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Abstract—In MANETs (Mobile Adhoc Network)
judgment in optimal reliable routingpath between source
and destination is a challenging task because of the
mobility nature of nodes and is deficient inthe
infrastructure of the network which is so dynamic. So the
objective of this paper is to identify an optimal reliable
ordered routing paths between source and destination
nodes in MANET.To meet the above challenging task the
paper focus on an new novel approach in Genetic
Algorithm called Parametric fitness based Genetic
Algorithm.Proposed  algorithm hybridized  with
classification modelrough sets as one key sub component
which offers better accuracy results.

Index Terms—Classification, GA,Roughsets, Optimality,
Performance.

I. INTRODUCTION

MANET [4][14](Mobile Ad-hoc NETwork) is a
network consists of mobile nodes connected by wireless
links, using various protocols the path between source
and destination mobile nodes is established and data
transmission takes place through the routing path. Data
transmission in MANET is a complex task because of its
features, like infrastructure-less, self-configuring, self-
healing [4] and autonomous system of mobile nodes.
Mobile nodes in MANET behave as they wish to avail in
the network or not.Before data transmission takes place
always achallengingtaskfor nodes is that to identify an
optimal reliablepath between source and destination
nodes in minimum time.Eventhough various existing
models like GA[16-18],ACO[11-13][21] models are there
but are limited with time complexity and no reliability.So
to find optimal reliable routing paths an novel pproach in
GA[21]proposed. In MANETS dynamically routing is
done using various routing protocols[6-10].Routing [4][5]
is a mechanism to find the best path from the source node
to destination node using various standards and rules.
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Routing protocols should follow the rules and exhibit
routing mechanism well. Mainly four kinds of ad-hoc
routing protocols [4] are used for routing in MANETS.

Il. OPTIMIZED MODEL

Optimized models play an important role in
determining  routing paths for efficient data
communication in wire less network. These existed
routing model described in the following sections.

A. Genetic Algorithm

The Genetic Algorithm (GA)is a method of machine
learning to solve optimization problems. Basically
GAconsists of two processes for generating the next
generation. The selection of individuals for the
production is involved in the first process. And applying
crossover and mutation techniques to do manipulation of
those selected individuals to get the next generation is in
the second process.

GA is based on a single logical figure is called as
fitness function (FF) also called as objective function [16].
The fitness function is the value of measurement to get
the next generation or the required objective.
Chromosome (Genotype) [17] is defined as a set of
parameters that specifies a possible solution of the
problem which GA vexing to solve. In MANETS
chromosome is taken as a sequence of IDs of the nodes in
the routing paths.We should improve the fitness value of
the chromosome through GA processes[25-30]. The
collection of all chromosomes is called as the population
or set of chromosomes. In the selection process selective
reproduction [18]is applied to the current population, then
we select the chromosomes having similar fitness values
and better chromosomes will be selected from the parent
population. After GA, using crossover and/or mutation
operations reproduces new children when acceptable
solution generated. Crossover is an operator to generate
new chromosome over two parent chromosomes by
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exchanging strings. A mutation [21] is the process of
changing chromosome by exchanging strings on a single
chromosome.

B. Roughsets

Rough set Theory (RST) [22] used to deal with
uncertain data. It does need any preliminary data, but
requires classification rules to simplify knowledge.

Pawlak rough set theory definitions:

Definitionl. An info system l,is well-defined as a
parameter setl= {U, A}, where U is a nonempty finite set
of objects, A is a non-empty finite set of attributes.
WhereasCdenotes the set of condition attributes and
Ddenotes the set of decision attributes, CND=@. Every
attribute a€Ais associated with a set Vaof its value, called
the domain ofa.

The RST described by two definable subsets called
lower and upper boundary approximations. A crisp subset
of a universe can be described with the help of RST.The
lower and upper boundary approximations [22] are used
to determine the hidden knowledge in info systems.

