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ABSTRACT: A Peer-To-Peer (P2P) is a new technological system. It embodies a set of devolved distributed Network nodes
that are able to share resources without any central supervision. The IP-phone as one distinguished application as well as
divided computing and others have taken up the P2P into their base communication systems.

One of the most genuine roles of the P2P is the resources location. This latter however, is difficult to attain due to the P2P
intrinsic nature, i.e. dynamic reconfiguration of the network.With a particular focus on the importance of the concept of the
resource discovery, this article will endeavour to describe and put under the spotlight our proposal which is about a smart
based architecture which is concerned with the linkage of paradigm mobile agent and semantic web while ensuring the
resource location in a context of pure P2P system.

Keywords: P2P, Mobile Agent, Resource Location, Semantic Web

Received: 12 November 2011, Revised 8 December 2011, Accepted 14 December 2011

1. Introduction

A Peer-To-Peer (P2P) is a new technological system. It embodies a number of devolved distributed Network nodes that are able
to share resources without any central supervision [1][8].

A P2P system includes a cover network where the nodes can interact and share resources with one another. Here, ‘resources’
mean the different services that are provided by the network nodes. One important issue that can be considered in P2P system
is the location of resources [2]. It is the hardest mechanisms to implement. Napster’s solution was to use a central server that
provides indexing service. But, this server may be the most unsecured point for a simple failure paralyzes the whole network.
Therefore, P2P systems without any central server (pure P2P) are the area of active research in current P2P system developments
[8]. We have proposed and implemented an efficient resource location method based on a multiple-agent and web semantic in
a pure P2P system.

In this paper, we attempted to review the different experiences with a multi-agent system with an improved resource location
mechanism. In order to optimize the behavior of cooperating multiple agents, we mix web semantic which assists mobile agents
to migrate toward relatively resource nodes. Quasi-optimally guided migrating multiple agents are expected to find desired
resources effectively while reducing communication traffic in the network.

The main recent P2P applications use message flooding for resource discovery. This Message flooding helps to develop rapidly
the quantity of messages in the network.

Because of network’s nodes increase, saturation will easily be resulted. Hence, we may say that message flooding creates a
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problem with scalability.

This chapter will be as follows: the second section describes the background. The third section defines the motivation of using
Mobile Agents in Peer-to-Peer Systems. The fourth section is concerned with the Related Work. The fifth section summarizes
our proposal intelligent framework. The sixth section demonstrates implementation and the results of numerical experiments.
Finally, the seventh section discusses future work and conclusions.

2. Background

2.1 Peer-to-peer networks
Peer-to-peer networks are one of the very popular in the field of internetworking. In p2p-networks, the peers (hosts) act as client
and server [1],[7]. Milojicic et Al.[2],lists some characteristics for p2p-system. These are:

• Decentralization.

• Scalability.

• Anonymity.

• Self-Organization.

• Cost of Ownership.

• Ad-Hoc connectivity.

• Performance.

• Security.

• Transparency and Usability.

• Fault Resilience.

• Interoperability.

Decentralization, Scalability and Ad-Hoc connectivity are the most important of these. Thus, there is no need for central
management, which in traditional client-server model is done by servers. The different P2P model are :

• The centralized model: It is based on a central server that holds all knowledge. Clients send their requests to the server that will
reply a list of resources and hosting customers. There after clients communicate with each other directly.

• The hybrid model: The control information which is substituted through the server while the flow of data is exchanged peer to
peer. The server acts as Monitoring Officer. Its role is dependent on infrastructure. As an example of Kazaa, the role of the server
is the discovery and location of resources. In this model, some servers are offered for e.g. locating the resources.

• The pure model: In this type of model, there is no server. The fact that a peer leaves the network does not affect the proper
running of the system. One of the systems using this type’s architecture comprises systems based on distributed hash table
such as Chord [3], CAN [2].

2.2 The semantic web
Semantic web is an evolving collection of knowledge that allow anyone on the internet to add their knowledge and find answers
to their queries [13],[15]. One of the important function of the semantic web is the definition of links between web resources in
order to simplify their use, discovery, integration and reuse in many applications. Thus, it ensures access to these resources
through semantic descriptions usable and understandable by machines in order to resolve semantics conflict appearing [16],[17].
The description is made by an ontology that is defined as shared conceptualization of the domain knowledge [12],[14]. In other
words, ontology is intended to solve the problem of lack of expressiveness, completeness and consistency of WSDL descriptions
(“web services description language,” UDDI, “universal description, discovery and integration”).

