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ABSTRACT

A MANET is an autonomous collection of mobile users that communicate over relatively bandwidth
constrained wireless links. When designing mobile ad hoc networks, several interesting and difficult
problems arise because of the shared nature of the wireless medium, limited transmission power (range) of
wireless devices, node mobility, and battery limitations.

This paper aims at providing a new schema to improve Dynamic Source Routing (DSR) Protocol. The aim
behind the proposed enhancement is to find the best route in acceptable time limit without having
broadcast storm. Moreover, O-DSR enables network not only to overcome congestion but also maximize
the lifetime of mobile nodes. Some simulations results show that the Route Request (RREQ) and the Control
Packet Overhead decrease by 15% when O-DSR is used, consequently. Also the global energy consumption
in O-DSR is lower until to 60 % , which leads to a long lifetime of the network.
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1. INTRODUCTION

Mobile Ad hoc Network (MANET), is a set of autonomous mobile units forming a temporary
network without any fixed infrastructure [13, 20].

To stay connected, each entity plays the role of a router and partly share the responsibility of
routing data [16, 18].

This handling decrease the life time of networks and causes a RREQ and Control Packet
Overhead. Following this, the goal of our work is to improve the behaviour of DSR by using a
robust algorithm which optimizes the operation of data dissemination.

To put it differently, the zone containing destination must be focused before starting the
mechanism of route discovery. This proactive step reduces the broadcasting overhead.
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In the suggested diagram the aim is to overcome broadcast storm by establishing in each branch
of the network one list containing the nodes that form this branch in order to identify the search
area. In this way and with a simple test, we will eliminate the branches which do not contain the
destination and the broadcasting of RREQ will be restricted only to remaining areas.

The main advantage of this approach is to reduce the network congestion by minimizing the
number of RREQ packets.

The rest of this paper is divided into five sections. Section 2 gives a brief description of the ad-
hoc routing protocol, specially DSR, section 3 presents the related work, Section 4 describes our
DSR optimization. Section 5 elaborates on the simulation setup and the experiment result. Section
6 concludes the paper.

2. AD-HOC ROUTING PROTOCOLS

Several routing protocols have been developed for ad hoc mobile networks [10, 7]. In these
networks there is no fixed topology due to the mobility of nodes, interference, multipath
propagation and path loss. Hence a dynamic routing protocol is needed for these networks to
function properly. Many Routing protocols have been developed for accomplishing this task [14].

A classification of the most important routing protocol is presented in figure 1.
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Figure 1. Categorization of ad-hoc routing protocol

The DSR protocol has increased traffic overhead, so why it is applicable to a relatively small
amount of nodes. Otherwise, managing big network deal with quick congestion and reduce the
life time of network [8]. Based on those shortages, we will try to enhance the quality of results
given by this protocol.

3. DSR ROUTING PROTOCOL

The Dynamic Source Routing (DSR) is a reactive unicast routing protocol that makes use of
source routing algorithm, where each data packet contains complete routing information to reach
its dissemination [4, 9].

The DSR protocol is composed of two mechanisms that work together to allow the discovery and
maintenance of source routes in the ad hoc network (eg. figure 2):

- Route Discovery is the mechanism by which a node S wishing to send a packet to a
destination node D obtains a source route to D. Route Discovery is used only when S
attempts to send a packet to D and does not already know the route to D.
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Route Maintenance is the mechanism by which node S is able to detect while using a source
route to D. If the network topology has changed, this means that it can no longer use its route
to D because the link along the route no longer works. When Route Maintenance indicates
that the source route is broken, S can use any other route that knows the route to D, or invoke
Route Discovery again to find a new one. Route maintenance is used only when S is actually
sending packets to D [3].
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Figure 2. Discovery and maintenance of routes in DSR

Several optimizations to this basic protocol have been proposed and have been evaluated to be
very effective by the authors of the protocol. Some of them are:

a)

b)

¢

Data Salvaging — If an intermediate node encounters a broken link and has an alternate route
to the destination in its cache, it can try to salvage the packet by sending it via the route from
its cache.