I11. PROCESS MODEL

START
SAMPLE MANET

SIMULATION WITH
AQDVPROTOCOL

PFGA
OPTIMALROUTING |

PERFORMANCE COMPARISONS among
routingmodels

[

BEST ROUTE SELECTION

STOP

Fig.1. Diagram of processing work

Classification of routing paths
with rough sets

A. Performance Metrics
The five performance metrics involved in this paper are:

1. Number of Hops (C1): Number of hops or
edgesinvolved in the path from the source to the
destination. Hop or edge is defined as a link between two
nodes.

Consider a path 1->2->3->4->5,

Here source node is 1 and destination node is 5
then Clis 4.
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2. Battery power (C2): The capacity of the power of a
node to do any operation in the network is known as
battery power of a node in the network at any instant of
time. Initially, consider the total power of a node
is 1. Battery energy of a node is calculated with the below
formula

(s+f+r+d)
ot @)

C2=1-

where s is send, f is forward, r is received, d is dropped
packets through the node and t is the total number of
packets transmitted in the network.

3. Signal strength (C3): The energy of a node to access
their neighbor nodes to data transfer is called as the signal
strength of the node. The signal strength of a node is
calculated as

__ (count (ND) + sum (TP)) (2)
~ (TN +sum (TT))

C3

where ND = nodes, which access data through the
node, TP = time periods, TN = total No.of nodes, TT =
total time.

4. Mobility (C4): The mobile node moving area with
respect to around nodes in a particular interval of time is
known as mobility of a node.

—yn Mj
C4 =Y,
ST-At
AVGi()-AVG(t+At
M, = E: (4ave;(©-ave;(e+a0))] @)
ST
t=0
Dist(n,n,) = distance between nodes Xy,

J(xz —x1)% — (¥, —y1)%, n: no. of nodes, AVG,(t):
average distance between node x and all other nodes
attime t, ST: simulation time, AVGt: Time period used in
computation.

5. Trustworthy (C5):Trustworthy of a node can be
defined as the amount of trust to accept data transfer
along the node that is the node can’t drop more packets.

€5 = T(RREQ) X Qr + T(RREP) x Qp + T(DATA) x
x Qd (4)

where Qr = count of successful request messages with
failure messages, Qp = count of successful reply
messages with failure messages, Qd = count of successful
data packets with failure packets .

T(*) = time value of the node. Here * represents RREP,
RREQ, DATA.

Q= @s=0D

T (Qss+Qxh)

where s is a success and f is a failure.Here * represents
RREP, RREQ, DATA.
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Fig.2. Network diagram for MANET

Table 1. Manet Instance Data For Evaluation

Nodes ?J?)t\}vee? s?riegnn;tlh V\-/ror rut;ty NH
1 0.65 0.45 0.81 3
2 0.72 0.82 0.95 4
3 0.32 0.34 0.45 7
4 0.83 0.80 0.87 2
5 0.65 0.83 0.72 4
6 0.47 0.67 0.65 4
7 0.64 0.71 0.55 6
8 0.91 0.83 0.65 7
9 0.81 0.59 0.47 5

10 0.87 0.46 0.53 3
11 0.60 0.66 0.80 5
12 0.57 0.57 0.67 4
13 0.48 0.35 0.77 5

From the MANET network trace file, calculated
performance metric values are given in Table 2, which
shows some nodes and its performance metric values of

C2,C3,C4 and C5. Cl1 is calculated from the path scenario.

To filter the optimal possible routes from the Network
done by the application of rough sets with the following
classification rules like:

(@) Average Trustworthiness of the path should
be > 50%.

(b) The average battery power of the path should
be > 70%

(c) Average Signal Strength should be > 45%

(d) Average Number of hops should be <= 4.

After evaluating upper and lower boundary values of
the possible routing paths sets with the above
classification rules The final filtered routed nodes
indicated in BOLD format.

