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Abstract

In mobile ad hoc networks (MANETSs)[1], a mobile station (MS) can communicate with nodes outside of its transmission range
by employing intermediate nodes as relays. To find a path to a specific destination node, the source node broadcasts route
request packets that are forwarded to all other nodes. A simple flooding scheme is employed in AODV [2], where every node
rebroadcasts these route request packets even if some of its neighbors have already broadcast the requests and thus the
rebroadcasts may reach no additional nodes. Appropriate use of a probabilistic method can reduce the number of
rebroadcasting; therefore reduce the chance of contention and collision among neighboring nodes. A good probabilistic
broadcast protocol can achieve higher throughput and lower energy consumption, without sacrificing reach ability or having
any significant degradation. In this paper, we propose a selfish node based approach.
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I. INTRODUCTION

We observed that all existing probabilistic protocols
introduce uncertainty in the decision making of MSs about
whether or not to do rebroadcast. As a result, the network
reach ability cannot be fully ascertained. Based on this
observation, in this paper we propose an improvement
over the totally blind probabilistic broadcasting approach
by using a scheme based on selfish nodes. We categorize
MSs into normal nodes and selfish nodes. Normal nodes
relay packets for other while selfish nodes do not. Thisis a
hierarchical approach where the relaying node set is the
set of normal nodes. Compared to other hierarchical
approaches, our approach incurs very little additional
computations and communications. Specifically, our
approach is based on a combination of gossiping [3] and a
dominating set. The main difference between our
approach and the dominating set approach is that we do
not need to calculate a minimal connected dominating set.
Instead, we classify nodes into two groups: normal nodes
or selfish nodes. Since we do not need to calculate a
minimal connected dominating set, we can reduce the
initial determination and update cost in terms of
computation and communication.

On the other hand, we use a gossiping-like
probabilistic approach to assign selfish nodes. As a result,
our approach exhibits simplicity of gossiping approach.

In this paper, we describe our selfish-node-based
approach and evaluate its performance through
simulation. We compare our approach with AODV in terms
of several metrics, including average number of

rebroadcasts, average number of packet collisions, end-
to-end delay, and throughput. Simulation results show that
our approach outperforms the AODV protocol in dense
networks and is comparable in other situations. In order to
reduce the number of rebroadcasts, we introduce the use
of selfish nodes. We categorize all the MSs in a MANET
into normal nodes and selfish nodes. Normal nodes
rebroadcast packet for other nodes while selfish nodes do
not. Selfish nodes, however, may generate data packets
and request the normal nodes to forward data for them.
The advantage of using selfish nodes is that the total
rebroadcast traffic may be reduced. The disadvantage is
that the network reach ability may be adversely affected if
all the nodes in any cut set of the MANET graph are
assigned to be selfish.

Clearly, a critical issue in our approach is how to
decide whether a MS should be selfish or not. We choose a
specified number of MSs as selfish nodes during the
network set up period. All selfish nodes remain selfish
during their lifetime. Our goal is to assign selfish node so
that the size of the normal node set is minimized while the
connectivity constraint of the resultant network is
probabilistically satisfied.

Il. CALCULATING SELFISH PROBABILITY

Letus assume that we set the MSs to be selfish or not
during the set up period according to a given percentage p.
The following section describes how to determine the
value of p so that the value is small but the resultant
network is highly probable to be connected. Let A be the
area of an ad hoc network, N be the number of MSsin the
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network, and R be the communication range. Let a be the
fraction of the whole network area a MS or a node can
cover.

aR" (1)

The average number of neighbors for any node

N, €aN be obtained by using the following formula:
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In [4], they used a counter to record the number of
reception of the same broadcasting message, if the
counter exceed a threshold before time expires, that
means that enough neighbors of current node already
rebroadcast the message and no need to rebroadcast it at
the current node. In [4] it is also shown that if the counter
threshold if choosing > 6, few rebroadcasts can be saved
in sparser networks. So, we believe that the number of 6
neighbors is important to get a network connected. To
ensure the network connection under the condition of the
existence of selfish nodes, the average number of
neighbors N,,.,,, should meet the following criteria:

(3)
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The existence of selfish node also leads to increased
data traffic. Therefore, we need to consider the data
amount as well when choose the value for parameter p.
Suppose there are m source destination connections, the
data rate is A data packets per second, and the total
simulation time is T . Assume that the route-unavailable-
probability is . Then the number of route request
messages can be obtained by

Niereo = TAB

(6)

While the total number of forwarded route request

messagesinAODV (N,,y,) is
N 4opr = NMEQ(N -1)
(7)

And the total number of forwarded route request
messages in our protocol (N, is

Ny = Nageo (PN -1)
(8)

The main purpose of this paper is to propose a novel
route discovery protocol and compare it with other
protocols using analytic method. For the comparison,
good put is a key performance metric. We calculate the
theoretical good put and make comparison in this section.