Gratuitous Replies — When a node overhears a packet not addressed to itself, it checks to see
if the packet could be routed via itself to gain a shorter route. If so, the node sends a
gratuitous reply to the source of the route with this new better route.

Route Snooping — A node that overhears a data packet and does not have the route
indicated in the packet's header in its own cache, adds the route to its cache for future use
[24].

4. RELATED WORK

In [11] three power-oriented routing protocols based on the DSR protocol were developed, the
protocols were respectively: MDR, LEAR and EDDSR.

Minimum Drain Report (MDR): This protocol offers minimum drain rate as a new metric to use
in conjunction with the remaining battery capacity to predict life time of nodes according to the
current traffic conditions [5], but it does not guarantee that the total transmission energy is
minimized over a chosen route.
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Local Energy-Aware Routing (LEAR): This enhancement aims to balance energy consumption
with shortest routing delays, takes into account a node“s willingness to participate in the routing
path which is based on its remaining battery power. Furthermore the destination does not wait to
reply which is the source of efficient use of route cache [21]

Energy Dependent mechanism (DSR EDDSR): 1t tries to avoid the use of a low power node
battery, using information related to the residual energy in the route discovery, whereas each node
determines its willingness to participate in routing packets based on its energy level. However,
considering the latter as single factor may not be sufficient in all cases, because it provides no
link availability among nodes of a higher energy.

Selected routes in this case can then be exposed to more failures of links that consume more
energy to turn during the process of maintenance of roads [12, 27].

In [15] a new GSM-DSR (Generalized Salvaging Mechanism for DSR) was proposed, these
optimizations are subdivided in two components and consist in generalizing the data packets
salvaging technique of DSR. On the other hand, the second contribution aims at reinforcing the
salvaging optimization, by providing it with a reliable support. In [26], A Novel Optimization of
Route Discovery in Dynamic Source Routing (DSR) Protocol for MANET was proposed. The
optimization aims to minimize the number of cached route replies (RREP), which is a significant
source of overhead for the dynamic source routing (DSR) protocol [1].

5. O-DSR: OPTIMIZED DSR ROUTING PROTOCOL
5.1. Contribution

In this section we explain the enhancement attached to DSR protocol in order to get the best route
and to deliver data from source to destination in the intended deadline without having
broadcasting storm. In contrast to the process of route selection in the DSR protocol which selects
the shortest route to the destination using automatically route discovery and route maintenance,
for example if in an average each node has x neighbours and there are y hops from source to
destination and R is the total number of RREQ packets then basic DSR

requires, R = x*y RREQ packets to be broadcasted [22].

To overcome this broadcasting storm our approach defines the forwarding zone containing
destination as the first step in order to reduce the RREQ and packet control overhead. Our
extension contains two phases.

Phasel: Lists Construction:

Algorithm of List construction:

- S==size of the network. (number of nodes)

- N:node
- Li: listi
- Nbn(Ni): Number of neighbours of node Ni
. ==
Forj=1tos
{
Li={ }
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If( Nbn(Ni)==1)
repeat
I ==1i+1 N=neighbour
of Ni
Ni sends msg to N, Li=Li U {Ni} Until
(Nbn(Ni)>2))
}

Phase2: Update of lists:

Causes of network mobility, an update procedure must be applicated when any node from any
list Li establishes or releases a connection. This update phase can be explained as follows: If
neighbour number of the node Ni from list Li changes, then this node sends an alert message to
their neighbours. The node receiving this alert must delete any list containing Ni and passes the
same order to its neighbours (eg, Figure 3)
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Figure 3. List Update
5.2. Validation

* For each node Ni of the network, if it has only one neighbour (1, 8), this node will be
the head of a new list Li and Li=Li U Ni (L1= {8}, L2= {1}) (e.g., Figure 4)
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Figure 4. Lists Construction
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This list will be extended from one node to another when the number of neighbours of the
new node is <3,
L1 will be {8,9} and L2 will be {1,2,3}(eg, Figure 5)
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Figure 5. List Extension

Example

When node 4 wants to communicate with nodel, the broadcasting starts with a small test as
follows:

If nodel € L2, then data will be oriented directly using L2 as the best and unique route.
Else {

- All nodes within L2 will be eliminated from broadcasting.