Table 2 shows all paths obtained from the
simulatedMANET with AODV protocol.
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Table 2. All Possible Routes From Node Source Node 1toDestination

Node 12.
Route Node Numbers in Routing path
R1 1 2 6 11 12
R2 1 3 4 6 11 12
R3 1 4 7 11 12
R4 1 3 4 8 12
R5 1 3 5 9 8 12
R6 1 3 5 9 8 10 13 12
R7 1 3 5 4 8 12
R8 1 2 4 8 10 12
R9 1 2 4 3 5 9 12
R10 1 3 5 9 10 12
R11 1 2 6 11 10 13 12
R12 1 2 4 7 11 10 13 12
R13 1 2 4 3 5 9 8 12
R14 1 3 5 4 7 12
R15 1 4 7 11 12
R16 1 4 7 12
R17 1 2 3 4 7 12
R18 1 2 3 4 7 11 12
R19 1 2 3 5 4 7 11 12
R20 1 3 4 7 12

B. Parametric Fitness Based GeneticAlgorithm (Pfga)

The k, w and C are the constants used in both PFGA
and PACO algorithms. PT is the name for paths to be
taken as input to the PFGA algorithm. SELECTION(P) is
a method to select any two paths for producing the next
generation of paths. PDR, NO, AD and PD are the
performance metrics calculated from ns2 trace file.
CROSSOVER(P), MUTATION (P) are two procedures
to apply changes on paths to get new paths. FF is the
fitness function should be evaluated for each path.
Delete(P) is the function used to remove the path from
memory. Finally,the highest FF value having path will be
generated by PFGA algorithm.
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INPUT: An instance of a model (PT)
Initialize the k, w and C.
while condition doesn’t faildo
SELECTION(P)

FF(x)=$— kX [NO+ AD +PD] +Xw; x C; (5)

NN = CROSSOVER(P)
NN = MUTATION (P)
If condition for NN node is existed in network

topology
then

FF(x)=%— k X [NO + AD + PD] + X w; X C;

else
Delete (P)
end if
end while
max<- FF(x)
while condition for FF(x)do
if max <FF(x)then
max <- FF(x)
end if
end while

OUTPUT: Optimal path which has highest fitness value.

IV. RESULTS

To Generate various routing paths from the sample
dynamic network various Parameters set from the

SimulatorEnvironment are described in following Table 3.
All Simulator results are extracted from NS2[15]trace file.

Adhoc On demand routing vector(AODV) Protocol is

determines the maliscious or non maliscious nature of
nodes when the routing path selection takes place under
the consideration of 5 metric values battery power,signal
strength,number of hops,trust worthy and mobility.

Table 4. Performance metrics results for various iterative routing paths

Node Data Packet
Number S R Delay
1 510 596 65437.5
2 35265 35269 801185
8 1059 1150 148521
13 22260 22357 706795
15 330 35276 811628
20 501 588 63875.6

In the table 5, AM - Average mobility, ASS - Average
Signal strength, TNH -Total Number of hops, ATW -
Average Trustworthy, ABP - Average Battery power.

The table 5, gives the parametric input values of the
sample routing paths generated from PFGA
Model.Results concludes that models predicts that path 2-
15-19-23 is reliablebecause the path results maximum
average Battery Energy, Minimal Mobility and maximum
Trust Worthiness.

From the trace file analysis Table 6 and Table 7 results
the various performance metric parameter values for the
best routing path.The results concludes that in both
models alternative 2-15-19-23 PFGA offers high
throughput, and high trust worthiness which concludes
that, the above path is both reliable and optimal routing
alternative path in MANET.

Table 5. Comparison of Performance Metric Results for best alternative
for proposed models (2-15-19-23) among GA and PFGA

used for basic simulation. Sno Path am | e | oass | atw | asp
scenario
Table 3. Simulation parameters description 1 2-5-6-23 0.27 21 023 | 0447 | 171
— 2 2-8-14-23 0.16 17 0.12 0.734 0.74
Parameter Description Parameter Value
3 2-15-19-23 | 0.12 11 0.87 | 0.876 1.79
N f 2
umber of nodes ° 4 | 24823 | 020 | 19 | 054 | 0487 | 174
Data packet size 1000 bytes 5 | 23723 | 015 | 21 | 066 | 0823 | 124
Environment area 1800X 840 1 | 25623 | 027 | 21 | 023 | 0447 | 171
Transmission Range 250m 2 2-8-14-23 0.16 17 0.12 0.734 0.74
Traffic Type CBR 3 2-15-19-23 | 0.12 11 0.87 | 0.876 1.79
Rou[ing protoc0|5 AODV 4 2-4-8-23 0.20 19 0.54 0.487 1.74
Time Delay 0.0347 ms
- - Table 6. Comparison of Performance Metric Results for best alternative
Packet delivery ratio,

Normalized overhead, End-to-
end Delay, Throughput and
Number of Packets
Drop,Mobility,Signal
Strength,Number  of  hops,
Trust Worthy of each node in a
Network.