2.3 Mobile agents
Mobile agents can be defined as programs that can migrate from host to another (Figure 1). The program has multiple functions:
it can save its state, “jump” to another host, and continue the processing in the new location. Mobile agents are also capable of
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multiplication or cloning themselves. The production of new agents by duplication, cloning or by creating totally new agents is
also one of its function [9],[10].

With mobile agents, one can describe a job for the agent to manage. These occupations could be for example: to find the
cheapest item in an e-commerce network, or to find the possibilities of flights for a vacation. A person could configure a mobile
agent to perform this kind of task, launch it from a home machine, and wait for the agent to return with the information.

It should be noted that the use of mobile agents adds more benefits to the use of networks. As mobile agents can be programmed
to perform certain tasks, the functionality of them can also be programmed in advance. This could mean for example for mobile
agents the ability to act differently in different kinds of networks.

• Reddy lists some applications for mobile agents:

• Parallel computing

• Data collection

• E-commerce

• Mobile computing

In equivalent to computing, mobile agents could locate hosts with enough resources, do the computing, and return home with
data. For data collection, mobile agent could travel through the network and collect data that the user had it configured to search
for. In the field of e-commerce, mobile agents could trace the most suitable item for the user. With mobile computing, mobile
agents could help the host to save battery and band width.

But as always, there are also drawbacks for mobile agents. Probably the biggest problem with them is the security. When agents
travel the network, there is a big possibility for malicious hosts attacking them before the agent returns home.

Figure 1. The mobile agent migration [21]

3. Motivation of Using Mobile Agents in P2p Systems

The reason of using mobile agents in peer-to-peer networks comes from the following aspects [4],[5],[9],[10],[11]:

First, mobile agents reduce the need for bandwidth. Very often peers establish a communication channel between them all by
using a distributed protocol. Then perform multiple connections over this channel. Each of these interactions generates network
traffic. Mobile agents permit these interactions to be packaged together, and sent as a discrete piece of network traffic. This later
then lets all the interactions to take place locally. Mobile agents also enclose in all the required data within themselves.
Therefore when a mobile agent arrives on a computer it does not need to communicate with any other computers because it has
all its data with it. In a customary search protocol, all the raw data travels over the network to be processed, even though only
a subset of this data may be needed. In this scenario, the network traffic is reduced by mobile agents all by moving the
processing to the raw data rather then moving the raw data to the processing. Finally, mobile agents can be very small sized, but
can grow dynamically as they need to accommodate more data.

Second, mobile agents are asynchronous. Hence, when a mobile agent is posted there is no need to wait for it to return. Indeed,
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while the mobile agents are out, the original peer does not even need to remain connected to the network. The mobile agents can
wait until the original peer is back on the network before trying to return to it.

Third, mobile agents are autonomous. This chiefly suits peer-to-peer networks, because the mobile agent is learning about the
network as it progresses through it. The mobile agent will visit peers that were unknown when it was originally dispatched. At
each peer it can make decisions based on its history of visited peers and the current peer.

Fourth, information is being broadcasted at every peer that the mobile agent visits. Every peer benefits from accepting a visiting
mobile agent, because the mobile agent will have either new or more recent information about resources. Also, every mobile
agent benefits from visiting a peer since it will learn of either new or updated resources. In case mobile agents do not contain any
new information they may be destroyed. Accepting and hosting mobile agents’ needs the use of physical resources, such as
memory and computer cycles. In case of the availability of more physical resources, it is easy for the peer to refuse further
requests to accept mobile agents. There it becomes critically limited.

Fifth, mobile agents may easily be duplicated and dispatched in different directions. This allows them to function in parallel.
Although this causes more mobile agents to be active on the network, it does ensure that the network resource discovery is
completed sooner, and therefore the mobile agents spend less time on the network.

