
features. Using this intelligent package and the abstract node model (INET) 
proposed by J-Sim for network simulations, it will be possible to test the ef-
ficiency of integrating intelligent techniques in networking. 

1   Introduction 

The last few years have perceived great increase in the research efforts in different 
domains. In telecommunication, for example, the exponential evolution in the usage of 
the Internet and mobile networks along with the demands for better quality of treat-
ments within the transit networks have encouraged the researchers to think about and 
propose new techniques and networking solutions to improve the network perform-
ance. Also, in the field of artificial intelligence, the needs for human like, dynamic and 
intelligent solutions has led to enforce the efforts in studying the efficiency of integrat-
ing intelligent features based on intelligent agents and multi-agent systems in different 
domains like the study of the consumer behavior in a competitive market or the assis-
tance of the drivers in finding the best road to destination and data management and 
retrieval. 
     In networking, agents - especially mobile agents - were introduced to collect in-
formation, to discover the network topology and control the global functioning of the 
network. Therefore, solutions introducing a high level of reasoning in network man-
agement and control are not yet available. This paper proposes a framework for test-
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ing high level of intelligence within telecommunication networks, based on the J-Sim 
simulation environment [1].  

2   J-Sim 

J-Sim [1] is an open, component-based, compositional simulation environment, built 
entirely in Java upon the notion of the autonomous component architecture. It is a 
truly platform-neutral, extensible, and reusable environment as a system is composed 
of individual components able to be plugged into a software system, even during exe-
cution.  
     J-Sim proposes an implementation of an abstract network model (INET) on the top 
of the component-based architecture.  This model defines the generic structure of a 
node and several generic network components with their associated contracts. INET 
proposes an internal node structure of the hosts and routers in two layers, which are 
the Upper Protocol Layer (UPL) that contains transport, routing, signaling, and appli-
cation protocol modules and the Core Service Layer (CSL) that provides a set of well-
defined services, which are common in most network architectures, to modules in the 
UPL. 
     The J-Sim working group has also proposed an implementation of some techniques 
like DiffServ and Intserv and recently an implementation of both MPLS and active 
networks were proposed. 

3   Intelligent Features 

Traditionally, intelligent features are inspired from the artificial intelligence domain 
and based on the concepts of intelligent agents and multi-agent systems.  Agents and 
multi-agents systems (MAS) are two innovative and interesting concepts for a great 
number of researchers in different domains like road traffic control, biologic and so-
cial phenomena simulations, industrial applications, and others. 
     Agents are characterized by their autonomy, their ability to interact with other 
peers and devices. They can learn, plan future tasks and are able to react and to 
change their behavior according to the changes in their environment.  
     A multi-agent system is a group of agents able to interact and cooperate in order to 
reach a specific objective. 

3.1  Agents  

The concept of agents has occupied great importance in the domain of Artificial Intel-
ligence (AI) where different interpretations and definitions were associated to the 
word “Agent”. [2] considers that agents are intelligent entities that act according to 
their knowledge. [3] defines agents as high-level autonomous entities able to act in an 
environment where other agents and devices execute and [4] considers an agent as a 
person managing an agency or something that initiates a chemical reaction or an or-
ganism that causes a disease. Finally [6] considers that all these definitions confirm 
that the question “what is an agent?” is as embarrassing as the question “what is the 
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intelligence?”. It is so better not to confine to one definition and to define an agent 
according to its field of application. 
     Agents are characterized by their properties that determine their capabilities. Dif-
ferent properties are defined – like autonomy, proactive-ness, flexibility, adaptability, 
ability to collaborate and coordinate tasks and mobility. The agent according to its 
role within its environment acquires one or some of these properties. 
     Different types of agents can be defined like reactive, cognitive, mobile, hybrid, 
collaborative and others. Each of these types is characterized by some properties like 
for example autonomy, mobility, reactivity, pro-activeness, and collaboration. 