- RREQ will be sent to node 5 and node7

- In node 6: If node 1 & L1, then L1 will be the route to transmit data.

}

Based on DSR protocol, we propose a new technique that considers the forked part of the network
as a cluster. So the broadcasting will be focused on one part instead of treating the entire network.

Using this technique RREQ will be confined in a small part of network and the broadcasting can
be significantly reduced.

Our solution is also able to find the best path between sources and destinations in a short time and
to reduce the activities of many nodes to save energy and storage memory. When broadcasting
decreases, we will obtain low collision and the performance of network will rise. (eg, Figure 6)

a- Using DSR

—» Data » RREP

“__» RREQ ~e_-v Colliion
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Figure 6. Comparison of data broadcasting from node 4 to node 1

5.3. Simulation

All the simulations were performed with network simulator NS2 [25]. The results obtained after
our enhancement are compared with the reactive routing protocol DSR. The performances of O-
DSR are elevated in the measurement of the four well known metrics: RREQ Overhead, Control
Packet Overhead, Packet Delivery Fraction and Consumed Energy per Packet [19, 17, 6]

5.3.1. RREQ Overhead (RRO)

The total number of routing request packets transmitted during the simulation, each transmission
of the packet (each hop) counts as one transmission.
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Figure 7. RREQ Overhead: O-DSR vs DSR protocol

It is clear in figure 7 that the RREQ overhead value in our solution is lower than DSR routing
protocol in all experiments. This reduction is the consequence of improvement given in the
mechanism of Route Discovery, since in many times the route from Source(S) to Destination (D)
may exist in advance and in this case no RREQ is sent.

For example with a density of 30 nodes, the improvement is (45-35)/45 = 10%. This improvement
decreases with a network of 90 nodes and will be equal to ((74-67)/74 = 9.5%.
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5.3.2. Control Packet Overhead (CPO)

The total number of control packets transmitted during the simulation.
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Figure 8. Control Packet Overhead: O-DSR vs DSR protocol

The proposed solution can find the destination effectively and speedily compared with DSR
protocol, therefore, it is imperative that the packet control overhead decreases because of the use
of less RREQ number .

For instance, for a network of 30 nodes as density, the improvement in control packet overhead is
(35-30)/100=5%.

5.3.3. Packet Delivery Fraction (PDF)

The ratio of data packets well received by destination nodes to that generated by source nodes.
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Figure 9. Packet Delivery Fraction

With O-DSR and during the research of the best way from source to destination we don®t treat the
totality of the network but we seek in a present zone in advance, therefore the number of message
circulating in the network is much lower than DSR which is characterized by a high congestion
queues communication interfaces. For this reason the PDF of O-DSR was always better we also
note that with the increase of the density of the network, the PDF of both protocols decreases.
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5.3.4. Consumed Energy per Packet (CEP)

The ratio of global consumed energy to the number of data packets received.
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Figure 10. Consumed Energy per Packet

With the increase of the density of the network we note a remarkable rise of the number of the
exchanged packets. Thus the risk of the interferences increases what justifies the increase of the
CEP for both protocols.

For all the conditions of density, the CEP of O-DSR was inferior to that of the DSR because O-
DSR always generates less of overhead than DSR and the nodes activities is less. By
consequence, the global energy consumption in O-DSR remains lower and the network lifetime
will increase. Finally, we can conclude that O-DSR clearly improves DSR by reducing the
number of exchanged request for discovering route and for control. This improvement has a direct
effect on reducing the consumed energy for routing.

6. CONCLUSIONS

DSR is a widely used routing protocol for mobile ad hoc networks. But, it has a very low delivery
rates and poor performance in lightly loaded networks with high node mobility [2, 23]

The innovation in our solution is the division of the network into different parts in a very
simplified way, we divides the totality of the graph into different zones based on the branches of
this graph.

Before moving from one branch to another, a simple test will be done to turn effectively the
broadcasting of RREQ. So the network congestion status, the energy level and the survival time
of network become much better.
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