Assume that the data packet size is k bytes, and the
control packet size is N, bytes. Let N, be the total number
of forwarded route requests. In AODV, N, = N,,,l, while in
our protocol, N;= N,,,,. Assume the collision probability is.
P, A rough estimate of the theoretical good put G can be

ATk
AT N
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To increase good put G above a specific value, say,

o ATk . ~efollowing:
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P P (10)
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} kB
pP= N (11)

According to (5) and (11), we can obtain a range for p.
For example, for a MANET with range 2000m x 600m and
communication range 375m and 100 nodes, we have p=
0.17. If we have G, =0.8, =0.1, k=256, K | =32 and

$=0.01, we have p<0.81.

The choice of the value for selfish probability p is
importantin our approach. A higher probability value leads
to larger number of selfish nodes, and hence fewer
forwarded packets. Alower value means fewer selfish
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nodes and more forwarding packets. If the selfish
probability is too high, a broadcasting message may die
out quickly. If the selfish probability is too low, then there
may be little improvement over the original flooding
approaches. We use the formula (11) to set the selfish
probability p.

lll. PROTOCOL

We describe our protocol in this section. Our protocol
is straightforward given the formula for calculating selfish
probability p. Itis specified as follows:

1. During network set up period:

@ Given the parameters A, N, R, k, Kl, P; and, G,,
calculate the selfish probability range using the
formula (11);

@ Randomly choose the selfish probability p within the
range;

@ Determine if the current node should be selfish or not
based on the probability p.

2. Uponreceiving a route request packet after set up:
Ifthe current node is not selfish
Rebroadcast the packet
Else
Discard the packet
IV. PERFORMANCE EVALUATION

We evaluate the performance of the routing with
selfish nodes in this section. We compare our algorithm
with the AODV protocol. The metrics of the comparison
include average number of routing request rebroadcast,
average number of collisions, end-to-end delay, and
throughput and reach ability.

A Simulation Setup

We use the GloMoSim network simulator [5] (version
2.03) to evaluate our algorithm. We study the performance
of our algorithm and compare with the AODV [2] routing
protocol included in the GloMoSim package. The AODV
protocol uses simple flooding to broadcast routing
requests. Instead, our algorithm is based on selfish nodes.
We use two different settings of the predefined selfish
node probability: RSN (p=0.1) and RSN (p=0.2).

Table 1. Simulation Parameters
(Selfish node based approach)

Simulation NV alue
Parameter

Simulator GloMoSim (v2.03)

Network Range 2000m X 600m

Transmission Range 377m

Number of MSs 100

Bandwidth 2ZMbps

Traffic Type CBR (Constant Bit Rate)

Packet Rate 4 packets per second for

low traffic load and 8

packets per second for

high traffic load

256 bytes

2020s (1000s data traffic)

Packet Size
Simulation Time

In our simulation, we set up a 2000m X 600m area
with 100 MSs. The radio frequency at the physical layer is
2.4GHz of the ISM band. The raw network bandwidth is
2Mbps and the MAC layer protocol is IEEE 802.11 [6].
Other simulation parameters are shownin Table 1.

We use random waypoint as our mobility model.
Each node initially selects a random movement start time,
direction, speed and distance. The minimum speed is set
to 0 m/s and maximum speed is set to 10 m/s. Each node
chooses a random speed between the minimum speed
and the maximum speed values and starts the movement
until it reaches the distance. It then pauses for some time.
So the pause time can describe the dynamics of the
network. We vary the pause time in different scenario
settings, and study the performance of our algorithm and
AODV in these scenarios.

