CHAPTER ONE
GENERAL INTRODUCTION

1.1	BACKGROUND TO THE STUDY  
Network Management comprises all the measures necessary to ensure effective and efficient operations of a networked system. It is a critical discipline whose main objective is to keep the communication services of organizations working properly in order to exchange information in a fast and reliable way [1]. Intelligent is a general term to describe some of mind activities such as judging, logical thinking, planning and learning [2, 10]. Artificial Intelligence (AI) is the study of how machines could be programmed to emulate intelligent behaviours especially that of human [6]. It also attempts to bring computers a little closer to human brain’s capabilities by imitating certain aspects of information processing in the brain, in a highly simplified way. An agent is anything that can perceive its environment through sensors and acting upon that environment through effectors [2, 6]. The term agent is becoming very popular in the computing press as it is within the artificial intelligence and the computer science communities [9]. 

Agent software has continued to attract significant research attention due to their intelligence, mobility and collaborative nature. Agent-based systems play variety of roles in the development of various essential industrial applications such as manufacturing, entertainment, electronic commerce, user assistance, user interface design, service and business management, information retrieval and network management [3]. The agent entities can roam the Internet and seek out information and services of interest to users [6]. They are also expected to mimic human behaviours and perform flexible autonomous action on behalf of the users in order to meet their design objectives. Agents are also expected to know users’ priorities, taste and should be able to take initiative on users’ behaviour [4, 8]. 
There is high need of agents in computing because of rapid development in computer and data-networking technology to support those needs, and explosion in the variety of equipment and networks. A multi-agent system (MAS) is a system composed of multiple interacting agents. Multi agent systems can be used to solve problems which are difficult or impossible for an individual agent or monolithic system to solve [7]. 

However, with rapid growth of the networks and the Internet, large networks cannot be monitored and managed by human efforts alone [9]. Contemporary network management systems as represented by Simple Network Management Protocol (SNMP) are based on traditional client-server centralized paradigm which may be inefficient when the size of networks grow. Therefore, the complexity of such system dictates the use of intelligent multi-agents for network management and monitoring. Intelligent multi-agent technologies are leading solution, among other current technologies such as Remote Monitoring (RMON) and Management by Delegation (MbD) for achieving complex network management goals [6, 8]. This is because agent-based technology has the capability to distribute intelligence throughout the network and dynamically perform network management functions [9]. 

To perform network management with intelligent agents, a multi-agent platform is needed [4]. Platforms are software components that can range from a collection of classes compatible among them to high-level programming environment equipped with several tools helping programming agents [4]. A lot of research and application on agent technologies were investigated and presented. There are many interesting platforms available today that support intelligent agents, such as JATlite, JADE, JAFMAS, Aglets, and Odyssey etc.  A detailed evaluation of some of these platforms available today were presented and JADE (Java Agent DEvelopment Framework) was selected for the implementation of network monitoring and management. JADE is a software framework to facilitate the development of inter-operable intelligent multi-agent systems that is used by a heterogeneous community of users as a tool for both supporting research activities and building real applications [30]. 

1.2	PROBLEM DEFINITIONS 
The network management system as represented by Simple Network Management Protocol (SNMP) is based on client-server centralized model. It was widely adopted by the Internet Protocol (IP) world to manage local area networks, wide area networks and Intranets, and to a lesser extent, to manage distributed systems [9]. However, the following are some of the shortcomings of SNMP for network management;

1.	Though Simple Network Management Protocol (SNMP) is the most pervasive protocol, it lacks the scalability, reliability, flexibility and adaptability necessary to effectively support large and complex networks [5, 8].

2.	In SNMP, the central station collects and analyses data retrieved from physically distributed network elements [9, 8]. But network system based on client-server model normally requires transferring large amount of management data between the network manager and agents. These require high bandwidth and also cause a processing bottle-neck for the network manager. The problem becomes more complex as networks grow larger. An attempt to scale their technologies to users’ magnitude can be extremely difficult and very costly [5, 8, 9]. 

1.3	AIMS AND OBJECTIVES
The major aim of this research work is to start study from the Distributed Artificial Intelligence (DAI) perspective, investigate on what has been done there, and then attempt to apply this to network management. The objectives are as follows:
a. To investigate the possibilities and strategies of network management and monitoring with intelligent multi agents technologies, and to facilitate the effort of network management according to established policies.
b. To evaluate the existing platforms available today that support distributed, collaborative and intelligent agent and then propose the most suitable platform among them for the implementation of intelligent multi-agents system.
c. To design a distributed, multi-threaded prototype that implement simulated network monitoring and management using Visual Basic Programming language.

1.4	SIGNIFICANCE OF THE STUDY
Multi-agent technology is applied by intelligent systems to solve the problems of analysis of complex systems and intelligent management activities [10]. Agents are sophisticated computer programs that act autonomously on behalf of their users, across open and distributed environment to solve growing number of complex problems. A multi agent system has been described as loosely coupled network of software agents that interact to solve problems that are beyond the individual capacities or knowledge of each problem solver [2]. The following are major benefits of the study;

a. A multi-agent network management system assists the network administrators to do a lot of simple and boring tasks.
b. It makes life easier, save time and simplify the growing complexity of world.
c. A multi agent network management system acts as an assistant to network administrator by learning from what the administrator likes and can anticipate what needs to be done at a particular time.  
d. It reduces the amount of bandwidth requires for the transfer of large amount of data which could cause processing bottleneck.	

1.5	SCOPE OF THE STUDY
The scope of this dissertation covers the investigation of the possibilities of using intelligent multi-agent in network monitoring and management. I later studied the existing platforms available today and find the most suitable one among them. JADE was then considered among others, as a middle-ware that implements an efficient agent platform and supports the development of multi-agent systems. Detailed architecture of JADE, its technological components together with its implementation that allows good runtime efficiency, software reuse, agent mobility and the realization of different agent architecture were discussed. An intelligent multi-agent based network management system was implemented using JADE agent platform. A multi-threaded prototype was designed using Visual Basic programming language for network monitoring and management. Other areas of network management such as fault, security and configuration management were beyond the scope of this research work.

1.6	RESEARCH METHODOLOGY
The search for literatures for this dissertation was performed mainly with reading existing project work, journal papers, proceeding of conferences, text books on agent technologies, and browsing the World Wide Web (www). Investigation on the existing platform for agent development and multi agent designed tools was done mainly on the websites of each platform on World Wide Web. However, the study draws on the theory, experimentation and findings of the various architectures that have been published. The overview of the proposed agent platform architecture was presented.