Sixth, a mobile agent based solution is very fault accepting. Even if some of the mobile agents are destroyed, all surviving ones
will have a positive influence. Certainly, the destroyed mobile agents will have benefited every peer up to the point where they
were destroyed. Finally, a mobile agent based solution can be combined with successful features from other peer-to-peer based
systems to deliver an improved final solution.

4. Related Works

Flooding and distributed hash tables (DHT) are the most common techniques for p2p resource discovery comprise query.
Flooding a resource query over all the nodes of the network is the simplest and most commonly used technique in commercial
P2P networks. However, query flooding produces considerable network traffic by blindly advancing the query across the
network. A controlled query flooding has been proposed by some researchers. They used rumor mongering protocols,
Improvements to query flooding Include strategic placement of resource availability and enable rapid lookup [6][7][8].

However, DHT-s need extra overhead in the form of updates to local hash tables within a node when nodes and resources join
or leave the network and forwarding the updates to neighbor nodes.

Some DHT based techniques employ clever routing algorithms and strategic selection of the update set among the neighbors
nodes, to improve resource discovery. Other enhancements to traditional P2P resource discovery techniques contain super-
peer networks, and text based content ranking [6][7][8].

However, query flooding and DHT based techniques do not include the information obtained from previous resource queries for
future searches. It rather focuses on resource management.

Dasgupta [18] presents a mobile agent based method for discovering resources in a network. Dasgupta uses both, stationary
and mobile agents. The agents in Dasguptas method are:

• Task agents (stationary)
• Reconnaissance agents (mobile)
• Search agents (mobile)
• Download agents (mobile or stationary)
• Information agents (stationary)
• Interface agents (stationary)
• Security agents

The most stimulating agents for this paper are reconnaissance, search and download agents. The procedure for determining and
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downloading a resource from network is conducted by following method: Task agent sends reconnaissance agents to all of the
neighbor peers of the task agent.

The task for these agents is to discover the convenience of the resources including for example network connectivity and
computational capabilities of that node. After taking all the necessary information, reconnaissance agent visits all the neighbor
peers of the peer. When reconnaissance agent has visited a limited number (which is decided when launching the agent) of
nodes, it returns to home and tells the task agent the addresses and other information obtained from hosts it had visited.

Second, when we want to find a resource (file etc.) a search agent is created by the task ones with an itinerary that consists of
nodes reconnaissance agent that had visited. On each of the visited hosts, search agent saves all pertinent information in case
of finding the resource needed on the host. After visiting all the hosts on the itinerary, the agent returns home and tells the task
agent about the information.

Finally, the task agent decides from what peer the resource is going to be fetched, and creates a download agent. Its main job is
to download thee resource. Download agent attempts to open a connection without going mobile, but if this is not feasible, it
travels to the peer and negotiates the method to be used for downloading.

Another method for discovery is described by Dunne [11] using mobile agents. In this method, mobile agents are also launched
from home host to the network to find the resources. But the agents are also able to clone themselves and thus being able to
search more efficiently from larger network. More reliability is attained by reproducing more agents, as one or more of the agents
can be destroyed while others still trying to locate the resources. These methods for locating resources in the network can also
be applied if the resource to be searched is not a file. For example; the search for computational power for distributed computing
could be done by mobile agents.

5. Proposal

We have proposed an intelligent Framework for resource discovery in a pure P2P system based on a multiple agents and web
semantic, called i-PRL (intelligent P2P Resource Location) (Figure 2). By linking these two technologies provides access to
resources through using semantic descriptions usable and understandable by the agents to solve all the semantic conflicts
occurring. The shared conceptualization of knowledge domain is based on ontology that assists mobile agents to migrate
toward relatively resource and optimize the cooperation between them.

Our i-PRL framework is composed of five layers:

Layer 5: Interface and access Module: represents the interface of interaction between system and user. This layer is characterized
by wide accessibility.

Layer 4: communication module: represent the interaction between interface and Location module. To accomplish his
functionality this layer uses the interface agent.

Layer 3: Location module: It represents the Smart part of the system (i-PRL). It consists of several agents working in cooperation
and coordination where skills and knowledge are distributed to ensure resource location. Agents acting in this layer are: 

• Interface Agent (IA): is an interface for interaction between the system and the user. Several tasks are assigned: IA recovers
a request made by the user; it processes this query to extract the necessary elements to direct them to Management Agent (MA),
and presents the results to the user (returned from Management Agent (MA).

