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ABSTRACT

Mobile Ad hoc network is a collection of self cagirable mobile nodes with no fixed infrastructus@ce

all nodes are in roaming, the topology of MANETdimamic. Therefore, routing is the highly challenyi
task when node mobility is high. Different typesrofiting protocols are proposed in literature, aadh
has some advantages and limitations. This work qwep fuzzy logic and genetic approach to select
optimal routes to satisfy QoS required by applaradi using MANETS. Fuzzy rule based system is formed
by the linguistic variables actual end to end d€kag), number of times the node leaves the netwidik
number of packets dropped (Nd) and number of Resgeated (Nr). Simulations are conducted with the
proposed method. Numeric results show that fuznetie approach for routing improves the performance
than existing AODV routing protocol.

Keywor ds. Mobile Ad hoc Network (MANET), Fuzzy logic routignetic algorithms.

1. INTRODUCTION network. AODV is a reactive and distance vector
algorithm. The algorithm uses various message

MANET is a communication network that has atypes to discover and maintain links. When a node

collection of mobile nodes and communicates battempts to locate a route to a destination node, a
Youte request (RREQ) is broadcast to all neighbors.

wireless medium [1]. Each mobile node funCtIonBREQ travels throughout the network to reach the

as a host and a router. All nodes are se < A
) . stination. The route is informed to the source
configurable nodes, and the network has no flxeﬁie

) X : ode by sending a RREP to the source. Hello
infrastructure. Since all nodes roam, the topolizgy messages (a special RREP) are broadcasted
dynamic. Therefore, routing is the highly

challenging task when node mobility is high [2] periodically to immediate neighbors which forms a

Various routing protocols had been developed fc';ocal advertisement for the node’s continuing
9p P resence. Neighbors use the routes through the

MANETS. Dynamic optimization in routing is use‘jbroadcasting node and mark the route as a valid

to find paths that satisfy some optimality Crlterlaroute. When hello messages from a particular node

and some constraints. Usually, shortest distancgt,Ops its neighbor assumes that the node has left

minimal bandwidth usage and minimum delay €alnd notifies that link as either broken or snapped.

be used as optimality criteria. Constraints may b?he affected nodes are notified through the sending

I!mlted power and I|m|_ted capab_lhty of WIreIeSSof a link failure notification (a RREP) to that rexi
links [3]. Major categories of routing protocolsear set

proactive, reactive and hybrid routing protocolk [4

Proactive routing protocols are table driven The major advantage lies in its adaptability to
approaches i.e. routes to all reachable nodes drghly dynamic networks and reduced overhead, in
evaluated and updated in routing tablesddition to lower setup delay for connections and
periodically. Reactive protocols are on-demandetection of a destination’s latest route. Butaesl
approaches that use route discovery process wheneed regular updates. Usage of destination
node wants to start the transmission to anotheequence number for every route entry is its
node. Reliability and reduced overhead are some distinguishing feature. Inconsistent routes aregiv
the advantages of these routing protocols. when source sequence number is very old. Also,

Ad-hoc On-demand Distance Vector [5, 6]per|0d|c updates results in unnecessary bandwidth

(AODV) is a routing protocol that ensures multi_consumptlon.
hop routing between mobile nodes in an ad-hoc
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Genetic algorithm is a computing searchused for selection of routes. Zuo et al (2010)
technique to find true/approximate solutions tdavepresented Fuzzy logic DSR for ad hoc
optimization and search problems. As genetioetworks [12]. Mobile nodes create inaccurate
algorithm [7] (GA) is a programming technique thainformation for routing. Proposed method use fuzzy
mimics the biological evolution as a problem-logic that take expected life time and number of
solving strategy. When solving a specific problemhops as input parameters and selected highest
the input to GA is a potential solutions domainstability route for transmission from a source node
encoded with a metric titled fitness functionto a destination node. Fuzzy logic DSR was
allowing quantitative evaluation of each candidateompared with existing DSR for ad hoc networks.
solution. Each candidate’s evaluation is based dResults showed that fuzzy logic approach perform
the fitness function. Fitness function evaluategta better than DSR approach.
of chromosomes from a population. To start with, a

