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Abstract: Energy management of intermediate nodes in MANETs has been a difficult task. So many protocols
have been introduced to handle this critical situation and achieved success towards their goal by using various
efficient algorithms and implemented by several simulation procedures. The aim of this paper is to make use of
Baye’s Theorem as a statistical approach to choose an intermediate node which has sufficient energy in
MANETSs.

Keywords: MANETSs, protocols, intermediate nodes, Bayes theorem, energy level, statistical applications,
conditional probability.

l. INTRODUCTION

It is a known fact that the available energy in MANETS is very limited. Nodes need to maintain sufficient energy
levels to avoid link failures during transmissions[4][5][6]. To support this fundamental fact, many protocols such
as energy efficient AODV, energy conserved AODV protocols are introduced[1][2][3]. They proved their
efficiency in conserving energy of the entire network. But in this paper a straight forward statistical application to
maintain energy levels among all the possible existing intermediate nodes is discussed by using Bayes Theorem as
an alternate to calculate energy levels without using any simulations. A small MANET is considered to prove
Bayes theorem’s application in its transmissions. In this MANET, the total energy assumed is 75 joules, the
number of intermediate nodes in the network is 25, the size of data packet to be transferred is 25 bytes, the
frequency of data packets is constant and also assuming a very few link failures in the network. Since the energy
is 75 joules and number of nodes is 25, is node is supposed to get 3 joules of energy on an average. MANET can’t
get even a single extra joule of energy. It has to maintain on its own by making use of the available energy in the
network from time to time[6][7][8]. In general nodes lose some amount of energy during their transmission and all
nodes can’t have the same amount of energy[5]. By taking this point into consideration, all nodes can be
categorized into four different groups (an application).
1) Group 1 (G1) contains nodes that have minimum energy just >0 but <=1 joule.
2) Group 2 (G2) contains nodes that have energy levels just >1 joule but < 2 joules.
3) Group 3 (G3) contains nodes that have energy levels around 2 joules.
4) Group 4 (G4) contains nodes that have energy levels > 2 joules.
5) The set of all 25 intermediate nodes can be numbered as nl, n2, n..... n25. Assuming the following sets i.e.,

each Group has some nodes according to their energy levels and can be described as sets.

G1={nl,n2,n3, n4} (1.1)
G2 ={n5,n6,n7,n8,n9,n10,n11, n12} (1.2)
G3 ={nl13, n14, n15, n16,n17,n18,n19, n20, n21, n22}  (1.3)
G4 = {n23,n24, n25} (1.4)

1. BAYES THEOREM (FORECASTING by a STASTICAL APPROACH)
It is an excellent tool in probability and statistics that provides a vast number of applications to various fields
including in engineering domains[9][10]. It is based on two concepts i) conditional probability and ii) total
probability. It predicts an event on the basis of another event which already happened. Is also known as reverse
probability. According to Bayes Theorem[9][10], if there are events A, E1, E2, E3,...... En and assumed that event
A is already happened. Now predicting the probability of any of the events E1, E2, ....... En, can be obtained by
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P(E5/A) P(A)
P(A/ED) = —--ommmmmmmmmme e (1.5)
Yi=lton P(E5/A) P (A)
In the equation (1.5) numerator is conditional probability and denominator is total probability. This concept is
different from that of the general probability concept. General probability only predicts output of an event but
Bayes Theorem finds probability of en event only when another event is already happened[9]. It involve
conditional probability concepts. According to conditional probability, probability of an event A, if B is already
happened [10]isP (A/B)=P (A N B)/P (B) (1.6)

1. IMPLEMENTATION OF BAYES APPLICATION
In the hierarchical arrangement of layers, assuming that a node already transmitted a data packet to its higher level

node[5][7][8]. Assuming, the
probability of choosing a node from G1 i.e., P(hode/G1)=0.15 (1.7) the
probability of choosing a node from G2 i.e., P(node/G2)=0.20 (1.8) the
probability of choosing a node from G3 i.e., P(hode/G3)=0.30 (1.9) the
probability of choosing a node from G4 i.e.,, P(node/G4)=0.35 (2.0)
Since there are four groups, the probability of choosing any group is Ya

i,e., P(Gl)=P(G2)=P (G3)=P (G4) =% (2.1)
Since MANETSs are very conducing on their part, they are always greedy[7][6][4]. Thus they wish to utilize very
low energy levels to transmit any data packet to the next level node in order to save more energy for their future
transmissions[1][2][3]. Even though nodes from G4 are more energetic, but protocols always make them as
reserved energies and firstly try to use G1, if not possible then look for G2 and then look for G3. In emergency
they will use G4. This kind of calculations is needed for MANETS in order to concentrate on future transmissions
[6] [8]. If it is known that how much energy is used by a particular and very recent transmission, then the network
will come to know the remaining energy levels available[5][8].
Now assuming that a node transmitted a data packet in the MANET. Calculations in predicting energy levels of
nodes in MANETSs: case i) to know if the transmitted data packet is forwarded by any node of group G1, for
example by any node nl or n2 or n3 or n4, then the chances of transmission to receive the packet either from G1 or
G2orG3is: P (n2/G1l) P (G1)
P(Gl/node) = ---mmmmmmmmmmm oo (2.2)
> i=1to 3 P (any node from the group /G i) P (G i)
Now from equations (1.7), (1.8), (1.9), (2.0) and (2.1) and substituting these values in the equation (2.2), then
0.15* (%)
P (G1l/node) = ----mmmmmmmm oo e e (2.3)
0.15* (% )+ 0.20 * (1/4) + 0.30 (1/4)

P (G1/node) =0.0375/0.1625 =0.231 ~ 23 % i.e., there are 23 % chances that the data packet is from the group
G1. case ii) the same data packet if it comes from the group G2, then its chances from G2 can be :
0.20 * (%)

P(G2/node) = -----mmmmmmmmmmmm e e (2.4)

0.15* (¥ )+ 0.20 * (1/4) + 0.30 (1/4)
P (G2 /node)=0.05/0.1625=0.308 ~30.8% =~ 31 % i.e., there are 31 % chances that the data packet is from
the group G2. case iii) the same data packet if it comes from the group G3, then its chances from G3 can be : 0.30
* ()
P(G3/node) = -----mmmmmmmmmmmm oo e (2.5)

0.15* (¥ ) + 0.20 * (1/4) + 0.30 (1/4)
P (G3/node) =0.075/0.1625 = 0.4615 ~ 46.15 % = ~ 46 % i.e., there are 46 % chances that the data packet is
from the group G3. Similarly energy levels can be estimated and predicted from transmission to transmission in
any MANET. This approach helps a lot to know the remaining energy levels of the network after every
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transmission. This will lead the network to make efficient and effective decisions in terms of energy issues with
respect to their intermediate nodes.

In this way, any MANET can estimate and predict its available energy levels of nodes in it and it is very useful for
its future course of transmissions. This concept can be extended to any number of nodes or data sets accordingly.
Bayes Theorem has much strength in expanding its wings of efficiency on any domain. Bayes Theorem provides
much technical views to various kinds of applications[9][10].
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