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Abstract: - The development continuous growth of the routing protocols promises a flourishing future for the mobile systems. Nevertheless, routing protocols are always subject to evaluations and improvements. 

Mobility is one of the dominating characteristics of Mobile Ad hoc NETworks (ManET); the user has all freedom to move without any constraint. On the other hand, mobility influences the connectivity between the nodes and the packets routing. 

This paper studies the impact of mobility on the Ad hoc On-demand Distance Vector (AODV) routing protocol. AODV is an on demand protocol, it builds routes between nodes only as desired by source nodes. 
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1 Introduction and motivation 
The networks technology has evolved, opening new horizons thanks to the appearance of wireless technology. The wireless environment allows to the users a flexible mobility and does not pose any restriction on their localisation. This mobility as well as the wireless mode of communication generates new characteristics that are specific to this environment, like the frequent disconnection, the communication flow and the limited energy sources. On the other hand, it offers a great flexibility of employment. Its challenge today is to offer the same services, in terms of reliability, speed and performance, as those of the telegraphic networks. A great interest is granted to the development of effective and reliable [1] routing protocols and despite all the agreed efforts, they remain on the way of evaluation and improvement. 

We present in this paper a study on the AODV protocol evaluation while being interested in the effects of the mobility on its reliability and the load of the network induced by the control packets. Reliability is measured by the ratio between the number of received packets and the number of transmitted packets. This study showed that in the average of 85% of the cases the packets are correctly conveyed.  

Because of the frequent disconnection due to the mobile displacement, the AODV protocol generates control packets, thus imposing an additional load on the network. 

The remainder of this paper is organised as follows: section 2 presents the AODV protocol, section 3 shows its implementation under Network Simulator. We present the simulation process in section 4, followed up by the analysis of the results in section 5. We then deduce our conclusion. 

2 Ad hoc On-demand Distance Vector (AODV) Routing Protocol 

AODV is an acquisition system on a pure request. It belongs to reactive protocols, which create and maintain the needed route, contrary to the proactive protocols which establish the routes in advance using the periodic exchange of the routing tables [2]. 

A comparative study [3] showed that the proactive protocols react well in a stable environment, where mobility is low and connectivity is high. Not adapted to the frequent changes of topology, the proactive protocols are known as not adaptive. On demand protocols use energy in a rational way to safeguard the routes by creating them and by maintaining them according to the needs, that enables them to adapt more easily to mobility. This study [3] also showed that the data transfer times in the proactive protocols are lower than those of the reactive protocols, since the routing tables are built and maintained in a permanent way, thus eliminating the route discovery time. But it was also proven that this small time does not have great incidence on the routing. Nevertheless, it was shown that there are no best protocols between proactive and reactive schemes [3, 4, 5]. Each one behaves well in certain cases and less better in others, with the result that the choice of the protocol will always depend on the network characteristics. 

AODV [6, 7, 8] allows a dynamic routing, multihop and self-starting between the involved nodes that want to establish a Mobile Ad hoc NETwork. 

Its principal characteristic is the use of a Sequence Number (SN) for each route entry. That makes it possible to guarantee routing information consistency  (stability) and the use of the freshest routes. It is capable of unicast and multicast routing and uses various types of messages: route REQuest (RREQ), route REPlay  (RREP), route error (RERR) as well as the "HELLO” messages in order to maintain connectivity between the network nodes. Four Operations characterise AODV: 

· AODV packets (RREQ, RREP) are initiated and generated for communication between the nodes. 

· messages are processed at the time of their reception and are broadcasted towards other nodes. 

· local connectivity Maintained by using the “Hello” messages. 

· if a link is broken or the error message (RERR) is received, the local reparation is initiated. 

Its operation is based on two mechanisms: the route discovery and the route maintaining. The route discovery is on demand and is based on the principle of sending requests (Route Request / Route Reply). To maintain the routes, AODV sends the “Hello” message periodically between the neighbours. If a node does not receive this message at the end of "Hello Interval" from a neighbour, the link between them is declared failing. In this paper one limits to the unicast exchange of messages. 