population of individualsP is created and new \johammed Anjum et al (2012) have presented
population P’ The algorithm routinely chooses an optimal routing in ad-hoc network using genetic
individuals for the creation of new ones. Thealgorithm[lS]. AsSMANETis mobile, finding
parents produce two offspring using crossoveghortest path between a source and a destination
technique. Generation of mutants is also possiblggde that satisfies QoS was a challenging task. The
Crossover technique includes random exchange @fa algorithm in [13] uses varied length of
bits between intermediate population stringsehromosomes partial cross over chromosomes are
Mutation operators are new string bits. Thigised to find partial shortest routes. The proposed
algorithm provides an optimal acceptable solution. gpproach is compared with DSR routing. End- to

Genetic algorithms work for the topologicalENd delay, packet loss ratio, time to find route
design of networks [8]. A chromosome is choseffilure is less using the proposed approach. Siwach
when it is contained within network parametersét @(2012) have presented an approach to optimize
Each chromosome’s fitness function is choseR0S routing protocol using genetic algorithm in
based on the design problem objective which is tf¥ANET [14]. To implement QoS routing,
reduce the length off source-destination route. THePtimization is the best approach. In this approach
strength of fuzzy controllers lies in the ability t @ll possible paths from the source node to the
model and to express decisions in a near-naturdgstination node are found and congestion free
language, thus efficiently exploiting expertéfficient routing is achieved by using genetic
knowledge for building automated systems. Fuzz{ftelligent approach. For the selected path ACKis
control relies on fuzzy set theory which is aS€ntin the reverse order of path selection.

generalization of classic set theory in which set pohan et al (2012) have presented a reliable
membership is not determined by a Booleapyyting algorithm in MANETusing Fuzzy [15].
expression: it is allowed to be expressed in degreRetwork topology is represented using peri nets,
of membership in the range [0,1], imitating theand fuzzy reasoning is used to find a sprouting tre
human, = linguistic, non precise approach fqnhat was useful to select a reliable route from the
describing conditions (cold, warm etc) [9]. Bysource node to the destination node. Degree of
using such an approach, a fuzzy controller can R@jiapjlity was compared with existing routing

expressed using rules of the form methods. Result showed that more than 80%
IF {condition} THEN {action}. reliability was achieved than AODV protocol.
The membership values control the degree to3- MATERIALSAND METHODS
which each rule “fires”, illustrating the
interdependent relationship between the rule s&t an The routing function is a basic control function
the membership functions [10]. in wireless networks. In datagram networks, such as
2 RELATED WORK the Internet, the routing function decides upon the

next-hop interface, when a packet is received on

Hiremath and Joshihave (2012) presented ener§f?® ©Of the node’s interfaces. Furthermore,
efficient routing protocol with adaptive fuzzy INformation about network conditions may be
threshold energy for MANET [11]. This approachmcomplete or outdate_d..The routing fqnctlon must
used adaptive threshold energy policy using fuzz{jnd a path that satisfies user requirements. In
logic approach. Remaining residual energy at eacdfldition to QoS parameters, in a commercial multi-

node and energy level of neighborhood nodes aRsovider environment, policy constraints must also
be seriously considered. Therefore, policy
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parameters must also be included in route In this work the route selection is based on four
computation which further complicates the problenQOS parameter namely end to end delay, nhumber
by making the routing asNP-complete problemof times a node leaves the network, number of
Therefore, heuristics such as intelligent techriquepackets dropped and number of route error
should be employed to find a near-optimal solutiongenerated. These four parameters become the
In this work, it is proposed to use intelligentlinguistic variable for the fuzzy system. Genetic
techniques such as fuzzy reasoning and genetidgorithm is used to select the significant if-then
algorithms, which are useful in finding an optimalrule as this is a combinatorial optimization
solution. problem. The set of fuzzy rules generated is coded
into a chromosome. The fitness is specified by the