Parameters Observed

Table 4 describes the results that on particular
individual nodes number of data packets sent(S) and
receive(R) and total delay time period.These results
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for proposed models (2-15-19-23 ) among GA and PFGA .

Performance PFGA Model GA Model
Criterion
NPD 137 264
PDR 1.014 0.002
TP 0.283 0.982
TW 0.265 0.016
END-to-END 0.677 0.312
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In the table 6, PDR - Packet delivery ratio, TW - Trust
Worthiness, End-to-End - End-to-End Delay, TP -
Throughput, NPD - Number of Packets Drop.

From the trace file analysisTable 6 and Table 7 results
the various performance metric parameter values for the
best routing path.The results concludes that in both
models alternative 2-15-19-23 PFGA offers high
throughput, andhigh trust worthiness which concludes
that, the above path is both reliable and optimal routing
alternative path inMANET.

Table 7 Performance metrics results for various iterative routing paths
for the fitness function with variation of k using PFGA Algorithm.

Fitness value
S.No Path Scenario
K=0.09 K=0.25
1 2-8-14-23 158.457 54.391
2 2-15-19-23 167.507 57.236

Table 7 shows the fitness function value of the
differentpaths when the value of the constant k
isvaried.With the increase of the value k,the value of
fitness function decreases.Thus the constant k determines
fitness function F(x), is the proportional constant.

25 - CPU Execution Time on Y Axes
20 -
e T| M E
15 DELAY of
GA
10 - ——TIME
DELAY of
N / PFGA
0 ' ' ' Number of Nodes
10 20 30 40

Fig.3. Performance time comparison of GA with PFGA

Figure 3 gives the observed and computed CPU
Consumption or Execution time to generate first
5,10,15,and 20alternatives or routing paths when network
size is increased by ‘n’ nodes.The GA results are
compared with novel optimized model PFGA.From this
Figure 3 series observed that CPU Execution time for
PFGA Model decreases by around 40%, 45%, 55%, 50%
and 70% on what GA Consumption timefor 10,20,30,40
and 50 nodes ofan Simulated Network.And due to
selection of routing paths is simply based on performance
metrics, the final optimal routing paths also extracted
with high reliability.But where as in GA the generation of
optimal routing paths are bounded by distance and no
gaurentee in reliability of resulatant optimal paths.
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V. CONCLUSION

In this Paper we presented an optimization modelto
predict optimal ordered reliable routing paths for aMobile
adhoc Network.This model tested on a adhoc network
under varying network size.The new approach in Genetic
Algorithm  combined  with  roughsetssignificantly
contributes to determine the bestperformance in
predicting optimal reliable path with accuracy compared
to other optimized models.The results are compared
terms of CPU Execution time,with good Average through
put,in terms of all performance metrics compared to other
models evenwhen the network size increases with other
existing models.Even though other existingmodels are
there but all the models are limited with unique parameter
distance in determining routing paths and there is no
priotrity based metric inputs to determine reliable routing
paths.But the PFGA model offers good performance in
determining optimal paths when the network
sizeincreases to randomly.NS2 tool box[5] is used for
determining Input Parameters, performance metrics and
4eMka2 or Rose2 for classifying routing paths.Other time
and cost analysis are done using C.Determining optimal
routing paths with accuracy when the netwok size and
number of alternatives or routing paths increasesrapidlyis
still an issue that needs to be investigated in the
future.The whole work also can be compared or extended
with heuristic and meta heuristic models.
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