3.2   Multi-agent Systems 

A multi-agent system is a group of agents defined as “a loosely-coupled network of prob-
lem solvers that work together to solve that problems that are beyond their individual 
capabilities” [7]. These problem solvers are agents and are defined as autonomous enti-
ties able of acting in their environment. They are able to communicate directly with other 
agents, posses their own resources, perceive their environment (but to a limited extent), 
and have a behavior [5]. In the frame of this communication, agents cooperate in order to 
insure coherent behavior within the MAS. This cooperation, according to [8], lets the 
agent know the objectives of a peer and therefore adopt these objectives as its proper 
objectives in order to improve the global behavior of the MAS. 

3.3   Agents in Telecommunication Networks 

In the last few years, the research efforts was increased in the domain of 
telecommunication to study the ability of new techniques based on agents – especially 
mobile agents – and multi-agent systems in designing networks and network 
applications; 
     [9] presents a mobile-agents approach, highly distributed and decentralized with 
agents spread across the network working to accumulate connectivity information. The 
agents in this system move around the network, discover topology information, and 
carry with them the information they have gathered as they explore. Results prove that 
the cooperation between the agents and the diversity of behaviors between 
collaborating agents greatly improve the performance of the whole system.  
     Other researchers like [10] and [11], have borrowed metaphors from biological 
systems to develop higher-level network management frameworks. These frameworks 
rely on the ability of social insects to solve problems, sometimes-difficult problems, in 
a distributed way, without a central control, on the basis of local information. [10] and 
[11] used these abilities for network control in a telecommunication network, specifi-
cally to get dynamic update of the routing tables of the network nodes according to the 
different nodes’ loads.  

3.4  Platforms Simulating Intelligent Features 

Agents and MAS oriented programming is an advanced software-modeling paradigm 
proposed by researches in the distributed artificial intelligence domain. It addresses 
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the need for software systems to exhibit rational, human-like behavior in different 
domains. 
     MAS platforms are characterized by their architectures able to build systems that 
work on the full range of tasks expected from an intelligent agent, from highly routine 
to extremely difficult, open-ended problems. They have the ability to represent and 
use appropriate forms of knowledge and a full range of problem solving methods. 
These types of platforms are goal-oriented, based on states and operators. They con-
tinually try to select and apply operators to states until the achievement of a specific 
goal.  
    Different platforms were proposed for multi-agent systems simulation like 
JAFMAS, DECAF, JACK, DEMAS and others, each having its proper implementa-
tion and fields of application. 

4 The Proposed Model 

To introduce the concept of agents and multi-agent systems within the J-Sim node 
model, we propose to extend it with an intelligent package. This package represents 
the intelligent aspect of the whole system and implements the various classes that may 
serve as the building blocks for specifying and communicating agents. This means that 
all the entities required in a standard environment for multi-agent systems simulation 
should be implemented. These entities are: the communication between agents, the 
agent’s resources, data base and rule base, the social model, and the linguistic fea-
tures, as shows fig. 1. 

 
 
 

The user, according to its agents’ type and behavior, defines the multi-agent sys-
tem application. This application benefits from the services provided by the social 
model, which determines the way the agent communicates, cooperates and interacts 
with other agents of the system in order to bring about a coherent solution. During its 
communication, the agent exchanges messages using a common agent-independent 
language, defined by the Linguistic layer. In these messages, the agent exchanges 
resources and knowledge and then stores acquired data in the data model. To reason 
on this data, the agent implements a rule-base that contains the needed rules to decide 
about its future actions and invokes these rules using the inference engine. 
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Fig. 1. Organization of the intelligent package 
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     Finally, we consider that the communication infrastructure is provided by the stan-
dard components proposed by J-Sim to connect and communicate different entities.   