Genetic Algorithms offer an optimization method . .
acket delivery ratio.

in which the stochastic search algorithm is based $
biological principles of evolution like selection, 3.1Experimentsand Results
cross-over and mutation. GA incorporates these
features in computer algorithms to solve difficult

problems in the way that nature has done - througsh
evolution. They require the problem of optimizatio y
to be stated in the form of a cost (fitness) fuotti

The linguistic variables used for the fuzzy
stems are actual end to end delay (Ae), number of
"imes the node leaves the network (NI), number of

A set of variables for a certain problem is encodeBaCke'{S dropped (Nd) and number of Rerr

into a coding structure similar to the chromosomegeneratecj (Nr). The membership functions for the

Evolution takes place on the basic criteria otnput and output parameters are shown in the

“survival of the fittest”. GA can be used for ollowing.

maximization and minimization problem provided Fig.1 shows the normalized average end to end
it is properly coded. Thus, they are able to sa@ve delay of the network using three membership

wide range of problems: linear, nonlinearyvalues low, medium and high. The definition point

discontinuous, discrete etc. at which the cross over between membership value

. . gccur is shown in table 1.
Incorporating GAs into fuzzy systems overcomes

the difficulties of manually choosing appropriate Similarly figure 2, figure 3 and figure 4 shows
rules and membership functions for a giverthe membership function for the different
problem. The GA takes responsibility for theparameters used in this work. The definition point
selection of a rule-set that is high-performing andor these parameters are shown in table 2, table 3
for the tuning of the membership functions inand table 4. As number of packets dropped play a
respect to the rule set. This results in highvery important role in the QoS of the network, this
performing, robust routing algorithms, which canlinguistic variable has five Membership functions
work over a wide parameter range and which arstarting from very small to very large.

almost completely computer-designed.

For the nodes in the edges, the following QoS The output membership function which defines
parameters have been defined: throughput, end & which route is to be selected is shown in figure
end delay and data loss rate. Fuzzy systems ate@nd Table 5.

used for faster convergence and GAis used to find ] o

expressing expert knowledge. The routingoart defines the response Qf the fuzzy syste_m. The
algorithm performs evaluation of suggested path§egree of support (DoS) is used to specify the
given input from the connection request, the curredmportance of the rule.The processing of the rules
network conditions and the policy, based orftarts with calculating the 'if' part. The operator
linguistic rules. The fuzzy part of the routing tni type of the rule block determines which method is
calculates the potentiality of each available routé'sed. The operator types MIN-MAX is used in this
The output of the routing algorithm will result exft work._ 675.rules are generated and some of the rules
all possible routes are evaluated, or when a risute @re given in Table 6.

evaluated as good enough, in terms of the

evaluation function becoming greater than a Genetic Algorithm is used to improve the initial
threshold. The next hops that are subject fofyle-set as well as the membership functions of our
evaluation are chosen among the neighboring nodgsyting unit. Success depends on the ability of the
based on its performance evaluation. selected route to keep up with the required QoS
demand, at low cost and without violating policy.
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Figure (a),(b),(c),(d) shows the performanc
comparisons of ADODV routing and propose
fuzzy genetic approach.

2.

From Figure (a) it is observed that the number of
bits dropped in a second is 4 times lesser in
proposed approach.

From Figure (b) the jitter decreases on an
average of 41.4% compared to AODV. From this
observation it can be concurred that increase th Efj3].
to End delay increases the jitter. Fuzzy rules thase
on the end to end delay membership function aids
in improving the jitter.

[4].

From Figure (c) shows the retransmission
attempts made during the simulation time. As nodes
leaving the network have low priority to act as an
intermediate node, the number of packet
retransmitted reduces significantly and hencgs]
improving the throughput of the system.