• Management Agent (MA): Each node has a static Management agent (MA) that manages resource information. MA also
interacts with Interface Mobile agent, Local Information Agent and Search Agent.MA receives the request from interface agent
(IA), creates a mobile search agent (SA), returns the results found by SA to IA and updates MA by new information. 

• Search Agent (SA): Upon accepting a user query, the Management agent creates a mobile search agent (SA) and dispatches
it. First it interacts with Local Information Agent for seeing witch peer have a resource wanted. Local Dispatched SA travels
through the network to find the requested resources. it returns the results found to management agent (MA). 

• Local Information Agent (LIA): Each node has Local Information agent (LIA) that manage all the information about a peer. An
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LIA has a table that contains the IP addresses of neighbors and other information like port number, resource name, resource
type, (Figure 3).

Figure 2. Intelligent P2P Resource Location (i-PRL)

      IP     Port    Resource       Resource              Neighbor
address   number       Name               Type    Node Address

LIA

Figure 3. Local Information Agent (LIA)

The steps of the intelligent Resource discovery algorithm for the location module are as follows:

• The interface agent (IA) obtains the query from the user thought a GUI containing information and directs them to management
agent (MA).

• The management agent (MA) interacts with local information agent (LIA) if the resource exists locally, it return the information
directly otherwise it create a search agent and dispatches it by providing it with a search boundary. The boundary of the
research is designed to give the maximum number of peers the search agent should consult before giving up the search if the
resource is not located.

• The Search agent (SA) interacts with Local Information Agent (LIA) for seeing witch peer have a resource wanted. Local
Dispatched SA travels through the network to find the requested resources and visits each node on its itinerary and interacts
with each local information agent. It returns the results found to management agent.

• The management agent (MA) returns a result to the interface agent (IA) and updates the local information agent (LIA) by the
new information.

Layer 2: ontology Semantic Web module
Our use of the semantic web is characterized by the use of an ontology that represents the vocabulary that describes the
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universal discourse of our system. Then agents share the vocabulary to ensure good communication and flexibility. Semantic
relationships built knowledge bases of agents and make them more understandable and uniform the interpretation of data. The
use of Semantic Web in our system takes advantage of a platform facilitating the integration of heterogeneous information
sources and allows agents to have a shared vision of knowledge.

Layer 1: the Peer: represents the lowest level of the system, it contains all the participating peer in the system. (They can make
data available to users for a search and download).

6. Implementation

We have implemented our Smart framework i-PRL by using JADE plate form on eclipse, and Protégé platform. The System code
is divided into two parts (Figure 4).

Figure 4. Package of i-PRL

JADE (Java Agent Development Framework) is a software framework fully implemented in Java language, It simplifies the
implementation of multi-agent systems through a middle-ware that complies with the FIPA specifications and through a set of
graphical tools that supports the debugging and deployment phases. The agent platform can be distributed across machines
(which not even need to share the same OS) and the configuration can be controlled via a remote GUI. [19].

We have implemented our OWL ontology by Protégé platform. Protégé is a free open source ontology editor and knowledge-
base framework. The protégé platform support two main ways of modeling ontologies via the protégé-Frames and Protégé-OWL
editors. It enables users to build ontologies for the Semantic Web, in particular in the W3C’s Web Ontology Language (OWL)[20].

By comparing our approach with flooding method, the numerical experiments through simulation have shown a significant
reduction of generated messages (Figure 5), also it was seen a good cooperation and communication between agents by using
the sniffer of jade,.

Figure 5. Comparison between Flooding method and i-PRL Framework
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7. Conclusion

One important issue that can be considered in P2P system is the location of resources. This work is the first step in our research
on agent enabled P2P systems. We have reached our contribution to the resource discovery system called i-PRL (intelligent P2P
resource location) while combining the technology of Multi-Agent Systems and semantic web and exploiting their advantages.
The first experiments put into evidence a significant reduction of generated messages and good cooperation between agents,
In the next step, we will attempt to measure the performance of our system. Nevertheless, the use of semantic web with the agent
is very useful in order to reduce communication traffics and to raise cooperation and search flexibility. The future is being
considered to secure our system against malicious peer and prompt reliability.
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