The mobility and the number of connections (a number of active links) influence the routing protocols. Through our study, by using these two parameters (mobility, number of connections) one realises that protocol AODV allows in average the packets routing in 85% of the cases. This study was carried out with the Network Simulator [9, 10]. 

3 Implementation of AODV protocol under Network Simulator

The diagram of Fig.1 shows the implementation of AODV under Network Simulator: 

· AODV: is the TCL (Tool Communication and Language) script which starts the AODV routing agent and creates all the mobile nodes    

· AODV_Agent: is the main module, which implements all the processes on the AODV 

        packets and the timers. 

· AODV_Packet: allows defining various formats and headings for AODV packets.  

· AODV_parameters: defines the parameters of configuration and their initial values    

· AODV_Rtable: defines the routing table used by AODV to manage the routes discoveries and their maintaining. 

· AODV_File: defines the queuing packets functions such as addition, removal and extraction. 

4 Simulation process 

We will be interested in this paper in two parameters, which determine the degree of reliability: the data packets reception fraction and the number of control packets according to the speed mobility variation of the nodes and the number of connections. 

The first parameter measures the relationship between the number of packets received by one or more destinations and the number of data sent by one or more sources.

The second measures the number of control packets generated by the protocol for one or more communications. 
Initially, the number of connections was kept constant and we varied the displacement rate, in second place, we fixed the displacement rate and we varied the number of connections, to measure: 

· a number of packets received on a number of packets transmitted (what we called the packets reception fraction), 

· the number of generated control packets. 

5 Results analysis 

With the variation the mobility speed between 0 and 10 m/s and a number of connections equal to 1, we obtained two figures Fig.2 and Fig.3 for respectively, the variation of the data reception fraction and the variation of the generated control packets. 

According to Fig.2, one notes that the variation of the packets fraction remains relatively stable, it is in average of 85%. This means that the protocol reacts to the disconnection due to the nodes mobility. This reaction minimises the data loss and thus increases the network reliability. 

Fig.3 shows that the number of control packets increases with the displacement rate increase. The frequent disconnection caused by the nodes mobility explains this. The increase of the displacement speed implies an increase in the failing routes, thus an increase in the number of error packets and routes discoveries. 

Keeping the displacement speed at 40 m/s and varying the number of connections from 2 to 9 we obtain the results presented in Fig.4 and Fig.5. 

From the Fig.4, we note that the variation of the reception fraction is stable, it is in the interval 95-98%. It indicates that the loss of data is minimal in spite of the great number of connections.
As shown in the Fig.5, the Increase in the number of generated packets is explained by the growth of the number of routes to be discovered, is responsive to changes, is scalable and ensures loop free routing.

6 Conclusion 
AODV is a reactive routing protocol, it tries to find correct and effective active routes and while trying to adapt as much as possible to the ManET network constraints. It avoids the routing loops and counting-to-infinity problem. 

The study we undertook on AODV protocol enabled us to conclude that it offers an acceptable reliability compared to the Ad hoc networks constraining characteristics; it ensures good packets routing in 85% of the cases. We can also conclude that the number of connections is a less constraining parameter for network reliability and network load than the mobility parameter. 

To show the network groups concept contribution on the protocol performances, we plan the AODV multicast operations implementation. It would be interesting thereafter to study the influence of the time of pause between a node’s displacements as well as the number of mobile nodes, on the AODV protocol performance.
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Fig.1 Description of the AODV implementation under Network Simulator
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Fig.2 Variation of the packets reception fraction versus speed
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Fig. 3 Variation of the control packets versus speed.
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Fig.4 Variation of the packets reception fraction compared to the number of connections
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Fig.5 Variation of control packets compared to the number of connections
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