5   The Intelligent Package - Java Classes 

We propose an implementation of the agent package in 18 main java classes that pro-
vide the essential elements and entities for the developers of intelligent applications 
within a telecommunication network. Five of these classes, related to the communica-
tion aspects, were originally taken from the multi-agent system platform JAFMAS, 
with some modifications to adapt them to our proposed model. The defined classes 
and the relationship between them are described in Fig. 2. It shows how the classes 
use each other’s methods in order to build a coordinated framework. 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2. The main classes’ relationship diagram 

     The “Agent” class is implemented as an abstract component within J-Sim. This 
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to any possible application. It should be extended to define the agent related to a spe-
cific application. This agent requires interacting with different java classes in order to 
cooperate with other peers, to exchange messages and store data. 
     The social model is implemented in a list of java classes. The main are “Conversa-
tion” and “ConvRule”. The linguistic aspect is mainly provided by the “IMessage” 
class that describes the format of the messages exchanged between the agents.  
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     After the reception of a message, the agent treats it or directs it to its concerned 
conversation in case the message is sent in the context of a conversation between the 
agents. The “MsgRouter” java class is responsible of the routing of the received mes-
sages to their relative conversations. When the conversation receives a message, it 
stores it in its messages’ queue using the “MsgQueue” class.  
     We consider that the agent may require communicating with other agents within 
the multi-agent system according to the Contract-Net protocol. For this reason, an 
implementation of this protocol was proposed in both the “ContractNet” and “Con-
tractNetReply” classes. 
     The three java classes – “BeliefSet”, “Belief_Sets” and “data” – are defined to 
manage and store data. An instance of the “Belief_Sets” class stores the different 
instances of a specific BeliefSet and provides methods to add, remove and query these 
instances and the data class defines the structure of an element of the BeliefSet. 
     The “Resources” class is an abstract java class that defines the common elements 
to the different types of resources. The “RequiredResc” and “ProvidedResc” classes 
that define respectively the elements and methods related to the required and provided 
resources extend this class and the user, to implement some methods according to the 
application requirements, should also extend the “RequiredResc” and “ProvidedResc” 
classes. The third class related to resources is the “RescHistory” class conceived to 
store the history of a resource. 
     The information concerning the different groups defined within the multi-agent 
system is stored in the “Group” class. This class extends the “Belief_Set” java class. 
Finally, the classes related to the representation and management of the production 
rules are “Rules” and “RuleBase”.   

6   Case Study 

In this section we propose a case study integrating a multi-agent system within a tran-
sit network that provides different levels of treatments for different types of traffics, in 
the objective of preventing congestions.  
     In the following simulations we consider that two sources S1 and S2 send respec-
tively to the destinations D1 and D2 traffics with two different levels of quality of 
services, where the traffic sent by S1 demands a higher level of quality of service than 
the traffic sent by S2. As both traffics transit the network (see Fig. 3), the S1 traffic is 
treated in priority to the S2 traffic in case of congestion. The implemented agent be-
havior tries  to  increase the S2 traffic throughput and to balance the traffic load within 
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Fig. 3. Global view of the network 
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the network, if congestions occur.  The simulations’ results show great increase in the 
throughput of the S2 traffic (see Fig. 5) if agents are integrated within the transit net-
work. 
     In case agents are not integrated within the network, great loss of the S2 traffic is 
perceived as shows Fig. 4. Finally, Fig. 6 shows how the S1 traffic modifies its default 
road to destination due to a congested situation in one of the network’s links. This 
behavior relieves the congestion and permits better use of the deployed resources 
within the network. 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

7   Conclusion 

This paper presents our approach that builds an extension to the J-Sim simulation 
environment with intelligent capabilities. This extension provides an infrastructure for 
the validation of different techniques based on a high level of intelligence, in network-
ing. Some applications integrating agents within different types of networks were 
tested using this extension [12], [13]. Simulations show great increase in the network 
performance after the integration of intelligent features. This means that our proposal 
could be considered as a first step towards both filling the gap between the artificial 
intelligence domain and networking and investigating intelligent capabilities in the 
world of telecommunications. 
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