B. Analysis

The objective of this work is to present the
performance of the routing with selfish nodes (RSN), using
AODV as a reference. Our main idea is to reduce the
rebroadcasting number in route discovery phase,
therefore reduce the network traffic and decrease the
probability of channel contention and packet collision. As a
result, end-to-end delay can also be reduced and the
throughput can be improved. In our scheme, we set the
selfishness property of a MS during the network setup
period based on a given probability. And there is a small
chance that the route requests cannot reach the
destination in our algorithm. But, by choosing a lower
probability, we would have more normal nodes and the
route request fail should be decreased. The AODV
protocol, on the other hand, uses flooding in route
discovery phase. Therefore, all route requests will reach
their destinations if the network is not partitioned.
However, if we consider the contention and collision, the
redundant rebroadcast may reduce the chance for the
route request to reach the destination. Based on this
analysis, our algorithm should perform better than AODV
in dense networks with heavy traffic.
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C. Rebroadcasts

In AODV, a MS rebroadcasts all routing request
packets that are received for the first time. Therefore there
are N-1 rebroadcasts, where N is the total number of
nodes. In our algorithm, only normal nodes will do
rebroadcast, so the total number of rebroadcast is Np-1.
Next we compare the number of rebroadcasts in AODV
and in our algorithms (RSN) through simulation. Figure 1
and Fig 2 show that our algorithms can significantly reduce
the number of rebroadcasts for both low traffic load and
high traffic load. As shown in the figure, the saving is higher
when the trafficis heavier.

Using smaller selfish probability can reduce the
number of route request rebroadcasts. However, sending
too few route request rebroadcasts may result in request
dying out, whichincur another round of route request.

V. COLLISION

We measure the number of collisions for both AODV
and RSN at physical layer. Since data packets and control
packets share the same physical channel, the collision
probability is higher when there are a large number of
control packets. Fig 3 and Fig 4 show the average number
of collisions during the whole simulation period for low
trafficload and high traffic load.

Fig 1 The Number of Rebroadcasts vs. Mobility
(Low Traffi¢,L.oad)

0 -

Fig 2 The Number of Rebroadcasts vs. Mobility
(High Traffic Load)

In these figures, we can see that RSN has lower collision
compares toAODV.

VI. LATENCY (END-TO-END DELAY)

We measure end-to-end delay for the AODV and the
RSN. The number of total packets transmitted in the
channel has a significant impact on the latency. If the
number of packets is higher, then the number of

Fig 3 The Number of Packet Collisions vs. Mobility
(Low Traffic Load)

Fig 4 The Number of Packet Collisions vs. Mobility
(High Traffic Load)

collisions is also high, and in turn more retransmissions
are needed. As a result, fewer packets lead to lower
delays. Fig 5 and Fig 6 show the end-to-end delay for low
traffic load and high traffic load. As expected, our RSN
algorithm exhibits lower latency than the AODV.

In Fig 6, we compare end-to-end latency for different
mobility settings. The figure shows AODV incurs higher
latency. This is due to the fact that the too many redundant
rebroadcast cause the contention and collision problem
and many route requests failed to reach the destinations.
Thus another route request is required and the latency is
prolonged.
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Fig 6 Latency vs. Mobility (High Traffic Load)
VIl. THROUGHPUT

Throughput is an important metric that measures the
transmission ability of a network. It is defined as the
number of bits transmitted in a unit time. We compare the
throughput of AODV and RSN in this section. Fig 7 we
compare the network throughput for different mobility
setting. The Fig shows that RSN outperforms AODV when
high trafficload applies.
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Fig 7 Throughput vs. Mobility (High Traffic Load)
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Fig 8 The Reachability vs. Mobility (Low Traffic Load)
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Fig 9 The Reachability vs. Mobility (High Traffic Load)
VIIl. REACHABILITY

We measure the delivery rate of a broadcast
message for both AODV and RSN at physical layer. Figure
8 and Figure 9 respectively show the average reach ability
during the whole simulation period for low traffic load and
high traffic load. In figures, we can see that RSN has lower
collision compares toAODV.

IX. CONCLUSION

In this paper, we introduced a routing approach
based on selfish nodes for MANETs. Our approach
classifies MSs into selfish nodes and normal nodes.
Selfish nodes always refuse to relay packets for others
while normal nodes always relay packets. Simulation
results show that our approach outperforms the AODV
protocol in dense networks since the approach assigns
relatively low forwarding probability to selected nodes,
thus leading to fewer rebroadcasts.

This leads to an intuitive feeling that assigning
different forwarding probabilities to nodes, may lead to
smaller number of rebroadcasts.
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