From figure (d) the improvement in the 6]
throughput is seen to improve by 10.3% due to th% '
reduction in the packets dropped as nodes with high
probability of leaving the network is ignored fiiet
route formation if an alternate route is available.

4. CONCLUSIONS [7].

In this paper a fuzzy logic based genetic
approach is proposed to select optimal routes in
order to provide better QoS required by8]
applications using MANETs. Fuzzy rule baseo[ '
system is formed by linguistic variables such as
actual end to end delay (Ae), number of times the
node leaves the network (NI), number of packets
dropped (Nd) and number of Rerr generated (Nr).
Simulations are conducted with the propose?g]
method.  Throughput, delay, number of "
retransmission attempts and number of packets
dropped are taken as performance evaluatio
parameters. Numeric results show that fuzz
genetic approach for routing improves the

performance than existing AODV routing protocol. [11].
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Figure 3: Input Variable MBFof “NI"
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Table 1: Definition Points of MBF "Ae"

Term Name | Shape/Pdr. Definition Points (x, y)
Low Linear (0,1) (0.25,1)(0.5,0)
(1,0
medium Linear (0,0) (0.25,0)0.5,1)
(0.75,0) (1,0)
High Linear (0,0) (0.5,0) (0.75,1)
1.1

Table 2: Definition Points of MBF "Nd"

Term Name Shape/Par. Definition Points (x, y)
very_small| linear (0, 1) \ (0.166686, pyo.33334, 0
(1,0)
small linear (0, 0) (0.16666, 0Y0.33334, 1
(0.5,0) (1,0)
medium linear (0, 0) (0.33334,0) (0.5,1)
(0.66666,0) (1, 0)
Large linear (0, 0) (0.5,0) (0.66666, 1)
(0.83334,0) (1,0
very_large linear (0, 0) (0.66666, 0(0.83334, 1
1. 1)
Table 3: Definition Points of MBF "NI"
Term [Shape/Pay. Definition Points (X, y)
Name
decrease linear (0,1) (0.25,1) (0.5,0)
(1,0
steady linear (0,0) (0.25,0) (0.5,1)
(0.75,0) (1,0)
increase linear (0,0) (0.5,0) (0.75, 1)
1. 1)
Table 4: Definition Points of MBF "Nr"
Term Name Shape/Par. Definition Points (X, y)
Low linear (0, 1) (0.25, 1) (0.5,0)
1,0
medium linear (0, 0) (0.25, 0) (05,1
(0.75, 0) (1, 0)
High linear (0, 0) (0.5, 0) (0.75,1
1, 1)
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Table 5: Definition Points of MBF "RoutePreference"

Term Name | Shape/Par. Definition Points (X, y)
very_low linear (0, 0) (0.16666, 1) (0.33334, 0
(1,0)
Low linear (0, 0) (0.16666, 0) (0.33334, 1
(0.5,0) 1,0)
medium linear (0, 0) (0.33334, 0) (0.5,1)
(0.66666, 0) (1, 0)
High linear (0, 0) (0.5,0) (0.66666, 1)
(0.83334, 0) (1,0)
very_high linear (0, 0) (0.66666, 0) (0.83334, 1
(1,0
Table 6: MIN-MAX Rules
IF THEN
Ae NI Nd Nr DoS| RoutePreference
Low decreasevery smalll Low | 0.84 very low
Low decreasevery smalll Low | 0.77 Low
Low decreasevery small| Low | 0.09 Medium
Low decreasevery smalll Low | 0.86 High
Low decreasevery smalll Low | 0.99 very_high
Low decreasevery _smalll Medium| 0.98 very_low
Low decreasevery smalll Medium| 0.09 Low
Low decreasevery _smalll Medium| 0.22 Medium
Low decreasevery _smalll Medium| 0.74 High
Low decreasevery smalll Medium| 0.20 very_high
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